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Part Number DescriptionTotal QtyQty PerFind # Function Supplier Rev


 2.00 2.00 LABEL SQUARE D COMPANY DOOR LABEL46008-695-01001


 8.00 8.00 WIRE SQUARE D COMPANY CABLE, #4 Cu WIRE, BRAID.1342-004002002


 16.00 16.00 LUG BURNDY LUG, CRIMP, #2 CU, (1) 3/8" HOLE, BROWN.YA2CL4003


 12.00 12.00 LA GENERAL ELECTRIC SURGE ARRESTER, STATION CLASS, TYPE XEP,  6KV, 5.1KV 


MCOV.


9L11XPM006S004


 3.00 3.00 VT INSTRUMENT 


TRANSFORMERS


VOLTAGE TRANSFORMER, 1 FUSE, 35:1 (4200:120V), 60kV BIL, 


750VA, TYPE PTG-3, WITH 1E FUSE (FERRAZ-SHAWMUT 


#A500T1E1).


PTG3160422FGC1005


 24.00 24.00 CT SQUARE D COMPANY CURRENT TRANSFORMER, SINGLE RATIO, MODEL 785R, 


200:5, C50.


 1785R201006


 6.00 6.00 CT SQUARE D COMPANY CURRENT TRANSFORMER, SINGLE RATIO, MODEL 780R, 


1000:5, C100.


780R102007


 10.00 10.00 SCTB BUSSMANN TERMINAL BLOCK, BUSSMANN, SHORTING TYPE, BINDER 


HEAD SCREW LUG (#10-32), 6 POINT, #18-#10 WIRE, 30A, 


600V.


KUXSC6S2093008


 2.00 2.00 TB SQUARE D COMPANY TERMINAL BLOCK, POWER DISTRIBUTION, ALUMINUM, 2 


POLE, (1)-#14-2/0, (1)-#14-2/0 AL/CU.


9080LBA262101009


 8.00 8.00 TB SQUARE D COMPANY TERMINAL BLOCK, POWER DISTRIBUTION, ALUMINUM, 2 


POLE, 1-#14-2/0, 4-#14-4 AL/CU.


9080LBA262104010


 6.00 6.00 FU-5A BUSSMANN FUSE, ONE TIME, 5 AMPERES, 1.5", 250VAC.BAF5011


 3.00 3.00 FU Ferraz FUSE, CURRENT LIMITING, 1E, 5KV.A500T1E1012


 12.00 12.00 LUG CONNECTOR MFG INC. LUG, SET SCREW, ALUMINUM, TYPE LA, 1 #6-250MCM CU/AL, 


1 HOLE PAD.


LA250013


 2.00 2.00 LUG CONNECTOR MFG INC. LUG, SET SCREW, ALUMINUM, TYPE DLA, (2)  #6-350 MCM 


AL/CU, 1 HOLE (1/2") PAD.


DLA350014


Job Name:


Order Qty:


Status:


Engineer:


Doc Nbr:


 CUMMINS ARECIBO 


  1 


 SH 


 TDA 


Catalog No:  Fully-Assembled MV MetalClad Swgr 


 2 Rev:  017-27086157-001-00-01-E Order:


 T27086157-001-BM 
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 6.00 6.00 52S (5a&5b) SQUARE D COMPANY MOC (MECH. OPER. CONTACT) SW., 5a, 5b, MASTERCLAD 


SWGR., STATIONARY MTD., OPERATES IN TEST AND CONN.


46007-380-51015


 6.00 6.00 52H (5a&5b) SQUARE D COMPANY TOC (TRUCK OPER. CONTACT) SWITCH, 5a, 5b, MASTERCLAD 


SWITCHGEAR, CELL MOUNTED.


46007-381-51016


 6.00 6.00 52 SQUARE D COMPANY CIRCUIT BREAKER, VR, VACUUM, 4.76KV, 40KA,1200A, 


125VDC CLOSE, 125VDC TRIP, MOC (VR-05025-12).


V5D3133Y000017


 1.00 1.00 TEST JUMPER SQUARE D COMPANY TEST JUMPER, 14 FEET LONG FOR VR CIRCUIT BREAKERS.46007-489-50018


 1.00 1.00 RACK HNDL SQUARE D COMPANY CIRCUIT BREAKER RACKING HANDLE,  MASTER CLAD 


SWITCHGEAR.


46007-382-50019


 1.00 1.00 LIFT TRUCK SQUARE D COMPANY CIRCUIT BREAKER LIFT TRUCK, IN/OUTDOOR, MASTER CLAD 


SWGR.


46007-383-50020


 1.00 1.00 CRTN PACK SQUARE D COMPANY CARTON PACKING, SER 5 INDOOR, CONSISTING OF: 6055-31 


& 6055-30 MANUALS AND LOOSE PARTS TAG.


46008-880-50021


Job Name:


Order Qty:


Status:


Engineer:


Doc Nbr:


 CUMMINS ARECIBO 


  1 


 SH 


 TDA 


Catalog No:  Fully-Assembled MV MetalClad Swgr 


 2 Rev:  017-27086157-001-00-01-E Order:


 T27086157-001-BM 
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 1 Manual Quantity:


Part Number Description Supplier


6055-30 INSTRUCTION BULLETIN, INDOOR SWITCHGEAR,4.76-15.0KV METAL-CLAD 


SWITCHGEAR.


SQUARE D COMPANY


6055-31 INSTRUCTION BULLETIN, TYPE VR VACUUM CIRCUIT BREAKER, 4.76 KV, 


8.25KV, AND 15KV, 1200 A AND 2000 A UP TO 41KA.


SQUARE D COMPANY


Job Name:


Order Qty:


Status:


Engineer:


Plant:


Order:


 CUMMINS ARECIBO 


  1 


 SH 


 TDA 


 017 


 017-27086157-001-00-01-E Catalog No:  Fully-Assembled MV MetalClad Swgr 


 2 Rev:
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Instruction Sheet
C672b 4-2006


15 Amp @ 12 Volts and 12 Amp @ 24 Volts Battery Charger Kits


This instruction sheet describes the installation of
the following battery chargers used with a genset or
a transfer switch.


Kit Model Voltage


Genset Kits


300−5878−01


300−5878−02


300−5878−03


300−5878−04


300−5878−05


300−5878−06


120, 208, 240 VAC


277 VAC


380 VAC


416 VAC


480 VAC


600 VAC


Transfer Switch Installations
300−5878−07


300−5878−08


300−5878−09


300−5878−10


300−5878−11


300−5878−12


120, 208, 240 VAC


277 VAC


380 VAC


416 VAC


480 VAC


600 VAC


Transfer Switch Kits
300−5878−13


300−5878−14


300−5878−15


300−5878−16


300−5878−17


300−5878−18


120, 208, 240 VAC


277 VAC


380 VAC


416 VAC


480 VAC


600 VAC


The following items are included in this kit.


Part Description
Quantity


Genset Transfer
Switch


Battery Charger 1 1


Operator’s Manual 1 1


Grommet 2 −


Read these instructions completely and become fa-
miliar with safety warnings, cautions, and proce-
dures before starting the installation.


After the battery charger is installed, refer to the bat-
tery charger Operator’s Manual for more informa-
tion on using the battery charger.


WARNING Improper installation can result in
severe personal injury, death, or damage to
equipment. The installer must be trained and
experienced in the installation of electrical and
mechanical equipment.


All DC connections must be performed or super-
vised by a trained and experienced electrician in ac-
cordance with the NEC (National Electric Code,
NFPA No. 70).


Connections to the battery charger must comply
with all local codes and ordinances. Guidelines for
connecting and disconnecting batteries are listed
on page 8.


CAUTION Gases or fluids from the battery can
corrode and damage the charger. Never place
the battery charger directly above or below the
battery.


This battery charger should be connected to a
grounded, metal, permanent wiring system; or an
equipment-grounding conductor should be run with
circuit conductors and connected to an equipment-
grounding terminal or lead on the battery charger.


WARNING Do not expose the battery charger
to rain, snow, or other precipitation.
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GENSET INSTALLATIONS


Location


Select a mounting location that is large enough to
install the battery charger (see Figure 1).


WARNING The charger can cause sparks that
can result in severe personal injury and equip-
ment damage. Do not mount the charger near
batteries, fuel tanks, or other sources of flam-
mable or explosive gases.


CAUTION Gases from the battery can corrode
and damage the charger. Do not mount the char-
ger above or below the battery.


The mounting location for the battery charger must:


• Be water proof.


• Be on a vibration-free mounting surface that
will support the weight of the charger


• Not be hot, moist, or dusty. The battery charger
is suitable for operation in a temperature range
of −22 to +122 Degrees F (−30 to +50 Degrees
C).


• Be isolated from batteries and fuel tanks and
other sources of flammable or explosive gases.
The charger (which can cause sparks) should
be located as far away from the battery as prac-
tical.


• Allow for free air flow through the space or
compartment. The battery charger has an in-
ternal cooling fan. Make sure there is no block-
age of the air vents. Air flow is from right to left
through the battery charger. Provide at least
2 inches (50.8 mm) of clearance to the right
and left sides for good cooling air flow.


• Allow for adequate space for all electrical con-
nections.


• Allow for easy access to remove the charger for
service or replacement.


• Allow for easy access to the digital display and
the circuit breaker(s).


The battery charger should be mounted on a wall or
on a horizontal surface, such as a bench.


Wall Mounting


The top of the charger is drip-proof  when it is wall
mounted. For wall mounting, do not place the char-
ger above the battery; gases from the battery can
corrode and damage the charger.


1. Make sure that the AC power source is discon-
nected.


2. Check the location to be sure that no wires,
plumbing, gas lines, or exhaust lines running
behind the wall.


3. Position the charger on the wall.


4. Mark the location for the top two mounting
holes.


5. Remove the charger and drill the mounting
holes.


6. Use two 1/4” bolts to mount the charger on the
wall.


7. Mark the location for the bottom two mounting
holes.


8. Drill the mounting holes.


9. Use two 1/4” bolts to secure the charger to the
wall.


10. Tighten the bolts.
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3.125” (80  MM)


3.25” (82.6  MM)
1/4 X 5/8” (6.4 X 15.9 MM)


(4 SLOTTED HOLES)


9.75”
(247.6  MM)


6.14“
( 156 MM)


5.56“ ( 141.2 MM)


8.96”
(228  MM)


1.06”( 26.9 MM)


ACCESS
COVER


1.17” (29.8  MM)


FIGURE 1. BATTERY CHARGER DIMENSIONS
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Bench Mounting


For bench mounting, do not place the charger
above or below the battery; gases or fluids from the
battery can corrode and damage the charger.


1. Make sure that the AC power source is discon-
nected.


2. Position the charger on the mounting surface.


3. Mark the location for the four mounting holes.


4. Remove the charger and drill the mounting
holes.


5. Reposition the charger on the mounting sur-
face.


6. Install four 1/4” mounting bolts.


7. Tighten the bolts.


Charger Wiring


WARNING AC voltages present an electrical
shock hazard that can cause severe  personal
injury or death. Make sure that the AC power
source is disconnected before proceeding.


1. Make sure that the AC power source is discon-
nected.


2. Remove the ground (−) cable of any battery
that will be connected to the charger.


WARNING Ignition of explosive battery
gases can cause severe personal injury
and equipment damage. Do not smoke or
cause any spark, arc, or flame while servic-
ing batteries.


3. Remove the three screws and the access cov-
er (bottom panel) from the front of the battery
charger.


4. Remove one or both of the knockouts from the
front of the battery charger (see Figure 2).


5. Install grommet(s) in the opening(s).


If necessary, remove the top panel to install the
grommet(s), as described below (see Figure


3). Removing the top panel may also be benefi-
cial for installing the wiring (see steps 6 and 7).


a. Remove the nut(s) securing the circuit
breaker switch(es) to the panel.


b. Remove the screw securing the top panel
to the battery charger. Then remove the
top panel.


c. Install the grommet(s).


d. Use the screw to reinstall the panel.


e. Reinstall the nut(s) on the circuit breaker
switch(es).


6. Use 16 AWG or larger wire for AC connections
of up to 100 feet. Feed the wires through an
opening. Connect AC input wires to AC1 and
AC2 of TB1 (see Figure 2). 


TB2 TB1


GROUND
LUG


KNOCKOUTS REMOVED AND
GROMMETS INSTALLED


FIGURE 2. WIRING CONNECTIONS
(ACCESS COVER REMOVED)
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CIRCUIT
BREAKER


NUT


GROMMET


FUSE
HOLDERS


ACCESS COVER
(BOTTOM PANEL)


TOP
PANEL


TOP
PANEL


FIGURE 3. REMOVING BATTERY CHARGER PANELS


7. Install DC wiring to the battery charger.


CAUTION Undersized cables can result in
additional charger stress, lower efficiency,
and dimenished charger performance. Al-
ways use the recommended cable sizes. All
cables must be UL and CSA certified.


a. Select the appropriate DC battery cable(s)
for the distance between the battery char-
ger and the batteries. If your installation
must meet the NFPA110 requirement to
return a fully discharged battery to 100%
of its ampere-hour rating within 24 hours,
see Table 1. If your installation does not
need to meet the NFPA110 requirement,
see Table 2.


NOTE: Only 12 AWG or smaller cable can
be installed on the battery charger


terminal block. Therefore, any dis-
tances greater than 10 feet require
that 10 feet of 12 AWG wiring first
be installed on the terminal block
and then the appropriate larger
cable be attached for the remain-
ing distance.


b. Feed the wires selected through an open-
ing.


c. Connect the positive wire to B+ and the
negative battery lead to B− of TB2.


8. If the battery charger is more than 10 feet from
the battery, connect additional wiring to the
cable installed in step 7.


9. Remove the hex nut and one of the EIT lock
washer from the ground lug inside the battery
charger. Feed a ground lead (16 AWG or larger)
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through an opening and use the hardware to se-
cure the lead to the ground lug (see Figure 2).


TABLE 1. RECOMMENDED DC BATTERY
CABLE SIZE FOR INSTALLATIONS WITH


NFPA110 BATTERY CHARGE REQUIREMENT


Distance Gauge


1 to 3 Feet (.3048 to .9144 Meters) 14


3 to 5 Feet (.9144 to1.524  Meters) 14


5 to 10 Feet (1.524 to 3.048 Meters) 12


10 to 15 Feet (3.048 to 4.532 Meters) 12 and 10


15 to 25 Feet (4.532 to 7.62 Meters) 12 and 8


25 to 40 Feet (7.62 to 12.192 Meters) 12 and 6


40 to 60 Feet (12.192 to 18.288 Meters) 12 and 4


60 to 100 Feet (18.288 to 30.48 Meters) 12 and 2


TABLE 2. RECOMMENDED DC BATTERY
CABLE SIZE FOR INSTALLATIONS WITHOUT
NFPA110 BATTERY CHARGE REQUIREMENT


Distance Gauge


1 to 20 Feet (.3048 to 6.096 Meters) 14


20 to 30 Feet (6.096 to 9.14 Meters) 12


30 to 50 Feet (9.14 to 15.24 Meters) 12 and 10


50 to 80 Feet (15.24 to 24.38 Meters) 12 and 8


80 to 125 Feet (24.38 to 38.1 Meters) 12 and 6


10. Reinstall the access cover (bottom panel).


WARNING Ignition of explosive gases can
cause severe personal injury and equip-
ment damage. Do not smoke or cause any
spark, arc, or flame while servicing batter-
ies.


WARNING AC voltages present an electri-
cal shock hazard that can cause severe per-
sonal injury or death. Take special care to
avoid contact with a hot AC line.


11. Connect AC power to the battery charger.


12. Configure the battery charger as described on
the following page.


WARNING Batteries can cause severe per-
sonal injury due to sparks, explosion and
acid. Always connect or disconnect a bat-
tery in accordance with CONNECTING / DIS-
CONNECTING BATTERIES (see page 8).


13. Connect the DC output wires to the battery
(negative [−] lead last). Use the torque speci-
fied in Table 3 for the terminal type used for
cable connections.


TABLE 3. RECOMMENDED TORQUE VALUES


Terminal Type Max Torque Value


SAE, Tapered Terminal Posts 50−70 in-lbs


Slide Terminals 70−90 in-lbs


Threaded Stud Terminals 120−180 in-lbs


Genset Installations With Chargers Used
in Parallel


For parallel use, battery chargers should be hooked
up as if each one is the only charger. A minimum of
six inches of space between chargers is necessary
for adequate air flow. Attach the cables for each
charger at the battery terminals only.  Do not hook
them in series or at each others terminal blocks.
Each charger needs its own set of wires running to
the battery and attached at the battery. The wire
lengths from each charger should be the same
length. Power up all chargers at the same time.


TRANSFER SWITCH INSTALLATIONS


WARNING AC voltages present an electrical
shock hazard that can cause severe  personal
injury or death. Make sure that the AC power
source is disconnected before proceeding.


1. Make sure that the AC power source is discon-
nected.


2. Remove the ground (−) cable of any battery
that will be connected to the charger.


WARNING Ignition of explosive battery
gases can cause severe personal injury
and equipment damage. Do not smoke or
cause any spark, arc, or flame while servic-
ing batteries.


3. Install the battery charger inside the transfer
switch cabinet. Refer to your transfer switch
Installation Manual for the correct location.
Mount the charger with the circuit break-
er(s)/fuse holders facing down.


NOTE: Some installations require four 10−32 x
1/2” thread-forming hex head screws
be used to mount the charger. Other
installations use four M5 hex huts to se-
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cure the charger to the studs in the
transfer switch cabinet.


WARNING Ignition of explosive gases can
cause severe personal injury and equip-
ment damage. Do not smoke or cause any
spark, arc, or flame while servicing batter-
ies.


WARNING AC voltages present an electri-
cal shock hazard that can cause severe per-
sonal injury or death. Take special care to
avoid contact with a hot AC line.


4. Connect AC power to the battery charger.


5. Configure the battery charger as described on
the following page.


6. Connect the wiring harness J1 connector to the
P1 connector on the transfer switch harness.


BATTERY CHARGER CONFIGURATION


The charger identification screen is displayed on
the control panel for less than one second upon
power-up (see Figure 4).


15A
BATTERY CHARGER


RESET
BUTTON


LED STATUS
INDICATOR


FIGURE 4. CONTROL PANEL IDENTIFICATION
SCREEN


The battery charger must be configured for the cor-
rect battery voltage and type before it is connected
to the battery. To configure the battery charger,
press and hold the RESET button for two seconds
to enter the Configuration Mode. Adjust the Setup
menus, as necessary.


1. The first charger Setup menu displayed is for
setting the battery voltage. Press the RESET
button to change the battery voltage (12 or 24
VDC, default = 12 VDC) − see Figure 5.


SET BATTERY
VOLTAGE: 12VDC


FIGURE 5. BATTERY VOLTAGE SETUP MENU


2. Press and hold the RESET button for two sec-
onds to save the setting and display the second
Setup menu (Battery Type).


3. When the Battery Type Setup menu is dis-
played (see Figure 6), press the RESET button
to select the battery type (Lead-Acid, Gel, or
AGM, default = Lead-Acid).


SET BATT TYPE:
Lead-Acid


FIGURE 6. BATTERY TYPE SETUP MENU


4. Press the and hold the RESET button for two
seconds to save the setting.


5. If the battery type selected is lead-acid and it is
completely charged, the Equalize Battery
screen is displayed (see Figure 7).


EQUALIZE
BATTERY!


FIGURE 7. EQUALIZE BATTERY SCREEN


6. Press the RESET button and release it immedi-
ately to begin equalize. The LED status indica-
tor turns amber.


NOTE: To skip over the Equalize Battery!
menu, press and hold the RESET but-
ton until normal operation commences.
Equalize can be stopped by pressing
the RESET button for two seconds (re-
entering Setup) or by powering down
the battery charger.
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CONNECTING / DISCONNECTING
BATTERIES


Always First Disconnect AC Power and
DC Loads


To keep sparks from igniting explosive battery
gases, always disconnect AC power to the battery
charger and turn off all DC loads before disconnect-
ing the battery cables.


WARNING Battery acid can cause severe
burns. Always wear safety glasses and protec-
tive clothing when working with batteries. If
acid gets in your eyes or on your skin, flush with
water for 15 minutes and get medical attention.


WARNING Remove hanging jewelry, rings and
bracelets before working on batteries. They can
short and weld to battery terminals causing se-
vere burns.


WARNING  Lead-Acid Batteries produce explo-
sive hydrogen gas that can lead to severe per-
sonal injury—Do not smoke near batteries—To
reduce sparking, always disconnect AC power
to the battery charger, turn off all DC loads be-
fore disconnecting the battery cables and ob-
server the Proper Battery Terminal Connection /
Disconnection Sequence below.


Always Observe Proper Battery Terminal
Connection / Disconnection Sequence


The high capacitance of the battery charger can
cause sparking whenever the battery cables are
disconnected or reconnected. This is normal, do not
be alarmed. Take the following precautions:


7. Do not disconnect or reconnect the battery
charger when fuel fumes are present.


8. To keep sparking away from the batteries
when disconnecting battery cables:


a. Disconnect the negative (−) cable from the
battery charger and then the batteries,


b Disconnect the positive (+) cable from the
battery charger and then the batteries.


9. To keep sparking away from the batteries
when reconnecting battery cables:


a. Reconnect the positive (+) cable at the
Batteries and then at the battery charger,


b. Reconnect the negative (−) cable at the
batteries and then at the battery charger.


Always Observe Proper Battery Polarity


Always observe battery polarity when making bat-
tery connections to the battery charger. Positive (+)
must always be connected to Positive (+) and Neg-
ative (−) to Negative (−).


CAUTION Damage as a result of reverse polar-
ity is not covered under Warranty.
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The relay contains devices sensitive to Electrostatic Discharge 
(ESD). When working on the relay with the front panel removed, 
work surfaces and personnel must be properly grounded or 
equipment damage may result.


! CAUTION


This procedure requires that you handle components sensitive 
to Electrostatic Discharge (ESD).  If your facility is not equipped 
to work with these components, we recommend that you 
return the relay to SEL for firmware installation.


! CAUTION


There is danger of explosion if the battery is incorrectly 
replaced.  Replace only with Ray-O-Vac® no. BR2335 or 
equivalent recommended by manufacturer.  Dispose of used 
batteries according to the manufacturer’s instructions.


! CAUTION


Verify proper orientation of the new EPROM in the socket 
before applying pressure to engage it.  Note the orientation 
indication provided by the notched inside socket corner and 
the notched corner.


! CAUTION


Do not connect external voltages to the relay contact inputs. 
Because the contact inputs are internally wetted, permanent 
damage to the relay or external equipment may result from 
connecting external voltage to a relay contact input.


! CAUTION


This device is shipped with default passwords. Default 
passwords should be changed to private passwords at 
installation. Failure to change each default password to a 
private password may allow unauthorized access. SEL shall not 
be responsible for any damage resulting from unauthorized 
access.


! WARNING


Operator safety may be impaired if the device is used in a 
manner not specified by SEL.


! WARNING


Contact with instrument terminals can cause electrical shock 
that can result in injury or death.


! DANGER


Contact with this circuitry may cause electrical shock that can 
result in injury or death. Removal of enclosure panels exposes 
circuitry which may cause electrical shock which can result in 
injury or death.


! DANGER


Le relais contient des pièces sensibles aux décharges 
électrostatiques. Quand on travaille sur le relais avec les 
panneaux avant ou du dessus enlevés, toutes les surfaces et le 
personnel doivent être mis à la terre convenablement pour 
éviter les dommages à l’équipement.


! ATTENTION


Cette procédure requiert que vous manipuliez des composants 
sensibles aux décharges électrostatiques (DES).  Si vous n'êtes 
pas équipés pour travailler avec ce type de composants, nous 
vous recommandons de les retourner à SEL pour leur 
installation.


! ATTENTION


Il y a un danger d’explosion si la pile électrique n’est pas 
correctement remplacée.  Utiliser exclusivement Ray-O-Vac® 
No. BR2335 ou un équivalent recommandé par le fabricant.  Se 
débarrasser des piles usagées suivant les instructions du 
fabricant.


! ATTENTION


Vérifier l’orientation du nouvel EPROM avant d’appliquer la 
pression pour l’insérer dans sa base.  Noter l’orientation 
indiquée par le coin marqué à l’intérieur de la base et le coin 
marqué du composant.


! ATTENTION


Ne pas raccorder de tensions externes sur les bornes des 
entrées de contact. Parce que les contacts sont trempés au 
mercure, des dommages permanents peuvent résulter pour le 
relais ou l’équipement externe à la suite du raccordement 
d’une tension externe à une entrée de contact du relais.


! ATTENTION


Cet appareil est expédié avec des mots de passe par défaut. A 
l’installation, les mots de passe par défaut devront être 
changés pour des mots de passe confidentiels. Dans le cas 
contraire, un accés non-autorisé á l’équipement peut être 
possible. SEL décline toute responsabilité pour tout dommage 
résultant de cet accés non-autorisé.


! AVERTISSEMENT


La sécurité de l’opérateur peut être compromise si l’appareil 
est utilisé d’une façon non indiquée par SEL. 


! AVERTISSEMENT


Tout contact avec les bornes de l’appareil peut causer un choc 
électrique pouvant entraîner des blessuers ou la mort.


! DANGER


Tout contact avec ce circuit peut être la cause d’un choc 
électrique pouvant entraîner des blessures ou la mort. Le 
retrait des panneaux du boîtier expose le circuit qui peut 
causer des chocos électriques pouvant entraîner des blessures 
ou la mort.


! DANGER


© 1998–2008 by Schweitzer Engineering Laboratories, Inc. All rights reserved.


All brand or product names appearing in this document are the trademark or registered trademark of their respective holders. No SEL 
trademarks may be used without written permission. SEL products appearing in this document may be covered by US and Foreign patents.


Schweitzer Engineering Laboratories, Inc. reserves all rights and benefits afforded under federal and international copyright and patent laws in 
its products, including without limitation software, firmware, and documentation.


The information in this manual is provided for informational use only and is subject to change without notice. Schweitzer Engineering 
Laboratories, Inc. has approved only the English language manual.


This product is covered by the standard SEL 10-year warranty. For warranty details, visit www.selinc.com or contact your customer service 
representative. PM551-01
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Preface


Manual Overview


The SEL-551 Relay Instruction Manual describes common aspects of relay 
application and use. It includes the necessary information to install, set, test, 
and operate the relay and more detailed information about settings and 
commands.


An overview of each manual section and topics follows:


Preface. Describes the manual organization and conventions used to 
present information.


Section 1: Introduction and Specifications. Describes the basic features 
and functions of the SEL-551; lists the relay specifications.


Section 2: Installation. Describes how to mount and wire the SEL-551; 
illustrates wiring connections for various applications.


Section 3: Relay Elements and Logic. Describes operating characteristics 
of elements through the use of logic diagrams and text and explains 
how to calculate their settings; describes contact output logic.


Section 4: Setting the Relay. Describes how to enter and record settings.


Section 5: Serial Port Communications and Commands.  Describes how to 
connect the SEL-551 to a PC for communication; shows serial port 
pinouts; lists and defines serial port commands.


Section 6: Front-Panel Interface. Explains the features and use of the front 
panel, including front-panel command menu, default displays, and 
automatic messages.


Section 7: Standard Event Reports and SER. Describes event summary 
data, standard event reports, and Sequential Events Recorder (SER) 
report.


Section 8: Testing and Troubleshooting. Describes protection element test 
procedures, relay self-test, and relay troubleshooting.


Section 9: Appendices. Contains the following appendices:


Appendix A: Firmware and Manual Versions


Appendix B: Firmware Upgrade Instructions


Appendix C: SEL Distributed Port Switch Protocol


Appendix D: Configuration, Fast Meter, and Fast Operate Commands


Appendix E: Compressed ASCII Commands


Appendix F: Setting Negative-Sequence Overcurrent Elements


Appendix G: Modbus RTU Communications Protocol


SEL-551 Command Summary. Briefly describes the serial port commands 
that are fully described in Section 5: Serial Port Communications 
and Commands.
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Preface


Conventions
Typographic 
Conventions


There are three ways to communicate with the SEL-551:


➤ Using a command line interface on a PC terminal emulation 
window.


➤ Using the front-panel menus and pushbuttons.


➤ Using ACSELERATOR® QuickSet™ SEL-5030 Software


The instructions in this manual indicate these options with specific font and 
formatting attributes. The following table lists these conventions:


Typographic Conventions


Examples This instruction manual uses several example illustrations and instructions to 
explain how to effectively operate the SEL-551. These examples are for 
demonstration purposes only; the firmware identification information or 
settings values included in these examples may not necessarily match those in 
the current version of your SEL-551.


Safety Information This manual uses three kinds of hazard statements, formatted as follows:


Indicates a potentially hazardous 
situation that, if not avoided, may 
result in minor or moderate injury or 
equipment damage.


! CAUTION


Indicates a potentially hazardous 
situation that, if not avoided, could 
result in death or serious injury.


! WARNING


Indicates an imminently hazardous 
situation that, if not avoided, will 
result in death or serious injury.


! DANGER


Example Description


STATUS Commands typed at a command line interface on a PC.


<Enter> Single keystroke on a PC keyboard.


<Ctrl+D> Multiple/combination keystroke on a PC keyboard.


Start > Settings PC software dialog boxes and menu selections.
The > character indicates submenus.


{CLOSE} Relay front-panel pushbuttons.


ENABLE Relay front- or rear-panel labels.


MAIN > METER Relay front-panel LCD menus and relay responses visible on 
the PC screen.
The > character indicates submenus.
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Section 1
Introduction and Specifications


Overview


The SEL-551 Overcurrent Relay and Reclosing Relay provides overcurrent 
protection and up to four shots of reclosing in one compact package. The relay 
measures phase and neutral currents—no voltages.


SEL-551 Feature 
Highlights


➤ Numerous Phase, Ground, and Negative-Sequence Overcurrent 
Elements


➤ Multiple-Shot Reclosing Relay with Sequence Coordination


➤ Enhanced SELOGIC® Control Equations to Create Traditional 
or Advanced Schemes


➤ Local/Remote Control Logic to Enable/Disable Schemes, 
Operate Circuit Breakers, etc.


➤ Sequential Events Recorder (SER) Report and Event Reports 
Stored in Nonvolatile Memory


➤ Hardware Options for Rear-Panel Terminals, Output Contacts, 
and Serial Communications Port


➤ Demand Ammetering


Use the SEL-551 for 
Overcurrent 
Protection in New 
Installations and 
Retrofits


➤ Utility Distribution Feeders—includes reclosing


➤ Industrial Distribution Feeders—includes connections for a 
core-balance current transformer


➤ Distribution Buses—includes fast bus trip scheme


➤ Transformer Banks—includes connections for a separate 
neutral current transformer


➤ Other Power System Apparatus—capacitors, reactors, circuit 
breakers, etc.


Differences Between 
the SEL-551/SEL-551C 
Relays


The SEL-551C Relay differs from the SEL-551 Relay in the following major 
areas:


➤ Different I/O mix.


SEL-551 SEL-551C


5 output contacts


(OUT1–OUT4, ALARM)


3 output contacts


(OUT1–OUT3)


2 input contacts


(IN1, IN2)


6 input contacts 


(IN1–IN6)
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➤ Relay Word bit differences because of I/O mix and addition of 
programmable alarm conditions SALARM and HALARM.


➤ Latch Control Switches to Replace Traditional Latching 
Relays.


➤ Optional front-panel EIA-232 serial communications port.


➤ Available with conventional terminal blocks and level-sensitive 
optoisolated inputs (see Specifications, General on page 1.6 for 
optoisolated inputs ratings).
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SEL-551 Model Changes


Old model 05510J has been superseded by model 05510W. This is because of 
improvements in the Connectorized® SEL-551 Relay (plug-in connectors)—
see Section 2: Installation for more details (following Figure 2.8). Unless 
otherwise noted, references to model 05510W also apply to old model 05510J.
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SEL-551 Applications


q See Figure 2.14; w see Figure 2.11; e see Figure 2.13; r see Figure 2.9; t see Figure 2.10.


Figure 1.1 SEL-551 Relays Applied Throughout the Power System
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Hardware Overview


➤ Rear-panel: conventional terminal blocks or plug-in connectors 
(see Figure 2.7 and Figure 2.8)


➤ High-current interrupting output contacts: 10 A for L/R = 
40 ms at 125 Vdc (included in the rear-panel plug-in 
connectors option only—see Figure 2.8)


➤ Rear-panel serial communications port: EIA-232 or EIA-485 
(4-wire)-either option includes a demodulated IRIG-B time-
code input (see Figure 2.7 and Figure 2.8)


q See Figure 2.8; w see Figure 2.10; e see Figure 2.11; r see Figure 2.12; t see Figure 2.9, Figure 2.13, and Figure 2.14.


Figure 1.2 SEL-551 Inputs, Outputs, and Communications Port
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Specifications
Section 1 Introduction and Specifications


General


AC Input Currents


5 A nominal: 15 A continuous, 500 A for 1 s,
linear to 100 A symmetrical.


Limiting Dynamic 
Value:


1250 A for 1 cycle (sinusoidal 
waveform)


Burden: 0.16 VA at 5 A
1.15 VA at 15 A


1 A nominal: 3 A continuous, 100 A for 1 s,
linear to 20 A symmetrical.


Limiting Dynamic 
Value:


250 A for 1 cycle (sinusoidal 
waveform)


Burden: 0.06 VA at 1 A
0.18 VA at 3 A


Power Supply


125/250 Vdc or Vac


Range: 85–350 Vdc or 85–264 Vac


Burden: <6.2 W


Interruption: 100 ms at 250 Vdc


Ripple: 100%


48/125 Vdc or 125 Vac


Range: 36–200 Vdc or 85–140 Vac


Burden: <5.5 W


Interruption: 100 ms at 125 Vdc


Ripple: 5%


24 Vdc


Range: 16–36 Vdc polarity dependent


Burden: <6.2 W


Interruption: 25 ms at 36 Vdc


Ripple: 5%


Note: Interruption and Ripple per IEC 60255-11:1979.


Output Contacts


Conventional Terminal Blocks Option:
Per IEC 255-0-20:1974, using the simplified method of assessment


Make: 30 A


Carry: 6 A continuous carry


1 s Rating: 100 A


MOV Protection: 270 Vac/360 Vdc


Pickup Time: <5 ms


Dropout Time: <5 ms


Breaking Capacity (10000 operations):


24 V 0.75 A L/R = 40 ms
48 V 0.50 A L/R = 40 ms


125 V 0.30 A L/R = 40 ms
250 V 0.20 A L/R = 40 ms


Cyclic Capacity (2.5 cycle/second):


24 V 0.75 A L/R = 40 ms
48 V 0.50 A L/R = 40 ms


125 V 0.30 A L/R = 40 ms
250 V 0.20 A L/R = 40 ms


Plug-In Connectors Option on SEL-551 
(High Current Interrupting):


Make: 30 A


Carry: 6 A continuous carry


MOV Protection: 330 Vdc


Pickup Time: <5 ms


Dropout Time: <8 ms, typical


Breaking Capacity (10000 operations):


24 V 10.0 A L/R = 40 ms
48 V 10.0 A L/R = 40 ms


125 V 10.0 A L/R = 40 ms
250 V 10.0 A L/R = 20 ms


Cyclic Capacity (4 cycles in 1 second followed by 2 minutes idle 
for thermal dissipation):


24 V 10.0 A L/R = 40 ms
48 V 10.0 A L/R = 40 ms


125 V 10.0 A L/R = 40 ms
250 V 10.0 A L/R = 20 ms


Note: Do not use high current interrupting output contacts to 
switch ac control signals. These outputs are polarity dependent.


Note: Make per IEEE C37.90:1989; Breaking and Cyclic Capacity 
per IEC 60255-23 [IEC 255-23]:1994.


Optoisolated Inputs


Note: The input type is dependent on the relay ordering options. 
Level-sensitive inputs differ from jumper-selectable inputs in that 
they are guaranteed to deassert below a certain voltage level and 
they are not user-settable. The inputs are not polarity dependent. 
With nominal control voltage applied, each input draws 
approximately 4 mA of current.


Conventional Terminal Blocks Option


Note: The conventional terminal blocks model of the SEL-551 can 
be ordered with either jumper-selectable voltage optoisolated 
inputs or level-sensitive optoisolated inputs.


Jumper Selectable Control Voltage:
Both inputs may be individually user-configured to operate on 
any of the following nominal voltages:


24 Vdc: on for 15–30 Vdc (also available on 
the SEL-551C, but not jumper 
selectable)


48 Vdc: on for 30–60 Vdc


125 Vdc: on for 80–150 Vdc


250 Vdc: on for 150–300 Vdc


Level-Sensitive:
Both inputs are factory configured for a fixed voltage level that 
cannot be changed:


48 Vdc: on for 38.4–60 Vdc;
off below 28.8 Vdc


110 Vdc: on for 88–132 Vdc;
off below 66 Vdc 


125 Vdc: on for 105–150 Vdc;
off below 75 Vdc


220 Vdc on for 176–264 Vdc;
off below 132 Vdc


250 Vdc: on for 200–300 Vdc;
off below 150 Vdc
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Plug-In Connectors Option


Standard (Non-Level Sensitive):


24 Vdc: on for 15–30 Vdc


Level-Sensitive:
The plug-in connectors model is equipped with fixed “level-
sensitive” inputs. Both inputs are factory-configured to the 
control voltage specified at the time of ordering:


48 Vdc: on for 38.4–60 Vdc;
off below 28.8 Vdc


110 Vdc: on for 88–132 Vdc;
off below 66 Vdc 


125 Vdc: on for 105–150 Vdc; 
off below 75 Vdc


250 Vdc: on for 200–300 Vdc; 
off below 150 Vdc


Frequency and Rotation


System Frequency: 50 or 60 Hz


Phase Rotation: ABC or ACB


Serial Communications


9-pin sub-D connector


Baud Rate: 300, 1200, 2400, 4800, 9600, 19200, 
38400; settable baud rate and 
protocol


Protocols


ASCII
Distributed Port Switch Protocol (LMD)
Modbus® RTU (rear port only; baud rate limited to 19200)


Operating Temperature


IEC Performance Rating: –40° to +85°C (–40° to +185°F)


Humidity


0% to 95% without condensation


Altitude


2000 m maximum


Operating Environment


Pollution Degree: 2


Overvoltage Category: II


Indoor Use


Tightening Torque


Terminal Block:


Minimum: 0.9 N-m (8-inch-pounds)


Maximum: 1.4 N-m (12-inch-pounds)


Connectorized®


Minimum: 0.5 N-m (4.4-inch-pounds)


Maximum: 1.0 N-m (8.8-inch-pounds)


Terminal Connections


Terminals or stranded copper wire. Ring terminals are 
recommended. Minimum temperature rating of 105°C.


Routine Dielectric Strength


AC current inputs: 2500 Vac for 10 s


Power supply, 
optoisolated inputs,
 and output contacts: 3000 Vdc for 10 s


The following IEC 60255-5 Dielectric Tests:1977 are performed on all 
units with the CE mark:
2500 VAC for 10 s on analog inputs.
3100 Vdc for 10 s on power supply, optoisolated inputs, and output 


contacts.


Weight


2.5 kg (5 lbs, 8 oz.)


Type Tests


Environmental Tests


Cold: IEC 60068-2-1:1990
[EN 60068-2-1:1993]
Test Ad; 16 hr at –40°C


Damp Heat Cyclic: IEC 60068-2-30:1980
Test Db; 25° to 55°C,
6 cycles, 95% humidity 


Damp Heat Steady State IEC 60068-2-3:1969
Test Ca; 40°C ±2°C,
93% humidity +2%, –3%
4 days, Energized > 1 day


Dry Heat: IEC 60068-2-2:1974
[EN 60068-2-2:1993]
Test Bd: 16 hr at +85°C


Dielectric Strength and Impulse Tests


Dielectric: IEC 60255-5:1977
IEEE C37.90-1989
2500 Vac on analog inputs; 
3100 Vdc (3000 Vdc for 
Plug-in Connectors option)
on power supply, contact inputs,
and contact outputs


Impulse: IEC 60255-5:1977 0.5 J, 5000 V


Electrostatic Discharge Test


ESD: IEC 60255-22-2:1996
[EN 60255-22-2:1996]
IEC 60801-2:1991 Level 4


RFI and Interference Tests


Fast Transient 
Disturbance:


IEC 60255-22-4:1992
IEC 60801-2:1991 Level 4


Radiated EMI: IEC 60255-22-3:1989
IEC 60801-3:1984
IEEE C37.90.2-1987


Surge Withstand: IEC 60255-22-1:1988
2.5 kV peak common mode, 
2.5 kV peak differential mode
IEEE C37.90.1-1989
3.0 kV oscillatory; 5.0 kV fast 
transient


Vibration and Shock Tests


Shock and Bump: IEC 60255-21-2:1988 Class 2
IEC 60255-21-3:1993 Class 2


Sinusoidal Vibration: IEC 60255-21-1:1988 Class 2


Object Penetration


Object Penetration: IEC 60529:1989 IP 30, IP 54 from the 
front panel using the SEL-9103 
front- cover dust and splash 
protection 


Product Safety


C22.2 No. 14-95


UL 508
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Certifications
ISO: Relay designed and manufactured using ISO 9001 certified 


quality program.


Processing Specifications
8 times per power system cycle


Metering Accuracy
Instantaneous and Demand Ammetering Functions.


Currents IA, IB, IC


5 A Nominal: ±2% (0.5–80.0 A)


1 A Nominal: ±2% (0.1–16.0 A)


Currents IN


5 A Nominal: ±5% (0.5–80.0 A)


1 A Nominal: ±5% (0.1–16.0 A)
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Section 1
Introduction and Specifications


Overcurrent Elements


The OFF setting disables the overcurrent element.


Time-Overcurrent 
Element 
Specifications


See Section 4: Setting the Relay for complete setting range information.


Instantaneous 
Overcurrent Element 
Specifications


See Section 4: Setting the Relay for complete setting range information.


Instantaneous 
Overcurrent Element 
Pickup and Reset 
Time Curves


Figure 1.4 and Figure 1.5 show pickup and reset time curves applicable to all 
the instantaneous overcurrent elements in the SEL-551 (60 Hz or 50 Hz 
relays). These times do not include output contact operating time and, thus, 
are accurate for determining element operating time for use in internal 
SELOGIC control equations. See Output Contacts on page 1.6 for information 
on output contact operating times (pickup/dropout time). Output contact 
operating time has to be added to the pickup time given in Figure 1.4 to 
calculate the overall instantaneous overcurrent element tripping time.


Table 1.1 Overcurrent Elements


Instantaneous Time-Overcurrent


Phase 50P1–50P6 51P1T, 51P2T


Single-Phase 50A, 50B, 50C


Neutral Grounda


a The neutral ground overcurrent elements (50N1, 50N2, and 51N1T) operate from the separate 
neutral current input channel IN. All other overcurrent elements (including the residual ground 
overcurrent elements) operate from the phase current input channels IA, IB, and IC.


50N1, 50N2 51N1T


Residual Ground 50G1, 50G2 51G1T


Negative-Sequence (3I2)b


b IMPORTANT: See Appendix F: Setting Negative-Sequence Overcurrent Elements for information 
on setting negative-sequence overcurrent elements


50Q1, 50Q2 51Q1T, 51Q2T


Setting Range, 
5 A nominalc


c The available current channel ratings (5 A or 1 A) for phase (IA, IB, and IC) and neutral (IN) are 
specified separately-refer to the ordering information sheets for the SEL-551.


OFF, 0.5–80.0A OFF, 0.5–16.0A


Setting Range, 
1 A nominalc


OFF, 0.1–16.0A OFF, 0.1–3.2A


Pickup Accuracy: ±0.10 A secondary and ±5% of setting
(5 A nominal channel)


±0.02 A secondary and ±5% of setting 
(1 A nominal channel)


Curve Timing Accuracy: ±1.5 cycles and ±4% of curve time for currents between (and 
including) 2 and 30 multiples of pickup


Curves operate on definite-time for currents above 30 multi-
ples of pickup or 16 times nominal current.


Transient overreach: <5% of pickup


Pickup Accuracy: ±0.10 A secondary and ±5% of setting 
(5 A nominal channel)


±0.02 A secondary and ±5% of setting
(1 A nominal channel)


Transient overreach: <5% of pickup
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Figure 1.4 SEL-551 Instantaneous Overcurrent Element Pickup Time Curve


Figure 1.5 SEL-551 Relay Instantaneous Overcurrent Element Reset Time 
Curve
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CT Saturation Protection


The SEL-551 phase instantaneous overcurrent elements normally operate 
using the output of a cosine filter algorithm. During heavy fault currents when 
the relay detects severe CT saturation, the overcurrent elements can operate on 
the adaptive current algorithm.


The adaptive current algorithm is only used for phase instantaneous 
overcurrent elements if and only if the corresponding pickup setting is greater 
than eight times the nominal phase current. For example, if 50P1P = 45 A (in a 
5 Amp nominal phase current relay), then the 50P1 element operates on the 
adaptive current algorithm. However, if 50P1P = 35 A, then the 50P1 element 
operates on the output of a cosine filter algorithm. No other overcurrent 
elements use the adaptive current algorithm.


Based on the level of a “harmonic distortion index,” the adaptive current is 
either the output of the cosine filter or the output of the bipolar peak detector. 
When the harmonic distortion index exceeds the fixed threshold that indicates 
severe CT saturation, the adaptive current is the output of the bipolar peak 
detector. When the harmonic distortion index is below the fixed threshold, the 
adaptive current is the output of the cosine filter.


The cosine filter provides excellent performance in removing dc offset and 
harmonics. However, the bipolar peak detector has the best performance in 
situations of severe CT saturation when the cosine filter magnitude estimation 
is significantly degraded. Combining the two filters provides an elegant 
solution for ensuring dependable phase instantaneous overcurrent element 
operation.
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Timer Specifications


The SEL-551 has reclosing relay timers, programmable timers, and other 
timers (see Section 4: Setting the Relay). All timers are set in cycles, in 1/8 
cycle (0.125 cycle) increments. The relay rounds the entered time setting up or 
down to the nearest 1/8 cycle. For example:


Enter setting


79OI1 = 264.685


and the relay rounds it down to 


79OI1 = 264.625


Enter setting 


SV10PU = 1567.318


and the relay rounds it up to 


SV10PU = 1567.375


The timing accuracy for these timers is: ±0.25 cycles and ±0.1 percent of 
setting
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Overview


Design your installation using the mounting and connection information in 
this section. Options include rack or panel mounting and terminal block or 
plug-in connector (Connectorized®) wiring. This section also includes 
information on configuring the relay for your application.
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Relay Mounting
Rack Mount A single SEL-551 Relay is roughly half the size of a standard 19-inch rack 


(see Figure 2.1 and Figure 2.5). To mount the relay in a standard 19-inch rack 
follow these steps:


Step 1. Use another SEL-500 series relay in a package (P/N 9101) or 
use the Rack Mount Bracket (P/N 9100). See Figure 2.2, 
Figure 2.3, and Figure 2.4.


Step 2. Secure the relays with four rack screws (two on each side) that 
you insert from the front of the relays through the holes on the 
relay mounting flanges.


Step 3. Reverse the relay mounting flanges on the single or package 
versions to cause the relays to project 2.60 inches (66.1 mm).


This provides additional space at the rear of the relays for 
applications where the relays might otherwise be too deep to 
fit.


Panel Mount We also offer the SEL-551 in a panel-mount version for a clean look. 
Panel-mount relays have sculpted front-panel molding that covers all 
installation holes. See Figure 2.1 and Figure 2.6. For a panel-mount 
installation, follow these steps:


Step 1. Cut your panel and drill mounting holes according to the 
dimensions in Figure 2.1.


Step 2. Insert the relay into the cutout, aligning four relay mounting 
studs on the rear of the relay front panel with the drilled holes 
in your panel.


Step 3. Use nuts to secure the relay to your panel.


The projection panel-mount option covers all installation holes and maintains 
the sculpted look of the panel-mount option; the relay projects 2.60 inches 
(66.1 mm) from the front of your panel. This ordering option increases space 
at the rear of the relay for applications where the relay would ordinarily be too 
deep to fit your cabinet.
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Figure 2.1 SEL-551 Dimensions, Panel Cutout, and Drill Plan
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Figure 2.2 Relay Dimensions and Drill Plan for Mounting Two SEL-500 Series Relays Together Using Mounting 
Block (SEL P/N 9101) 
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Figure 2.3 Relay Dimensions and Drill Plan for Mounting an SEL-551 With Rack Mount Bracket 9100 (Bracket on 
Right Side in Front View) 


Figure 2.4 SEL-551 Fitted with Mounting Bracket (SEL P/N 9100) for Mounting in 19-Inch Rack 
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Figure 2.5 SEL-551 Front Panel, Rack-Mount Version (Half-Rack Width)


Figure 2.6 SEL-551 Front Panel, Panel-Mount Version
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Rear-Panel Connections


We provide two options for secure connection of wiring to the relay rear 
panel. One of these is the conventional terminal block, in which you use size 
#6-32 screws to secure rear-panel wiring. The other option uses plug-in 
(Connectorized) connections that offer robust connections while minimizing 
installation and replacement time. These connections are intended for use with 
copper conductors only.


Connectorized rear-panel connections reduce repair time dramatically in the 
unlikely event that a relay should fail. These connections greatly simplify 
routine bench testing; connecting and disconnecting rear-panel wiring takes 
only a few minutes.


Connectorized relays use a current shorting connector for current inputs, a 
plug-in terminal block that provides maximum wiring flexibility for inputs 
and outputs, and a quick disconnect voltage-rated connector for voltage 
inputs. The manufacturers of these connectors have tested them thoroughly, 
and many industry applications have proven the performance of these 
connectors. In addition, we have tested these connectors thoroughly to ensure 
that they conform to our standards for protective relay applications.


Terminal Block Make terminal block connections with size #6-32 screws using a Phillips® or 
slotted screwdriver. You may request locking screws from the factory. Refer to 
Figure 2.7 to make all terminal block connections.


Figure 2.7 SEL-551 Rear Panel (Conventional Terminal Blocks Option)


The output contacts in Figure 2.7 (OUT1–OUT4 and ALARM) are not polarity 
dependent.


The optoisolated inputs in Figure 2.7 (IN1–IN2) are not polarity dependent.


All screws are size #6-32.


Screw Terminal Connections


All screw/washer styles on SEL relays are recognized by UL for field wiring 
using terminals or bare wire. However, as stated below, SEL strongly 
recommends the use of ring or fork terminals.
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Two types of screw terminal are provided on the SEL relays, one with a 
washer (Phillips screw head - standard) and one without (slotted screw head, 
optional). SEL recommends using ring or fork terminals with both types of 
screw terminals fitted to the relays. There are two main reasons for this 
recommendation;


Step 1. Stray strands and inconsistent wire stripping may compromise 
hi-pot clearances and give rise to the potential for shorting the 
adjacent terminals.


Step 2. Wire/terminal secureness with ring terminals has been tested at 
SEL to 20 lb minimum. Bare wire has not been tested at SEL.


Both the terminal block manufacturer and UL requirements have qualified the 
standard terminal blocks for use with bare stranded wire, however, SEL’s 
qualification requirements are more stringent as required by the utility and 
industrial applications of protective relays. 


The SEL terminal retention and hi-pot test voltage requirements are both 
twice that required by the UL standard.


All SEL qualification testing of terminal blocks and relays is performed with 
ring or fork terminals.


Connectorized To use the Connectorized version of the SEL-551, ask your SEL sales or 
customer service representative for the appropriate Model Option Table and 
order wiring harness kit WA05510WxXyA, where x designates wire size and y 
designates wire length. You can find the Model Option Table on the SEL 
website at http://www.selinc.com. Refer to Figure 2.8 to make all 
Connectorized connections.


Figure 2.8 SEL-551 Rear Panel (Plug-In Connectors Option)


Connector terminals A01–A16 accept wire size AWG 24 to 12 (install wires 
with a small slotted-tip screwdriver).


Output contacts OUT1–OUT4 and ALARM are polarity dependent (note the “+” 
above terminals A02, A04, A06, A08, and A10).


As an example, consider the connection of terminals A01 and A02 (output 
contact OUT1) in a circuit:


Terminal A02 (+) has to be at a higher voltage potential than terminal A01 in the 
circuit.


NOTE: #6 ring and fork terminals will 
accommodate wire sizes from 22 awg 
to 10 awg. 


There is no limit to the number of 
terminals that can be clamped under 
one screw, however there is a 
maximum total thickness of .120" (3 
mm). Ring terminals typically range in 
thickness .030" to .060".


! WARNING
A too-long screw will damage the 
inside part of the terminal. This is true 
for both styles of terminal block, but 
especially for the I/O connections.
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With this option, output contacts OUT1–OUT4 and ALARM are also high-current 
interrupting output contacts:


10 A for L/R = 40 ms at 125 Vdc


10 A for L/R = 20 ms at 250 Vdc


See High-Current Interrupting Output Contacts for more information.


Optoisolated inputs IN1 and IN2 are not polarity dependent.


Current input connector (terminals Z01–Z08):


➤ Contains current transformer shorting mechanisms


➤ Accepts wire size AWG 16 to 10 (special tool required to attach 
wire to connector)


➤ Can be ordered prewired


Ground connection (terminal Z09): tab size 0.250 inch x 0.032 inch, screw size 
#6-32.


Plug-In Connector 
Improvements 
Result in Part Number 
Changes


The current transformer shorting connector (for current channel inputs IA, IB, 
IC, and IN) has been made more robust. This improvement makes the new 
connector design incompatible with the old design. Thus, presently 
constructed Connectorized SEL-551 Relays with this improved connector 
have a new part number (partial part numbers shown):


The respective wiring harness part numbers for these old and new 
Connectorized SEL-551 Relays are (partial part numbers shown):


The other connectors on the Connectorized SEL-551 rear panel (power input, 
output contacts, etc.) are the same for the old or new model. Only the current 
transformer shorting connector has changed.


Figure 2.8 shows the rear panel for new model 05510W. This figure can also 
be used as a reference for old model 05510J. All terminal labeling/numbering 
remains the same.


High-Current 
Interrupting Output 
Contacts


Relays with plug-in connectors as shown in Figure 2.8 contain output contacts 
capable of interrupting load current up to 10 amps. The output contacts 
contain internal contact arc suppressors that protect the output contacts from 
damage due to electrical arcs. Apply these output contacts to very sensitive, 
high speed loads or to heavy resistive or inductive loads up to their interrupt 
rating. No special connections are required to use the integral arc suppressors; 
however, the output contacts are polarity dependent as mentioned previously 
in this section.


The arc suppressors in the SEL-551 are different from the SEL-9501 Contact 
Arc Suppressor. The high-current interrupting output contacts in the SEL-551 
have the same interrupt rating as the SEL-9501, but typically have less than 
1 µA of leakage current, and exhibit virtually none of the let-through exhibited 
by the SEL-9501. See SEL Application Guide 97-23, SEL-9501 Contact Arc 


Old New


05510J 05510W


Old New


W05510J WA05510W


IMPORTANT: Improvements in 
Connectorized (Plug-In Connectors) 
SEL-551 Relay Result in Part Number 
Changes
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Suppressor Application Guidelines for more information regarding the 
SEL-9501 and the let-through phenomenon. A single SEL-9501 can 
theoretically be used to protect multiple contacts simultaneously, but the arc 
suppressors inside the SEL-551 protect only the SEL-551 output contacts. 


The high-current interrupting output contacts in the SEL-551 are guaranteed 
to not turn on or latch up regardless of the rate of rise of voltage across the 
protected contacts (i.e., these arc suppressors do not exhibit SCR type latch up 
because they do not use SCRs).
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SEL-551 AC/DC Connection 
Diagrams for Example Applications


Figure 2.9 SEL-551 Provides Overcurrent Protection and 
Reclosing for a Utility Distribution Feeder (Includes Fast Bus Trip Scheme)
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A


Figure 2.10 SEL-551 Provides Overcurrent Protection for an Industrial Distribution Feeder (Core-Balance 
Current Transformer Connected to Current Input Channel IN)


A core-balance current transformer is often referred to as a zero-sequence, 
ground fault, or window current transformer.
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Figure 2.11 SEL-551 Provides Overcurrent Protection for a Delta-Wye Transformer Bank
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Figure 2.12 SEL-551 Provides Overcurrent Protection for a Transformer Bank with a Tertiary Winding 
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Figure 2.13 SEL-551 Provides Overcurrent Protection for a Distribution Bus (Includes Fast Bus Trip Scheme)


The fast bus trip scheme is often referred to as a reverse interlocking or zone 
interlocking scheme.
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Figure 2.14 SEL-551 Provides Dedicated Breaker Failure Protection
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EIA-485 Rear-Panel Adapter


Cable C675 is used with the EIA-485 rear-panel serial communications port 
option to bring the pins from the 9-pin serial communications connector (see 
Figure 5.1) out to a terminal block for ease of wiring.







2.18


SEL-551 Relay Instruction Manual Date Code 20080104


Installation
Circuit Board Jumpers and Battery


Circuit Board Jumpers and Battery
Control Voltage 
Jumpers (SEL-551 
With the Conventional 
Terminal Blocks 
Option)


SEL-551 relays equipped with Conventional Terminal Blocks may be ordered 
with either jumper-selectable voltage optoisolated inputs or level-sensitive 
optoisolated inputs. Level sensitive inputs are not jumper selectable. See 
Specifications, General on page 1.6 for ratings.


The jumper-selectable control voltage models are factory-configured to the 
control voltage specified at time of ordering. The jumpers may be changed as 
outlined below.


To change the control input voltage range using internal jumpers, take the 
following steps:


Step 1. De-energize the relay.


Step 2. Remove the three front-panel screws and the relay front panel.


Step 3. Disconnect the analog signal ribbon cable from the underside 
of the relay main board.


Step 4. Grasp the black knob on the front of the drawout assembly, and 
pull the assembly from the relay chassis.


Step 5. Locate the control voltage jumpers near the rear edge of the 
relay main board. The jumpers are numbered JMP6 through 
JMP11. Refer to Figure 2.15.


Step 6. Install or remove jumpers according to Table 2.1 to select the 
desired control voltage level.


Step 7. Slide the drawout assembly into the relay chassis.


Step 8. Reconnect the analog signal ribbon cable.


Step 9. Replace the relay front panel.


Step 10. Reenergize the relay.


Output Contact 
Jumpers (SEL-551 
With the Conventional 
Terminal Blocks 
Option)


Refer to Figure 2.15. Jumpers JMP1 through JMP5 select the output contact 
type for the output contacts. With a jumper in the A position, the 
corresponding output contact is an a-type output contact. An a-type output 
contact is open when the output contact coil is de-energized and closed when 
the output contact coil is energized. With a jumper in the B position, the 
corresponding output contact is a b-type output contact. A b-type output 
contact is closed when the output contact coil is de-energized and open when 
the output contact coil is energized. These jumpers are soldered in place.


The relay contains devices sensitive 
to Electrostatic Discharge (ESD). 
When working on the relay with the 
front panel removed, work surfaces 
and personnel must be properly 
grounded or equipment damage may 
result.


! CAUTION


Table 2.1 Required Control Voltage Jumper Positions for Applied Nominal Control Voltage (SEL-551 With the 
Conventional Terminal Blocks Option)
For use with relays equipped with the jumper-selectable control input voltage option only. Not supported in the 
level-sensitive control input option. See product Model Option Table (MOT) for details.


Nominal 
Control 
Voltage


Optoisolated Input IN1 Jumpers Optoisolated Input IN2 Jumpers


JMP6 JMP7 JMP8 JMP9 JMP10 JMP11


250 Vdc •   • •   • •   • •   • •   • •   •


125 Vdc •—• •   • •   • •—• •   • •   •


48 Vdc •—• •—• •   • •—• •—• •   •


24 Vdc •—• •—• •—• •—• •—• •—•
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In Figure 2.15, note that the ALARM output contact is a b-type output contact 
and the other output contacts are all a-type output contacts. This is how these 
jumpers are configured in a standard relay shipment. Refer to Figure 3.23 for 
examples of output contact operation for different output contact types.


Figure 2.15 Input and Output Jumper Locations (SEL-551 Relay With the Conventional Terminal Blocks With 
Jumper-Selectable Control Input Voltage Option)


Password and 
Breaker Jumpers


Password and Breaker jumpers are on the front edge of the relay main board 
between the front-panel LEDs and the control pushbuttons. Remove the relay 
front panel to change them.


Put Password jumper JMP22 (left-most jumper) in place to disable serial port 
and front-panel password protection. With the jumper removed, password 
security is enabled. Set the passwords with the PASSWORD command (see 
Section 5: Serial Port Communications and Commands).


Put Breaker jumper JMP24 (right-most jumper) in place to enable the serial 
port commands OPEN, CLOSE, and PULSE. These commands are ignored 
while JMP24 is removed. These commands are used primarily to assert output 
contacts for circuit breaker control or testing purposes (see Section 5: Serial 
Port Communications and Commands).


Rear-Panel
EIA-232 Serial 
Communications Port 
Voltage Jumper 
(EIA-232 Option Only)


Jumper JMP14 in the SEL-551 is toward the rear of the main board, near the 
rear-panel EIA-232 serial communications port. This jumper connects or 
disconnects +5 Vdc to pin 1 on the EIA-232 serial communications port. In a 
standard relay shipment, jumper JMP14 in the SEL-551 would be removed 
(out-of-place) so that the +5 Vdc is not connected to pin 1 on the EIA-232 
serial communications port. See Figure 5.1.


NOTE: For an SEL-551 relay with the 
Plug-In Connectors Option, the output 
contact types are fixed. There are no 
jumpers available to change the 
output contact types. Output contacts 
OUT1–OUT4 are all a-type output 
contacts. The ALARM output contact is 
a b-type output contact.


Corresponding 
Rear-Panel Labels


Main Board 
Edge Connector
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ALARM
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A


B JMP1


JMP6
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Output Contact OUT4 
Control Jumper


Refer to Figure 2.16 and Table 2.2. Main board jumper JMP13 controls the 
operation of output contact OUT4. It provides the option of a second alarm 
output contact by changing the signal that drives output contact OUT4.


Figure 2.16 Output Contact OUT4 Control Jumper Location


See Figure 3.23. If jumper JMP13 is in position ALARM and both output contacts 
OUT4 and ALARM are the same output contact type (a or b), they will be in the 
same state (closed or open). If jumper JMP13 is in position ALARM and output 
contacts OUT4 and ALARM are different output contact types (one is an a and 
one is a b), they will be in opposite states (one is closed and one is open).


Clock Battery A lithium battery powers the relay clock (date and time) if the external dc 
source is lost or removed. The battery is a 3 V lithium coin cell. At room 
temperature (25°C), the battery will nominally operate for 10 years at rated 
load.


If the dc source is lost or disconnected, the battery discharges to power the 
clock. When the relay is powered from an external source, the battery only 
experiences a low self-discharge rate. Thus, battery life can extend well 
beyond the nominal 10 years because the battery rarely has to discharge after 
the relay is installed. The battery cannot be recharged.


If the battery voltage is out-of-tolerance, an automatic status message is sent 
to the serial port and the front-panel display.


To change the battery, take the following steps:


Step 1. De-energize the relay.


Step 2. Remove the three front-panel screws and the relay front panel.


Step 3. Disconnect the analog signal ribbon cable from the underside 
of the relay main board.


Table 2.2 Required Position of Jumper JMP13 for Desired Output Contact 
OUT4 Operation


Position Output Contact OUT4 Operation


Regular output contact OUT4 (operated by Relay Word bit 
OUT4). Jumper JMP13 comes in this position in a standard 
relay shipment.


Extra Alarm output contact (operated by alarm logic/cir-
cuitry). Relay Word bit OUT4 does not have any effect on 
output contact OUT4 when jumper JMP13 is in this position.


ALARM


YOUT2


Clock 
Battery


JMP13


3


2


1


ALARM


YOUT2


3


2


1


ALARM


YOUT2


3


2


1


NOTE: Some initial shipments of 
SEL-551 relays did not have this 
jumper JMP13 feature.


There is danger of explosion if the 
battery is incorrectly replaced.  
Replace only with Ray-O-Vac® no. 
BR2335 or equivalent recommended 
by manufacturer.  Dispose of used 
batteries according to the 
manufacturer’s instructions.


! CAUTION


The relay contains devices sensitive 
to Electrostatic Discharge (ESD). 
When working on the relay with the 
front panel removed, work surfaces 
and personnel must be properly 
grounded or equipment damage may 
result.


! CAUTION
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Step 4. Grasp the black knob on the front of the drawout assembly, and 
pull the assembly from the relay chassis.


Step 5. Locate the battery on the right-hand side of the relay main 
board.


Step 6. Remove the battery from beneath the clip, and install a new 
one.


The positive side (+) of the battery faces up.


Step 7. Slide the drawout assembly into the relay chassis.


Step 8. Reconnect the analog signal ribbon cable. 


Step 9. Replace the relay front panel and reenergize the relay.


Step 10. Set the relay date and time via serial communications port or 
front panel (see Section 5: Serial Port Communications 
and Commands or Section 6: Front-Panel Interface, 
respectively).
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Relay Elements and Logic


Relay Word Bits and SELOGIC Control Equations


This section describes relay elements and logic with numerous figures and 
accompanying text. Details on setting ranges are given in the setting sheets in 
Section 4: Setting the Relay. See the SHO Command (Showset) on page 5.19 
for a listing of the factory settings shipped with the relay.


Relay Word Bits The outputs of the logic in most of the figures in this section are labeled Relay 
Word bits. Relay Word bits have label names (e.g., 51P1T, TRIP, CLOSE, 
etc.). They are logic points that can have a state of:


1 (logical 1) or 0 (logical 0)


depending on the operation of the associated logic. Logical 1 represents an 
element being picked up, timed out, or otherwise asserted. Logical 0 
represents an element being dropped out or otherwise deasserted. All Relay 
Word bits and their descriptions are shown in Table 4.5 and Table 4.6 and are 
used in SELOGIC® control equations.


SELOGIC Control 
Equations


SELOGIC control equation settings are the inputs for the logic in many of the 
figures in this section. See the SELOGIC Control Equation Settings (SET L 
Command) on page SET.7 for a listing and short description of each of the 
SELOGIC control equation settings. See the SHO Command (Showset) for a 
listing of the factory SELOGIC control equation settings shipped with the relay. 
Create traditional or advanced custom schemes with SELOGIC control 
equations.


SELOGIC control equation settings are written in Boolean algebra logic, 
combining Relay Word bits together with different operators. Parentheses can 
also be used in SELOGIC control equation settings. More than one set of 
parentheses can be used in a given SELOGIC control equations setting, but they 
cannot be “nested” (parentheses within parentheses). See Trip Logic on 
page 3.19 and Reclosing Relay on page 3.25 for examples of using 
parentheses (factory settings for ULTR and 79BRS, respectively). Operators 
in a SELOGIC control equations setting are processed in the following order:


Table 3.1 Processing Order of SELOGIC Control Equation Operators


Operator Logic Function


/ rising-edge detect 


\ falling-edge detect 


( ) parentheses


! NOT


* AND


+ OR
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In addition to Relay Word bits, numerals:


1 (logical 1) or 0 (logical 0)


can be entered in a SELOGIC control equations setting. If a SELOGIC control 
equation setting is set equal to 1, it is always “asserted/on/enabled.” If a 
SELOGIC control equation setting is set equal to 0, it is always “deasserted/off/
disabled.” Under the SHO Command (Showset), note that a number of the 
factory SELOGIC control equation settings are set equal to 1 or 0.


Limitations Any single SELOGIC control equation setting is limited to nine Relay Word 
bits that can be combined together with the SELOGIC control equation 
operators listed in Table 3.1. To get around this limitation, a SELOGIC Variable 
(SELOGIC control equation settings SV1–SV14) can be used as an 
intermediate setting step.


For example, presume that the trip equation (SELOGIC control equation setting 
TR) needs more than nine Relay Word bits in its equation setting. Part of the 
desired equation is put into the SELOGIC control equation setting SV1. The 
resultant SELOGIC Variable output (Relay Word bit SV1) is then set in 
SELOGIC control equation setting TR.


Note in Table 3.2 that the SELOGIC Variables (SELOGIC control equation 
settings SV1–SV14) are processed after the trip equation (SELOGIC control 
equations setting TR). Thus, any tripping via Relay Word bit SV1 is delayed 
one processing interval (1/8-cycle). For most applications, this is probably of 
no consequence.


For all the SELOGIC control equations settings in total, the SEL-551 relay has 
limits of 235 Relay Word bits that can be combined together with the 
SELOGIC control equation operators listed in Table 3.1.


Up to 16 total rising-edge and falling-edge detects can be used in SELOGIC 
control equations settings for the SEL-551 relay.


Processing Order and 
Processing Interval


The relay elements and logic (and corresponding SELOGIC control equation 
settings and resultant Relay Word bits) are processed in the order shown in 
Table 3.2 (top to bottom). They are processed every eighth-cycle (1/8-cycle), 
and the Relay Word bit states (logical 1 or logical 0) are updated with each 
eighth cycle pass. Thus, the relay processing interval is 1/8-cycle. Once a 
Relay Word bit is updated during an eighth-cycle pass, it retains the state 
(logical 1 or logical 0) until it is updated again on the next eighth-cycle pass.


The Display Points (DP1–DP8) are described in Section 6: Front-Panel 
Interface. The Event Report Triggers (ER1 and ER2) are described in 
Section 7: Standard Event Reports and SER. The other items in Table 3.2 are 
described in the rest of this section, in the order given in Table 3.2. The 
exception to this order is Demand Ammetering on page 3.46.
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Table 3.2 Processing Order of Relay Elements and Logic (Top to Bottom)


Relay Elements and Logic 
(corresponding SELOGIC Control 
Equations listed in parentheses)


Resultant Relay Word Bits


Optoisolated Inputs IN1, IN2


Local Control Switches LB1–LB8


Remote Control Switches RB1–RB8


Demand Ammetering PDEM, NDEM, GDEM, QDEM


Instantaneous Overcurrent Elements 50P1–50P6, 50A, 50B, 50C, 50N1,
50N2, 50G1, 50G2, 50Q1, 50Q2


Time-Overcurrent Elements


(51P1TC, 51P2TC, 51N1TC,
51G1TC, 51Q1TC, 51Q2TC)


51P1, 51P2, 51N1, 51G1, 51Q1,
51Q2, 51P1T, 51P2T, 51N1T, 
51G1T, 51Q1T, 51Q2T, 51P1R, 
51P2R, 51N1R, 51G1R, 51Q1R, 51Q2R


Trip Logic (TR, ULTR) TRIP


Close Logic (52A, CL, ULCL) 
Reclosing Relay (79RI, 79RIS, 79DTL, 
79DLS, 79SKP, 79STL, 79BRS, 79SEQ)


CLOSE, CF, 79RS, 79CY, 79LO,
SH0, SH1, SH2, SH3, SH4


SELOGIC Variables/Timers (SV1–SV14) SV1–SV14, SV5T–SV14T


Output Contacts (OUT1–OUT4) OUT1–OUT4


Display Points (DP1–DP8)


Event Report Triggers (ER1, ER2)







3.4


SEL-551 Relay Instruction Manual Date Code 20080104


Relay Elements and Logic
Optoisolated Inputs


Optoisolated Inputs


Figure 3.1 Example Operation of SEL-551 Optoisolated Inputs


Relay Word bits IN1 and IN2 follow optoisolated inputs IN1 and IN2, 
respectively. See Figure 3.1 for the optoisolated inputs available with the SEL-
551 relay. This figure gives an example of an energized and de-energized 
optoisolated input and corresponding Relay Word bit states. Note the built-in 
pickup and dropout times of 0.25 cycles for energization or de-energization 
debounce.


There are no optoisolated input settings such as:


IN1 =


IN2 =


Optoisolated inputs IN1–IN2 receive their function by how their corresponding 
Relay Word bits IN1–IN2 are used in SELOGIC control equations.


Factory Settings 
Example


Relay Word bit IN1 is used in the factory settings for the SELOGIC control 
equations circuit breaker status setting:


52A = IN1


Connect input IN1 to a 52a circuit breaker auxiliary contact. See Close Logic 
on page 3.22 and Reclosing Relay on page 3.25 for more information on 
SELOGIC control equations setting 52A.


Input IN1 is also used in other factory settings discussed later in this section 
(i.e., SELOGIC control equation settings 79RIS and DP2). Just because Relay 
Word bit IN1 is assigned to the circuit breaker status setting 52A, it does not 
mean that Relay Word bit IN1 cannot be used in other SELOGIC control 
equation settings.


In the factory settings, Relay Word bit IN2 is not used.


Additional Settings 
Examples


52b Circuit Breaker Auxiliary Contact


If a 52b circuit breaker auxiliary contact is connected to input IN1, the setting is 
changed to:


52A = !IN1 [!IN1 = NOT(IN1)]


Relay
Word
 Bits  States 


Relay
Word Bit


 Input States 
Optoisolator


 Inputs 
Optoisolator


 States 


Example
Switch Debounce


Built-in


 Timers 


energized


de-energized


IN2


IN1


IN2


IN1


logical 1


logical 0


(–)


(+)


open


closed


CYC
0.25


CYC
0.25


CYC
0.25


CYC
0.25
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Time-Qualify Optoisolated Inputs


If an input needs to be debounced or time-qualified more than the built-in 
0.25 cycles, assign the input to a SELOGIC Variables timer (see Figure 3.21):


SV6 = IN1


The output of the timer (Relay Word bit SV6T) can then be used in place of 
Relay Word bit IN1. For example, the timer output can be assigned to the 
SELOGIC control equations circuit breaker status setting:


52A = SV6T


Other Examples


Other example SELOGIC control equation settings in this section use the 
optoisolated inputs IN1–IN2 for such applications as breaker failure initiation, 
time-overcurrent element torque control, reclose initiation, and reclose timing 
stall condition.
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Local Control Switches


Local control switches emulate traditional panel switches and are operated via 
the front-panel keyboard/display only (see Section 6: Front-Panel Interface; 
{CNTRL} pushbutton).


The switch representation in this figure is derived from the standard:


Graphics Symbols for Electrical and Electronics Diagrams IEEE Std 315-1975, 
CSA Z99-1975, ANSI Y32.2-1975, 4.11 Combination Locking and Nonlocking Switch, 
Item 4.11.1


Figure 3.2 Local Control Switches Drive Local Bits LB1–LB8


The output of the local control switch in Figure 3.2 is a Relay Word bit (local 
bit LBn, n = 1–8). These local bits are used in SELOGIC control equations. For 
a given local control switch, the local control switch positions are enabled by 
making corresponding label settings.


Each local control switch also has a corresponding “name” label setting 
NLBn. Label settings are made with serial port command SET T and viewed 
with serial port command SHO T (see Section 4: Setting the Relay and 
Section 5: Serial Port Communications and Commands).


Any given local control switch can be configured to be one of the following 
three switch types:


➤ ON/OFF 


➤ OFF/MOMENTARY 


➤ ON/OFF/MOMENTARY


Table 3.3 Correspondence Between Local Control Switch Positions and Label 
Settings


Switch
Position


Label 
Setting


Setting 
Definition


Logic 
State


ON SLBn “Set” Local bit LBn logical 1


OFF CLBn “Clear” Local bit LBn logical 0


MOMENTARY PLBn “Pulse” Local bit LBn logical 1 for 
one processing interval


Logical 1 LBn 
(n = 1 through 16)


ON Position
(Maintained Logical 1 


Position)


OFF Position
(Maintained Logical 0 Position)


MOMENTARY Position 
(Logical 1 for One Processing Interval)


Relay
Word
Bit
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If a local control switch is not being used, “null out” all its corresponding 
label settings to make it inoperable (see Section 4: Setting the Relay). The 
local bit that is “driven” by this inoperable local control switch is fixed at 
logical 0.


Factory Settings 
Example


Local bits LB1, LB3, and LB4 are used in a number of the factory settings in 
this section. The factory settings examples control reclose enable/disable, 
manual tripping, and manual closing. Their corresponding local control switch 
position label settings are:


The operation of these local control switches through the front panel is 
demonstrated in Section 6: Front-Panel Interface.


Additional Settings 
Examples


Other application ideas for local bits are:


➤ ground relay enable/disable


➤ remote control supervision


➤ sequence coordination enable/disable


Local bits can be applied to almost any control scheme.


Table 3.4 Correspondence Between Local Control Switch Types and Required 
Label Settings 


Local
Switch Type


Label 
NLBn


Label
CLBn


Label 
SLBn


Label 
PLBn


ON/OFF X X X


OFF/MOMENTARY X X X


ON/OFF/MOMENTARY X X X X


Local Bit Label Settings Function


LB1 NLB1 = RECLOSER enables/disables reclosing relay; 
see Reclosing Relay on page 3.25
(setting 79DTL)


CLB1 = DISABLE OFF position


SLB1 = ENABLE ON position


PLB1 = MOMENTARY position—not used


LB3 NLB3 = MANUAL TRIP trips breaker and drive reclosing relay 
to lockout; see Trip Logic on page 3.19 and 
Reclosing Relay (setting 79DTL)


CLB3 = RETURN OFF position 
(“return from MOMENTARY” position)


SLB3 = ON position—not used


PLB3 = TRIP MOMENTARY position


LB4 NLB4 = MANUAL CLOSE closes breaker, separate from 
reclosing relay algorithm; see Close Logic on 
page 3.22


CLB4 = RETURN OFF position (“return from 
MOMENTARY” position)


SLB4 = ON position—not used


PLB4 = CLOSE MOMENTARY position
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Local Bit States 
Retained When Power 
Is Lost or Settings 
Changed


Power Loss


The states of the local bits (Relay Word bits LB1–LB8) are retained if power 
is lost to the relay and then it is restored. If a local control switch is in the ON 
position (corresponding local bit is asserted to logical 1) when power is lost, it 
will come back in the ON position (corresponding local bit is still asserted to 
logical 1) when power is restored. If a local control switch is in the OFF 
position (corresponding local bit is deasserted to logical 0) when power is lost, 
it will come back in the OFF position (corresponding local bit is still deasserted 
to logical 0) when power is restored. This is akin to a traditional installation 
with front-panel control switches. If power is lost to the panel, the front-panel 
control switches remain in position.


Settings Change


If relay settings are changed, the states of the local bits (Relay Word bits LB1–
LB8) are retained, much like in the Power Loss explanation. The exception is 
if a new local control switch is configured as an OFF/MOMENTARY switch. 
Then, the corresponding local bit is forced to start at logical 0 after the settings 
change, regardless of the local bit state before the settings change.


If the local control switch is made inoperable because of a settings change, the 
corresponding local bit is fixed at logical 0, regardless of the local bit state 
before the settings change.
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Remote Control Switches


Remote control switches are operated via the serial communications port only 
(see CON Command (Control) on page 5.25).


The output of the remote control switch in Figure 3.3 is a Relay Word bit 
(remote bit RBn, n = 1–8). These remote bits are used in SELOGIC control 
equations.


Any given remote control switch can be put in one of the following three 
positions:


➤ ON (logical 1)


➤ OFF (logical 0)


➤ MOMENTARY (logical 1 for one processing interval)


With SELOGIC control equations, the remote bits can be used in applications 
similar to those that local bits are used in (see Local Control Switches on 
page 3.6).


The switch representation in this figure is derived from the standard: Graphics 
Symbols for Electrical and Electronics Diagrams IEEE Std 315-1975, CSA Z99-1975, 
ANSI Y32.2-1975, 4.11 Combination Locking and Nonlocking Switch, Item 4.11.1


Figure 3.3 Remote Control Switches Drive Remote Bits RB1–RB8


Remote Bit States 
Not Retained When 
Power Is Lost


The states of the remote bits (Relay Word bits RB1–RB8) are not retained if 
power is lost to the relay and then it is restored. The remote control switches 
come back in the OFF position (corresponding remote bit is deasserted to 
logical 0) when power is restored to the relay.


Remote Bit States 
Retained When 
Settings Changed


If relay settings are changed, the states of the remote bits (Relay Word bits 
RB1–RB8) are retained. If a remote control switch is in the ON position 
(corresponding remote bit is asserted to logical 1) before a settings change, it 
will come back in the ON position (corresponding remote bit is still asserted to 
logical 1) after the settings change. If a remote control switch is in the OFF 
position (corresponding remote bit is deasserted to logical 0) before a settings 
change, it will come back in the OFF position (corresponding remote bit is still 
deasserted to logical 0) after the settings change.


Logical 1 LBn 
(n = 1 through 16)


ON Position
(Maintained Logical 1 


Position)


OFF Position
(Maintained Logical 0 Position)


MOMENTARY Position 
(Logical 1 for One Processing Interval)


Relay
Word
Bit
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Instantaneous Overcurrent Elements


See the setting sheets in Section 4: Setting the Relay for instantaneous 
overcurrent element setting range information.


See Trip Logic on page 3.19 for an example of tripping with a phase 
instantaneous overcurrent element (setting TR).


See Reclosing Relay on page 3.25 for an example of using a phase 
instantaneous overcurrent element to skip a reclosing shot (setting 79SKP).


See SELOGIC Control Equation Variables/Timers on page 3.41 to create 
definite-time overcurrent elements with SELOGIC control equations 
(combining instantaneous overcurrent elements with timers.)


Phase Instantaneous 
Overcurrent Elements


Six phase instantaneous overcurrent elements (50P1–50P6) are available (see 
Figure 3.4). Their pickup settings (50P1P–50P6P, respectively) are compared 
to the magnitude of the maximum phase current (IP = maximum of IA, IB, or 
IC). The phase current is normally the output of the cosine filter algorithm, but 
during CT saturation the phase current can be the output of the adaptive 
current algorithm if the pickup setting is greater than eight times nominal 
phase current.


For example, if 50P1P = 45 A (in a 5 A nominal phase current relay), the IP 
input into the 50P1 logic is the maximum phase current output of the adaptive 
current algorithm. If 50P1P = 35 A, then the IP input into the 50P1 logic is the 
maximum phase current output of a cosine filter algorithm.


Figure 3.4 Phase Instantaneous Overcurrent Elements 50P1–50P6


Relay
Word
Bits


Settings/ 
Currents


50P1P
IP


50P2P


50P3P


50P4P


50P5P


50P6P


(max. phase)


IP
(max. phase)


IP
(max. phase)


IP
(max. phase)


IP
(max. phase)


IP
(max. phase)


50P1


50P2


50P3


50P4


50P5


50P6
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Example 50P1 element operation:


IP > pickup setting 50P1P, then Relay Word bit 50P1 = logical 1


IP ≤ pickup setting 50P1P, then Relay Word bit 50P1 = logical 0


If pickup setting 50P1P is set to 50P1P = OFF, then element 50P1 is disabled. 
Relay Word bit 50P1 equals logical 0 at all times.


The other five phase instantaneous overcurrent elements (50P2–50P6) operate 
similarly.


Single-Phase 
Instantaneous 
Overcurrent Elements


Single-phase instantaneous overcurrent elements (50A, 50B, and 50C) are 
available (see Figure 3.5). The pickup setting (50ABCP, used for all three 
single-phase elements) is compared to the magnitude of the single-phase 
current (IA, IB, and IC). The phase current is normally the output of the cosine 
filter algorithm, but during CT saturation the phase current can be the output 
of the adaptive current algorithm if the pickup setting is greater than eight 
times nominal phase current.


For example, if 50ABCP = 45 A (in a 5 A nominal phase current relay), the IA 
input into the 50A logic is the maximum phase A adaptive current algorithm, 
the IB input into the 50B logic is the maximum phase B adaptive current 
algorithm, and the IC input into the 50C logic is the maximum phase C 
adaptive current algorithm. If 50ABCP = 35 A, the IA input into 50A logic is 
the maximum phase A current output of cosine filter algorithm, the IB input 
into 50B logic is the maximum phase B current output of cosine filter 
algorithm, and the IC input into 50C logic is the maximum phase C current 
output of cosine filter algorithm.


Figure 3.5 Single-Phase Instantaneous Overcurrent Elements 50A, 50B, 
and 50C


Example 50A element operation:


IA > pickup setting 50ABCP, then Relay Word bit 50A = logical 1


IA ≤ pickup setting 50ABCP, then Relay Word bit 50A = logical 0


If pickup setting 50ABCP is set to 50ABCP = OFF, then element 50A is 
disabled. Relay Word bit 50A equals logical 0 at all times.


The other two phase instantaneous overcurrent elements (50B and 50C) 
operate similarly.


Relay
Word
Bits


Settings/ 
Currents


50ABCP
IA


50ABCP


50ABCP


IB


IC


50A


50B


50C
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Neutral Ground 
Instantaneous 
Overcurrent Elements


Two neutral ground instantaneous overcurrent elements (50N1 and 50N2) are 
available (see Figure 3.6). Their pickup settings (50N1 and 50N2, 
respectively) are compared to the magnitude of the neutral ground current 
(IN). This current is from separate neutral current input channel IN (see 
Figure 1.2).


Figure 3.6 Neutral Ground Instantaneous Overcurrent Elements 50N1 and 
50N2


Example 50N1 element operation:


IN > pickup setting 50N1P, then Relay Word bit 50N1 = logical 1


IN ≤ pickup setting 50N1P, then Relay Word bit 50N1 = logical 0


If pickup setting 50N1P is set to 50N1P = OFF, then element 50N1 is 
disabled. Relay Word bit 50N1 equals logical 0 at all times.


The second neutral ground instantaneous overcurrent element (50N2) operates 
similarly.


Residual Ground 
Instantaneous 
Overcurrent Elements


Two residual ground instantaneous overcurrent elements (50G1 and 50G2) are 
available (see Figure 3.7). Their pickup settings (50G1 and 50G2, 
respectively) are compared to the magnitude of the residual ground current 
(IG = 3I0, derived from IA, IB, and IC).


Figure 3.7 Residual Ground Instantaneous Overcurrent Elements 50G1 and 
50G2


Example 50G1 element operation:


IG > pickup setting 50G1P, then Relay Word bit 50G1 = logical 1


IG ≤ pickup setting 50G1P, then Relay Word bit 50G1 = logical 0


If pickup setting 50G1P is set to 50G1P = OFF, then element 50G1 is 
disabled. Relay Word bit 50G1 equals logical 0 at all times.


The second residual ground instantaneous overcurrent element (50G2) 
operates similarly.


Relay
Word
Bits


Settings/ 
Currents


50N1P
IN


50N2P
IN


50N1


50N2


Relay
Word
Bits


Settings/ 
Currents


50G1P
IG


50G2P
IG


50G1


50G2


(residual)


(residual)







3.13


Date Code 20080104 Instruction Manual SEL-551 Relay


Relay Elements and Logic
Instantaneous Overcurrent Elements


Negative-Sequence 
Instantaneous 
Overcurrent Elements


Two negative-sequence instantaneous overcurrent elements (50Q1 and 50Q2) 
are available (see Figure 3.8). Their pickup settings (50Q1 and 50Q2, 
respectively) are compared to the magnitude of the negative-sequence current 
(3I2, derived from IA, IB, and IC).


Figure 3.8 Negative-Sequence Instantaneous Overcurrent Elements 50Q1 
and 50Q2


Example 50Q1 element operation:


3I2 > pickup setting 50Q1P, then Relay Word bit 50Q1 = logical 1


3I2 ≤ pickup setting 50Q1P, then Relay Word bit 50Q1 = logical 0


If pickup setting 50Q1P is set to 50Q1P = OFF, then element 50Q1 is 
disabled. Relay Word bit 50Q1 equals logical 0 at all times.


The second negative-sequence instantaneous overcurrent element (50Q2) 
operates similarly.


IMPORTANT: See Appendix F for 
information on setting negative-
sequence overcurrent elements.


Relay
Word
Bits


Settings/ 
Currents


50Q1P
312


50Q2P
312


50Q1


50Q2
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Time-Overcurrent Elements


See the setting sheets in Section 4: Setting the Relay for time-overcurrent 
element setting range information.


See Trip Logic on page 3.19 for examples of tripping with time-overcurrent 
elements (setting TR) and unlatching tripping with time-overcurrent element 
pickups (setting ULTR).


See Reclosing Relay on page 3.25 for an example of using time-overcurrent 
element pickups to block reset timing (setting 79BRS).


Phase Time-
Overcurrent Elements


Two phase time-overcurrent elements (51P1T and 51P2T) are available (see 
Figure 3.9). Their pickup settings (51P1P and 51P2P, respectively) are 
compared to the magnitude of the maximum phase current (IP = maximum of 
IA, IB, or IC).


Figure 3.9 Phase Time-Overcurrent Elements 51P1T and 51P2T
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The following is an example of 51P1T element operation; the other time-
overcurrent elements operate similarly:


Torque Control Setting


SELOGIC control equations setting 51P1TC (torque control for phase time-
overcurrent element 51P1T) controls the input of current IP into the pickup 
comparator and the curve timing/reset timing function.


If 51P1TC = logical 1 and IP > pickup setting 51P1P, then:


Relay Word bit 51P1 (pickup indication) = logical 1


and


curve timing takes place if element 51P1T is not already timed-out.


If 51P1TC = logical 1 and IP ≤ pickup setting 51P1P, then:


Relay Word bit 51P1 (pickup indication) = logical 0


and


reset timing takes place if element 51P1T is not already reset.


If 51P1TC = logical 0, then:


Relay Word bit 51P1 (pickup indication) = logical 0 at all times.


Also, no current IP goes into the curve timing/reset timing function—no 
curve timing takes place [effectively, the magnitude of IP as seen by the 
curve timing/reset timing function is zero (0), and reset timing takes place 
if the element is not already reset].


Example Torque Control Settings


Note in SHO Command (Showset) on page 5.19 that the factory settings for 
51P1TC and the other time-overcurrent element torque control settings are set 
equal to 1:


51P1TC = 1


Thus, the time-overcurrent elements are enabled all the time, and they behave 
as detailed previously for 51P1TC = logical 1.


Other Torque Control Setting Ideas
51P1TC = IN1 apply nominal control voltage to optoisolated input IN1, 


resulting in 51P1TC = logical 1; remove nominal control voltage to 
optoisolated input IN1, resulting in 51P1TC = logical 0


51P1TC = LB2 assert local bit LB2 via the front-panel pushbuttons/display, 
resulting in 51P1TC = logical 1; deassert local bit LB2 via the front-
panel pushbuttons/display, resulting in 51P1TC = logical 0


Many other torque control setting ideas are available with the flexibility of 
SELOGIC control equations.


Curve Timing/Reset Timing


In addition to SELOGIC control equations setting 51P1TC, phase time-
overcurrent element 51P1T curve timing/reset timing are subject to settings:


51P1P pickup


51P1C curve type


NOTE: Torque control equation 
settings cannot be set directly to 
logical 0.
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51P1TD time dial


51P1RS electromechanical reset timing? (Y/N); see Time-Overcurrent 
Element Setting Reference Information on page 4.4.


If reset timing setting 51P1RS = Y, element 51P1T reset timing emulates 
electromechanical reset timing. If current IP goes above pickup setting 51P1P 
(element 51P1T is timing or already timed out) and then current IP goes below 
pickup setting 51P1P, element 51P1T starts to time to reset, emulating 
electromechanical reset timing. Relay Word bit 51P1R (reset indication) = 
logical 1 when element 51P1T is fully reset.


If reset timing setting 51P1RS = N, element 51P1T reset timing is a one-cycle 
dropout. If current IP goes above pickup setting 51P1P (element 51P1T is 
timing or already timed out) and then current IP goes below pickup setting 
51P1P, there is a one-cycle delay before element 51P1T fully resets. Relay 
Word bit 51P1R (reset indication) = logical 1 when element 51P1T is fully 
reset.


Any time current IP goes above pickup setting 51P1P and element 51P1T 
starts timing, Relay Word bit 51P1R (reset indication) = logical 0. If the curve 
times out, Relay Word bit 51P1T (curve timeout indication) = logical 1.


Disable Time-Overcurrent Element With Pickup Setting


If pickup setting 51P1P is set 51P1P = OFF, phase time-overcurrent 
element 51P1T is disabled all the time. Relay Word bits 51P1, 51P1T, and 
51P1R all equal logical 0 at all times.


Applications for Time-Overcurrent Element Relay Word Bits


The second phase time-overcurrent element in Figure 3.9 (51P2T) and the 
other time-overcurrent elements operate similarly.


Neutral Ground Time-
Overcurrent Element


One neutral ground time-overcurrent element (51N1T) is available (see 
Figure 3.10). Its pickup setting (51N1P) is compared to the magnitude of the 
neutral ground current (IN). This current is from separate neutral current input 
channel IN (see Figure 1.2).


Relay
Word
Bit


Relay Word Bit
Definition


Application


51P1 pickup indication Primarily for testing or other SELOGIC control 
equation applications. See Trip Logic on 
page 3.19 (setting ULTR). See Reclosing Relay 
on page 3.25 (setting 79BRS).


51P1T curve timeout indication Primarily for tripping or other SELOGIC control 
equation applications. See Trip Logic (setting 
TR).


51P1R reset indication Primarily for testing.
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Figure 3.10 Neutral Ground Time-Overcurrent Element 51N1T


To understand the operation of Figure 3.10 for the neutral ground time-
overcurrent element (51N1T), follow the explanation given for Figure 3.9 for 
the first phase time-overcurrent element (51P1T), substituting IN for IP and 
like settings and Relay Word bits.


Residual Ground 
Time-Overcurrent 
Element


One residual ground time-overcurrent element (51G1T) is available (see 
Figure 3.11). Its pickup setting (51G1P) is compared to the magnitude of the 
residual ground current (IG = 3I0, derived from IA, IB, and IC). 


Figure 3.11 Residual Ground Time-Overcurrent Element 51G1T


To understand the operation of Figure 3.11 for the residual ground time-
overcurrent element (51G1T), follow the explanation given for Figure 3.9 for 
the first phase time-overcurrent element (51P1T), substituting IG for IP and 
like settings and Relay Word bits.
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Negative-Sequence 
Time-Overcurrent 
Elements


Two negative-sequence time-overcurrent elements (51Q1T and 51Q2T) are 
available (see Figure 3.12). Their pickup settings (51Q1P and 51Q2P) are 
compared to the magnitude of the negative-sequence current (3I2, derived 
from IA, IB, and IC).


Figure 3.12 Negative-Sequence Time-Overcurrent Elements 51Q1T and 
51Q2T


To understand the operation of Figure 3.12 for the negative-sequence time-
overcurrent elements (51Q1T and 51Q2T), follow the explanation given for 
Figure 3.9 for the first phase time-overcurrent element (51P1T), substituting 
3I2 for IP and like settings and Relay Word bits.


IMPORTANT: See Appendix F for 
information on setting negative-
sequence overcurrent elements.
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Trip Logic


The trip logic in Figure 3.13 provides flexible tripping with SELOGIC control 
equation settings:


TR Trip Conditions


ULTR Unlatch Trip Conditions


and setting:


TDURD Minimum Trip Duration Time


Figure 3.13 Trip Logic


Set Trip Any time setting TR = logical 1, Relay Word bit TRIP asserts to logical 1, 
regardless of other trip logic conditions.


As shown in the time line example in Figure 3.13, the Minimum Trip Duration 
Timer (setting TDURD) outputs a logical 1 for a time duration of “TDURD” 
cycles any time it sees a rising edge on its input (logical 0 to logical 1 
transition), if it is not already timing. The TDURD timer assures that the TRIP 
Relay Word bit remains asserted at logical 1 for a minimum of “TDURD” 
cycles. If SELOGIC control equation setting TR = logical 1 beyond the 
TDURD time, Relay Word bit TRIP remains asserted at logical 1 for as long 
as TR = logical 1.


Execution of the serial communications port OPEN command causes the 
TRIP Relay Word bit to assert to logical 1 if the TDURD timer is set greater 
than zero (0) cycles.
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Unlatch Trip Once Relay Word bit TRIP is asserted to logical 1, it remains asserted at 
logical 1 until all the following conditions come true:


➤ Trip Duration Timer stops timing (output of the TDURD timer 
goes to logical 0),


➤ SELOGIC control equation setting TR deasserts to logical 0,


and one of the following occurs:


➤ SELOGIC control equation setting ULTR asserts to logical 1,


➤ The front-panel {TARGET RESET} pushbutton is pressed,


➤ Or the TAR R (Target Reset) command is executed via the 
serial port.


The front-panel {TARGET RESET} pushbutton or TAR R (Target Reset) serial 
port command is primarily used during testing only (the TAR R serial port 
command can also be effectively operated via Modbus® protocol—see 
Appendix G: Modbus RTU Communications Protocol). They are used to 
deassert the TRIP Relay Word bit to logical 0 if test conditions are such that 
setting ULTR does not assert to logical 1 to automatically deassert the TRIP 
Relay Word bit instead.


Other Applications for the Target Reset Function


Refer to the bottom of Figure 3.13. Note that the combination of the {TARGET 
RESET} pushbutton and the TAR R (Target Reset) serial port command is also 
available as Relay Word bit TRGTR.


Factory Settings 
Example


The factory settings for the trip logic SELOGIC control equation settings are:


TR = 51P1T + 51G1T + 50P1*SH0 + LB3 (trip conditions)


ULTR = !(51P1 + 51G1) (unlatch trip conditions)


The factory setting for the Minimum Trip Duration Timer setting is:


TDURD = 9.000 cycles


See the setting sheets in Section 4: Setting the Relay for setting ranges.


Set Trip


In SELOGIC control equation setting TR = 51P1T + 51G1T + 50P1*SH0 + 
LB3:


➤ Time-overcurrent elements 51P1T and 51G1T trip directly.


➤ Phase instantaneous overcurrent element 50P1 is supervised by 
Relay Word bit SH0 in an ANDed condition (50P1*SH0). 
Element 50P1 can only get through to trip when SH0 = logical 
1 (reclosing relay is at shot = 0). After the first trip in a reclose 
cycle, the shot increments from 0 to 1, SH0 = logical 0, and 
element 50P1 can then not get through to trip. See Reclosing 
Relay on page 3.25 for more information on reclosing relay 
operation.


➤ Local bit LB3 trips directly (operates as a manual trip switch 
via the front-panel). See Local Control Switches on page 3.6 
and Section 6: Front-Panel Interface for more information on 
local control.
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With setting TDURD = 9.000 cycles, once the TRIP Relay Word bit is 
asserted via the OPEN command or setting TR, it remains asserted at logical 
1 for a minimum of nine cycles.


Unlatch Trip


In SELOGIC control equation setting ULTR = !(51P1 + 51G1):


➤ Both time-overcurrent element pickups 51P1P and 51G1P must 
be deasserted before the trip logic unlatches and the TRIP 
Relay Word bit deasserts to logical 0.


ULTR = !(51P1 + 51G1) = NOT(51P1 + 51G1) = NOT(51P1) * NOT(51G1)


Additional Settings 
Examples


The factory setting for SELOGIC control equation setting ULTR is a current-
based trip unlatch condition. A circuit breaker status unlatch trip condition can 
be programmed as shown in the following examples.


Unlatch Trip With 52a Circuit Breaker Auxiliary Contact


A 52a circuit breaker auxiliary contact is wired to optoisolated input IN1.


52A = IN1 (SELOGIC Control Equation Breaker Status Setting—see Close 
Logic on page 3.22)


ULTR = !IN1


Input IN1 has to be de-energized (52a circuit breaker auxiliary contact has to be 
open) before the trip logic unlatches and the TRIP Relay Word bit deasserts to 
logical 0.


ULTR = !IN1 = NOT(IN1)


Unlatch Trip With 52b Circuit Breaker Auxiliary Contact


A 52b circuit breaker auxiliary contact is wired to optoisolated input IN1.


52A = !IN1 (SELOGIC Control Equation Breaker Status setting—see Close 
Logic) 


ULTR = IN1


Input IN1 must be energized (52b circuit breaker auxiliary contact has to be 
closed) before the trip logic unlatches and the TRIP Relay Word bit deasserts 
to logical 0.


Program an Output 
Contact for Tripping


In the factory settings, the resultant of the trip logic in Figure 3.13 is routed to 
output contact OUT1 with the following SELOGIC control equation:


OUT1 = TRIP


See Output Contacts on page 3.43 for more information on programming 
output contacts.
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Close Logic


The close logic in Figure 3.14 provides flexible circuit breaker closing/auto 
reclosing with SELOGIC control equation settings:


CL (close conditions, other than automatic reclosing or CLOSE 
command)


ULCL (unlatch close conditions, other than breaker status, close failure, or 
reclose initiation)


52A (breaker status)


and setting:


CFD (Close Failure Time)


Figure 3.14 Close Logic


Set Close If all the following are true:


➤ The unlatch close condition is not asserted (ULCL = logical 0),


➤ The circuit breaker is open (52A = logical 0),


➤ The reclose initiation condition (79RI) is not making a rising 
edge (logical 0 to logical 1) transition,


➤ And a close failure condition does not exist (Relay Word bit CF 
= 0),


then the CLOSE Relay Word bit can be asserted to logical 1 if any one of the 
following occurs:


➤ The serial communications port CLOSE command is executed,


➤ A reclosing relay open interval times out,


➤ Or SELOGIC control equation setting CL goes from logical 0 to 
logical 1 (rising edge transition).


Close Failure
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CFD = 0; Close Failure 
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Unlatch Close If the CLOSE Relay Word bit is asserted at logical 1, it stays asserted at 
logical 1 until one of the following occurs:


➤ The unlatch close condition asserts (ULCL = logical 1),


➤ The circuit breaker closes (52A = logical 1),


➤ The reclose initiation condition (79RI) makes a rising edge 
(logical 0 to logical 1) transition,


➤ Or the Close Failure Timer times out (Relay Word bit CF = 1).


The Close Failure Timer is inoperative if setting CFD = 0. Then, the CLOSE 
Relay Word bit can be deasserted to logical 0 only if one of the following 
occurs:


➤ The unlatch close condition asserts (ULCL = logical 1),


➤ The circuit breaker closes (52A = logical 1),


➤ Or the reclose initiation condition (79RI) makes a rising edge 
(logical 0 to logical 1) transition.


Factory Settings 
Example


The factory settings for the close/reclose logic SELOGIC control equation 
settings are:


CL = LB4


ULCL = TRIP


52A = IN1


The factory setting for the Close Failure Timer setting is:


CFD = 60.000 cycles


See the setting sheets in Section 4: Setting the Relay for setting ranges.


Set Close


SELOGIC control equation setting CL is set with local bit LB4. Local bit LB4 
closes directly (operates as a manual close switch via the front panel). See 
Local Control Switches on page 3.6 and Section 6: Front-Panel Interface for 
more information on local control.


Unlatch Close


SELOGIC control equation setting ULCL is set with the TRIP Relay Word bit. 
This prevents the CLOSE Relay Word bit from being asserted any time the 
TRIP Relay Word bit is asserted (TRIP takes priority). See Trip Logic on 
page 3.19.


SELOGIC control equation setting 52A is set with optoisolated input IN1. Input 
IN1 is connected to a 52a circuit breaker auxiliary contact. Setting 52A 
operates on 52a circuit breaker auxiliary contact logic. When a closed circuit 
breaker condition is detected, the CLOSE Relay Word bit is deasserted to 
logical 0. Setting 52A can handle a 52a or 52b circuit breaker auxiliary contact 
connected to an optoisolated input (see Optoisolated Inputs on page 3.4 for 
more 52A setting examples).


With setting CFD = 60.000 cycles, once the CLOSE Relay Word bit is 
asserted, it can remain asserted at logical 1 for no longer than a maximum of 
60 cycles.
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Defeat the Close 
Logic


If SELOGIC control equation setting 52A is set with numeral 0 (52A = 0), then 
the close logic is inoperable. Also, the reclosing relay is rendered nonexistent 
(see Reclosing Relay on page 3.25).


Program an Output 
Contact for Closing


In the factory settings, the resultant of the close logic in Figure 3.14 is routed 
to output contact OUT2 with the following SELOGIC control equation:


OUT2 = CLOSE


See Output Contacts on page 3.43 for more information on programming 
output contacts.
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Reclosing Relay


Note that the output of the reclosing relay logic (Reclosing Relay Open 
Interval Time-Out) is an input into the close logic in Figure 3.14. The CLOSE 
Relay Word bit can be assigned to an output contact and provide automatic 
reclosing, in addition to closing via the CLOSE command or the SELOGIC 
control equation setting CL. Up to four (4) automatic reclose attempts (shots) 
can be made.


Reclosing Relay 
States and General 
Operation


Figure 3.15 explains in general the different states of the reclosing relay and 
its operation.


Figure 3.15 Reclosing Relay States and General Operation


Reset State


Reclose Cycle StateLockout State


All Automatic 
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Unsuccessful 
Reclose    


Initiation      


Successful 
   Reclose 
      Initiation


Successful 
Reclose 


Initiation


Maintained 
Lockout 


Condition


The circuit breaker has been closed 
for a qualifying reset time. The SEL-551 
is ready to go through an automatic 
reclosing sequence in the reclose cycle 
state if the circuit breaker trips open 
and reclose initiation is successful.


Relay Word bit 79RS = logical 1 
Front-panel RESET LED illuminated


The SEL-551 automatically recloses the 
circuit breaker after each successful 
reclose initiation and corresponding set 
open interval time.


Relay Word bit 79CY = logical 1
There is no front-panel LED that 
corresponds to the reclose cycle state.


All automatic reclosing attempts are 
unsuccessful, reclose initiation is unsuccessful, 
other lockout conditions occur, or the SEL-551 
powers up. The relay returns to the reset state 
after the circuit breaker is closed, the reset 
timer times out, and there are no maintained 
lockout conditions. 


Relay Word bit 79LO = logical 1 
Front-panel LOCKOUT LED illuminated


Table 3.5 Relay Word Bit and Front-Panel Correspondence to Reclosing 
Relay States


Reclosing Relay State
Corresponding
Relay Word Bit


Corresponding 
Front-Panel LED


Reset 79RS RS


Reclose Cycle 79CY None


Lockout 79LO LO
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The reclosing relay is in one and only one of these states (listed in Table 3.5) 
at any time. When in a given state, the corresponding Relay Word bit asserts to 
logical 1, and the LED illuminates. Automatic reclosing only takes place 
when the relay is in the Reclose Cycle State.


Lockout State


The reclosing relay goes to the Lockout State if any one of the following 
occurs:


➤ The shot counter is equal to or greater than last shot at time of 
reclose initiation (e.g., all automatic reclosing attempts are 
unsuccessful—see Figure 3.16).


➤ Reclose initiation is unsuccessful because of SELOGIC control 
equation setting 79RIS [see Reclose Initiate and Reclose 
Initiate Supervision Settings (79RI and 79RIS, Respectively) on 
page 3.30)].


➤ The circuit breaker opens without reclose initiation (e.g., an 
external trip).


➤ The shot counter is equal to or greater than last shot, and the 
circuit breaker is open [e.g., the shot counter is driven to last 
shot with SELOGIC control equation setting 79DLS while open 
interval timing is in progress. See Drive-to-Lockout and Drive-
to-Last Shot Settings (79DTL and 79DLS, Respectively) on 
page 3.32)].


➤ The close failure timer (setting CFD) times out (see 
Figure 3.14).


➤ SELOGIC control equation setting 79DTL = logical 1 [see 
Drive-to-Lockout and Drive-to-Last Shot Settings (79DTL and 
79DLS, Respectively)].


➤ Open Command (OPE) is executed and SELOGIC control 
equation setting 79RI = TRIP + …). [Early SEL-551 firmware 
versions do not have this feature (see Appendix A: Firmware 
and Manual Versions). To effectively incorporate this feature 
into these firmware versions, set SELOGIC control equation 
setting 79DTL = OC + … (and 79RI = TRIP + …). Relay Word 
bit OC asserts to logical 1 for 1/8 cycle when the Open 
Command is executed (see Table 4.3 and Table 4.4). See OPE 
Command (Open) on page 5.26.]


➤ A new reclose initiation occurs while the reclosing relay is 
timing on an open interval (e.g., flashover in the tank while 
breaker is open).


Reclosing Relay 
States and Settings 
Changes


If a settings change is made, all of the following occur:


➤ The reclosing relay remains in the state it was in before the 
settings change,


➤ The shot counter is driven to last shot (last shot corresponding 
to the new settings; see discussion on last shot that follows),


➤ And the reset timer is loaded with reset time setting 79RSLD 
(see discussion on reset timing that follows).
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If the relay happened to be in the Reclose Cycle State and was timing on an 
open interval before the settings change, the relay would be in the Reclose 
Cycle State after the settings change, but the relay would immediately go to 
the Lockout State. This is because the breaker is open, and the relay is at last 
shot after the settings change, and thus no more automatic reclosures are 
available.


If the breaker remains closed through the settings change, the reset timer times 
out on reset time setting 79RSLD after the settings change and goes to the 
Reset State (if it is not already in the Reset State), and the shot counter returns 
to shot = 0. If the relay happens to trip during this reset timing, the relay will 
immediately go to the Lockout State, because shot = last shot.


Existence or 
Nonexistence of the 
Reclosing Relay


If any one of the following reclosing relay settings are made:


➤ Open interval time setting 79OI1 = 0.000


➤ SELOGIC control equation setting 79RI = 0


➤ SELOGIC control equation setting 79RIS = 0


then the reclosing relay does not exist, and no automatic reclosing takes place. 
These settings are explained later in this section. See also the setting sheets in 
Section 4: Setting the Relay.


If the reclosing relay does not exist, the following also occur:


➤ All three reclosing relay state Relay Word bits (79RS, 79CY, 
and 79LO) are deasserted to logical 0 (see Table 3.5).


➤ All shot counter Relay Word bits (SH0, SH1, SH2, SH3, and 
SH4) are deasserted to logical 0 (the shot counter is explained 
later in this section).


➤ The front-panel LEDs RS and LO are extinguished.


Close Logic Can Still Operate When Reclosing Relay Is Nonexistent


If the reclosing relay is nonexistent, the close logic (see Figure 3.14) can still 
operate if SELOGIC control equation setting 52A (circuit breaker status) is set 
to something other than numeral 0. Making the setting 52A = 0 defeats the 
close logic and also renders the reclosing relay nonexistent.


For example, if 52A = IN1, a 52a circuit breaker auxiliary contact is 
connected to input IN1. If the reclosing relay does not exist, the close logic 
still operates, allowing closing to take place via the CLOSE command or 
SELOGIC control equation setting CL (close conditions, other than auto 
reclosing or CLOSE command). See Close Logic on page 3.22 for more 
discussion on SELOGIC control equation settings 52A and CL. Also see 
Optoisolated Inputs on page 3.4 for more discussion on SELOGIC control 
equation setting 52A.


Reclosing Relay 
Timer Settings


The open interval and reset timer factory settings are:


NOTE: if the reclosing relay exists, 
but happens to be in the reclose cycle 
state, both the RS and LO LEDs are also 
extinguished.


Timer Setting
Factory setting


(in cycles)
Definition


79OI1 30.000 open interval 1 time


79OI2 600.000 open interval 2 time


79OI3 0.000 open interval 3 time
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The operation of these timers is affected by SELOGIC control equation settings 
discussed later in this section. Also see the setting sheets in Section 4: Setting 
the Relay.


Open Interval Timers


If an open interval time is set to zero, then that open interval time is not 
operable, and neither are the open intervals times that follow it.


In the above factory settings, the open interval time setting 79OI3 is the first 
open interval time setting set equal to zero:


79OI3 = 0.000 cycles


Thus, open interval times 79OI3 and 79OI4 are not operable. In the factory 
settings, both open interval times 79OI3 and 79OI4 are set to zero. But if the 
settings were:


79OI3 = 0.000 cycles


79OI4 = 900.000 cycles (set to some value other than zero)


open interval time 79OI4 would still be inoperative, because a preceding open 
interval time is set to zero (i.e., 79OI3 = 0.000).


If open interval time setting 79OI1 is set to zero (79OI1 = 0.000 cycles), no 
open interval timing takes place, and the reclosing relay is rendered 
nonexistent.


The open interval timers time consecutively; they do not have the same 
beginning time reference point. In the above factory settings, the open interval 
time setting 79OI1 times first. If the subsequent first reclosure is not 
successful, then open interval time setting 79OI2 times. If the subsequent 
second reclosure is not successful, the relay goes to the Lockout State. See the 
example time-line Figure 3.16.


Figure 3.16 Reclosing Sequence From Reset to Lockout With Factory Settings


Determination of Number of Reclosures (Last Shot)


The number of reclosures (last shot) is equal to the number of open interval 
time settings that precede the first open interval time setting set equal to zero.


79OI4 0.000 open interval 4 time


79RSD 1800.000 reset time from reclose cycle state


79RSLD 300.000 reset time from lockout state
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In the above factory settings, two set open interval times precede the third 
open interval time, which is set to zero (79OI3 = 0.000):


79OI1 = 30.000


79OI2 = 600.000


79OI3 = 0.000


For this example:


Number of reclosures (last shot) = 2 = the number of set open interval 
times that precede the first open interval set to zero.


Reset Timer


The reset timer qualifies breaker closure before taking the relay to the reset 
state from the reclose cycle state or the lockout state. Breaker status is 
determined by the SELOGIC control equation setting 52A (see preceding Close 
Logic on page 3.22 and Optoisolated Inputs on page 3.4 for more discussion 
on SELOGIC Control Equation setting 52A).


Setting 79RSD


Qualifies closures in the Reclose Cycle State. These closures would usually be 
automatic reclosures resulting from open interval time-out.


It is also the reset time used in sequence coordination schemes [see Sequence 
Coordination (79SEQ) on page 3.37].


Setting 79RSLD


Qualifies closures in the Lockout State. These closures would usually be 
manual closures, external to the relay, via the CLOSE command or the 
SELOGIC control equation setting CL (see Figure 3.14).


Setting 79RSLD is also the reset timer used when the relay powers up or has 
its settings changed (see Reclosing Relay States and General Operation on 
page 3.25).


Typically, setting 79RSLD is set less than setting 79RSD. Setting 79RSLD 
emulates reclosing relays with motor-driven timers that have a relatively short 
reset time from the lockout position to the reset position.


The setting of 79RSD and 79RSLD is independent (setting 79RSLD can even 
be set greater than setting 79RSD, if desired). SELOGIC control equation 
setting 79BRS (block reset timing) can be set to control reset timing [see 
Block Reset Timing (79BRS) on page 3.35].


Reclosing Relay Shot 
Counter


Refer to Figure 3.16.


The shot counter increments for each reclose operation. For example, when 
the relay is timing on the first open interval, 79OI1, it is at shot = 0. When the 
open interval times out, the shot counter increments to shot = 1 and so forth 
for the set open intervals that follow. The shot counter cannot increment 
beyond the last shot for automatic reclosing (see preceding discussion on last 
shot). The shot counter resets back to shot = 0 when the reclosing relay returns 
to the Reset State.
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When the shot counter is at a particular shot value (e.g., shot = 2), the 
corresponding Relay Word bit asserts to logical 1 (e.g., SH2 = logical 1).


The shot counter also increments for sequence coordination operation. The 
shot counter can increment beyond the last shot for sequence coordination 
[see Sequence Coordination (79SEQ)].


Reclosing Relay 
SELOGIC Control 
Equation Settings 
Overview


These settings are discussed in detail in the following text.


Reclose Initiate and 
Reclose Initiate 
Supervision Settings 
(79RI and 79RIS, 
Respectively) 


The reclose initiate setting 79RI is a rising-edge detect setting. The reclose 
initiate supervision setting 79RIS supervises setting 79RI. When setting 79RI 
senses a rising edge (logical 0 to logical 1 transition), setting 79RIS has to be 
at logical 1 (79RIS = logical 1) in order for open interval timing to be initiated.


If 79RIS = logical 0 when setting 79RI senses a rising edge (logical 0 to 
logical 1 transition), the relay goes to the Lockout State.


Factory Settings Example


With factory settings:


79RI = TRIP


79RIS = IN1


the transition of the TRIP Relay Word bit from logical 0 to logical 1 initiates 
open interval timing only if the IN1 Relay Word bit is at logical 1 (IN1 = 
logical 1). Input IN1 is connected to a 52a breaker auxiliary contact and, thus, 
the circuit breaker has to be closed when the TRIP Relay Word bit asserts in 
order to initiate open interval timing.


Table 3.6 Shot Counter Correspondence to Relay Word Bits and Open 
Interval Times


Shot
Corresponding 
Relay Word Bit


Corresponding 
Open Interval


0 SH0 79OI1


1 SH1 79OI2


2 SH2 79OI3


3 SH3 79OI4


4 SH4


SELOGIC Control 
Equation Setting


Factory Setting Definition


79RI TRIP reclose initiate


79RIS IN1 reclose initiate supervision


79DTL !LB1+LB3 drive-to-lockout


79DLS 79LO drive-to-last shot


79SKP 50P2*SH0 skip shot


79STL TRIP stall open interval timing


79BRS (51P1+51G1)*(79RS+79CY) block reset timing


79SEQ 0 sequence coordination
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If the circuit breaker is open (IN1 = logical 0) when the TRIP Relay Word bit 
asserts (logical 0 to logical 1 transition), the relay goes to the Lockout State. 
This helps prevent reclose initiation for such conditions as a flashover in the 
tank of an open circuit breaker.


Additional Settings Example 1


The preceding settings example initiates open interval timing on rising-edge 
of the TRIP Relay Word bit. The following is an example of reclose initiation 
on the opening of the circuit breaker.


Input IN1 is connected to a 52a circuit breaker auxiliary contact.


With setting:


79RI = !IN1


the transition of the IN1 Relay Word bit from logical 1 to logical 0 (breaker 
opening) initiates open interval timing. Setting 79RI looks for a logical 0 to 
logical 1 transition, thus Relay Word bit IN1 is inverted in the 79RI setting 
[!IN1 = NOT(IN1)].


The reclose initiate supervision setting 79RIS supervises setting 79RI. With 
settings:


79RI = !IN1


79RIS = TRIP


the transition of the IN1 Relay Word bit from logical 1 to logical 0 initiates 
open interval timing only if the TRIP Relay Word bit is at logical 1 (TRIP = 
logical 1). Thus, the TRIP Relay Word bit has to be asserted when the circuit 
breaker opens in order to initiate open interval timing. With a long enough 
setting of the Minimum Trip Duration Timer (TDURD), the TRIP Relay Word 
bit will still be asserted to logical 1 when the circuit breaker opens (see 
Figure 3.13).


If the TRIP Relay Word bit is at logical 0 (TRIP = logical 0) when the circuit 
breaker opens (logical 1 to logical 0 transition), the relay goes to the Lockout 
State. This helps prevent reclose initiation for circuit breaker openings caused 
by trips external to the relay.


Other Settings Considerations


In the preceding factory setting example, the reclose initiate supervision 
setting (79RIS) includes input IN1, that is connected to a 52a breaker auxiliary 
contact.


79RIS = IN1


If a 52b breaker auxiliary contact is connected to input IN1, the reclose initiate 
supervision setting (79RIS) would be set as follows:


79RIS = !IN1


In the preceding additional setting example 1, the reclose initiate setting 
(79RI) includes input IN1, that is connected to a 52a breaker auxiliary contact.


79RI = !IN1


If a 52b breaker auxiliary contact is connected to input IN1, the reclose initiate 
setting (79RI) would be set as follows:


79RI = IN1
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If no reclose initiate supervision is desired, make the following setting:


79RIS = 1 (numeral 1)


Setting 79RIS = logical 1 at all times. Any time a logical 0 to logical 1 
transition is detected by setting 79RI, open interval timing will be initiated 
(unless prevented by some other means).


As discussed previously, if any one of the following settings are made:


79RI = 0 (numeral 0)


79RIS = 0 (numeral 0)


the reclosing relay does not exist.


Drive-to-Lockout and 
Drive-to-Last Shot 
Settings (79DTL and 
79DLS, Respectively) 


When 79DTL = logical 1, the reclosing relay goes to the Lockout State (Relay 
Word bit 79LO = logical 1) and the front-panel LO (Lockout) LED illuminates.


When 79DLS = logical 1, the reclosing relay goes to the last shot, if the shot 
counter is not at a shot value greater than or equal to the calculated last shot 
(see preceding discussions on last shot determination and the shot counter).


Factory Settings Example


The drive-to-lockout factory setting is:


79DTL = !LB1 + LB3


Local bit LB1 is set to operate as a reclose enable switch (see Local Control 
Switches on page 3.6). When Relay Word bit LB1 = logical 1 (reclosing 
enabled), the relay is not driven to the Lockout State (assuming local bit LB3 
= logical 0, too):


!LB1 = !(logical 1) = NOT(logical 1) = logical 0


79DTL = !LB1 + LB3 = (logical 0) + LB3 = LB3


When Relay Word bit LB1 = logical 0 (reclosing disabled), the relay is driven 
to the Lockout State:


!LB1 = !(logical 0) = NOT(logical 0) = logical 1


79DTL = !LB1 + LB3 = (logical 1) + LB3 = logical 1


Local bit LB3 is set to operate as a manual trip switch (see Local Control 
Switches and Trip Logic on page 3.19). When Relay Word bit LB3 = logical 0 
(no manual trip), the relay is not driven to the Lockout State (assuming local 
bit LB1 = logical 1, too):


79DTL = !LB1 + LB3 = NOT(LB1) + (logical 0) = NOT(LB1)


When Relay Word bit LB3 = logical 1 (manual trip), the relay is driven to the 
Lockout State:


79DTL = !LB1 + LB3 = NOT(LB1) + (logical 1) = logical 1


The drive-to-last shot factory setting is:


79DLS = 79LO


NOTE: See OPE Command (Open) for 
a possible 79DTL setting for SEL-551 
relays with early firmware versions.
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Two open intervals are also set in the factory settings, resulting in last shot = 2. 
Anytime the relay is in the lockout state (Relay Word bit 79LO = logical 1), 
the relay is driven to last shot (if the shot counter is not already at a shot value 
greater than or equal to shot = 2):


79DLS = 79LO = logical 1


Thus, if local bit LB1 (reclose enable switch) is in the “disable reclosing” 
position (LB1 = logical 0) or local bit LB3 (manual trip switch) is operated, 
then the relay is driven to the Lockout State (by setting 79DTL) and 
subsequently last shot (by setting 79DLS).


Additional Settings Example 1


The preceding drive-to-lockout factory settings example drives the relay to the 
Lockout State immediately when the reclose enable switch (local bit LB1) is 
put in the “reclosing disabled” position (Relay Word bit LB1 = logical 0):


79DTL = !LB1 + ... = NOT(LB1) + ... = NOT(logical 0) + ... = logical 1


To disable reclosing, but not drive the relay to the Lockout State until the relay 
trips, make settings similar to the following:


79DTL = !LB1 * TRIP + ...


Additional Settings Example 2


To drive the relay to the Lockout State for fault current above a certain level 
when tripping (e.g., level of phase instantaneous overcurrent element 50P3), 
make settings similar to the following:


79DTL = TRIP * 50P3 + ...


Other Settings Considerations


If no special drive-to-lockout or drive-to-last shot conditions are desired, make 
the following settings:


79DTL = 0 (numeral 0)


79DLS = 0 (numeral 0)


With settings 79DTL and 79DLS inoperative, the SEL-551 will still end up in 
the Lockout State (and at last shot) if an entire automatic reclose sequence is 
unsuccessful.


Overall, settings 79DTL or 79DLS are needed to take the SEL-551 to the 
Lockout State (or to last shot) for immediate circumstances.


Skip Shot and Stall 
Open Interval Timing 
Settings (79SKP and 
79STL, Respectively) 


The skip shot setting 79SKP causes a reclose shot to be skipped. Thus, an 
open interval time is skipped, and the next open interval time is used instead.


If 79SKP = logical 1 at the instant of successful reclose initiation (see 
preceding discussion on settings 79RI and 79RIS), the relay increments the 
shot counter to the next shot and then loads the open interval time 
corresponding to the new shot (see Table 3.6). If the new shot turns out to be 
the “last shot,” no open interval timing takes place, and the relay goes to the 
Lockout State if the circuit breaker is open (see preceding discussion on last 
shot and shot counter).
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After successful reclose initiation, open interval timing does not start until 
allowed by the stall open interval timing setting 79STL. If 79STL = logical 1, 
open interval timing is stalled. If 79STL = logical 0, open interval timing can 
proceed.


If an open interval time has not yet started timing (79STL = logical 1 still), the 
79SKP setting is still processed. In such conditions (open interval timing has 
not yet started timing), if 79SKP = logical 1, the relay increments the shot 
counter to the next shot and then loads the open interval time corresponding to 
the new shot (see Table 3.6). If the new shot turns out to be the “last shot,” no 
open interval timing takes place, and the relay goes to the Lockout State if the 
circuit breaker is open (see preceding discussion on last shot and shot 
counter).


If the relay is in the middle of timing on an open interval and 79STL changes 
state to 79STL = logical 1, open interval timing stops where it is. If 79STL 
changes state back to 79STL = logical 0, open interval timing resumes where 
it left off.


Factory Settings Example


The skip shot factory setting is:


79SKP = 50P2 * SH0


If shot = 0 (Relay Word bit SH0 = logical 1) and phase current is above the 
phase instantaneous overcurrent element 50P2 threshold (Relay Word bit 
50P2 = logical 1), at the instant of successful reclose initiation, the shot 
counter is incremented from shot = 0 to shot = 1. Then, the first open interval 
time (setting 79OI1) is skipped, and the relay times on the second open 
interval time (setting 79OI2) instead.


Note that the first open interval time (setting 79OI1) is a short time, while the 
following second open interval time (setting 79OI2) is significantly longer. 
For a high magnitude fault (greater than the phase instantaneous overcurrent 
element 50P2 threshold), the first open interval time is skipped, and open 
interval timing proceeds on the following second open interval time.


Once the shot is incremented to shot = 1, Relay Word bit SH0 = logical 0 and 
then setting 79SKP = logical 0, regardless of Relay Word bit 50P2.


The stall open interval timing factory setting is:


79STL = TRIP


After successful reclose initiation, open interval timing does not start as long 
as the trip condition is present (Relay Word bit TRIP = logical 1). As 
discussed previously, if an open interval time has not yet started timing 
(79STL = logical 1 still), the 79SKP setting is still processed. Once the trip 
condition goes away (Relay Word bit TRIP = logical 0), open interval timing 
can proceed.


Shot
Corresponding 
Relay Word Bit


Corresponding 
Open Interval


Open Interval 
Factory Setting


0 SH0 79OI1 30 cycles


1 SH1 79OI2 600 cycles
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Additional Settings Example


If the relay is used on a feeder with a cogenerator, it is desirable that the 
reclosing does not take place into a line energized by an islanded generator. A 
potential transformer and voltage relay are installed on the line side of the 
circuit breaker, and a contact from the undervoltage relay is connected to input 
IN2 of the SEL-551.


Figure 3.17 Voltage Relay (27/59) Provides Reclose Block Signal to SEL-551


The contact from the voltage relay indicates the presence or absence of 
voltage. If line voltage is present, open interval timing is stalled. If line voltage 
is not present, open interval timing proceeds. This is realized with the 
following setting:


79STL = IN2 


or 


79STL = !IN2


depending on the nature of the contact from the voltage relay.


Other Settings Considerations


If no special skip shot or stall open interval timing conditions are desired, 
make the following settings:


79SKP = 0 (numeral 0)


79STL = 0 (numeral 0)


Block Reset Timing 
(79BRS)


The block reset timing setting 79BRS keeps the reset timer from timing. 
Depending on the reclosing relay state, the reset timer can be loaded with 
either reset time:


79RSD (Reset Time from Reclose Cycle)


or


79RSLD (Reset Time from Lockout)


Depending on how setting 79BRS is set, none, one, or both of these reset 
times can be controlled. If the reset timer is timing and then 79BRS asserts to:


79BRS = logical 1


reset timing is stopped and will not start timing again until 79BRS deasserts 
to:


79BRS = logical 0


27/59


(+)


(-)


SEL-551


IN2


27/59


Generator


52


SEL-551
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When reset timing starts again, it will be with a fully-loaded reset time. Thus, 
successful reset timing has to be continuous.


Factory Settings Example


The block reset timing setting is:


79BRS = (51P1 + 51G1) * (79RS + 79CY)


Relay Word bits 79RS and 79CY correspond to the Reset State and the 
Reclose Cycle State, respectively. The reclosing relay is in one and only one 
of the three reclosing relay states at any one time (see Figure 3.15 and 
Table 3.5).


When the relay is in the Lockout State, Relay Word bits 79RS and 79CY are 
deasserted to logical 0. Thus, the factory 79BRS setting has no effect when the 
relay is in the Lockout State. When a circuit breaker is closed from lockout, 
there is usually cold load inrush that would momentarily pick up a time-
overcurrent element [e.g., phase time-overcurrent element 51P1T pickup 
(51P1) asserts momentarily]. But, this assertion of pickup 51P1 has no effect 
on reset timing because the relay is in the Lockout State (79RS = logical 0, 
79CY = logical 0). The relay will time immediately on reset time 79RSLD 
and take the relay from the Lockout State to the Reset State with no additional 
delay because 79BRS is deasserted to logical 0.


When the relay is not in the Lockout State, either Relay Word bit 79RS or 
79CY is asserted to logical 1. Thus, the factory 79BRS setting can function to 
block reset timing if time-overcurrent pickup 51P1 or 51G1 is picked up. This 
helps prevent repetitive “trip-reclose” cycling.


Additional Settings Example 1


The block reset timing setting can be set as:


79BRS = (51P1 + 51G1) * 79CY


Relay Word bit 79CY corresponds to the Reclose Cycle State. The reclosing 
relay is in one of the three reclosing relay states at any one time (see 
Figure 3.15 and Table 3.5).


When the relay is in the Reset or Lockout States, Relay Word bit 79CY is 
deasserted to logical 0. Thus, the 79BRS setting has no effect when the relay 
is in the Reset or Lockout States. When a circuit breaker is closed from 
lockout, there could be cold load inrush current that momentarily picks up a 
time-overcurrent element [e.g., phase time-overcurrent element 51P1T pickup 
(51P1) asserts momentarily]. But, this assertion of pickup 51P1 has no effect 
on reset timing because the relay is in the Lockout State (79CY = logical 0). 
The relay will time immediately on reset time 79RSLD and take the relay 
from the Lockout State to the Reset State with no additional delay because 
79BRS is deasserted to logical 0. 


When the relay is in the Reclose Cycle State, Relay Word bit 79CY is asserted 
to logical 1. Thus, the factory 79BRS setting can function to block reset 
timing if time-overcurrent pickup 51P1 or 51G1 is picked up while the relay is 
in the Reclose Cycle State. This helps prevent repetitive “trip-reclose” cycling.


Additional Settings Example 2


If the block reset timing setting is:


79BRS = 51P1 + 51G1
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then reset timing is blocked if time-overcurrent pickup 51P1 or 51G1 is picked 
up, regardless of the reclosing relay state.


Sequence 
Coordination (79SEQ)


The sequence coordination setting 79SEQ keeps the SEL-551 in step with a 
downstream line recloser in a sequence coordination scheme, which prevents 
overreaching SEL-551 overcurrent elements from tripping for faults beyond 
the line recloser. This is accomplished by incrementing the shot counter and 
supervising overcurrent elements with resultant shot counter elements.


In order for the sequence coordination setting 79SEQ to increment the shot 
counter, both the following conditions must be true:


➤ No trip present (Relay Word bit TRIP = logical 0)


➤ Circuit breaker closed (SELOGIC control equation setting 52A 
= logical 1, effectively)


The sequence coordination setting 79SEQ is usually set with some overcurrent 
element pickups. If the above two conditions are both true and a set 
overcurrent element pickup asserts for at least 1.25 cycles and then deasserts, 
the shot counter increments by one count. This assertion/ deassertion indicates 
that a downstream device (e.g., line recloser—see Figure 3.18) has operated to 
clear a fault. Incrementing the shot counter keeps the SEL-551 “in step” with 
the downstream device, as is shown in the following Additional Settings 
Example 1 and Additional Settings Example 2 on page 3.39.


Every time a sequence coordination operation occurs, the shot counter is 
incremented, and the reset timer is loaded up with reset time 79RSD. 
Sequence coordination can increment the shot counter beyond last shot, but no 
further than shot = 4. The shot counter returns to shot = 0 after the reset timer 
times out. Reset timing is subject to the previously discussed SELOGIC control 
equation setting 79BRS.


Sequence coordination operation does not change the reclosing relay state. For 
example, if the relay is in the Reset State and there is a sequence coordination 
operation, it remains in the Reset State.


Factory Settings Example


Sequence coordination is not enabled in the factory settings:


79SEQ = 0


Additional Settings Example 1


With sequence coordination setting:


79SEQ = 79RS * 51P1


sequence coordination is operable only when the relay is in the Reset State 
(79RS = logical 1).


Refer to Figure 3.18.
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Figure 3.18 Sequence Coordination Between the SEL-551 and a Line 
Recloser


Presume that the line recloser is set to operate twice on the fast curve and then 
twice on the slow curve. The slow curve is allowed to operate after two fast 
curve operations because the fast curves are then inoperative for tripping. The 
SEL-551 phase time-overcurrent element 51P1T is coordinated with the line 
recloser fast curve. The SEL-551 phase time-overcurrent element 51P2T is 
coordinated with the line recloser slow curve.


q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.


Figure 3.19 Operation of SEL-551 Shot Counter for Sequence Coordination With Line Recloser (Additional 
Settings Example 1)
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If the SEL-551 is in the Reset State (79RS = logical 1) and then a permanent 
fault beyond the line recloser occurs (fault current IF in Figure 3.18), the line 
recloser fast curve operates to clear the fault. The SEL-551 also sees the fault. 
The phase time-overcurrent pickup 51P1 asserts and then deasserts without 
tripping, incrementing the SEL-551 shot counter from:


shot = 0 to shot = 1


When the line recloser recloses its circuit breaker, the line recloser fast curve 
operates again to clear the fault. The SEL-551 also sees the fault again. The 
phase time-overcurrent pickup 51P1 asserts and then deasserts without 
tripping, incrementing the SEL-551 shot counter from:


shot = 1 to shot = 2


The line recloser fast curve is now disabled after operating twice. When the 
line recloser recloses its circuit breaker, the line recloser slow curve operates 
to clear the fault. The SEL-551 does not operate on its faster-set phase time-
overcurrent element 51P1T (51P1T is “below” the line recloser slow curve) 
because the shot counter is now at shot = 2. For this sequence coordination 
scheme, the SEL-551 SELOGIC control equation trip equation is:


TR = 51P1T * (SH0 + SH1) + 51P2T


With the shot counter at shot = 2, Relay Word bits SH0 (shot = 0) and SH1 
(shot = 1) are both deasserted to logical 0. This keeps the 51P1T phase time-
overcurrent element from tripping. The 51P1T phase time-overcurrent 
element is still operative and its pickup (51P1) can still assert and then 
deassert, thus continuing the sequencing of the shot counter to shot = 3, etc. 
The 51P1T phase time-overcurrent element cannot cause a trip because shot ≥ 
2 and SH0 and SH1 both are deasserted to logical 0.


The shot counter returns to shot = 0 after the reset timer (loaded with reset 
time 79RSD) times out.


Additional Settings Example 2


Review preceding Additional Settings Example 1 on page 3.37.


Assume that the line recloser in Figure 3.18 is set to operate twice on the fast 
curve and then twice on the slow curve for faults beyond the line recloser.


Assume that the SEL-551 is set to operate once on 51P1T and then twice on 
51P2T for faults between the SEL-551 and the line recloser. This results in the 
following trip setting:


TR = 51P1T * (SHO) + 51P2T


This requires that two open interval settings be made (see Figure 3.16). This 
corresponds to the last shot being:


last shot = 2


If the sequence coordination setting is:


79SEQ = 79RS * 51P1


and there is a permanent fault beyond the line recloser, the shot counter of the 
SEL-551 will increment all the way to shot = 4 (see Figure 3.19). If there is a 
coincident fault between the SEL-551 and line recloser, the SEL-551 will trip 
and go to the Lockout State. Any time the shot counter is at a value equal to or 
greater than last shot and the relay trips, it goes to the Lockout State.


NOTE: Sequence coordination can 
increment the shot counter beyond 
last shot (last shot = 2 in this factory 
setting example), but no further than 
shot = 4.


The following Example 2 limits 
sequence coordination shot counter 
incrementing.
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To avoid this problem make the following sequence coordination setting:


79SEQ = 79RS * 51P1 * SH0


Refer to Figure 3.20.


If the SEL-551 is in the Reset State (79RS = logical 0) with the shot counter 
reset (shot = 0; SH0 = logical 1) and then a permanent fault beyond the line 
recloser occurs (fault current IF in Figure 3.18), the line recloser fast curve 
operates to clear the fault. The SEL-551 also sees the fault. The phase time-
overcurrent pickup 51P1 asserts and then deasserts without tripping, 
incrementing the relay shot counter from:


shot = 0 to shot = 1


Now the SEL-551 cannot operate on its faster-set phase time-overcurrent 
element 51P1T because the shot counter is at shot = 1 (SH0 = logical 0):


TR = 51P1T * (SHO) + 51P2T = 51P1T * (logical 0) + 51P2T = 51P2T


q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.


Figure 3.20 Operation of SEL-351 Relay Shot Counter for Sequence Coordination With Line Recloser (Additional 
Setting Example 2)


The line recloser continues to operate for the permanent fault beyond it, but 
the SEL-551 shot counter does not continue to increment. Sequence 
coordination setting 79SEQ is effectively disabled by the shot counter 
incrementing from shot = 0 to shot = 1.


79SEQ = 79RS * 51P1 * SH0 = 79RS * 51P1 * (logical 0) = logical 0


The shot counter stays at shot = 1.


Thus, if there is a coincident fault between the SEL-551 and the line recloser, 
the SEL-551 will operate on 51P2T and then reclose once, instead of going 
straight to the Lockout State (shot = 1 < last shot = 2).


As stated earlier, the reset time setting 79RSD takes the shot counter back to 
shot = 0 after a sequence coordination operation increments the shot counter. 
Make sure that reset time setting 79RSD is set long enough to maintain the 
shot counter at shot = 1 as shown in Figure 3.20.


79SEQ = 79RS*51P1*SHO


51P1


Shot Counter


SH0


0 1


q w e w e r e r
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SELOGIC Control Equation Variables/Timers


Fourteen SELOGIC Variables (SV1–SV14) are available. Ten of these 
SELOGIC Variables have timer outputs, (SV5T–SV14T) (see Figure 3.21).


Figure 3.21 SELOGIC Control Equation Variables/Timers


Factory Settings 
Example


In the factory SELOGIC control equation settings, a SELOGIC Variable Timer 
is used for a simple breaker failure scheme:


SV5 = TRIP


The TRIP Relay Word bit is run through a timer for breaker failure timing. 
Timer pickup setting SV5PU is set to the breaker failure time (SV5PU = 12 
cycles). Timer dropout setting SV5DO is set for a two cycle dropout (SV5DO 
= 2 cycles). The output of the timer (Relay Word bit SV5T) operates output 
contact OUT3 (SEL-551 factory setting only).


OUT3 = SV5T


Additional Settings 
Example


Another application idea is dedicated breaker failure protection (see 
Figure 3.22):


SV6 = IN1 (breaker failure initiate)


SV7 = (SV7 + IN1) * (50P1 + 50N1)


OUT1 = SV6T (retrip)


OUT2 = SV7T (breaker failure trip)
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NOTE: The following SELOGIC 
Variable Timer examples make use of 
output contacts. Output Contacts on 
page 3.43 shows what output 
contacts are available in the SEL-551 
relay.
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Figure 3.22 Dedicated Breaker Failure Scheme Created With SELOGIC 
Variables/Timers


Note that the above SELOGIC control equation setting SV7 creates a seal-in 
logic circuit (as shown in Figure 3.22) by virtue of SELOGIC control equation 
setting SV7 being set equal to Relay Word bit SV7:


SV7 = (SV7 + IN1) * (50P1 + 50N1)


Optoisolated input IN1 functions as a breaker failure initiate input. Phase 
instantaneous overcurrent element 50P1 and neutral ground instantaneous 
overcurrent element 50N1 function as fault detectors.


Timer pickup setting SV6PU provides retrip delay, if desired (can be set to 
zero). Timer dropout setting SV6DO holds the retrip output (output contact 
OUT1) closed for extra time if needed after the breaker failure initiate signal 
(IN1) goes away.


Timer pickup setting SV7PU provides breaker failure timing. Timer dropout 
setting SV7DO holds the breaker failure trip output (output contact OUT2) 
closed for extra time if needed after the breaker failure logic unlatches (fault 
detectors 50P1 and 50N1 drop out).


Note that Figure 3.22 suggests the option of having output contacts OUT3 and 
OUT4 operate as additional breaker failure trip outputs. This is done by making 
the following SELOGIC control equation settings: 


OUT3 = SV7T (breaker failure trip)


OUT4 = SV7T (breaker failure trip)


IN1


50P1


50N1


SV7 SV7T


SV6 SV6T OUT1
(Retrip)


OUT2
(Breaker
Failure
Trip)


OUT3


OUT4


SV7PU


SV6PU


SV6D0


SV7D0
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Output Contacts


SELOGIC control equation settings OUT1–OUT4 control Relay Word bits 
OUT1–OUT4, respectively. Relay Word bits OUT1–OUT4 in turn control 
output contacts OUT1 through OUT4, respectively. Dedicated alarm logic/
circuitry controls the ALARM output contact. See Figure 3.23 for the output 
contacts available with the SEL-551 relay.


Factory Settings 
Example


In the factory SELOGIC control equation settings, three output contacts are 
used:


OUT1 = TRIP (overcurrent tripping/manual tripping; see Trip Logic on 
page 3.19)


OUT2 = CLOSE (automatic reclosing/manual closing; see Close Logic on 
page 3.22)


OUT3 = SV5T (breaker failure trip; see SELOGIC Control Equation 
Variables/Timers on page 3.41)


OUT4 = 0 (output contact OUT4 not used-set to logical 0)


Figure 1.2 shows the factory configuration of the output contacts for the SEL-
551 relay.
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Operation of Output 
Contacts for 
Different Output 
Contact Types


q PULSE command is also available via the front panel ({CNTRL} pushbutton, output 
contact testing option). Execution of the PULSE command results in a logical 1 
input into the above logic.


w Main board jumper JMP13 allows output contact OUT4 to operate as: regular 
output contact OUT4 (JMP13 in position YOUT2), an extra Alarm output contact 
(JMP13 in position ALARM). See Figure 2.16 and Table 2.2 for more information.


Figure 3.23 Logic Flow for Example SEL-551 Output Contact Operation


Output Contacts OUT1 Through OUT4


Refer to Figure 3.23.


The execution of the serial port command PULSE n (n = OUT1–OUT4) asserts 
the corresponding Relay Word bit (OUT1–OUT4) to logical 1. The assertion 
of SELOGIC control equation setting OUTm (m = 1–4) to logical 1 also asserts 
the corresponding Relay Word bit OUTm (m = 1–4) to logical 1.
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The assertion of Relay Word bit OUTm (m = 1–4) to logical 1 causes the 
energization of the corresponding output contact OUTm coil. Depending on 
the output contact type (a or b), the output contact closes or opens as 
demonstrated in Figure 3.23. An a-type output contact is open when the 
output contact coil is de-energized and closed when the output contact coil is 
energized. A b-type output contact is closed when the output contact coil is 
de-energized and open when the output contact coil is energized.


Notice in Figure 3.23 that all four possible combinations of output contact coil 
states (energized or de-energized) and output contact types (a or b) are 
demonstrated. See Output Contact Jumpers (SEL-551 With the Conventional 
Terminal Blocks Option) on page 2.18 for output contact type options.


ALARM Output Contact (SEL-551 Relay)


Refer to Figure 3.23 and Relay Self-Tests on page 8.18.


When the relay is OK, the ALARM output contact coil is energized. The alarm 
logic/circuitry keeps the ALARM output contact coil energized. Depending on 
the ALARM output contact type (a or b), the ALARM output contact closes or 
opens as demonstrated in Figure 3.23. An a-type output contact is open when 
the output contact coil is de-energized and closed when the output contact coil 
is energized. A b-type output contact is closed when the output contact coil is 
de-energized and open when the output contact coil is energized.


To verify ALARM output contact mechanical integrity, execute the serial port 
command PULSE ALARM. Execution of this command momentarily de-
energizes the ALARM output contact coil.


The Relay Word bit ALARM is deasserted to logical 0 when the relay is OK. 
When the serial port command PULSE ALARM is executed, the ALARM 
Relay Word bit momentarily asserts to logical 1. Also, when the relay enters 
Access Level 2, the ALARM Relay Word bit momentarily asserts to logical 1 
(and the ALARM output contact coil is de-energized momentarily).


Notice in Figure 3.23 that all possible combinations of ALARM output contact 
coil states (energized or de-energized) and output contact types (a or b) are 
demonstrated. See Output Contact Jumpers (SEL-551 With the Conventional 
Terminal Blocks Option) on page 2.18 for output contact type options.
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Demand Ammetering


The demand ammetering settings (in Table 3.7) are available via the SET 
command (see Table 4.1 and also Demand Ammetering Settings (see 
Figure 3.24 and Figure 3.26) on page SET.5). Also refer to MET D Command 
(Demand Ammeter) on page 5.18.


The SEL-551 provides demand and peak demand ammetering for the 
following values:


These demand and peak demand values are thermal demand values. Thermal 
demand ammetering is explained in the following discussion.


Thermal Demand 
Ammeter Operation


The example in Figure 3.24 shows the response of a thermal demand ammeter 
to a step current input. The current input is at a magnitude of zero and then 
suddenly goes to an instantaneous level of 1.0 per unit (a “step”).


Figure 3.24 Response of Thermal Demand Ammeter to a Step Input (Setting 
DMTC = 15 minutes)


Currents


IA,B,C,N Input currents (A primary)


IG Residual ground current (A primary; IG = 3I0 = IA + IB + IC)


3I2 Negative-sequence current (A primary)
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Thermal Demand Ammeter Response 


The response of the thermal demand ammeter in Figure 3.24 (bottom) to the 
step current input (top) is analogous to the series RC circuit in Figure 3.25.


Figure 3.25 Voltage VS Applied to Series RC Circuit


In the analogy:


Voltage VS in Figure 3.25 corresponds to the step current input 
Figure 3.24 (top).


Voltage VC across the capacitor in Figure 3.25 corresponds to the 
response of the thermal demand ammeter in Figure 3.24 (bottom).


If voltage VS in Figure 3.25 has been at zero (VS = 0.0 per unit) for some 
time, voltage VC across the capacitor in Figure 3.25 is also at zero (VC = 0.0 
per unit). If voltage VS is suddenly stepped up to some constant value (VS = 
1.0 per unit), voltage VC across the capacitor starts to rise toward the 1.0 per 
unit value. This voltage rise across the capacitor is analogous to the response 
of the thermal demand ammeter in Figure 3.24 (bottom) to the step current 
input (top).


In general, as voltage VC across the capacitor in Figure 3.25 cannot change 
instantaneously, the thermal demand ammeter response is not immediate 
either for the increasing or decreasing applied instantaneous current. The 
thermal demand ammeter response time is based on the demand ammeter time 
constant setting DMTC (see Table 3.7). Note in Figure 3.24 the thermal 
demand ammeter response (bottom) is at 90 percent (0.9 per unit) of full 
applied value (1.0 per unit) after a time period equal to setting DMTC = 
15 minutes, referenced to when the step current input is first applied.


The SEL-551 updates thermal demand values approximately every two 
seconds.


Demand Ammeter 
Settings


The demand current pickup settings in Table 3.7 are applied to demand current 
meter outputs as shown in Figure 3.26. For example, when residual ground 
demand current IG(DEM) goes above corresponding demand pickup GDEMP, 


VS VC


+


+


—


—


R


C


Table 3.7 Demand Ammeter Settings and Settings Range


Setting Definition Range


DMTC Demand meter time constant 5, 10, 15, 30, or 60 minutes


PDEMP Phase demand current pickup


OFF, 0.50–16.00 A {5 A nominal}, 
0.10–3.20 A {1 A nominal},


in 0.01 A steps


NDEMP Neutral ground 
demand current pickup


GDEMP Residual ground 
demand current pickup


QDEMP Negative-sequence 
demand current pickup


NOTE: Changing setting DMTC resets 
the demand ammeter values to zero. 
Demand current pickup settings 
PDEMP, NDEMP, GDEMP, and QDEMP 
can be changed without affecting the 
demand ammeters.
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Relay Word bit GDEM asserts to logical 1. Use these demand current logic 
outputs (PDEM, NDEM, GDEM, and QDEM) to alarm for high loading or 
unbalance conditions. Use in other schemes such as the following example.


Figure 3.26 Demand Current Logic Outputs


Demand Current 
Logic Output 
Application—Raise 
Pickup for Unbalance 
Current


During times of high loading, the residual ground overcurrent elements can 
see relatively high unbalance current IG (IG = 3I0). To avoid tripping on 
unbalance current IG ,  use Relay Word bit GDEM to detect the residual 
ground (unbalance) demand current IG(DEM) and effectively raise the pickup 
of the residual ground time-overcurrent element 51G1T. This is accomplished 
with the following settings from Table 3.7, pertinent residual ground 
overcurrent element settings, and SELOGIC control equation torque control 
setting 51G1TC (see Figure 3.27).


DMTC = 5


GDEMP = 1.0


51G1P = 1.50


50G1P = 2.30


51G1TC = !GDEM + GDEM * 50G1


Refer to Figure 3.26, Figure 3.27, and Figure 3.11.
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Figure 3.27 Raise Pickup of Residual Ground Time-Overcurrent Element for 
Unbalance Current


Residual Ground Demand Current Below Pickup GDEMP


When unbalance current IG is low, unbalance demand current IG(DEM) is 
below corresponding demand pickup GDEMP = 1.00 A secondary, and Relay 
Word bit GDEM is deasserted to logical 0. This results in SELOGIC control 
equation torque control setting 51G1TC being in the state:


51G1TC = !GDEM + GDEM * 50G1 = NOT(GDEM) + GDEM * 50G1 
=NOT(logical 0) + (logical 0) * 50G1 = logical 1


Thus, the residual ground time-overcurrent element 51G1T operates on its 
standard pickup:


51G1P = 1.50 A secondary


If a ground fault occurs, the residual ground time-overcurrent element 51G1T 
operates with the sensitivity provided by pickup 51G1P = 1.50 A secondary. 
The thermal demand ammeter, even with setting DMTC = 5 minutes, does not 
respond fast enough to the ground fault to make a change to the effective 
residual ground time-overcurrent element pickup—it remains at 1.50 A 
secondary. Demand meters respond to more “slow moving” general trends.


Residual Ground Demand Current Goes Above Pickup GDEMP


When unbalance current IG increases, unbalance demand current IG(DEM) 
follows, going above corresponding demand pickup GDEMP = 1.00 A 
secondary, and Relay Word bit GDEM asserts to logical 1. This results in 
SELOGIC control equation torque control setting 51G1TC being in the state:


51G1TC = !GDEM + GDEM * 50G1 = NOT(GDEM) + GDEM * 50G1 = 
NOT(logical 1) + (logical 1) * 50G1 = logical 0 + 50G1 = 50G1


51G1T


IG
(Residual)


51G1P
= 1.50


t


50G1P
= 2.30
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Thus, the residual ground time-overcurrent element 51G1T operates with an 
effective, less-sensitive pickup:


50G1P = 2.30 A secondary


The reduced sensitivity keeps the residual ground time-overcurrent element 
51G1T from tripping on higher unbalance current IG.


Residual Ground Demand Current Goes Below Pickup GDEMP Again


When unbalance current IG decreases again, unbalance demand current 
IG(DEM) follows, going below corresponding demand pickup GDEMP = 
1.00 A secondary, and Relay Word bit GDEM deasserts to logical 0. This 
results in SELOGIC control equation torque control setting 51G1TC being in 
the state:


51G1TC = !GDEM + GDEM * 50G1 = NOT(GDEM) + GDEM * 50G1 = 
NOT(logical 0) + (logical 0) * 50G1 = logical 1


Thus, the residual ground time-overcurrent element 51G1T operates on its 
standard pickup again:


51G1P = 1.50 A secondary


View or Reset 
Demand Ammetering 
Information


Via Serial Port


See MET D Command (Demand Ammeter) on page 5.18. The MET D 
command displays demand and peak demand ammetering for the following 
values:


The MET RD command resets the demand ammetering values. The MET RP 
command resets the peak demand ammetering values.


Via Front Panel


The information and reset functions available via the previously discussed 
serial port commands MET D, MET RD, and MET RP are also available via 
the front-panel {METER} pushbutton. See Figure 6.2.


Demand Ammetering 
Updating and Storage


The SEL-551 updates demand values approximately every two seconds.


The relay stores peak demand values to nonvolatile storage once per day (it 
overwrites the previous stored value if it is exceeded). Should the relay lose 
control power, it will restore the peak demand values saved by the relay at 
23:50 hours on the previous day.


Currents


IA,B,C,N Input currents (A primary)


IG Residual ground current (A primary; IG = 3I0 = IA + IB + IC)


3I2 Negative-sequence current (A primary)
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Front-Panel Target LEDs


Refer to Figure 2.5 for the arrangement of the target LEDs on the front panel 
of the SEL-551 relay.


Further Target LED 
Details


The INST target LED illuminates if Relay Word bit TRIP asserts less than 
3 cycles after any of the following Relay Word bits assert: 51P1, 51P2, 51N1, 
51G1, 51Q1, 51Q2, 50P1, 50P2, 50P3, 50P4, 50P5, 50P6, 50A, 50B, 50C, 
50N1, 50N2, 50G1, 50G2, 50Q1, or 50Q2.


The A target LED illuminates if Relay Word bit TRIP asserts when phase A 
current (current input IA) is above phase pickup setting 51P1P, 51P2P, 50P1P, 
50P2P, 50P3P, 50P4P, 50P5P, 50P6P, 50A, 51Q1, or 51Q2.


The B target LED illuminates if Relay Word bit TRIP asserts when phase B 
current (current input IB) is above phase pickup setting 51P1P, 51P2P, 50P1P, 
50P2P, 50P3P, 50P4P, 50P5P, 50P6P, 50B, 51Q1, or 51Q2.


The C target LED illuminates if Relay Word bit TRIP asserts when phase C 
current (current input IC) is above phase pickup setting 51P1P, 51P2P, 50P1P, 
50P2P, 50P3P, 50P4P, 50P5P, 50P6P, 50C, 51Q1, or 51Q2.


The N target LED illuminates if Relay Word bit TRIP asserts when neutral 
ground current (current input IN) is above neutral ground pickup setting 
51N1P, 50N1P, 50N2P, or residual ground current (derived from current inputs 
IA, IB, and IC) is above residual ground pickup setting 51G1P, 50G1P, or 
50G2P.


Target Reset/Lamp 
Test Front-Panel 
Pushbutton


When the Target Reset/Lamp Test front-panel pushbutton is pressed:


➤ all front-panel LEDs are illuminated for one (1) second


➤ and then the Fault Type target LEDs (INST, A, B, C, and N) are 
extinguished


Other Applications for the Target Reset Function


Refer to the bottom of Figure 3.13. The combination of the {TARGET RESET} 
pushbutton and the TAR R (Target Reset) serial port command is available as 
Relay Word bit TRGTR. Relay Word bit TRGTR pulses to logical 1 for one 
processing interval when the TAR R (Target Reset) serial port command is 
executed (the TAR R serial port command can also be effectively operated via 


Table 3.8 SEL-551 Front-Panel Target LED Definitions


LED Definition


EN Relay Enabled—see subsection Relay Self-Tests on page 8.18


INST Instantaneous trip—see further details following


A Phase A involved in the fault—see further details following


B Phase B involved in the fault—see further details following


C Phase C involved in the fault—see further details following


N Ground involved in the fault—see further details following


RS Reclosing relay in the Reset State (follows Relay Word bit 79RS)


LO Reclosing relay in the Lockout State (follows Relay Word bit 79LO)
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Modbus protocol, too—see Appendix G: Modbus RTU Communications 
Protocol). Relay Word bit TRGTR asserts to logical 1 for as long as the 
{TARGET RESET} pushbutton is pressed.
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Overview


Change or view settings with the SET and SHOWSET serial port commands 
and the front-panel {SET} pushbutton. Table 4.1 lists the serial port SET 
commands.


View settings with the respective serial port SHOWSET commands (SHO, 
SHO L, SHO R, SHO T, SHO P). See SHO Command (Showset) on 
page 5.19.


Table 4.1 Serial Port SET Commands


Command
Settings


Type
Description


Settings 
Sheetsa


a Located at end of this section.


SET Relay Overcurrent elements, reclosing relay, timers, etc. 1–6


SET L Logic SELOGIC® Control Equations 7–9


SET R SER Sequential Events Recorder trigger conditions 14


SET T Text Front-panel default display text; local control text 12–13


SET P Port Rear serial port protocol settings 10


SET P F Port Front serial port protocol settings 10–11
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Settings Changes Via the Front Panel


The relay front-panel {SET} pushbutton provides access to the Relay and Port 
settings only. Thus, the corresponding Relay and Port settings sheets that 
follow in this section can also be used when making these settings via the 
front panel. Refer to Figure 6.3 for information on front-panel 
communications.
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Settings Changes Via the Serial Port


See Section 5: Serial Port Communications and Commands for information 
on serial port communications and relay access levels. To change a specific 
setting, enter the command:


SET n s


When you execute the SET command, the relay presents a list of settings, one 
at a time. Enter a new setting, or press <Enter> to accept the existing setting. 
Editing keystrokes are shown in Table 4.2.


The relay checks each entry to ensure that it is within the setting range. If it is 
not, an Out of Range message is generated, and the relay prompts for the 
setting again.


When settings are complete, the relay displays the new settings and prompts 
for approval to enable them. Answer Y <Enter> to enable the new settings. 
For about one second, while the active settings are updated, the relay is 
disabled and the ALARM output contact closes for the SEL-551 (assuming b-
type output contact; see Figure 3.23).


where:
n = L, R, T, P, P 1, P F, or P 2 (parameter n is not entered for 


the Relay settings)
s = the name of the specific setting you wish to jump to and 


begin setting. If s is not entered, the relay starts at the first 
setting.


Table 4.2 SET Command Editing Keystrokes


Press Key(s) Results


<Enter> Retains setting and moves to the next.


^ <Enter> Returns to previous setting.


< <Enter> Returns to previous setting.


> <Enter> Moves to next setting.


END <Enter> Exits editing session, then prompts you to save the settings.


<Ctrl+X> Aborts editing session without saving changes.
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Time-Overcurrent Element Setting Reference 
Information


The following information describes the curve timing for the curve and time 
dial settings made for the time-overcurrent elements (see Figure 3.9–
Figure 3.12). The time-overcurrent relay curves in Figure 4.1–Figure 4.10 
conform to IEEE C37.112-1996 IEEE Standard Inverse Time Characteristic 
Equations for Overcurrent Relays.


tp = operating time in seconds
tr = electromechanical induction-disk emulation reset time in 


seconds (if electromechanical reset setting is made)
TD = time dial setting
M = applied multiples of pickup current [for operating time 


(tp), M>1; for reset time (tr), M≤1]


Table 4.3 Equations Associated With U.S. Curves


Curve Type Operating Time Reset Time Figure


U1 (Moderately Inverse)                     Figure 4.1


U2 (Inverse)


                    


Figure 4.2


U3 (Very Inverse)


                    


Figure 4.3


U4 (Extremely Inverse)


                    


Figure 4.4


U5 (Short-Time Inverse)


                    


Figure 4.5


Table 4.4 Equations Associated With IEC Curves (Sheet 1 of 2)


Curve Type Operating Time Reset Time Figure


C1 (Standard Inverse)           


          


Figure 4.6


C2 (Very Inverse)           


          


Figure 4.7


C3 (Extremely Inverse)           


          


Figure 4.8
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C4 (Long-Time Inverse)           


          


Figure 4.9


C5 (Short-Time Inverse)           


          


Figure 4.10


Table 4.4 Equations Associated With IEC Curves (Sheet 2 of 2)


Curve Type Operating Time Reset Time Figure
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Figure 4.1 U.S. Moderately Inverse Curve: U1
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Figure 4.2 U.S. Inverse Curve: U2
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Figure 4.3 U.S. Very Inverse Curve: U3
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Figure 4.4 U.S. Extremely Inverse Curve: U4
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Figure 4.5 U.S. Short-Time Inverse Curve: U5
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Figure 4.6 I.E.C. Class A Curve (Standard Inverse): C1
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Figure 4.7 I.E.C. Class B Curve (Very Inverse): C2
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Figure 4.8 I.E.C. Class C Curve (Extremely Inverse): C3
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Figure 4.9 I.E.C. Long-Time Inverse Curve: C4
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Figure 4.10 I.E.C. Short-Time Inverse Curve: C5
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Relay Word Bit Setting Reference Information


Relay Word bits are used in SELOGIC control equation settings. See Section 3: 
Relay Elements and Logic for SELOGIC control equations details and 
examples. SELOGIC control equation settings can also be set directly to 1 
(logical 1) or 0 (logical 0).


The Relay Word bit row numbers correspond to the row numbers used in the 
TAR command (see TAR Command (Target) on page 5.23).


Table 4.5 SEL-551 Relay Word Bits


Rowa


a Row 0 used for front-panel LEDs and TAR command as shown in Table 5.6. Row 0 targets are not available for SELOGIC control equations.


SEL-551 Relay Word Bits


1 51P1 51P2 51N1 51G1 51P1T 51P2T 51N1T 51G1T


2 51Q1 51Q2 51Q1T 51Q2T 50P1 50P2 50P3 50P4


3 50P5 50P6 50N1 50N2 50G1 50G2 50Q1 50Q2


4 50A 50B 50C IN1 IN2 OC CC CF


5 LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8


6 RB1 RB2 RB3 RB4 RB5 RB6 RB7 RB8


7 SV1 SV2 SV3 SV4 SV5 SV6 SV7 SV8


8 SV9 SV10 SV11 SV12 SV13 SV14 *b


b Reserved for future use.


*b


9 79RS 79CY 79LO SH0 SH1 SH2 SH3 SH4


10 TRIP CLOSE 51P1R 51P2R 51N1R 51G1R 51Q1R 51Q2R


11 SV5T SV6T SV7T SV8T SV9T SV10T SV11T SV12T


12 SV13T SV14T *b ALARM OUT1 OUT2 OUT3 OUT4


13 PDEM NDEM GDEM QDEM TRGTR *b *b *b


TAR 14 *b *b *b *b *b *b *b *b


Table 4.6 Relay Word Bit Definitions (Sheet 1 of 4)


Row Bit Definition
Primary
Application


1 51P1 Maximum phase current above pickup setting 51P1P 
for phase time-overcurrent element 51P1T (see Figure 3.9)


Event report triggering,
Testing


51P2 Maximum phase current above pickup setting 51P2P 
for phase time-overcurrent element 51P2T (see Figure 3.9)


51N1 Neutral ground current (channel IN) above pickup setting 51N1P for 
neutral ground time-overcurrent element 51N1T (see Figure 3.10)


51G1 Residual ground current above pickup setting 51G1P for residual 
ground time-overcurrent element 51G1T (see Figure 3.11)


51P1T 1st phase time-overcurrent element timed out (see Figure 3.9) Tripping


51P2T 2nd phase time-overcurrent element timed out (see Figure 3.9)


51N1T Neutral ground time-overcurrent element timed out
(see Figure 3.10)


51G1T Residual ground time-overcurrent element timed out 
(see Figure 3.11)
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2 51Q1a Negative-sequence current above pickup setting 51Q1P for negative-
sequence time-overcurrent element 51Q1T (see Figure 3.12)


Event report triggering,
Testing


51Q2a Negative-sequence current above pickup setting 51Q2P for negative-
sequence time-overcurrent element 51Q2T (see Figure 3.12)


51Q1Ta First negative-sequence time-overcurrent element timed out
(see Figure 3.12)


Tripping


51Q2Ta Second negative-sequence time-overcurrent element timed out 
(see Figure 3.12)


50P1 First phase instantaneous overcurrent element picked up
(see Figure 3.4)


50P2 Second phase instantaneous overcurrent element picked up 
(see Figure 3.4)


50P3 Third phase instantaneous overcurrent element picked up
(see Figure 3.4)


50P4 Fourth phase instantaneous overcurrent element picked up 
(see Figure 3.4)


3 50P5 Fifth phase instantaneous overcurrent element picked up 
(see Figure 3.4)


50P6 Sixth phase instantaneous overcurrent element picked up 
(see Figure 3.4)


50N1 First neutral ground instantaneous overcurrent element picked up 
(see Figure 3.6)


50N2 Second neutral ground instantaneous overcurrent element picked up 
(see Figure 3.6)


50G1 First residual ground instantaneous overcurrent element picked up 
(see Figure 3.7)


50G2 Second residual ground instantaneous overcurrent element picked up 
(see Figure 3.7)


50Q1a First negative-sequence instantaneous overcurrent element picked up 
(see Figure 3.8)


50Q2a Second negative-sequence instantaneous overcurrent element picked 
up (see Figure 3.8)


4 50A Single-phase instantaneous overcurrent element picked up 
(channel IA; see Figure 3.5)


50B Single-phase instantaneous overcurrent element picked up
(channel IB; see Figure 3.5)


50C Single-phase instantaneous overcurrent element picked up 
(channel IC; see Figure 3.5)


IN1 Optoisolated input IN1 asserted (see Figure 3.1) Circuit breaker status, etc.


IN2 Optoisolated input IN2 asserted (see Figure 3.1)


OCb Asserts 1/8 cycle for Open Command execution (see Figure 3.13)


CCb Asserts 1/8 cycle for Close Command execution (see Figure 3.14)


CF Close Failure logic output asserted (see Figure 3.14) Indication


Table 4.6 Relay Word Bit Definitions (Sheet 2 of 4)


Row Bit Definition
Primary
Application
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5 LB1 Local Bit 1 asserted (see Figure 3.2) Enable/disable schemes, etc., 
from the front panel


LB2 Local Bit 2 asserted (see Figure 3.2)


LB3 Local Bit 3 asserted (see Figure 3.2)


LB4 Local Bit 4 asserted (see Figure 3.2)


LB5 Local Bit 5 asserted (see Figure 3.2)


LB6 Local Bit 6 asserted (see Figure 3.2)


LB7 Local Bit 7 asserted (see Figure 3.2)


LB8 Local Bit 8 asserted (see Figure 3.2)


6 RB1 Remote Bit 1 asserted (see Figure 3.3) Enable/disable schemes, etc., 
from the serial port


RB2 Remote Bit 2 asserted (see Figure 3.3)


RB3 Remote Bit 3 asserted (see Figure 3.3)


RB4 Remote Bit 4 asserted (see Figure 3.3)


RB5 Remote Bit 5 asserted (see Figure 3.3)


RB6 Remote Bit 6 asserted (see Figure 3.3)


RB7 Remote Bit 7 asserted (see Figure 3.3)


RB8 Remote Bit 8 asserted (see Figure 3.3)


7 SV1 SELOGIC Variable SV1 asserted (see Figure 3.21) Seal-in functions, etc.


SV2 SELOGIC Variable SV2 asserted (see Figure 3.21)


SV3 SELOGIC Variable SV3 asserted (see Figure 3.21)


SV4 SELOGIC Variable SV4 asserted (see Figure 3.21)


SV5 SELOGIC Variable SV5 timer input asserted (see Figure 3.21) Seal-in functions, Timing, etc.


SV6 SELOGIC Variable SV6 timer input asserted (see Figure 3.21)


SV7 SELOGIC Variable SV7 timer input asserted (see Figure 3.21)


SV8 SELOGIC Variable SV8 timer input asserted (see Figure 3.21)


8 SV9 SELOGIC Variable SV9 timer input asserted (see Figure 3.21)


SV10 SELOGIC Variable SV10 timer input asserted (see Figure 3.21)


SV11 SELOGIC Variable SV11 timer input asserted (see Figure 3.21)


SV12 SELOGIC Variable SV12 timer input asserted (see Figure 3.21)


SV13 SELOGIC Variable SV13 timer input asserted (see Figure 3.21)


SV14 SELOGIC Variable SV14 timer input asserted (see Figure 3.21)


9 79RS Reclosing relay in the Reset State (see Figure 3.15 and Table 3.5) Tripping scheme supervision, 
Indication


79CY Reclosing relay in the Reclose Cycle State 
(see Figure 3.15 and Table 3.5)


79LO Reclosing relay in the Lockout State (see Figure 3.15 and Table 3.5)


SH0 Reclosing relay shot counter = 0 (see Table 3.6)


SH1 Reclosing relay shot counter = 1 (see Table 3.6)


SH2 Reclosing relay shot counter = 2 (see Table 3.6)


SH3 Reclosing relay shot counter = 3 (see Table 3.6)


SH4 Reclosing relay shot counter = 4 (see Table 3.6)


Table 4.6 Relay Word Bit Definitions (Sheet 3 of 4)


Row Bit Definition
Primary
Application
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10 TRIP Trip logic output asserted (see Figure 3.13) Output contact assignment


CLOSE Close logic output asserted (see Figure 3.14)


51P1R First phase time-overcurrent element reset (see Figure 3.9) Testing


51P2R Second phase time-overcurrent element reset (see Figure 3.9)


51N1R Neutral ground time-overcurrent element reset (see Figure 3.10)


51G1R Residual ground time-overcurrent element reset (see Figure 3.11)


51Q1R First negative-sequence time-overcurrent element reset
(see Figure 3.12)


51Q2R Second negative-sequence time-overcurrent element reset 
(see Figure 3.12)


11 SV5T SELOGIC Variable timer output asserted (see Figure 3.21) Timing


SV6T SELOGIC Variable timer output asserted (see Figure 3.21)


SV7T SELOGIC Variable timer output asserted (see Figure 3.21)


SV8T SELOGIC Variable timer output asserted (see Figure 3.21)


SV9T SELOGIC Variable timer output asserted (see Figure 3.21)


SV10T SELOGIC Variable timer output asserted (see Figure 3.21)


SV11T SELOGIC Variable timer output asserted (see Figure 3.21)


SV12T SELOGIC Variable timer output asserted (see Figure 3.21)


12 SV13T SELOGIC Variable timer output asserted (see Figure 3.21)


SV14T SELOGIC Variable timer output asserted (see Figure 3.21)


ALARMc ALARM output contact indicating that relay failed or PULSE 
ALARM executed (see Figure 3.23)


Indication


OUT1c Output contact OUT1 asserted (see Figure 3.23)


OUT2c Output contact OUT2 asserted (see Figure 3.23)


OUT3c Output contact OUT3 asserted (see Figure 3.23)


OUT4c Output contact OUT4 asserted (see Figure 3.23)


13 PDEM Phase demand current above pickup setting PDEMP 
(see Figure 3.26)


NDEM Neutral ground demand current above pickup setting NDEMP 
(see Figure 3.26)


GDEM Residual ground demand current above pickup setting GDEMP 
(see Figure 3.26)


QDEM Negative-sequence demand current above pickup setting QDEMP 
(see Figure 3.26)


TRGTR Target Rest. TRGTR pulses to logical 1 for one processing interval 
when the TAR R (Target Reset) serial port command is executed. 
TRGTR asserts to logical 1 for as long as the {TARGET RESET} 
pushbutton is pressed (see Figure 3.13).


Control


a IMPORTANT: See Appendix F: Setting Negative-Sequence Overcurrent Elements for special instructions on setting negative-sequence 
overcurrent elements.


b The Open Command (Relay Word Bit OC) and Close Command (Relay Word Bit CC) are already embedded in the Trip Logic (see Figure 3.13) 
and Close Logic (see Figure 3.14), respectively. Thus, they are likely not used in SELOGIC control equations. They are in the Relay Word for 
embedded event report information functions (see Table 7.3).


c Output contacts can be a or b type output contacts (see Figure 2.15 and Figure 3.23).


Table 4.6 Relay Word Bit Definitions (Sheet 4 of 4)


Row Bit Definition
Primary
Application
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Settings Explanations


Note that most of the settings in the settings sheets that follow include 
references for additional information. The following explanations are for relay 
settings (accessed under the SET command) that do not have reference 
information anywhere else in the instruction manual. 


Identifier Labels The SEL-551 has two identifier labels:


➤ the Relay Identifier (RID)


➤ the Terminal Identifier (TID)


The Relay Identifier is typically used to identify the relay or the type of 
protection scheme. Typical Terminal Identifiers include an abbreviation of the 
substation name and line terminal.


The relay tags each report (event report, meter report, etc.) with the Relay 
Identifier and Terminal Identifier. This allows you to distinguish the report as 
one generated for a specific breaker and substation.


RID and TID settings may include the following characters:


➤ 0–9


➤ A–Z, 


➤ -, /, ., space


Current Transformer 
Ratios


Phase and neutral current transformer ratios are set independently. If IN is 
connected residually with IA, IB, and IC, then set CTR and CTRN the same. For 
example, for a CT ratio of 600/5, set CTR = 120.


CT Sizing Sizing a CT to avoid saturation for the maximum asymmetrical fault is ideal, 
but not always possible. This requires a CT ANSI voltage classification 
greater than (1 + X/R) times the burden voltage for the maximum symmetrical 
fault current, where X/R is the reactance-to-resistance ratio of the primary 
system.


Use caution when selecting CTs for saturation conditions in the SEL-551 
firmware revisions prior to SEL-551-R507-Vf Z001001-D20020828 and 
SEL-551-R108-Vr Z001001 D20020828 (see Appendix A: Firmware and 
Manual Versions). If you apply the SEL-551 in high-fault current situations, 
such as in power plant auxiliary buses with as much as 40000 A of line-to-line 
fault current, current transformers used with the SEL-551 should meet the 
following criterion:


Equation 4.1


This ensures a two-cycle trip of an instantaneous element set at 80 A. The 
following examples show how the criterion is used.


where:
If = the maximum fault current in per unit of CT rating


Zb = the CT burden in per unit of standard burden
X/R = the X/R ratio of the primary fault current


262.5 X
R
---- 1+⎝ ⎠


⎛ ⎞≥ If Zb• • 
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Example 1: Maximum Fault Current With an 80 A Instantaneous Setting


Maximum fault current in terms of primary CT and ANSI voltage rating, 
burden in ohms, and X/R ratio is:


Equation 4.2


Equation 4.2 is an actual-value equation derived from Equation 1 above,


An SEL-551 phase instantaneous overcurrent element is to be set at 80 amps. 
The relay will be used with a C400, 400:5 current transformer with a 0.50 W 
ohm total burden. The X/R ratio is 20. Determine the maximum fault current 
for dependable operation.


The burden is primarily from the CT windings and external leads to the 
SEL-551 (the SEL-551 has a negligible burden):


Equation 4.3


Example 2: Minimum CT Rating With an 80 A Instantaneous Setting


CT rating in terms of maximum fault current, X/R ratio, ANSI rating, and 
burden is:


Equation 4.4


With an 80 amp instantaneous setting, what is the minimum CT rating that can 
be used when the maximum fault current is 40000 amps, X/R = 20, and the 
burden is 0.50 Ω ohms?


where:
IMAX = the maximum primary fault current for line-to-line fault


CTRATING = the CT primary rating in amperes
ZB = the total CT secondary burden in ohms


ANSI = the ANSI voltage classification of CTs


Description Quantity


300 feet full-circuit run of #10 AWG (1.0 Ω /1000-ft) 0.30


CT winding of 80 turns at 0.0025 Ω/turn + 0.20


Total burden 0.50 Ω


IMAX
262.5


1 X
R
----+⎝ ⎠


⎛ ⎞
------------------- ANSI


100 ZB• 
---------------------- CTRATING• • =


IMAX
262.5


1 X
R
----+⎝ ⎠


⎛ ⎞
------------------- ANSI


100 ZB• 
---------------------- CTRATING• • =


262.5
1 20+( )


-------------------- 400
100 0.50Ω• 
------------------------------- 400• • =


40000 A=


CTRATING


1 X
R
----+⎝ ⎠


⎛ ⎞


262.5
------------------- 100


ANSI
--------------- IMAX ZB• • • =
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Equation 4.5


Example 3: Determine Whether the Following Application Meets the 
Above Criteria


Apply Equation 4.1 to verify if the CTs meet the required criteria.


Equation 4.6


The calculation shows that the 400:5 (class C400) CT meets the criteria in 
Equation 4.1.


Other System 
Parameters


The relay settings NFREQ and PHROT allow you to configure the SEL-551 to 
your specific system.


➤ Set NFREQ equal to your nominal power system frequency, 
either 50 Hz or 60 Hz.


➤ Set PHROT equal to your power system phase rotation, either 
ABC or ACB.


Set DATE_F to format the date displayed in relay reports and the front-panel 
display.


➤ Set DATE_F to MDY to display dates in Month/Day/Year 
format.


➤ Set DATE_F to YMD to display dates in Year/Month/Day 
format.


CTRATING


1 X
R
----+⎝ ⎠


⎛ ⎞


262.5
------------------- 100


ANSI
--------------- IMAX ZB• • • =


1 20+( )
262.5


-------------------- 100
400
--------- 40000 0.50• • • =


400 A=


Description Value


CTs used 400:5 A, class C400


Instantaneous element pickup setting 80 A secondary


Maximum current for a line-to-line fault 40000 Α primary


X/R ratio 20


Total CT secondary burden 0.50 ohm


X
R
---- 1+⎝ ⎠


⎛ ⎞ If Zb• • 20 1+( ) 40000
400


--------------- 0.50Ω
4


---------------• • =


262.5=
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Settings Sheets


The settings sheets that follow include the definition and input range for each 
setting in the relay. Refer to Overcurrent Elements on page 1.9 for information 
on 5 A nominal and 1 A nominal ordering options and how they influence 
overcurrent element setting ranges.
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Date _______________ SET.1 of 14Settings Sheets for the SEL-551 Relay
Relay Settings (SET Command)


Settings Sheets for the
SEL-551 Relay


Relay Settings (SET Command)
Identifier Labels (See Settings Explanations on page 4.20)


Relay Identifier (12 characters)


RID = 


Terminal Identifier (12 characters)


TID = 


Current Transformer Ratios (see Settings Explanations on page 4.20)
Phase (IA, IB, IC) Current Transformer Ratio (1–6000) CTR =


Neutral (IN) Current Transformer Ratio (1–6000) CTRN =


Minimum Trip Duration Timer (See Figure 3.13)
Min. Trip Duration Time 


(0–8000 cycles in 0.125-cycle increments)
TDURD =


Phase Instantaneous Overcurrent Elements 50P1–50P6 (see Figure 3.4)


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P1P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P2P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P3P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P4P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P5P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P6P = 







SET.2 of 14 Settings Sheets for the SEL-551 Relay
Relay Settings (SET Command)


SEL-551 Relay Instruction Manual Date Code 20080104


Date________________


Single-Phase Instantaneous Overcurrent Elements 50A, 50B, 50C 
(see Figure 3.5)


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50ABCP = 


Phase Time-Overcurrent Element 51P1T (see Figure 3.9)
Pickup


(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51P1P = 


Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51P1C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51P1TD =


Electromechanical Reset (Y, N) 51P1RS =


Phase Time-Overcurrent Element 51P2T (see Figure 3.9)
Pickup


(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51P2P = 


Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51P2C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51P2TD =


Electromechanical Reset (Y, N) 51P2RS =


Neutral Ground Instantaneous Overcurrent Elements 50N1, 50N2
(see Figure 3.6)


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50N1P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50N2P = 


Neutral Ground Time-Overcurrent Elements 51N1T (see Figure 3.10)
Pickup


(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51N1P = 
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Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51N1C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51N1TD =


Electromechanical Reset (Y, N) 51N1RS =


Residual Ground Instantaneous Overcurrent Elements 50G1, 50G2
(see Figure 3.7)


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50G1P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50G2P = 


Residual Ground Time-Overcurrent Elements 51G1T (see Figure 3.11)
Pickup


(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51G1P = 


Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51G1C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51G1TD =


Electromechanical Reset (Y, N) 51G1RS =


Negative-Sequence Instantaneous Overcurrent Elements 50Q1, 50Q2
(see Figure 3.8)


IMPORTANT: See Appendix F: Setting Negative-Sequence Overcurrent Elements for information on 
setting negative-sequence overcurrent elements.


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50Q1P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50Q2P = 
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Negative-Sequence Time Overcurrent Element 51Q1T (see Figure 3.12)
IMPORTANT: See Appendix F: Setting Negative-Sequence Overcurrent Elements for information on 
setting negative-sequence overcurrent elements.


Pickup
(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51Q1P = 


Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51Q1C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51Q1TD =


Electromechanical Reset (Y, N) 51Q1RS =


Negative-Sequence Time Overcurrent Element 51Q2T (see Figure 3.12)
IMPORTANT: See Appendix F: Setting Negative-Sequence Overcurrent Elements for information on 
setting negative-sequence overcurrent elements.


Pickup
(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51Q2P = 


Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51Q2C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51Q2TD =


Electromechanical Reset (Y, N) 51Q2RS =


Reclosing Relay Open Interval Timer (see Reclosing Relay on page 3.25)


Open Interval 1 Time 
(0–54000 cycles in 0.125 cycle increments)


79OI1 =


Open Interval 2 Time 
(0–54000 cycles in 0.125 cycle increments)


79O12 =


Open Interval 3 Time
(0–54000 cycles in 0.125 cycle increments)


79O13 =


Open Interval 4 Time
(0–54000 cycles in 0.125 cycle increments)


79O14 =


Reclosing Relay Reset Timer (see Reclosing Relay on page 3.25)
Reset Time from Reclose Cycle 


(0–54000 cycles in 0.125 cycle increments)
79RSD =


Reset Time from Lockout
(0–54000 cycles in 0.125 cycle increments)


79RSLD =
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Close Failure Timer (see Figure 3.14)
Close Failure Time (0–54000 cycles in 0.125 cycle increments) CFD =


Demand Ammetering Settings (see Figure 3.24 and Figure 3.26)


Time Constant (5, 10, 15, 30, 60 minutes) DMTC =


Pickup Range
Phase Pickup


(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) PDEMP =


Neutral Ground Pickup—channel IN
(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) NDEMP =


Residual Ground Pickup
(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) GDEMP =


Negative-Sequence Pickup
(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) QDEMP =


SELOGIC® Variable Timers (see Figure 3.21)
SV5 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV5PU =


SV5 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV5DO =


SV6 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV6PU =


SV6 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV6DO =


SV7 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV7PU =


SV7 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV7DO =


SV8 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV8PU =


SV8 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV8DO =


SV9 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV9PU =


SV9 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV9DO =


SV10 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV10PU =


SV10 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV10DO =


SV11 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV11PU =


SV11 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV11DO =


SV12 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV12PU =


SV12 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV12DO =
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SV13 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV13PU =


SV13 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV13DO =


SV14 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV14PU =


SV14 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV14DO =


Other System Parameters (see Settings Explanations on page 4.20)
Nominal Frequency (50, 60 Hz) NFREQ =


Phase Rotation (ABC, ACB) PHROT =


Date Format (MDY, YMD) DATE_F =
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SELOGIC Control Equation Settings (SET L Command)
SELOGIC® control equations consist of Relay Word Bits (see Table 4.5 and Table 4.6) and SELOGIC operators * 
(AND), + (OR), ! (NOT), and ( ) (parentheses). See Section 3: Relay Elements and Logic for SELOGIC control 
equations details and examples. SELOGIC control equation settings can also be set directly to 1 (logical 1) or 0 
(logical 0).


Trip Logic (see Figure 3.13)
Trip Conditions TR =


Unlatch Trip Conditions ULTR =


Torque Control for Time-Overcurrent Elements (see Figure 3.9–Figure 3.12)
NOTE: Torque control equation settings cannot be set directly to logical 0.


Phase Element 51P1T 51P1TC =


Phase Element 51P2T 51P2TC =


Neutral Ground Element 51N1T 51N1TC =


Residual Ground Element 51G1T 51G1TC =


Negative-Sequence Element 51Q1T 51Q1TC =


Negative-Sequence Element 51Q2T 51Q2TC =


Close Logic (see Figure 3.14)
Circuit Breaker Status 52A =


Close Conditions 
(other than automatic reclosing or CLOSE command)


CL =


ULCL Unlatch Close Conditions ULCL =


Reclosing Relay (see Reclosing Relay on page 3.25)
Reclose Initiate 79RI =


Reclose Initiate Supervision 79RIS =


Drive to Lockout 79DTL =


Drive to Last Shot 79DLS =


Skip Shot 79SKP =


Stall Open Interval Timing 79STL =


Block Reset Timing 79BRS =


Sequence Coordination 79SEQ =
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Event Report Trigger Conditions (see Standard 15-Cycle Event Reports on 
page 7.2)


Event Report Trigger Condition 1 ER1 =


Event Report Trigger Condition 2 ER2 =


SELOGIC Variables (see Figure 3.21)
SELOGIC Variable SV1 SV1 =


SELOGIC Variable SV2 SV2 =


SELOGIC Variable SV3 SV3 =


SELOGIC Variable SV4 SV4 =


SELOGIC Variable Timer Inputs (see Figure 3.21)
SELOGIC Variable SV5 SV5 =


SELOGIC Variable SV6 SV6 =


SELOGIC Variable SV7 SV7 =


SELOGIC Variable SV8 SV8 =


SELOGIC Variable SV9 SV9 =


SELOGIC Variable SV10 SV10 =


SELOGIC Variable SV11 SV11 =


SELOGIC Variable SV12 SV12 =


SELOGIC Variable SV13 SV13 =


SELOGIC Variable SV14 SV14 =


Output Contacts (see Figure 3.23)
Output Contact OUT1 OUT1 =


Output Contact OUT2 OUT2 =


Output Contact OUT3 OUT3 =


Output Contact OUT4 OUT4 =


Display Points (see Rotating Default Display on page 6.12)
Display Point DP1 DP1 =


Display Point DP2 DP2 =


Display Point DP3 DP3 =


Display Point DP4 DP4 =
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Display Point DP5 DP5 =


Display Point DP6 DP6 =


Display Point DP7 DP7 =


Display Point DP8 DP8 =
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Text Settings (SET T Command)
NOTE: Enter the following characters: 0–9, A–Z, -, /, ., space for each text label setting, subject to the 
specified character limit. Enter NA to null a label.


Local Bit Labels (See Table 3.3 and Table 3.4)
Local Bit LB1 Name (14 characters) NLB1 =


Clear Local Bit LB1 Label (7 characters) CLB1 =


Set Local Bit LB1 Label (7 characters) SLB1 =


Pulse Local Bit LB1 Label (7 characters) PLB1 =


Local Bit LB2 Name (14 characters) NLB2 =


Clear Local Bit LB2 Label (7 characters) CLB2 =


Set Local Bit LB2 Label (7 characters) SLB2 =


Pulse Local Bit LB2 Label (7 characters) PLB2 =


Local Bit LB3 Name (14 characters) NLB3 =


Clear Local Bit LB3 Label (7 characters) CLB3 =


Set Local Bit LB3 Label (7 characters) SLB3 =


Pulse Local Bit LB3 Label (7 characters) PLB3 =


Local Bit LB4 Name (14 characters) NLB4 =


Clear Local Bit LB4 Label (7 characters) CLB4 =


Set Local Bit LB4 Label (7 characters) SLB4 =


Pulse Local Bit LB4 Label (7 characters) PLB4 =


Local Bit LB5 Name (14 characters) NLB5 =


Clear Local Bit LB5 Label (7 characters) CLB5 =


Set Local Bit LB5 Label (7 characters) SLB5 =


Pulse Local Bit LB5 Label (7 characters) PLB5 =


Local Bit LB6 Name (14 characters) NLB6 =


Clear Local Bit LB6 Label (7 characters) CLB6 =


Set Local Bit LB6 Label (7 characters) SLB6 =


Pulse Local Bit LB6 Label (7 characters) PLB6 =


Local Bit LB7 Name (14 characters) NLB7 =


Clear Local Bit LB7 Label (7 characters) CLB7 =


Set Local Bit LB7 Label (7 characters) SLB7 =


Pulse Local Bit LB7 Label (7 characters) PLB7 =
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Local Bit LB8 Name (14 characters) NLB8 =


Clear Local Bit LB8 Label (7 characters) CLB8 =


Set Local Bit LB8 Label (7 characters) SLB8 =


Pulse Local Bit LB8 Label (7 characters) PLB8 =


Display Point Labels
Display if DP1 = logical 1 (16 characters) DP1_1 =


Display if DP1 = logical 0 (16 characters) DP1_0 =


Display if DP2 = logical 1 (16 characters) DP2_1 =


Display if DP2 = logical 0 (16 characters) DP2_0 =


Display if DP3 = logical 1 (16 characters) DP3_1 =


Display if DP3 = logical 0 (16 characters) DP3_0 =


Display if DP4 = logical 1 (16 characters) DP4_1 =


Display if DP4 = logical 0 (16 characters) DP4_0 =


Display if DP5 = logical 1 (16 characters) DP5_1 =


Display if DP5 = logical 0 (16 characters) DP5_0 =


Display if DP6 = logical 1 (16 characters) DP6_1 =


Display if DP6 = logical 0 (16 characters) DP6_0 =


Display if DP7 = logical 1 (16 characters) DP7_1 =


Display if DP7 = logical 0 (16 characters) DP7_0 =


Display if DP8 = logical 1 (16 characters) DP8_1 =


Display if DP8 = logical 0 (16 characters) DP8_0 =


Reclosing Relay Labels (see Functions Unique to the Front-Panel Interface on 
page 6.6)


Reclosing Relay Last Shot Label (14 char.) 79LL =


Reclosing Relay Shot Counter Label (14 char.) 79SL =
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Port Settings (SET P Command and Front Panel)


Rear Port (SET P) Rear Panel
Port Protocol (SEL, LMD, MOD) PROTOCOL=


Communications Settings


LMD Prefix (@, #, $, %, &)
[PROTOCOL = LMD only] PREFIX =


LMD Address (1–99)
[PROTOCOL = LMD only] ADDRESS =


LMD Settling Time (0–30 seconds)
[PROTOCOL = LMD only]


SETTLE_TIME=


Baud Rate (300, 1200, 2400, 4800, 9600, 19200, 38400)
(38400 not available when PROTOCOL = MOD) SPEED =


Number Data Bits (7, 8)
[PROTOCOL = SEL or LMD only] DATA_BITS=


Parity (Odd [O], Even [E], or None [N]) PARITY =


Stop Bits (1, 2) STOP =


Modbus Slave ID (1–247)
[PROTOCOL = MOD only] SLAVE =


Other Rear Port Settings


Timeout (0–30 minutes)
[PROTOCOL = SEL or LMD only] TIMEOUT =


Send Auto Messages to Port (Y, N)
[PROTOCOL = SEL or LMD only] AUTO =


Enable Hardware Handshaking (Y, N) 
[PROTOCOL = SEL only] RTS_CTS =


Fast Operate Enable (Y, N)
[PROTOCOL = SEL or LMD only] FAST_OP =
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Protocol Settings 


Set PROTOCOL = SEL for standard SEL ASCII protocol. 


Set PROTOCOL = LMD for SEL Distributed Port Switch protocol. 


Set PROTOCOL = MOD for Modbus® RTU protocol.


Refer to Appendix C: SEL Distributed Port Switch Protocol for details on the LMD protocol.


Refer to Appendix G: Modbus RTU Communications Protocol for details on Modbus.


Other Port Settings


Set TIMEOUT to the number of seconds of serial port inactivity for an automatic log out. Set TIMEOUT = 0 for 
no port time-out.


Set AUTO = Y to allow automatic messages at the serial port.


Set RTS_CTS = Y to enable hardware handshaking. With RTS_CTS = Y, the relay will not send characters until 
the CTS input is asserted. Also, if the relay is unable to receive characters, it deasserts the RTS line. Setting 
RTS_CTS is not applicable for EIA-485 serial port option.


Set FAST_OP = Y to enable binary Fast Operate messages at the serial port. Set FAST_OP = N to block binary 
Fast Operate messages. Refer to Appendix D: Configuration, Fast Meter, and Fast Operate Commands for the 
description of the SEL-551 Fast Operate commands.
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Sequential Events Recorder Settings (SET R Command)
NOTE: Sequential Events Recorder settings consist of three trigger lists. Each trigger list can include 
up to 24 Relay Word bits delimited by spaces or commas. See Sequential Events Recorder (SER) 
Event Report on page 7.9.


NOTE: Relay Word bits for the SEL-551 in Row 13 of Table 4.5 cannot be used in the following SER 
settings.


SER Trigger List 1 SER1 =


SER Trigger List 2 SER2 =


SER Trigger List 3 SER3 =
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Overview


The SEL-551 Relay is equipped with a serial communications port on the rear 
panel of the relay. Connect the serial port to a computer serial port for local 
communications or to a modem for remote communications. Other devices 
useful for communications include the SEL-2032, the SEL-2030, or the 
SEL-2020 Communications Processor.


You can use a variety of terminal emulation programs on your personal 
computer to communicate with the relay.


The SEL-551 can be ordered with either an EIA-232 or EIA-485 (4-wire) 
rear-panel serial port. The default settings for the serial port are:


➤ Baud Rate = 2400


➤ Data Bits = 8


➤ Parity = N 


➤ Stop Bits = 1


To change the port settings, use the serial port SET P command (see 
Section 4: Setting the Relay) or the front-panel {SET} pushbutton.
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Port Connector and Communications Cables


Figure 5.1 Nine-Pin Serial Communications Port Connector


Pinouts for EIA-232 and EIA-485 rear-panel serial communications port 
options are as follows:


The following cable diagrams show several types of EIA-232 serial 
communications cables. These and other cables are available from SEL. 
Contact the factory for more information.


Pin EIA-232 Option EIA-485 (4-wire) Option


1 N/C or +5 Vdca


a Main board jumper JMP14 in the SEL-551 relay (see Section 2: Installation).


+TX 


2 RXD –TX


3 TXD N/C


4 +IRIG-B +IRIG-B


5 GND SHIELD


6 –IRIG-B –IRIG-B


7 RTS +RX


8 CTS –RX


9 GND SHIELD


5  4  3  2  1


9  8  7  6


(female chassis connector, 
as viewed from outside panel)
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SEL-551 to Computer


SEL-551 to Modem


SEL-551 Relay


9-Pin Male
"D" Subconnector


9-Pin Female
"D" Subconnector


2
3
5
8


3
2
5
8
7
1
4
6


RXD
TXD
GND
CTS


TXD
RXD
GND
CTS
RTS
DCD
DTR
DSR


Pin
Func.


Pin
Func.Pin # Pin #


 Cable SEL-C234A


*DTE Device


9-Pin Male
"D" Subconnector


25-Pin Female
"D" Subconnector


5
3
2
9
8


7
3
2
1
4
5
6
8
20


GND
TXD
RXD 
GND
CTS


GND
RXD
TXD 
GND
RTS
CTS
DSR
DCD
DTR


Pin
Func.


Pin
Func.Pin # Pin #


 Cable SEL-C227A


*DTE Device


*DTE = Data Terminal Equipment (Computer, Terminal, etc.)


SEL-551 Relay


SEL-551 Relay


9-Pin Male
"D" Subconnector


25-Pin Female
"D" Subconnector


5
3
7
2
8
9


7
2
20
3
8
1


GND
TXD
RTS
RXD
CTS
GND


GND
TXD (IN)
DTR (IN)
RXD (OUT)
CD (OUT)
GND


Pin
Func.


Pin
Func.Pin # Pin #


 Cable SEL-C222


**DCE Device


**DCE = Data Communications Equipment (Modem, etc.)
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SEL-551 to SEL PRTU


SEL-551 to SEL-2032/
SEL-2030/SEL-2020


For long-distance communications up to 500 meters and for electrical 
isolation of communications ports, use the SEL-2800 or SEL-2810 Fiber-
Optic Transceivers. Contact SEL for more details on these devices.


SEL-PRTU


9-Pin Male
Round Conxall


9-Pin Male
"D" Subconnector


1
2
4
5
7
9


5
2
3
7
8
9


GND
TXD
RXD
CTS
+12


GND


GND
RXD
TXD
RTS
CTS
GND


Pin
Func.


Pin
Func.Pin # Pin #


 Cable SEL-C231


SEL-551 Relay


Table 5.1 Serial Communications Port Pin Function Definitions


Pin Function Definition


N/C No Connection


+5 V dc 5 Volt DC Power Connection


RXD, RX Receive Data


TXD, TX Transmit Data


IRIG-B IRIG-B Time-Code Input


GND Ground


SHIELD Shielded Ground


RTS Request To Send


CTS Clear To Send


DCD Data Carrier Detect


DTR Data Terminal Ready


DSR Data Set Ready


9-Pin Male
"D" Subconnector


9-Pin Male
"D" Subconnector


2
3
4
5
6
7
8


3
2
4
5
6
8
7


RXD
TXD


IRIG+
GND


IRIG–
RTS
CTS


TXD
RXD
IRIG+
GND
IRIG–
CTS
RTS


Pin
Func.


Pin
Func.Pin # Pin #


SEL Communications 
Processors


 Cable SEL-C273A


SEL-551 Relay
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Communications Protocol


Serial communications with the relay includes hardware and software 
protocols.


Hardware Protocol SEL-551 relays equipped with an EIA-232 port support RTS/CTS hardware 
handshaking. RTS/CTS handshaking is not supported on relays equipped with 
just the EIA-485 port.


To enable hardware handshaking, use the SET P command (or front-panel 
{SET} pushbutton) to set RTS_CTS = Y. Disable hardware handshaking by 
setting RTS_CTS = N.


➤ If RTS_CTS = N, the relay permanently asserts the RTS line.


➤ If RTS_CTS = Y, the relay deasserts RTS when it is unable to 
receive characters.


➤ If RTS_CTS = Y, the relay does not send characters until the 
CTS input is asserted.


Software Protocols Software protocols consist of:


➤ Standard SEL ASCII


➤ SEL Distributed Port Switch Protocol (LMD)


➤ SEL Fast Meter


➤ SEL Compressed ASCII


➤ Modbus® RTU


Based upon the port PROTOCOL setting, the relay activates either SEL 
ASCII, SEL LMD, or Modbus RTU protocol for the given port. SEL Fast 
Meter and SEL Compressed ASCII commands are always active for the given 
port if the corresponding protocol is SEL ASCII or LMD. SEL Fast Meter and 
SEL Compressed ASCII are not available on the port if the protocol is 
Modbus RTU.


SEL ASCII Protocol


SEL ASCII protocol is designed for manual and automatic communications.


1. All commands received by the relay must be of the form:


<command><CR>    or    <command><CRLF>


A command transmitted to the relay should consist of the 
command followed by either a CR (carriage return) or a CRLF 
(carriage return and line feed). You may truncate commands to 
the first three characters. For example, EVENT 1 <Enter> 
would become EVE 1 <Enter>. Upper- and lower-case 
characters may be used without distinction, except in 
passwords.


NOTE: The <Enter> key on most 
keyboards is configured to send the 
ASCII character 13 (^M) for a carriage 
return. This manual instructs you to 
press the Enter key after commands, 
which should send the proper ASCII 
code to the relay.
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2. The relay transmits all messages in the following format:


<STX><MESSAGE LINE 1><CRLF>


<MESSAGE LINE 2><CRLF>


•


•


•


<LAST MESSAGE LINE><CRLF>< ETX>


Each message begins with the start-of-transmission character 
(ASCII 02) and ends with the end-of-transmission character 
(ASCII 03). Each line of the message ends with a carriage 
return and line feed.


3. The relay implements XON/XOFF flow control.


The relay transmits XON (ASCII hex 11) and asserts the RTS 
output (if hardware handshaking is enabled) when the relay 
input buffer drops below 25 percent full.


The relay transmits XOFF (ASCII hex 13) when the buffer is 
over 75 percent full. If hardware handshaking is enabled, the 
relay deasserts the RTS output when the buffer is 
approximately 95 percent full. Automatic transmission sources 
should monitor for the XOFF character so they do not 
overwrite the buffer. Transmission should terminate at the end 
of the message in progress when XOFF is received and may 
resume when the relay sends XON.


4. You can use the XON/XOFF protocol to control the relay 
during data transmission. When the relay receives XOFF 
during transmission, it pauses until it receives an XON 
character. If there is no message in progress when the relay 
receives XOFF, it blocks transmission of any message 
presented to its buffer. Messages will be accepted after the 
relay receives XON.


The CAN character (ASCII hex 18) aborts a pending 
transmission. This is useful in terminating an unwanted 
transmission.


Control characters can be sent from most keyboards with the following 
keystrokes:


XON: <Ctrl+Q> (hold down the Control key and press Q)


XOFF: <Ctrl+S> (hold down the Control key and press S)


CAN: <Ctrl+X> (hold down the Control key and press X)


SEL Distributed Port Switch Protocol (LMD)


The SEL LMD Protocol permits multiple SEL relays to share a common 
communications channel. The protocol is selected by setting the port setting 
PROTOCOL = LMD. See Appendix C: SEL Distributed Port Switch Protocol 
for more information on SEL LMD protocol.
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SEL Fast Meter Protocol


SEL Fast Meter protocol supports binary messages to transfer metering and 
control messages. The protocol is described in Appendix D: Configuration, 
Fast Meter, and Fast Operate Commands.


SEL Compressed ASCII Protocol


SEL Compressed ASCII protocol provides compressed versions of some of 
the relay ASCII commands. The protocol is described in Appendix E: 
Compressed ASCII Commands.


Modbus RTU Protocol


Modbus RTU protocol provides binary multidrop communication with the 
SEL-551. The protocol is described in Appendix G: Modbus RTU 
Communications Protocol.


Serial Port Settings


Serial port settings for each protocol are listed in Table 5.2.


Table 5.2 Communications Settings (Sheet 1 of 2)


Field Description Screen Name Range Default


PROTOCOL = SEL


Port Protocol PROTOCOL SEL, LMD, MOD SEL


Baud Rate SPEED 300, 1200, 2400, 4800, 9600, 19200, 38400 2400


Number Data Bits DATA_BITS 7, 8 8


Parity PARITY O, E, N (O = Odd, E = Even, N = None) N


Stop Bits STOP 1, 2 1


Timeout TIMEOUT 0–30 minutes 15


Automatic Message Output AUTO Y or N N


Enable Hardware Handshaking RTS/CTS Y or N N


Fast Operate Enable FAST_OP Y or N N


PROTOCOL = LMD


Port Protocol PROTOCOL SEL, LMD, MOD LMD


LMD Prefix PREFIX @, #, $, %, & @


LMD Address ADDRESS 1–99 1


LMD Settling Time SETTLE_TIME 0–30 seconds 0


Baud Rate SPEED 300, 1200, 2400, 4800, 9600, 19200, 38400 2400


Number Data Bits DATA_BITS 7, 8 8


Parity PARITY O, E, N (O = Odd, E = Even, N = None) N


Stop Bits STOP 1, 2 1


Timeout TIMEOUT 0–30 minutes 15


Automatic Message Output AUTO Y or N N


Fast Operate Enable FAST_OP Y or N N
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PROTOCOL = MOD 


Port Protocol PROTOCOL SEL, LMD, MOD MOD


Baud Rate SPEED 300, 1200, 2400, 4800, 9600, 19200 2400


Parity PARITY O, E, N (O = Odd, E = Even, N = None) N


Stop Bits STOP 1, 2 1


Modbus Slave ID SLAVEID 1–247 1


Table 5.2 Communications Settings (Sheet 2 of 2)


Field Description Screen Name Range Default
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Serial Port Automatic Messages


When the serial port AUTO setting is Y, the relay sends automatic messages to 
indicate specific conditions. The automatic messages are described in 
Table 5.3.


Table 5.3 Serial Port Automatic Messages


Condition Description


Power-Up The relay sends a message containing the present date and time, 
Relay and Terminal Identifiers, and the Access Level 0 prompt 
when the relay is turned on.


Event Trigger The relay sends an event summary each time an event report
is triggered. See Section 7: Standard Event Reports and SER.


Self-Test Warning 
or Failure


The relay sends a status report each time a self-test warning or fail-
ure condition is detected. See STA Command (Status) on page 5.21.
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Serial Port Access Levels


Commands can be issued to the relay via the serial port to view metering 
values, change relay settings, etc. The available serial port commands are 
listed in Table 5.4. The commands can be accessed only from the 
corresponding access level as shown in Table 5.4. The access levels are:


➤ Access Level 0 (the lowest access level)


➤ Access Level 1


➤ Access Level 2 (the highest access level)


Access Level 0 Once serial port communications are established with the relay, the following 
prompt appears:


=


This is referred to as Access Level 0. The only commands that can be executed 
at Access Level 0 are the ACC and QUI commands (see Table 5.4). Enter the 
ACC command at the access level prompt:


=ACC <Enter>


The ACC command allows the relay to go to Access Level 1 [see ACC and 
2AC Commands (Access) on page 5.14 for more detail].


Access Level 1 When the relay is in Access Level 1, the following prompt appears:


=>


Commands 2AC through TRI in Table 5.4 can be executed from Access 
Level 1. For example, enter the MET command at the Access Level 1 
computer screen prompt to view metering data:


=>MET <Enter>


The 2AC command allows the relay to go to Access Level 2 [see ACC and 
2AC Commands (Access) for more detail]. Enter the 2AC command at the 
Access Level 1 prompt:


=>2AC <Enter>


Access Level 2 When the relay is in Access Level 2, the following prompt appears:


=>>


Commands CLO through SET in Table 5.4 can be executed from Access 
Level 2. For example, enter the SET command at the Access Level 2 prompt 
to make relay settings:
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=>>SET <Enter>


While in Access Level 2, any of the commands available in the lower access 
level can also be executed (commands ACC–TRI in Table 5.4).
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Command Summary


Table 5.4 alphabetically lists the serial port commands within a given access 
level. The SEL-551 Relay Command Summary at the end of this section (and 
at the end of this manual) has similar information, expanded in detail. Much of 
the information available from the serial port commands is also available via 
the front-panel pushbuttons. The correspondence between the serial port 
commands and the front-panel pushbuttons is also given in Table 5.4. See 
Section 6: Front-Panel Interface for more information on the front-panel 
pushbuttons.


The primary differences between the serial port commands available at Access 
Level 1 and those available at Access Level 2 are:


➤ The Access Level 1 commands primarily allow the user to look 
at information only (e.g., settings, metering, etc.), not change it.


➤ The Access Level 2 commands primarily allow the user to 
change settings or operate relay parameters and output 
contacts.


The commands are shown in upper-case letters, but can also be entered with 
lower-case letters.


Table 5.4 Serial Port Command Summary


Access Level Prompt
Serial Port 
Command


Command Description
Corresponding 


Front-Panel 
Pushbutton


0 = ACC Access Level 1


1 => 2AC Access Level 2


1 => DAT View/change date {OTHER}


1 => EVE 15-cycle event report


1 => HIS Event summaries {EVENTS}


1 => IRI Synchronize to IRIG-B


1 => MET Metering {METER}


1 => QUI Quit access level


1 => SER Sequential Events Recorder


1 => SHO View settings {SET}


1 => STA Relay self-test status {STATUS}


1 => TAR Relay element status {OTHER}


1 => TIM View/change time {OTHER}


1 => TRI Trigger an event report


2 =>> CLO Close breaker


2 =>> CON Control remote bits


2 =>> OPE Open breaker


2 =>> PAS Set passwords {SET}


2 =>> PUL Pulse output contacts {CNTRL}


2 =>> SET Change relay settings {SET}


2 =>> VER Show relay configuration and firmware version
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The relay responds with Invalid Access Level if a command is entered from 
an access level lower than the specified access level for the command. The 
relay responds:


Invalid Command


to commands not listed above or entered incorrectly.


The following line of information is listed at the start of the relay response to 
many of the 


commands:


FEEDER 1                          Date: 03/05/96    Time: 17:03:26.484
STATION A


The serial port command explanations that follow in Command Explanations 
on page 5.14 are in the same order as the commands listed in Table 5.4.


Relay Response Definition


FEEDER 1: This is the RID setting (the relay is shipped with the default setting 
RID = FEEDER 1; see Identifier Labels on page 4.20).


STATION A: This is the TID setting (the relay is shipped with the default setting 
TID = STATION A; see Identifier Labels).


Date: This is the date the command response was given [except for relay 
response to the EVE command (Event), where it is the date the 
event occurred]. 


You can modify the date display format (Month/Day/Year or Year/
Month/Day) by changing the DATE_F relay setting.


Time: This is the time the command response was given (except for relay 
response to the EVE command, where it is the time the event 
occurred).
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Command Explanations


Access Level 0 
Commands


ACC and 2AC Commands (Access)


The access commands allow entry to the next higher access levels. Different 
commands are available at the different access levels (see Table 5.4).


Password Requirements


Passwords are required if the main board password jumper JMP22 is not in 
place (JMP22 = OFF). Passwords are not required if the main board password 
jumper JMP22 is in place (JMP22 = ON). See Password and Breaker Jumpers 
on page 2.19. See PAS Command (Password) for more information on 
passwords.


Access Level Attempt (Password Required). Assume the following 
conditions exist:


➤ main board password


➤ jumper JMP22 = off (passwords required to enter higher access 
levels)


➤ Access level = 0 (prompt =)


At the prompt, enter the ACC command:


=ACC <Enter>


Because the main board jumper is not in place, the relay asks for the Access 
Level 1 password to be entered:


Password: ? @@@@@@


The relay is shipped with the default Access Level 1 password shown in the 
table under the PAS Command (Password). At the prompt above, enter the 
default password and press the <Enter> key.


Table 5.5 ACC and 2AC Commands


Access Level Prompt
Corresponding 


Serial Port 
Command


Password Levela Brief Command Description


0 = ACC 1 Access—allows entry to Access Level 1


1 => 2AC 2 2Access—allows entry to Access Level 2


a If the main board password jumper JMP22 is not in place (JMP22 = OFF), then passwords have to be entered when access level attempts 
are made.


If the main board password jumper is in place (JMP22 = ON), then passwords do not have to be entered when access level attempts are made.
See PAS Command (Password) on page 5.26 for more information.
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The relay replies:


FEEDER 1                          Date: 03/05/96    Time: 08:31:10.361
STATION A


Level 1
=>


The => prompt indicates that the relay is now in Access Level 1.


If the entered password is incorrect, the relay asks for the password again 
(Password: ?). The relay will ask up to three times. If the requested password 
is incorrectly entered three times, the relay closes the ALARM contact for one 
second and displays the following message:


Invalid Password


Access Denied


WARNING: ACCESS BY UNAUTHORIZED PERSONS STRICTLY PROHIBITED


Access Level Attempt (Password Not Required). Assume the 
following conditions exist:


➤ main board password


➤ jumper JMP22 = on (passwords not required to enter higher 
access levels)


➤ Access level = 0 (prompt =)


At the computer screen prompt, enter the ACC command:


=ACC <Enter>


Because the main board jumper is in place, the relay does not ask for a 
password; it goes directly to Access Level 1. The relay responds:


FEEDER 1                          Date: 03/05/96    Time: 08:31:10.361
STATION A


Level 1
=>


The => prompt indicates that the relay is now in Access Level 1.


The above two examples demonstrate how to go from Access Level 0 to 
Access Level 1. The procedure to go from Access Level 1 to Access Level 2 is 
much the same, with command 2AC entered at computer screen prompt =>. 
The relay closes the ALARM contact for one second after a successful level 2 
access. If access is denied, the ALARM contact also pulses.


Depending on the status of the main board password jumper, an Access Level 
2 password may have to be entered, too (Password: ?). The relay is shipped 
with the default Access Level 2 password shown in the table under the PAS 
Command (Password) on page 5.26. Computer screen prompt =>> indicates 
that the relay has gained Access Level 2.
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Access Level 1 
Commands


DAT Command (Date)


DAT displays the date stored by the internal calendar/clock. If the date format 
setting DATE_F is set to MDY, the date is displayed as month/day/year. If the 
date format setting DATE_F is set to YMD, the date is displayed as year/
month/day.


To set the date, type DATE mm/dd/yy <Enter> if the DATE_F setting is 
MDY. If the DATE_F is set to YMD, enter DATE yy/mm/dd <Enter>. To set 
the date to June 1, 1996, enter:


=>DATE 6/1/96 <Enter>
6/1/96
=>


You can separate the month, day, and year parameters with spaces, commas, 
slashes, colons, and semicolons.


EVE Command (Event)


Use the EVE command to view 15-cycle event reports. See Section 7: 
Standard Event Reports and SER for further details on retrieving event 
reports.


HIS Command (History)


HIS [X] displays the summary of the latest 20 events or allows you to clear the 
history buffer, which contains the latest 20 events in nonvolatile memory.


If no parameters are specified in the HIS command, the relay displays the 20 
most recent events in reverse chronological order.


If X is a number (1–20), the relay displays the X most recent events.


If X is C or c, the relay clears the history buffer and all corresponding event 
reports in nonvolatile memory.


The history report includes: the date and time the event was triggered, the type 
of event, the recloser shot counter, the maximum phase current in the event, 
and the front-panel fault type targets if the event was a TRIP type of event. For 
more information on events and event reports, see Section 7: Standard Event 
Reports and SER.


To display the relay event history, enter the following command:


=>HIS <Enter>
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The relay responds with the event history:


FEEDER 1                          Date: 03/05/96    Time: 10:04:27.151
STATION A


#     DATE         TIME       EVENT   SHOT      CURR    TARGETS


1   03/05/96   10:03:49.109   TRIG    2             6
2   02/29/96   16:42:50.746   ER1     2          2487
3   02/29/96   16:16:08.837   ER2     1             5
4   02/29/96   16:16:07.174   TRIP    0          2279   INST A N


=>


IRI Command (IRIG)


IRI directs the relay to read the demodulated IRIG-B time code at the serial 
port input.


To force the relay to synchronize to IRIG-B, enter the following command:


=>IRI <Enter>


If the relay successfully synchronizes to IRIG, it sends the following header:


FEEDER 1                          Date: 03/05/96    Time: 10:15:09.609
STATION A


=>


If no IRIG-B code is present at the serial port input or if the code cannot be 
read successfully, the relay responds:


IRIG-B DATA ERROR


=>


If an IRIG-B signal is present, the relay continuously synchronizes its internal 
clock with IRIG-B. It is not necessary to issue the IRI command to 
synchronize the relay clock with IRIG-B. Use the IRI command to determine 
if the relay is properly reading the IRIG-B signal.


MET Command (Meter)


MET displays instantaneous magnitudes and phase angles of the following:


The SEL-551 reports the phase angles referenced to IA (IA phase angle = 0, 
positive phase angles leading).


IA: A-phase current in primary amps


IB: B-phase current in primary amps


IC: C-phase current in primary amps


IN: Measured neutral ground current in primary amps


IG: Calculated residual current in primary amps


3I2: Calculated negative-sequence current in primary amps
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To view instantaneous metering values, enter the command:


=>MET n <Enter>


where n is an optional parameter to specify the number of times to repeat the 
meter display. The value for n may range from 1 to 32767. If n is not specified, 
the relay displays the meter report once:


FEEDER 1                          Date: 03/05/96    Time: 10:29:42.609
STATION A
            IA          IB          IC          IN          IG          3I2
A, pri       477         455         492           0          31          35
Degrees     0.00      239.95      120.28      110.18       88.24      275.83


=>


MET D Command (Demand Ammeter)


The MET D command displays the demand and peak demand values of the 
following quantities:


To view demand ammetering values, enter the command:


=>MET D <Enter>


=>MET D <Enter>


FEEDER 1                          Date: 02/01/97    Time: 15:08:05.615
STATION A
            IA        IB        IC        IN        IG        3I2
DEMAND     188.6     186.6     191.8       0.2       4.5       4.7
PEAK       188.6     186.6     191.8       0.3       4.5       4.7


LAST DEMAND RESET 01/27/97 15:31:51.238   LAST PEAK RESET 01/27/97 15:31:56.239


=>


Reset the accumulated demand values using the MET RD command. Reset 
the peak demand values using the MET RP command. For more information 
on demand ammetering, see Demand Ammetering on page 3.46.


QUI Command (Quit)


The QUI command returns the relay to Access Level 0.


To return to Access Level 0, enter the command:


=>QUI <Enter>


Currents IA,B,C,N Input currents (A primary)


IG Residual ground current (A primary; 
IG = 3I0 = IA + IB + IC)


3I2 Negative-sequence current (A primary)


Reset Time Demand, Peak Last time the demands and peak demands were reset
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The relay sets the port access level to 0. The relay displays the following 
heading prompt:


FEEDER 1                          Date: 03/05/96    Time: 08:55:33.986
STATION A


=


The = prompt indicates the relay is back in Access Level 0.


The QUI command remaps the front-panel targets to the Relay Targets 
(TAR 0) and terminates the SEL LMD connection if it is established (see 
Appendix C: SEL Distributed Port Switch Protocol).


SER Command (Sequential Events Recorder)


Use the SER command to view Sequential Events Records. For more 
information on SER reports, see Section 7: Standard Event Reports and SER.


SHO Command (Showset)


Use SHO to view relay settings.


The SHO command format is: SHO X Y


Valid SHO commands include:


Parameter Y is the name of the first setting to display. If Y is not specified, all 
settings are shown in the selected settings class.


Below are sample SHOWSET commands, showing all the factory settings for 
the SEL-551.


where:
X = the settings class to display
Y = the name of the first setting to display


Command Settings Class


SHO Relay Settings


SHO L SELOGIC® control equation settings


SHO P Rear Port Settings (SEL-551)


SHO R Sequential Event Recorder (SER) Settings


SHO T Text Label Settings
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=>SHO <Enter>


Relay Settings:
RID   =FEEDER 1     TID   =STATION A
CTR   = 120      CTRN  = 120      TDURD = 9.000
50P1P = 15.0     50P2P = 20.0     50P3P = OFF      50P4P = OFF
50P5P = OFF      50P6P = OFF      50ABCP= OFF
51P1P = 6.0      51P1C = U3       51P1TD= 3.00     51P1RS= N
51P2P = OFF      51P2C = U3       51P2TD= 15.00    51P2RS= N
50N1P = OFF      50N2P = OFF
51N1P = OFF      51N1C = U3       51N1TD= 15.00    51N1RS= N
50G1P = OFF      50G2P = OFF
51G1P = 1.5      51G1C = U3       51G1TD= 1.50     51G1RS= N
50Q1P = OFF      50Q2P = OFF
51Q1P = OFF      51Q1C = U3       51Q1TD= 15.00    51Q1RS= N
51Q2P = OFF      51Q2C = U3       51Q2TD= 15.00    51Q2RS= N
79OI1 = 30.000   79OI2 = 600.000  79OI3 = 0.000    79OI4 = 0.000
79RSD = 1800.000 79RSLD= 300.000  CFD   = 60.000
DMTC  = 5
PDEMP = 5.00     NDEMP = 1.50     GDEMP = 1.50     QDEMP = 1.50
SV5PU = 12.000   SV5DO = 2.000    SV6PU = 0.000    SV6DO = 0.000
SV7PU = 0.000    SV7DO = 0.000    SV8PU = 0.000    SV8DO = 0.000


Press RETURN to continue <Enter>
SV9PU = 0.000    SV9DO = 0.000    SV10PU= 0.000    SV10DO= 0.000
SV11PU= 0.000    SV11DO= 0.000    SV12PU= 0.000    SV12DO= 0.000
SV13PU= 0.000    SV13DO= 0.000    SV14PU= 0.000    SV14DO= 0.000
NFREQ = 60       PHROT = ABC      DATE_F= MDY


=>SHO L <Enter>


SELogic Control Equations:
TR    =51P1T + 51G1T + 50P1 * SH0 + LB3
ULTR  =!(51P1 + 51G1)
51P1TC=1
51P2TC=1
51N1TC=1
51G1TC=1
51Q1TC=1
51Q2TC=1
52A   =IN1
CL    =LB4
ULCL  =TRIP
79RI  =TRIP
79RIS =IN1
79DTL =!LB1 + LB3
79DLS =79LO
79SKP =50P2 * SH0
79STL =TRIP


Press RETURN to continue <Enter>
79BRS =(51P1 + 51G1) * (79RS + 79CY)
79SEQ =0
ER1   =51P1 + 51G1
ER2   =SV5T + CF
SV1   =0
SV2   =0
SV3   =0
SV4   =0
SV5   =TRIP
SV6   =0
SV7   =0
SV8   =0
SV9   =0
SV10  =0
SV11  =0
SV12  =0
SV13  =0
SV14  =0
OUT1  =TRIP
OUT2  =CLOSE
OUT3  =SV5T
OUT4 =0


Press RETURN to continue <Enter>
DP1   =0
DP2   =LB1
DP3   =0
DP4   =IN1
DP5   =0
DP6   =0
DP7   =0
DP8   =0







5.21


Date Code 20080104 Instruction Manual SEL-551 Relay


Serial Port Communications and Commands
Command Explanations


=>SHO P <Enter>


PROTOCOL= SEL
SPEED = 2400     DATA_BITS= 8        PARITY= N        STOP  = 1
TIMEOUT= 15       AUTO  = N        RTS_CTS= N        FAST_OP= N


=>SHO R <Enter>


Sequential Events Recorder trigger lists:
SER1  =51P1 51G1 51P1T 51G1T 50P1 50P2
SER2  =IN1 LB1 LB3 LB4 OUT1 OUT2 OUT3
SER3  =CF 79RS 79LO SV5T


=>SHO T <Enter>


Text Labels:
NLB1  =RECLOSER       CLB1  =DISABLE SLB1  =ENABLE  PLB1  =
NLB2  =               CLB2  =        SLB2  =        PLB2  =
NLB3  =MANUAL TRIP    CLB3  =RETURN  SLB3  =        PLB3  =TRIP
NLB4  =MANUAL CLOSE   CLB4  =RETURN  SLB4  =        PLB4  =CLOSE
NLB5  =               CLB5  =        SLB5  =        PLB5  =
NLB6  =               CLB6  =        SLB6  =        PLB6  =
NLB7  =               CLB7  =        SLB7  =        PLB7  =
NLB8  =               CLB8  =        SLB8  =        PLB8  =
DP1_1 =                 DP1_0 =
DP2_1 =79 ENABLED       DP2_0 =79 DISABLED
DP3_1 =                 DP3_0 =
DP4_1 =BREAKER CLOSED   DP4_0 =BREAKER OPEN
DP5_1 =                 DP5_0 =
DP6_1 =                 DP6_0 =
DP7_1 =                 DP7_0 =
DP8_1 =                 DP8_0 =
79LL  =SET RECLOSURES 79SL  =RECLOSE COUNT


STA Command (Status)


The STA command displays the status report, showing the relay self-test 
information.


To view a status report, enter the command:


=>STA N <Enter>


where:
N = a number (N = 1, 2, 3, ...) that specifies the number of 


times to repetitively display the status report. If no 
number is entered after the STA command, the relay 
displays the status report only once.
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After the STA command is entered, the relay replies with the following status 
report:


FEEDER 1                          Date: 03/05/96    Time: 14:17:01.359
STATION A


FID=SEL-551-R100-Vr-D960226      CID=00FF


SELF TESTS


W=Warn    F=Fail


       IA       IB       IC       IN       MOF
OS      3        5        3        3        0


       +5V_PS   +5V_REG  -5V_REG  +10V_PS  -10V_PS  VBAT
PS      5.03     5.03    -5.03     10.35   -10.20    2.82


       TEMP     RAM      ROM      CR_RAM   EEPROM
        27.6    OK       OK       OK       OK


 Relay Enabled


=>


STA Command Row and Column Definitions


The relay latches all self-test warnings and failures in order to capture 
transient out-of-tolerance conditions. To reset the self-test statuses, use the 
STA C command from Access Level 2:


=>>STA C <Enter>


The relay responds:


Reboot the relay and clear status
Are you sure (Y/N) ?


If you select N or n, the relay displays:


Canceled


Relay Response Definition


FID FID is the firmware identifier string. It identifies the firmware 
revision.


CID CID is the firmware checksum identifier.


OS OS = Offset; displays measured dc offset voltages in millivolts 
for the current channels. The MOF (master) status is the dc 
offset in the A/D circuit when a grounded input is selected.


PS PS = Power Supply; displays power supply voltages in Vdc for 
the power supply outputs. The +5V_REG and –5V_REG are 
regulated voltages for the A/D circuit. VBAT displays the Real 
Time Clock battery voltage.


TEMP Displays the temperature in degrees Celsius. The
temperature sensor is an output of the voltage reference
in the A/D circuitry.


RAM, ROM, 
CR_RAM (critical 
RAM), and EEPROM


These tests verify the relay memory components. The columns 
display OK if memory is functioning properly; the columns 
display FAIL if the memory area has failed.


W (Warning) or F (Failure) is appended to the displayed value 
to indicate an out-of-tolerance condition.
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and aborts the command.


If you select Y, the relay displays:


Rebooting the relay


The relay then restarts (just like powering down, then powering up relay), and 
all diagnostics are re-run before the relay is enabled.


Refer to Section 8: Testing and Troubleshooting for self-test thresholds and 
corrective actions.


TAR Command (Target)


The TAR command remaps the front-panel targets to display Relay Word bit 
information. It also sends this same information to the serial port. Refer to 
Table 5.6 (note the correspondence with Table 4.5).


The TAR command format is: TAR M N


Parameter N does not affect the remapping of the front-panel targets. They are 
remapped according to parameter M and will stay in that new state until a new 
TAR command is executed or the port times out due to port inactivity (see 
serial port setting TIMEOUT). Port timeout takes the targets back to their 
normal front-panel target operation (like TAR 0).


To prevent the front-panel targets from being remapped by the execution of 
the TAR command, add an X after the Relay Word row parameter. For 
example, command TAR 2 X causes Relay Word row 2 to be sent to the serial 
port/computer screen, but the front-panel targets remain unchanged-they 
continue in their normal front-panel target operation mode (like TAR 0).


If the TAR command is executed from the front panel (see Figure 6.3), front-
panel timeout is 15 minutes of front-panel keyboard inactivity. Front-panel 
timeout takes the targets back to their normal front-panel target operation, also 
(like TAR 0).


where:
M = the Relay Word row (1–15) to be displayed,


or 0 (zero) to take the targets back to their normal front-
panel target operation,
or R to take the targets back to their normal front-panel 
target operation (like TAR 0), reset the FAULT TYPE 
targets (INST, A, B, C, and N), and unlatch the trip logic for 
testing purposes (see Figure 3.13)


N = the number of times to repeat the displaying of the 
selected Relay Word row on the computer screen 
connected to the serial port. If parameter N is not entered, 
the information displays once on the screen


Table 5.6 SEL-551 Relay Word and Its Correspondence to TAR Command and Front-Panel LEDs (Sheet 1 of 2)


TAR 0 
(Front-
Panel 
LEDs)


EN INST A B C N RS LO


TAR 1 51P1 51P2 51N1 51G1 51P1T 51P2T 51N1T 51G1T


TAR 2 51Q1 51Q2 51Q1T 51Q2T 50P1 50P2 50P3 50P4


TAR 3 50P5 50P6 50N1 50N2 50G1 50G2 50Q1 50Q2
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Command TAR 9 10 is executed in the following example:


=>TAR 9 10 <Enter>


79RS   79CY   79LO   SH0    SH1    SH2    SH3    SH4
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0


79RS   79CY   79LO   SH0    SH1    SH2    SH3    SH4
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0


Note that Relay Word bits row 9 is repeated 10 times on the computer display. 
In this example, the reclosing relay is in the Lockout State (79LO = logical 1), 
and the shot is at shot = 2 (SH2 = logical 1). Correspondingly, the remapped 
front-panel targets have the A LED illuminated (corresponding to Relay Word 
Bit 79LO in row 9) and the N LED illuminated (corresponding to Relay Word 
Bit SH2 in row 9).


TIM Command (Time)


TIM displays the relay clock. To set the clock, type TIM and the desired 
setting, then press <Enter>. Separate the hours, minutes, and seconds with 
colons, semicolons, spaces, commas, or slashes. To set the clock to 23:30:00, 
enter:


=>TIM 23:30:00 <Enter>
23:30:00
=>


TAR 4 50A 50B 50C IN1 IN2 OC CC CF


TAR 5 LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8


TAR 6 RB1 RB2 RB3 RB4 RB5 RB6 RB7 RB8


TAR 7 SV1 SV2 SV3 SV4 SV5 SV6 SV7 SV8


TAR 8 SV9 SV10 SV11 SV12 SV13 SV14 *a *a


TAR 9 79RS 79CY 79LO SH0 SH1 SH2 SH3 SH4


TAR 10 TRIP CLOSE 51P1R 51P2R 51N1R 51G1R 51Q1R 51Q2R


TAR 11 SV5T SV6T SV7T SV8T SV9T SV10T SV11T SV12T


TAR 12 SV13T SV14T *a ALARM OUT1 OUT2 OUT3 OUT4


TAR 13 PDEM NDEM GDEM QDEM TRGTR *a *a *a


TAR 14 *a *a *a *a *a *a *a *a


a Reserved for future use.


Table 5.6 SEL-551 Relay Word and Its Correspondence to TAR Command and Front-Panel LEDs (Sheet 2 of 2)


TAR 0 
(Front-
Panel 
LEDs)


EN INST A B C N RS LO
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TRI Command (Trigger)


Issue the TRI command to generate an event report:


=>TRI <Enter>
Triggered


=>


See Section 7: Standard Event Reports and SER for more information on 
event reports.


Access Level 2 
Commands


CLO Command (Close)


The CLO (Close) command asserts the CLOSE Relay Word bit, which can be 
programmed to an output contact to close circuit breakers. See Figure 3.14.


To issue the CLO command, enter the following:


=>>CLO <Enter>
Close Breaker  (Y/N) ? Y <Enter>
Are you sure (Y/N) ? Y <Enter>
=>>


Typing N <Enter> after either of the above prompts will abort the command.


The CLO command is supervised by main board jumper JMP24. If the jumper 
is not in place (jumper JMP24 = off), the relay does not execute the CLO 
command and responds:


Aborted: No Breaker Jumper


CON Command (Control)


The CON command is a two-step command that allows you to control Relay 
Word bits RB1–RB8 (see Figure 3.3). At the Access Level 2 prompt, type 
CON, a space, and the number of the bit you wish to control (1–8). The relay 
responds by repeating your command followed by a colon. At the colon, type 
the Control subcommand you wish to perform (see Table 5.7).


The following example shows the steps necessary to pulse Remote Bit 5 
(RB5):


=>>CON 5 <Enter>
CONTROL RB5: PRB 5 <Enter>
=>>


You must enter the same remote bit number in both steps in the command. If 
the bit numbers do not match, the relay responds:


Invalid Command
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See Remote Control Switches on page 3.9 for more information.


OPE Command (Open)


The OPE (Open) command asserts the TRIP Relay Word bit, which can be 
programmed to an output contact to trip circuit breakers. See Figure 3.13.


To issue the OPE command, enter the following:


=>>OPE <Enter>
Open Breaker  (Y/N) ? Y <Enter>
Are you sure (Y/N) ? Y <Enter>
=>>


Typing N <Enter> after either of the above prompts will abort the command.


The OPE command is supervised by main board jumper JMP24. If the jumper 
is not in place (jumper JMP24 = off), the relay does not execute the OPE 
command and responds:


Aborted: No Breaker Jumper


PAS Command (Password)


The factory default passwords for Access Levels 1 and 2 are:


The PAS (Password) command allows you to change existing passwords at 
Access Level 2. To change passwords, enter PAS x, where x is the access level 
of the password being changed. The relay will prompt for the old password, 
new password, and a confirmation of the new password.


To change the password for Access Level 1, enter the following:


=>>PAS 1 <Enter>
Old Password: *******
New Password: ********
Confirm New Password: ********


Password Changed


Similarly, PAS 2 can be used to change the Level 2 password.


The new passwords will not echo on the screen, and passwords cannot be 
viewed from the device. Record the new passwords in a safe place for future 
reference.


Table 5.7 SEL-551 Control Subcommands


Subcommand Description


SRB n Set Remote Bit n (“ON” position)


CRB n Clear Remote Bit n (“OFF” position)


PRB n Pulse Remote Bit n for one processing interval 
(1/8 cycle; “MOMENTARY” position)


NOTE: If the OPE command is 
executed (and SELOGIC control 
equation setting 79RI = TRIP + . . .), 
the relay goes directly to the Lockout 
State. [Early SEL-551 firmware 
versions do not have this feature (see 
Appendix A: Firmware and Manual 
Versions). To effectively incorporate 
this feature into these firmware 
versions, set SELOGIC control equation 
setting 79DTL = OC + . . . (and 79RI = 
TRIP + . . .). Relay Word bit OC asserts 
to logical 1 for 1/8 cycle when the OPE 
command is executed (see Table 4.5 
and Table 4.6). See Figure 3.15 and 
Table 3.5 and accompanying text in 
Section 3: Relay Elements and Logic.]


Access Level Factory Default Password


1 OTTER


2 TAIL


This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private 
password may allow unauthorized 
access. SEL shall not be responsible 
for any damage resulting from 
unauthorized access.


! WARNING
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If the passwords are lost or you wish to operate the relay without password 
protection, install the main board Password jumper (Password jumper = ON). 
Refer to Section 2: Installation for Password jumper information. While the 
password protection is disabled by setting the main board Password jumper in 
place (Password jumper = ON), lost or forgotten passwords can be replaced by 
new passwords by using the PAS x command at Access Level 2. The relay 
will prompt for a new password and a confirmation of the new password.


If you wish to disable password protection for a specific access level (even if 
the Password jumper is not in place [Password jumper = OFF]), simply set the 
password to DISABLE. For example, PAS 1 DISABLE disables password 
protection for Access Level 1.


Passwords may include up to 12 characters. See Table 5.8 for valid characters. 
Upper- and lowercase letters are treated as different characters. Strong 
passwords consist of 12 characters, with at least one special character or digit 
and mixed case sensitivity, but do not form a name, date, acronym, or word. 
Passwords formed in this manner are less susceptible to password guessing 
and automated attacks. Examples of valid, distinct strong passwords include:


➤ Ot3579A24.68 


➤ Ih2dcs4u-Iwg 


➤ .351s.Nt9g-t


The relay will issue a weak password warning if the new password does not 
include at least one special character, number, lowercase letter, and an 
uppercase letter.


=>>PAS 1 <Enter>
Old Password: ********


New Password: ********
Confirm New Password: ********


Password Changed
=>>
CAUTION:  This password can be strengthened. Strong passwords do not include a name, 


date, acronym, or word. They consist of the maximum allowable characters, with at 
least one special character, number, lower-case letter, and upper-case letter. A 
change in password is recommended.


=>>


PUL Command (Pulse)


The PULSE command allows you to pulse any of the output contacts for a 
specified length of time. The command format is:


PUL X Y


Table 5.8 Valid Password Characters


Symbol Example


Alpha A B C D E F G H I J K L M N O P Q R S T U V W X Y Z 
a b c d e f g h i j k l m n o p q r s t u v w x y z


Numeric 0 1 2 3 4 5 6 7 8 9


Special ! " # $ & ' ( ) * , - . / : ; < = > ? @ [ \ ] ^ _ { ` } ~ 


where:
X = OUT1, OUT2, OUT3, OUT4, or ALARM
Y = the pulse duration (1–30) in seconds. If Y is not specified, 


the pulse duration defaults to one second
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To pulse OUT1 for five seconds:


=>>PUL OUT1 5 <Enter>
Are you sure (Y/N) ? Y <Enter>
=>>


If the response to the Are you sure (Y/N) ? prompt is N or n, the command is 
aborted.


The PUL command is supervised by the main board breaker jumper, JMP24. If 
JMP24 is not in place (jumper JMP24 = off), the relay does not accept the PUL 
command and responds:


Aborted:  No Breaker Jumper


The relay generates an event report if the OUT1, OUT2, OUT3, or OUT4 contact is 
pulsed.


The response of a programmable alarm output contact to a PULSE command 
is discussed in the Output Contacts on page 3.43.


SET Command


The SET command allows the user to view or change the relay settings (see 
Table 4.1).


VER Command (Show Relay Configuration and Firmware Version)


The VER command provides relay configuration and information such as 
nominal current input ratings.


An SEL-551 example printout of the VER command follows:


=>>VER <Enter>
FID=SEL-551-R500-Vf-Z001001-D20050124
    CID=D07F
Part Number:  055100BX5X4X
SELboot:
    BFID=SLBT-500-R100-V0-Z001001-D20050124
    Checksum:  3EB5
Mainboard:
    Code FLASH Size:   256 kB
    Data FLASH Size:   128 kB
    RAM Size:          128 kB
    EEPROM Size:         8 kB
Front Panel: Installed
Analog Inputs:
    Currents:      5 Amp Phase
    Currents:      5 Amp Neutral
Interface Boards:
    None
Communications:


 Rear Port:     EIA-485
Extended Relay Features:


If above information is unexpected,
contact SEL for assistance
=>>
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Access Level 0 
Command


The only thing that can be done at Access level 0 is to go to Access Level 1. The screen prompt is: =


ACC Enters Access Level 1. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 1 password in order to enter Access Level 1.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>


2AC Enters Access Level 2. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 2 password in order to enter Access Level 2.


DAT Shows date presently in the relay.


DAT m/d/y Enters date in this manner if Date Format setting DATE_F = MDY.


DAT y/m/d Enters date in this manner if Date Format setting DATE_F = YMD.


EVE n Shows standard 15-cycle event report number n, with 1/4 cycle resolution (n = 1–20, with n = 1 most recent).


EVE C n Causes the relay to add digital data at the end of the Event n report.


EVE L n Shows standard 15-cycle event report number n, with 1/8 cycle resolution (n = 1–20, with n = 1 most recent).


EVE L C n Causes the relay to add digital data at the end of Event L n report.


EVE R n Causes the relay to display an unfiltered event report with 1/16-cycle resolution.


EVE R C n Causes the relay to add digital data at the end of the Event R n report.


HIS n Shows brief summary of the n latest standard 15-cycle event reports.


HIS C Clears the brief summary and corresponding standard 15-cycle event reports.


IRI Forces synchronization attempt of internal relay clock to IRIG-B time-code input. 


MET k Displays metering data, both magnitude and phase angle. Phase angles are referenced to phase input IA. Enter 
number k to scroll metering k times on screen.


MET D Displays demand and peak demand data. Select MET RD or MET RP to reset.


QUI Quit. Returns to Access Level 0. Returns front-panel LEDs to the default targets (corresponding to command 
TAR 0).


SER n Show the latest n rows in the Sequential Events Recorder (SER) event report.


SER m n Show rows m through n in the Sequential Events Recorder (SER) event report.


SER d1 Show rows in the Sequential Events Recorder (SER) event report from date d1.


SER d1 d2 Show rows in the Sequential Events Recorder (SER) event report from date d1 to d2. Entry of dates is dependent 
on the Date Format setting DATE_F (= MDY or YMD).


SER C Clears the Sequential Events Recorder (SER) event report.


SHO Show relay settings (overcurrent, reclosing, timers, etc.).


SHO L Show SELOGIC® control equation settings.


SHO P Show port settings


SHO R Show Sequential Events Recorder (SER) settings.


SHO T Show text label settings.


STA Show relay self-test status. STA C resets self-test warnings/failures.


TAR R Return front-panel LED targets to regular operation and reset the FAULT TYPE front-panel targets.


TAR 0 k Return front-panel LED targets to regular operation. Enter number k to scroll front-panel LED status k times on 
screen.
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TAR n k Display Relay Word row n status (n = 1–15) on remapped front-panel LED targets. Enter number k to scroll 
Relay Word row n status k times on screen.


TAR n X Relay Word row n status (n = 1–15) is sent to the serial port/computer screen, but the front-panel LED targets 
remain unchanged.


TIM Show or set time (24-hour time). Show time presently in the relay by entering just TIM. Example time 22:47:36 
is entered with command TIM 22:47:36.


TRI Trigger an event report.


Access Level 2 
Commands


The Access Level 2 commands primarily allow the user to change settings or operate relay 
parameters and output contacts. All Access Level 1 commands can also be executed from 
Access Level 2. The screen prompt is: =>>


CLO Assert the CLOSE Relay Word bit. If CLOSE is assigned to an output contact (e.g., OUT2 = CLOSE), then the 
output contact will assert if command CLO is executed and the circuit breaker is open.


CON n Control Relay Word bit RBn (Remote Bit n; n = 1–8). Execute CON n and the relay responds: CONTROL RBn. 
Then reply with one of the following:


SRB n set Remote Bit n (assert RBn)


CRB n clear Remote Bit n (deassert RBn)


PRB n pulse Remote Bit n [assert RBn for one processing interval (1/8 cycle)].


OPE Assert the TRIP Relay Word bit. If TRIP is assigned to an output contact (e.g., OUT1 = TRIP), then the output 
contact will assert if command OPE is executed.


PAS 1 Change Access Level 1 password.


PAS 2 Change Access Level 2 password.


PUL n k Pulse output contact n (n = OUT1, OUT2, OUT3, OUT4, and ALARM). Enter number k to pulse for k seconds [k = 1 to 
30 (seconds)], otherwise pulse time is 1 second.


SET n Change relay settings (overcurrent, reclosing, timers, etc.).


SET L n Change SELOGIC control equations settings.


SET P n Change port settings


SET R n Change Sequential Events Recorder (SER) settings.


SET T n Change text label settings.


For the SET commands, jump to parameter n to begin setting editing. If parameter n is not entered, setting edit-
ing starts at the first setting.


VER Show relay configuration and firmware version.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>
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Overview


This section describes how to get information, make settings, and execute 
control operations from the relay front panel. It also describes the default 
displays.







6.2


SEL-551 Relay Instruction Manual Date Code 20080104


Front-Panel Interface
Front-Panel Pushbutton Operation


Front-Panel Pushbutton Operation
Overview Note in Figure 6.1 that most of the pushbuttons have dual functions (primary/


secondary).


A primary function is selected first (e.g., {METER} pushbutton).


After a primary function is selected, the pushbuttons then revert to operating 
on their secondary functions ({CANCEL}, {SELECT}, left/right arrows, up/down 
arrows). For example, after the {METER} pushbutton is pressed, the up/down 
arrows are used to scroll through the front-panel metering screens. The 
primary functions are activated again when the present selected function 
(metering) is exited (press {EXIT} pushbutton) or the display goes back to the 
default display after 15 minutes of no front-panel activity.


q See Figure 6.3.


Figure 6.1 SEL-551 Front-Panel Pushbuttons—Overview


Primary Functions Note in Figure 6.2 and Figure 6.3 that the front-panel pushbutton primary 
functions have correspondence to serial port commands—both retrieve the 
same information or perform the same function. To get more detail on the 
information provided by the front-panel pushbutton primary functions, refer to 
the corresponding serial port commands in Section 5: Serial Port 
Communications and Commands. For example, to get more information on 
the metering values available via the front-panel {METER} pushbutton, refer to 
the MET Command (Meter) on page 5.17) and MET D Command (Demand 
Ammeter) on page 5.18.


A few of the front-panel primary functions do not have serial port command 
equivalents. These are discussed in the following Functions Unique to the 
Front-Panel Interface on page 6.6.


LAMP
TEST


CANCEL SELECT


TARGET
RESET


EVENTSMETER EXITSETSTATUS OTHER CNTRL


Dual Function
Primary


Secondary


Also has 
 Secondary 


 Function  q


Single 
Function
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q Front-panel pushbutton functions that correspond to Access Level 1 serial port 
commands do not require the entry of the Access Level 1 password through the 
front panel.


Figure 6.2 SEL-551 Front-Panel Pushbuttons—Primary Functions


Front-Panel Password Security


Refer to the comments at the bottom of Figure 6.3 concerning the Access 
Level 2 password. See PAS Command (Password) on page 5.26 for more 
information on passwords.


To enter the Access Level 2 password from the front panel (if required), use 
the left-right arrow pushbuttons to underscore a password digit position. Use 
the up/down arrow pushbuttons to then change the digit. Press the {SELECT} 
pushbutton once the correct Access Level 2 password is ready to enter. The 
factory default passwords for Access Levels 1 and 2 are shown in the table in 
subsection PAS Command (Password).


LAMP
TEST


TARGET
RESET


EVENTSMETER STATUS


Corresponding
Serial Port
Commands at:


Access Level 1 q STATUSHISTORY


View Self-
Test 


Status


View Event 
Summaries


Function
Description


View Instantaneous 
Metering Values IA, IB, 


IC, IN, IG (residual), 
and 3I2 — both 


Magnitude and Angle. 
View Demand Metering 
Values,  Reset Demand 


Metering Values


METER
METER D


METER RD
METER RP
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q Front-panel pushbutton functions that correspond to Access Level 1 serial port 
commands do not require the entry of the Access Level 1 password through the 
front panel.


w Front-panel pushbutton functions that correspond to Access Level 2 serial port 
commands do require the entry of the Access Level 2 password through the front 
panel if main board jumper JMP24 is not in place.


e Output contacts are pulsed for only one second from the front panel.


r Local control is not available through the serial port and does not require the 
entry of a password.


Figure 6.3 SEL-551 Front-Panel Pushbuttons-Primary Functions 
(continued)


Secondary Functions After a primary function is selected (see Figure 6.2 and Figure 6.3), the 
pushbuttons then revert to operating on their secondary functions (see 
Figure 6.4).


Use the left/right arrows to underscore a desired function. Then press the 
{SELECT} pushbutton to select the function.


Use left/right arrows to underscore a desired setting digit. Then use the up/
down arrows to change the digit. After the setting changes are complete, press 
the {SELECT} pushbutton to select/enable the setting.


Press the {CANCEL} pushbutton to abort a setting change procedure and return 
to the previous display.


Press the {EXIT} pushbutton to return to the default display and have the 
primary pushbutton functions activated again (see Figure 6.2 and Figure 6.3).


CNTRLSET EXIT


Corresponding
Serial Port
Commands at:


Access Level q


Access Level 2 w PULSE


QUIT


Exit Entirely and 
Return to Default 


Display


Pulse Output 
Contacts e


View or Operate 
Local Control r


Function
Description


View or Change 
Settings for Relay or 


Serial Port


OTHER


View or Change 
Date or Time; View 


Asserted Relay 
Word Bits; View 
Reclosing Relay 


Shot Counter 
Action 


SET
SET P


SHOWSET n
SHOWSET P


DATE
TIME
TARGET







6.5


Date Code 20080104 Instruction Manual SEL-551 Relay


Front-Panel Interface
Front-Panel Pushbutton Operation


Figure 6.4 SEL-551 Front-Panel Pushbuttons-Secondary Functions


Provides Help Screen 
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Option or Setting
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The front-panel display gives indication of the arrow button to use 
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Cancel Setting Edit or 
Escape to Upper 


Setting Level


LAMP
TEST


TARGET
RESET
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Setting Value
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Setting Value
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Functions Unique to the Front-Panel Interface


Two front-panel primary functions do not have serial port command 
equivalents. These are:


➤ Reclosing relay shot counter screen (accessed via the {OTHER} 
pushbutton)


➤ Local control (accessed via the {CNTRL} pushbutton)


Reclosing Relay Shot 
Counter Screen


Use this screen to see the progression of the shot counter during reclosing 
relay testing.


Access the reclosing relay shot counter screen via the {OTHER} pushbutton. The 
following screen appears:


Scroll right with the right arrow button and select function 79. Upon selecting 
function 79, the following screen appears (shown here with factory default 
settings):


or


If the reclosing relay does not exist (see Reclosing Relay on page 3.25), the 
following screen appears:


The corresponding text label settings (shown with factory default settings) are:


79LL = SET RECLOSURES (Last Shot Label-limited to 14 characters)


79SL = RECLOSE COUNT (Shot Counter Label-limited to 14 
characters)


These text label settings are set with the SET T command or viewed with the 
SHOWSET T command via the serial port [see Section 4: Setting the Relay 
and SHO Command (Showset) on page 5.19].


The top numeral in the above example screen (SET RECLOSURES = 2) 
corresponds to the last shot value, which is a function of the number of set 
open intervals. There are two set open intervals in the factory default settings, 
thus two reclosures (shots) are possible in a reclose sequence.


OTHER       ← →
DATE TIME 79 TAR


SET RECLOSURES=2
RECLOSE COUNT =0


SET RECLOSURES=2
RECLOSE COUNT =2


No Reclosing set
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The bottom numeral in the above example screen [RECLOSE COUNT = 0 (or   
= 2)] corresponds to the present shot value. If the breaker is closed and the 
reclosing relay is reset (RS LED on front panel is illuminated), RECLOSE 
COUNT = 0. If the breaker is open and the reclosing relay is locked out after a 
reclose sequence (LO LED on front panel is illuminated), RECLOSE COUNT 
= 2.


Reclosing Relay Shot Counter Screen Operation (With Factory Settings)


With the breaker closed and the reclosing relay in the reset state (front-panel 
RS LED illuminated), the reclosing relay shot counter screen appears as:


The relay trips the breaker open, and the reclosing relay goes to the reclose 
cycle state (front-panel RS LED extinguishes). The reclosing relay shot 
counter screen still appears as:


The first open interval (79OI1 = 30) times out, the shot counter increments 
from 0 to 1, and the relay recloses the breaker. The reclosing relay shot 
counter screen shows the incremented shot counter:


The relay trips the breaker open again. The reclosing relay shot counter screen 
still appears as:


The second open interval (79OI2 = 600) times out, the shot counter 
increments from 1 to 2, and the relay recloses the breaker. The reclosing relay 
shot counter screen shows the incremented shot counter:


If the relay trips the breaker open again, the reclosing relay goes to the lockout 
state (front-panel LO LED illuminates). The reclosing relay shot counter screen 
still appears as:


SET RECLOSURES=2
RECLOSE COUNT =0


SET RECLOSURES=2
RECLOSE COUNT =0


SET RECLOSURES=2
RECLOSE COUNT =1


SET RECLOSURES=2
RECLOSE COUNT =1


SET RECLOSURES=2
RECLOSE COUNT =2
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If the breaker is closed, the reclosing relay reset timer times out (79RSLD = 
300), the relay goes to the reset state (front-panel LO LED extinguishes and RS 
LED illuminates), and the shot counter returns to 0. The reclosing relay shot 
counter screen appears as:


Local Control Use local control to enable/disable schemes, trip/close breakers, etc. via the 
front panel.


In more specific terms, local control asserts (sets to logical 1) or deasserts 
(sets to logical 0) what are called local bits LB1–LB8. These local bits are 
available as Relay Word bits and are used in SELOGIC® control equations (see 
Table 4.5 and Table 4.6).


Local control can emulate the following switch types in Figure 6.5 through 
Figure 6.7.


Figure 6.5 Local Control Switch Configured as an ON/OFF Switch


Figure 6.6 Local Control Switch Configured as an OFF/MOMENTARY Switch


Figure 6.7 Local Control Switch Configured as an ON/OFF/MOMENTARY 
Switch


Local control switches are created by making corresponding switch position 
label settings. These text label settings are set with the SET T command or 
viewed with the SHOWSET T command via the serial port [see Section 4: 
Setting the Relay and SHO Command (Showset) on page 5.19]. See Local 
Control Switches on page 3.6 for more information on local control.


SET RECLOSURES=2
RECLOSE COUNT =2


SET RECLOSURES=2
RECLOSE COUNT =0


Logical 1 LBn 
(n = 1 through 8)


ON Position


OFF Position
(Logical 0)


Relay
Word
Bit


Logical 1 LBn 
(n = 1 through 8)


OFF Position
(Logical 0)


MOMENTARY Position


Relay
Word
Bit


Logical 1 LBn 
(n = 1 through 8)


ON Position


OFF Position
(Logical 0)


MOMENTARY Position


Relay
Word
Bit
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View Local Control


Access local control via the {CNTRL} pushbutton. If local control switches exist 
(i.e., corresponding switch position label settings were made), the following 
message displays with the rotating default display messages.


Press the {CNTRL} pushbutton, and the first set local control switch displays 
(shown here with factory default settings):


The RECLOSER: ENABLE/DISABLE switch is an ON/OFF switch.


Press the right arrow pushbutton, and scroll to the next set local control 
switch:


and to the next local control switch:


The MANUAL TRIP: RETURN/TRIP and MANUAL CLOSE: RETURN/CLOSE switches 
are both OFF/MOMENTARY switches.


There are no more local control switches in the factory default settings. Press 
the right arrow pushbutton, and scroll to the Output Contact Testing 
function:


This front-panel function provides the same function as the serial port PULSE 
command (see Figure 6.3).


Operate Local Control (With Factory Settings)


Press the right arrow pushbutton, and scroll back to the first set local control 
switch in the factory default settings:


Press CNTRL for
Local Control


RECLOSER      ←→ 
Position:DISABLE


Logical 1 LB1DISABLE
(Logical 0)


ENABLE
Relay
Word
Bit


RECLOSER


MANUAL TRIP   ←→ 
Position: RETURN


Logical 1 LB3RETURN
(Logical 0)


TRIP


Relay
Word
Bit


MANUAL TRIP


MANUAL CLOSE  ←→ 
Position: RETURN


Logical 1 LB4RETURN
(Logical 0)


CLOSE


Relay
Word
Bit


MANUAL CLOSE


Output Contact←→ 
Testing
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Press the {SELECT} pushbutton, and the operate option for the displayed local 
control switch displays:


With this first local control switch (RECLOSER ENABLE/DISABLE) in the 
DISABLE position, the ENABLE position is the only operate option.


Scroll left with the left arrow button and then select Yes. The display then 
shows the new local control switch position:


Use the right arrow pushbutton, and scroll to the next set local control switch:


Press the {SELECT} pushbutton, and the operate option for the displayed local 
control switch displays:


Scroll left with the left arrow button and then select Yes. The display then 
shows the new local control switch position:


Because this is an OFF/MOMENTARY type switch, the MANUAL TRIP switch 
returns to the RETURN position after momentarily being in the TRIP position. 
Technically, the MANUAL TRIP switch (being an OFF/MOMENTARY type 
switch) is in the:


RECLOSER      ←→ 
Position:DISABLE


Logical 1 LB1DISABLE
(Logical 0)


ENABLE
Relay
Word
Bit


RECLOSER


RECLOSER      ←→ 
ENABLED? Yes No


Logical 1 LB1DISABLE
(Logical 0)


ENABLE
Relay
Word
Bit


RECLOSER


RECLOSER      ←→ 
Position: ENABLE


Logical 1 LB1DISABLE
(Logical 0)


ENABLE
Relay
Word
Bit


RECLOSER


MANUAL TRIP   ←→ 
Position: RETURN


Logical 1 LB3RETURN
(Logical 0)


TRIP


Relay
Word
Bit


MANUAL TRIP


MANUAL TRIP  ←→
Trip? Yes No 


Logical 1 LB3RETURN
(Logical 0)


TRIP


Relay
Word
Bit


MANUAL TRIP


MANUAL TRIP 
Position: TRIP


Logical 1 LB3RETURN
(Logical 0)


TRIP


Relay
Word
Bit


MANUAL TRIP
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TRIP position for one processing interval (1/8 cycle; long enough to assert 
the corresponding local bit LB3 to logical 1).


and then returns to the:


RETURN position (local bit LB3 deasserts to logical 0 again).


On the display, the MANUAL TRIP switch is shown to be in the TRIP position for 
two seconds (long enough to be seen by human eyes), and then it returns to the 
RETURN position:


The MANUAL CLOSE switch is an OFF/MOMENTARY type switch, like the 
MANUAL TRIP switch, and operates similarly.


Local Control State Retained When Relay De-energized


Local bit states are stored in nonvolatile memory, so when power to the relay 
is turned off, the local bit states are retained.


For example, with the factory default settings, local bit LB1 controls the 
enabling/disabling of reclosing. If local bit LB1 is at logical 1, reclosing is 
enabled:


If power to the relay is turned off and then turned on again, local bit LB1 
remains at logical 1, and reclosing is still enabled. This is similar to a 
traditional panel, where enabling/disabling of reclosing and other functions is 
accomplished by panel-mounted switches. If dc control voltage to the panel is 
lost and then restored again, the switch positions are still in place. If the 
reclosing switch is in the enable position (switch closed) before the power 
outage, it will be in the same position after the outage when power is restored.


MANUAL TRIP   ←→ 
Position: RETURN


Logical 1 LB3RETURN
(Logical 0)


TRIP


Relay
Word
Bit


MANUAL TRIP


Logical 1 LB1


ENABLE
RECLOSER


DISABLE
(Logical 0)


Relay 
Word
Bit
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Rotating Default Display


The relay name, SEL-551, displays if no local control is operational (i.e., no 
corresponding switch position label settings were made) and no display point 
labels are enabled for display.


The Press CNTRL for Local Control message displays if at least one local 
control switch is operational. It is a reminder of how to access the local control 
function. See the preceding discussion in this section and Local Control 
Switches on page 3.6 for more information on local control.


If display point labels are also enabled for display, the Press CNTRL for 
Local Control displays for two seconds and then is followed by enabled 
display point labels in subsequent two-second rotations.


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


SEL-551


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


Press CNTRL for


Local Control
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The following table and figures demonstrate the correspondence between 
changing display point states (e.g., DP2 and DP4) and enabled display point 
labels (DP2_1/DP2_0 and DP4_1/DP4_0, respectively). The display is on a 
two-second rotation for each screen.


The display point factory settings are:


DP2 = LB1 (local bit LB1)


DP4 = IN1 (optoisolated input IN1)


Local bit LB1 is used as a recloser enable/disable local control switch (see 
Local Control Switches on page 3.6).


Optoisolated input IN1 is used as a circuit breaker status input (a 52a circuit 
breaker auxiliary contact is connected to input IN1; see Optoisolated Inputs on 
page 3.4).


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


Press CNTRL for


Local Control


79 DISABLED


BREAKER OPEN
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In the preceding example, only two display points (DP2 and DP4) and their 
corresponding display point labels are set. If additional display points and 
corresponding display point labels are set, the additional enabled display point 


Display Points 
(SELOGIC Control 


Equation Settings)
Example Display 


Point States


Display Point 
Label Settings


DP2 = LB1 = logical 0 DP2_1 = 79 ENABLED


DP2_0 = 79 DISABLED


DP4_1 = BREAKER CLOSED


DP4_0 = BREAKER OPEN
DP4 = IN1 = logical 0


79 DISABLED
BREAKER OPEN


Press CNTRL for
Local Control


DP2 = LB1 = logical 1
DP2_1 = 79 ENABLED


DP2_0 = 79 DISABLED


DP4_1 = BREAKER CLOSED


DP4_0 = BREAKER OPENDP4 = IN1 = logical 0


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


79 ENABLED
BREAKER OPEN


Press CNTRL for
Local Control


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


DP2 = LB1 = logical 1
DP2_1 = 79 ENABLED


DP2_0 = 79 DISABLED


DP4_1 = BREAKER CLOSED


DP4_0 = BREAKER OPENDP4 = IN1 = logical 1


79 ENABLED
BREAKER CLOSED


Press CNTRL for
Local Control


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


DP2 = LB1 = logical 0
DP2_1 = 79 ENABLED


DP2_0 = 79 DISABLED


DP4_1 = BREAKER CLOSED


DP4_0 = BREAKER OPENDP4 = IN1 = logical 1


79 DISABLED
BREAKER CLOSED


Press CNTRL for
Local Control


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79
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labels join the two seconds per screen rotation on the front-panel display.


Display point label settings are set with the SET T command or viewed with 
the SHOWSET T command via the serial port [see Section 4: Setting the 
Relay and SHO Command (Showset) on page 5.19].
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Section 7
Standard Event Reports and SER


Overview


The SEL-551 Relay has two styles of event reports:


➤ Standard 15-cycle event reports


➤ Sequential events recorder (SER) event report


These event reports contain date, time, current, relay element, optoisolated 
input, and output contact information.


Standard 15-cycle event reports are generated (triggered) by fixed and 
programmable conditions. These reports show information for 15 continuous 
cycles. The latest 20 standard 15-cycle event reports are stored in nonvolatile 
memory. If more than 20 events are triggered, the latest event report will 
overwrite the oldest event report, and the oldest event report will be lost. See 
Figure 7.2 for an example standard 15-cycle event report.


Lines in the sequential events recorder (SER) event report are generated 
(triggered) by programmable conditions only. This report lists date and time-
stamped lines of information each time a programmed condition changes 
state. The latest 512 lines of the SER event report are stored in nonvolatile 
memory. If the report fills up, newer rows will overwrite the oldest rows in the 
report. See Figure 7.5 for an example SER event report.
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Standard 15-Cycle Event Reports


See Figure 7.2 for an example standard 15-cycle event report.


Standard Event 
Report Triggering


The relay triggers (generates) a standard 15-cycle event report when any of the 
following occur:


➤ Relay Word bit TRIP asserts


➤ Programmable SELOGIC® control equations setting ER1 
asserts to logical 1


➤ Programmable SELOGIC control equations setting ER2 asserts 
to logical 1


➤ TRIGGER serial port command executed


➤ PULSE serial port command for output contact OUT1, OUT2, 
OUT3, or OUT4 executed


Relay Word Bit TRIP


Relay Word bit TRIP would usually be assigned to an output contact for 
tripping a circuit breaker (e.g., SELOGIC control equations setting OUT1 = 
TRIP). SELOGIC Control Equations setting TR controls the assertion of Relay 
Word bit TRIP (see Figure 3.13). Any condition that is set to trip in setting TR 
(e.g., TR = 51P1T + 51G1T + 50P1*SH0 + LB3) does not have to be entered 
in SELOGIC control equation settings ER1 or ER2. The assertion of Relay 
Word bit TRIP automatically triggers a standard 15-cycle event report.


Programmable SELOGIC Control Equation Settings ER1 and ER2


The programmable SELOGIC control equation settings ER1 and ER2 are set to 
trigger standard 15-cycle event reports for conditions other than tripping 
conditions already listed in SELOGIC control equations setting TR. The 
factory settings are:


ER1 = 51P1 + 51G1


ER2 = SV5T + CF


ER1 is factory-set with time-overcurrent element pickups 51P1 and 51G1. 
Thus, at the inception of a fault, whichever pickup asserts first will trigger a 
standard 15-cycle event report.


ER2 is factory-set with a breaker failure condition (SV5T) and close failure 
condition (CF). It is not likely that these two conditions would assert at the 
same time. When a breaker failure or close failure condition occurs, a standard 
15-cycle event report is triggered.


ER1 and ER2 trigger event reports independently and are rising-edge sensitive 
(logical 0 to logical 1 transition). For example, if a line-to-ground fault occurs 
and 51G1 asserts first in setting ER1 (logical 0 to logical 1 transition), it will 
trigger an event report. If 51G1 remains asserted and then a short time later 
51P1 asserts, a second report will not be generated for the assertion of 51P1. 
ER1 is already at logical 1 because of the initial assertion of 51G1.


Rising-edge or falling-edge detects can be used in making SELOGIC settings. 
This is particularly useful in these event report trigger settings ER1 and ER2. 
For example, if setting ER1 = /IN2 + …, then every time input IN2 asserts 
(logical 0 to logical 1 transition), setting ER1 is effectively pulsed for one-
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processing interval. Thus, if input IN2 continues to be asserted (maintained at 
logical 1), it has no further effect on setting ER1 and any other Relay Word bit 
in setting ER1 is effectively free to operate and be detected by setting ER1. 
Most likely, each ORed Relay Word bit in setting ER1 or ER2 would have a 
rising-edge or falling-edge detect in front of it.


See Section 3: Relay Elements and Logic for more information on SELOGIC 
control equations.


TRIGGER and PULSE Serial Port Commands


The sole function of the TRIGGER serial port command is to generate 
standard 15-cycle event reports, primarily for testing purposes.


The PULSE serial port command is used to assert the output contacts for 
testing purposes or for remote control. If output contact OUT1, OUT2, OUT3, or 
OUT4 is asserted with the PULSE command, a standard 15-cycle event report 
is also generated.


See Section 5: Serial Port Communications and Commands for more 
information on serial port commands.


Standard Event 
Report Summary


Each time the relay generates a standard 15-cycle event report, it also 
generates a corresponding event summary (see Figure 7.1). Event summaries 
contain the following information:


➤ Relay and terminal identifiers (settings RID and TID)


➤ Date and time when the event was triggered


➤ Event type


➤ Recloser shot count at time of trip


➤ Front-panel fault type targets at the time of trip


➤ Phase (IA, IB, IC), neutral (IN), calculated residual (3I0), and 
negative-sequence (3I2) current magnitudes in amps primary 
measured at the largest phase current magnitude in the 
triggered event report. 


The Event Report Summary shows the magnitude of the maximum phase 
current calculated by the cosine filter or bipolar peak detector. When the relay 
uses the bipolar peak detector value (when a phase instantaneous pickup 
setting is greater than eight times nominal phase current, and the harmonic 
distortion index is greater than a fixed threshold), the relay displays pk as 
shown in the Event Summary portion of the Example Standard 15-Cycle 
Event Report near the end of this section (for more information on the cosine 
filter and bipolar peak detector, see subsection CT Saturation Protection on 
page 1.11).


This event summary information is also contained in the corresponding 
standard 15-cycle event report. The identifiers, date, and time information is at 
the top of the standard 15-cycle event report, and the other information 
follows at the end. See Figure 7.2.


FEEDER 1                          Date: 08/07/02    Time: 15:33:09.498
STATION A


Event: ER2   Shot: 2 Targets: INST A N
Currents (A Pri), ABCNGQ:    19896 pk  13088   13108    1   1154   714


Figure 7.1 Example Event Summary
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If serial port setting AUTO = Y, the event summary is sent from the serial port 
a few seconds after the event.


The latest 20 event summaries are stored in nonvolatile memory and are 
accessed by the HISTORY command. These event summaries correspond to 
the latest 20 standard 15-cycle event reports also stored in nonvolatile 
memory.


Event Type


The Event: field shows the event type. The possible event types and their 
descriptions are shown in the table below. Note the correspondence to the 
preceding event report triggering conditions (see Standard Event Report 
Triggering on page 7.2).


Currents


The Currents (A pri), ABCNGQ: field shows the currents present in the event 
report row containing the maximum phase current. The listed currents are:


➤ Phase (A = channel IA, B = channel IB, C = channel IC)


➤ Neutral (N = channel IN)


➤ Calculated residual (G = 3I0; calculated from channels IA, IB, 
and IC)


➤ Negative-sequence (Q = 3I2; calculated from channels IA, IB, 
and IC)


Retrieving Full-
Length Standard 
Event Reports


The latest 20 standard 15-cycle (full-length) event reports are stored in 
nonvolatile memory. Any given event report has four different ways it can be 
displayed, depending on the particular serial port command issued to the relay. 
The command choices are shown below. The n parameter refers to the event 
report number (n = 1–20), with n = 1 being the most recent event report and 
n = 20 being the oldest event report.


Table 7.1 Event Types


Event Event Triggered by:


TRIP Assertion of Relay Word bit TRIP


ER1 SELOGIC control equations setting ER1


ER2 SELOGIC control equations setting ER2


TRIG Execution of TRIGGER serial port command


PULSE Execution of PULSE serial port command


Serial Port 
Command


Format


EVENT n Event report n displayed with rows
of information each quarter (1/4) cycle.


EVENT C n Digital data are added at the end of the
quarter (1/4) cycle resolution event report n.


EVENT L n Event report n displayed with rows of information each 1/8 cycle. See 
Figure 7.2 for an example of an 1/8-cycle resolution event report.


EVENT L C n Digital data are added at the end 
of the 1/8-cycle resolution event report n.
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If no numeric n parameter is entered with the serial port command, the most 
recent event report (n = 1) is displayed.


If an event report is requested which does not exist, the relay responds:


Invalid Event


The EVENT serial port commands can be entered with only the first three 
letters of the word EVENT. For example, the second most recent 1/8-cycle 
resolution event report can be retrieved by entering command:


=>EVE L 2 <Enter>


Clearing Standard 
Event Report Buffer


The HIS C command clears the event summaries and corresponding full-
length standard event reports from nonvolatile memory. See the HIS 
Command (History) on page 5.16 for more information.


Standard Event 
Report Column 
Definitions


Refer to the example event report in Figure 7.2 to view event report columns. 
This example event report displays rows of information each 1/8 cycle and 
was retrieved with the EVENT L n command.


The columns contain current, element, input, and output information. The 
current columns show currents in primary amperes. The other columns show a 
number, letter, or symbol to indicate the condition of the elements, inputs, and 
outputs.


Current Columns


The current columns show sampled current (after filtering) in primary 
amperes. The columns are shown in Table 7.2.


Note that the current values change from plus to minus (–) values in 
Figure 7.2, indicating the sinusoidal nature of the waveforms.


Other figures help in understanding the information available in the event 
report current columns:


EVENT R n Event report n displayed with 16 cycles 
of raw (unfiltered) analog information in 1/16-cycle resolution.


EVENT R C n Digital Data are added at the end of the
1/16-cycle resolution raw event report n with 1/8-cycle resolution.


Serial Port 
Command


Format


Table 7.2 Standard Event Report Current Columns 


Column Heading Definition


IA Current measured by channel IA


IB Current measured by channel IB


IC Current measured by channel IC


IN Current measured by channel IN


IG Calculated residual current (calculated from channels IA, IB, 
and IC; IG = IA + IB + IC, vectorially added together)
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Figure 7.3 shows how event report current column data relate to the actual 
sampled current waveform and rms current values.


Figure 7.4 shows how event report current column data can be converted 
to phasor rms current values.


Table 7.3 Other Standard Event Report Columns (Sheet 1 of 3)


Column Heading
Corresponding Elements


(Relay Word Bits)
Symbol Definition


All columns . Element/input/output not picked up or not asserted, unless 
otherwise stated.


51 P1 51P1, 51P1T, 51P1R . Time-overcurrent element reset (51_1R, 51_2R).


51 P2 51P2, 51P2T, 51P2R


51 N1 51N1, 51N1T, 51N1R p Time-overcurrent element picked up and timing (51_1, 
51_2).


51 G1 51G1, 51G1T, 51G1R


51 Q2 51Q1, 51Q1T, 51Q1R T Time-overcurrent element timed out (51_1T, 51_2T).


51 Q2 51Q2, 51Q2T, 51Q2R


r Time-overcurrent element timing to reset.


1 Time-overcurrent element timing to reset after having timed 
out (when element reset is set for 1 cycle, not electrome-
chanical reset).


50 P12 50P1, 50P2 1 Phase instantaneous overcurrent element 50P1 picked up.


2 Phase instantaneous overcurrent element 50P2 picked up.


b Both 50P1 and 50P2 picked up.


50 P34 50P3, 50P4 3 Phase instantaneous overcurrent element 50P3 picked up.


4 Phase instantaneous overcurrent element 50P4 picked up.


b Both 50P3 and 50P4 picked up.


50 P56 50P5, 50P6 5 Phase instantaneous overcurrent element 50P5 picked up.


6 Phase instantaneous overcurrent element 50P6 picked up.


b Both 50P5 and 50P6 picked up.


50 ABC 50A, 50B, 50C 3 Single-phase instantaneous overcurrent elements 50A, 50B, 
and 50C picked up.


a Only 50A and 50B picked up.


b Only 50B and 50C picked up.


c Only 50C and 50A picked up.


A Only 50A picked up.


B Only 50B picked up.


C Only 50C picked up.


50 N12 50N1, 50N2 1 Neutral ground instantaneous overcurrent element 50N1 
picked up.


2 Neutral ground instantaneous overcurrent element 50N2 
picked up.


b Both 50N1 and 50N2 picked up.


50 G12 50G1, 50G2 1 Residual ground instantaneous overcurrent element 50G1 
picked up.


2 Residual ground instantaneous overcurrent element 50G2 
picked up.


b Both 50G1 and 50G2 picked up.
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50 Q12 50Q1, 50Q2 1 Negative-sequence instantaneous overcurrent element 50Q1 
picked up.


2 Negative-sequence instantaneous overcurrent element 50Q2 
picked up.


b Both 50Q1 and picked up.


79 CF, 79RS, . Reclosing relay nonexistent


79CY, 79LO F Close failure condition CF asserts for only 1/8 cycle


R Reclosing relay in Reset State (79RS)


C Reclosing relay in Reclose Cycle State (79CY)


L Reclosing relay in Lockout State (79LO)


Shot SH0, SH1, SH2 . Reclosing relay nonexistent


SH3, SH4 0 shot = 0 (SH0)


1 shot = 1 (SH1)


2 shot = 2 (SH2)


3 shot = 3 (SH3)


4 shot = 4 (SH4)


Lcl 12 LB1, LB2 1 Local bit LB1 asserted


2 Local bit LB2 asserted


b Both LB1 and LB2 asserted


Lcl 34 LB3, LB4 3 Local bit LB3 asserted


4 Local bit LB4 asserted


b Both LB3 and LB4 asserted


Lcl 56 LB5, LB6 5 Local bit LB5 asserted


6 Local bit LB6 asserted


b Both LB5 and LB6 asserted


Lcl 78 LB7, LB8 7 Local bit LB7 asserted


8 Local bit LB8 asserted


b Both LB7 and LB8 asserted


Rem 12 RB1, RB2 1 Remote bit RB1 asserted


2 Remote bit RB2 asserted


b Both RB1 and RB2 asserted


Rem 34 RB3, RB4 3 Remote bit RB3 asserted


4 Remote bit RB4 asserted


b Both RB3 and RB4 asserted


Rem 56 RB5, RB6 5 Remote bit RB5 asserted


6 Remote bit RB6 asserted


b Both RB5 and RB6 asserted


Rem 78 RB7, RB8 7 Remote bit RB7 asserted


8 Remote bit RB8 asserted


b Both RB7 and RB8 asserted


Table 7.3 Other Standard Event Report Columns (Sheet 2 of 3)


Column Heading
Corresponding Elements


(Relay Word Bits)
Symbol Definition
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Rem OC OC, CC o OPEN command executed


c CLOSE command executed


SELogic Var 12 SV1, SV2 1 SELOGIC Variable SV1 asserted


2 SELOGIC Variable SV2 asserted


b Both SV1 and SV2 asserted


SELogic Var 34 SV3, SV4 3 SELOGIC Variable SV3 asserted


4 SELOGIC Variable SV4 asserted


b Both SV3 and SV4 asserted


SELogic Var 5T SV5, SV5T p SELOGIC Variable Timer input SV_ asserted; timer timing 
on pickup time; timer output SV_T not asserted.


SELogic Var 6T SV6, SV6T


SELogic Var 7T SV7, SV7T


SELogic Var 8T SV8, SV8T T SELOGIC Variable Timer input SV_ asserted; timer timed 
out on pickup time; timer output SV_T asserted.


SELogic Var 9T SV9, SV9T


SELogic Var 10T SV10, SV10T


SELogic Var 11T SV11, SV11T d SELOGIC Variable Timer input SV_ not asserted; timer pre-
viously timed out on pickup time; timer output SV_T 
remains asserted while timer timing on dropout time.


SELogic Var 12T SV12, SV12T


SELogic Var 13T SV13, SV13T


SELogic Var 14T SV14, SV14T


Table 7.4 SEL-551 Input/Output Event Report Columns


Column Heading
Corresponding Elements 


(Relay Word Bits)
Symbol Definition


Out 12a


a Output contacts can be a or b type output contacts (see Figure 2.15 and Figure 3.23).


OUT1, OUT2 1 Output contact OUT1 asserted


2 Output contact OUT2 asserted


b Both OUT1 and OUT2 asserted


Out 34a OUT3, OUT4 3 Output contact OUT3 asserted


4 Output contact OUT4 asserted


b Both OUT3 and OUT4 asserted


Out ALa ALARM A Relay failed or PULSE A command executed


In12 IN1, IN2 1 Optoisolated input IN1 asserted


2 Optoisolated input IN2 asserted


b Both IN1 and IN2 asserted


Table 7.3 Other Standard Event Report Columns (Sheet 3 of 3)


Column Heading
Corresponding Elements


(Relay Word Bits)
Symbol Definition
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Sequential Events Recorder (SER) Event Report


See Figure 7.5 for an example SER event report.


SER Event Report 
Row Triggering


The relay triggers (generates) a row in the SER event report for any change of 
state in any one of the elements listed in the SER1, SER2, and SER3 trigger 
settings. The factory default settings are:


SER1 = 51P1 51G1 51P1T 51G1T 50P1 50P2


SER2 = IN1 LB1 LB3 LB4 OUT1 OUT2 OUT3


SER3 = CF 79RS 79LO SV5T


The elements are Relay Word bits from Table 4.5. Each element is looked at 
individually to see if it asserts or deasserts. Any assertion or deassertion of a 
listed element triggers a row in the SER event report. For example, setting 
SER1 contains:


➤ time-overcurrent element pickups (51P1 and 51G1)


➤ time-overcurrent element (timed out; 51P1T and 51G1T)


➤ instantaneous overcurrent elements (50P1 and 50P2)


Thus, any time one of these overcurrent elements picks up, times out, or drops 
out, a row is triggered in the SER event report.


The other two SER factory settings (SER2 and SER3) trigger rows in the SER 
event report for such things as optoisolated input (IN1), output contact (OUT1, 
OUT2, or OUT3), lockout state (79LO), and breaker failure (SV5T) operation, 
among other things.


Also, if the relay is newly powered up or a settings change is made, a row is 
triggered in the SER event report with the message:


Relay newly powered up or settings changed


Each row in the SER event report contains date, time, current, relay element, 
optoisolated input, and output contact information.


Making SER Event 
Report Trigger 
Settings


Each SER trigger setting (SER1, SER2, or SER3) can be set with up to 24 
elements (Relay Word bits from Table 4.5 or Table 4.6). Thus, up to 72 
elements can be monitored altogether for SER event report row triggering.


The SER settings can be made using spaces or commas as delimiters between 
elements. For example, if setting SER1 is made as follows:


SER1 = 51P1,51G1  51P1T,,51G1T  ,   50P1,    , 50P2


The setting displays as:


SER1 = 51P1  51G1  51P1T  51G1T  50P1  50P2


Retrieving SER Event 
Report Rows


The latest 512 rows of the SER event report are stored in nonvolatile memory. 
Row 1 is the most recently triggered row, and row 512 is the oldest. These 
lines are accessed with the SER command in the different ways described in 
Table 7.5.
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The date entries in the above example SER commands are dependent on the 
Date Format setting DATE_F. If setting DATE_F = MDY, then the dates are 
entered as in the above examples (Month/Day/Year). If setting DATE_F = 
YMD, then the dates are entered Year/Month/Day.


For any SER event report request, no more than 256 rows can be displayed at 
a time.


If the requested SER event report rows do not exist, the relay responds:


Invalid Record


If there are no rows in the SER event report buffer, the relay responds:


No SER data


Table 7.5 SER Report Row Commands and Format


Example SER
Serial Port Commands


Format


SER If SER is entered with no numbers following it, all available rows are displayed (up to row number 256). 
They display with the oldest row at the beginning (top) of the report and the latest row (row 1) at the end 
(bottom) of the report. Chronological progression through the report is down the page and in descending 
row number.


SER 17 If SER is entered with a single number following it (17 in this example), the first 17 rows are displayed, 
if they exist. They display with the oldest row (row 17) at the beginning (top) of the report and the latest 
row (row 1) at the end (bottom) of the report. Chronological progression through the report is down the 
page and in descending row number.


SER 10 33 If SER is entered with two numbers following it (10 and 33 in this example; 10 < 33), all the rows 
between (and including) rows 10 and 33 are displayed, if they exist. They display with the oldest row 
(row 33) at the beginning (top) of the report and the latest row (row 10) at the end (bottom) of the report. 
Chronological progression through the report is down the page and in descending row number.


SER 47 22 If SER is entered with two numbers following it (47 and 22 in this example; 47 > 22), all the rows 
between (and including) rows 47 and 22 are displayed, if they exist. They display with the newest row 
(row 22) at the beginning (top) of the report and the oldest row (row 47) at the end (bottom) of the report. 
Reverse chronological progression through the report is down the page and in ascending row number.


SER 512 257 Use this format to view any SER row between Row 512 and Row 257 (if these exist). The rows display 
with the newest row (Row 257) at the beginning (top) of the report and the oldest row (Row 512) at the 
end (bottom) of the report. Reverse chronological progression through the report is down the page in 
ascending row number.


SER 3/30/96 If SER is entered with one date following it (date 3/30/96 in this example), all the rows on that date are 
displayed, if they exist. They display with the oldest row at the beginning (top) of the report and the lat-
est row at the end (bottom) of the report, for the given date. Chronological progression through the report 
is down the page and in descending row number.


SER 2/17/96 3/23/96 If SER is entered with two dates following it (date 2/17/96 chronologically precedes date 3/23/96 in this 
example), all the rows between (and including) dates 2/17/96 and 3/23/96 are displayed, if they exist. 
They display with the oldest row (date 2/17/96) at the beginning (top) of the report and the latest row 
(date 3/23/96) at the end (bottom) of the report. Chronological progression through the report is down 
the page and in descending row number.


SER 3/16/96 1/5/96 If SER is entered with two dates following it (date 3/16/96 chronologically follows date 1/5/96 in this 
example), all the rows between (and including) dates 1/5/96 and 3/16/96 are displayed, if they exist. 
They display with the latest row (date 3/16/96) at the beginning (top) of the report and the oldest row 
(date 1/5/96) at the end (bottom) of the report. Reverse chronological progression through the report is 
down the page and in ascending row number.
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Clearing SER Event 
Report Buffer


If the SER C command is entered, the relay prompts the operator for 
confirmation:


Clear SER Buffer
Are you sure (Y/N)?


If Y is entered, the relay clears the SER event reports from nonvolatile 
memory. If N is entered, no reports are cleared, and the relay responds:


Canceled


SER Event Report 
Column Definitions


Refer to the example SER event report in Figure 7.5 to view SER event report 
columns. Note in Figure 7.5 that a row in the SER event report is actually two 
lines long; the first line contains row, date, time, and any written message, and 
the second line contains the current and the other relay information.


The column definitions in Table 7.2 and Table 7.3 also apply to the columns of 
the SER Event Report. The SER Event Report has a few additional columns:


The SER event report current columns (IA, IB, IC, IN, and IG) display rms 
primary current magnitude values, rather than sampled current values, as the 
standard event report current columns do.


Column Heading Definition


Row SER event report row number (1–512)


Date Date that the SER event report row was triggered


Time Time (24-hour time) that the SER event report row was triggered
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Example Standard 15-Cycle Event Report


The following example SEL-551 standard 15-cycle event report in Figure 7.2 
also corresponds to the example sequential events recorder (SER) event report 
in Figure 7.5. The circled, numbered comments in both these figures are 
explained in the text following Figure 7.5.


In Figure 7.2, the arrow (>) in the column following the IG current column 
identifies the “trigger” row. This is the row that corresponds to the Date and 
Time values at the top of the event report.


The asterisk (*) in the column following the IG current column identifies the 
row with the maximum phase current. The maximum phase current is 
calculated from the row identified with the asterisk and the row one quarter- 
cycle previous (see Figure 7.3). These currents are listed at the end of the 
example event report. If the trigger row (>) and the maximum phase current 
row (*) are the same row, the * symbol takes precedence and is displayed.
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FEEDER 1                          Date: 02/29/96    Time: 13:45:44.924
STATION A


FID=SEL-551-R101-Vr-D960321      CID=00FF


                                    51    50       S Lcl Rem   SELogic Var  OutI
                                          PPPANGQ  h                  11111    n
                Amps Pri            PPNGQQ135B111 7o 13571357O 135678901234 13A1
     IA     IB     IC     IN     IG 121112246C222 9t 24682468C 24TTTTTTTTTT 24L2


    137   -440    339      0     35 ............. R0 1........ ............ ...1
    420   -386    -13      0     21 ............. R0 1........ ............ ...1
    457   -106   -361     -0    -10 ............. R0 1........ ............ ...1
    225    236   -494     -1    -34 ............. R0 1........ ............ ...1
   -138    440   -339     -0    -37 ............. R0 1........ ............ ...1
   -420    385     12      0    -23 ............. R0 1........ ............ ...1
   -457    106    360      1      8 ............. R0 1........ ............ ...1
   -224   -236    493      0     33 ............. R0 1........ ............ ...1


        [Two cycles of data not shown in this example]


    137   -439    339      0     36 ............. R0 1........ ............ ...1
    420   -385    -13     -0     22 ............. R0 1........ ............ ...1
    456   -106   -361     -0    -11 ............. R0 1........ ............ ...1
    225    236   -494     -0    -34 ............. R0 1........ ............ ...1
   -138    439   -339      0    -38 ............. R0 1........ ............ ...1
   -419    385     12      0    -22 ............. R0 1........ ............ ...1
   -551    106    360      0    -86 ............. R0 1........ ............ ...1
   -675   -236    491      0   -420>p..p......... R0 1........ ............ ...1


   -459   -437    336      0   -560 p..p......... R0 1........ ............ ...1
    320   -382    -14     -0    -76 p..p......... R0 1........ ............ ...1
   1150   -104   -356     -0    690 p..p......... R0 1........ ............ ...1
   1698    232   -485     -1   1445 p..p......... R0 1........ ............ ...1
   1308    432   -331     -0   1409 p..p......... R0 1........ ............ ...1
    -58    377     16      0    335 p..p......... R0 1........ ............ ...1
  -1654    101    353      0  -1201 p..p..1...... C0 1........ ..p......... 1..1
  -2273   -231    483      1  -2022 p..p..1...... C0 1........ ..p......... 1..1


  -1560   -430    330      0  -1661 p..p..1...... C0 1........ ..p......... 1..1
     68   -376    -16     -0   -325 p..p..1...... C0 1........ ..p......... 1..1
   1655   -101   -353     -1   1201 p..p..1...... C0 1........ ..p......... 1..1
   2272    231   -482     -1   2020 p..p..1...... C0 1........ ..p......... 1..1
   1559    429   -330     -0   1658 p..p..1...... C0 1........ ..p......... 1..1
    -67    376     16      0    325 p..p..1...... C0 1........ ..p......... 1..1
  -1654    102    352      1  -1201 p..p..1...... C0 1........ ..p......... 1..1
  -2272   -230    482      1  -2020 p..p..1...... C0 1........ ..p......... 1..1


  -1560   -429    330      0  -1660 p..p..1...... C0 1........ ..p......... 1..1
     66   -376    -16     -0   -326 p..p..1...... C0 1........ ..p......... 1..1
   1654   -102   -352     -0   1200 p..p..1...... C0 1........ ..p......... 1..1
   2274    230   -482     -0   2022 p..p..1...... C0 1........ ..p......... 1..1
   1559    430   -330      0   1658 p..p..1...... C0 1........ ..p......... 1..1
    -69    376     16      0    322 p..p..1...... C0 1........ ..p......... 1..1
  -1656    100    352      0  -1204 p..p..1...... C0 1........ ..p......... 1..1
  -2274   -232    482      0  -2025 p..p..1...... C0 1........ ..p......... 1..1


  -1558   -430    330      0  -1658 p..p..1...... C0 1........ ..p......... 1..1
     70   -375    -16     -0   -321*p..p..1...... C0 1........ ..p......... 1..1
   1656   -100   -352     -0   1204 p..p..1...... C0 1........ ..p......... 1..1
   2273    232   -483     -1   2022 p..p..1...... C0 1........ ..p......... 1..1
   1555    430   -329     -0   1656 p..p..1...... C0 1........ ..p......... 1..1
    -70    374     17      0    321 p..p..1...... C0 1........ ..p......... 1..1
  -1538     88    330      1  -1120 p..p..1...... C0 1........ ..p......... 1..1
  -1725   -222    366      1  -1580 p..p......... C0 1........ ..p......... 1..1
   -922   -337    193      0  -1067 p..p......... C0 1........ ..p......... 1..1
    128   -236    -32     -1   -140 p..p......... C0 1........ ..p......... 1..1
    708    -38   -156     -1    514 p..p......... C0 1........ ..p......... 1..1
    587    107   -127     -1    567 r..p......... C0 1........ ..p......... 1..1
    146    122    -30     -0    238 r..p......... C0 1........ ..p......... 1...
    -94     47     25      1    -22 r..p......... C0 1........ ..p......... 1...
      1      0      2      0      3 r..p......... C0 1........ ..p......... 1...
      1      0      2      0      3 r..r......... C0 1........ ..p......... 1...
      0      0      0      0      0 r..r......... C0 1........ ..p......... 1...
      0      0     -4     -0     -4 r..r......... C0 1........ ..p......... 1...
      0      0     -1      0     -1 r..r......... C0 1........ ..p......... 1...
      0      0     -2     -0     -2 ...r......... C0 1........ ..p......... 1...
      0      0     -1     -0     -1 ...r......... C0 1........ ..p......... 1...
      0      0      1      0      1 ...r......... C0 1........ ..p......... 1...
      0      0      1      0      1 ...r......... C0 1........ ..p......... 1...
      0      0      3      1      3 ............. C0 1........ ..p......... 1...


(Continued on next page)


firmware identifier


firmware checksum
identifier


one cycle of data


y


u


See Figure 7.3 and Figure 7.4 
for details on this example one 
cycle of phase A (channel IA) 
current.


i
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(Continued from previous page)
       
       [Three cycles of data not shown in this example]


      1      0      1      0      2 ............. C0 1........ ..p......... 1...
      0      0     -2     -0     -2 ............. C0 1........ ..p......... 1...
      0      0     -1     -0     -1 ............. C0 1........ ..p......... 1...
     -1      0     -4     -0     -5 ............. C0 1........ ..p......... 1...
     -1      0     -1     -0     -2 ............. C0 1........ ..p......... 1...
      0      0      2      0      2 ............. C0 1........ ..p......... 1...
      0      0      2      0      2 ............. C0 1........ ............ ....
      1      0      3      0      4 ............. C0 1........ ............ ....


       [One cycle of data not shown in this example]


Event: TRIP  Shot: 0 Targets: INST A N
Currents (A Pri), ABCNGQ:    2275    441    482      1   2050   2119


Relay Settings:
RID   =FEEDER 1     TID   =STATION A    
CTR   = 120      CTRN  = 120      TDURD = 9.000    
50P1P = 15.0     50P2P = 20.0     50P3P = OFF      50P4P = OFF      
50P5P = OFF      50P6P = OFF      50ABCP= OFF      
51P1P = 6.0      51P1C = U3       51P1TD= 3.00     51P1RS= N        
51P2P = OFF      51P2C = U3       51P2TD= 15.00    51P2RS= N        
50N1P = OFF      50N2P = OFF      
51N1P = OFF      51N1C = U3       51N1TD= 15.00    51N1RS= N        
50G1P = OFF      50G2P = OFF      
51G1P = 1.5      51G1C = U3       51G1TD= 1.50     51G1RS= N        
50Q1P = OFF      50Q2P = OFF      
51Q1P = OFF      51Q1C = U3       51Q1TD= 15.00    51Q1RS= N        
51Q2P = OFF      51Q2C = U3       51Q2TD= 15.00    51Q2RS= N        
79OI1 = 30.000   79OI2 = 600.000  79OI3 = 0.000    79OI4 = 0.000    
79RSD = 1800.000 79RSLD= 300.000  CFD   = 60.000   
SV5PU = 12.000   SV5DO = 2.000    SV6PU = 0.000    SV6DO = 0.000    
SV7PU = 0.000    SV7DO = 0.000    SV8PU = 0.000    SV8DO = 0.000    
SV9PU = 0.000    SV9DO = 0.000    SV10PU= 0.000    SV10DO= 0.000    
SV11PU= 0.000    SV11DO= 0.000    SV12PU= 0.000    SV12DO= 0.000    
SV13PU= 0.000    SV13DO= 0.000    SV14PU= 0.000    SV14DO= 0.000    
NFREQ = 60       PHROT = ABC      DATE_F= MDY      


SELogic Control Equations:
TR    =51P1T + 51G1T + 50P1 * SH0 + LB3
ULTR  =!(51P1 + 51G1)
51P1TC=1
51P2TC=1
51N1TC=1
51G1TC=1
51Q1TC=1
51Q2TC=1
52A   =IN1
CL    =LB4
ULCL  =TRIP
79RI  =TRIP
79RIS =IN1
79DTL =!LB1 + LB3
79DLS =79LO
79SKP =50P2 * SH0
79STL =TRIP
79BRS =(51P1 + 51G1) * (79RS + 79CY)
79SEQ =0
ER1   =51P1 + 51G1
ER2   =SV5T + CF
SV1   =0
SV2   =0
SV3   =0
SV4   =0
SV5   =TRIP
SV6   =0
SV7   =0
SV8   =0
SV9   =0
SV10  =0
SV11  =0
SV12  =0
SV13  =0
SV14  =0
OUT1  =TRIP
OUT2  =CLOSE
OUT3  =SV5T


(Continued on next page)
OUT4  =0


o


Relay and SELOGIC Control 
Equations follow the standard 
15-cycle event report.
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Figure 7.2 Example SEL-551 Standard 15-Cycle Event Report (1/8-Cycle Resolution)


Figure 7.3 and Figure 7.4 look in detail at 1 cycle of phase A (channel IA) 
current identified in Figure 7.2. Figure 7.3 shows how the event report current 
column data relate to the actual sampled current waveform and rms current 
values. Figure 7.4 shows how the event report current column data can be 
converted to phasor rms current values.


(Continued from previous page)


DP1   =0
DP2   =LB1
DP3   =0
DP4   =IN1
DP5   =0
DP6   =0
DP7   =0
DP8   =0


=>>
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Figure 7.3 Derivation of Event Report Current Values and RMS Current Values From Sampled Current Waveform


In Figure 7.3, note that any two rows of current data from the event report in 
Figure 7.2, one quarter (1/4) cycle apart, can be used to calculate rms current 
values.
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Figure 7.4 Derivation of Phasor RMS Current Values From Event Report 
Current Values
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In Figure 7.4, note that two rows of current data from the event report in 
Figure 7.2, one quarter (1/4) cycle apart, can be used to calculate phasor rms 
current values. In Figure 7.4, at the present sample, the phasor rms current 
value is:


IA = 2275 A ∠–88.24°


The present sample (IA = 70 A) is a real rms current value that relates to the 
phasor rms current value:


2275 A • cos(–88.24°) = 70 A







7.19


Date Code 20080104 Instruction Manual SEL-551 Relay


Standard Event Reports and SER
Example Sequential Events Recorder (SER) Event Report


Example Sequential Events Recorder (SER) Event 
Report


The following example SEL-551 sequential events recorder (SER) event 
report in Figure 7.5 also corresponds to the example standard 15-cycle event 
report in Figure 7.2.


Figure 7.5 Example Sequential Events Recorder (SER) Event Report


The circled, numbered comments in both Figure 7.2 and Figure 7.5 are 
explained in the following text:


q Relay powers up in the Lockout State (L) and at last shot (= 2).


Related setting:


79OI1 = 30.000


79OI2 = 600.000


79OI3 = 0.000


w Front-panel operation of Local bit LB1(1) enables reclosing.


Related setting:


79DTL = !LB1 +


FEEDER 1                          Date: 02/29/96    Time: 13:46:26.988
STATION A


FID=SEL-551-R101-Vr-D960321      CID=00FF


                                    51    50       S Lcl Rem   SELogic Var  OutI
Row       Date      Time                  PPPANGQ  h                  11111    n
                Amps Pri            PPNGQQ135B111 7o 13571357O 135678901234 13A1
     IA     IB     IC     IN     IG 121112246C222 9t 24682468C 24TTTTTTTTTT 24L2


13      02/29/96 13:44:30.146       Relay newly powered up or settings changed
      2      0      2      1      4 ............. L2 ......... ............ ....
12      02/29/96 13:45:02.487
      0      0      2      1      2 ............. L2 1........ ............ ....
11      02/29/96 13:45:18.239
      1      0      1      0      2 ............. L2 14....... ............ 2...
10      02/29/96 13:45:18.241
      0      0      2      1      2 ............. L2 1........ ............ 2...
9       02/29/96 13:45:18.256
    236    274    137      0     15 ............. L2 1........ ............ ...1
8       02/29/96 13:45:23.258
    475    454    494      1     31 ............. R2 1........ ............ ...1
7       02/29/96 13:45:44.924
    794    451    491      1    421 p..p......... R0 1........ ............ ...1
6       02/29/96 13:45:44.939
   2109    443    484      0   1850 p..p..1...... C0 1........ ..p......... 1..1
5       02/29/96 13:45:44.991
   1726    435    367      1   1613 p..p......... C0 1........ ..p......... 1..1
4       02/29/96 13:45:44.999
    601    259    131      1    584 r..p......... C0 1........ ..p......... 1..1
3       02/29/96 13:45:45.001
    723    127    158      1    566 r..p......... C0 1........ ..p......... 1...
2       02/29/96 13:45:45.008..
     94     47     25      1     22 r..r......... C0 1........ ..p......... 1...
1       02/29/96 13:45:45.089
      1      0      2      0      2 ............. C0 1........ ............ ....


See explanation in Figure 7.2.


q


w
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NOTE: Two set open intervals (79OI1, 
79OI2) precede the first open interval 
set to zero (79OI3 = 0.000). Thus, last 
shot = 2.
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e Front-panel operation of Local bit LB4 (4) closes the circuit breaker via 
output contact OUT2 (2).


Related settings:


CL = LB4


OUT2 = CLOSE


r Input IN1(1) indicates the circuit breaker closed.


Related setting:


52A = IN1


t Relay goes to the Reset State (R), 300 cycles after the circuit breaker closes.


Related setting:


79RSLD = 300.000 cycles


Time difference: 13:45:23.258 – 13:45:18.256 = 5.002 seconds 
(= 300 cycles)


y Fault starts and time-overcurrent elements 51P1T and 51G1T pick up and 
start timing (p).


u Relay trips on element 50P1(1). Relay goes to the Reclose Cycle State (C). 
Element 50P1 can trip because the shot = 0 (0). Output contact OUT1 (1) trips 
the circuit breaker.


Related settings:


TR = ... + 50P1 * SH0 +


OUT1 = TRIP


i The circuit breaker opens (.).


o Output contact OUT1 deasserts (.) after being asserted a minimum of 
9 cycles.


Related settings:


TDURD = 9.000 cycles


OUT1 = TRIP


Time difference: 13:45:45.089 – 13:45:44.939 = 0.150 seconds 
(= 9 cycles)
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Testing and Troubleshooting


Overview


The Acceptance Testing on page 8.5, Commissioning Testing on page 8.16, 
and Maintenance Testing on page 8.17 should be used for determining and 
establishing test routines for the SEL-551 Relay. Included are discussions on 
testing philosophies, methods, and tools. Example test procedures are shown 
for the overcurrent elements, differential elements, and metering. Relay 
troubleshooting procedures are shown at the end of the section.


Protective relay testing can be divided into three categories:


➤ acceptance


➤ commissioning


➤ maintenance


The categories are differentiated by when they take place in the life cycle of 
the relay, as well as in the test complexity.


The paragraphs below describe when each type of test is performed, the goals 
of testing at that time, and the relay functions that you need to test at each 
point. This information is intended as a guideline for testing SEL relays.
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Testing Methods and Tools
Test Features 
Provided by the Relay


The following features assist you during relay testing:


For more information on these features and commands, see Section 5: Serial 
Port Communications and Commands.


Low-Level Test 
Interface


The SEL-551 has a low-level test interface between the calibrated input 
module and the separately-calibrated processing module. You can test the 
relay in either of two ways:


➤ conventionally, by applying ac current signals to the relay 
inputs


➤ by applying low magnitude ac voltage signals to the low-level 
test interface


Access the test interface by removing the relay front panel.


Figure 8.1 shows the low-level interface connections. Remove the ribbon 
cable between the two modules to access the outputs of the input module and 
the inputs to the processing module (relay main board).


You can test the relay processing module, using signals from the SEL RTS 
Low-Level Relay Test System. Never apply voltage signals greater than 9 V 
peak-to-peak to the low-level test interface. Figure 8.1 shows the signal 
scaling factors.


You can test the input module two different ways:


1. Measure the outputs from the input module with an accurate 
voltmeter, and compare the readings to accurate instruments in 
the relay input circuits, or


2. Replace the ribbon cable, press the front-panel {METER} button, 
and compare the relay readings to other accurate instruments in 
the relay input circuits.


Feature Description


METER Command The METER command shows the currents presented to the 
relay in primary values. Compare these quantities against 
other devices of known accuracy.


EVENT Command The relay generates an event report in response to faults or 
disturbances. Each report contains current information, relay 
element states, and input/output contact information. If you 
question the relay response or your test method, use the 
EVENT command to display detailed information.


TARGET Command Use the TARGET n command to view the state of relay con-
trol inputs, relay outputs, and relay elements individually dur-
ing a test.


SER Command Use the Sequential Event Recorder for timing tests by setting 
the SER trigger settings (SER1, SER2, or SER3) to trigger for 
specific elements asserting or deasserting. View the SER with 
the SER command.


Programmable Outputs Programmable outputs allow you to isolate individual relay 
elements. Refer to the SET command.


The relay contains devices sensitive 
to Electrostatic Discharge (ESD). 
When working on the relay with the 
front panel removed, work surfaces 
and personnel must be properly 
grounded or equipment damage may 
result.


! CAUTION
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Figure 8.1 Low-Level Test Interface


Test Methods Test the pickup and dropout of relay elements, using one of three methods:


➤ front-panel target LCD/LED indication


➤ output contact operation


➤ the Sequential Event Recorder (SER)


Target LED Illumination


Step 1. During testing, use target LED illumination to determine relay 
element status.


Step 2. Using the TAR command, set the front-panel targets to display 
the element under test. 


Step 3. Monitor element pickup and dropout by observing the target 
LEDs.


For example, the level 1 phase instantaneous overcurrent 
element 50P1 appears in Relay Word Row 2. When you type 
the command TAR 2 <Enter>, the terminal displays the labels 
and status for each bit in the Relay Word Row (2) and the LEDs 
display their status. Thus, with these new targets displayed, if 
the level 1 phase instantaneous overcurrent element (50P1) 
asserts, the fifth from the left LED illuminates. See Section 4: 
Setting the Relay for a list of all Relay Word elements.


Step 4. Be sure to reset the front-panel targets to the default targets 
after testing before returning the relay to service.


This can be done by pressing the front-panel {TARGET RESET} 
pushbutton, or by issuing the TAR R command from the serial 
port.


Output Contact Operation


Step 1. To test using this method, set one programmable output contact 
to assert when the element under test picks up.


Step 2. With the SET L n command, enter the Relay Word bit name of 
the element under test.


Step 3. For an a-type output contact, when the condition asserts, the 
output contact closes. When the condition deasserts, the output 
contact opens.


Step 4. For a b-type output contact, when the condition asserts, the 
output contact opens. When the condition deasserts, the output 
contact closes.


INPUT MODULE OUTPUT (J7) : 71.43 mV AT NOMINAL CURRENT (1 A OR 5 A)


SEL-551    157-0055


PROCESSING MODULE INPUT (J9) : 6.2 V p-p MAXIMUM


LOW-LEVEL TEST INTERFACE


PATENTS PENDING


FOR TESTING
REMOVE RIBBON CABLE


GNDGND GND GNDGND+10V GND


-10V N/C N/C IN IC IAIB


IN
PU
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Programmable contacts can be changed to a- or b-type output contacts with a 
solder jumper.


Step 1. Refer to Section 2: Installation for jumper locations.


Step 2. Using output contact operation as an indicator, you can 
measure element operating characteristics, stop timers, etc.


Tests in this section assume an a-type output contact.


Sequential Event Recorder (SER)


Step 1. To test using this method, set the SER to trigger for the element 
under test.


Step 2. With the SET R command, put the element name in the SER1, 
SER2, or SER3 setting.


Whenever an element asserts or deasserts, a time stamp is 
recorded.


Step 3. View the SER report with the SER command.


Step 4. Clear the SER report with the SER C command.
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Acceptance Testing


When: Qualifying a relay model to be used on the utility system.


Goal:


➤ Ensure relay meets published critical performance 
specifications such as operating speed and element accuracy.


➤ Ensure that the relay meets the requirements of the intended 
application.


➤ Gain familiarity with relay settings and capabilities.


What to test: All protection elements and logic functions critical to the 
intended application.


SEL performs detailed acceptance testing on all new relay models and 
versions. We are certain the relays we ship meet their published specifications. 
It is important for you to perform acceptance testing on a relay if you are 
unfamiliar with its operating theory, protection scheme logic, or settings. This 
helps ensure the accuracy and correctness of the relay settings when you issue 
them.


Equipment Required The following equipment is necessary to perform all of the acceptance tests:


1. A terminal or computer with terminal emulation with EIA-232 
serial interface


2. Interconnecting data cable between terminal and relay


3. Source of relay control power


4. Source of one current at nominal frequency


5. Ohmmeter or contact opening/closing sensing device


Initial Checkout Step 1. Purpose:


Be sure you received the relay in satisfactory condition.


Method:


Inspect the instrument for physical damage such as dents or 
rattles.


Step 2. Purpose:


Verify requirements for relay logic inputs, control power 
voltage level, and voltage and current inputs.


Method:


a. Refer to the information sticker on the rear panel of the 
relay. Actual information stickers vary, but Figure 8.2 
provides an example. 


b. Check the information on this sticker before applying 
power to the relay or starting tests.


c. Be sure your dc supply is correctly adjusted for the 
control and logic input requirements. The logic input 
voltage rating is jumper selectable. The sticker gives the 
factory default voltage rating.
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Figure 8.2 Relay Part Number and Hardware Identification Sticker


Power Supply Step 1. Purpose:


Establish control power connections.


Method:


Connect a frame ground to terminal marked GND on the rear 
panel and connect rated control power to terminals marked + 
and –. Relays supplied with 125 or 250 V power supplies can be 
powered from a 115 Vac wall receptacle for testing. Other 
power supplies require dc voltage and are polarity sensitive.


Serial Communication Step 1. Purpose:


Verify the communications interface setup.


Method:


Connect a computer terminal to the serial port of the relay.


Communication Parameters: 2400 Baud, 8 Data Bits, 1 
Stop Bit, N Parity


Cables: SEL C234A for 9-pin male computer 
connections, SEL C227A for 25-pin male computer 
connections


Step 2. Purpose: 


Apply control voltage to the relay, and start Access Level 0 
communications.


Method:


a. Apply control voltage to the relay. The enable target 
(EN) LED should illuminate. If not, be sure that power is 
present.


b. Press the <Enter> key from your terminal to get the 
Access Level 0 response from the relay.


The = prompt should appear, indicating that you have 
established communications at Access Level 0 
(presuming correct terminal configuration).


The ALARM relay should hold its b-type output contact 
open.


If these do not occur, refer to Relay Troubleshooting on 
page 8.20.


NOTE: If you are using a battery 
simulator, be sure the simulator 
voltage level is stabilized before 
turning the relay on.
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Step 3. Purpose:


Establish Access Level 1 communications.


Method:


a. Type ACC <Enter>. 


b. At the prompt, enter the Access Level 1 password and 
press <Enter>. The => prompt should appear, 
indicating that you have established communications at 
Access Level 1.


Step 4. Purpose:


Verify relay self-test status.


Method:


a. Type STA <Enter>. The following display should 
appear on the terminal:


=>>STA <Enter>


FEEDER 1                          Date: 02/07/00    Time: 23:25:34.869
STATION A


FID=SEL-551-R504-Vf-D970616      CID=D7F0


SELF TESTS


W=Warn    F=Fail


       IA       IB       IC       IN       MOF
OS      3        3        3        3        0


       +5V_PS   +5V_REG  -5V_REG  +10V_PS  -10V_PS  VBAT
PS      4.99     4.99    -5.06     10.17   -10.33    2.92


       TEMP     RAM      ROM      CR_RAM   EEPROM
        28.6    OK       OK       OK       OK


 Relay Enabled


=>


The STA Command (Status) subsection in Section 5: Serial Port 
Communications and Commands explains the values listed in the above status 
printout.


Step 5. Purpose:


View factory settings entered before shipment.


Method:


a. The relay is shipped with factory settings; type SHO 
<Enter> to view the settings. Section 4: Setting the 
Relay includes a complete description of the settings. 
The terminal display should look similar to the 
following:
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=>>SHO <Enter>


Relay Settings:
RID   =FEEDER 1     TID   =STATION A
CTR   = 120      CTRN  = 120      TDURD = 9.000
50P1P = 15.0     50P2P = 20.0     50P3P = OFF      50P4P = OFF
50P5P = OFF      50P6P = OFF      50ABCP= OFF
51P1P = 6.0      51P1C = U3       51P1TD= 3.00     51P1RS= N
51P2P = OFF      51P2C = U3       51P2TD= 15.00    51P2RS= N
50N1P = OFF      50N2P = OFF
51N1P = OFF      51N1C = U3       51N1TD= 15.00    51N1RS= N
50G1P = OFF      50G2P = OFF
51G1P = 1.5      51G1C = U3       51G1TD= 1.50     51G1RS= N
50Q1P = OFF      50Q2P = OFF
51Q1P = OFF      51Q1C = U3       51Q1TD= 15.00    51Q1RS= N
51Q2P = OFF      51Q2C = U3       51Q2TD= 15.00    51Q2RS= N
79OI1 = 30.000   79OI2 = 600.000  79OI3 = 0.000    79OI4 = 0.000
79RSD = 1800.000 79RSLD= 300.000  CFD   = 60.000
DMTC  = 5
PDEMP = 5.00     NDEMP = 1.50     GDEMP = 1.50     QDEMP = 1.50


Press RETURN to continue
SV5PU = 12.000   SV5DO = 2.000    SV6PU = 0.000    SV6DO = 0.000
SV7PU = 0.000    SV7DO = 0.000    SV8PU = 0.000    SV8DO = 0.000
SV9PU = 0.000    SV9DO = 0.000    SV10PU= 0.000    SV10DO= 0.000
SV11PU= 0.000    SV11DO= 0.000    SV12PU= 0.000    SV12DO= 0.000
SV13PU= 0.000    SV13DO= 0.000    SV14PU= 0.000    SV14DO= 0.000
NFREQ = 60       PHROT = ABC      DATE_F= MDY
=>>


The SHO Command (Showset) on page 5.19 explains the other settings 
available with variations of the SHO command.


Outputs Step 1. Purpose:


Verify that contact outputs operate when you execute the 
PULSE command.


Method:


a. Isolate all circuitry connected to the output contacts.


b. Set the target LEDs to display the contact outputs by 
typing TAR 12 <Enter>. The front-panel LEDs should 
now follow Row 12 of the Relay Word where the 
outputs are listed.


c. Execute the PULSE n command for each output 
contact.


d. Verify that the corresponding target LED illuminates 
and that the output contact closes for approximately one 
second. For example, type PUL OUT1 <Enter> to test 
output contact OUT1.


The response of a programmable alarm output contact 
to a PULSE command is discussed in the Output 
Contacts on page 3.43.


Inputs Step 1. Purpose:


Verify that logic inputs assert when control voltage is applied 
across the respective terminal pair.


Method:


a. Set the target LEDs to display the contact inputs by 
typing TAR 4 <Enter>. The fourth and fifth front-
panel LED should now follow logic inputs IN1 and 
IN2, which are in Relay Word Row 4.2.


b. Apply the appropriate control voltage to each input and 
make sure the corresponding target LED turns on.
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Note that the control voltage required to assert an input 
is jumper selectable.


If you suspect the jumpers to be different from the 
factory default, refer to Section 2: Installation for the 
jumper locations.


Metering Step 1. Purpose:


Connect simulated power system secondary current sources to 
the relay.


Method:


a. Turn power off to the relay and connect current sources.


If three current sources are available, connect them to 
the relay as shown in Figure 8.3. If only two current 
sources are available, connect the sources as shown in 
Figure 8.4 to generate balanced positive-sequence 
currents.


b. Set the current sources to deliver 1 A secondary.


c. Set the current angles (e.g., B-phase lags A-phase by 
120°) according to the phase rotation setting PHROT 
(i.e., PHROT = ABC or ACB).


Step 2. Purpose:


Verify correct current levels.


Method:


a. Turn relay power on, and use the METER command to 
display the currents applied in Step 1.


With applied currents of 1 A secondary per phase and a 
current transformer ratio of 120:1 (assuming setting 
CTR = 120), the displayed line currents should be close 
to 120 amperes primary.


Step 3. Purpose:


Verify phase rotation.


Method:


a. Verify that residual (IG) and negative-sequence (3I2) 
quantities are approximately zero (or much less than the 
approximately 120 A primary displayed for the phases).


If IG equals approximately 3 times the applied current, 
then all three phases have the same angle. If 3I2 equals 
approximately 3 times the applied current, then the 
phase rotation is reversed.


b. Turn the current sources off.
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Figure 8.3 Test Connections for Balanced Load With Three-Phase Current 
Sources


Figure 8.4 Test Connections for Balanced Load With Two-Phase Current 
Sources


Instantaneous 
Overcurrent Elements


Step 1. Purpose:


Determine the expected instantaneous overcurrent element 
pickup value.


Method:


a. Execute the SHO command via the relay front panel or 
serial port and verify the setting (i.e., SHO 50P1P 
<Enter>).


Step 2. Purpose:


Display the appropriate Relay Word bit on the front-panel 
LEDs.


Method:


a. Execute the TARGET command (i.e., TAR 2 
<Enter>). 


The SEL-551 now displays the state of several 
overcurrent elements on the front-panel LED and LCD 
display.


101
(Z01)


102
(Z02)


IA


104
(Z04)


103
(Z03)


IB


106 
(Z06)


105
(Z05)


IC


SEL-551 
(partial)


Current Current Current


101 = Terminal Block
(Z01) = Connectorized


101
(Z01)


102
(Z02)


IA


104
(Z04)


103
(Z03)


IB


106 
(Z06)


105
(Z05)


IC


SEL-551 
(partial)


Current Current


101 = Terminal Block
(Z01) = Connectorized


NOTE: This example tests the 50P1 
phase overcurrent element. Use the 
same procedure to test all 
instantaneous overcurrent elements 
for each phase.
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Step 3. Purpose:


Connect and apply a single current test source until the 
appropriate LED illuminates.


Method:


a. Connect a single current test source (i.e., source 1 to 
current input IA) as shown in Figure 8.3.


b. Turn on the current test source for the phase under test, 
and slowly increase the magnitude of current applied 
until the appropriate element asserts (i.e., 50P1), 
causing the LED to illuminate (i.e., fifth from the left; 
see Table 5.5).


c. Note the magnitude of the current applied. It should 
equal the 50P1P setting ±5 percent of the setting and 
±0.1 A secondary.


Step 4. Purpose:


Repeat test for each instantaneous overcurrent element.


Method:


a. Repeat Step 1–Step 3 for each instantaneous 
overcurrent element listed in Table 8.1.


b. Remember to view the element with the TAR command 
(see Table 5.6). The computer terminal will display the 
LED labels from left to right when the TAR command 
is issued.


Table 8.1 Instantaneous Overcurrent Elements and Corresponding Settings/
Relay Word Bits/TAR Commands


Element Pickup Setting Relay Word Bit TAR


Phase Level 1 50P1P 50P1 2


Phase Level 2 50P2P 50P2 2


Phase Level 3 50P3P 50P3 2


Phase Level 4 50P4P 50P4 2


Phase Level 5 50P5P 50P5 3


Phase Level 6 50P6P 50P6 3


Independent A-Phase 50ABCP 50A 4


Independent B-Phase 50B


Independent C-Phase 50C


Neutral Ground Level 1 50N1P 50N1 3


Neutral Ground Level 2 50N2P 50N2 3


Residual Ground Level 1 50G1P 50G1 3


Residual Ground Level 2 50G2P 50G2 3


Negative-Sequence Level 1 50Q1P 50Q1 3


Negative-Sequence Level 2 50Q2P 50Q2 3
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Inverse-Time 
Overcurrent Elements


Step 1. Purpose:


Determine the expected time delay for the overcurrent element.


Method:


a. Execute the SHO command via the relay front panel or 
serial port and verify the time delay settings (i.e., SHO 
51P1P <Enter>).


The delay settings will follow the pickup settings when 
they are displayed.


b. Calculate the time delay to pickup (tp). 


Inverse-time elements are calculated using three 
element settings and the operating time equations 
shown in Section 4: Setting the Relay. TD is the time-
dial setting (i.e., 51P1TD), and M is the applied 
multiple of pickup current.


For example, if 51P1P = 2.2 A, 51P1C = U3, and 
51P1TD = 4.0, we can use the equation below to 
calculate the expected operating time for M = 3 
(applied current equals M • 51P1P = 6.6 A):


Equation 8.1


Step 2. Purpose:


Set the Sequential Event Recorder to record the element timing.


Method:


a. Use SET R SER1 <Enter> to set SER1 equal to the 
element pickup and time-out Relay Word bits (i.e., 
51P1, 51P1T). 


b. When prompted, set SER2 and SER3 to NA.


c. Save settings.


Step 3. Purpose:


Connect and apply a single current test source at a level that is 
M times greater than the pickup (i.e., 2.2 • M = 6.6 A; M = 3 for 
this example).


Method:


a. Connect a single current test source (i.e., source 1 to 
current input IA) as shown in Figure 8.3.


b. Turn on the single current test source for the phase 
under test at the desired level.


Step 4. Purpose:


Verify the operation times.


Method:


a. Type SER <Enter> to view the sequential event 
records.


The assertion and deassertion of each element listed in 
the SER 1, 2, and 3 settings is recorded.


NOTE: This example tests the 51P1T 
phase inverse-time overcurrent 
element. Use the same procedure to 
test all inverse-time overcurrent 
elements for each phase.


tp TD 0.0963 3.88


M
2


1–
----------------+⎝ ⎠


⎛ ⎞• =


tp 2.33 seconds=
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b. Subtract the time from the assertion of the pickup (i.e., 
51P1) to the assertion of the time-delayed element (i.e., 
51P1T).


SER C clears the Sequential Event Records.


Step 5. Purpose:


Repeat the test for each inverse-time overcurrent element.


Method:


a. Repeat Step 1–Step 4 for each time element listed in 
Table 8.2 for each phase.


b. Remember to set the SER for the appropriate elements 
and apply current to the appropriate phase. 


The neutral ground overcurrent elements operate based 
on current applied to the separate IN input.


Table 8.2 Inverse-Time Overcurrent Elements and Corresponding Settings/
Relay Word Bits/TAR Commands (Sheet 1 of 2)


Element/Settings Setting Names Relay Word Bits TAR


Phase Level 1 51P1 1


Pickup 51P1P (picked up)


Curve 51P1C


Time-Dial 51P1TD 51P1T 1


Electromechanical Reset 51P1RS (timed out)


Phase Level 2 51P2 1


Pickup 51P2P


Curve 51P2C


Time-Dial 51P2TD 51P2T 1


Electromechanical Reset 51P2RS (timed out)


Neutral Ground 51N1 1


Pickup 51N1P (picked up)


Curve 51N1C


Time-Dial 51N1TD 51N1T 1


Electromechanical Reset 51N1RS (timed out)


Residual Ground 51G1 1


Pickup 51G1P (picked up)


Curve 51G1C


Time-Dial 51G1TD 51G1T 1


Electromechanical Reset 51G1RS (timed out)


Negative-Sequence Level 1 51Q1 2


Pickup 51Q1P (picked up)


Curve 51Q1C


Time-Dial 51Q1TD 51Q1T 2


Electromechanical Reset 51Q1RS (timed out)


NOTE: If the electromechanical 
induction-disk reset emulation is 
enabled (i.e., 51P1RS = Y), the element 
under test may take some time to 
reset fully. If the element is not fully 
reset when you run a second test, the 
time to trip will be lower than 
expected. Usually this setting is set 
51P1RS = N.
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Phase Overcurrent 
Elements


The SEL-551 has many phase overcurrent elements as shown in Table 8.1 and 
Table 8.2. Except for elements 50A, 50B, and 50C, they operate based on a 
comparison between the maximum phase current directly applied to the phase 
inputs and the phase overcurrent setting.


Test the instantaneous and inverse-time phase overcurrent elements by 
applying current to the inputs and comparing relay operation to the phase 
overcurrent settings. These tests were previously outlined in this section.


Negative-Sequence 
Overcurrent Elements


The SEL-551 has four negative-sequence overcurrent elements as shown in 
Table 8.1 and Table 8.2. They all operate based on a comparison between a 
negative-sequence calculation of the three-phase inputs and the negative-
sequence overcurrent setting. The negative-sequence calculation that is 
performed on the three-phase inputs is as follows (assuming ABC rotation):


Equation 8.2


This means that if balanced positive-sequence currents are applied to the relay, 
the relay reads 3I2 = 0 (load conditions).


For testing purposes, apply a single-phase current to the relay and the 
negative-sequence overcurrent elements will operate. For example, assume 
one ampere on A-phase and zero on B- and C-phases:


Equation 8.3


Test the instantaneous and inverse-time negative-sequence overcurrent 
elements by applying current to the inputs and comparing relay operation to 
the negative-sequence overcurrent settings. These tests were previously 
outlined in this section.


Neutral Ground 
Overcurrent Elements


The SEL-551 has four neutral ground overcurrent elements. They all operate 
based on a comparison between the separate neutral current input (IN) and the 
neutral ground overcurrent setting. 


For testing purposes, apply a single-phase current to the separate neutral input 
and the neutral ground overcurrent elements will operate at the setting 
threshold.


Test the instantaneous and time-delayed neutral ground overcurrent elements 
by applying current to the inputs and comparing relay operation to the neutral 
ground overcurrent settings. These tests were previously outlined in this 
section.


Negative-Sequence Level 2 51Q2 2


Pickup 51Q2P (picked up)


Curve 51Q2C


Time-Dial 51Q2TD 51Q2T 2


Electromechanical Reset 51Q2RS (timed out)


Table 8.2 Inverse-Time Overcurrent Elements and Corresponding Settings/
Relay Word Bits/TAR Commands (Sheet 2 of 2)


Element/Settings Setting Names Relay Word Bits TAR


3I2 A-phase B-phase (shifted by –120°)+=


+ C-phase (shifted by 120°)


3I2 1 0 (shifted by –120°)+=


+ 0 (shifted by 120°)


1 (simulated ground fault condition)=
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Residual Ground 
Overcurrent Elements


The SEL-551 has four residual ground overcurrent elements. They all operate 
based on a comparison between a residual calculation of the three-phase 
inputs and the residual ground overcurrent setting. The residual calculation 
that is performed on the three-phase inputs is as follows:


Equation 8.4


This means that if balanced positive-sequence currents are applied to the relay, 
the relay reads IG = 0 (load conditions) because the currents cancel one 
another.


For testing purposes, apply a single-phase current to the relay and the residual 
overcurrent elements will operate. For example, assume one ampere on A-
phase and zero on B- and C-phases:


Equation 8.5


Test the instantaneous and time-delayed residual overcurrent elements by 
applying current to the inputs and comparing relay operation to the residual 
overcurrent settings. These tests were previously outlined in this section.


IG A-phase B-phase C-phase+ +=


IG 1 0 0+ +=


1 (simulated ground fault condition)=
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Commissioning Testing


When: When installing a new protection system.


Goals:


➤ Ensure that all system ac and dc connections are correct.


➤ Ensure that the relay functions as intended using your settings.


➤ Ensure that all auxiliary equipment operates as intended.


What to test:


➤ all connected or monitored inputs and outputs


➤ polarity and phase rotation of ac current connections


➤ simple check of protection elements


SEL performs a complete functional check and calibration of each relay 
before it is shipped. This helps ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests should:


1. Verify that the relay is properly connected to the power system 
and all auxiliary equipment.


2. Verify control signal inputs and outputs.


3. Check breaker auxiliary inputs, SCADA control inputs, and 
monitoring outputs.


4. Use an ac connection check to verify that the relay current 
inputs are of the proper magnitude and phase rotation.


Brief fault tests ensure that the relay settings are correct. It is not necessary to 
test every relay element, timer, and function in these tests.


At commissioning time, use the relay METER command to record load 
currents.
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Maintenance Testing


When: At regularly scheduled intervals, or when there is an indication of a 
problem with the relay or system.


Goals:


➤ Ensure that the relay is measuring ac quantities accurately.


➤ Ensure that scheme logic and protection elements are 
functioning correctly.


➤ Ensure that auxiliary equipment is functioning correctly.


What to test: Anything not shown to have operated during an actual fault 
within the past maintenance interval.


SEL relays use extensive self-testing capabilities and feature detailed metering 
and event reporting functions that lower the utility dependence on routine 
maintenance testing.


Use the SEL relay reporting functions as maintenance tools.


1. Periodically verify that the relay is making correct and accurate 
current measurements by comparing the relay METER output 
to other meter readings on that line.


2. Review relay event reports in detail after each fault.


a. Using the event report current and relay element data, 
you can determine that the relay protection elements are 
operating properly.


b. Using the event report input and output data, you can 
determine that the relay is asserting outputs at the 
correct instants and that auxiliary equipment is 
operating properly.


At the end of your maintenance interval, the only items that need testing are 
those that have not operated during the maintenance interval.


The basis of this testing philosophy is simple: If the relay is correctly set and 
connected, is measuring properly, and no self-test has failed, there is no reason 
to test it further.


Each time a fault occurs, the protection system is tested. Use event report data 
to determine areas requiring attention. Slow breaker auxiliary contact 
operations and increasing or varying breaker operating time can be detected 
through detailed analysis of relay event reports.


Because SEL relays are microprocessor-based, their operating characteristics 
do not change over time. Time-overcurrent element operating times are 
affected only by the relay settings and applied signals. It is not necessary to 
verify operating characteristics as part of maintenance checks.


At SEL, we recommend that maintenance tests on SEL relays be limited under 
the guidelines provided above. The time saved may be spent analyzing event 
data and thoroughly testing those systems that require more attention.
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Relay Self-Tests


The relay runs a variety of self-tests. The relay takes the following corrective 
actions for out-of-tolerance conditions (see Table 8.3):


➤ Protection Disabled: The relay disables overcurrent elements 
and trip/close logic. All output contacts are de-energized. The 
EN front-panel LED is extinguished.


➤ ALARM Output: The ALARM output contact signals an alarm 
condition by going to its de-energized state. If the ALARM output 
contact is a b-type output contact (normally closed), it closes 
for an alarm condition or if the relay is de-energized. If the 
ALARM output contact is an a-type output contact (normally 
open), it opens for an alarm condition or if the relay is de-
energized. Alarm condition signaling can be five-second pulses 
(Pulsed) or permanent (Latched).


➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures.


➤ The relay displays failure messages on the relay LCD display 
for failures.


Use the serial port STATUS command or front-panel {STATUS} pushbutton to 
view relay self-test status.


Table 8.3 Relay Self Tests (Sheet 1 of 2)


Self-Test Condition Limits
Protection 
Disabled


ALARM Description


IA,IB,IC,IN 
Offset


Warning 30 mV No Pulsed Measures the dc offset at each of the 
current input channels every 0.2 seconds.


Master 
Offset


Warning 20 mV No Pulsed Measures the dc offset
at the A/D every 0.2 seconds.


Failure 30 mV Yes Latched


+5V PS Warning +4.75 V 
+5.25 V


No Pulsed Measures the +5 volt 
power supply every 0.2 seconds.


Failure +4.70 V 
+5.50 V


Yes Latched


±5V REG Warning ±4.65 V
±5.35 V


No Pulsed Measures the regulated 5 volt 
power supply every 0.2 seconds.


Failure ±4.50 V
±5.50 V


Yes Latched


±10V PS Warning ±9.00 V 
±11.00 V


No Pulsed Measures the 10 volt 
power supply every 0.2 seconds.


Failure ±8.00 V 
±12.00 V


Yes Latched


VBAT Warning +2.25 V 
+5.00 V


No Pulsed Measures the Real Time 
clock battery every 0.2 seconds.


Failure +2.10 V 
+6.00 V


No Pulsed


TEMP Warning –40° C 
+85° C


No Measures the temperature at the
A/D voltage reference every 0.2 seconds.


Failure –50° C 
+100° C


Yes Latched
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RAM Failure Yes Latched Performs a read/write test 
on system RAM every 60 seconds.


ROM Failure checksum Yes Latched Performs a checksum test on the relay
program memory every 0.2 seconds.


CR_RAM Failure checksum Yes Latched Performs a checksum test 
on the active copy of the 
relay settings every 0.2 seconds.


EEPROM Failure checksum Yes Latched Performs a checksum test 
on the nonvolatile copy of the
relay settings every 0.2 seconds.


The following self-tests are performed by dedicated circuitry in the microprocessor and the SEL-551 main board. 
Failures in these tests shut down the microprocessor and are not shown in the STATUS report.


Microprocessor 
Crystal


Failure Yes Latched The relay monitors the microprocessor 
crystal. If the crystal fails, the relay dis-
plays CLOCK STOPPED on the LCD 
display. The test runs continuously.


Microprocessor Failure Yes Latched The microprocessor examines each pro-
gram instruction, memory access, and 
interrupt. The relay displays VECTOR nn 
on the LCD upon detection of an invalid 
instruction, memory access, or spurious 
interrupt. The test runs continuously.


+5V PS
Under/Over 


Voltage


Failure +4.65 V
+5.95 V


Yes Latched A circuit on the SEL-551 main board 
monitors the +5 V power supply. Upon 
detection of a failure, the circuit 
forces the microprocessor to reset.


Table 8.3 Relay Self Tests (Sheet 2 of 2)


Self-Test Condition Limits
Protection 
Disabled


ALARM Description
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Relay Troubleshooting
Inspection Procedure Complete the following procedure before disturbing the relay. After you finish 


the inspection, proceed to the Troubleshooting Procedure.


Step 1. Measure and record the power supply voltage at the power 
input terminals.


Step 2. Check to see that the power is on. Do not turn the relay off.


Step 3. Measure and record the voltage at all control inputs.


Step 4. Measure and record the state of all output relays.


Troubleshooting 
Procedure


Table 8.4 Troubleshooting Procedures 


Symptom/Possible Cause Diagnosis/Solution


All Front-Panel LEDs Dark


Input power not present or fuse is blown.


Self-test failure.


Cannot See Characters on Relay LCD Screen


Relay is de-energized. Check to see if the ALARM output contact is 
closed.


LCD contrast is out of adjustment. Use the steps below to adjust the contrast.


1. Remove the relay front panel by 
removing the three front-panel screws.


2. Press any front-panel button. The relay 
should turn on the LCD back lighting.


3. Locate the contrast adjust potentiome-
ter directly adjacent to the EN LED.


4. Use a small screwdriver to adjust the 
potentiometer.


5. Replace the relay front panel.


Relay Does Not Respond to Commands From Device Connected to Serial Port


Communications device
is not connected to the relay.


Connect a communications device.


Relay or communications device 
at incorrect baud rate or other communica-
tion parameter incompatibility, including 
cabling error.


Relay serial port has received an XOFF, 
halting communications.


Type <Ctrl+Q> to send relay an XON and 
restart communications.


Relay Does Not Respond to Faults


Relay is set improperly. Review the relay settings. See Section 4: 
Setting the Relay.


Improper test settings. Restore operating settings.


CT connection wiring error. Confirm CT wiring.


The analog input cable between the trans-
former secondary and the main board is 
loose or defective.


Reseat both ends of the analog input cable, 
observing proper ESD precautions.


Failed relay self-test. 
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Relay Calibration


The SEL-551 is factory-calibrated. If you suspect that the relay is out of 
calibration, please contact the factory.
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Factory Assistance


We appreciate your interest in SEL products and services. If you have any 
questions or comments, please contact us at:


Schweitzer Engineering Laboratories
2350 NE Hopkins Court
Pullman, WA 99163-5603 USA
Telephone: +1.509.332.1890
Fax: +1.509.332.7990
Internet: www.selinc.com
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Firmware
Determining the 
Firmware Version in 
Your Relay


To find the firmware revision number in your relay, view the status report 
using the serial port STATUS command or the front-panel {STATUS} 
pushbutton. For firmware versions prior to February 11, 2000, the status report 
displays the Firmware Identification (FID) label:


FID=SEL-551-Rxxx-Vx-Dxxxxxx


For firmware versions with the date code of February 11, 2000, or later, the 
FID label will appear as follows with the Part/Revision number in bold:


FID=SEL 551-Rxxx-Vx-Z001001-Dxxxxxxxx


The firmware revision number is after the “R” and the release date is after the 
“D.” The single “x” after the “V” will be an “r” if the firmware is stored in 
EPROM, and it will be an “f” if the firmware is stored in FLASH.


For example:


FID=SEL-551-R506-Vf-Z001001-D20000211


is firmware revision number 506, stored in FLASH, release date February 11, 
2000.


Table A.1 lists the firmware versions, a description of modifications, and the 
instruction manual date code that corresponds to firmware versions. The most 
recent firmware version is listed first.


Table A.1 Firmware Revision History (Sheet 1 of 3)


Firmware Part/Revision No. Description of Firmware
Manual Date 


Code


This firmware differs from the previous version as follows:


SEL-551-R513-Vf-Z002002-D20080104 ➤ Reduced Modbus exception code 6 responses. 20080104


This firmware applies to the manual date code listed:


SEL-551-R512-Vf-Z002002-D20070301 ➤ Manual update only. See Table A.2 for a summary of manual 
updates.


20071025


This firmware applies to the manual date code listed:


SEL-551-R512-Vf-Z002002-D20070301 ➤ Manual update only. See Table A.2 for a summary of manual 
updates.


20070709


This firmware differs from the previous version as follows:


SEL-551-R512-Vf-Z002002-D20070301 ➤ Fixed potential conflict between simultaneous Fast Operate 
requests through Port 1 and the front panel.


➤ Repaired Compressed Event report format to restore SEL-5601 
compatibility.


20070301
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This firmware differs from the previous version as follows:


SEL-551-R111-Vr-Z001001-D20061005
SEL-551-R511-Vf-Z002002-D20061005


➤ Modified front-panel phase targeting to target on other 50/51 
fault elements.


➤ Fixed the demand ammeter calculation during the transition of 
daylight savings when connected to a timesource.


➤ Added relay settings to the end of the compressed event reports.


20061005


This firmware applies to the manual date code listed:


SEL-551-R110-Vr-Z001001-D20050523
SEL-551-R510-Vf-Z002002-D20050523


➤ Manual update only. See Table A.2 for a summary of manual 
updates.


20050725


This firmware differs from the previous version as follows:


SEL-551-R110-Vr-Z001001-D20050523
SEL-551-R510-Vf-Z002002-D20050523


➤ Fixed Modbus® communications issue when polled by certain 
Modbus master devices.


20050523


This firmware differs from the previous version as follows:


SEL-551-R509-Vf-Z002002-D20050124 ➤ Password security enhancement.


➤ Rising-edge and falling-edge detect operators in SELOGIC® 
control equations.


➤ Torque control setting equations for overcurrent elements can no 
longer be set directly to logical 0.


➤ Relay Word bit TRGTR (Target Reset output).


➤ VER serial port command.


20050124


This firmware differs from the previous version as follows:


SEL-551-R109-Vr-Z001001-D20030905
SEL-551-R508-Vf-Z001001-D20030905


➤ CT Saturation Protection was enhanced to improve security 
with low-set instantaneous values.


20030905


This firmware applies to the manual date code listed:


SEL-551-R108-Vr-Z001001-D20020828
SEL-551-R507-Vf-Z001001-D20020828


➤ Manual update only. See Table A.2 for a summary of manual 
updates.


20021025


This firmware differs from the previous version as follows:


SEL-551-R108-Vr-Z001001-D20020828
SEL-551-R507-Vf-Z001001-D20020828


➤ Added CT Saturation Protection


➤ Added Raw Event Report


➤ Made internal changes to support battery-backed clock hard-
ware change.


20020828


This firmware applies to the manual date code listed:


SEL-551-R107-Vr-Z001001-D20000211 
SEL-551-R506-Vf-Z001001-D20000211


➤ Manual update only. See Table A.2 for a summary of manual 
updates.


20010518


This firmware differs from the previous version as follows:


SEL-551-R107-Vr-Z001001-D20000211 
SEL-551-R506-Vf-Z001001-D20000211


➤ Added Modbus® RTU protocol.


➤ Added instantaneous element front-panel targeting of INST, A, B, 
C, and N LEDs.


➤ Changed FID format.


20000211


This firmware applies to the manual date code listed:


SEL-551-R106-Vr-D991116 
SEL-551-R505-Vf-D991112


➤ Manual update only. See Table A.2 for a summary of manual 
updates.


991117


This firmware differs from the previous version as follows:


SEL-551-R106-Vr-D991116 
SEL-551-R505-Vf-D991112


➤ Improved Fast Operate compatibility. 991112


Table A.1 Firmware Revision History (Sheet 2 of 3)


Firmware Part/Revision No. Description of Firmware
Manual Date 


Code
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This firmware applies to the manual date code listed:


SEL-551-R105-Vr-D970616 
SEL-551-R504-Vf-D970616


➤ Manual update only. See Table A.2 for a summary of manual 
updates.


981201


This firmware applies to the manual date code listed:


SEL-551-R105-Vr-D970616
SEL-551-R504-Vf-D970616


➤ Manual update only. See Table A.2 for a summary of manual 
updates.


981027


This firmware applies to the manual date code listed:


SEL-551-R105-Vr-D970616 
SEL-551-R504-Vf-D970616


➤ Manual update only. See Table A.2 for a summary of manual 
updates.


980831


This firmware applies to the manual date code listed:


SEL-551-R105-Vr-D970616 
SEL-551-R504-Vf-D970616


➤ Manual update only. See Table A.2 for a summary of manual 
updates.


970717


This firmware differs from the previous version as follows:


SEL-551-R105-Vr-D970616 
SEL-551-R504-Vf-D970616


Added Demand Ammetering:
See Demand Ammetering toward end of Section 3: Relay Elements 
and Logic.


970616


➤ Added settings DMTC, PDEMP, NDEMP, GDEMP, QDEMP 
(see Settings Sheet page 3, Section 4: Setting the Relay).


➤ Added Relay Word bits PDEM, NDEM, GDEM, QDEM (see 
Table 4.3 and Table 5.5).


➤ Added serial port and front-panel commands to access demand 
ammeter data [see MET D Command (Demand Ammeter) in 
Section 5: Serial Port Communications and Commands].


➤ Added Fast Meter messages A5C2, A5D2, A5C3, A5D3 for 
demand ammeter data.


➤ Increased the number of digital banks in the A5C1 message. 
Added demand ammeter Relay Word bits to the Compressed 
ASCII DNA command (see Appendix C: Configuration, Fast 
Meter, and Fast Operate Commands).


Modified Recloser Logic:
Relay goes to the Lockout State for Open Command execution [see 
OPE Command (Open) in Section 5: Serial Port Communications 
and Commands].


This firmware differs from the previous version as follows:


SEL-551-R503-Vf-D961211 ➤ Decreased power-up initialization time. a


This firmware differs from the previous version as follows:


SEL-551-R502-Vf-D961012 ➤ Removed quotation marks from ID message Modbus ID field 
(see Appendix C).


a


This firmware differs from the previous version as follows:


SEL-551-R104-Vr-D960528
SEL-551-R501-Vf-D960528


➤ Simplified operation of front panel functions under the {CNTRL} 
pushbutton.


➤ Removed password requirement for local control switches.


a


This firmware differs from the previous version as follows:


SEL-551-R103-Vr-D960322 Corrected use of the “^” character in the SET command. a


SEL-551-R101-Vr-D960322 Original Firmware Release. a


a Information about changes to earlier versions of the SEL-551 Instruction Manual is not available.


Table A.1 Firmware Revision History (Sheet 3 of 3)


Firmware Part/Revision No. Description of Firmware
Manual Date 


Code
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Instruction Manual


The date code at the bottom of each page of this manual reflects the creation 
or revision date. 


Table A.2 lists the instruction manual release dates and a description of 
modifications. The most recent instruction manual revisions are listed at the 
top.


Table A.2 Instruction Manual Revision History (Sheet 1 of 8)


Revision 
Date


Summary of Revisions


This manual differs from the previous version as follows:


20080104 Section 1


➤ Removed Figure 1.1: SEL-551 Front Panel.
Section 2


➤ Corrected JMP12 to be JMP14.
Section 3


➤ Corrected table number references for Relay Word bits and their descriptions to Table 4.5: SEL-551 Relay 
Word Bits and Table 4.6: Relay Word Bit Definitions.


Section 4


➤ Corrected table number references for Relay Word bits and their descriptions to Table 4.5: SEL-551 Relay 
Word Bits and Table 4.6: Relay Word Bit Definitions.


➤ Added Row 0 note for Table 4.5: SEL-551 Relay Word Bits.
Section 5


➤ Corrected table number references for Relay Word bits and their descriptions to Table 4.5: SEL-551 Relay 
Word Bits and Table 4.6: Relay Word Bit Definitions.


Section 6


➤ Corrected table number references for Relay Word bits and their descriptions to Table 4.5: SEL-551 Relay 
Word Bits and Table 4.6: Relay Word Bit Definitions.


Section 7


➤ Corrected table number references for Relay Word bits and their descriptions to Table 4.5: SEL-551 Relay 
Word Bits and Table 4.6: Relay Word Bit Definitions.


Appendix A


➤ Updated for firmware version R513.


This manual differs from the previous version as follows:


20071025 Section 1


➤ Added the 110 Vdc option to Optoisolated Inputs information in Specifications.


Appendix A


➤ Updated Table A.1 and Table A.2.


This manual differs from the previous version as follows:


20070709 Overall, manual updated for splitting the SEL-551 manual from the SEL-551C manual. This manual now is for the 
SEL-551. A separate manual has been created for the SEL-551C relays.


Section 1


➤ Listed major differences for the SEL-551C, compared to the SEL-551 updated. 


➤ Removed SEL-551C front-panel drawing and hardware overview. 


➤ Removed certain specifications in General Specifications noted for the SEL-551C. 


➤ Updated 5 A nominal current input specification to include accuracy range. 


➤ Removed UL/CSA temperature rating (SEL-551C only).
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Section 2


➤ Removed SEL-551C rear-panel drawing and detailed hardware differences such as the SEL-551C having only 
conventional terminal blocks.


➤ Removed EN-61010-1 and the SEL-551C subsection concerning SEL-551C compliance with EN (European 
Norm) 61010-1 requirements.


➤ Added information noting that level sensitive inputs are not jumper selectable.


Section 3


➤ Removed SEL-551C relay digital I/O information to the Optoisolated Inputs and Output Contacts subsection. 


➤ Remove the explanation on the programmable alarm output contact feature in the SEL-551C. 


➤ Removed the Latch Control Switch subsection for latch bits LT1–LT8 (SEL-551C only). 


➤ Added information to Lockout State 'A new reclose initiation occurs while the reclosing relay is timing on an 
open interval'.


Section 4


➤ Removed the separate Relay Word bit table for the SEL-551C, showing Relay Word bits IN1–IN6 and OUT1–
OUT3 for the new digital I/O mix and latch bit outputs LT1–LT8. 


➤ Removed programmable software and hardware alarm Relay Word bits SALARM and HALARM, respectively, 
for the SEL-551C. 


➤ Removed additional set and reset SELOGIC settings to the Setting Sheets for latch bits LT1–LT8 (SEL-551C 
only). 


➤ Removed additional settings to the Setting Sheets for the optional front-panel EIA-232 serial communications 
port for the SEL-551C. 


➤ Added example for a CT ration of 600/5, set CTR = 120.


➤ Added 0.1 increment information to Overcurrent Elements.


Section 5


➤ Removed details concerning the optional front-panel EIA-232 serial communications port for the SEL-551C. 


➤ Removed explanation on the factory settings listed in SHO Command (Showset) that differ for the new 
SEL-551C, compared to the SEL-551. 


➤ Under TAR Command (Target), removed separate Relay Word bit table for the SEL-551C, showing Relay 
Word bits IN1–IN6 and OUT1-OUT3 for the new digital I/O mix and latch bit outputs LT1–LT8. 


➤ Removed programmable software and hardware alarm Relay Word bits SALARM and HALARM, respectively, 
for the SEL-551C. 


➤ Added TAR14 row to Table 5.6.


Section 7


➤ Removed the rearrangement of digital I/O columns in the event report for the new SEL-551C. 


➤ Removed the number of rows available in the SER for the SEL-551C relay.


Section 8


➤ In Relay Self-Tests, removed the programmable alarm output contact feature in the SEL-551C.


Appendix A


➤ Updated Instruction Manual Revision History to note the splitting of the SEL-551 and the SEL-551C instruc-
tion manual.


Appendix B


➤ Added Firmware upgrade information to SEL-551R108/ SEL-551-R507 to include note 'Made internal changes 
to support battery-backed clock hardware change'.


Appendix D


➤ Removed DNA message for the SEL-551C. 


Appendix D


➤ Removed DNA message for the SEL-551C. 


This manual differs from the previous version as follows:


20070301 Appendix A


➤ Updated for firmware version R512 for the SEL-551.


➤ Updated for firmware version R503 for the SEL-551C.


Table A.2 Instruction Manual Revision History (Sheet 2 of 8)
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This manual differs from the previous version as follows:


20061005 Section 3


➤ Added additional phase pickup settings to the lists of phase pickup settings which cause the A, B, and C target 
LEDs to illuminate in the Front-Panel Target LEDs subsection.


Appendix A


➤ Updated for firmware versions R111 and R511 for the SEL-551.


➤ Updated for firmware version R502 for the SEL-551C.


This manual differs from the previous version as follows:


20050725 Entire Manual


➤ Updated format of instruction manual.


Section 2


➤ Updated rear-panel drawing (Figure 2.8).


➤ Updated Output Contact OUT4 Control Jumper Location drawing (Figure 2.12).


➤ Updated Table 2.2: Required Position of Jumper JMP13 for Desired Output Contact OUT4 Operation.


Section 8


➤ Updated Figure 8.2: Relay Part Number and Hardware Identification Sticker.


Appendix B


➤ Added a step about disconnecting the rear serial port connection to the Firmware Upgrade Instructions.


This manual differs from the previous version as follows:


20050608 Appendix A


➤ Updated for firmware version R501.


This manual differs from the previous versions as follows:


20050523 Appendix A


➤ Updated for firmware version R110/R510.


This manual differs from the previous versions as follows:


20050120 Overall, manual updated for new relay model SEL-551C. The manual now is a combined, dual manual for both the 
SEL-551 and the SEL-551C relays.
Section 1


➤ Listed major differences for the new SEL-551C, compared to the SEL-551.


➤ Inserted SEL-551C front-panel drawing and hardware overview.


➤ Certain specifications in General Specifications updated and noted for the new SEL-551C.


➤ Updated 5 A nominal current input specification.


➤ Changed power supply (125/250 Vdc or Vac) burden value to <6.2 W.


➤ Added UL/CSA temperature rating (SEL-551C only).


Table A.2 Instruction Manual Revision History (Sheet 3 of 8)
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Section 2


➤ Inserted SEL-551C rear-panel drawing and detailed hardware differences such as the SEL-551C having only 
conventional terminal blocks.


➤ Reference made to Cable C675, an adapter that brings out EIA-485 pins to a terminal block.


➤ Added EN-61010-1 and the SEL-551C subsection concerning SEL-551C compliance with 
EN (European Norm) 61010-1 requirements.


Section 3


➤ Added rising-edge and falling-edge detects as SELOGIC operators.


➤ Clarified the respective limits of Relay Word bits that can be used in the SELOGIC settings of each relay.


➤ Added SEL-551C relay digital I/O information to the Optoisolated Inputs and Output Contacts subsection.


➤ Explained the programmable alarm output contact feature in the SEL-551C.


➤ Torque control setting equations for overcurrent elements can no longer be set directly to logical 0.


➤ Added Relay Word bit TRGTR (Target Reset output) application example to the Front-Panel Target LEDs 
subsection.


➤ Added the Latch Control Switch subsection for latch bits LT1–LT8 (SEL-551C only).


➤ Added a Relay Word bit TRGTR (Target Reset output) application example to the Front-Panel Target LEDs 
subsection.


Section 4


➤ Created separate Relay Word bit table for the SEL-551C, showing Relay Word bits IN1–IN6 and OUT1–OUT3 
for the new digital I/O mix and latch bit outputs LT1–LT8.


➤ Added programmable software and hardware alarm Relay Word bits SALARM and HALARM, respectively, 
for the SEL-551C. 


➤ Added Relay Word bit TRGTR (Target Reset output).


➤ In Setting Sheets, torque control settings equation for overcurrent elements can no longer be set directly to
logical 0.


➤ Added additional set and rest SELOGIC settings to the Setting Sheets for latch bits LT1–LT8 (SEL-551C only).


➤ Added note in the Setting Sheets clarifying SER setting range for the SEL-551.


➤ Added additional settings to the Setting Sheets for the optional front-panel EIA-232 serial communications port 
for the SEL-551C.


Section 5


➤ Added details concerning the optional front-panel EIA-232 serial communications port for the SEL-551C.


➤ Added explanation on the factory settings listed in SHO Command (Showset) that differ for the new SEL-551C, 
compared to the SEL-551.


➤ Under TAR Command (Target), created separate Relay Word bit table for the SEL-551C, showing Relay Word 
bits IN1–IN6 and OUT1–OUT3 for the new digital I/O mix and latch bit outputs LT1–LT8.


➤ Added programmable software and hardware alarm Relay Word bits SALARM and HALARM, respectively, 
for the SEL-551C.


➤ Added Relay Word bit TRGTR (Target Reset output).


➤ Under PAS Command (Password), added password security enhancement explanation.


➤ Added VER Command.


Section 7


➤ Explained the rearrangement of digital I/O columns in the event report for the new SEL-551C.


➤ Clarified the number of rows available in the SER for each relay.


Section 8


➤ In Relay Self-Tests, explained the programmable alarm output contact feature in the SEL-551C.


Appendix A


➤ Updated for firmware revision R509 for the SEL-551 and firmware revision R500 for the new SEL-551C.


Appendix D


➤ Added new DNA message for the new SEL-551C. Changed DNA message for SEL-551.


➤ Expanded ID message explanation.


Table A.2 Instruction Manual Revision History (Sheet 4 of 8)
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Appendix E


➤ Added Compressed ASCII command responses for the SEL-551C.


Appendix G


➤ Added new Modbus updates for the new SEL-551C, primarily because of the new digital I/O mix and target 
LED rearrangement. 


This manual differs from the previous version as follows:


20030905 Section 1


➤ Modified text in CT Saturation Protection.


Section 3


➤ Modified text in Phase Instantaneous Overcurrent Elements.


Section 7


➤ Modified text in Standard Event Report Summary.


Appendix A


➤ Updated for firmware revisions R109 and R508.


This manual differs from the previous version as follows:


20021025 Section 1


➤ Modified Optoisolated Input Ratings information in General Specifications.


Section 2


➤ Modified text in Control Voltage Jumpers (Conventional Terminal Blocks Option Only).


This manual differs from the previous version as follows:


20020828 Section 1


➤ Updated the Tightening Torque information.


➤ Added information on CT Saturation Protection.


Section 2


➤ Updated the relay figures.


Section 4


➤ Added CT sizing information.


Section 5


➤ Updated the Command Summary.


Section 7


➤ Updated Standard Event Report Summary to include CT Saturation Protection information.


➤ Updated the example on the Event Summary Report.


➤ Added Raw Event Report Commands.


Appendix A


➤ Updated for firmware revisions R108 and R507.


This manual differs from the previous version as follows:


20010518 Title Page


➤ Added Caution, Danger, and Warning information to the back of the cover page of the Manual.


➤ Replaced Standard Product Warranty page with warranty statement on cover page.


➤ Updated password information.


Section 1


➤ Added Tightening Torque information to General Specifications.


➤ Updated Power Supply specification.


Section 2


➤ Updated Figure 2.7: SEL-551 Relay Rear Panel (Plug-In Connectors Option).


➤ Added caution note to the Clock Battery subsection.


Table A.2 Instruction Manual Revision History (Sheet 5 of 8)
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Appendix G


➤ Added clarification to Command Code 10 in Table G.16: Modbus Command Codes.


This manual differs from the previous version as follows:


20000211 Reissued all pages with new date code with four-digit year (e.g., 20000211).
Section 2


➤ Added High-Current Interrupting Output Contacts discussion. 


 Section 3


➤ Updated target logic operation.


 Section 4


➤ Updated serial port Setting Sheets.


 Section 5


➤ Added Table 5.2: Serial Port Protocols. Incremented all subsequent table numbers and cross references.


 Appendix A


➤ Updated to include the release of R506 and R107.


 


 


Appendix G


➤ Added: Appendix G: Modbus® RTU Communications Protocol


This manual differs from the previous version as follows:


991117 Section 1 


➤ Made minor corrections to General Specifications.


 Section 2


➤ Added Figure 2.3.


Section 3


➤ Reissued due to cross-reference changes.


Section 4


➤ Reissued due to cross-reference changes.


Section 7


➤ Reissued due to cross-reference changes.


Appendix B


➤ Added new Appendix B: Firmware Upgrade Instructions and relettered appendices following Appendix B.


This manual differs from the previous version as follows:


991112 Appendix A


➤ Updated to include the release of R505 and R106.


This manual differs from the previous version as follows:


981201 Section 1 


➤ Corrected typographical error on page 1–5 in (no date code change).


Section 2


➤ Updated Figure 2.6.


➤ Replaced missing Figure 2.8 on page 2-7.


 Section 4


➤ Corrected headings on Settings Sheets.


Section 8


➤ Due to printer error, the Relay Self-Tests subsection was reinserted.


➤ Updated Figure 8.3 and Figure 8.4.


➤ Deleted Figure 8.5.


Table A.2 Instruction Manual Revision History (Sheet 6 of 8)
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This manual differs from the previous version as follows:


981027 Section 2


➤ Added new Connectorized model 05510W (plug-in connectors) explanation (following Figure 2.6).


 Section 8


➤ Updated Figure 8.1 and Figure 8.2.


This manual differs from the previous version as follows:


980831 Section 2 


➤ Replaced Figure 2.1 and Figure 2.2 on pages 2-1 and 2-2 with updated drawings to provide more accurate 
dimensions and changed figure captions.


➤ Clarified figure caption and replaced Figure 2.4 on page 2-3 with updated drawing.


This manual differs from the previous version as follows:


970717 Section 1


➤ Added 24 V breaking capacity and cyclic capacity specifications to Output Contacts (page 1-5).


➤ Added a note to Level Sensitive input ratings and added 24 V power supply specifications to Power Supply 
Ratings (page 1–6).


➤ Added power supply voltage input polarity sensitive warning to Power Supply Ratings (page 1–6).


➤ Changed all Demand Meter references to Demand Ammeter.


Section 3


➤ Changed all Demand Meter references to Demand Ammeter.


Section 4, Settings Sheets


➤ Changed all Demand Meter references to Demand Ammeter.


Section 5


➤ Changed all Demand Meter references to Demand Ammeter.


Section 6


➤ Changed all Demand Meter references to Demand Ammeter.


Appendix A


➤ Changed all Demand Meter references to Demand Ammeter.


This manual differs from the previous version as follows:


970616 Reissued entire manual. Significant changes are listed below.
Section 1


➤ Removed subsection Output Contact Operating Times (output contact pickup/dropout information found in 
General Specifications in the same section).


➤ Updated specifications in AC Input Currents, Output Contacts, Optoisolated Input Ratings, and Routine
Dielectric Test.


➤ Added IEC 255-21-2, IEC 255-22-2, IEC 255-22-3, IEC 255-22-4, and IEC 255-11.


➤ Added document dates to type tests and standards.


Section 3


➤ Added Demand Ammetering.


➤ Removed first settings example for settings 79RI and 79RIS [see Reclose Initiate and Reclose Initiate
Supervision Settings (79RI and 79RIS, Respectively)].


➤ Replaced second settings example for setting 79SEQ [see Sequence Coordination (79SEQ)].


Section 4, Settings Sheets


➤ Added settings DMTC, PDEMP, NDEMP, GDEMP, QDEMP to Sheet 3 of 9.


➤ Added Relay Word bits PDEM, NDEM, GDEM, QDEM (see Table 4.3 and Table 5.5).
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Information about changes to earlier versions of the SEL-551 Instruction Manual is not available.


Section 5


➤ Added serial port and front-panel commands to access demand meter data [see MET D Command (Demand 
Meter)].


➤ Modified Recloser Logic. Relay goes to the Lockout State for Open Command execution [see OPE Command 
(Open)].


Appendix C


➤ Added fast meter messages A5C2, A5D2, A5C3, A5D3 for demand meter data.


➤ Increased the number of digital banks in the A5C1 message. 


➤ Added demand meter Relay Word bits to the Compressed ASCII DNA command.


Table A.2 Instruction Manual Revision History (Sheet 8 of 8)


Revision 
Date


Summary of Revisions







This page intentionally left blank







Date Code 20080104 Instruction Manual SEL-551 Relay


Appendix B
Firmware Upgrade Instructions


The SEL-551 Relay includes two firmware configurations:


➤ EPROM


➤ Flash


Upgrade EPROM firmware by replacing an integrated circuit (IC) component 
on the SEL-551 main board. Upgrade Flash firmware by downloading the 
firmware from a personal computer to the relay serial port. SEL ships EPROM 
firmware upgrades in an IC and Flash upgrades on a diskette.


EPROM and Flash firmware may not be interchanged on a relay. To determine 
the type of firmware in your relay, display the firmware version by pressing 
the relay front-panel {STATUS} pushbutton. The relay displays the FID firmware 
version string.


SEL-551 R100-series firmware versions are EPROM versions:


FID=SEL-551-R1xx-Vr-Dxxxxxx (for date codes prior to February 11, 
2000)


or


FID=SEL-551-R1xx-Vr-Z001001 Dxxxxxxxx (for date codes February 11, 
2000 or later)


SEL-551 R500-series firmware versions are Flash versions:


FID=SEL-551-R5xx-Vf-Dxxxxxx (for date codes prior to February 11, 
2000) 


or


FID=SEL-551-R5xx-Vf-Z001001 Dxxxxxxxx (for date codes February 
11, 2000 or later)


EPROM firmware upgrade instructions are shown below. Flash firmware 
upgrade instructions follow after.


IMPORTANT NOTE 
REGARDING SETTINGS: The 
firmware Upgrade Procedure may 
result in lost relay settings due to the 
addition of new features and changes 
in the way memory is used. It is 
imperative to have a copy of the 
original relay settings available in case 
they need to be re-entered. Carefully 
following these upgrade instructions 
will minimize the chance of 
inadvertently losing relay settings.
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EPROM Firmware Upgrades


Installing new EPROM firmware requires that you power down the relay, 
remove the front panel, pull out the main circuit board, exchange an integrated 
circuit (IC) component, and reassemble the relay. If you do not wish to 
perform the installation yourself, SEL can assist you. Simply return the relay 
and IC to SEL. We will install the new IC and return the unit to you within a 
few days.


Required Equipment ➤ Phillips® screwdriver


➤ Personal computer


➤ Terminal emulation software 


➤ Serial communications cable (SEL-234A or equivalent)


➤ ESD workstation (grounding pad and wrist strap)


➤ AMP Extraction Tool 822154-1


Upgrade Instructions Step 1. Connect a computer to the relay serial communications port, 
and enter Access Level 1.


Step 2. Execute the SHO C command, and record all displayed data 
for possible reentry after the EPROM upgrade.


Step 3. If you do not already have copies of the Relay, Logic, Port, 
SER, and Text label settings, issue the following commands to 
retrieve the settings: SHO, SHO L, SHO P, SHO R, and 
SHO T.


Normally, the relay will preserve the settings during the 
firmware upgrade. However, if the new firmware version 
includes more settings than the old version, you will have to 
reenter your old settings.


Step 4. If the relay is in service, disable its breaker control functions.


Step 5. Turn off control power to the relay.


Step 6. Disconnect the rear serial port connection, if used, before 
removing the main board.


Step 7. Remove the three front-panel screws with the Phillips 
screwdriver, and remove the relay front panel.


Step 8. Disconnect the analog signal ribbon cable from the underside 
of the relay main board and from the input module.


Step 9. Grasp the black knob on the front of the drawout assembly, and 
remove the assembly from the relay chassis. 


Because Step 11 through Step 14 involve handling devices and 
assemblies sensitive to ESD, perform these steps at an ESD-
safe workstation. This will help prevent possible damage by 
ESD.


Step 10. Locate the EPROM socket (reference designator U8) on the 
SEL-551 main board.


This procedure requires that you 
handle components sensitive to 
Electrostatic Discharge (ESD). If your 
facility is not equipped to work with 
these components, we recommend 
that you return the relay to SEL for 
firmware installation.


! CAUTION


The relay contains devices sensitive 
to Electrostatic Discharge (ESD). 
When working on the relay with the 
front panel removed, work surfaces 
and personnel must be properly 
grounded or equipment damage may 
result.


! CAUTION
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Figure B.1 EPROM Socket


Step 11. Insert AMP Extraction Tool 822154-1 into one of the extraction 
slots on the EPROM socket. 


Step 12. With a slight downward pressure, rotate the extraction tool 
away from the EPROM socket until the EPROM starts to lift 
away from the socket.


Step 13. Do not lift the EPROM all the way out on the first attempt.


Figure B.2 Insertion of the Extraction Tool in the EPROM Socket


Reference: AMP Instruction Sheet 408-9695 (dated May 18, 
1994, Rev. B).


Step 14. Remove the extraction tool from the slot, and insert it into the 
opposite extraction slot.


Step 15. With a slight downward pressure, rotate the extraction tool 
away from the EPROM socket until the other side of the 
EPROM starts to lift away from the EPROM socket.


Step 16. Alternate between the two extraction slots, and gently lift the 
EPROM from the socket.


Step 17. Carefully place the new EPROM in the socket, and apply even, 
firm pressure to fully engage it in the socket.


Figure B.3 Proper Orientation of the EPROM and EPROM Socket


Step 18. Slide the drawout assembly into the relay chassis.


 


Extraction Slots


U8


Notched Inside
Socket Corner


U8


Extraction Tool


Verify proper orientation of the new 
EPROM in the socket before applying 
pressure to engage it. Note the 
orientation indication provided by 
the notched inside socket corner and 
the notched corner.


! CAUTION


 


Notched Inside
Socket Corner


U8
Notched EPROM


Corner
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Step 19. Reconnect the analog signal ribbon cable.


Step 20. Replace the relay front panel.


Step 21. Replace the rear-panel communications cable.


Step 22. With breaker control disabled, turn relay power on. 


Step 23. If the EN LED is illuminated, proceed to Step 10 below.


If the relay front-panel display is blank, the EPROM may not be seated 
properly.


Step 1. Turn relay power off.


Step 2. Disassemble the relay (following Step 7 through Step 9 on 
page B.2) and verify the EPROM is seated into its socket.


Step 3. Verify proper orientation.


Step 4. If the EPROM is seated properly and the relay will not power 
up, remove the EPROM and inspect it for bent pins.


Step 5. If EPROM pins are bent, contact the SEL factory for a 
replacement.


If the relay front panel displays a CR RAM or EEPROM FAILURE message, reload 
the relay settings with the procedure below.


Step 1. Set your communications software settings to 2400 baud, 
8 data bits, 1 stop bit.


Step 2. Enter Access Level 2 by issuing the ACC and 2AC commands.


Step 3. If the relay prompts for passwords, enter your Level 1 and 
Level 2 passwords.


Step 4. Issue the R_S command to restore the factory default settings 
in the relay. The relay will reboot with the factory default 
settings.


Step 5. Enter Access Level 2.


Step 6. Verify the calibration settings by issuing the SHO C command.


Step 7. If the settings do not match the settings recorded in Step 2 on 
page B.2, reissue the settings with the SET C command.


Step 8. Set the Relay, Logic, SER, and Text settings with each of the 
following commands: SET, SET L, SET P, SET R, SET T.


Step 9. Set the relay passwords via the PAS command.


Step 10. Execute the STATUS command to verify all relay self-test 
parameters are within tolerance.


Step 11. Apply current signals to the relay.


Step 12. Issue the METER command. 


Step 13. Verify the current signals are correct.


Step 14. Issue the TRIGGER and EVENT commands.


Step 15. Verify the current signals are correct in the EVENT report.


The relay is now ready for your commissioning procedure.


Step 16. With relay communications still established at Access Level 2, 
execute the SHO C command and review displayed data.
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Step 17. If data are identical to previously recorded data of Step 2 on 
page B.2, you can execute the QUIT command. The relay is 
ready for your commissioning procedure.


Step 18. If, however, any channel gains are different, you must reenter 
the previously recorded values by executing the SET C 
command (similar to relay settings procedure).


Step 19. After this procedure is completed and changes have been saved, 
execute the QUIT command. 


The relay is now ready for your commissioning procedure.
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Flash Firmware Upgrades


Required Equipment ➤ Personal computer.


➤ Terminal emulation software that supports XMODEM/CRC 
protocol.


➤ Serial communications cable (SEL 234A or equivalent).


➤ Disk containing firmware upgrade file.


Upgrade Procedure The instructions below assume you have a working knowledge of your 
personal computer terminal emulation software. In particular, you must be 
able to modify your serial communications parameters (baud rate, data bits, 
parity, etc.), disable any hardware or software flow control in your computer 
terminal emulation software, select transfer protocol (i.e., XMODEM/CRC), 
and transfer files (e.g., send and receive binary files).


Step 1. If the relay is in service, disable its control functions.


Step 2. Connect the personal computer to the relay serial port and enter 
Access Level 2 by issuing the ACC and 2AC commands. 


Step 3. Execute the Show Calibration (SHO C) command to retrieve 
the relay calibration settings. 


Step 4. Record the displayed settings (or save them to a computer file) 
for possible reentry after the firmware upgrade. 


Step 5. If you do not already have copies of the Global, Group, Logic, 
Port, SER, and Text label settings, use the following Show 
commands to retrieve the necessary settings: SHO, SHO L, 
SHO P, SHO R, and SHO T. 


Normally, the relay will preserve the settings during the 
firmware upgrade. However, depending on the firmware 
version that was previously installed and the use of relay 
memory, this cannot be ensured. Saving settings is always 
recommended.


Step 6. Set up your communication connection to the highest possible 
baud rate. The relay will support speeds up to 38,400 baud.


Step 7. Use the SET P command to change the SPEED setting to the 
desired baud rate.


Step 8. From Access Level 2, issue the L_D <Enter> command to the 
relay (L underscore D <Enter>) to start the SELBOOT program.


Step 9. Type Y <Enter> at the Disable relay to send or receive 
firmware (Y/N)? prompt and Y <Enter> to the Are you sure 
(Y/N)? prompt. The relay will send the SELBOOT prompt !>.


Step 10. Make a copy of the firmware currently in the relay. This is 
recommended in case the new firmware download is 
unsuccessful. To make a backup of the firmware, you will need 
approximately 500 KB of free disk space. The procedure takes 
approximately three minutes at 38,400 baud.


Step 11. Issue the Send (SEN <Enter>) command to the relay to initiate 
the firmware transfer from the relay to your computer. No 
activity will be seen on the PC screen, because the relay is 
waiting for the PC to request the first XMODEM data packet.


NOTE: If the SEL-551 contains 
History (HIS) data, Event (EVE) data, 
Metering (MET) data, or Sequential 
Events Recorder (SER) data that you 
want to retain, these must be 
retrieved prior to performing the 
firmware upgrade, because all of these 
data sets may be erased in the 
upgrade procedure.


NOTE: SELBOOT does not echo 
nonalphabetic characters as the first 
character of a line. This may make it 
appear that the relay is not 
functioning properly when just the 
<Enter> key is pressed on the 
connected PC, even though 
everything is OK.
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Firmware Upgrade Instructions
Flash Firmware Upgrades


Step 12. Select the “Receive File” function with the XMODEM protocol 
in your terminal emulation software.


Step 13. Give the file a unique name to clearly identify the firmware 
version (e.g., 551_R500.S19). After the transfer, the relay will 
respond:


Download completed successfully!


Step 14. Begin the transfer of the new firmware to the relay by issuing 
the Receive (REC <Enter>) command to instruct the relay to 
receive new firmware.


Step 15. The relay will ask if you are sure you want to erase the existing 
firmware.


Step 16. Type Y to erase the existing firmware and load new firmware, 
or just <Enter> to abort.


Step 17. The relay then prompts you to press a key and begin the 
transfer.


Step 18. Press a key (e.g., <Enter>). 


Step 19. Start the file transfer by selecting the “Send File” function in 
your terminal emulation software. Use the XMODEM or 
1k-XMODEM (fastest) protocol and send the file that contains 
the new firmware (e.g., Relay.S19). 


After the transfer completes, the relay will reboot and return to 
Access Level 0. The following screen capture shows the entire 
process.


=>>L_D <Enter>
Disable relay to send or receive firmware(Y/N) ? Y <Enter>
Are you sure (Y/N) ? Y <Enter>
Relay Disabled
!>SEN <Enter>
Download completed successfully!


!>REC <Enter>
Caution! -  This command erases the relay's firmware.
If you erase the firmware, new firmware must be loaded into the relay
before it can be put back into service.


Are you sure you wish to erase the existing firmware? (Y/N)Y <Enter>
Erasing
Erase successful
Press any key to begin transfer, then start transfer at the PC <Enter>


Upload completed successfully. Attempting a restart


Step 20. The relay illuminates the EN front-panel LED if the original 
relay settings were retained through the download.


Step 21. If the EN LED is illuminated, proceed to Step 23; otherwise, the 
relay may display various self-test failures because of changes 
in the way memory is used.


Step 22. If the EN LED is extinguished, the relay baud rate has changed 
back to the factory default of 2400 baud; go to self-test failure: 
CR_RAM and EEPROM, Step 22 Step a.


Self-test failure: CR_RAM and EEPROM


a. Set your communications software settings to 2400 
baud, 8 data bits, 1 stop bit.


NOTE: If the relay power fails during 
a firmware receive after the old 
firmware is erased, the relay will 
restart in SELBOOT, but the baud rate 
will default to 2400 baud. (If this 
happens, connect to the relay at 2400 
baud and type BAUD 38400 at the 
SELBOOT prompt. The firmware 
receive can be started again at 
Step 14.)


NOTE: The relay will display one or 
more “C” characters as it waits for 
your PC Terminal Emulation program 
to send the new firmware. If you do 
not start the transfer quickly enough 
(within about 18 seconds), it may time 
out and respond “Remote system is 
not responding.” If this happens, 
begin again in Step 14, above.


NOTE: The file transfer takes 
approximately three minutes at 
38,400 baud, using the 1k-XMODEM 
protocol.
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Firmware Upgrade Instructions
Flash Firmware Upgrades


b. Now enter Access Level 2 by issuing the ACC and 2AC 
commands, (the factory default passwords will be in 
effect).


c. Issue the Restore Settings (R_S) command to restore 
the factory default settings in the relay. This takes about 
two minutes, then the EN LED will illuminate.


d. Enter Access Level 2 by issuing the ACC and 2AC 
commands, (the factory default passwords will be in 
effect).


e. Restore the original settings as necessary with each of 
the following commands: SET, SET L, SET P, SET R, 
and SET T.


f. Set the relay passwords via the PAS command. 


Passwords are case-sensitive, so the lower- and 
uppercase letters are treated differently.


g. If there are still any FAIL codes on the Relay LCD, see 
Section 8: Testing and Troubleshooting.


Step 23. Verify the calibration settings by issuing the SHO C command.


Step 24. If the settings do not match the settings recorded in Step 2 on 
page B.2, reissue the settings with the SET C command.


Step 25. Execute the Status (STA) command to verify that all relay self-
test parameters are within tolerance, and that the relay is 
enabled.


Step 26. Apply current signals to the relay.


Step 27. Issue the MET command.


Step 28. Verify that the current and voltage signals are correct.


Step 29. Issue the Trigger (TRI) and Event (EVE) commands.


Step 30. Verify that the current and voltage signals are correct in the 
event report.


The relay is now ready for your commissioning procedure.
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Appendix C
SEL Distributed Port Switch Protocol


Overview


SEL Distributed Port Switch Protocol (LMD) permits multiple SEL relays to 
share a common communications channel. It is appropriate for low-cost, low-
speed port switching applications where updating a real-time database is not a 
requirement.
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SEL Distributed Port Switch Protocol
Settings


Settings


Use the front-panel {SET} pushbutton or the serial port SET P command to 
activate the LMD protocol. Change the port PROTOCOL setting from the 
default SEL to LMD to reveal the following settings:


Setting Description


PREFIX: One character to precede the address. This should be a character that 
does not occur in the course of other communications with the relay. 
Valid choices are one of the following: “@” “#” “$” “%” “&.” The 
default is “@.”


ADDRESS: Two character ASCII address. The range is “01” to “99.” The default 
is “01.”


SETTLE TIME: Time in seconds that transmission is delayed after the request to send 
(RTS line) asserts. This delay accommodates transmitters with a slow 
rise time.
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SEL Distributed Port Switch Protocol
Operation


Operation


1. The relay ignores all input from this port until it detects the 
prefix character and the two-byte address.


2. Upon receipt of the prefix and address, the relay enables echo 
and message transmission.


3. Wait until you receive a prompt before entering commands to 
avoid losing echoed characters while the external transmitter is 
warming up.


4. Until the relay connection terminates, you can use the standard 
commands that are available when PROTOCOL is set to SEL.


5. The QUIT command terminates the connection. If no data are 
sent to the relay before the port timeout period, it automatically 
terminates the connection.


6. Enter the sequence CTRL-X QUIT <CR> before entering the 
prefix character, if all relays in the multidrop network do not 
have the same prefix setting.


NOTE: You can use the front-panel 
{SET} pushbutton to change the port 
settings to return to SEL protocol.
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Appendix D
Configuration, Fast Meter,


and Fast Operate Commands


Overview


SEL relays have two separate data streams that share the same serial port. The 
human data communications with the relay consist of ASCII character 
commands and reports that are intelligible to humans using a terminal or 
terminal emulation package. The binary data streams can interrupt the ASCII 
data stream to obtain information and then allow the ASCII data stream to 
continue. This mechanism allows a single communications channel to be used 
for ASCII communications (e.g., transmission of a long event report) 
interleaved with short bursts of binary data to support fast acquisition of 
metering data. The device connected to the other end of the link requires 
software that uses the separate data streams to exploit this feature. The binary 
commands and ASCII commands can also be accessed by a device that does 
not interleave the data streams.


SEL Application Guide AG95-10, Configuration and Fast Meter Messages, is 
a comprehensive description of the SEL binary messages. Below is a 
description of the messages provided in the SEL-551.
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Configuration, Fast Meter, and Fast Operate Commands
Message Lists


Message Lists


Table D.1 Binary Message List


Request to Relay (hex) Response From Relay


A5C0 Relay Definition Block


A5C1 Fast Meter Configuration Block


A5D1 Fast Meter Data Block


A5C2 Demand Fast Meter Configuration Block


A5D2 Demand Fast Meter Data Message


A5C3 Peak Demand Fast Meter Configuration Block


A5D3 Peak Demand Fast Meter Data Message


A5B9 Fast Meter Status Acknowledge


A5CE Fast Operate Configuration Block


A5E0 Fast Operate Remote Bit Control


A5E3 Fast Operate Breaker Control


Table D.2 ASCII Configuration Message List


Request to Relay (ASCII) Response From Relay


ID ASCII Firmware ID String and Terminal ID Setting (TID)


DNA ASCII Names of Relay Word bits


BNA ASCII Names of bits in the A5B9 Status Byte







D.3


Date Code 20080104 Instruction Manual SEL-551 Relay


Configuration, Fast Meter, and Fast Operate Commands
Message Definitions


Message Definitions
A5C0 Relay Definition 
Block


In response to the A5C0 request, the relay sends the following block:


A5C1 Fast Meter 
Configuration Block


In response to the A5C1 request, the relay sends the following block:


Table D.3 A5C0 Relay Definition Block


Data Description


A5C0 Command


30 Length


02 Support two protocols, SEL and LMD


03 Support three Fast Meter messages


03 Three status flag commands


A5C1 Fast Meter configuration command


A5D1 Fast Meter command


A5C2 Demand Fast Meter configuration command


A5D2 Demand Fast Meter command


A5C3 Peak Demand Fast Meter configuration command


A5D3 Peak Demand Fast Meter command


0004 Settings change bit


A5C100000000 Fast Meter configuration message


0004 Settings change bit


A5C200000000 Demand Fast Meter configuration message


0004 Settings change bit


A5C300000000 Peak Demand Fast Meter configuration message


0100 SEL protocol, Fast Operate


0101 LMD protocol, Fast Operate


00 Reserved


checksum 1-byte checksum of preceding bytes


Table D.4 A5C1 Fast Meter Configuration Block (Sheet 1 of 2)


Data Description


A5C1 Fast Meter command


48 Length


01 One status flag byte


00 Scale factors in Fast Meter message


02 Two scale factors


04 Four analog input channels


04 Four samples per channel


0F Fifteen digital banks (SEL-551)


01 One calculation block


000C Analog channel offset


002C Time stamp offset


0034 Digital offset
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Configuration, Fast Meter, and Fast Operate Commands
Message Definitions


A5D1 Fast Meter Data 
Block


In response to the A5D1 request, the relay sends the following block:


494100000000 Analog channel name (IA)


00 Analog channel type (integer)


01 Scale factor type (float)


0004 Scale factor offset in A5D1 message


494200000000 Analog channel name (IB)


00 Analog channel type (integer)


01 Scale factor type (float)


0004 Scale factor offset in A5D1 message


494300000000 Analog channel name (IC)


00 Analog channel type (integer)


01 Scale factor type (float)


0004 Scale factor offset in A5D1 message


494E00000000 Analog channel name (IN)


00 Analog channel type (integer)


01 Scale factor type (float)


0008 Scale factor offset in A5D1 message


1-byte Line configuration: 00 - ABC, 01 - ACB; 
based on PHROT relay setting


03 Calculation type (currents only)


FFFF Skew correction offset (none)


FFFF Rs scale factor offset (none)


FFFF Xs scale factor offset (none)


00 IA channel index


01 IB channel index


02 IC channel index


FF VA channel index (none)


FF VB channel index (none)


FF VC channel index (none)


00 Reserved


checksum 1-byte checksum of all preceding bytes


Table D.4 A5C1 Fast Meter Configuration Block (Sheet 2 of 2)


Data Description


Table D.5 A5D1 Fast Meter Data Block (Sheet 1 of 2)


Data Description


A5D1 Command


44 Message length


1-byte Status Byte


4-bytes Phase current scale factor (4-byte IEEE FPS)


4-bytes Neutral current scale factor (4-byte IEEE FPS)
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Configuration, Fast Meter, and Fast Operate Commands
Message Definitions


A5C2/A5C3 Demand/
Peak Demand Fast 
Meter Configuration 
Messages


In response to the A5C2 or A5C3 request, the relay sends the following fast 
meter configuration block:


32 bytes The first and third half-cycles of two cycles of data saved by the 
relay. The data are presented in quarter-cycle sets of integer data in 
the following order: IA, IB, IC, IN


8-bytes Time stamp


15-bytes SEL-551 Relay Word bits (see DNA message for bit map)


checksum 1-byte checksum of all preceding bytes


Table D.5 A5D1 Fast Meter Data Block (Sheet 2 of 2)


Data Description


Table D.6 A5C2/A5C3 Demand/Peak Demand Fast Meter Configuration 
Messages (Sheet 1 of 2)


Data Description


A5C2 or A5C3 Demand (A5C2) or Peak Demand (A5C3) command


4E Length


01 # of status flag bytes


00 Scale factors in meter message


00 # of scale factors


06 # of analog input channels


01 # of samples per channel


00 # of digital banks


00 # of calculation blocks


0004 Analog channel offset


0034 Time stamp offset


FFFF Digital offset


494100000000 Analog channel name (IA)


02 Analog channel type


FF Scale factor type


0000 Scale factor offset in Fast Meter message


494200000000 Analog channel name (IB)


02 Analog channel type


FF Scale factor type


0000 Scale factor offset in Fast Meter message


494300000000 Analog channel name (IC)


02 Analog channel type


FF Scale factor type


0000 Scale factor offset in Fast Meter message


494E00000000 Analog channel name (IN)


02 Analog channel type


FF Scale factor type


0000 Second scale factor offset in Fast Meter message


494700000000 Analog channel name (IG)
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Configuration, Fast Meter, and Fast Operate Commands
Message Definitions


A5D2/A5D3 Demand/
Peak Demand Fast 
Meter Message


In response to the A5D2 or A5D3 request, the relay sends the following block:


A5B9 Fast Meter 
Status Acknowledge 
Message


In response to the A5B9 request, the relay clears the Fast Meter (message 
A5D1) Status Byte. The SEL-551 Status Byte contains one active bit, STSET 
(bit 4). The bit is set on power up and on settings changes. If the STSET bit is 
set, the external device should request the A5C1, A5C2, and A5C3 messages. 
The external device can then determine if the scale factors or line 
configuration parameters have been modified.


A5CE Fast Operate 
Configuration Block


In response to the A5CE request, the relay sends the following block:


02 Analog channel type


FF Scale factor type


0000 Scale factor offset in Fast Meter message


334932000000 Analog channel name (3I2)


02 Analog channel type


FF Scale factor type


0000 Scale factor offset in Fast Meter message


00 Reserved


checksum


Table D.6 A5C2/A5C3 Demand/Peak Demand Fast Meter Configuration 
Messages (Sheet 2 of 2)


Data Description


Table D.7 A5D2/A5D3 Demand/Peak Demand Fast Meter Message


Data Description


A5D2 or A5D3 Command


3E Length


1-byte 1 Status Byte


48-bytes Demand IA, IB, IC, IN, IG, 3I2 in 8-byte IEEE FPS


8-bytes Time stamp


1-byte reserved


1-byte 1-byte checksum of all preceding 


Table D.8 A5CE Fast Operate Configuration Block (Sheet 1 of 2)


Data Description


A5CE Command


24 Message length


01 Support one circuit breaker


0008 Support 8 remote bit set/clear commands


01 Allow remote bit pulse commands


00 Reserved


31 Operate code, open breaker 1


11 Operate code, close breaker 1


00 Operate code, clear remote bit RB1
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Message Definitions


A5E0 Fast Operate 
Remote Bit Control


The external device sends the following message to perform a remote bit 
operation:


20 Operate code, set remote bit RB1


40 Operate code, pulse remote bit RB1


01 Operate code, clear remote bit RB2


21 Operate code, set remote bit RB2


41 Operate code, pulse remote bit RB2


02 Operate code, clear remote bit RB3


22 Operate code, set remote bit RB3


42 Operate code, pulse remote bit RB3


03 Operate code, clear remote bit RB4


23 Operate code, set remote bit RB4


43 Operate code, pulse remote bit RB4


04 Operate code, clear remote bit RB5


24 Operate code, set remote bit RB5


44 Operate code, pulse remote bit RB5


05 Operate code, clear remote bit RB6


25 Operate code, set remote bit RB6


45 Operate code, pulse remote bit RB6


06 Operate code, clear remote bit RB7


26 Operate code, set remote bit RB7


46 Operate code, pulse remote bit RB7


07 Operate code, clear remote bit RB8


27 Operate code, set remote bit RB8


47 Operate code, pulse remote bit RB8


00 Reserved


checksum 1-byte checksum of all preceding bytes


Table D.8 A5CE Fast Operate Configuration Block (Sheet 2 of 2)


Data Description


Table D.9 A5E0 Fast Operate Remote Bit Control


Data Description


A5E0 Command


06 Message length


1-byte Operate code:


00-07 clear remote bit RB1–RB8


20-27 set remote bit RB1–RB8


40-47 pulse remote bit for RB1–RB8


1-byte Operate validation: 4 • Operate code + 1


checksum 1-byte checksum of preceding bytes
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The relay performs the specified remote bit operation if the following 
conditions are true:


➤ The Operate code is valid.


➤ The Operate validation = 4 • Operate code + 1.


➤ The message checksum is valid.


➤ The FAST_OP port setting is set to Y.


➤ The relay is enabled.


Remote bit set and clear operations are latched by the relay. Remote bit pulse 
operations assert the remote bit for one processing interval (1/8 cycle).


A5E3 Fast Operate 
Breaker Control


The external device sends the following message to perform a fast breaker 
open/close:


The relay performs the specified breaker operation if the following conditions 
are true:


➤ Conditions 1–5 defined in the A5E0 message are true.


➤ The BREAKER jumper is in place on the SEL-551 main board.


➤ The TDURD setting is non-zero.


ID Message In response to the ID command, the relay sends the following:


<STX>"FID STRING ENCLOSED IN QUOTES","yyyy" <CR>
"BFID STRING ENCLOSED IN QUOTES","yyyy" <CR>
"CID STRING ENCLOSED IN QUOTES","yyyy" <CR>
"DEVID STRING ENCLOSED IN QUOTES","yyyy" <CR>
"DEVCODE STRINGENCLOSED IN QUOTES","yyyy" <CR>
"PARTNO STRING ENCLOSED IN QUOTES","yyyy" <CR>
"CONFIG STRING ENCLOSED IN QUOTES","yyyy" <CR>
"SPECIAL STRING ENCLOSED IN QUOTES","yyyy" <CR>
<ETX>


The ID message is available from Access Level 1 and higher.


Table D.10 A5E3 Fast Operate Breaker Control


Data Description


A5E3 Command


06 Message length


1-byte Operate code:


31-OPEN breaker


11-CLOSE breaker


1-byte Operate Validation: 4 • Operate code + 1


checksum 1-byte checksum of preceding bytes


where:
<STX> = the STX character (02)


<CR> = the carriage return character (13)
<ETX> = the ETX character (03)


DEVCODE = the string containing the Modbus® device code (29 for 
SEL-551)


yyyy = the 4-byte ASCII hex representation of the checksum for 
each line
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DNA Message In response to the DNA command, the relay sends names of the Relay Word 
bits transmitted in the A5D1 message. The first name is associated with the 
MSB, the last name with the LSB. The DNA message for the SEL-551 is:


<STX>"EN","INST","A","B","C","N","RS","LO","07A5"
"51P1","51P2","51N1","51G1","51P1T","51P2T","51N1T","51G1T","0BF4"
"51Q1","51Q2","51Q1T","51Q2T","50P1","50P2","50P3","50P4","0B68"
"50P5","50P6","50N1","50N2","50G1","50G2","50Q1","50Q2","0AA8"
"50A","50B","50C","IN1","IN2","OC","CC","CF","08A7"
"LB1","LB2","LB3","LB4","LB5","LB6","LB7","LB8","0994"
"RB1","RB2","RB3","RB4","RB5","RB6","RB7","RB8","09C4"
"SV1","SV2","SV3","SV4","SV5","SV6","SV7","SV8","0A6C"
"SV9","SV10","SV11","SV12","SV13","SV14","*","*","09F2"
"79RS","79CY","79LO","SH0","SH1","SH2","SH3","SH4","0AAD"
"TRIP","CLOSE","51P1R","51P2R","51N1R","51G1R","51Q1R","51Q2R","0D84"
"SV5T","SV6T","SV7T","SV8T","SV9T","SV10T","SV11T","SV12T","0DA1"
"SV13T","SV14T","*","ALARM","OUT1","OUT2","OUT3","OUT4","0C84"
"PDEM", "NDEM", "GDEM", "QDEM", "TRGTR", "*", "*", "*", "0A1F"
"*", "*", "*", "*", "*", "*", "*", "*", "04D0"<ETX>


The DNA command is available from Access Level 1 and higher.


BNA Message In response to the BNA command, the relay sends names of the bits 
transmitted in the Status Byte in the A5D1 message. The first name is the 
MSB, the last name is the LSB. The BNA message is:


<STX>"*","*","*","STSET","*","*","*","*","0639"<ETX>


The BNA command is available from Access Level 1 and higher.


where:
<STX> = the STX character (02)
<ETX> = the ETX character (03) 


the last field in each line = the 4-byte ASCII hex representation of the 
checksum for the line


* = an unused bit location


where:
0639 = the 4-byte ASCII representation of the checksum


* = an unused bit location
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Appendix E
Compressed ASCII Commands


Overview


The SEL-551 Relay provides Compressed ASCII versions of some relay 
ASCII commands. The Compressed ASCII commands allow an external 
device to obtain data from the relay, in a format which directly imports into 
spreadsheet or database programs, and which can be validated with a 
checksum.


The SEL-551 provides the following Compressed ASCII commands:


Command Description


CASCII Configuration message


CSTATUS Status message


CHISTORY History message


CEVENT Event message
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CASCII Command—General Format


CASCII Command—General Format


The Compressed ASCII configuration message provides data for an external 
computer to extract data from other Compressed ASCII commands. To obtain 
the configuration message for the Compressed ASCII commands available in 
an SEL relay, type:


CAS <CR>


The relay sends:


<STX> "CAS",n,"yyyy" <CR>
"COMMAND 1",ll,"yyyy" <CR>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy" <CR>
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy" <CR>
"COMMAND 2",ll,"yyyy" <CR>
"#h","ddd","ddd",......,"ddd","yyyy" <CR>
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy" <CR>
     •
     •
     •
     •
     •
"COMMAND n",ll,"yyyy" <CR>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy" <CR>
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy" <CR><ETX>


where:
n = the number of Compressed ASCII command 


descriptions to follow.
COMMAND = the ASCII name for the Compressed ASCII command 


as sent by the requesting device. The naming 
convention for the compressed ASCII commands is a C 
preceding the typical command. For example, 
CSTATUS (abbreviated to CST) is the Compressed 
STATUS command.


11 = the minimum access level at which the command is 
available.


#H identifies a header line to precede one or more data 
lines; # is the number of subsequent ASCII names. For 
example, 21H identifies a header line with 21 ASCII 
labels.


#h identifies a header line to precede one or more data 
lines; # is the number of subsequent format fields. For 
example, 8h identifies a header line with 8 format 
fields.


xxxxx = an ASCII name for corresponding data on following 
data lines. Maximum ASCII name width is 
10 characters.


#D identifies a data format line; # is the maximum number 
of subsequent data lines.


ddd identifies a format field containing one of the following 
type designators:


I = Integer data


F = Floating point data


mS = String of maximum m characters
(e.g., 10S for a 10-character string)


yyyy = the 4-byte hex ASCII representation of the checksum.
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A Compressed ASCII command may require multiple header and data 
configuration lines.


If a Compressed ASCII request is made for data that are not available, (e.g. the 
history buffer is empty or invalid event request), the relay responds with the 
following message:


<STX>"No Data Available","0668"<CR><ETX>
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Compressed ASCII Commands
CASCII Command—SEL-551


CASCII Command—SEL-551


Display the SEL-551 Compressed ASCII configuration message by sending:


CAS <CR>


The SEL-551 sends:


<STX>
"CAS",5,"01A8"<CR>
"CST",1,"01B7"<CR>
"23H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","IA","IB","IC",
"IN","MOF","+5V_PS","+5V_REG"," 5V_REG","+10V_PS"," 10V_PS","VBAT",
"TEMP","RAM","ROM","CR_RAM","EEPROM","2738"<CR>
"1D","I","I","I","I","I","I","I","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S",
“9S","9S","9S","9S","9S","9S","15B4"<CR>
"CHI",1,"01A1"<CR>
"12H","REC_NUM","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC",
"EVENT","SHOT","CURR","TARGETS","1654"<CR>
"20D","I","I","I","I","I","I","I","I","6S","I","I","22S","0A70"<CR>
"CEV",1,"01AB"<CR>
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0BB9"<CR>
"1D","I","I","I","I","I","I","I","05F4"<CR>
"7H","IA","IB","IC","IN","IG","TRIG","RLY_BITS","0A85"<CR>
"60D","F","F","F","F","F","1S","45S","06C8"<CR>
"CEV L",1,"0217"<CR>
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0BB9"<CR>
"1D","I","I","I","I","I","I","I","05F4"<CR>
"7H","IA","IB","IC","IN","IG","TRIG","RLY_BITS","0A85"<CR>
"120D","F","F","F","F","F","1S","45S","06F5"<CR>
"CEV R",1,"021D"<CR>
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0BB9"<CR>
"1D","I","I","I","I","I","I","I","05F4"<CR>
"7H","IA","IB","IC","IN","IG","TRIG","RLY_BITS","0A85"<CR>
"256D","F","F","F","F","F","1S","45S","06FF"<CR>
<ETX>







E.5


Date Code 20080104 Instruction Manual SEL-551 Relay


Compressed ASCII Commands
CSTATUS Command—SEL-551


CSTATUS Command—SEL-551


Display status data in Compressed ASCII format by sending:


CST <CR>


The SEL-551 sends:


<STX>"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","IA","IB","IC",
"IN","MOF","+5V_PS","+5V_REG","-5V_REG","+10V_PS","-10V_PS",
"VBAT","TEMP","RAM","ROM","CR_RAM","EEPROM","261B" <CR>
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx",
"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","yyyy"
<CR><ETX>


where:
xxxx = the data values corresponding to the first line labels
yyyy = the 4-byte hex ASCII representation of the checksum
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CHISTORY Command—SEL-551


Display history data in Compressed ASCII format by sending:


CHI <CR>


The SEL-551 sends:


<STX>"REC_NUM","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC",
"EVENT","SHOT","CURR","TARGETS","1539"<CR>
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"xxxx",xxxx,xxxx,"xxxx","yyyy"<CR>
<ETX>


(the last line is then repeated for each record)
where:
xxxx = the data values corresponding to the first line labels
yyyy = the 4-byte hex ASCII representation of the checksum
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CEVENT Command—SEL-551


Display event report in Compressed ASCII format by sending:


CEV [n x] <CR>


The parameters in brackets, [ ], are optional.


The SEL-551 responds to the CEV command with the nth event report as 
shown below:


<STX>"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"<CR>
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"yyyy" <CR>
"IA","IB","IC","IN","IG","TRIG","RLY_BITS","0996"<CR>
xxxx,xxxx,xxxx,xxxx,xxxx,"z","xxxx","yyyy" <CR>
<ETX>


(the fourth line is then repeated for each data line in record one)


n =  the number of the event report, as used in the EVE 
command


x = L  specifies long event report, as used in the EVE command
x = R  specifies raw (unfiltered) analog data, as used in the EVE 


command


where:
xxxx = the data values corresponding to the first and third line 


labels
yyyy = the 4 byte hex ASCII representation of the checksum


z = > for the trigger record and empty for all others
TRIG refers to the event trigger record indication


RLY_BITS refers to the Relay Word bits
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Appendix F
Setting Negative-Sequence


Overcurrent Elements


Setting Negative-Sequence 
Definite-Time Overcurrent Elements


Negative-sequence instantaneous overcurrent elements 50Q1 and 50Q2 
should not be set to trip directly. This is because negative-sequence current 
can transiently appear when a circuit breaker is closed and balanced load 
current suddenly appears.


To avoid having negative-sequence instantaneous overcurrent elements trip for 
this transient condition, delay negative-sequence instantaneous overcurrent 
elements by at least 1.5 cycles (transient condition lasts less than 1.5 cycles). 
Use the SELOGIC® Variable timers described in SELOGIC Control Equation 
Variables/Timers on page 3.41.


Effectively, negative-sequence instantaneous overcurrent elements 50Q1 and 
50Q2 are turned into negative-sequence definite-time overcurrent elements by 
running them through timers. Use the timer output for tripping.


Continue reading in Coordinating Negative-Sequence Overcurrent Elements 
on page F.3 for guidelines on coordinating negative-sequence definite-time 
overcurrent elements and a following coordination example. The coordination 
example uses time-overcurrent elements, but the same principles can be 
applied to definite-time overcurrent elements.
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Setting Negative-Sequence Time-Overcurrent 
Elements


Negative-sequence time-overcurrent elements 51Q1T and 51Q2T should not 
be set to trip directly when they are set with low time-dial settings 51Q1TD 
and 51Q2TD, respectively, that result in curve times below 3 cycles (see 
curves in Figure 4.1–Figure 4.10). This is because negative-sequence current 
can transiently appear when a circuit breaker is closed and balanced load 
current suddenly appears.


To avoid having negative-sequence time-overcurrent elements with such low 
time-dial settings trip for this transient negative-sequence current condition, 
make settings similar to the following:


SV6PU = 1.500 cycles (minimum response time; transient condition lasts 
less than 1.5 cycles)


SV6 = 51Q1 (run pickup of negative-sequence time-overcurrent element 
51Q1T through SELOGIC Variable timer SV6)


TR = ..+51Q1T*SV6T+.. (trip conditions; SV6T is the output of the 
SELOGIC Variable timer SV6)


Figure F.1 Minimum Response Time Added to a 
Negative-Sequence Time-Overcurrent Element


Continue reading in Coordinating Negative-Sequence Overcurrent Elements 
on page F.3 for guidelines on coordinating negative-sequence time-
overcurrent elements and a following coordination example.


51Q1T*SV6T


I (3I2)51Q1


SV6PU


t
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Coordinating Negative-Sequence Overcurrent 
Elements


The following coordination guidelines and example assume that the negative-
sequence overcurrent elements operate on 3I2 magnitude negative-sequence 
current and that the power system is radial. The negative-sequence overcurrent 
elements in the SEL-551 Relay operate on 3I2 magnitude negative-sequence 
current.


The coordination example is a generic example that can be used with any relay 
containing negative-sequence overcurrent elements that operate on 3I2 
magnitude negative-sequence current. The SEL-551 can be inserted as the 
feeder relay in this example. Note that the overcurrent element labels in the 
example are not the same as the labels of the corresponding SEL-551 
overcurrent elements.


Coordination 
Guidelines


1. Start with the furthest downstream negative-sequence 
overcurrent element (e.g., distribution feeder relay in a 
substation).


2. Identify the phase overcurrent device (e.g., line recloser, fuse) 
downstream from the negative-sequence overcurrent element 
that is of greatest concern for coordination.


This is usually the phase overcurrent device with the longest 
clearing time.


3. Consider the negative-sequence overcurrent element as an 
“equivalent” phase overcurrent element.


Derive pickup, time dial (lever), curve type, or time-delay 
settings for this “equivalent” element to coordinate with the 
downstream phase overcurrent device, as any phase 
coordination would be performed.


Load considerations can be disregarded when deriving the 
“equivalent” phase overcurrent element settings.


4. Multiply the “equivalent” phase overcurrent element pickup 
setting by √3 to convert it to the negative-sequence overcurrent 
element pickup setting in terms of 3I2 current.


Any time dial (lever), curve type, or time delay calculated for 
the “equivalent” phase overcurrent element is also used for the 
negative-sequence overcurrent element with no conversion 
factor applied.


5. Set the next upstream negative-sequence overcurrent element to 
coordinate with the first downstream negative-sequence 
overcurrent element and so on.


Again, coordination is not influenced by load considerations.


Negative- 
sequence 
overcurrent 
element  
pickup


= 3 • ("equivalent" phase overcurrent element pickup)
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Coordination Example In Figure F.2 the phase and negative-sequence overcurrent elements of the 
feeder relay (51F and 51QF, respectively) must coordinate with the phase 
overcurrent element of the line recloser (51R).


Figure F.2 Distribution Feeder Protective Devices


IF = Maximum load current through feeder relay = 450 A


IR = Maximum load current through line recloser = 150 A


51F = Feeder relay phase time-overcurrent element


51QF = Feeder relay negative-sequence time-overcurrent element


51R = Line recloser phase time-overcurrent element (phase “slow curve”)


Traditional Phase Coordination


Figure F.3 Traditional Phase Coordination


51F: pickup = 600 A (above max. feeder load, IF)


51R: pickup = 200 A (above max. line recloser load, IR)


Figure F.3 shows traditional phase overcurrent element coordination between 
the feeder relay and line recloser phase overcurrent elements. Phase 
overcurrent elements must accommodate load and cold load pickup current. 
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The 450 A maximum feeder load current limits the sensitivity of the feeder 
phase overcurrent element, 51F, to a pickup of 600 A. The feeder relay cannot 
back up the line recloser for phase faults below 600 A.


Apply the Feeder Relay Negative-Sequence Overcurrent Element 
(Guidelines 1 to 3)


Applying negative-sequence overcurrent element coordination Guideline 1 to 
Guideline 3 results in the feeder relay “equivalent” phase overcurrent element 
(51EP) in Figure F.4. Curve for 51F is shown for comparison only.


Figure F.4 Phase-to-Phase Fault Coordination


51EP: pickup = 300 A (below max. feeder load, IF)


Considerable improvement in sensitivity and speed of operation for phase-to-
phase faults is achieved with the 51EP element. The 51EP element pickup of 
300 A has twice the sensitivity of the 51F element pickup of 600 A. The 51EP 
element speed of operation for phase-to-phase faults below about 2000 A is 
faster than that for the 51F element.


Convert “Equivalent” Phase Overcurrent Element Settings to Negative-
Sequence Overcurrent Element Settings (Guideline 4)


The “equivalent” phase overcurrent element (51EP element in Figure F.4) 
converts to true negative-sequence overcurrent element settings (51QF in 
Figure F.5) by applying the equation given in guideline 4. The time dial (lever) 
and curve type of the element remain the same (if the element is a definite-
time element, the time delay remains the same).
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Figure F.5 Negative-Sequence Overcurrent Element Derived From 
“Equivalent” Phase Overcurrent Element, 51EP


51QF: pickup =  √3 • (300 A) = 520 A


Having achieved coordination between the feeder relay negative-sequence 
overcurrent element (51QF) and the downstream line recloser phase 
overcurrent element (51R) for phase-to-phase faults, coordination between the 
two devices for other fault types is also achieved.


Negative-Sequence Overcurrent Element Applied at a Distribution Bus 
(Guideline 5)


The preceding example was for a distribution feeder. A negative-sequence 
overcurrent element protecting a distribution bus provides an even more 
dramatic improvement in phase-to-phase fault sensitivity.


The distribution bus phase overcurrent element pickup must be set above the 
combined load of all the feeders on the bus, plus any emergency load 
conditions. The bus phase overcurrent element pickup is often set at least four 
times greater than the pickup of the feeder phase overcurrent element it backs 
up. Thus, sensitivity to both bus and feeder phase faults is greatly reduced. 
Feeder relay backup by the bus relay is limited.


Negative-sequence overcurrent elements at the distribution bus can be set 
significantly below distribution bus load levels and provide dramatically 
increased sensitivity to phase-to-phase faults. It is coordinated with the 
distribution feeder phase or negative-sequence overcurrent elements and 
provides more sensitive and faster phase-to-phase fault backup.


Ground Coordination 
Concerns


If the downstream protective device includes ground overcurrent elements, in 
addition to phase overcurrent elements, there should be no need to check the 
coordination between the ground overcurrent elements and the upstream 
negative-sequence overcurrent elements. The downstream phase overcurrent 
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element, whether it operates faster or slower than its complementary ground 
overcurrent element, will operate faster than the upstream negative-sequence 
overcurrent element for all faults, including those that involve ground.
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Other Negative-Sequence Overcurrent Element 
References


A. F. Elneweihi, E. O. Schweitzer, M. W. Feltis, “Negative-Sequence 
Overcurrent Element Application and Coordination in Distribution 
Protection,” IEEE Transactions on Power Delivery, Volume 8, Number 3, 
July 1993, pp. 915–924.


This IEEE paper is the source of the coordination guidelines and example 
given in this appendix. The paper also contains analyses of system unbalances 
and faults and the negative-sequence current generated by such conditions.


A. F. Elneweihi, “Useful Applications for Negative-Sequence Overcurrent 
Relaying,” 22nd Annual Western Protective Relay Conference, Spokane, 
Washington, October 24–26, 1995.


This conference paper gives many good application examples for negative-
sequence overcurrent elements. The focus is on the transmission system, 
where negative-sequence overcurrent elements provide better sensitivity than 
zero-sequence overcurrent elements in detecting some single-line-to-ground 
faults.
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Modbus RTU Communications Protocol


Overview


This appendix describes Modbus® RTU communications features supported 
by the SEL-551 Relay. Complete specifications for the Modbus protocol are 
available from the Modicon website at www.modicon.com.


Enable Modbus protocol using the serial port settings. When Modbus protocol 
is enabled, the relay switches the port to Modbus protocol and deactivates the 
ASCII protocol.


Modbus RTU is a binary protocol that permits communication between a 
single master device and multiple slave devices. The communication is half 
duplex; only one device transmits at a time. The master transmits a binary 
command that includes the address of the desired slave device. All of the slave 
devices receive the message, but only the slave device with the matching 
address responds.


The SEL-551 Modbus communication allows a Modbus master device to:


➤ Acquire metering, monitoring, and event data from the relay.


➤ Control SEL-551 output contacts.


➤ Read the SEL-551 self-test status and learn the present 
condition of all relay protection elements.
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Modbus RTU Communications Protocol
Modbus Queries Modbus RTU master devices initiate all exchanges by sending a query. The 


query consists of the fields shown in Table G.1.


The SEL-551 SLAVEID setting defines the device address. Set this value to a 
unique number for each device on the Modbus network. For Modbus 
communication to operate properly, no two slave devices may have the same 
address.


Function codes supported by the SEL-551 are described in Table G.2.


The cyclical redundancy check detects errors in the received data. If an error is 
detected, the relay discards the packet.


Modbus Responses The slave device sends a response message after it performs the action 
requested in the query. If the slave cannot execute the command for any 
reason, it sends an error response. Otherwise, the slave device response is 
formatted similarly to the query including the slave address, function code, 
data (if applicable), and a cyclical redundancy check value.


Supported Modbus 
Function Codes


The SEL-551 supports the Modbus function codes shown in Table G.2.


Modbus Exception 
Responses


The SEL-551 sends an exception code under the conditions described in 
Table G.3.


Table G.1 Modbus Query Fields


Field Number of Bytes


Slave Device Address 1 byte


Function Code 1 byte


Data Region 0–251 bytes


Cyclical Redundancy Check (CRC) 2 bytes


Table G.2 SEL-551 Modbus Function Codes


Codes Description


01h Read Coil Status


02h Read Input Status


03h Read Holding Registers


04h Read Input Registers


05h Force Single Coil


06h Preset Single Register


07h Read Exception Status


08h Loopback Diagnostic Command


10h Preset Multiple Registers


64h Scattered Register Read
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In the event that any of the errors listed in Table G.3 occur, the relay assembles 
a response message that includes the exception code in the data field. The 
relay sets the most significant bit in the function code field to indicate to the 
master that the data field contains an error code, instead of the requested data.


Cyclical Redundancy 
Check


The SEL-551 calculates a 2-byte CRC value using the device address, 
function code, and data fields. It appends this value to the end of every 
Modbus response. When the master device receives the response, it 
recalculates the CRC. If the calculated CRC matches the CRC sent by the 
SEL-551, the master device uses the data received. If there is not a match, the 
check fails and the message is ignored. The devices use a similar process 
when the master sends queries.


01h Read Coil Status 
Command


Use function code 01h to read the On/Off status of the selected bits (coils). 
You may read the status of up to 2000 bits per query. Note that the relay coil 
addresses start at 0 (e.g., Coil 1 is located at address zero). The relay returns 8 
bits per byte, most significant bit first, with zeroes padded into incomplete 
bytes.


Table G.3 SEL-551 Modbus Exception Codes


Exception 
Code


Error Type Description


01 Illegal Function Code The received function code is either undefined or 
unsupported.


02 Illegal Data Address The received command contains an unsupported 
address in the data field.


03 Illegal Data Value The received command contains a value that is out 
of range.


04 Device Error The SEL-551 is in the wrong state for the requested 
function.


06 Busy The SEL-551 is unable to process the command at 
this time due to a busy resource.


Table G.4 01h Read Coil Status Commands


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (01h)


2 bytes Address of the First Bit


2 bytes Number of Bits to Read


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (01h)


1 byte Number Bytes of Data (n)


n bytes Data


2 bytes CRC-16 
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To build the response, the relay calculates the number of bytes required to 
contain the number of bits requested. If the number of bits requested is not 
evenly divisible by 8, the relay adds one more byte to maintain the balance of 
bits, padded by zeroes to make an even byte.


The relay responses to errors in the query are shown below:


Please refer to Table G.9 for coil number assignments.


02h Read Input 
Status Command


Use function code 02h to read the On/Off status of the selected bits (coils). 
You may read the status of up to 2000 bits per query. Note that the relay coil 
addresses start at 0 (e.g., Coil 1 is located at address zero). The relay returns 8 
bits per byte, most significant bit first, with zeroes padded into incomplete 
bytes.


To build the response, the relay calculates the number of bytes required to 
contain the number of bits requested. If the number of bits requested is not 
evenly divisible by 8, the relay adds one more byte to maintain the balance of 
bits, padded by zeroes to make an even byte.


Error Error Code Returned
Communication 


Counter Increments


Invalid bit to read Illegal Data Address (02h) Invalid Address


Invalid number of bits to read Illegal Data Value (03h) Illegal Register


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.5 02h Read Input Status Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (02h)


2 bytes Address of the First Bit


2 bytes Number of Bits to Read


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (02h)


1 byte Number of Bytes of Data (n)


n bytes Data


2 bytes CRC-16
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Input numbers are defined below:


Input addresses start at 0000 (i.e., input 1 is located at Input Address 0000).


The relay responses to errors in the query are shown below:


03h Read Holding 
Register Command


Use function code 03h to read directly from the Modbus Register map shown 
in Table G.18. You may read a maximum of 125 registers at once with this 
function code. Most masters use 4X references with this function code. If you 
are accustomed to 4X references with this function code, for 5 digit 
addressing, add 40001 to the standard database address.


Input Numbers Description


1 Input 1


2 Input 2


Error Error Code Returned
Communication 


Counter Increments


Invalid bit to read Illegal Data Address (02h) Invalid Address


Invalid number of bits to read Illegal Data Value (03h) Illegal Register


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.6 03h Read Holding Register Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (03h)


2 bytes Starting Register Address


2 bytes Number of Registers to Read


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (03h)


1 byte Number of Bytes of Data (n)


n bytes Data


2 bytes CRC-16 







G.6


SEL-551 Relay Instruction Manual Date Code 20080104


Modbus RTU Communications Protocol
Modbus RTU Communications Protocol


The relay responses to errors in the query are shown below:


04h Read Input 
Registers Command


Use function code 04h to read from the Modbus Register map shown in 
Table G.18. You may read a maximum of 125 registers at once with this 
function code.


The relay responses to errors in the query are shown below:


05h Force Single Coil 
Command


Use function code 05h to set or clear a coil.


Error Error Code Returned
Communication 


Counter Increments


Illegal register to read Illegal Data Address (02h) Invalid Address


Illegal number of registers to read Illegal Data Value (03h) Illegal Register


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.7 04h Read Holding Register Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (04h)


2 bytes Starting Register Address


2 bytes Number of Registers to Read


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (04h)


1 byte Number of Bytes of Data (n)


n bytes Data


2 bytes CRC-16 


Error Error Code Returned
Communication 


Counter Increments


Illegal register to read Illegal Data Address (02h) Invalid Address


Illegal number of registers to read Illegal Data Value (03h) Illegal Register


Format error Illegal Data Value (03h) Bad Packet Format 
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The command response is identical to the command request.


The coil numbers supported by the SEL-551 are listed in Table G.9. The 
physical coils (coils 1–5) are self resetting. Pulsing a set remote bit clears the 
remote bit.


Table G.8 05h Force Single Coil Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (05h)


2 bytes Coil Reference


1 byte Operation Code
(FF for bit set, 00 for bit clear)


1 byte Placeholder (00)


2 bytes CRC-16 


Table G.9 SEL-551 Command Coils


Coil Field


1 OUT1


2 OUT2


3 OUT3


4 OUT4


5 ALARM


6 RB1


7 RB2


8 RB3


9 RB4


10 RB5


11 RB6


12 RB7


13 RB8


14 Pulse RB1


15 Pulse RB2


16 Pulse RB3


17 Pulse RB4


18 Pulse RB5


19 Pulse RB6


20 Pulse RB7


21 Pulse RB8
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The relay responses to errors in the query are shown below:


06h Preset Single 
Register Command


The SEL-551 uses this function to allow a Modbus master to write directly to 
a database register. If you are accustomed to 4X references with this function 
code, for 6-digit addressing, add 400001 to the standard database addresses. 


The command response is identical to the command request.


The relay responses to errors in the query are shown below:


07h Read Exception 
Status Command


The SEL-551 uses this function to allow a Modbus master to read the present 
status of the relay and protected circuit. 


Error Error Code Returned
Communication Counter 


Increments


Invalid bit (coil) number Illegal Data Address (02h) Invalid Address


Illegal bit state requested Illegal Data Value (03h) Illegal Function Code/Op Code


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.10 06h Preset Single Register Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (06h)


2 bytes Register Address


2 bytes Data


2 bytes CRC-16


Error Error Code Returned
Communication Counter 


Increments


Illegal register address Illegal Data Address (02h) Invalid Address Illegal Write


Illegal register value Illegal Data Value (03h) Illegal Write


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.11 07h Read Exception Status Command (Sheet 1 of 2)


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (07h)


0 bytes No Data Fields Are Sent


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (07h)


1 byte Status Byte


2 bytes CRC-16 
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If the bit is set to 1, the following are true:


➤ Output and Alarm contacts are asserted.


➤ Relay inputs are asserted.


➤ Relay is disabled.


If the bit is set to 0, the following are true:


➤ Output and Alarm contacts are deasserted.


➤ Relay inputs are deasserted.


➤ Relay is enabled.


The relay response to errors in the query is shown below:


08h Loopback 
Diagnostic Command


The SEL-551 uses this function to allow a Modbus master to perform a 
diagnostic test on the Modbus communications channel and relay. When the 
subfunction field is 0000h, the relay returns a replica of the received message.


The status byte is sent most significant bit first, and consists of the following 
bits:


Bit 0 OUT4 Status


Bit 1 OUT3 Status


Bit 2 OUT2 Status


Bit 3 OUT1 Status


Bit 4 Alarm Output status


Bit 5 Input 2 Status


Bit 6 Input 1 Status


Bit 7 Relay Status


Error Error Code Returned
Communication


Counter Increments


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.11 07h Read Exception Status Command (Sheet 2 of 2)


Bytes Field


Table G.12 08h Loopback Diagnostic Command (Sheet 1 of 2)


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (08h)


2 bytes Subfunction (0000h)


2 bytes Data Field


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (08h)


2 bytes Subfunction (0000h)
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The relay responses to errors in the query are shown below:


10h Preset Multiple 
Registers Command


This function code works much like code 06h, except that it allows you to 
write multiple registers at once, up to 100 per operation. If you are 
accustomed to 4X references with the function code, for 6-digit addressing, 
simply add 400001 to the standard database addresses.


The relay responses to errors in the query are shown below:


2 bytes Data Field 
(identical to data in Master request)


2 bytes CRC-16 


Error Error Code Returned
Communication 


Counter Increments


Illegal subfunction code Illegal Data Value (03h) Illegal Function Code/Op Code


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.12 08h Loopback Diagnostic Command (Sheet 2 of 2)


Bytes Field


Table G.13 10h Preset Multiple Registers Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (10h)


2 bytes Starting Address


2 bytes Number of Registers to Write


1 byte Number of Bytes of Data (n)


n bytes Data 


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (10h)


2 bytes Starting Address


2 bytes Number of Registers


2 bytes CRC-16 


Error Error Code Returned
Communication


Counter Increments


Illegal register to set Illegal Data Address (02h) Invalid Address
Illegal Write


Illegal number
of registers to set


Illegal Data Value (03h) Illegal Register
Illegal Write


Incorrect number of 
bytes in query data region


Illegal Data Value (03h) Bad Packet Format 
Illegal Write


Invalid register data value Illegal Data Value (03h) Illegal Write
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64h Scattered 
Register Read


The SEL-551 uses this function to allow a Modbus master to read 
noncontiguous registers in a single request. A maximum of 100 registers can 
be read in a single query.


The relay responses to errors in the query are shown below:


Controlling Output 
Contacts


The SEL-551 Modbus Register Map (Table G.18) includes three fields that 
allow a Modbus master to force the relay to perform a variety of operations. 
Use Modbus function codes 06h or 10h to write the appropriate command 


Table G.14 64h Scattered Register Read Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (64h)


1 byte Query Data Length


1 byte Subfunction Code (04h)a


a Only subfunction 04h is supported.


1 byte Transmission Number


2 bytes Address of First Register


2 bytes Address of Second Register


• •


• •


• •


2 bytes Address of nth Register


2 bytes CRC-16


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (64h)


1 byte Response Data Length


1 byte Subfunction Code (04h)a


1 byte Transmission Number


2 bytes Data from First Register


2 bytes Data from Second Register


• •


• •


• •


2 bytes Data from nth Register


2 bytes CRC-16


Error Error Code Returned
Communication Counter 


Increments


Incorrect/Illegal 
query data length


Illegal Data Value (03h) Bad Packet Format


Invalid subfunction code Illegal Data Value (03h) Illegal Function Code/Op Code


Illegal register address Illegal Data Address (02h) Invalid Address
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codes and parameters into the registers shown in Table G.15. If function code 
06h is used to write to a command code that has parameters, the parameters 
must be written before the command code.


Table G.16 defines the command codes, their function and associated 
parameters, and the Modbus function code used to initiate the related 
command code.


Remote Bits Command Code 0Ch-Control Remote Bits:


This code controls the remote bits. This command code has two parameters.


Parameter 1 determines the bit operation.


Table G.15 SEL-551 Modbus Command Region


Address Field


0090h Command Code


0091h Parameter 1


0092h Parameter 2


Table G.16 Modbus Command Codes


Command 
Code


Function Parameter Definition
Modbus 
Function 


Code


01 Open No Parameter 06h, 10h


02 Close No Parameter 06h, 10h


03 Reset 
Targets


No Parameter 06h, 10h


04 Trigger No Parameter 06h, 10h


05 Pulse OUT1 1–30 seconds duration (defaults to 1 second) 06h, 10h


06 Pulse OUT2 1–30 seconds duration (defaults to 1 second) 06h, 10h


07 Pulse OUT3 1–30 seconds duration (defaults to 1 second) 06h, 10h


08a


a SEL-551 only.


Pulse OUT4 1–30 seconds duration (defaults to 1 second) 06h, 10h


09a Pulse 
Alarm


1–30 seconds duration (defaults to 1 second) 06h, 10h


10 Switch 
Protocolb


b Switches the serial port protocol to SEL ASCII, the baud rate, parity, stop bits, and flow 
control remain the same.


0080h 06h, 10h


11c


c Parameter of Command code 11 is bit masked to allow you to manipulate several data regions 
simultaneously.


Reset 
Data 


Regions


0000 0000 0000 0001 Demand Metering
0000 0000 0000 0010 Peak Metering 
0000 0000 0000 0100 History Buffer 
0000 0000 0000 1000 Communication Counters


06h, 10h


Value Operation


1 Set


2 Clear


3 Pulse (1/8 cycle)
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Parameter 2 determines which bit to control. It is bitmasked for future 
expansion, but only one bit can be controlled at a time. The highest numbered 
bit will be controlled if more than one bit occurs in the parameter.


Error Codes:


➤ If the relay is disabled while the commands are issued, the relay 
will return error code 04 (device error).


➤ If the TRIGGER command cannot be executed due to multiple 
events in progress, the relay will return error code 06h (device 
busy).


➤ If the breaker jumper is not installed when a pulse output 
command is issued, the relay will return error code 04h (device 
error).


Reading Event Data 
Using Modbus


The Modbus Register Map (Table G.18) provides a feature that allows you to 
download complete event data via Modbus. The SEL-551 stores the 20 latest 
15-cycle, full-length event reports. Please refer to Section 7: Standard Event 
Reports and SER for more detailed description.


The event report will contain both analog and digital data. To download the 
event data using Modbus, proceed as follows:


Step 1. Write the event number you wish to download at address 
00B1h.


Step 2. Write the channel number you wish to download at address 
00B2h.


Step 3. Read the four-sample per cycle event data from the Modbus 
Map.


Bit Pattern Remote Bit


0000 0000 0000 0001 RB1


0000 0000 0000 0010 RB2


0000 0000 0000 0100 RB3


0000 0000 0000 1000 RB4


0000 0000 0001 0000 RB5


0000 0000 0010 0010 RB6


0000 0000 0100 0000 RB7


0000 0000 1000 0000 RB8


Table G.17 Assign Event Report Channel Using Address 00B2 (Sheet 1 of 2)


Set 00B2 To Read Data From Channel


1 IA


2 IB


3 IC


4 IN


5 IG


6 Relay Element Status Row 1a


7 Relay Element Status Row 2a


8 Relay Element Status Row 3a
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If the user selects an event number for which there are no data available, 
8000h will be returned. 


Reading History Data 
Using Modbus


The Modbus Register Map (Table G.18) provides a feature that allows you to 
download complete history of the last 20 events via Modbus. The history 
contains the date and time stamp, type of event that triggered the report, and 
the targets. Please refer to Note 3 of the Modbus Map for a list of event types.


To download the history data using Modbus, write the event number (1–20) to 
address 00A1h. Then read the history of the specific event number you 
requested from the Modbus Map (Table G.18).


If the user selects a history number for which there are no data available, 
8000h will be returned.


9 Relay Element Status Row 4a


10 Relay Element Status Row 5a


11 Relay Element Status Row 6a


12 Relay Element Status Row 7a


13 Relay Element Status Row 8a


14 Relay Element Status Row 9a


15 Relay Element Status Row 10a


16 Relay Element Status Row 11a


17 Relay Element Status Row 12a


18 Relay Element Status Row 13a


a Please refer to Table 5.6 to obtain the contents of each relay element status row. Relay 
Element Status Row 0, which represents targets, is displayed at 00FB in the Modbus Map.


Table G.17 Assign Event Report Channel Using Address 00B2 (Sheet 2 of 2)


Set 00B2 To Read Data From Channel


Table G.18 Modbus Map (Sheet 1 of 15)


Address 
(Hex)


Field Units
Range Scale 


FactorLow High Step


Relay ID


0000–0016 FIDa ASCII
String


– – – –


0017–0019 Revisiona ASCII
String


– – – –


001A–0022 Relay IDa ASCII
String


– – – –


0023–002B Terminal IDa ASCII
String


– – – –


002C Reserved 
(see Note 1)


002D Device Tag #b 15043 – – – –


002E Feature Set IDb 0 – – – –


002F Reserved


Relay
Status


0030 Channel IA 
offset valuec


mV –5000 5000 1 1
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0031 Channel IA 
status messageb


0 = OK,
1 = Warn,
2 = Fail


– – – – –


0032 Channel IB 
offset valuec


mV –5000 5000 1 1


0033 Channel IB 
status messageb 
0 = OK,
1 = Warn, 
2 = Fail


– – – – –


0034 Channel IC
offset valuec


mV –5000 –5000 1 1


0035 Channel IC 
status messageb 
0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0036 Channel IN
offset valuec


mV –5000 5000 1 1


0037 Channel IN 
status messageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0038 (MOF) DC offset in 
A/D circuit when a 
grounded input is 
selectedc


mV –5000 5000 1 1


0039 MOF status messageb


0 = OK, 
1 = Warn,
2 = Fail


– – – – –


003A +5 V power 
supply voltage valueb


V 0 600 1 0.01


003B +5 V powerb


supply status message 
0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


003C +5_REG 
powerb 
supply value


V 0 600 1 0.01


003D +5_REG power 
supply status mes-
sageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


003E –5_REG power 
supply valuec


V –600 0 1 0.01


Table G.18 Modbus Map (Sheet 2 of 15)


Address 
(Hex)


Field Units
Range Scale 


FactorLow High Step
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003F –5_REG power
supply status 
messageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0040 +10_ps power supply 
valueb


V 0 1500 1 0.01


0041 +10_ps power supply 
status messageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0042 –10_ps power supply 
valuec


V –1500 0 1 0.01


0043 –10_ps power supply 
status messageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0044 VBAT power supply 
valueb


V 0 500 1 0.01


0045 VBAT power supply 
status messageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0046 TEMP in degrees 
Celsiusc


°C –100 100 1 1


0047 Temperature statusb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0048 RAM statusb


0 = OK,
2 = Fail


– – – – –


0049 ROM statusb


0 = OK, 
2 = Fail


– – – – –


004A CR_RAM statusb


0 = OK, 
2 = Fail


– – – – –


004B EEPROM statusb


0 = OK, 
2 = Fail


– – – – –


004C Enable statusb


0 = relay enabled,
2 = relay disabled


– – – – –


004D–004F Reserved


Table G.18 Modbus Map (Sheet 3 of 15)


Address 
(Hex)


Field Units
Range Scale 


FactorLow High Step
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Demand Meter


0050 Demand current 
phase Ab


Amps 0 65535 1 1


0051 Demand current 
phase Bb


Amps 0 65535 1 1


0052 Demand current 
phase Cb


Amps 0 65535 1 1


0053 Demand current IN
b Amps 0 65535 1 1


0054 Demand residual 
current IG


b
Amps 0 65535 1 1


0055 Demand negative-
sequence current 3I2


b
Amps 0 65535 1 1


Last Reset Time and Date—Demand Metering


0056 Time ss 0 59 1 1


0057 mm 0 59 1 1


0058 hh 0 23 1 1


0059 Date dd 1 31 1 1


005A mm 1 12 1 1


005B yyyy 1992 2999 1 1


Peak Demand Meter


005C Peak demand 
current phase Ab


Amps 0 65535 1 1


005D Peak demand 
current phase Bb


Amps 0 65535 1 1


005E Peak demand 
current phase Cb


Amps 0 65535 1 1


005F Peak demand
neutral current IN


b
Amps 0 65535 1 1


0060 Peak demand
residual current IG


b
Amps 0 65535 1 1


0061 Peak demand
negative-sequence 
current 3I2


b


Amps 0 65535 1 1


Last Reset Time and Date—Peak Demand Metering


0062 Time ss 0 59 1 1


0063 mm 0 59 1 1


0064 hh 0 23 1 1


0065 Date dd 1 31 1 1


0066 mm 1 12 1 1


0067 yyyy 1992 2999 1 1


Instantaneous Metering


0068 Inst. current 
phase Ab


Amps 0 65535 1 1


0069 Inst. current
phase A angleb


Degrees 0 36000 1 0.01


Table G.18 Modbus Map (Sheet 4 of 15)


Address 
(Hex)


Field Units
Range Scale 


FactorLow High Step
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006A Inst. current phase Bb Amps 0 65535 1 1


006B Inst. current phase B 
angleb


Degrees 0 36000 1 0.01


006C Inst. current phase Cb Amps 0 65535 1 1


006D Inst. current phase C 
angleb


Degrees 0 36000 1 0.01


006E Inst. neutral currentb Amps 0 65535 1 1


006F Inst. neutral current 
angleb


Degrees 0 36000 1 0.01


0070 Inst. residual currentb Amps 0 65535 1 1


0071 Inst. residual current 
angleb


Degrees 0 36000 1 0.01


0072 Inst. negative-
sequence currentb


Amps 0 65535 1 1


0073 Inst. neg.-seq.
current angleb


Degrees 0 36000 1 0.01


0074 Reserved


0075 Reserved


Relay Time and Date


0076 (RW) 
(see Note 2)


Timeb ss 0 59 1 1


0077 (RW) b mm 0 59 1 1


0078 (RW) b hh 0 23 1 1


0079 (RW) Dateb dd 1 31 1 1


007A (RW) b mm 1 12 1 1


007B (RW) b yyyy 1992 2999 1 1


007C–007F Reserved


Relay Word


0080 Targets


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if any of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = LO


Bit 9 = RS


Bit 10 = Phase N 
51/50


Bit 11 = Phase C 
51/50


Bit 12 = Phase B 
51/50


Table G.18 Modbus Map (Sheet 5 of 15)


Address 
(Hex)


Field Units
Range Scale 


FactorLow High Step
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Bit 13 = Phase A 
51/50


Bit 14 = Inst.


Bit 15 = Enable


0081 Contact Status


Bit 0 = 1 if any of 
bits 1–15 are set 
to 1


Bit 0 = 0 if all of 
bits 1–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = OUT4


Bit 9 = OUT3


Bit 10 = OUT2


Bit 11 = OUT1


Bit 12 = Alarm


Bit 13 = IN2


Bit 14 = IN1


Bit 15 = 0


0082 Row 1


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all 
of bits 8–15 are 
set to 0


Bits 1–7 = 0


Bit 8 = 51G1T


Bit 9 = 51N1T


Bit 10 = 51P2T


Bit 11 = 51P1T


Bit 12 = 51G1


Bit 13 = 51N1


Bit 14 = 51P2


Bit 15 = 51P1


0083 Row 2


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Table G.18 Modbus Map (Sheet 6 of 15)


Address 
(Hex)


Field Units
Range Scale 


FactorLow High Step
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Bit 8 = 50P4


Bit 9 = 50P3


Bit 10 = 50P2


Bit 11 = 50P1


Bit 12 = 51Q2T


Bit 13 = 51Q1T


Bit 14 = 51Q2


Bit 15 = 51Q1


0084 Row 3


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = 50Q2


Bit 9 = 50Q1


Bit 10 = 50G2


Bit 11 = 50G1


Bit 12 = 50N2


Bit 13 = 50N1


Bit 14 = 50P6


Bit 15 = 50P5


0085 Row 4


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = CF


Bit 9 = CC


Bit 10 = OC


Bit 11 = IN2


Bit 12 = IN1


Bit 13 = 50C


Bit 14 = 50B


Bit 15 = 50A


0086 Row 5


Table G.18 Modbus Map (Sheet 7 of 15)


Address 
(Hex)


Field Units
Range Scale 


FactorLow High Step







G.21


Date Code 20080104 Instruction Manual SEL-551 Relay


Modbus RTU Communications Protocol
Modbus RTU Communications Protocol


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = LB8


Bit 9 = LB7


Bit 10 = LB6


Bit 11 = LB5


Bit 12 = LB4


Bit 13 = LB3


Bit 14 = LB2


Bit 15 = LB1


0087 Row 6


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = RB8


Bit 9 = RB7


Bit 10 = RB6


Bit 11 = RB5


Bit 12 = RB4


Bit 13 = RB3


Bit 14 = RB2


Bit 15 = RB1


0088 Row 7


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = SV8


Bit 9 = SV7


Bit 10 = SV6


Bit 11 = SV5


Bit 12 = SV4


Table G.18 Modbus Map (Sheet 8 of 15)
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(Hex)
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Bit 13 = SV3


Bit 14 = SV2


Bit 15 = SV1


0089 Row 8


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = 0


Bit 9 = 0


Bit 10 = SV14


Bit 11 = SV13


Bit 12 = SV12


Bit 13 = SV11


Bit 14 = SV10


Bit 15 = SV9


008A Row 9


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = SH4


Bit 9 = SH3


Bit 10 = SH2


Bit 11 = SH1


Bit 12 = SH0


Bit 13 = 79LO


Bit 14 = 79CY


Bit 15 = 79RS


008B Row 10


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = 51Q2R


Table G.18 Modbus Map (Sheet 9 of 15)
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(Hex)
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FactorLow High Step
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Bit 9 = 51Q1R


Bit 10 = 51G1R


Bit 11 = 51N1R


Bit 12 = 51P2R


Bit 13 = 51P1R


Bit 14 = CLOSE


Bit 15 = TRIP


008C Row 11


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = SV12T


Bit 9 = SV11T


Bit 10 = SV10T


Bit 11 = SV9T


Bit 12 = SV8T


Bit 13 = SV7T


Bit 14 = SV6T


Bit 15 = SV5T


008D Row 12


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = OUT4


Bit 9 = OUT3


Bit 10 = OUT2


Bit 11 = OUT1


Bit 12 = Alarm


Bit 13 = 0


Bit 14 = SV14T


Bit 15 = SV13T


008E Row 13


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Table G.18 Modbus Map (Sheet 10 of 15)


Address 
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Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = 0


Bit 9 = 0


Bit 10 = 0


Bit 11 = TRGTR


Bit 12 = QDEM


Bit 13 = GDEM


Bit 14 = NDEM


Bit 15 = PDEM


Commands (see Note 5)


0090 (W) Command Code 1 12


0091 (W) Parameter 1


0092 (W) Parameter 2


0093–009F Reserved


History Records


00A0 Number of History 
Recordsb


1 20 1 1


00A1 (RW) History Selectionb 1 20 1 1


00A2 Event Timeb millisec 0 999 1 1


00A3 b ss 0 59 1 1


00A4 b mm 0 59 1 1


00A5 b hh 0 23 1 1


00A6 Event Dateb dd 1 31 1 1


00A7 b mm 1 12 1 1


00A8 b yyyy 1992 2999 1 1


00A9 Event Typea ASCII 
string


00AA see Note 3


00AB


00AC


00AD Shot 0 4 1 1


00AE Maximum phase
current


0 65535 1 1


00AF Targets


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Table G.18 Modbus Map (Sheet 11 of 15)
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Bit 1–7 = 0


Bit 8 = LO


Bit 9 = RS


Bit 10 = Phase N 
51/50


Bit 11 = Phase C 
51/50


Bit 12 = Phase B 
51/50


Bit 13 = Phase A 
51/50


Bit 14 = Inst.


Bit 15 = 0


Event Reporting (see Note 4)


00B0 Number event 
recordsb


– 1 20 1 1


00B1 Event selectionb – 1 20 1 1


00B2 Channel selectionb – 1 18 1 1


00B3 1/4 cyclec –32767 32767 1 1


00B4 1/2 cyclec –32767 32767 1 1


00B5 3/4 cyclec –32767 32767 1 1


00B6 1 cyclec –32767 32767 1 1


00B7 1 1/4 cyclec –32767 32767 1 1


00B8 1 1/2 cyclec –32767 32767 1 1


00B9 1 3/4 cyclec –32767 32767 1 1


00BA 2 cyclec –32767 32767 1 1


00BB 2 1/4 cyclec –32767 32767 1 1


00BC 2 1/2 cyclec –32767 32767 1 1


00BD 2 3/4 cyclec –32767 32767 1 1


00BE 3 cyclec –32767 32767 1 1


00BF 3 1/4 cyclec –32767 32767 1 1


00C0 3 1/2 cyclec –32767 32767 1 1


00C1 3 3/4 cyclec –32767 32767 1 1


00C2 4 cyclec –32767 32767 1 1


00C3 4 1/4 cyclec –32767 32767 1 1


00C4 4 1/2 cyclec –32767 32767 1 1


00C5 4 3/4 cyclec –32767 32767 1 1


00C6 5 cyclec –32767 32767 1 1


00C7 5 1/4 cyclec –32767 32767 1 1


00C8 5 1/2 cyclec –32767 32767 1 1


00C9 5 3/4 cyclec –32767 32767 1 1


Table G.18 Modbus Map (Sheet 12 of 15)
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00CA 6 cyclec –32767 32767 1 1


00CB 6 1/4 cyclec –32767 32767 1 1


00CC 6 1/2 cyclec –32767 32767 1 1


00CD 6 3/4 cyclec –32767 32767 1 1


00CE 7 cyclec –32767 32767 1 1


00CF 7 1/4 cyclec –32767 32767 1 1


00D0 7 1/2 cyclec –32767 32767 1 1


00D1 7 3/4 cyclec –32767 32767 1 1


00D2 8 cyclec –32767 32767 1 1


00D3 8 1/4 cyclec –32767 32767 1 1


00D4 8 1/2 cyclec –32767 32767 1 1


00D5 8 3/4 cyclec –32767 32767 1 1


00D6 9 cyclec –32767 32767 1 1


00D7 9 1/4 cyclec –32767 32767 1 1


00D8 9 1/2 cyclec –32767 32767 1 1


00D9 9 3/4 cyclec –32767 32767 1 1


00DA 10 cyclec –32767 32767 1 1


00DB 10 1/4 cyclec –32767 32767 1 1


00DC 10 1/2 cyclec –32767 32767 1 1


00DD 10 3/4 cyclec –32767 32767 1 1


00DE 11 cyclec –32767 32767 1 1


00DF 11 1/4 cyclec –32767 32767 1 1


00E0 11 1/2 cyclec –32767 32767 1 1


00E1 11 3/4 cyclec –32767 32767 1 1


00E2 12 cyclec –32767 32767 1 1


00E3 12 1/4 cyclec –32767 32767 1 1


00E4 12 1/2 cyclec –32767 32767 1 1


00E5 12 3/4 cyclec –32767 32767 1 1


00E6 13 cyclec –32767 32767 1 1


00E7 13 1/4 cyclec –32767 32767 1 1


00E8 13 1/2 cyclec –32767 32767 1 1


00E9 13 3/4 cyclec –32767 32767 1 1


00EA 14 cyclec –32767 32767 1 1


00EB 14 1/4 cyclec –32767 32767 1 1


00EC 14 1/2 cyclec –32767 32767 1 1


00ED 14 3/4 cyclec –32767 32767 1 1


00EE 15 cyclec –32767 32767 1 1
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Event Summary Data


00EF Event typea ASCII 
string


00F0 see Note 5


00F1


00F1


Date and Time


00F3 Event timeb millisec 0 999 1 1


00F4 b ss 0 59 1 1


00F5 b mm 0 59 1 1


00F6 b hh 0 23 1 1


00F7 Event dateb dd 1 31 1 1


00F8 b mm 1 12 1 1


00F9 b yyyy 1992 2999 1 1


00FA Shots 0 4


00FB Targets


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bit 1–7 = 0


Bit 8 = LO


Bit 9 = RS


Bit 10 = Phase N 
51/50


Bit 11 = Phase C 
51/50


Bit 12 = Phase B 
51/50


Bit 13 = Phase A 
51/50


Bit 14 = Inst.


Bit 15 = 0


00FC Event current 
phase A


Amps 0 65535 1


00FD Event current phase B Amps 0 65535 1


00FE Event current phase C Amps 0 65535 1


00FF Event neutral 
current IN


Amps 0 65535 1


0100 Event residual 
current IG


Amps 0 65535 1
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NOTE 1: Reserved addresses return 8000h.


NOTE 2: Registers (RW) are read-write registers. Registers (W) are write-
only registers. All other registers are read-only.


NOTE 3: Event Types


0101 Event neg.-seq. 
current IQ


Amps 0 65535 1


0102–010F Reserved


Maximum Current Limit


0110 Phase currentd Amps –32767 32767 1 1


0111 Phase currente Exponent –4 4 1 1


0112 Neutral currentd Amps –32767 32767 1 1


0113 Neutral currente Exponent –4 4 1 1


0114–011F Reserved


Communication Counter


0120 Number of messages 
receivedb


– 0 65535 1 1


0121 Number of messages 
sent to other devicesb


– 0 65535 1 1


0122 Invalid addressb – 0 65535 1 1


0123 Bad CRCb – 0 65535 1 1


0124 UART errorb – 0 65535 1 1


0125 Illegal function 
code/Op codeb


– 0 65535 1 1


0126 Illegal registerb – 0 65535 1 1


0127 Illegal writeb – 0 65535 1 1


0128 Bad packet formatb – 0 65535 1 1


0129 Bad packet lengthb – 0 65535 1 1


012A Reserved


Reserved


Reserved


1FFB Device tag #b 15043 – – – –


1FFC Feature set IDb 0


1FFD Reserved


Reserved


FFFF Reserved


a Two 8-bit ASCII characters per register.
b 16-bit unsigned value.
c 16-bit signed value.
d Two 16-bit registers needed to accomplish the Signed Integer Dynamic Fixed Point data 


format. Final value read = (R1 • 10R2).
e R1 is the content of register 0110h (0112h). R2, which is stored in 0111h (0113h), determines the 


decimal point position for the final value.
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NOTE 4: The Modbus map (Table G.18) provides a feature that allows you to 
download complete event data via Modbus. See Table G.17 for data 
descriptions.


NOTE 5: Please refer to Table G.16 for a list of Command Codes.


General Comments All registers are 16 bits with bit locations ranging from 0 to 15.


Relay words and targets are mapped in bit positions 8–15 in the register. 
Contact status is mapped in bit positions 7–15 in the register. The 0 bit 
position of this register is set equal to 1 if any of the 1–15 positions are 
set to 1.


TRIG ER2


TRIP PULSE


ERI
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SEL-551 Command Summary


Access Level 0 
Command


The only thing that can be done at Access level 0 is to go to Access Level 1. The screen prompt is: =


ACC Enters Access Level 1. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 1 password in order to enter Access Level 1.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>


2AC Enters Access Level 2. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 2 password in order to enter Access Level 2.


DAT Shows date presently in the relay.


DAT m/d/y Enters date in this manner if Date Format setting DATE_F = MDY.


DAT y/m/d Enters date in this manner if Date Format setting DATE_F = YMD.


EVE n Shows standard 15-cycle event report number n, with 1/4 cycle resolution (n = 1–20, with n = 1 most recent).


EVE C n Causes the relay to add digital data at the end of the Event n report.


EVE L n Shows standard 15-cycle event report number n, with 1/8 cycle resolution (n = 1–20, with n = 1 most recent).


EVE L C n Causes the relay to add digital data at the end of Event L n report.


EVE R n Causes the relay to display an unfiltered event report with 1/16-cycle resolution.


EVE R C n Causes the relay to add digital data at the end of the Event R n report.


HIS n Shows brief summary of the n latest standard 15-cycle event reports.


HIS C Clears the brief summary and corresponding standard 15-cycle event reports.


IRI Forces synchronization attempt of internal relay clock to IRIG-B time-code input. 


MET k Displays metering data, both magnitude and phase angle. Phase angles are referenced to phase input IA. Enter 
number k to scroll metering k times on screen.


MET D Displays demand and peak demand data. Select MET RD or MET RP to reset.


QUI Quit. Returns to Access Level 0. Returns front-panel LEDs to the default targets (corresponding to command 
TAR 0).


SER n Show the latest n rows in the Sequential Events Recorder (SER) event report.


SER m n Show rows m through n in the Sequential Events Recorder (SER) event report.


SER d1 Show rows in the Sequential Events Recorder (SER) event report from date d1.


SER d1 d2 Show rows in the Sequential Events Recorder (SER) event report from date d1 to d2. Entry of dates is dependent 
on the Date Format setting DATE_F (= MDY or YMD).


SER C Clears the Sequential Events Recorder (SER) event report.


SHO Show relay settings (overcurrent, reclosing, timers, etc.).


SHO L Show SELOGIC® control equation settings.


SHO P Show port settings


SHO R Show Sequential Events Recorder (SER) settings.


SHO T Show text label settings.


STA Show relay self-test status. STA C resets self-test warnings/failures.


TAR R Return front-panel LED targets to regular operation and reset the FAULT TYPE front-panel targets.


TAR 0 k Return front-panel LED targets to regular operation. Enter number k to scroll front-panel LED status k times on 
screen.
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TAR n k Display Relay Word row n status (n = 1–15) on remapped front-panel LED targets. Enter number k to scroll 
Relay Word row n status k times on screen.


TAR n X Relay Word row n status (n = 1–15) is sent to the serial port/computer screen, but the front-panel LED targets 
remain unchanged.


TIM Show or set time (24-hour time). Show time presently in the relay by entering just TIM. Example time 22:47:36 
is entered with command TIM 22:47:36.


TRI Trigger an event report.


Access Level 2 
Commands


The Access Level 2 commands primarily allow the user to change settings or operate relay 
parameters and output contacts. All Access Level 1 commands can also be executed from 
Access Level 2. The screen prompt is: =>>


CLO Assert the CLOSE Relay Word bit. If CLOSE is assigned to an output contact (e.g., OUT2 = CLOSE), then the 
output contact will assert if command CLO is executed and the circuit breaker is open.


CON n Control Relay Word bit RBn (Remote Bit n; n = 1–8). Execute CON n and the relay responds: CONTROL RBn. 
Then reply with one of the following:


SRB n set Remote Bit n (assert RBn)


CRB n clear Remote Bit n (deassert RBn)


PRB n pulse Remote Bit n [assert RBn for one processing interval (1/8 cycle)].


OPE Assert the TRIP Relay Word bit. If TRIP is assigned to an output contact (e.g., OUT1 = TRIP), then the output 
contact will assert if command OPE is executed.


PAS 1 Change Access Level 1 password.


PAS 2 Change Access Level 2 password.


PUL n k Pulse output contact n (n = OUT1, OUT2, OUT3, OUT4, and ALARM). Enter number k to pulse for k seconds [k = 1 to 
30 (seconds)], otherwise pulse time is 1 second.


SET n Change relay settings (overcurrent, reclosing, timers, etc.).


SET L n Change SELOGIC control equations settings.


SET P n Change port settings


SET R n Change Sequential Events Recorder (SER) settings.


SET T n Change text label settings.


For the SET commands, jump to parameter n to begin setting editing. If parameter n is not entered, setting edit-
ing starts at the first setting.


VER Show relay configuration and firmware version.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>
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Access Level 0 
Command


The only thing that can be done at Access level 0 is to go to Access Level 1. The screen prompt is: =


ACC Enters Access Level 1. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 1 password in order to enter Access Level 1.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>


2AC Enters Access Level 2. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 2 password in order to enter Access Level 2.


DAT Shows date presently in the relay.


DAT m/d/y Enters date in this manner if Date Format setting DATE_F = MDY.


DAT y/m/d Enters date in this manner if Date Format setting DATE_F = YMD.


EVE n Shows standard 15-cycle event report number n, with 1/4 cycle resolution (n = 1–20, with n = 1 most recent).


EVE C n Causes the relay to add digital data at the end of the Event n report.


EVE L n Shows standard 15-cycle event report number n, with 1/8 cycle resolution (n = 1–20, with n = 1 most recent).


EVE L C n Causes the relay to add digital data at the end of Event L n report.


EVE R n Causes the relay to display an unfiltered event report with 1/16-cycle resolution.


EVE R C n Causes the relay to add digital data at the end of the Event R n report.


HIS n Shows brief summary of the n latest standard 15-cycle event reports.


HIS C Clears the brief summary and corresponding standard 15-cycle event reports.


IRI Forces synchronization attempt of internal relay clock to IRIG-B time-code input. 


MET k Displays metering data, both magnitude and phase angle. Phase angles are referenced to phase input IA. Enter 
number k to scroll metering k times on screen.


MET D Displays demand and peak demand data. Select MET RD or MET RP to reset.


QUI Quit. Returns to Access Level 0. Returns front-panel LEDs to the default targets (corresponding to command 
TAR 0).


SER n Show the latest n rows in the Sequential Events Recorder (SER) event report.


SER m n Show rows m through n in the Sequential Events Recorder (SER) event report.


SER d1 Show rows in the Sequential Events Recorder (SER) event report from date d1.


SER d1 d2 Show rows in the Sequential Events Recorder (SER) event report from date d1 to d2. Entry of dates is dependent 
on the Date Format setting DATE_F (= MDY or YMD).


SER C Clears the Sequential Events Recorder (SER) event report.


SHO Show relay settings (overcurrent, reclosing, timers, etc.).


SHO L Show SELOGIC® control equation settings.


SHO P Show port settings


SHO R Show Sequential Events Recorder (SER) settings.


SHO T Show text label settings.


STA Show relay self-test status. STA C resets self-test warnings/failures.


TAR R Return front-panel LED targets to regular operation and reset the FAULT TYPE front-panel targets.


TAR 0 k Return front-panel LED targets to regular operation. Enter number k to scroll front-panel LED status k times on 
screen.
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TAR n k Display Relay Word row n status (n = 1–15) on remapped front-panel LED targets. Enter number k to scroll 
Relay Word row n status k times on screen.


TAR n X Relay Word row n status (n = 1–15) is sent to the serial port/computer screen, but the front-panel LED targets 
remain unchanged.


TIM Show or set time (24-hour time). Show time presently in the relay by entering just TIM. Example time 22:47:36 
is entered with command TIM 22:47:36.


TRI Trigger an event report.


Access Level 2 
Commands


The Access Level 2 commands primarily allow the user to change settings or operate relay 
parameters and output contacts. All Access Level 1 commands can also be executed from 
Access Level 2. The screen prompt is: =>>


CLO Assert the CLOSE Relay Word bit. If CLOSE is assigned to an output contact (e.g., OUT2 = CLOSE), then the 
output contact will assert if command CLO is executed and the circuit breaker is open.


CON n Control Relay Word bit RBn (Remote Bit n; n = 1–8). Execute CON n and the relay responds: CONTROL RBn. 
Then reply with one of the following:


SRB n set Remote Bit n (assert RBn)


CRB n clear Remote Bit n (deassert RBn)


PRB n pulse Remote Bit n [assert RBn for one processing interval (1/8 cycle)].


OPE Assert the TRIP Relay Word bit. If TRIP is assigned to an output contact (e.g., OUT1 = TRIP), then the output 
contact will assert if command OPE is executed.


PAS 1 Change Access Level 1 password.


PAS 2 Change Access Level 2 password.


PUL n k Pulse output contact n (n = OUT1, OUT2, OUT3, OUT4, and ALARM). Enter number k to pulse for k seconds [k = 1 to 
30 (seconds)], otherwise pulse time is 1 second.


SET n Change relay settings (overcurrent, reclosing, timers, etc.).


SET L n Change SELOGIC control equations settings.


SET P n Change port settings


SET R n Change Sequential Events Recorder (SER) settings.


SET T n Change text label settings.


For the SET commands, jump to parameter n to begin setting editing. If parameter n is not entered, setting edit-
ing starts at the first setting.


VER Show relay configuration and firmware version.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>
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GenSet Data

		

		Data Point		SCALING		UNITS/		Device

				FACTOR		Bit		Gen 1		Gen 2		Gen 3		Gen 4		Gen 5		Gen 6		Gen 7		Gen 8		Gen 9		Gen 10

		Name [0,1]		N/A		ASCII char		400001		400101		400201		400301		400401		400501		400601		400701		400801		400901

		Name  [2,3]		N/A		ASCII char		400002		400102		400202		400302		400402		400502		400602		400702		400802		400902

		Name  [4,5]		N/A		ASCII char		400003		400103		400203		400303		400403		400503		400603		400703		400803		400903

		Name  [6,7]		N/A		ASCII char		400004		400104		400204		400304		400404		400504		400604		400704		400804		400904

		Name  [8,9]		N/A		ASCII char		400005		400105		400205		400305		400405		400505		400605		400705		400805		400905

		Name  [10,11]		N/A		ASCII char		400006		400106		400206		400306		400406		400506		400606		400706		400806		400906

		Name  [12,13]		N/A		ASCII char		400007		400107		400207		400307		400407		400507		400607		400707		400807		400907

		Name  [14,15]		N/A		ASCII char		400008		400108		400208		400308		400408		400508		400608		400708		400808		400908

		Device Type		N/A		word data		400009		400109		400209		400309		400409		400509		400609		400709		400809		400909

		Control Switch		N/A*		byte data		400010		400110		400210		400310		400410		400510		400610		400710		400810		400910

		State		N/A*		byte data		400011		400111		400211		400311		400411		400511		400611		400711		400811		400911

		Fault Code		N/A*		word data		400012		400112		400212		400312		400412		400512		400612		400712		400812		400912

		Fault Type		N/A*		byte data		400013		400113		400213		400313		400413		400513		400613		400713		400813		400913

		Percent kW		0.5		%		400014		400114		400214		400314		400414		400514		400614		400714		400814		400914

		total kW		1.0		KW		400015		400115		400215		400315		400415		400515		400615		400715		400815		400915

		NFPA 110		N/A		BIT FIELD		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Normal Power				15 (MSB)		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		GenSet Supplying Load				14		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		GenSet Running				13		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Not in Auto				12		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		High Battery Voltage				11		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Low Battery Voltage				10		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Charger AC Failure				9		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Fail to Start				8		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Low Coolant Temp				7		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Pre-High Engine Temp				6		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		High Engine Temp				5		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Pre-Low Oil Pressure				4		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Low Oil Pressure				3		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Overspeed				2		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Low Coolant Level				1		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Low Fuel Level				0		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916

		Extended		N/A		BIT FIELD		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Check GenSet				15 (MSB)		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Ground Fault				14		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		High AC Voltage				13		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Low AC Voltage				12		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Under Frequency				11		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Overload				10		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Overcurrent				9		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Short Circuit				8		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Reverse KW				7		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Reverse KVAR				6		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Fail to Sync				5		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Fail to Close				4		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Load Demand				3		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		GenSet CB Tripped				2		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Utility CB Tripped				1		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		Emergency Stop				0		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917

		frequency		0.1		Hz		400018		400118		400218		400318		400418		400518		400618		400718		400818		400918

		total pf		0.00005		PF		400019		400119		400219		400319		400419		400519		400619		400719		400819		400919

		total kva		1.0		KVA		400020		400120		400220		400320		400420		400520		400620		400720		400820		400920

		total kW		1.0		KW		400021		400121		400221		400321		400421		400521		400621		400721		400821		400921

		total kvar		1.0		KVAR		400022		400122		400222		400322		400422		400522		400622		400722		400822		400922

		volts ab		1.0		Volts		400023		400123		400223		400323		400423		400523		400623		400723		400823		400923

		volts bc		1.0		Volts		400024		400124		400224		400324		400424		400524		400624		400724		400824		400924

		volts ca		1.0		Volts		400025		400125		400225		400325		400425		400525		400625		400725		400825		400925

		volts a		1.0		Volts		400026		400126		400226		400326		400426		400526		400626		400726		400826		400926

		volts b		1.0		Volts		400027		400127		400227		400327		400427		400527		400627		400727		400827		400927

		volts c		1.0		Volts		400028		400128		400228		400328		400428		400528		400628		400728		400828		400928

		amps a		1.0		Amps		400029		400129		400229		400329		400429		400529		400629		400729		400829		400929

		amps b		1.0		Amps		400030		400130		400230		400330		400430		400530		400630		400730		400830		400930

		amps c		1.0		Amps		400031		400131		400231		400331		400431		400531		400631		400731		400831		400931

		percent amps a		0.5		%		400032		400132		400232		400332		400432		400532		400632		400732		400832		400932

		percent amps b		0.5		%		400033		400133		400233		400333		400433		400533		400633		400733		400833		400933

		percent amps c		0.5		%		400034		400134		400234		400334		400434		400534		400634		400734		400834		400934

		battery voltage		0.1		Volts DC		400035		400135		400235		400335		400435		400535		400635		400735		400835		400935

		oil pressure		0.1		KPA		400036		400136		400236		400336		400436		400536		400636		400736		400836		400936

		oil temp		0.1		Deg Kelvin		400037		400137		400237		400337		400437		400537		400637		400737		400837		400937

		coolant temp		0.1		Deg Kelvin		400038		400138		400238		400338		400438		400538		400638		400738		400838		400938

		misc temp 1		0.1		Deg Kelvin		400039		400139		400239		400339		400439		400539		400639		400739		400839		400939

		misc temp 2		0.1		Deg Kelvin		400040		400140		400240		400340		400440		400540		400640		400740		400840		400940

		fuel rate		0.01		GPH		400041		400141		400241		400341		400441		400541		400641		400741		400841		400941

		engine rpm		1.0		RPM		400042		400142		400242		400342		400442		400542		400642		400742		400842		400942

		engine starts		1.0		starts		400043		400143		400243		400343		400443		400543		400643		400743		400843		400943

		eng runtime (high)						400044		400144		400244		400344		400444		400544		400644		400744		400844		400944

		eng runtime (low)						400045		400145		400245		400345		400445		400545		400645		400745		400845		400945

		total kwh (high)		1.0		KWH		400046		400146		400246		400346		400446		400546		400646		400746		400846		400946

		total kwh (low)						400047		400147		400247		400347		400447		400547		400647		400747		400847		400947

		total fuel (high)		0.01		Gal		400048		400148		400248		400348		400448		400548		400648		400748		400848		400948

		total fuel (low)						400049		400149		400249		400349		400449		400549		400649		400749		400849		400949

		bus frequency		0.1		Hz		400050		400150		400250		400350		400450		400550		400650		400750		400850		400950

		bus volts ab		1.0		Volts		400051		400151		400251		400351		400451		400551		400651		400751		400851		400951

		bus volts bc		1.0		Volts		400052		400152		400252		400352		400452		400552		400652		400752		400852		400952

		bus volts ca		1.0		Volts		400053		400153		400253		400353		400453		400553		400653		400753		400853		400953

		bus volts a		1.0		Volts		400054		400154		400254		400354		400454		400554		400654		400754		400854		400954

		bus volts b		1.0		Volts		400055		400155		400255		400355		400455		400555		400655		400755		400855		400955

		bus volts c		1.0		Volts		400056		400156		400256		400356		400456		400556		400656		400756		400856		400956

		Customer Faults		N/A		BIT FIELD		400057		400157		400257		400357		400457		400557		400657		400757		400857		400957

		Customer Fault 1				15 (MSB)		400057		400157		400257		400357		400457		400557		400657		400757		400857		400957

		Customer Fault 2				14		400057		400157		400257		400357		400457		400557		400657		400757		400857		400957

		Customer Fault 3				13		400057		400157		400257		400357		400457		400557		400657		400757		400857		400957

		Customer Fault 4				12		400057		400157		400257		400357		400457		400557		400657		400757		400857		400957

		Network Faults		N/A		BIT FIELD		400058		400158		400258		400358		400458		400558		400658		400758		400858		400958

		Network Fault 1				15 (MSB)		400058		400158		400258		400358		400458		400558		400658		400758		400858		400958

		Network Fault 2				14		400058		400158		400258		400358		400458		400558		400658		400758		400858		400958

		Network Fault 3				13		400058		400158		400258		400358		400458		400558		400658		400758		400858		400958

		Network Fault 4				12		400058		400158		400258		400358		400458		400558		400658		400758		400858		400958

		Custom		N/A		BIT FIELD		400059		400159		400259		400359		400459		400559		400659		400759		400859		400959

		es state		N/A*		byte data		400060		400160		400260		400360		400460		400560		400660		400760		400860		400960

		ls state		N/A*		byte data		400061		400161		400261		400361		400461		400561		400661		400761		400861		400961

		lg state kw		N/A*		byte data		400062		400162		400262		400362		400462		400562		400662		400762		400862		400962

		lg state kvar		N/A*		byte data		400063		400163		400263		400363		400463		400563		400663		400763		400863		400963

		gen cb		N/A		byte data		400064		400164		400264		400364		400464		400564		400664		400764		400864		400964

		utility cb		N/A		byte data		400065		400165		400265		400365		400465		400565		400665		400765		400865		400965

		Start/Stop						400066		400166		400266		400366		400466		400566		400666		400766		400866		400966

		Reset						400067		400167		400267		400367		400467		400567		400667		400767		400867		400967

		%KW		1.0		%		400070		400170		400270		400370		400470		400570		400670		400770		400870		400970

		oil pressure		0.1		KPA/PSI**		400071		400171		400271		400371		400471		400571		400671		400771		400871		400971

		oil temp		0.1		C/F**		400072		400172		400272		400372		400472		400572		400672		400772		400872		400972

		coolant temp		0.1		C/F**		400073		400173		400273		400373		400473		400573		400673		400773		400873		400973

		misc temp 1		0.1		C/F**		400074		400174		400274		400374		400474		400574		400674		400774		400874		400974

		misc temp 2		0.1		C/F**		400075		400175		400275		400375		400475		400575		400675		400775		400875		400975

		fuel rate		0.01		lPH/GPH**		400076		400176		400276		400376		400476		400576		400676		400776		400876		400976

		scaled power factor						400077		400177		400277		400377		400477		400577		400677		400777		400877		400977

		Percent Amps A		1.0		%		400078		400178		400278		400378		400478		400578		400678		400778		400878		400978

		Percent Amps B		1.0		%		400079		400179		400279		400379		400479		400579		400679		400779		400879		400979

		Percent Amps C		1.0		%		400080		400180		400280		400380		400480		400580		400680		400780		400880		400980

		Percent Volts A-B		1.0		%		400081		400181		400281		400381		400481		400581		400681		400781		400881		400981

		Percent Volts B-C		1.0		%		400082		400182		400282		400382		400482		400582		400682		400782		400882		400982

		Percent Volts C-A		1.0		%		400083		400183		400283		400383		400483		400583		400683		400783		400883		400983

		Percent Bus Volts A-B		1.0		%		400084		400184		400284		400384		400484		400584		400684		400784		400884		400984

		Percent Bus Volts B-C		1.0		%		400085		400185		400285		400385		400485		400585		400685		400785		400885		400985

		Percent Bus Volts C-A		1.0		%		400086		400186		400286		400386		400486		400586		400686		400786		400886		400986

		Runtime				hours		400087		400187		400287		400387		400487		400587		400687		400787		400887		400987

								400088		400188		400288		400388		400488		400588		400688		400788		400888		400988

		Total KWH				kWH		400089		400189		400289		400389		400489		400589		400689		400789		400889		400989

								400090		400190		400290		400390		400490		400590		400690		400790		400890		400990

		Total Fuel		0.01		l/Gal**		400091		400191		400291		400391		400491		400591		400691		400791		400891		400991

								400092		400192		400292		400392		400492		400592		400692		400792		400892		400992

		Spare						400093		400193		400293		400393		400493		400593		400693		400793		400893		400993

								400094		400194		400294		400394		400494		400594		400694		400794		400894		400994

		Indicators		N/A		BIT FIELD		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		Start Button Enable				15 (MSB)		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		Stop Button Enable				14		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		Reset Button Enable				13		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		CB Open Button Enable				12		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		CB Close Button Enable				11		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		Load Demand Stop Indication				10		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		Normal Indication				9		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		Warning Indication				8		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		Shutdown Indication				7		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		Switch in RUN				6		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		Switch in OFF				5		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		Switch in AUTO				4		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

						3		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

						2		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

						1		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

						0		400095		400195		400295		400395		400495		400595		400695		400795		400895		400995

		Manual Control		N/A		BIT FIELD		400096		400196		400296		400396		400496		400596		400696		400796		400896		400996

		Start				15 (MSB)		400096		400196		400296		400396		400496		400596		400696		400796		400896		400996

		Stop				14		400096		400196		400296		400396		400496		400596		400696		400796		400896		400996

		Reset				13		400096		400196		400296		400396		400496		400596		400696		400796		400896		400996

		Breaker Open				12		400096		400196		400296		400396		400496		400596		400696		400796		400896		400996

		Breaker close				11		400096		400196		400296		400396		400496		400596		400696		400796		400896		400996

		Connected to Bus 2 ?				10		400096		400196		400296		400396		400496		400596		400696		400796		400896		400996
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Metering

		

		Data Point		SCALING		UNITS		Device

				FACTOR				Meter 1		Meter 2		Meter 3		Meter 4		Meter 5		Meter 6		Meter 7		Meter 8		Meter 9		Meter 10

		Volts a		1.0		Volts		403001		403101		403201		403301		403401		403501		403601		403701		403801		403901

		Volts b		1.0		Volts		403002		403102		403202		403302		403402		403502		403602		403702		403802		403902

		Volts c		1.0		Volts		403003		403103		403203		403303		403403		403503		403603		403703		403803		403903

		Volts ln (aVolts g)		1.0		Volts		403004		403104		403204		403304		403404		403504		403604		403704		403804		403904

		Volts ab		1.0		Volts		403005		403105		403205		403305		403405		403505		403605		403705		403805		403905

		Volts bc		1.0		Volts		403006		403106		403206		403306		403406		403506		403606		403706		403806		403906

		Volts ca		1.0		Volts		403007		403107		403207		403307		403407		403507		403607		403707		403807		403907

		Volts aux		1.0		Volts		403008		403108		403208		403308		403408		403508		403608		403708		403808		403908

		Amps a		1.0		Amps		403009		403109		403209		403309		403409		403509		403609		403709		403809		403909

		Amps b		1.0		Amps		403010		403110		403210		403310		403410		403510		403610		403710		403810		403910

		Amps c		1.0		Amps		403011		403111		403211		403311		403411		403511		403611		403711		403811		403911

		Amps (avg)		1.0		Amps		403012		403112		403212		403312		403412		403512		403612		403712		403812		403912

		Frequency		0.1		Hz		403015		403115		403215		403315		403415		403515		403615		403715		403815		403915

		kWa		1.0		kW		403017		403117		403217		403317		403417		403517		403617		403717		403817		403917

		kWb		1.0		kW		403018		403118		403218		403318		403418		403518		403618		403718		403818		403918

		kWc		1.0		kW		403019		403119		403219		403319		403419		403519		403619		403719		403819		403919

		kW (total)		1.0		kW		403020		403120		403220		403320		403420		403520		403620		403720		403820		403920

		kVARa		1.0		kVAR		403021		403121		403221		403321		403421		403521		403621		403721		403821		403921

		kVARb		1.0		kVAR		403022		403122		403222		403322		403422		403522		403622		403722		403822		403922

		kVARc		1.0		kVAR		403023		403123		403223		403323		403423		403523		403623		403723		403823		403923

		kVAR (total)		1.0		kVAR		403024		403124		403224		403324		403424		403524		403624		403724		403824		403924

		kVAa		1.0		kVA		403025		403125		403225		403325		403425		403525		403625		403725		403825		403925

		kVAb		1.0		kVA		403026		403126		403226		403326		403426		403526		403626		403726		403826		403926

		kVAc		1.0		kVA		403027		403127		403227		403327		403427		403527		403627		403727		403827		403927

		kVA (total)		1.0		kVA		403028		403128		403228		403328		403428		403528		403628		403728		403828		403928

		kWH import (Double Integer)		1.0		kWH		403034		403134		403234		403334		403434		403534		403634		403734		403834		403934

		kWH import (Double Integer)		1.0		kWH		403035		403135		403235		403335		403435		403535		403635		403735		403835		403935

		kWH export (Double Integer)		1.0		kWH		403036		403136		403236		403336		403436		403536		403636		403736		403836		403936

		kWH export (Double Integer)		1.0		kWH		403037		403137		403237		403337		403437		403537		403637		403737		403837		403937

		kVARH import (Double Integer)		1.0		kVARH		403038		403138		403238		403338		403438		403538		403638		403738		403838		403938

		kVARH import (Double Integer)		1.0		kVARH		403039		403139		403239		403339		403439		403539		403639		403739		403839		403939

		kVARH export (Double Integer)		1.0		kVARH		403040		403140		403240		403340		403440		403540		403640		403740		403840		403940

		kVARH export (Double Integer)		1.0		kVARH		403041		403141		403241		403341		403441		403541		403641		403741		403841		403941

		Percent kW		1.0		%		403042		403142		403242		403342		403442		403542		403642		403742		403842		403942

		Percent Amps A		1.0		%		403043		403143		403243		403343		403443		403543		403643		403743		403843		403943

		Percent Amps B		1.0		%		403044		403144		403244		403344		403444		403544		403644		403744		403844		403944

		Percent Amps C		1.0		%		403045		403145		403245		403345		403445		403545		403645		403745		403845		403945

		Percent Volts A-B		1.0		%		403046		403146		403246		403346		403446		403546		403646		403746		403846		403946

		Percent Volts B-C		1.0		%		403047		403147		403247		403347		403447		403547		403647		403747		403847		403947

		Percent Volts C-A		1.0		%		403048		403148		403248		403348		403448		403548		403648		403748		403848		403948

		PF Value		0.1				403049		403149		403249		403349		403449		403549		403649		403749		403849		403949

		Leading PF						403050 b15		403150 b15		403250 b15		403350 b15		403450 b15		403550 b15		403650 b15		403750 b15		403850 b15		403950 b15

		Lagging PF						403050 b14		403150 b14		403250 b14		403350 b14		403450 b14		403550 b14		403650 b14		403750 b14		403850 b14		403950 b14

		Transducer Failure						403050 b13		403150 b13		403250 b13		403350 b13		403450 b13		403550 b13		403650 b13		403750 b13		403850 b13		403950 b13

		Raw Values						403051-94		403151-94		403251-94		403351-94		403451-94		403551-94		403651-94		403751-94		403851-94		403951-94

		PT Ratio						403095		403195		403295		403395		403495		403595		403695		403795		403895		403995

		CT Ratio						403096		403196		403296		403396		403496		403596		403696		403796		403896		403996

		MB+ Address						403097		403197		403297		403397		403497		403597		403697		403797		403897		403997

		3 or 4 wire						403098		403198		403298		403398		403498		403598		403698		403798		403898		403998

		Capacity Amps						403099		403199		403299		403399		403499		403599		403699		403799		403899		403999

		Capacity kW						403100		403200		403300		403400		403500		403600		403700		403800		403900		404000
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Circuit Breakers & ATS

		

		Data Point		SCALING		UNITS/		Device																				Device																				Device

				FACTOR		Bit		52G01		52G02		52G03		52G04		52G05		52G06		52G07		52G08		52G09		52G10		52G11		52G12		52G13		52G14		52G15		52G16		52G17		52G18		52G19		52G20		52G21		52G22		52G23		52G24		52G25		52G26		52G27		52G28		52G29		52G30

		CB Status		N/A		BIT FIELD		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Line Side Hot				15 (MSB)		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Load Side Hot				14		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		CB Position				13		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Over Current Trip				12		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Connected (Cell Switch)				11		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Ground Fault				10		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Fail to Close				9		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Fail to Open				8		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Breaker Failure				7		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Breaker in Maunal				6		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Breaker Open Hot				5		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Breaker Open Cold				4		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Breaker Closed Hot				3		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Breaker Closed Cold				2		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Breaker Fail to Sync				1		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Protective Relay Failure				0		402001		402002		402003		402004		402005		402006		402007		402008		402009		402010		402011		402012		402013		402014		402015		402016		402017		402018		402019		402020		402021		402022		402023		402024		402025		402026		402027		402028		402029		402030

		Data Point		SCALING		UNITS/		Device																				Device

				FACTOR		Bit		52GM1		52UM1		52GM2		52UM2		52GM3		52UM3		52GM4		52UM4		52GM5		52UM5		52T1		52T2		52T3		52T4		52T5		52T6		52T7		52T8		52T9		52T10

		CB Status		N/A		BIT FIELD		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Line Side Hot (Upper or Left Side)				15 (MSB)		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Load Side Hot (Lower or Right Side)				14		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		CB Position				13		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Over Current Trip				12		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Connected (Cell Switch)				11		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Ground Fault				10		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Fail to Close				9		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Fail to Open				8		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Breaker Failure				7		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Breaker in Maunal				6		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Aux Contact Failure				5		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Synchronizing Active				4		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Breaker Closed Hot				3		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Breaker Closed Cold				2		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Breaker Fail to Sync				1		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Protective Relay Failure Active				0		402031		402032		402033		402034		402035		402036		402037		402038		402039		402040		402041		402042		402043		402044		402045		402046		402047		402048		402049		402050

		Data Point		SCALING		UNITS/

				FACTOR		Bit		52GM1

		CB Control Point		N/A		BIT FIELD		402503

		Breaker Control Enabled				15 (MSB)		402503

		Spare				14		402503

		Spare				13		402503

		Spare				12		402503

		Spare				11		402503

		Spare				10		402503

		Spare				9		402503

		Spare				8		402503

		Spare				7		402503

		Spare				6		402503

		Spare				5		402503

		Spare				4		402503

		Enable Breaker Close PushButton				3		402503

		Enable Breaker Open PushButton				2		402503

		Breaker Close Command				1		402503

		Breaker Open Command				0		402503

		Data Point		SCALING		UNITS/		Device																				Device																				Device																				Device																				Device

				FACTOR		Bit		52F01		52F02		52F03		52F04		52F05		52F06		52F07		52F08		52F09		52F10		52F11		52F12		52F13		52F14		52F15		52F16		52F17		52F18		52F19		52F20		52F21		52F22		52F23		52F24		52F25		52F26		52F27		52F28		52F29		52F30		52F31		52F32		52F33		52F34		52F35		52F36		52F37		52F38		52F39		52F40		52F41		52F42		52F43		52F44		52F45		52F46		52F47		52F48		52F49		52F50

		CB Status		N/A		BIT FIELD		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Line Side Hot				15 (MSB)		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Load Side Hot				14		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		CB Position				13		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Over Current Trip				12		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Connected (Cell Switch)				11		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Ground Fault				10		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Fail to Close				9		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Fail to Open				8		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Breaker Failure				7		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Breaker in Maunal				6		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Breaker Open Hot				5		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Breaker Open Cold				4		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Breaker Closed Hot				3		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Breaker Closed Cold				2		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Spare				1		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Protective Relay Failure				0		402101		402102		402103		402104		402105		402106		402107		402108		402109		402110		402111		402112		402113		402114		402115		402116		402117		402118		402119		402120		402121		402122		402123		402124		402125		402126		402127		402128		402129		402130		402131		402132		402133		402134		402135		402136		402137		402138		402139		402140		402141		402142		402143		402144		402145		402146		402147		402148		402149		402150

		Data Point		SCALING		UNITS/		Device																				Device																				Device																				Device																				Device

				FACTOR		Bit		52F01		52F02		52F03		52F04		52F05		52F06		52F07		52F08		52F09		52F10		52F11		52F12		52F13		52F14		52F15		52F16		52F17		52F18		52F19		52F20		52F21		52F22		52F23		52F24		52F25		52F26		52F27		52F28		52F29		52F30		52F31		52F32		52F33		52F34		52F35		52F36		52F37		52F38		52F39		52F40		52F41		52F42		52F43		52F44		52F45		52F46		52F47		52F48		52F49		52F50

		CB Control Point		N/A		BIT FIELD		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Breaker Control Enabled				15 (MSB)		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Spare				14		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Spare				13		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Spare				12		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Spare				11		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Spare				10		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Spare				9		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Spare				8		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Spare				7		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Spare				6		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Spare				5		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Spare				4		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Enable Breaker Close PushButton				3		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Enable Breaker Open PushButton				2		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Breaker Close Command				1		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Breaker Open Command				0		402151		402152		402153		402154		402155		402156		402157		402158		402159		402160		402161		402162		402163		402164		402165		402166		402167		402168		402169		402170		402171		402172		402173		402174		402175		402176		402177		402178		402179		402180		402181		402182		402183		402184		402185		402186		402187		402188		402189		402190		402191		402192		402193		402194		402195		402196		402197		402198		402199		402200

		Data Point		SCALING		UNITS/		Device																				Device																				Device																				Device																				Device

				FACTOR		Bit		ATS01		ATS02		ATS03		ATS04		ATS05		ATS06		ATS07		ATS08		ATS09		ATS10		ATS11		ATS12		ATS13		ATS14		ATS15		ATS16		ATS17		ATS18		ATS19		ATS20		ATS21		ATS22		ATS23		ATS24		ATS25		ATS26		ATS27		ATS28		ATS29		ATS30		ATS31		ATS32		ATS33		ATS34		ATS35		ATS36		ATS37		ATS38		ATS39		ATS40		ATS41		ATS42		ATS43		ATS44		ATS45		ATS46		ATS47		ATS48		ATS49		ATS50

		ATS Status		N/A		BIT FIELD		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Source1 Available				15 (MSB)		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Source2 Available				14		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Source1 Connected				13		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Source2 Connected				12		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		ATS Common Alarm				11		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Not In Auto				10		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Test/Exercise In Progress				9		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Low ATS Battery				8		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Load Shed				7		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Transfer Inhibit				6		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Retransfer Inhibit				5		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Fail To Close				4		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Fail To Disconnect				3		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Fail To Sync				2		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Bypass To Source 1				1		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250

		Bypass To Source 2				0		402201		402202		402203		402204		402205		402206		402207		402208		402209		402210		402211		402212		402213		402214		402215		402216		402217		402218		402219		402220		402221		402222		402223		402224		402225		402226		402227		402228		402229		402230		402231		402232		402233		402234		402235		402236		402237		402238		402239		402240		402241		402242		402243		402244		402245		402246		402247		402248		402249		402250
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Load Control

		

		Data Point		SCALING		UNITS/		Device																				Device																				Device																				Device																				Device

				FACTOR		Bit		Load 1		Load 2		Load 3		Load 4		Load 5		Load 6		Load 7		Load 8		Load 9		Load 10		Load 11		Load 12		Load 13		Load 14		Load 15		Load 16		Load 17		Load 18		Load 19		Load 20		Load 21		Load 22		Load 23		Load 24		Load 25		Load 26		Load 27		Load 28		Load 29		Load 30		Load 31		Load 32		Load 33		Load 34		Load 35		Load 36		Load 37		Load 38		Load 39		Load 40		Load 41		Load 42		Load 43		Load 44		Load 45		Load 46		Load 47		Load 48		Load 49		Load 50

		Add Level (User Programmed)		N/A				401201		401202		401203		401204		401205		401206		401207		401208		401209		401210		401211		401212		401213		401214		401215		401216		401217		401218		401219		401220		401221		401222		401223		401224		401225		401226		401227		401228		401229		401230		401231		401232		401233		401234		401235		401236		401237		401238		401239		401240		401241		401242		401243		401244		401245		401246		401247		401248		401249		401250

		Shed Level (User Programmed)		N/A				401301		401302		401303		401304		401305		401306		401307		401308		401309		401310		401311		401312		401313		401314		401315		401316		401317		401318		401319		401320		401321		401322		401323		401324		401325		401326		401327		401328		401329		401330		401331		401332		401333		401334		401335		401336		401337		401338		401339		401340		401341		401342		401343		401344		401345		401346		401347		401348		401349		401350

								Bus 1		Bus 2		Bus 3		Bus 4		Bus 5

		Percent Online Amps						402051		402057		402063		402069		402075

		Percent Online kW						402052		402058		402064		402070		402076

		Online Capacity amps						402053		402059		402065		402071		402077

		Online Capacity kW						402054		402060		402066		402072		402078

		Available Capacity Amps						402055		402061		402067		402073		402079

		Available Capacity kW						402056		402062		402068		402074		402080

								Level 1		Level 2		Level 3		Level 4		Level 5		Level 6		Level 7		Level 8		Level 9		Level 10		Level 11		Level 12		Level 13		Level 14		Level 15		Level 16

		Manual Add Command						401551.15		401551.14		401551.13		401551.12		401551.11		401551.10		401551.09		401551.08		401551.07		401551.06		401551.05		401551.04		401551.03		401551.02		401551.01		401551.00

		Manual Shed Command						401552.15		401552.14		401552.13		401552.12		401552.11		401552.10		401552.09		401552.08		401552.07		401552.06		401552.05		401552.04		401552.03		401552.02		401552.01		401552.00

		Manual Restore Command						401553.15		401553.14		401553.13		401553.12		401553.11		401553.10		401553.09		401553.08		401553.07		401553.06		401553.05		401553.04		401553.03		401553.02		401553.01		401553.00

		Add Level On Indication						402081.15		402081.14		402081.13		402081.12		402081.11		402081.10		402081.09		402081.08		402081.07		402081.06		402081.05		402081.04		402081.03		402081.02		402081.01		402081.00

		Shed Level On Indication						402082.15		402082.14		402082.13		402082.12		402082.11		402082.10		402082.09		402082.08		402082.07		402082.06		402082.05		402082.04		402082.03		402082.02		402082.01		402082.00

		Load Add Time Delay Between Levels		1.0		Sec		402086

		Load Shed Time Delay Between Levels		1.0		Sec		402087

		Load Add Time Delay Between Levels Utility Source		1.0		Sec		402088

		Load Shed Time Delay		0.1		Sec		402089

		Capacity Based Load Add Values

		Load Add Relay Size Input						401351		401352		401353		401354		401355		401356		401357		401358		401359		401360		401361		401362		401363		401364		401365		401366		401367		401368		401369		401370		401371		401372		401373		401374		401375		401376		401377		401378		401379		401380		401381		401382		401383		401384		401385		401386		401387		401388		401389		401390		401391		401392		401393		401394		401395		401396		401397		401398		401399		401400

		Enable Capacity Based Load Add						402090

		Type1 Load Multiplier						402091

		Type2 Load Multiplier						402092

		LA Relay Load Type Word						402093

		LA Relay2 Load Type Word						402094

		LA Relay3 Load Type Word						402095
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Setup Screen Consts & Internal

		

		Data Point		SCALING		UNITS/		Device																				Device																				Device																				Device																				Device

				FACTOR		Bit		# 1		# 2		# 3		# 4		# 5		# 6		# 7		# 8		# 9		# 10		# 11		# 12		# 13		# 14		# 15		# 16		# 17		# 18		# 19		# 20		# 21		# 22		# 23		# 24		# 25		# 26		# 27		# 28		# 29		# 30		# 31		# 32		# 33		# 34		# 35		# 36		# 37		# 38		# 39		# 40		# 41		# 42		# 43		# 44		# 45		# 46		# 47		# 48		# 49		# 50

		Gen kW Rating		1.0		kW		401001		401002		401003		401004		401005		401006		401007		401008		401009		401010		401011		401012		401013		401014		401015		401016		401017		401018		401019		401020		401021		401022		401023		401024		401025		401026		401027		401028		401029		401030

		ATS Rated Voltage		1.0		Volts		401101		41102		41103		41104		41105		41106		41107		41108		41109		41110		41111		41112		41113		41114		41115		41116		41117		41118		41119		41120		41121		41122		41123		41124		41125		41126		41127		41128		41129		41130		41131		41132		41133		41134		41135		41136		41137		41138		41139		41140		41141		41142		41143		41144		41145		41146		41147		41148

		ATS Rated Current		1.0		Amps		401151		41152		41153		41154		41155		41156		41157		41158		41159		41160		41161		41162		41163		41164		41165		41166		41167		41168		41169		41170		41171		41172		41173		41174		41175		41176		41177		41178		41179		41180		41181		41182		41183		41184		41185		41186		41187		41188		41189		41190		41191		41192		41193		41194		41195		41196		41197		41198

		Set up Analog Output Module #1						401251

		Set up Analog Output Module #2						401256

		Set up Analog Output Module #3						401261

		Set up Analog Output Module #4						401266

		External Load Set Analog Value						401252		401253		401254		401255		401257		401258		401259		401260		401262		401263		401264		401265		401267		401268		401269		401270

		Time of Day values						401291 - 9

		Number of Gensets In System						401443

		Number of Transfer Pairs						401444

		Number of ATS						401445

		Number of Add/Shed Relays						401446

		Number of Add/Shed Levels						401447

		Number of Meters?						401448

		System Rated L-L Genset Voltage						401449

		System Rated L-L Genbus Voltage						401450

		Min # Gensets On-Line Before Closing 52-GM1						401451

		Min # Gensets On-Line Before Closing 52-GM2						401452

		User defined / Auto shed levels control word						401453

		Transfer Switch/or Breaker  Value (1 or 0)						401454

		Metric / English Units (1=metric, 0=english)						401455

		Extended Parallel Time Limit						401456

		Peer Cop Setup Register for MB+ Addresses 1-16						401457

		Peer Cop Setup Register for MB+ Addresses 17-32						401458

		Peer Cop Setup Register for MB+ Addresses 33-48						401459

		Peer Cop Setup Register for MB+ Addresses 49-64						401460

		Paralleling Bus Hot						401461		401462		401463		401464		401465

		System Alarm Reset						401466

		Communication Health Word						401467

		Remote Commands Enabled						401468

		Audible Alarm Silence						401469

		Bypass Reransfer Time Delay						401470

		Countdown to Retransfer						401471

		System Runtime						401472

		System Alarm State						401473

		Number of Transducers in System						401474

		Hot Standby Control Word						401475

		Bitronics Data Buffer Word #01						402901

		Bitronics Data Buffer Word #02						402902

		Bitronics Data Buffer Word #03						402903

		Bitronics Data Buffer Word #04						402904

		Bitronics Data Buffer Word #05						402905

		Bitronics Data Buffer Word #06						402906

		Bitronics Data Buffer Word #07						402907

		Bitronics Data Buffer Word #08						402908

		Bitronics Data Buffer Word #09						402909

		Bitronics Data Buffer Word #10						402910

		Bitronics Data Buffer Word #11						402911

		Bitronics Data Buffer Word #12						402912

		Bitronics Data Buffer Word #13						402913

		Bitronics Data Buffer Word #14						402914

		Bitronics Data Buffer Word #15						402915

		Bitronics Data Buffer Word #16						402916

		Bitronics Data Buffer Word #17						402917

		Bitronics Data Buffer Word #18						402918

		Bitronics Data Buffer Word #19						402919

		Bitronics Data Buffer Word #20						402920

		Bitronics Data Buffer Word #21						402921

		Bitronics Data Buffer Word #22						402922

		Bitronics Data Buffer Word #23						402923

		Bitronics Data Buffer Word #24						402924

		Bitronics Data Buffer Word #25						402925

		Bitronics Data Buffer Word #26						402926

		Bitronics Data Buffer Word #27						402927

		Bitronics Data Buffer Word #28						402928

		Bitronics Data Buffer Word #29						402929

		Bitronics Data Buffer Word #30						402930

		Bitronics Data Buffer Word #31						402931

		Bitronics Data Buffer Word #32						402932

		Bitronics Data Buffer Word #33						402933

		Bitronics Data Buffer Word #34						402934

		Bitronics Data Buffer Word #35						402935

		Bitronics Data Buffer Word #36						402936

		Bitronics Data Buffer Word #37						402937

		Bitronics Data Buffer Word #38						402938

		Bitronics Data Buffer Word #39						402939

		Bitronics Data Buffer Word #40						402940

		Bitronics Data Buffer Word #41						402941

		Bitronics Data Buffer Word #42						402942

		Bitronics Data Buffer Word #43						402943

		Bitronics Data Buffer Word #44						402944

		Bitronics Data Buffer Word #45						402945

		Bitronics Data Buffer Word #46						402946

		Bitronics Data Buffer Word #47						402947

		Bitronics Data Buffer Word #48						402948

		Bitronics Data Buffer Word #49						402949

		Bitronics Data Buffer Word #50						402950

		Bitronics Setup Word #1						402951

		Bitronics Setup Word #2						402952

		Bitronics Setup Word #3						402953

		Bitronics Setup Word #4						402954

		Bitronics Setup Word #5						402955

		Bitronics Setup Word #6						402956

		Bitronics Setup Word #7						402957

		Bitronics Setup Word #8						402958

		Bitronics Setup Word #9						402959

		Bitronics Setup Word #10						402960

		Bitronics Setup Word #11						402961

		Bitronics Setup Word #12						402962

		Bitronics Setup Word #13						402963

		Bitronics Setup Word #14						402964

		Bitronics Setup Word #15						402965

		Bitronics Setup Word #16						402966

		Bitronics Setup Word #17						402967

		Bitronics Setup Word #18						402968

		Bitronics Setup Word #19						402969

		Bitronics Setup Word #20						402970

		Bitronics Setup Word #21						402971

		Bitronics Setup Word #22						402972

		Bitronics Setup Word #23						402973

		Bitronics Setup Word #24						402974

		Bitronics Setup Word #25						402975

		Bitronics Setup Word #26						402976

		Bitronics Setup Word #27						402977

		Bitronics Setup Word #28						402978

		Bitronics Setup Word #29						402979

		Bitronics Reset Write Value Word						402980

		Bitronics Reset Setup Word #1						402981

		Bitronics Reset Setup Word #2						402982

		Bitronics Reset Setup Word #3						402983

		Bitronics Reset Setup Word #4						402984

		Bitronics Reset Setup Word #5						402985

		Bitronics Reset Setup Word #6						402986

		Bitronics Reset Setup Word #7						402987

		Bitronics Reset Setup Word #8						402988

		Bitronics Reset Setup Word #9						402989

								402990

		Health MSTR Setup Word #1						402991

		Health MSTR Setup Word #2						402992

		Health MSTR Setup Word #3						402993

		Health MSTR Setup Word #4						402994

		Health MSTR Setup Word #5						402995

		Health MSTR Setup Word #6						402996

		Health MSTR Setup Word #7						402997

		Health MSTR Setup Word #8						402998

		Health MSTR Setup Word #9						402999

		Health Bit Register #1						401271

		Health Bit Register #2						401272

		Health Bit Register #3						401273

		Health Bit Register #4						401274

		Health Bit Register #5						401275

		Health Bit Register #6						401276

		Health Bit Register #7						401277

		Health Bit Register #8						401278

		MBP Failure Alarm Word						401280



&L &A

&C&P



Load Demand & System Ctrl

		

		Data Point		SCALING		UNITS/		Device																				Device																				Device

				FACTOR		Bit		# 1		# 2		# 3		# 4		# 5		# 6		# 7		# 8		# 9		# 10		# 11		# 12		# 13		# 14		# 15		# 16		# 17		# 18		# 19		# 20		# 21		# 22		# 23		# 24		# 25		# 26		# 27		# 28		# 29		# 30

								LEAD		B		C		D		E		G		H		I		J		K		L		M		N		O		P		Q		R		S		T		U		V		W		X		Y		Z		AA		AB		AC		AD		AE

		Load Demand Shutdown Sequence						401401		401402		401403		401404		401405		401406		401407		401408		401409		401410		401411		401412		401413		401414		401415		401416		401417		401418		401419		401420		401421		401422		401423		401424		401425		401426		401427		401428		401429		401430

		Load Demand Dropout kW		1.0		%		401431

		Load Demand Pickup kW		1.0		%		401432

		Load Demand Initial Delay		1.0		Min		401433

		Load Demand Shutdown Delay		1.0		Min		401434

		Load Demand On/Off Command						401435

		Load Demand Current PU Level						401436

		Load Demand Current DO Level						401437

		Load Demand Next PU Level						401438

		Load Demand Next DO Level						401439

		Load Demand State Word						401440

		Transfer Pair Selected						401496

		Transfer Mode Command / Indicator						401497

		System Mode Command - Total System						401498

		System Mode Command - Individual Transfer Pair #						401491		401492		401493		401494		401495

		Transfer Delay Transfer Pair		1.0		Sec		401476		401479		401482		401485		401488

		Retransfer Time Delay Transfer Pair		1.0		Min		401477		401480		401483		401486		401489

		Program Transition Time Delay Transfer Pair		1.0		Sec		401478		401481		401484		401487		401490

		Peak Shave Mode Setpoint		1.0		kW		401531		401535		401539		401543		401547

		Base Load Mode - % kW Setpoint		1.0		%		401532		401536		401540		401544		401548

		Base Load Mode Setpoint Type Selector (0=kW, 1=% kW)						401533		401537		401541		401545		401549

		Base Load Mode - kW Setpoint				kW		401534		401538		401542		401546		401550

		Genset Base Load Setpoint		1.0		kW		401501		401502		401503		401504		401505		401506		401507		401508		401509		401510		401511		401512		401513		401514		401515		401516		401517		401518		401519		401520		401521		401522		401523		401524		401525		401526		401527		401528		401529		401530

		Total System Load				kW		401581

		Select Gens Base Load						401582

		Auto Peakshave / Baseload Mode Start kW		1.0		kW		401583

		Auto Peakshave / Baseload Mode Stop kW		1.0		kW		401584

		Auto Peakshave / Baseload Minimum Runtime		1.0		Min		401585



&L &A

&C&P



ATS Data

		

		Data Point		SCALING		UNITS/		Device

				FACTOR		Bit		ATS 1		ATS 2		ATS 3		ATS 4		ATS 5		ATS 6		ATS 7		ATS 8		ATS 9		ATS 10		ATS 11		ATS 12		ATS 13		ATS 14		ATS 15		ATS 16		ATS 17		ATS 18		ATS 19		ATS 20

		Name [0,1]		N/A		ASCII char		400001		400101		400201		400301		400401		400501		400601		400701		400801		400901		401001		401101		401201		401301		401401		401501		401601		401701		401801		401901

		Name  [2,3]		N/A		ASCII char		400002		400102		400202		400302		400402		400502		400602		400702		400802		400902		401002		401102		401202		401302		401402		401502		401602		401702		401802		401902

		Name  [4,5]		N/A		ASCII char		400003		400103		400203		400303		400403		400503		400603		400703		400803		400903		401003		401103		401203		401303		401403		401503		401603		401703		401803		401903

		Name  [6,7]		N/A		ASCII char		400004		400104		400204		400304		400404		400504		400604		400704		400804		400904		401004		401104		401204		401304		401404		401504		401604		401704		401804		401904

		Name  [8,9]		N/A		ASCII char		400005		400105		400205		400305		400405		400505		400605		400705		400805		400905		401005		401105		401205		401305		401405		401505		401605		401705		401805		401905

		Name  [10,11]		N/A		ASCII char		400006		400106		400206		400306		400406		400506		400606		400706		400806		400906		401006		401106		401206		401306		401406		401506		401606		401706		401806		401906

		Name  [12,13]		N/A		ASCII char		400007		400107		400207		400307		400407		400507		400607		400707		400807		400907		401007		401107		401207		401307		401407		401507		401607		401707		401807		401907

		Name  [14,15]		N/A		ASCII char		400008		400108		400208		400308		400408		400508		400608		400708		400808		400908		401008		401108		401208		401308		401408		401508		401608		401708		401808		401908

		Device Type		N/A		word data		400009		400109		400209		400309		400409		400509		400609		400709		400809		400909		401009		401109		401209		401309		401409		401509		401609		401709		401809		401909

		Mode		N/A*		byte data		400010		400110		400210		400310		400410		400510		400610		400710		400810		400910		401010		401110		401210		401310		401410		401510		401610		401710		401810		401910

		State		N/A*		byte data		400011		400111		400211		400311		400411		400511		400611		400711		400811		400911		401011		401111		401211		401311		401411		401511		401611		401711		401811		401911

		Fault Code		N/A*		word data		400012		400112		400212		400312		400412		400512		400612		400712		400812		400912		401012		401112		401212		401312		401412		401512		401612		401712		401812		401912

		Fault Type		N/A*		byte data		400013		400113		400213		400313		400413		400513		400613		400713		400813		400913		401013		401113		401213		401313		401413		401513		401613		401713		401813		401913

		Percent Amps		0.5		%		400014		400114		400214		400314		400414		400514		400614		400714		400814		400914		401014		401114		401214		401314		401414		401514		401614		401714		401814		401914

		total kW		1.0		KW		400015		400115		400215		400315		400415		400515		400615		400715		400815		400915		401015		401115		401215		401315		401415		401515		401615		401715		401815		401915

		NFPA 110		N/A		BIT FIELD		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		Source 1 Connected				15 (MSB)		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		Source 2 Connected				14		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				13		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		Not in Auto				12		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				11		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				10		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		Charger AC Failure				9		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				8		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				7		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				6		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				5		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				4		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				3		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				2		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				1		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		N/A				0		400016		400116		400216		400316		400416		400516		400616		400716		400816		400916		401016		401116		401216		401316		401416		401516		401616		401716		401816		401916

		Extended		N/A		BIT FIELD		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Source 1 Available				15 (MSB)		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Source 2 Available				14		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Source 1 Connected				13		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Source 2 Connected				12		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		ATS Common Alarm				11		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Not in Auto				10		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Test / Exercise In Progress				9		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Low Battery Voltage				8		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Load Shed				7		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Transfer Inhibit				6		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Retransfer Inhibit				5		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Fail to Close				4		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Fail to Disconnect				3		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Fail to Synchronize				2		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Bypass to Source 1				1		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Bypass to Source 2				0		400017		400117		400217		400317		400417		400517		400617		400717		400817		400917		401017		401117		401217		401317		401417		401517		401617		401717		401817		401917

		Load Data

		frequency		0.1		Hz		400018		400118		400218		400318		400418		400518		400618		400718		400818		400918		401018		401118		401218		401318		401418		401518		401618		401718		401818		401918

		total pf		0.00005		PF		400019		400119		400219		400319		400419		400519		400619		400719		400819		400919		401019		401119		401219		401319		401419		401519		401619		401719		401819		401919

		total kva		1.0		KVA		400020		400120		400220		400320		400420		400520		400620		400720		400820		400920		401020		401120		401220		401320		401420		401520		401620		401720		401820		401920

		total kW		1.0		KW		400021		400121		400221		400321		400421		400521		400621		400721		400821		400921		401021		401121		401221		401321		401421		401521		401621		401721		401821		401921

		total kvar		1.0		KVAR		400022		400122		400222		400322		400422		400522		400622		400722		400822		400922		401022		401122		401222		401322		401422		401522		401622		401722		401822		401922

		volts ab		1.0		Volts		400023		400123		400223		400323		400423		400523		400623		400723		400823		400923		401023		401123		401223		401323		401423		401523		401623		401723		401823		401923

		volts bc		1.0		Volts		400024		400124		400224		400324		400424		400524		400624		400724		400824		400924		401024		401124		401224		401324		401424		401524		401624		401724		401824		401924

		volts ca		1.0		Volts		400025		400125		400225		400325		400425		400525		400625		400725		400825		400925		401025		401125		401225		401325		401425		401525		401625		401725		401825		401925

		volts a		1.0		Volts		400026		400126		400226		400326		400426		400526		400626		400726		400826		400926		401026		401126		401226		401326		401426		401526		401626		401726		401826		401926

		volts b		1.0		Volts		400027		400127		400227		400327		400427		400527		400627		400727		400827		400927		401027		401127		401227		401327		401427		401527		401627		401727		401827		401927

		volts c		1.0		Volts		400028		400128		400228		400328		400428		400528		400628		400728		400828		400928		401028		401128		401228		401328		401428		401528		401628		401728		401828		401928

		amps a		1.0		Amps		400029		400129		400229		400329		400429		400529		400629		400729		400829		400929		401029		401129		401229		401329		401429		401529		401629		401729		401829		401929

		amps b		1.0		Amps		400030		400130		400230		400330		400430		400530		400630		400730		400830		400930		401030		401130		401230		401330		401430		401530		401630		401730		401830		401930

		amps c		1.0		Amps		400031		400131		400231		400331		400431		400531		400631		400731		400831		400931		401031		401131		401231		401331		401431		401531		401631		401731		401831		401931

		percent amps a		0.5		%		400032		400132		400232		400332		400432		400532		400632		400732		400832		400932		401032		401132		401232		401332		401432		401532		401632		401732		401832		401932

		percent amps b		0.5		%		400033		400133		400233		400333		400433		400533		400633		400733		400833		400933		401033		401133		401233		401333		401433		401533		401633		401733		401833		401933

		percent amps c		0.5		%		400034		400134		400234		400334		400434		400534		400634		400734		400834		400934		401034		401134		401234		401334		401434		401534		401634		401734		401834		401934

		Source 1 Data

		frequency		0.1		Hz		400035		400135		400235		400335		400435		400535		400635		400735		400835		400935		401035		401135		401235		401335		401435		401535		401635		401735		401835		401935

		total pf		0.00005		PF		400036		400136		400236		400336		400436		400536		400636		400736		400836		400936		401036		401136		401236		401336		401436		401536		401636		401736		401836		401936

		total kva		1.0		KVA		400037		400137		400237		400337		400437		400537		400637		400737		400837		400937		401037		401137		401237		401337		401437		401537		401637		401737		401837		401937

		total kW		1.0		KW		400038		400138		400238		400338		400438		400538		400638		400738		400838		400938		401038		401138		401238		401338		401438		401538		401638		401738		401838		401938

		total kvar		1.0		KVAR		400039		400139		400239		400339		400439		400539		400639		400739		400839		400939		401039		401139		401239		401339		401439		401539		401639		401739		401839		401939

		volts ab		1.0		Volts		400040		400140		400240		400340		400440		400540		400640		400740		400840		400940		401040		401140		401240		401340		401440		401540		401640		401740		401840		401940

		volts bc		1.0		Volts		400041		400141		400241		400341		400441		400541		400641		400741		400841		400941		401041		401141		401241		401341		401441		401541		401641		401741		401841		401941

		volts ca		1.0		Volts		400042		400142		400242		400342		400442		400542		400642		400742		400842		400942		401042		401142		401242		401342		401442		401542		401642		401742		401842		401942

		volts a		1.0		Volts		400043		400143		400243		400343		400443		400543		400643		400743		400843		400943		401043		401143		401243		401343		401443		401543		401643		401743		401843		401943

		volts b		1.0		Volts		400044		400144		400244		400344		400444		400544		400644		400744		400844		400944		401044		401144		401244		401344		401444		401544		401644		401744		401844		401944

		volts c		1.0		Volts		400045		400145		400245		400345		400445		400545		400645		400745		400845		400945		401045		401145		401245		401345		401445		401545		401645		401745		401845		401945

		amps a		1.0		Amps		400046		400146		400246		400346		400446		400546		400646		400746		400846		400946		401046		401146		401246		401346		401446		401546		401646		401746		401846		401946

		amps b		1.0		Amps		400047		400147		400247		400347		400447		400547		400647		400747		400847		400947		401047		401147		401247		401347		401447		401547		401647		401747		401847		401947

		amps c		1.0		Amps		400048		400148		400248		400348		400448		400548		400648		400748		400848		400948		401048		401148		401248		401348		401448		401548		401648		401748		401848		401948

		percent amps a		0.5		%		400049		400149		400249		400349		400449		400549		400649		400749		400849		400949		401049		401149		401249		401349		401449		401549		401649		401749		401849		401949

		percent amps b		0.5		%		400050		400150		400250		400350		400450		400550		400650		400750		400850		400950		401050		401150		401250		401350		401450		401550		401650		401750		401850		401950

		percent amps c		0.5		%		400051		400151		400251		400351		400451		400551		400651		400751		400851		400951		401051		401151		401251		401351		401451		401551		401651		401751		401851		401951

		Source 2 Data

		frequency		0.1		Hz		400052		400152		400252		400352		400452		400552		400652		400752		400852		400952		401052		401152		401252		401352		401452		401552		401652		401752		401852		401952

		total pf		0.00005		PF		400053		400153		400253		400353		400453		400553		400653		400753		400853		400953		401053		401153		401253		401353		401453		401553		401653		401753		401853		401953

		total kva		1.0		KVA		400054		400154		400254		400354		400454		400554		400654		400754		400854		400954		401054		401154		401254		401354		401454		401554		401654		401754		401854		401954

		total kW		1.0		KW		400055		400155		400255		400355		400455		400555		400655		400755		400855		400955		401055		401155		401255		401355		401455		401555		401655		401755		401855		401955

		total kvar		1.0		KVAR		400056		400156		400256		400356		400456		400556		400656		400756		400856		400956		401056		401156		401256		401356		401456		401556		401656		401756		401856		401956

		volts ab		1.0		Volts		400057		400157		400257		400357		400457		400557		400657		400757		400857		400957		401057		401157		401257		401357		401457		401557		401657		401757		401857		401957

		volts bc		1.0		Volts		400058		400158		400258		400358		400458		400558		400658		400758		400858		400958		401058		401158		401258		401358		401458		401558		401658		401758		401858		401958

		volts ca		1.0		Volts		400059		400159		400259		400359		400459		400559		400659		400759		400859		400959		401059		401159		401259		401359		401459		401559		401659		401759		401859		401959

		volts a		1.0		Volts		400060		400160		400260		400360		400460		400560		400660		400760		400860		400960		401060		401160		401260		401360		401460		401560		401660		401760		401860		401960

		volts b		1.0		Volts		400061		400161		400261		400361		400461		400561		400661		400761		400861		400961		401061		401161		401261		401361		401461		401561		401661		401761		401861		401961

		volts c		1.0		Volts		400062		400162		400262		400362		400462		400562		400662		400762		400862		400962		401062		401162		401262		401362		401462		401562		401662		401762		401862		401962

		amps a		1.0		Amps		400063		400163		400263		400363		400463		400563		400663		400763		400863		400963		401063		401163		401263		401363		401463		401563		401663		401763		401863		401963

		amps b		1.0		Amps		400064		400164		400264		400364		400464		400564		400664		400764		400864		400964		401064		401164		401264		401364		401464		401564		401664		401764		401864		401964

		amps c		1.0		Amps		400065		400165		400265		400365		400465		400565		400665		400765		400865		400965		401065		401165		401265		401365		401465		401565		401665		401765		401865		401965

		percent amps a		0.5		%		400066		400166		400266		400366		400466		400566		400666		400766		400866		400966		401066		401166		401266		401366		401466		401566		401666		401766		401866		401966

		percent amps b		0.5		%		400067		400167		400267		400367		400467		400567		400667		400767		400867		400967		401067		401167		401267		401367		401467		401567		401667		401767		401867		401967

		percent amps c		0.5		%		400068		400168		400268		400368		400468		400568		400668		400768		400868		400968		401068		401168		401268		401368		401468		401568		401668		401768		401868		401968

		Test						400069		400169		400269		400369		400469		400569		400669		400769		400869		400969		401069		401169		401269		401369		401469		401569		401669		401769		401869		401969

		Reset						400070		400170		400270		400370		400470		400570		400670		400770		400870		400970		401070		401170		401270		401370		401470		401570		401670		401770		401870		401970

		%KW		1.0		%		400071		400171		400271		400371		400471		400571		400671		400771		400871		400971		401071		401171		401271		401371		401471		401571		401671		401771		401871		401971

		scaled power factor						400072		400172		400272		400372		400472		400572		400672		400772		400872		400972		401072		401172		401272		401372		401472		401572		401672		401772		401872		401972

		Percent Amps A		1.0		%		400073		400173		400273		400373		400473		400573		400673		400773		400873		400973		401073		401173		401273		401373		401473		401573		401673		401773		401873		401973

		Percent Amps B		1.0		%		400074		400174		400274		400374		400474		400574		400674		400774		400874		400974		401074		401174		401274		401374		401474		401574		401674		401774		401874		401974

		Percent Amps C		1.0		%		400075		400175		400275		400375		400475		400575		400675		400775		400875		400975		401075		401175		401275		401375		401475		401575		401675		401775		401875		401975

		Percent Volts A-B		1.0		%		400076		400176		400276		400376		400476		400576		400676		400776		400876		400976		401076		401176		401276		401376		401476		401576		401676		401776		401876		401976

		Percent Volts B-C		1.0		%		400077		400177		400277		400377		400477		400577		400677		400777		400877		400977		401077		401177		401277		401377		401477		401577		401677		401777		401877		401977

		Percent Volts C-A		1.0		%		400078		400178		400278		400378		400478		400578		400678		400778		400878		400978		401078		401178		401278		401378		401478		401578		401678		401778		401878		401978

		Indicators		N/A		BIT FIELD		400079		400179		400279		400379		400479		400579		400679		400779		400879		400979		401079		401179		401279		401379		401479		401579		401679		401779		401879		401979

		Start Button Enable				15 (MSB)		400079		400179		400279		400379		400479		400579		400679		400779		400879		400979		401079		401179		401279		401379		401479		401579		401679		401779		401879		401979

		Stop Button Enable				14		400079		400179		400279		400379		400479		400579		400679		400779		400879		400979		401079		401179		401279		401379		401479		401579		401679		401779		401879		401979

		Reset Button Enable				13		400079		400179		400279		400379		400479		400579		400679		400779		400879		400979		401079		401179		401279		401379		401479		401579		401679		401779		401879		401979

		ATS Status						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Source1 Available						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Source2 Available						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Source1 Connected						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Source2 Connected						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		ATS Common Alarm						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Not In Auto						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Test/Exercise In Progress						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Low ATS Battery						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Load Shed						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Transfer Inhibit						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Retransfer Inhibit						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Fail To Close						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Fail To Disconnect						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Fail To Sync						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Bypass To Source 1						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Bypass To Source 2						400080		400180		400280		400380		400480		400580		400680		400780		400880		400980		401080		401180		401280		401380		401480		401580		401680		401780		401880		401980

		Manual Control		N/A		BIT FIELD		400081		400181		400281		400381		400481		400581		400681		400781		400881		400981		401081		401181		401281		401381		401481		401581		401681		401781		401881		401981

		Start				15 (MSB)		400081		400181		400281		400381		400481		400581		400681		400781		400881		400981		401081		401181		401281		401381		401481		401581		401681		401781		401881		401981

		Stop				14		400081		400181		400281		400381		400481		400581		400681		400781		400881		400981		401081		401181		401281		401381		401481		401581		401681		401781		401881		401981

		Reset				13		400081		400181		400281		400381		400481		400581		400681		400781		400881		400981		401081		401181		401281		401381		401481		401581		401681		401781		401881		401981

		Mode

		0 = test

		1 = Utility/GenSet

		2 = Utility/Utility

		3 = GenSet/GenSet

		State

		0 = Neutral Position

		1 = Source 1 Connected

		2 = Source 2 Connected

		3 = Source 1 and 2 Connected

		Fault Type

		0 = No Faults

		1 = Warning



&L &A

&C&P



PLC to HMI Digitals

		

		REGISTER		BIT		Definition

		401473		0		Spare

		401473		1		Spare

		401473		2		Spare

		401473		3		HMI to PLC Com failure

		401473		4		PLC Audible Alarm

		401473		5		Check Station Battery

		401473		6		Low Fuel Main Tank

		401473		7		Spare

		401473		8		Spare

		401473		9		Spare

		401473		10		PLC I/O Failure

		401473		11		PLC Battery Low

		401473		12		Transfer Mode Manual

		401473		13		Illegal Load Demand Setpoint Alarm

		401473		14		Illegal Sequence ON

		401473		15		Bus Overload Alarm ON Genbus1

		401561		0		Spare

		401561		1		Spare

		401561		2		Spare

		401561		3		Spare

		401561		4		Spare

		401561		5		Spare

		401561		6		Spare

		401561		7		Spare

		401561		8		Spare

		401561		9		Spare

		401561		10		Spare

		401561		11		Spare

		401561		12		Spare

		401561		13		Spare

		401561		14		Spare

		401561		15		Spare

		401562		0		Auto Base Load Mode Faliure Alarm

		401562		1		Auto Peak Shave Mode Faliure Alarm

		401562		2		Terminate Manual Return to Utility TP01 Enable

		401562		3		Initiate Manual Return to Utility TP01 Enable

		401562		4		Spare

		401562		5		Spare

		401562		6		Spare

		401562		7		Spare

		401562		8		Lockout Relay Tripped UM01

		401562		9		Lockout Relay Tripped GM01

		401562		10		Hardware Failure Synchronizer 01

		401562		11		Common Alarm Synchronizer 01

		401562		12		Minimum # of Gens not Online GM01

		401562		13		Maximum Parallel Time Exceeded Alarm TP01

		401562		14		Fail to Sync Alarm TP01

		401562		15		Source Failure Utility 01

		401563		0		Spare

		401563		1		Spare

		401563		2		Terminate Manual Return to Utility TP02 Enable

		401563		3		Initiate Manual Return to Utility TP02 Enable

		401563		4		Spare

		401563		5		Spare

		401563		6		Spare

		401563		7		Spare

		401563		8		Lockout Relay Operated UM02

		401563		9		Lockout Relay Operated GM02

		401563		10		Hardware Failure Synchronizer 02

		401563		11		Common Alarm Synchronizer 02

		401563		12		Minimum # of Gens not Online GM02

		401563		13		Maximum Parallel Time Exceeded Alarm TP02

		401563		14		Fail to Sync Alarm TP02

		401563		15		Source Failure Utility 02

		401564		0		Spare

		401564		1		Spare

		401564		2		Spare

		401564		3		Spare

		401564		4		Spare

		401564		5		Spare

		401564		6		Spare

		401564		7		Spare

		401564		8		Utility 2 Reverse Power Relay

		401564		9		Utility 2 O/U Voltage Relay

		401564		10		Utility 2 Phase Sequence Relay

		401564		11		Utility 2 O/U Frequency Relay

		401564		12		Utility 1 Reverse Power Relay

		401564		13		Utility 1 O/U Voltage Relay

		401564		14		Utility 1 Phase Sequence Relay

		401564		15		Utility 1 O/U Frequency Relay

		401565		0		Spare

		401565		1		Spare

		401565		2		Spare

		401565		3		Spare

		401565		4		Paralleling Bus Energized Genbus2

		401565		5		Bus Overload Alarm ON Genbus2

		401565		6		Manual return to utility confirmation

		401565		7		Return to original mode confirmation

		401565		8		Load Demand Mode On Genbus 2

		401565		9		Always ON

		401565		10		Spare

		401565		11		Inhibit Manual Load Add/Shed

		401565		12		Load Demand Mode Selected

		401565		13		Load Demand Mode On Genbus 1

		401565		14		Paralleling Bus Energized Genbus1

		401565		15		Spare

		401566		0		Spare

		401566		1		Spare

		401566		2		Spare

		401566		3		Spare

		401566		4		Spare

		401566		5		Spare

		401566		6		Spare

		401566		7		Spare

		401566		8		Spare

		401566		9		Spare

		401566		10		Spare

		401566		11		Spare

		401566		12		Spare

		401566		13		Spare

		401566		14		Spare

		401566		15		Spare

		401567		0		Spare

		401567		1		Spare

		401567		2		Auto Base Load Mode On TP01

		401567		3		Auto Peak Shave Mode On TP01

		401567		4		Auto Base Load Enabled confirm TP01

		401567		5		Auto Peak Shave Enabled confirm TP01

		401567		6		Spare

		401567		7		Remote Test w/ Load confirm TP01

		401567		8		Remote Base Ld confirm TP01

		401567		9		Remote Pk Shave confirm TP01

		401567		10		Remote Enable confirm TP01

		401567		11		Base Load confirm TP01

		401567		12		Peak Shave confirm TP01

		401567		13		Test With Load confirm TP01

		401567		14		Test W/O Load confirm TP01

		401567		15		Test Mode Off confirm TP01

		401568		0		Spare

		401568		1		Spare

		401568		2		Auto Base Load Mode On

		401568		3		Auto Peak Shave Mode On

		401568		4		Auto Base Load Enabled confirm

		401568		5		Auto Peak Shave Enabled confirm

		401568		6		Spare

		401568		7		Remote Test w/ Load confirm

		401568		8		Remote Base Ld confirm

		401568		9		Remote Pk Shave confirm

		401568		10		Remote Enable confirm

		401568		11		Base Load confirm

		401568		12		Peak Shave confirm

		401568		13		Test With Load confirm

		401568		14		Test W/O Load confirm

		401568		15		Test Mode Off confirm

		401569		0		Spare

		401569		1		Spare

		401569		2		Auto Base Load Mode On TP02

		401569		3		Auto Peak Shave Mode On TP02

		401569		4		Auto Base Load Enabled confirm TP02

		401569		5		Auto Peak Shave Enabled confirm TP02

		401569		6		Spare

		401569		7		Remote Test w/ Load confirm TP02

		401569		8		Remote Base Ld confirm TP02

		401569		9		Remote Pk Shave confirm TP02

		401569		10		Remote Enable confirm TP02

		401569		11		Base Load confirm TP02

		401569		12		Peak Shave confirm TP02

		401569		13		Test With Load confirm TP02

		401569		14		Test W/O Load confirm TP02

		401569		15		Test Mode Off confirm TP02





HMI to PLC Digitals

		401554		15

				14

				13

				12

				11		Remove from any Mode with NSF

				10		Manual input required to return to util

				9		Initiate manual return to util TP1

				8		Terminate manual return to util TP1

				7		Initiate manual return to util TP2

				6		Terminate manual return to util TP2

				5

				4

				3

				2

				1

				0

		401555		15		Reset kWH / kVARH, Meter 01

				14		Reset kWH / kVARH, Meter 02

				13		Reset kWH / kVARH, Meter 03

				12		Reset kWH / kVARH, Meter 04

				11		Reset kWH / kVARH, Meter 05

				10		Reset kWH / kVARH, Meter 06

				9		Reset kWH / kVARH, Meter 07

				8		Reset kWH / kVARH, Meter 08

				7		Reset kWH / kVARH, Meter 09

				6		Reset kWH / kVARH, Meter 10

				5

				4

				3

				2

				1

				0

		401029		0		System Alarm Reset PB

		401402		0		Horn Silence PB
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				SCALING				BINARY		DIGITAL		DEFINITION /

		VALUE NEEDED		FACTOR		UNITS		VALUE		VALUE		NORMAL OPERATING RANGE		NOTES

		INPUTS

		nvoGenStatus, nvoATSStatus

		Name Tag (characters 1-2)		N/A		ASCII char								Not Used

		Name Tag (characters 3-4)		N/A		ASCII char								Not Used

		Name Tag (characters 5-6)		N/A		ASCII char								Not Used

		Name Tag (characters 7-8)		N/A		ASCII char								Not Used

		Name Tag (characters 9-10)		N/A		ASCII char								Not Used

		Name Tag (characters 11-12)		N/A		ASCII char								Not Used

		Name Tag (characters 13-14)		N/A		ASCII char								Not Used

		Name Tag (characters 15-16)		N/A		ASCII char								Not Used

		Device Type		N/A		word data						* See Sheet 2

		Control Switch		N/A		byte data				0 - 255		* See Sheet 2

		State		N/A		byte data				0 - 255		* See Sheet 2

		Fault Code		N/A		word data				various		* See Sheet 2

		Fault Type		N/A		byte data				0 - 255		* See Sheet 2

		Percent KW		0.5		%				0 - 250		% of Standby rating		Not Used

		Total KW		1.0		KW								Not Used

		NFPA110 Annunciation		N/A		bit data

		Common Alarm						1000 0000 0000 0000		32768		0 = Off/False; 1 = On/True		Green

		GenSet Supplying Load						0100 0000 0000 0000		16384		0 = Off/False; 1 = On/True		Amber

		GenSet Running						0010 0000 0000 0000		8192		0 = Off/False; 1 = On/True		Amber

		Not in Auto						0001 0000 0000 0000		4096		0 = Off/False; 1 = On/True		Red

		High Battery Voltage						0000 1000 0000 0000		2048		0 = Off/False; 1 = On/True		Red

		Low Battery Voltage						0000 0100 0000 0000		1024		0 = Off/False; 1 = On/True		Red

		Charger AC Failure						0000 0010 0000 0000		512		0 = Off/False; 1 = On/True		Red

		Fail to Start						0000 0001 0000 0000		256		0 = Off/False; 1 = On/True		Red

		Low Coolant Temp						0000 0000 1000 0000		128		0 = Off/False; 1 = On/True		Amber

		Pre-High Engine Temp						0000 0000 0100 0000		64		0 = Off/False; 1 = On/True		Amber

		High Engine Temp						0000 0000 0010 0000		32		0 = Off/False; 1 = On/True		Red

		Pre-Low Oil Pressure						0000 0000 0001 0000		16		0 = Off/False; 1 = On/True		Amber

		Low Oil Pressure						0000 0000 0000 1000		8		0 = Off/False; 1 = On/True		Red

		Overspeed						0000 0000 0000 0100		4		0 = Off/False; 1 = On/True		Red

		Low Coolant Level						0000 0000 0000 0010		2		0 = Off/False; 1 = On/True		Red

		Low Fuel Level						0000 0000 0000 0001		1		0 = Off/False; 1 = On/True		Red

		Extended Annunciation		N/A		bit data

		Check GenSet						1000 0000 0000 0000		32768		0 = Off/False; 1 = On/True		Red

		Ground Fault						0100 0000 0000 0000		16384		0 = Off/False; 1 = On/True		Red

		High AC Voltage						0010 0000 0000 0000		8192		0 = Off/False; 1 = On/True		Red

		Low AC Voltage						0001 0000 0000 0000		4096		0 = Off/False; 1 = On/True		Red

		Under Frequency						0000 1000 0000 0000		2048		0 = Off/False; 1 = On/True		Red

		Overload						0000 0100 0000 0000		1024		0 = Off/False; 1 = On/True		Red

		Overcurrent						0000 0010 0000 0000		512		0 = Off/False; 1 = On/True		Red

		Short Circuit						0000 0001 0000 0000		256		0 = Off/False; 1 = On/True		Red

		Reverse KW						0000 0000 1000 0000		128		0 = Off/False; 1 = On/True		Red

		Reverse KVAR						0000 0000 0100 0000		64		0 = Off/False; 1 = On/True		Red

		Fail to Sync						0000 0000 0010 0000		32		0 = Off/False; 1 = On/True		Red

		Fail to Close						0000 0000 0001 0000		16		0 = Off/False; 1 = On/True		Red

		Load Demand						0000 0000 0000 1000		8		0 = Off/False; 1 = On/True		Green

		GenSet CB Tripped						0000 0000 0000 0100		4		0 = Off/False; 1 = On/True		Not Used

		Utility CB Tripped						0000 0000 0000 0010		2		0 = Off/False; 1 = On/True		Not Used

		Emergency Stop						0000 0000 0000 0001		1		0 = Off/False; 1 = On/True		Red

		nvoGenACData, nvoACDataLoad, nvoACDataSrc1, nvoACDataSrc2

		Frequency		0.1		Hz				0 - 65535		Rated Frequency ± 10%

		Total Power Factor		0.00005		PF				± 0 - 20000		.75 Lag to .95 Lead		Neg. = Lead; Pos. = Lag

		Total KVA		1.0		KVA				± 0 - 32767

		Total KW		1.0		KW				± 0 - 32767		0 - (Rated KW + 10%)

		Total KVAR		1.0		KVAR				± 0 - 32767

		Voltage L1-L2		1.0		Volts				0 - 65535		Rated Volts ± 10%

		Voltage L2-L3		1.0		Volts				0 - 65535		Rated Volts ± 10%

		Voltage L3-L1		1.0		Volts				0 - 65535		Rated Volts ± 10%

		Voltage L1-N		1.0		Volts				0 - 65535		Rated Volts ± 10%

		Voltage L2-N		1.0		Volts				0 - 65535		Rated Volts ± 10%

		Voltage L3-N		1.0		Volts				0 - 65535		Rated Volts ± 10%

		Current L1		1.0		Amps				0 - 65535		0 - (Rated Amps + 20%)

		Current L2		1.0		Amps				0 - 65535		0 - (Rated Amps + 20%)

		Current L3		1.0		Amps				0 - 65535		0 - (Rated Amps + 20%)

		Percent Current L1		0.5		%				0 - 250		% of Standby rating		Not Used

		Percent Current L2		0.5		%				0 - 250		% of Standby rating		Not Used

		Percent Current L3		0.5		%				0 - 250		% of Standby rating		Not Used

		nvoGenEngData

		Battery Voltage		0.1		Volts DC				± 0 - 32767		Rated Volts ± 25%

		Oil Pressure		0.1		KPA				± 0 - 32767		0 - 700 KPA

		Oil Temperature		0.1		Deg Kelvin				0 - 65535		0 - 95 °C		°C = °K - 273

		Coolant Temp		0.1		Deg Kelvin				0 - 65535		0 - 95 °C		°C = °K - 273

		Misc Temp 1		0.1		Deg Kelvin				0 - 65535				Not Used

		Misc Temp 2		0.1		Deg Kelvin				0 - 65535				Not Used

		Fuel Rate		0.01		GPH				0 - 65535		0 - 200 GPH		Only PCC3200

		Engine Speed		1.0		RPM				0 - 65535

		Engine Starts		1.0		starts				0 - 65535

		Engine Runtime		0.1		hours				0 - 4294967295				Double Word length

		Total KWH		1.0		KWH				0 - 4294967295				Double Word length

		Total Fuel		0.01		Gal								Not Used

		nvoGenParaData

		Bus Frequency		0.1		Hz				0 - 65535		Rated Frequency ± 10%

		Bus Voltage L1-L2		1.0		Volts				0 - 65535

		Bus Voltage L2-L3		1.0		Volts				0 - 65535

		Bus Voltage L3-L1		1.0		Volts				0 - 65535

		Bus Voltage L1-N		1.0		Volts				0 - 65535

		Bus Voltage L2-N		1.0		Volts				0 - 65535

		Bus Voltage L3-N		1.0		Volts				0 - 65535

		Customer Fault 1		N/A		bit data		1000 0000 0000 0000		32768		1 = Fault True		Not Used

		Customer Fault 2		N/A		bit data		0100 0000 0000 0000		16384		1 = Fault True		Not Used

		Customer Fault 3		N/A		bit data		0010 0000 0000 0000		8192		1 = Fault True		Not Used

		Customer Fault 4		N/A		bit data		0001 0000 0000 0000		4096		1 = Fault True		Not Used

		Network Fault 1		N/A		bit data		1000 0000 0000 0000		32768		1 = Fault True		Not Used

		Network Fault 2		N/A		bit data		0100 0000 0000 0000		16384		1 = Fault True		Not Used

		Network Fault 3		N/A		bit data		0010 0000 0000 0000		8192		1 = Fault True		Not Used

		Network Fault 4		N/A		bit data		0001 0000 0000 0000		4096		1 = Fault True		Not Used

		Custom		N/A		bit data						User Defined		Not Used

		ES State		N/A		byte data				0 - 255		* See notes below

		Load Share State		N/A		byte data				0 - 255		* See notes below		Not Used

		Load Govern State KW		N/A		byte data				0 - 255		* See notes below		Not Used

		Load Govern State KVAR		N/A		byte data				0 - 255		* See notes below		Not Used

		GenSet CB Position		N/A		byte data				0 - 255		* See notes below

		Utility CB Position		N/A		byte data				0 - 255		* See notes below

		nvoNodeStatus

		DIM Relay 1 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 2 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 3 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 4 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 5 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 6 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 7 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 8 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 9 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 10 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 11 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 12 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 13 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 14 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 15 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Relay 16 Status		N/A		byte data				0 - 255		1 = Input True

		DIM Input Status 1		N/A		byte data				0 - 255		1 = Input True

		DIM Input Status 2		N/A		byte data				0 - 255		1 = Input True

		DIM Input Status 3		N/A		byte data				0 - 255		1 = Input True

		DIM Input Status 4		N/A		byte data				0 - 255		1 = Input True

		DIM Input Status 5		N/A		byte data				0 - 255		1 = Input True

		DIM Input Status 6		N/A		byte data				0 - 255		1 = Input True

		DIM Input Status 7		N/A		byte data				0 - 255		1 = Input True

		DIM Input Status 8		N/A		byte data				0 - 255		1 = Input True

		OUTPUTS

		Start Command		N/A		byte data		0000 0000 0000 0001		1		1 = Energize Output		1st byte value, 2nd byte state

		Fault Reset Command		N/A		byte data		0000 0000 0000 0001		1		1 = Energize Output		1st byte value, 2nd byte state

		Test Command		N/A		byte data		0000 0000 0000 0001		1		1 = Energize Output		1st byte value, 2nd byte state

		nvi16RelayA		N/A		bit data		1000 0000 0000 0000		32768		Controls Relay #1 ON

				N/A		bit data		0100 0000 0000 0000		16384		Controls Relay #2 ON

				N/A		bit data		0010 0000 0000 0000		8192		Controls Relay #3 ON

				N/A		bit data		0001 0000 0000 0000		4096		Controls Relay #4 ON

				N/A		bit data		0000 1000 0000 0000		2048		Controls Relay #5 ON

				N/A		bit data		0000 0100 0000 0000		1024		Controls Relay #6 ON

				N/A		bit data		0000 0010 0000 0000		512		Controls Relay #7 ON

				N/A		bit data		0000 0001 0000 0000		256		Controls Relay #8 ON

				N/A		bit data		0000 0000 1000 0000		128		Controls Relay #9 ON

				N/A		bit data		0000 0000 0100 0000		64		Controls Relay #10 ON

				N/A		bit data		0000 0000 0010 0000		32		Controls Relay #11 ON

				N/A		bit data		0000 0000 0001 0000		16		Controls Relay #12 ON

				N/A		bit data		0000 0000 0000 1000		8		Controls Relay #13 ON

				N/A		bit data		0000 0000 0000 0100		4		Controls Relay #14 ON

				N/A		bit data		0000 0000 0000 0010		2		Controls Relay #15 ON

				N/A		bit data		0000 0000 0000 0001		1		Controls Relay #16 ON





Definitions - Page 2

		nvoGenStatus DEFINITIONS

		Device Type		For a complete list of valid device types see						0 - 255		3 = PCC II

				"Bravo Tools Device Connection and								5 = PCC I

				Identification Specification" Appendix A								10 = Keystone ATS

		Control Switch		Control Switch Position						0 - 255		0 = OFF

												1 = RUN\MANUAL

												2 = AUTO

												255 = Unknown

		State		GenSet Run Sequence State						0 - 255		0 = Stopped

												1 = Start Pending

												2 = Warmup / Idle

												3 = Running

												4 = Cooldown at Rated

												5 = Cooldown at Idle

												255 = Unknown

		Fault Code		See GenSet service manuals for list of applicable fault codes.

				These are different for each PCC control.

		Fault Type								0 - 255		1 = Warning

												2 = Derate

												3 = Shutdown with Cooldown

												4 = Shutdown

												255 = Unknown

		nvoGenParaData DEFINITIONS

		ES State		GenSet Paralleling State						0 - 255		0 = Standby

												1 = Dead Bus Close

												2 = Synchronizing

												3 = Load Share

												4 = Load Govern

												255 = Unknown

		Load Share State								0 - 255		0 = Not in Load Share

												1 = Track Load

												2 = Ramp Load

												3 = Ramp Unload

												4 = Load Demand Shutdown

												255 = Unknown

		Load Govern State KW								0 - 255		0 = Not Applicable

												1 = Ramp Load

												2 = Track Target Load

												3 = Ramp Unload

												4 = Ramp Unload Done

												255 = Unknown

		Load Govern State KVAR								0 - 255		0 = Not Applicable

												1 = Ramp Load

												2 = Track Target Load

												3 = Ramp Unload

												4 = Ramp Unload Done

												255 = Unknown

		GenSet CB Position		GenSet Circuit Breaker Status						0 - 255		0 = Open

												1 = Closed

												2 = Unavailable

												3 = Inhibit

												255 = Unknown

		Utility CB Position		Utility Circuit Breaker Status						0 - 255		0 = Open

												1 = Closed

												2 = Unavailable

												3 = Inhibit

												255 = Unknown





Numerical Layout

		400001		401000		GenSet Data

		401001		401030		GenSet Size Setup

		401031		401031		Hot Standby Command Word

		401032		401100		Not Used

		401101		401150		ATS Voltage Setup

		401151		401200		ATS Amps Setup

		401201		401250		50 Loads Add Level

		401251		401270		GenSet Load Analog Setup

		401271		401280		Health Bit Registers

		401281		401290		Fault Reset Commands

		401291		401300		Time of Day Clock Registers

		401301		401350		50 Loads Shed Level

		401351		401400		50 Loads Sizes for Capacity based LA

		401401		401440		Load Demand Setup

		401441		401475		Screen Setup

		401476		401500		Transfer Pair Setup

		401501		401550		Extended Parallel Setup

		401551		401560		Commands From the Touchscreen

		401561		401580		System Status to Touchscreen

		401581		401590		More Extended Parallel Setup

		401591		401600		Not Used

		401601		401652		12 Sequence Exerciser Clock Setup

		401653		401874		Additional for 32 Sequence Clock

		401875		402000		Not Used

		402001		402030		30 GenSet Breaker Status

		402031		402040		5 GM and 5 UM Breaker Status

		402041		402050		10 Tie Breaker Status

		402051		402080		5 Load Bus Status

		402081		402092		Load Add / Load Shed Setup

		402093		402100		Not Used

		402101		402150		50 Feeder Breaker Status

		402151		402200		50 Feeder Breaker Control Words

		402201		402250		50 ATS Status

		402251		402499		Not Used

		402500		402800		For Custom Programming

		402801		402900		Working Registers For Gas Gen MBP Com

		402901		402990		Working Registers For Bitronics Meters

		402991		403000		Health MSTR Setup

		403001		404000		Metering for 10 Meters

		404001

						Custom Programming Resisters

						402500

						Bit No.

						1		Selected Gen01 for Transmeter Test

						2		Selected Gen02 for Transmeter Test

						3		Selected Gen03 for Transmeter Test

						4		Selected Gen04 for Transmeter Test

						402501

						Bit No.

						0		Gen01 Not Selected for Transmeter Test

						1		Gen02 Not Selected for Transmeter Test

						2		Gen03 Not Selected for Transmeter Test

						3		Gen04 Not Selected for Transmeter Test

						4		Confirmation for Gen selection

						402502

						Bit No.

						0		Transmeter Test "On" command

						402503

						Bit No.

						3		Enable Breaker Close PushButton

						2		Enable Breaker Open PushButton

						1		Breaker Close Command

						0		Breaker Open Command





Standard IP Addressing

		Standard IP Addressing

		Device		I/P Address				Device		I/P Address

		Main Processor		192.168.0.200				Ethernet I/O

		HSB Standby Processor		192.168.0.201				I/O 01		192.168.0.121

		Momentum for TP1 MCM 3320 or Other AC Meter 1		192.168.0.211				I/O 02		192.168.0.122

		Momentum for TP2 MCM 3320 or Other AC Meter 2		192.168.0.212				I/O 03		192.168.0.123

		Momentum for TP3 MCM 3320 or Other AC Meter 3		192.168.0.213				I/O 04		192.168.0.124

		Momentum for TP4 MCM 3320 or Other AC Meter 4		192.168.0.214				I/O 05		192.168.0.125

		Momentum for TP5 MCM 3320 or Other AC Meter 5		192.168.0.215				I/O 06		192.168.0.126

		Momentum for Gen Data Gens 1-10		192.168.0.221				I/O 07		192.168.0.127

		Momentum for Gen Data Gens 11-20		192.168.0.222				I/O 08		192.168.0.128

		Momentum for Gen Data Gens 21-30		192.168.0.223				I/O 09		192.168.0.129

		Momentum for ATS Data ATSs 1-20		192.168.0.231				I/O 10		192.168.0.130

		Momentum for ATS Data ATSs 21-40		192.168.0.232				I/O 11		192.168.0.131

		Momentum for ATS Data ATSs 41-60		192.168.0.233				I/O 12		192.168.0.132

								I/O 13		192.168.0.133

		Lantronix For GenSet Data Gen 1		192.168.0.021				I/O 14		192.168.0.134

		Lantronix For GenSet Data Gen 2		192.168.0.022				I/O 15		192.168.0.135

		Lantronix For GenSet Data Gen 3		192.168.0.023				I/O 16		192.168.0.136

		Lantronix For GenSet Data Gen 4		192.168.0.024				I/O 17		192.168.0.137

		Lantronix For GenSet Data Gen 5		192.168.0.025				I/O 18		192.168.0.138

		Lantronix For GenSet Data Gen 6		192.168.0.026				I/O 19		192.168.0.139

		Lantronix For GenSet Data Gen 7		192.168.0.027				I/O 20		192.168.0.140

		Lantronix For GenSet Data Gen 8		192.168.0.028

		Lantronix For GenSet Data Gen 9		192.168.0.029

		Lantronix For GenSet Data Gen 10		192.168.0.030

		Lantronix For GenSet Data Gen 11		192.168.0.031

		Lantronix For GenSet Data Gen 12		192.168.0.032

		Lantronix For GenSet Data Gen 13		192.168.0.033

		Lantronix For GenSet Data Gen 14		192.168.0.034

		Lantronix For GenSet Data Gen 15		192.168.0.035

		Lantronix For GenSet Data Gen 16		192.168.0.036

		Lantronix For GenSet Data Gen 17		192.168.0.037

		Lantronix For GenSet Data Gen 18		192.168.0.038

		Lantronix For GenSet Data Gen 19		192.168.0.039

		Lantronix For GenSet Data Gen 20		192.168.0.040

		Lantronix For GenSet Data Gen 21		192.168.0.041

		Lantronix For GenSet Data Gen 22		192.168.0.042

		Lantronix For GenSet Data Gen 23		192.168.0.043

		Lantronix For GenSet Data Gen 24		192.168.0.044

		Lantronix For GenSet Data Gen 25		192.168.0.045

		Lantronix For GenSet Data Gen 26		192.168.0.046

		Lantronix For GenSet Data Gen 27		192.168.0.047

		Lantronix For GenSet Data Gen 28		192.168.0.048

		Lantronix For GenSet Data Gen 29		192.168.0.049

		Lantronix For GenSet Data Gen 30		192.168.0.050
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The relay contains devices sensitive to Electrostatic Discharge 
(ESD). When working on the relay with the front panel removed, 
work surfaces and personnel must be properly grounded or 
equipment damage may result.


! CAUTION


This procedure requires that you handle components sensitive 
to Electrostatic Discharge (ESD).  If your facility is not equipped 
to work with these components, we recommend that you 
return the relay to SEL for firmware installation.


! CAUTION


There is danger of explosion if the battery is incorrectly 
replaced.  Replace only with Ray-O-Vac® no. BR2335 or 
equivalent recommended by manufacturer.  Dispose of used 
batteries according to the manufacturer’s instructions.


! CAUTION


Verify proper orientation of the new EPROM in the socket 
before applying pressure to engage it.  Note the orientation 
indication provided by the notched inside socket corner and 
the notched corner.


! CAUTION


Verify proper orientation of the new EPROM in the socket 
before applying pressure to engage it.  Note the orientation 
indication provided by the notched inside socket corner and 
the notched corner.


! CAUTION


This device is shipped with default passwords. Default 
passwords should be changed to private passwords at 
installation. Failure to change each default password to a 
private password may allow unauthorized access. SEL shall not 
be responsible for any damage resulting from unauthorized 
access.


! WARNING


Operator safety may be impaired if the device is used in a 
manner not specified by SEL.


! WARNING


Contact with instrument terminals can cause electrical shock 
that can result in injury or death.


! DANGER


Contact with this circuitry may cause electrical shock that can 
result in injury or death. Removal of enclosure panels exposes 
circuitry which may cause electrical shock which can result in 
injury or death.


! DANGER


Le relais contient des pièces sensibles aux décharges 
électrostatiques. Quand on travaille sur le relais avec les 
panneaux avant ou du dessus enlevés, toutes les surfaces et le 
personnel doivent être mis à la terre convenablement pour 
éviter les dommages à l’équipement.


! ATTENTION


Cette procédure requiert que vous manipuliez des composants 
sensibles aux décharges électrostatiques (DES).  Si vous n'êtes 
pas équipés pour travailler avec ce type de composants, nous 
vous recommandons de les retourner à SEL pour leur 
installation.


! ATTENTION


Il y a un danger d’explosion si la pile électrique n’est pas 
correctement remplacée.  Utiliser exclusivement Ray-O-Vac® 
No. BR2335 ou un équivalent recommandé par le fabricant.  Se 
débarrasser des piles usagées suivant les instructions du 
fabricant.


! ATTENTION


Vérifier l’orientation du nouvel EPROM avant d’appliquer la 
pression pour l’insérer dans sa base.  Noter l’orientation 
indiquée par le coin marqué à l’intérieur de la base et le coin 
marqué du composant.


! ATTENTION


Do not connect power to the SEL-551C until you have 
completed these procedures.


! CAUTION


Cet appareil est expédié avec des mots de passe par défaut. A 
l’installation, les mots de passe par défaut devront être 
changés pour des mots de passe confidentiels. Dans le cas 
contraire, un accés non-autorisé á l’équipement peut être 
possible. SEL décline toute responsabilité pour tout dommage 
résultant de cet accés non-autorisé.


! AVERTISSEMENT


La sécurité de l’opérateur peut être compromise si l’appareil 
est utilisé d’une façon non indiquée par SEL. 


! AVERTISSEMENT


Tout contact avec les bornes de l’appareil peut causer un choc 
électrique pouvant entraîner des blessuers ou la mort.


! DANGER


Tout contact avec ce circuit peut être la cause d’un choc 
électrique pouvant entraîner des blessures ou la mort. Le 
retrait des panneaux du boîtier expose le circuit qui peut 
causer des chocos électriques pouvant entraîner des blessures 
ou la mort.


! DANGER


© 1998–2008 by Schweitzer Engineering Laboratories, Inc. All rights reserved.


All brand or product names appearing in this document are the trademark or registered trademark of their respective holders. No SEL 
trademarks may be used without written permission. SEL products appearing in this document may be covered by US and Foreign patents.


Schweitzer Engineering Laboratories, Inc. reserves all rights and benefits afforded under federal and international copyright and patent laws in 
its products, including without limitation software, firmware, and documentation.


The information in this manual is provided for informational use only and is subject to change without notice. Schweitzer Engineering 
Laboratories, Inc. has approved only the English language manual.


This product is covered by the standard SEL 10-year warranty. For warranty details, visit www.selinc.com or contact your customer service 
representative. PM551C-01







Date Code 20080104 Instruction Manual SEL-551C Relay


Table of Contents
List of Tables .......................................................................................................................................................................... v


List of Figures .....................................................................................................................................................................vii


Preface ..................................................................................................................................................................................... ix


Section 1: Introduction and Specifications
Overview ......................................................................................................................................................... 1.1
SEL-551C Applications................................................................................................................................... 1.3
Hardware Overview......................................................................................................................................... 1.4
Specifications .................................................................................................................................................. 1.5
Overcurrent Elements ...................................................................................................................................... 1.7
CT Saturation Protection ................................................................................................................................. 1.9
Timer Specifications...................................................................................................................................... 1.10


Section 2: Installation
Overview ......................................................................................................................................................... 2.1
Relay Mounting ............................................................................................................................................... 2.2
Rear-Panel Connections .................................................................................................................................. 2.7
SEL-551C AC/DC Connection Diagrams for Example Applications............................................................. 2.9
EIA-485 Rear-Panel Adapter......................................................................................................................... 2.15
Circuit Board Jumpers and Battery ............................................................................................................... 2.16
EN 61010-1 and the SEL-551C..................................................................................................................... 2.18


Section 3: Relay Elements and Logic
Relay Word Bits and SELOGIC Control Equations.......................................................................................... 3.1
Optoisolated Inputs.......................................................................................................................................... 3.4
Local Control Switches ................................................................................................................................... 3.6
Remote Control Switches ................................................................................................................................ 3.9
Instantaneous Overcurrent Elements ............................................................................................................. 3.10
Time-Overcurrent Elements .......................................................................................................................... 3.14
Trip Logic ...................................................................................................................................................... 3.19
Close Logic.................................................................................................................................................... 3.22
Reclosing Relay............................................................................................................................................. 3.25
SELOGIC Control Equation Variables/Timers ............................................................................................... 3.41
Output Contacts ............................................................................................................................................. 3.43
Demand Ammetering .................................................................................................................................... 3.45
Latch Control Switches ................................................................................................................................. 3.50
Front-Panel Target LEDs............................................................................................................................... 3.56


Section 4: Setting the Relay
Overview ......................................................................................................................................................... 4.1
Settings Changes Via the Front Panel ............................................................................................................. 4.2
Settings Changes Via the Serial Port ............................................................................................................... 4.3
Time-Overcurrent Element Setting Reference Information ............................................................................ 4.4
Relay Word Bit Setting Reference Information ............................................................................................ 4.16
Settings Explanations .................................................................................................................................... 4.21
Settings Sheets............................................................................................................................................... 4.24


Settings Sheets for the SEL-551C Relay


Section 5: Serial Port Communications and Commands
Overview ......................................................................................................................................................... 5.1
Port Connector and Communications Cables.................................................................................................. 5.2
Communications Protocol ............................................................................................................................... 5.5







ii


SEL-551C Relay Instruction Manual Date Code 20080104


Table of Contents


Serial Port Automatic Messages ......................................................................................................................5.9
Serial Port Access Levels...............................................................................................................................5.10
Command Summary ......................................................................................................................................5.12
Command Explanations .................................................................................................................................5.14


SEL-551C Command Summary


Section 6: Front-Panel Interface
Overview..........................................................................................................................................................6.1
Front-Panel Pushbutton Operation...................................................................................................................6.2
Functions Unique to the Front-Panel Interface ................................................................................................6.6
Rotating Default Display ...............................................................................................................................6.12


Section 7: Standard Event Reports and SER
Overview..........................................................................................................................................................7.1
Standard 15-Cycle Event Reports ....................................................................................................................7.2
Sequential Events Recorder (SER) Event Report ..........................................................................................7.10
Example Standard 15-Cycle Event Report ....................................................................................................7.13
Example Sequential Events Recorder (SER) Event Report...........................................................................7.20


Section 8: Testing and Troubleshooting
Overview..........................................................................................................................................................8.1
Testing Methods and Tools ..............................................................................................................................8.2
Acceptance Testing ..........................................................................................................................................8.5
Commissioning Testing .................................................................................................................................8.16
Maintenance Testing ......................................................................................................................................8.17
Relay Self-Tests .............................................................................................................................................8.18
Relay Troubleshooting...................................................................................................................................8.20
Relay Calibration ...........................................................................................................................................8.21
Factory Assistance .........................................................................................................................................8.22


Appendix A: Firmware and Manual Versions
Firmware .........................................................................................................................................................A.1
Instruction Manual ..........................................................................................................................................A.3


Appendix B: Firmware Upgrade Instructions
Flash Firmware Upgrades ............................................................................................................................... B.1


Appendix C: SEL Distributed Port Switch Protocol
Overview......................................................................................................................................................... C.1
Settings............................................................................................................................................................ C.2
Operation ........................................................................................................................................................ C.3


Appendix D: Configuration, Fast Meter, and Fast Operate Commands
Overview.........................................................................................................................................................D.1
Message Lists..................................................................................................................................................D.2
Message Definitions........................................................................................................................................D.3


Appendix E: Compressed ASCII Commands
Overview......................................................................................................................................................... E.1
CASCII Command—General Format............................................................................................................. E.2
CASCII Command—SEL-551C..................................................................................................................... E.4
CSTATUS Command—SEL-551C................................................................................................................. E.5
CHISTORY Command—SEL-551C .............................................................................................................. E.6
CEVENT Command—SEL-551C.................................................................................................................. E.7


Appendix F: Setting Negative-Sequence Overcurrent Elements
Setting Negative-Sequence Definite-Time Overcurrent Elements ..................................................................F.1
Setting Negative-Sequence Time-Overcurrent Elements ................................................................................F.2







iii


Date Code 20080104 Instruction Manual SEL-551C Relay


Table of Contents


Coordinating Negative-Sequence Overcurrent Elements ................................................................................ F.3
Other Negative-Sequence Overcurrent Element References........................................................................... F.8


Appendix G: Modbus RTU Communications Protocol
Overview ........................................................................................................................................................ G.1
Modbus RTU Communications Protocol ....................................................................................................... G.2







This page intentionally left blank







Date Code 20080104 SEL-551C Relay


List of Tables
Table 1.1 Overcurrent Elements............................................................................................................. 1.7
Table 3.1 Processing Order of SELOGIC Control Equation Operators................................................... 3.1
Table 3.2 Processing Order of Relay Elements and Logic (Top to Bottom).......................................... 3.3
Table 3.3 Correspondence Between Local Control Switch Positions and Label Settings ..................... 3.6
Table 3.4 Correspondence Between Local Control Switch Types and Required Label Settings........... 3.7
Table 3.5 Relay Word Bit and Front-Panel Correspondence to Reclosing Relay States ..................... 3.25
Table 3.6 Shot Counter Correspondence to Relay Word Bits and Open Interval Times ..................... 3.29
Table 3.7 Demand Ammeter Settings and Settings Range .................................................................. 3.46
Table 3.8 SEL-551C Front-Panel Target LED Definitions .................................................................. 3.56
Table 4.1 Serial Port SET Commands.................................................................................................... 4.1
Table 4.2 SET Command Editing Keystrokes........................................................................................ 4.3
Table 4.3 Equations Associated With U.S. Curves ................................................................................ 4.4
Table 4.4 Equations Associated With IEC Curves................................................................................. 4.4
Table 4.5 SEL-551C Relay Word Bits ................................................................................................. 4.16
Table 4.6 Relay Word Bit Definitions .................................................................................................. 4.16
Table 5.1 Serial Communications Port Pin Function Definitions .......................................................... 5.4
Table 5.2 Communications Settings....................................................................................................... 5.7
Table 5.3 Serial Port Automatic Messages ............................................................................................ 5.9
Table 5.4 Serial Port Command Summary........................................................................................... 5.12
Table 5.5 ACC and 2AC Commands ................................................................................................... 5.14
Table 5.6 SEL-551C Relay Word and Its Correspondence to TAR Command and Front-Panel 


LEDs................................................................................................................................. 5.24
Table 5.7 SEL-551C Control Subcommands ....................................................................................... 5.26
Table 5.8 Valid Password Characters ................................................................................................... 5.27
Table 7.1 Event Types ............................................................................................................................ 7.4
Table 7.2 Standard Event Report Current Columns............................................................................... 7.5
Table 7.3 Other Standard Event Report Columns .................................................................................. 7.6
Table 7.4 SEL-551C Input/Output Event Report Columns ................................................................... 7.9
Table 7.5 SER Report Row Commands and Format............................................................................ 7.11
Table 8.1 Instantaneous Overcurrent Elements and Corresponding Settings/Relay Word Bits/TAR 


Commands ........................................................................................................................ 8.11
Table 8.2 Inverse-Time Overcurrent Elements and Corresponding Settings/Relay Word Bits/TAR 


Commands ........................................................................................................................ 8.13
Table 8.3 Relay Self Tests .................................................................................................................... 8.18
Table 8.4 Troubleshooting Procedures................................................................................................. 8.20
Table A.1 Firmware Revision History ................................................................................................... A.1
Table A.2 Instruction Manual Revision History .................................................................................... A.3
Table D.1 Binary Message List.............................................................................................................. D.2
Table D.2 ASCII Configuration Message List ....................................................................................... D.2
Table D.3 A5C0 Relay Definition Block ............................................................................................... D.3
Table D.4 A5C1 Fast Meter Configuration Block ................................................................................. D.3
Table D.5 A5D1 Fast Meter Data Block................................................................................................ D.4
Table D.6 A5C2/A5C3 Demand/Peak Demand Fast Meter Configuration Messages........................... D.5
Table D.7 A5D2/A5D3 Demand/Peak Demand Fast Meter Message ................................................... D.6
Table D.8 A5CE Fast Operate Configuration Block.............................................................................. D.6
Table D.9 A5E0 Fast Operate Remote Bit Control................................................................................ D.7
Table D.10 A5E3 Fast Operate Breaker Control ..................................................................................... D.8
Table E.1 Mapping Labels to Bits ..........................................................................................................E.8
Table G.1 Modbus Query Fields ............................................................................................................ G.2
Table G.2 SEL-551C Modbus Function Codes ..................................................................................... G.2
Table G.3 SEL-551C Modbus Exception Codes.................................................................................... G.3
Table G.4 01h Read Coil Status Commands.......................................................................................... G.3
Table G.5 02h Read Input Status Command.......................................................................................... G.4
Table G.6 03h Read Holding Register Command.................................................................................. G.5







vi List of Tables


SEL-551C Relay Instruction Manual Date Code 20080104


Table G.7 04h Read Holding Register Command ..................................................................................G.6
Table G.8 05h Force Single Coil Command ..........................................................................................G.7
Table G.9 SEL-551C Command Coils ...................................................................................................G.7
Table G.10 06h Preset Single Register Command ...................................................................................G.8
Table G.11 07h Read Exception Status Command ..................................................................................G.8
Table G.12 08h Loopback Diagnostic Command ....................................................................................G.9
Table G.13 10h Preset Multiple Registers Command ............................................................................G.10
Table G.14 64h Scattered Register Read Command ..............................................................................G.11
Table G.15 SEL-551C Modbus Command Region ................................................................................G.12
Table G.16 Modbus Command Codes....................................................................................................G.12
Table G.17 Assign Event Report Channel Using Address 00B2 ...........................................................G.13
Table G.18 Modbus Map........................................................................................................................G.14







Date Code 20080104 SEL-551C Relay


List of Figures
R.Instruction Manual Figure 1.1 SEL-551C Relays Applied Throughout the Power System ................................................... 1.3


Figure 1.2 SEL-551C Inputs, Outputs, and Communications Port ......................................................... 1.4
Figure 1.4 SEL-551C Instantaneous Overcurrent Element Pickup Time Curve ..................................... 1.8
Figure 1.5 SEL-551C Relay Instantaneous Overcurrent Element Reset Time Curve ............................. 1.8
Figure 2.1 SEL-551C Dimensions, Panel Cutout, and Drill Plan ........................................................... 2.3
Figure 2.2 Relay Dimensions and Drill Plan for Mounting Two SEL-500 Series Relays Together 


Using Mounting Block (SEL P/N 9101) ............................................................................ 2.4
Figure 2.3 Relay Dimensions and Drill Plan for Mounting an SEL-551C With Rack Mount 


Bracket 9100 (Bracket on Right Side in Front View) ........................................................ 2.5
Figure 2.4 SEL-551C Fitted with Mounting Bracket (SEL P/N 9100) for Mounting in 19-Inch Rack.. 2.5
Figure 2.5 SEL-551C Front Panel With Optional EIA-232 Serial Communications Port, 


Rack-Mount Version (Half-Rack Width) ........................................................................... 2.6
Figure 2.6 SEL-551C Front Panel, Panel-Mount Version....................................................................... 2.6
Figure 2.7 SEL-551C Rear Panel ............................................................................................................ 2.7
Figure 2.8 SEL-551C Provides Overcurrent Protection and Reclosing for a Utility Distribution 


Feeder (Includes OUT3 = !SALARM + HALARM) ......................................................... 2.9
Figure 2.9 SEL-551C Provides Overcurrent Protection for an Industrial Distribution Feeder 


(Core-Balance Current Transformer Connected to Current Input Channel IN) ............... 2.10
Figure 2.10 SEL-551C Provides Overcurrent Protection for a Delta-Wye Transformer Bank............... 2.11
Figure 2.11 SEL-551C Provides Overcurrent Protection for a Transformer Bank with a


Tertiary Winding .............................................................................................................. 2.12
Figure 2.12 SEL-551C Provides Overcurrent Protection for a Distribution Bus (Includes Fast Bus Trip 


Scheme) ............................................................................................................................ 2.13
Figure 2.13 SEL-551C Provides Dedicated Breaker Failure Protection ................................................. 2.14
Figure 2.14 Output Jumper Locations ..................................................................................................... 2.16
Figure 2.15 Rear-Panel Safety Symbols .................................................................................................. 2.18
Figure 3.1 Example Operation of SEL-551C Optoisolated Inputs.......................................................... 3.4
Figure 3.2 Local Control Switches Drive Local Bits LB1–LB8 ............................................................. 3.6
Figure 3.3 Remote Control Switches Drive Remote Bits RB1–RB8 ...................................................... 3.9
Figure 3.4 Phase Instantaneous Overcurrent Elements 50P1–50P6...................................................... 3.10
Figure 3.5 Single-Phase Instantaneous Overcurrent Elements 50A, 50B, and 50C.............................. 3.11
Figure 3.6 Neutral Ground Instantaneous Overcurrent Elements 50N1 and 50N2............................... 3.12
Figure 3.7 Residual Ground Instantaneous Overcurrent Elements 50G1 and 50G2 ............................. 3.12
Figure 3.8 Negative-Sequence Instantaneous Overcurrent Elements 50Q1 and 50Q2 ......................... 3.13
Figure 3.9 Phase Time-Overcurrent Elements 51P1T and 51P2T......................................................... 3.14
Figure 3.10 Neutral Ground Time-Overcurrent Element 51N1T ............................................................ 3.17
Figure 3.11 Residual Ground Time-Overcurrent Element 51G1T .......................................................... 3.17
Figure 3.12 Negative-Sequence Time-Overcurrent Elements 51Q1T and 51Q2T.................................. 3.18
Figure 3.13 Trip Logic............................................................................................................................. 3.19
Figure 3.14 Close Logic .......................................................................................................................... 3.22
Figure 3.15 Reclosing Relay States and General Operation.................................................................... 3.25
Figure 3.16 Reclosing Sequence From Reset to Lockout With Factory Settings ................................... 3.28
Figure 3.17 Voltage Relay (27/59) Provides Reclose Block Signal to SEL-551C ................................. 3.35
Figure 3.18 Sequence Coordination Between the SEL-551C and a Line Recloser................................. 3.38
Figure 3.19 Operation of SEL-551C Shot Counter for Sequence Coordination With Line Recloser 


(Additional Settings Example 1) ...................................................................................... 3.38
Figure 3.20 Operation of SEL-351 Relay Shot Counter for Sequence Coordination With Line Recloser 


(Additional Setting Example 2) ........................................................................................ 3.40
Figure 3.21 SELOGIC Control Equation Variables/Timers ...................................................................... 3.41
Figure 3.22 Dedicated Breaker Failure Scheme Created With SELOGIC Variables/Timers.................... 3.42
Figure 3.23 Logic Flow for Example SEL-551C Output Contact Operation.......................................... 3.43
Figure 3.24 Response of Thermal Demand Ammeter to a Step Input (Setting DMTC = 15 minutes) ... 3.45
Figure 3.25 Voltage VS Applied to Series RC Circuit............................................................................. 3.46
Figure 3.26 Demand Current Logic Outputs ........................................................................................... 3.47
Figure 3.27 Raise Pickup of Residual Ground Time-Overcurrent Element for Unbalance Current ....... 3.48
Figure 3.28 Traditional Latching Relay................................................................................................... 3.50
Figure 3.29 Latch Control Switches Drive Latch Bits LT1–LT8............................................................. 3.50
Figure 3.30 SCADA Contact Pulses Input IN4 to Enable/Disable Reclosing Relay .............................. 3.51







viii List of Figures


SEL-551C Relay Instruction Manual Date Code 20080104


Figure 3.31 Latch Control Switch Controlled by a Single Input to Enable/Disable Reclosing...............3.51
Figure 3.32 Latch Control Switch Operation Time Line .........................................................................3.53
Figure 3.33 Latch Control Switch (With Time Delay Feedback) Controlled by a Single Input to 


Enable/Disable Reclosing .................................................................................................3.54
Figure 3.34 Latch Control Switch (With Time Delay Feedback) Operation Time Line..........................3.55
Figure 3.35 Seal-In of Breaker Failure Occurrence for Message Display ...............................................3.57
Figure 4.1 U.S. Moderately Inverse Curve: U1 .......................................................................................4.6
Figure 4.2 U.S. Inverse Curve: U2...........................................................................................................4.7
Figure 4.3 U.S. Very Inverse Curve: U3..................................................................................................4.8
Figure 4.4 U.S. Extremely Inverse Curve: U4 .........................................................................................4.9
Figure 4.5 U.S. Short-Time Inverse Curve: U5 .....................................................................................4.10
Figure 4.6 I.E.C. Class A Curve (Standard Inverse): C1 .......................................................................4.11
Figure 4.7 I.E.C. Class B Curve (Very Inverse): C2 .............................................................................4.12
Figure 4.8 I.E.C. Class C Curve (Extremely Inverse): C3.....................................................................4.13
Figure 4.9 I.E.C. Long-Time Inverse Curve: C4 ...................................................................................4.14
Figure 4.10 I.E.C. Short-Time Inverse Curve: C5 ...................................................................................4.15
Figure 5.1 Nine-Pin Serial Communications Port Connector..................................................................5.2
Figure 6.1 SEL-551C Front-Panel Pushbuttons—Overview ...................................................................6.2
Figure 6.2 SEL-551C Front-Panel Pushbuttons—Primary Functions .....................................................6.3
Figure 6.3 SEL-551C Front-Panel Pushbuttons-Primary Functions (continued) ....................................6.4
Figure 6.4 SEL-551C Front-Panel Pushbuttons-Secondary Functions....................................................6.5
Figure 6.5 Local Control Switch Configured as an ON/OFF Switch ......................................................6.8
Figure 6.6 Local Control Switch Configured as an OFF/MOMENTARY Switch ..................................6.8
Figure 6.7 Local Control Switch Configured as an ON/OFF/MOMENTARY Switch............................6.8
Figure 7.1 Example Event Summary .......................................................................................................7.4
Figure 7.2 Example SEL-551C Standard 15-Cycle Event Report (1/8-Cycle Resolution) ...................7.16
Figure 7.3 Derivation of Event Report Current Values and RMS Current Values From Sampled 


Current Waveform ............................................................................................................7.17
Figure 7.4 Derivation of Phasor RMS Current Values From Event Report Current Values ..................7.18
Figure 7.5 Example Sequential Events Recorder (SER) Event Report .................................................7.20
Figure 8.1 Low-Level Test Interface ........................................................................................................8.3
Figure 8.2 Relay Part Number and Hardware Identification Sticker .......................................................8.6
Figure 8.3 Test Connections for Balanced Load With Three-Phase Current Sources ...........................8.10
Figure 8.4 Test Connections for Balanced Load With Two-Phase Current Sources..............................8.10
Figure F.1 Minimum Response Time Added to a Negative-Sequence Time-Overcurrent Element ........F.2
Figure F.2 Distribution Feeder Protective Devices ..................................................................................F.4
Figure F.3 Traditional Phase Coordination ..............................................................................................F.4
Figure F.4 Phase-to-Phase Fault Coordination.........................................................................................F.5
Figure F.5 Negative-Sequence Overcurrent Element Derived From “Equivalent” Phase Overcurrent 


Element, 51EP.....................................................................................................................F.6







Date Code 20080104 Instruction Manual SEL-551C Relay


Preface


Manual Overview


The SEL-551C Relay Instruction Manual describes common aspects of relay 
application and use. It includes the necessary information to install, set, test, 
and operate the relay and more detailed information about settings and 
commands.


An overview of each manual section and topics follows:


Preface. Describes the manual organization and conventions used to 
present information.


Section 1: Introduction and Specifications. Describes the basic features 
and functions of the SEL-551C; lists the relay specifications.


Section 2: Installation. Describes how to mount and wire the SEL-551C; 
illustrates wiring connections for various applications.


Section 3: Relay Elements and Logic. Describes operating characteristics 
of elements through the use of logic diagrams and text and explains 
how to calculate their settings; describes contact output logic.


Section 4: Setting the Relay. Describes how to enter and record settings.


Section 5: Serial Port Communications and Commands.  Describes how to 
connect the SEL-551C to a PC for communication; shows serial port 
pinouts; lists and defines serial port commands.


Section 6: Front-Panel Interface. Explains the features and use of the front 
panel, including front-panel command menu, default displays, and 
automatic messages.


Section 7: Standard Event Reports and SER. Describes event summary 
data, standard event reports, and Sequential Events Recorder (SER) 
report.


Section 8: Testing and Troubleshooting. Describes protection element test 
procedures, relay self-test, and relay troubleshooting.


Section 9: Appendices. Contains the following appendices:


Appendix A: Firmware and Manual Versions
Appendix B: Firmware Upgrade Instructions
Appendix C: SEL Distributed Port Switch Protocol
Appendix D: Configuration, Fast Meter, and Fast Operate Commands
Appendix E: Compressed ASCII Commands
Appendix F: Setting Negative-Sequence Overcurrent Elements
Appendix G: Modbus RTU Communications Protocol


SEL-551C Command Summary. Briefly describes the serial port commands 
that are fully described in Section 5: Serial Port Communications and 
Commands.
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Preface


Conventions
Typographic 
Conventions


There are three ways to communicate with the SEL-551C:


➤ Using a command line interface on a PC terminal emulation 
window.


➤ Using the front-panel menus and pushbuttons.


➤ Using ACSELERATOR® QuickSet™ SEL-5030 Software


The instructions in this manual indicate these options with specific font and 
formatting attributes. The following table lists these conventions:


Typographic Conventions


Examples This instruction manual uses several example illustrations and instructions to 
explain how to effectively operate the SEL-551C. These examples are for 
demonstration purposes only; the firmware identification information or 
settings values included in these examples may not necessarily match those in 
the current version of your SEL-551C.


Safety Information This manual uses three kinds of hazard statements, formatted as follows:


Indicates a potentially hazardous 
situation that, if not avoided, may 
result in minor or moderate injury or 
equipment damage.


! CAUTION


Indicates a potentially hazardous 
situation that, if not avoided, could 
result in death or serious injury.


! WARNING


Indicates an imminently hazardous 
situation that, if not avoided, will 
result in death or serious injury.


! DANGER


Example Description


STATUS Commands typed at a command line interface on a PC.


<Enter> Single keystroke on a PC keyboard.


<Ctrl+D> Multiple/combination keystroke on a PC keyboard.


Start > Settings PC software dialog boxes and menu selections.
The > character indicates submenus.


{CLOSE} Relay front-panel pushbuttons.


ENABLE Relay front- or rear-panel labels.


MAIN > METER Relay front-panel LCD menus and relay responses visible on 
the PC screen.
The > character indicates submenus.
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Section 1
Introduction and Specifications


Overview


The SEL-551C Overcurrent Relay and Reclosing Relay provides overcurrent 
protection and up to four shots of reclosing in one compact package. The relay 
measures phase and neutral currents—no voltages.


SEL-551C Feature 
Highlights


➤ Numerous Phase, Ground, and Negative-Sequence Overcurrent 
Elements


➤ Multiple-Shot Reclosing Relay with Sequence Coordination


➤ Enhanced SELOGIC® Control Equations to Create Traditional 
or Advanced Schemes


➤ Local/Remote Control Logic to Enable/Disable Schemes, 
Operate Circuit Breakers, etc.


➤ Sequential Events Recorder (SER) Report and Event Reports 
Stored in Nonvolatile Memory


➤ Hardware Options for Rear-Panel Terminals, Output Contacts, 
and Serial Communications Port


➤ Demand Ammetering


Use the SEL-551C for 
Overcurrent 
Protection in New 
Installations and 
Retrofits


➤ Utility Distribution Feeders—includes reclosing


➤ Industrial Distribution Feeders—includes connections for a 
core-balance current transformer


➤ Distribution Buses—includes fast bus trip scheme


➤ Transformer Banks—includes connections for a separate 
neutral current transformer


➤ Other Power System Apparatus—capacitors, reactors, circuit 
breakers, etc.


Differences Between 
the SEL-551/SEL-551C 
Relays


The SEL-551C Relay differs from the SEL-551 Relay in the following major 
areas:


➤ Different I/O mix.


SEL-551 SEL-551C


5 output contacts


(OUT1–OUT4, ALARM)


3 output contacts


(OUT1–OUT3)


2 input contacts


(IN1, IN2)


6 input contacts 


(IN1–IN6)
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➤ Relay Word bit differences because of I/O mix and addition of 
programmable alarm conditions SALARM and HALARM.


➤ Latch Control Switches to Replace Traditional Latching 
Relays.


➤ Optional front-panel EIA-232 serial communications port (see 
Figure 2.5)


➤ Available with conventional terminal blocks and level-sensitive 
optoisolated inputs (see Specifications, General on page 1.5 for 
optoisolated inputs ratings).
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SEL-551C Applications


q See Figure 2.13; w see Figure 2.10; e see Figure 2.12; r see Figure 2.8; t see Figure 2.9.


Figure 1.1 SEL-551C Relays Applied Throughout the Power System
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Hardware Overview


➤ Rear-panel: conventional terminal blocks and level-sensitive 
optoisolated inputs (see Specifications, General on page 1.5 for 
optoisolated inputs ratings; see Figure 2.7)


➤ Rear-panel serial communications port: EIA-232 or EIA-485 
(4-wire)-either option includes a demodulated IRIG-B time-
code input (see Figure 2.7)


➤ Optional front-panel EIA-232 serial communications port (see 
Figure 2.5)


q See Figure 2.9; w see Figure 2.10; e see Figure 2.11; r See Figure 2.8, Figure 2.12, and Figure 2.13.


Figure 1.2 SEL-551C Inputs, Outputs, and Communications Port
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Specifications
Section 1 Introduction and Specifications


General


AC Input Currents


5 A nominal: 15 A continuous, 500 A for 1 s,
linear to 100 A symmetrical.


Limiting Dynamic 
Value:


1250 A for 1 cycle (sinusoidal 
waveform)


Burden: 0.16 VA at 5 A
1.15 VA at 15 A


1 A nominal: 3 A continuous, 100 A for 1 s,
linear to 20 A symmetrical.


Limiting Dynamic 
Value:


250 A for 1 cycle (sinusoidal 
waveform)


Burden: 0.06 VA at 1 A
0.18 VA at 3 A


Power Supply


125/250 Vdc or Vac


Range: 85–350 Vdc or 85–264 Vac


Burden: <6.2 W


Interruption: 100 ms at 250 Vdc


Ripple: 100%


48/125 Vdc or 125 Vac


Range: 36–200 Vdc or 85–140 Vac


Burden: <5.5 W


Interruption: 100 ms at 125 Vdc


Ripple: 5%


24 Vdc


Range: 16–36 Vdc polarity dependent


Burden: <6.2 W


Interruption: 25 ms at 36 Vdc


Ripple: 5%


Note: Interruption and Ripple per IEC 60255-11:1979.


Output Contacts


Conventional Terminal Blocks Option:
Per IEC 255-0-20:1974, using the simplified method of assessment


Make: 30 A


Carry: 6 A continuous carry


1 s Rating: 100 A


MOV Protection: 270 Vac/360 Vdc


Pickup Time: <5 ms


Dropout Time: <5 ms


Breaking Capacity (10000 operations):


24 V 0.75 A L/R = 40 ms
48 V 0.50 A L/R = 40 ms


125 V 0.30 A L/R = 40 ms
250 V 0.20 A L/R = 40 ms


Cyclic Capacity (2.5 cycle/second):


24 V 0.75 A L/R = 40 ms
48 V 0.50 A L/R = 40 ms


125 V 0.30 A L/R = 40 ms
250 V 0.20 A L/R = 40 ms


Optoisolated Inputs


Note: The input type is dependent on the relay ordering options. 
Level-sensitive inputs differ from jumper-selectable inputs in that 
they are guaranteed to deassert below a certain voltage level and 
they are not user-settable. The inputs are not polarity dependent. 
With nominal control voltage applied, each input draws 
approximately 4 mA of current.


Conventional Terminal Blocks Option


Note: The SEL-551C comes with conventional terminal blocks and 
can be ordered with level-sensitive optoisolated inputs, except for 
the 24 Vdc optoisolated inputs option (see below).


24 Vdc: on for 15–30 Vdc (not jumper 
selectable)


Level-Sensitive:
Both inputs are factory configured for a fixed voltage level that 
cannot be changed:


48 Vdc: on for 38.4–60 Vdc;
off below 28.8 Vdc


110 Vdc: on for 88–132 Vdc;
off below 66 Vdc


125 Vdc: on for 105–150 Vdc;
off below 75 Vdc


220 Vdc on for 176–264 Vdc;
off below 132 Vdc


250 Vdc: on for 200–300 Vdc;
off below 150 Vdc


Frequency and Rotation


System Frequency: 50 or 60 Hz


Phase Rotation: ABC or ACB


Serial Communications


9-pin sub-D connector


Baud Rate: 300, 1200, 2400, 4800, 9600, 19200, 
38400; settable baud rate and 
protocol


Protocols


ASCII
Distributed Port Switch Protocol (LMD)
Modbus® RTU (rear port only; baud rate limited to 19200)


Operating Temperature


IEC Performance Rating: –40° to +85°C (–40° to +185°F)


UL/CSA Temperature Rating of +75°C:
250 V on optoisolated inputs IN1, IN3, and IN5
3 A through all output contacts
250 Vac on power supply inputs
5 A on all current input channels


Humidity


0% to 95% without condensation


Altitude


2000 m maximum


Operating Environment


Pollution Degree: 2


Overvoltage Category: II


Indoor Use


Tightening Torque


Terminal Block:
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Minimum: 0.9 N-m (8-inch-pounds)


Maximum: 1.4 N-m (12-inch-pounds)


Connectorized®


Minimum: 0.5 N-m (4.4-inch-pounds)


Maximum: 1.0 N-m (8.8-inch-pounds)


Terminal Connections


Terminals or stranded copper wire. Ring terminals are 
recommended. Minimum temperature rating of 105°C.


Routine Dielectric Strength


AC current inputs: 2500 Vac for 10 s


Power supply, 
optoisolated inputs,
 and output contacts: 3000 Vdc for 10 s


The following IEC 60255-5 Dielectric Tests:1977 are performed 
on all units with the CE mark:
2500 VAC for 10 s on analog inputs.
3100 Vdc for 10 s on power supply, optoisolated inputs, and 


output contacts.


Weight


2.5 kg (5 lbs, 8 oz.)


Type Tests


Environmental Tests


Cold: IEC 60068-2-1:1990
[EN 60068-2-1:1993]
Test Ad; 16 hr at –40°C


Damp Heat Cyclic: IEC 60068-2-30:1980
Test Db; 25° to 55°C,
6 cycles, 95% humidity 


Damp Heat Steady State IEC 60068-2-3:1969
Test Ca; 40°C ±2°C,
93% humidity +2%, –3%
4 days, Energized > 1 day


Dry Heat: IEC 60068-2-2:1974
[EN 60068-2-2:1993]
Test Bd: 16 hr at +85°C


Dielectric Strength and Impulse Tests


Dielectric: IEC 60255-5:1977
IEEE C37.90-1989
2500 Vac on analog inputs; 
3100 Vdc (3000 Vdc for 
Plug-in Connectors option)
on power supply, contact inputs,
and contact outputs


Impulse: IEC 60255-5:1977 0.5 J, 5000 V


Electrostatic Discharge Test


ESD: IEC 60255-22-2:1996
[EN 60255-22-2:1996]
IEC 60801-2:1991 Level 4


RFI and Interference Tests


Fast Transient 
Disturbance:


IEC 60255-22-4:1992
IEC 60801-2:1991 Level 4


Radiated EMI: IEC 60255-22-3:1989
IEC 60801-3:1984
IEEE C37.90.2-1987


Surge Withstand: IEC 60255-22-1:1988
2.5 kV peak common mode, 
2.5 kV peak differential mode
IEEE C37.90.1-1989
3.0 kV oscillatory; 5.0 kV fast 
transient


Vibration and Shock Tests


Shock and Bump: IEC 60255-21-2:1988 Class 2
IEC 60255-21-3:1993 Class 2


Sinusoidal Vibration: IEC 60255-21-1:1988 Class 2


Object Penetration


Object Penetration: IEC 60529:1989 IP 30, IP 54 from the 
front panel using the SEL-9103 
front- cover dust and splash 
protection 


Product Safety


C22.2 No. 14-95


UL 508


Certifications
ISO: Relay designed and manufactured using ISO 9001 certified 


quality program.


Processing Specifications
8 times per power system cycle


Metering Accuracy
Instantaneous and Demand Ammetering Functions.


Currents IA, IB, IC


5 A Nominal: ±2% (0.5–80.0 A)


1 A Nominal: ±2% (0.1–16.0 A)


Currents IN


5 A Nominal: ±5% (0.5–80.0 A)


1 A Nominal: ±5% (0.1–16.0 A)
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Section 1
Introduction and Specifications


Overcurrent Elements


The OFF setting disables the overcurrent element.


Time-Overcurrent 
Element 
Specifications


See Section 4: Setting the Relay for complete setting range information.


Instantaneous 
Overcurrent Element 
Specifications


See Section 4: Setting the Relay for complete setting range information.


Instantaneous 
Overcurrent Element 
Pickup and Reset 
Time Curves


Figure 1.4 and Figure 1.5 show pickup and reset time curves applicable to all 
the instantaneous overcurrent elements in the SEL-551C (60 Hz or 50 Hz 
relays). These times do not include output contact operating time and, thus, 
are accurate for determining element operating time for use in internal 
SELOGIC control equations. See Output Contacts on page 1.5 for information 
on output contact operating times (pickup/dropout time). Output contact 
operating time has to be added to the pickup time given in Figure 1.4 to 
calculate the overall instantaneous overcurrent element tripping time.


Table 1.1 Overcurrent Elements


Instantaneous Time-Overcurrent


Phase 50P1–50P6 51P1T, 51P2T


Single-Phase 50A, 50B, 50C


Neutral Grounda


a The neutral ground overcurrent elements (50N1, 50N2, and 51N1T) operate from the separate 
neutral current input channel IN. All other overcurrent elements (including the residual ground 
overcurrent elements) operate from the phase current input channels IA, IB, and IC.


50N1, 50N2 51N1T


Residual Ground 50G1, 50G2 51G1T


Negative-Sequence (3I2)b


b IMPORTANT: See Appendix F: Setting Negative-Sequence Overcurrent Elements for information 
on setting negative-sequence overcurrent elements


50Q1, 50Q2 51Q1T, 51Q2T


Setting Range, 
5 A nominalc


c The available current channel ratings (5 A or 1 A) for phase (IA, IB, and IC) and neutral (IN) are 
specified separately-refer to the ordering information sheets for the SEL-551C.


OFF, 0.5–80.0A OFF, 0.5–16.0A


Setting Range, 
1 A nominalc


OFF, 0.1–16.0A OFF, 0.1–3.2A


Pickup Accuracy: ±0.10 A secondary and ±5% of setting
(5 A nominal channel)
±0.02 A secondary and ±5% of setting (1 A nominal chan-
nel)


Curve Timing Accuracy: ±1.5 cycles and ±4% of curve time for currents between (and 
including) 2 and 30 multiples of pickup


Curves operate on definite-time for currents above 30 multi-
ples of pickup or 16 times nominal current.


Transient overreach: <5% of pickup


Pickup Accuracy: ±0.10 A secondary and ±5% of setting 
(5 A nominal channel)


±0.02 A secondary and ±5% of setting
(1 A nominal channel)


Transient overreach: <5% of pickup







1.8


SEL-551C Relay Instruction Manual Date Code 20080104


Introduction and Specifications
Overcurrent Elements


Figure 1.4 SEL-551C Instantaneous Overcurrent Element Pickup Time 
Curve


Figure 1.5 SEL-551C Relay Instantaneous Overcurrent Element Reset Time 
Curve
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CT Saturation Protection


The SEL-551C phase instantaneous overcurrent elements normally operate 
using the output of a cosine filter algorithm. During heavy fault currents when 
the relay detects severe CT saturation, the overcurrent elements can operate on 
the adaptive current algorithm.


The adaptive current algorithm is only used for phase instantaneous 
overcurrent elements if and only if the corresponding pickup setting is greater 
than eight times the nominal phase current. For example, if 50P1P = 45 A (in a 
5 Amp nominal phase current relay), then the 50P1 element operates on the 
adaptive current algorithm. However, if 50P1P = 35 A, then the 50P1 element 
operates on the output of a cosine filter algorithm. No other overcurrent 
elements use the adaptive current algorithm.


Based on the level of a “harmonic distortion index,” the adaptive current is 
either the output of the cosine filter or the output of the bipolar peak detector. 
When the harmonic distortion index exceeds the fixed threshold that indicates 
severe CT saturation, the adaptive current is the output of the bipolar peak 
detector. When the harmonic distortion index is below the fixed threshold, the 
adaptive current is the output of the cosine filter.


The cosine filter provides excellent performance in removing dc offset and 
harmonics. However, the bipolar peak detector has the best performance in 
situations of severe CT saturation when the cosine filter magnitude estimation 
is significantly degraded. Combining the two filters provides an elegant 
solution for ensuring dependable phase instantaneous overcurrent element 
operation.
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Timer Specifications


The SEL-551C has reclosing relay timers, programmable timers, and other 
timers (see Section 4: Setting the Relay). All timers are set in cycles, in 1/8 
cycle (0.125 cycle) increments. The relay rounds the entered time setting up or 
down to the nearest 1/8 cycle. For example:


Enter setting


79OI1 = 264.685


and the relay rounds it down to 


79OI1 = 264.625


Enter setting 


SV10PU = 1567.318


and the relay rounds it up to 


SV10PU = 1567.375


The timing accuracy for these timers is: ±0.25 cycles and ±0.1 percent of 
setting







Date Code 20080104 Instruction Manual SEL-551C Relay


Section 2
Installation


Overview


Design your installation using the mounting and connection information in 
this section. Options include rack or panel mounting and terminal block or 
plug-in connector (Connectorized®) wiring. This section also includes 
information on configuring the relay for your application.
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Relay Mounting
Rack Mount A single SEL-551C Relay is roughly half the size of a standard 19-inch rack 


(see Figure 2.1 and Figure 2.5). To mount the relay in a standard 19-inch rack 
follow these steps:


Step 1. Use another SEL-500 series relay in a package (P/N 9101) or 
use the Rack Mount Bracket (P/N 9100). See Figure 2.2, 
Figure 2.3, and Figure 2.4.


Step 2. Secure the relays with four rack screws (two on each side) that 
you insert from the front of the relays through the holes on the 
relay mounting flanges.


Step 3. Reverse the relay mounting flanges on the single or package 
versions to cause the relays to project 2.60 inches (66.1 mm).


This provides additional space at the rear of the relays for 
applications where the relays might otherwise be too deep to 
fit.


Panel Mount We also offer the SEL-551C in a panel-mount version for a clean look. Panel-
mount relays have sculpted front-panel molding that covers all installation 
holes. See Figure 2.1 and Figure 2.6. For a panel-mount installation, follow 
these steps:


Step 1. Cut your panel and drill mounting holes according to the 
dimensions in Figure 2.1.


Step 2. Insert the relay into the cutout, aligning four relay mounting 
studs on the rear of the relay front panel with the drilled holes 
in your panel.


Step 3. Use nuts to secure the relay to your panel.


The projection panel-mount option covers all installation holes and maintains 
the sculpted look of the panel-mount option; the relay projects 2.60 inches 
(66.1 mm) from the front of your panel. This ordering option increases space 
at the rear of the relay for applications where the relay would ordinarily be too 
deep to fit your cabinet.
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Figure 2.1 SEL-551C Dimensions, Panel Cutout, and Drill Plan
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Figure 2.2 Relay Dimensions and Drill Plan for Mounting Two SEL-500 Series Relays Together Using Mounting 
Block (SEL P/N 9101) 
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Figure 2.3 Relay Dimensions and Drill Plan for Mounting an SEL-551C With Rack Mount Bracket 9100 (Bracket 
on Right Side in Front View) 


Figure 2.4 SEL-551C Fitted with Mounting Bracket (SEL P/N 9100) for Mounting in 19-Inch Rack
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Figure 2.5 SEL-551C Front Panel With Optional EIA-232 Serial Communications Port, Rack-Mount Version 
(Half-Rack Width)


Figure 2.6 SEL-551C Front Panel, Panel-Mount Version
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Rear-Panel Connections


The SEL-551C has the conventional terminal block, in which you use size 
#6-32 screws to secure rear-panel wiring. These connections are intended for 
use with copper conductors only.


Terminal Block Make terminal block connections with size #6-32 screws using a Phillips® or 
slotted screwdriver. You may request locking screws from the factory. Refer to 
Figure 2.7 to make all terminal block connections.


For SEL-551C connections, refer also to subsection EN 61010-1 and the 
SEL-551C on page 2.18.


Figure 2.7 SEL-551C Rear Panel


The output contacts in Figure 2.7 (OUT1–OUT3) are not polarity dependent.


The optoisolated inputs in Figure 2.7 (IN1–IN6) are not polarity dependent.


All screws are size #6-32.


Screw Terminal Connections


All screw/washer styles on SEL relays are recognized by UL for field wiring 
using terminals or bare wire. However, as stated below, SEL strongly 
recommends the use of ring or fork terminals.


Two types of screw terminal are provided on the SEL relays, one with a 
washer (Phillips screw head - standard) and one without (slotted screw head, 
optional). SEL recommends using ring or fork terminals with both types of 
screw terminals fitted to the relays. There are two main reasons for this 
recommendation;


Step 1. Stray strands and inconsistent wire stripping may compromise 
hi-pot clearances and give rise to the potential for shorting the 
adjacent terminals.


Step 2. Wire/terminal secureness with ring terminals has been tested at 
SEL to 20 lb minimum. Bare wire has not been tested at SEL.


Both the terminal block manufacturer and UL requirements have qualified the 
standard terminal blocks for use with bare stranded wire, however, SEL's 
qualification requirements are more stringent as required by the utility and 
industrial applications of protective relays. 


NOTE: #6 ring and fork terminals 
will accommodate wire sizes from 22 
awg to 10 awg. 


There is no limit to the number of 
terminals that can be clamped under 
one screw, however there is a 
maximum total thickness of .120"  (3 
mm). Ring terminals typically range in 
thickness .030" to .060".


! WARNING
A too-long screw will damage the 
inside part of the terminal. This is true 
for both styles of terminal block, but 
especially for the I/O connections.
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The SEL terminal retention and hi-pot test voltage requirements are both 
twice that required by the UL standard.


All SEL qualification testing of terminal blocks and relays is performed with 
ring or fork terminals.
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SEL-551C AC/DC Connection 
Diagrams for Example Applications


Figure 2.8 SEL-551C Provides Overcurrent Protection and Reclosing for a Utility Distribution Feeder 
(Includes OUT3 = !SALARM + HALARM)


An SEL-551C can be used in the application in Figure 2.8. Output contact 
OUT3 in the SEL-551C can provide the alarm function [OUT3 = !(SALARM + 
HALARM) in the factory settings]. 
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Figure 2.9 SEL-551C Provides Overcurrent Protection for an Industrial Distribution Feeder 
(Core-Balance Current Transformer Connected to Current Input Channel IN)


A core-balance current transformer is often referred to as a zero-sequence, 
ground fault, or window current transformer.


Output contact OUT3 in the SEL-551C can provide the alarm function 
[OUT3 = !(SALARM + HALARM) in the factory settings].
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Figure 2.10 SEL-551C Provides Overcurrent Protection for a Delta-Wye Transformer Bank


Output contact OUT3 in the SEL-551C can provide the alarm function 
[OUT3 = !(SALARM + HALARM) in the factory settings].
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Figure 2.11 SEL-551C Provides Overcurrent Protection for a Transformer Bank with a Tertiary Winding


Output contact OUT3 in the SEL-551C can provide the alarm function 
[OUT3 = !(SALARM + HALARM) in the factory settings].
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Figure 2.12 SEL-551C Provides Overcurrent Protection for a Distribution Bus (Includes Fast Bus Trip Scheme)


The fast bus trip scheme is often referred to as a reverse interlocking or zone 
interlocking scheme.


Output contact OUT3 in the SEL-551C can provide the alarm function 
[OUT3 = !(SALARM + HALARM) in the factory settings]. 
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Figure 2.13 SEL-551C Provides Dedicated Breaker Failure Protection 


Output contact OUT3 in the SEL-551C can provide the alarm function 
[OUT3 = !(SALARM + HALARM) in the factory settings].
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EIA-485 Rear-Panel Adapter


Cable C675 is used with the EIA-485 rear-panel serial communications port 
option to bring the pins from the 9-pin serial communications connector (see 
Figure 5.1) out to a terminal block for ease of wiring.
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Circuit Board Jumpers and Battery


The SEL-551C comes with conventional terminal blocks and can be ordered 
with level-sensitive optoisolated inputs. See Specifications, General on 
page 1.5 for ratings.


Output Contact 
Jumpers


Refer to Figure 2.14. Jumpers JMP2_1 through JMP4_1 select the output 
contact type for the output contacts. With a jumper in the A position, the 
corresponding output contact is an a-type output contact. An a-type output 
contact is open when the output contact coil is de-energized and closed when 
the output contact coil is energized. With a jumper in the B position, the 
corresponding output contact is a b-type output contact. A b-type output 
contact is closed when the output contact coil is de-energized and open when 
the output contact coil is energized. These jumpers are soldered in place.


In Figure 2.14, note that output contact OUT3 is a b-type output contact and the 
other output contacts are all a-type output contacts. This is how these jumpers 
are configured in a standard relay shipment. Output contact OUT3 is 
programmed as an alarm contact from the factory [OUT3 = !(SALARM + 
HALARM)]. Refer to Figure 3.23 for examples of output contact operation 
for different output contact types.


Figure 2.14 Output Jumper Locations


Password and 
Breaker Jumpers


Password and Breaker jumpers are on the front edge of the relay main board 
between the front-panel LEDs and the control pushbuttons. Remove the relay 
front panel to change them.
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Put Password jumper JMP22 (left-most jumper) in place to disable serial port 
and front-panel password protection. With the jumper removed, password 
security is enabled. Set the passwords with the PASSWORD command (see 
Section 5: Serial Port Communications and Commands).


Put Breaker jumper JMP24 (right-most jumper) in place to enable the serial 
port commands OPEN, CLOSE, and PULSE. These commands are ignored 
while JMP24 is removed. These commands are used primarily to assert output 
contacts for circuit breaker control or testing purposes (see Section 5: Serial 
Port Communications and Commands).


Rear-Panel
EIA-232 Serial 
Communications Port 
Voltage Jumper 
(EIA-232 Option Only)


Jumper JMP2 in the SEL-551C is toward the rear of the main board, near the 
rear-panel EIA-232 serial communications port. This jumper connects or 
disconnects +5 Vdc to pin 1 on the EIA-232 serial communications port. In a 
standard relay shipment, jumper JMP2 would be removed (out-of-place) so 
that the +5 Vdc is not connected to pin 1 on the EIA-232 serial 
communications port. See Figure 5.1.


Clock Battery A lithium battery powers the relay clock (date and time) if the external dc 
source is lost or removed. The battery is a 3 V lithium coin cell. At room 
temperature (25°C), the battery will nominally operate for 10 years at rated 
load.


If the dc source is lost or disconnected, the battery discharges to power the 
clock. When the relay is powered from an external source, the battery only 
experiences a low self-discharge rate. Thus, battery life can extend well 
beyond the nominal 10 years because the battery rarely has to discharge after 
the relay is installed. The battery cannot be recharged.


If the battery voltage is out-of-tolerance, an automatic status message is sent 
to the serial port and the front-panel display.


To change the battery, take the following steps:


Step 1. De-energize the relay.


Step 2. Remove the three front-panel screws and the relay front panel.


Step 3. Disconnect the analog signal ribbon cable from the underside 
of the relay main board.


Step 4. Grasp the black knob on the front of the drawout assembly, and 
pull the assembly from the relay chassis.


Step 5. Locate the battery on the right-hand side of the relay main 
board.


Step 6. Remove the battery from beneath the clip, and install a new 
one.


The positive side (+) of the battery faces up.


Step 7. Slide the drawout assembly into the relay chassis.


Step 8. Reconnect the analog signal ribbon cable. 


Step 9. Replace the relay front panel and reenergize the relay.


Step 10. Set the relay date and time via serial communications port or 
front panel (see Section 5: Serial Port Communications and 
Commands or Section 6: Front-Panel Interface, respectively).


There is danger of explosion if the 
battery is incorrectly replaced.  
Replace only with Ray-O-Vac® no. 
BR2335 or equivalent recommended 
by manufacturer.  Dispose of used 
batteries according to the 
manufacturer’s instructions.


! CAUTION


The relay contains devices sensitive 
to Electrostatic Discharge (ESD). 
When working on the relay with the 
front panel removed, work surfaces 
and personnel must be properly 
grounded or equipment damage may 
result.


! CAUTION
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EN 61010-1 and the SEL-551C


The listing of the following information assists with SEL-551C compliance to 
EN (European Norm) 61010-1 requirements.


Rear-Panel Symbols There are important safety symbols on the rear of the SEL-551C (see 
Figure 2.15).


Observe proper safety precautions when you connect the SEL-551C at 
terminals marked by these symbols. In particular, the danger symbol located 
on the rear panel corresponds to the following:


Contact with instrument terminals can cause electrical shock that can result in 
injury or death.


Be careful to limit access to these terminals.


Figure 2.15 Rear-Panel Safety Symbols


The exclamation point symbol (inside the triangle of the Danger Symbol in 
Figure 2.15, for example) is referred to as Symbol 14 in EN61010-1. The 
presence of Symbol 14 on a piece of equipment indicates to the user that the 
corresponding instruction manual should be consulted for further clarification 
(e.g., consult the Caution, Warning, and Danger items listed on back of the 
front cover of the SEL-551C Instruction Manual).


Power Connections Use 16 AWG (1.5 mm2) to 12 AWG (4 mm2) wire to connect to the PWR 
(power) terminals. When you use a dc power source, you must connect the 
source with the proper polarity, as indicated by the + (Terminal 215) and 
- (Terminal 216) symbols on the power terminals. Upon connecting power, you 
will see the EN (Enabled) LED illuminate.


Disconnect device: Place an external circuit breaker no more than 3.0 m 
(9.8 feet) from the equipment. The circuit breaker (or an equivalent approved 
disconnect device appropriate for the country of installation) must comply 
with IEC 60947-1 and IEC 60947-3 and be identified as the disconnect device 
for the equipment. This disconnect device must interrupt both the hot (H) and 
neutral (N) power leads.


External overcurrent protection device: The maximum current 
rating for the external overcurrent protection device must be 20 A. Operational 
power is internally fused. This internal fuse is not user replaceable. Should 
failure occur, return the unit to the factory for repair.


Screw Terminal 
Connectors


Terminate connections to the SEL-551C terminal block with ring-type crimp 
lugs. Use a #6 ring lug with a maximum width of 8.1 mm (0.320 in.). The 
screws in the rear-panel terminal block are #6-32 pan-head, phil-slot, zinc-
plated steel screws. Tightening torque for the terminal block screws is 0.9 Nm 
to 1.4 Nm (8 in-lb to 12 in-lb).


! CAUTION
Do not connect power to the SEL-551C 
until you have completed these 
procedures.


Danger Symbol Grounding Terminal Symbol


DANGER
!


Contact with instrument terminals 
can cause electrical shock that can 
result in injury or death.


! DANGER
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Grounding Connect the grounding terminal labeled GND on the rear panel to a rack frame 
ground or main station ground for proper safety and performance. Use 
12 AWG (4mm2) or heavier wire less than 2 m (6.6 feet) in length for this 
connection. The ground connection should be made before the power 
connections.


Cleaning Use care when cleaning the SEL-551C. Use a mild soap or detergent solution 
and a damp cloth to clean the chassis. Be careful cleaning the front and rear 
panels because a permanent plastic sheet covers each panel; do not use 
abrasive materials, polishing compounds, or harsh chemical solvents (such as 
xylene or acetone) on any surface.
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Section 3
Relay Elements and Logic


Relay Word Bits and SELOGIC Control Equations


This section describes relay elements and logic with numerous figures and 
accompanying text. Details on setting ranges are given in the setting sheets in 
Section 4: Setting the Relay. See the SHO Command (Showset) on page 5.19 
for a listing of the factory settings shipped with the relay.


Relay Word Bits The outputs of the logic in most of the figures in this section are labeled Relay 
Word bits. Relay Word bits have label names (e.g., 51P1T, TRIP, CLOSE, 
etc.). They are logic points that can have a state of:


1 (logical 1) or 0 (logical 0)


depending on the operation of the associated logic. Logical 1 represents an 
element being picked up, timed out, or otherwise asserted. Logical 0 
represents an element being dropped out or otherwise deasserted. All Relay 
Word bits and their descriptions are shown in Table 4.5 and Table 4.6 and are 
used in SELOGIC® control equations.


SELOGIC Control 
Equations


SELOGIC control equation settings are the inputs for the logic in many of the 
figures in this section. See the SELOGIC Control Equation Settings (SET L 
Command) on page SET.7 for a listing and short description of each of the 
SELOGIC control equation settings. See the SHO Command (Showset) for a 
listing of the factory SELOGIC control equation settings shipped with the relay. 
Create traditional or advanced custom schemes with SELOGIC control 
equations.


SELOGIC control equation settings are written in Boolean algebra logic, 
combining Relay Word bits together with different operators. Parentheses can 
also be used in SELOGIC control equation settings. More than one set of 
parentheses can be used in a given SELOGIC control equations setting, but they 
cannot be “nested” (parentheses within parentheses). See Trip Logic on 
page 3.19 and Reclosing Relay on page 3.25 for examples of using 
parentheses (factory settings for ULTR and 79BRS, respectively). Operators 
in a SELOGIC control equations setting are processed in the following order:


Table 3.1 Processing Order of SELOGIC Control Equation Operators


Operator Logic Function


/ rising-edge detect 


\ falling-edge detect 


( ) parentheses


! NOT


* AND


+ OR







3.2


SEL-551C Relay Instruction Manual Date Code 20080104


Relay Elements and Logic
Relay Word Bits and SELOGIC Control Equations


In addition to Relay Word bits, numerals:


1 (logical 1) or 0 (logical 0)


can be entered in a SELOGIC control equations setting. If a SELOGIC control 
equation setting is set equal to 1, it is always “asserted/on/enabled.” If a 
SELOGIC control equation setting is set equal to 0, it is always “deasserted/off/
disabled.” Under the SHO Command (Showset), note that a number of the 
factory SELOGIC control equation settings are set equal to 1 or 0.


Limitations Any single SELOGIC control equation setting is limited to nine Relay Word 
bits that can be combined together with the SELOGIC control equation 
operators listed in Table 3.1. To get around this limitation, a SELOGIC Variable 
(SELOGIC control equation settings SV1–SV14) can be used as an 
intermediate setting step.


For example, presume that the trip equation (SELOGIC control equation setting 
TR) needs more than nine Relay Word bits in its equation setting. Part of the 
desired equation is put into the SELOGIC control equation setting SV1. The 
resultant SELOGIC Variable output (Relay Word bit SV1) is then set in 
SELOGIC control equation setting TR.


Note in Table 3.2 that the SELOGIC Variables (SELOGIC control equation 
settings SV1–SV14) are processed after the trip equation (SELOGIC control 
equations setting TR). Thus, any tripping via Relay Word bit SV1 is delayed 
one processing interval (1/8-cycle). For most applications, this is probably of 
no consequence.


For all the SELOGIC control equations settings in total, the SEL-551C relay 
has limits of 310 Relay Word bits that can be combined together with the 
SELOGIC control equation operators listed in Table 3.1.


Up to 16 total rising-edge and falling-edge detects can be used in SELOGIC 
control equations settings for the SEL-551C relay. Examples of their operation 
and application are given in Figure 3.31–Figure 3.34 and accompanying text. 
These examples show the application of rising-edge detects, but a falling-edge 
detect is similar (looking for a logical 1 to 0 transition, instead of a logical 0 to 
1 transition), with the same “one-processing interval” logical 1 pulse output. 


Refer to Figure 3.32 for an example, imagining that there is a \IN4 (falling 
edge of input IN4) time trace present (as there is for existing time trace /IN4 
[rising edge of input IN4]). Everywhere that top time trace IN4 transitions 
from logical 1 to logical 0 (falling edge) in Figure 3.32, there would be a 
“one-processing interval” logical 1 pulse output on the \IN4 time trace. This is 
akin to the “one-processing interval” logical 1 pulse output shown on the /IN4 
time trace for logical 0 to logical 1 (rising edge) in Figure 3.32.


Processing Order and 
Processing Interval


The relay elements and logic (and corresponding SELOGIC control equation 
settings and resultant Relay Word bits) are processed in the order shown in 
Table 3.2 (top to bottom). They are processed every eighth-cycle (1/8-cycle), 
and the Relay Word bit states (logical 1 or logical 0) are updated with each 
eighth cycle pass. Thus, the relay processing interval is 1/8-cycle. Once a 
Relay Word bit is updated during an eighth-cycle pass, it retains the state 
(logical 1 or logical 0) until it is updated again on the next eighth-cycle pass.


The Display Points (DP1–DP8) are described in Section 6: Front-Panel 
Interface. The Event Report Triggers (ER1 and ER2) are described in 
Section 7: Standard Event Reports and SER. The other items in Table 3.2 are 
described in the rest of this section, in the order given in Table 3.2. The 
exception to this order is Demand Ammetering on page 3.45.
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Table 3.2 Processing Order of Relay Elements and Logic (Top to Bottom)


Relay Elements and Logic 
(corresponding SELOGIC Control 
Equations listed in parentheses)


Resultant Relay Word Bits


Optoisolated Inputs IN1, IN2, IN3, IN4, IN5, IN6


Local Control Switches LB1–LB8


Remote Control Switches RB1–RB8


Demand Ammetering PDEM, NDEM, GDEM, QDEM


Latch Control Switches (SET1–SET8, 
RST1–RST8)


LT1–LT8


Instantaneous Overcurrent Elements 50P1–50P6, 50A, 50B, 50C, 50N1,
50N2, 50G1, 50G2, 50Q1, 50Q2


Time-Overcurrent Elements


(51P1TC, 51P2TC, 51N1TC,
51G1TC, 51Q1TC, 51Q2TC)


51P1, 51P2, 51N1, 51G1, 51Q1,
51Q2, 51P1T, 51P2T, 51N1T, 
51G1T, 51Q1T, 51Q2T, 51P1R, 
51P2R, 51N1R, 51G1R, 51Q1R, 51Q2R


Trip Logic (TR, ULTR) TRIP


Close Logic (52A, CL, ULCL) 
Reclosing Relay (79RI, 79RIS, 79DTL, 
79DLS, 79SKP, 79STL, 79BRS, 79SEQ)


CLOSE, CF, 79RS, 79CY, 79LO,
SH0, SH1, SH2, SH3, SH4


SELOGIC Variables/Timers (SV1–SV14) SV1–SV14, SV5T–SV14T


Programmable Alarm Conditions SALARM, HALARM


Output Contacts (OUT1–OUT3) OUT1–OUT3


Display Points (DP1–DP8)


Event Report Triggers (ER1, ER2)
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Optoisolated Inputs


Relay Word bits IN1–IN6 follow optoisolated inputs IN1 through IN6, 
respectively. See Figure 3.1 for the optoisolated inputs available with the 
SEL-551C Relay. This figure gives examples of an energized and de-
energized optoisolated input and corresponding Relay Word bit states. Note 
the built-in pickup and dropout times of 0.25 cycles for energization or de-
energization debounce.


Figure 3.1 Example Operation of SEL-551C Optoisolated Inputs


There are no optoisolated input settings such as:


IN1 =


IN2 =


Optoisolated inputs IN1–IN6 receive their function by how their corresponding 
Relay Word bits IN1–IN6 are used in SELOGIC control equations.


Factory Settings 
Example


Relay Word bit IN1 is used in the factory settings for the SELOGIC control 
equations circuit breaker status setting:


52A = IN1


Connect input IN1 to a 52a circuit breaker auxiliary contact. See Close Logic 
on page 3.22 and Reclosing Relay on page 3.25 for more information on 
SELOGIC control equations setting 52A.
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Input IN1 is also used in other factory settings discussed later in this section 
(i.e., SELOGIC control equation settings 79RIS and DP2). Just because Relay 
Word bit IN1 is assigned to the circuit breaker status setting 52A, it does not 
mean that Relay Word bit IN1 cannot be used in other SELOGIC control 
equation settings.


In the factory settings, Relay Word bits IN2–IN6 are not used.


Additional Settings 
Examples


52b Circuit Breaker Auxiliary Contact


If a 52b circuit breaker auxiliary contact is connected to input IN1, the setting is 
changed to:


52A = !IN1 [!IN1 = NOT(IN1)]


Time-Qualify Optoisolated Inputs


If an input needs to be debounced or time-qualified more than the built-in 
0.25 cycles, assign the input to a SELOGIC Variables timer (see Figure 3.21):


SV6 = IN1


The output of the timer (Relay Word bit SV6T) can then be used in place of 
Relay Word bit IN1. For example, the timer output can be assigned to the 
SELOGIC control equations circuit breaker status setting:


52A = SV6T


Other Examples


Other example SELOGIC control equation settings in this section use the 
optoisolated inputs IN1–IN6 for such applications as breaker failure initiation, 
time-overcurrent element torque control, reclose initiation, and reclose timing 
stall condition.
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Local Control Switches


Local control switches emulate traditional panel switches and are operated via 
the front-panel keyboard/display only (see Section 6: Front-Panel Interface; 
{CNTRL} pushbutton).


The switch representation in this figure is derived from the standard:


Graphics Symbols for Electrical and Electronics Diagrams IEEE Std 315-1975, 
CSA Z99-1975, ANSI Y32.2-1975, 4.11 Combination Locking and Nonlocking Switch, 
Item 4.11.1


Figure 3.2 Local Control Switches Drive Local Bits LB1–LB8


The output of the local control switch in Figure 3.2 is a Relay Word bit (local 
bit LBn, n = 1–8). These local bits are used in SELOGIC control equations. For 
a given local control switch, the local control switch positions are enabled by 
making corresponding label settings.


Each local control switch also has a corresponding “name” label setting 
NLBn. Label settings are made with serial port command SET T and viewed 
with serial port command SHO T (see Section 4: Setting the Relay and 
Section 5: Serial Port Communications and Commands).


Any given local control switch can be configured to be one of the following 
three switch types:


➤ ON/OFF 


➤ OFF/MOMENTARY 


➤ ON/OFF/MOMENTARY


Table 3.3 Correspondence Between Local Control Switch Positions and 
Label Settings


Switch
Position


Label 
Setting


Setting 
Definition


Logic 
State


ON SLBn “Set” Local bit LBn logical 1


OFF CLBn “Clear” Local bit LBn logical 0


MOMENTARY PLBn “Pulse” Local bit LBn logical 1 for 
one processing interval


Logical 1 LBn 
(n = 1 through 16)


ON Position
(Maintained Logical 1 


Position)


OFF Position
(Maintained Logical 0 Position)


MOMENTARY Position 
(Logical 1 for One Processing Interval)


Relay
Word
Bit
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If a local control switch is not being used, “null out” all its corresponding 
label settings to make it inoperable (see Section 4: Setting the Relay). The 
local bit that is “driven” by this inoperable local control switch is fixed at 
logical 0.


Factory Settings 
Example


Local bits LB1, LB3, and LB4 are used in a number of the factory settings in 
this section. The factory settings examples control reclose enable/disable, 
manual tripping, and manual closing. Their corresponding local control switch 
position label settings are:


The operation of these local control switches through the front panel is 
demonstrated in Section 6: Front-Panel Interface.


Additional Settings 
Examples


Other application ideas for local bits are:


➤ ground relay enable/disable


➤ remote control supervision


➤ sequence coordination enable/disable


Local bits can be applied to almost any control scheme.


Table 3.4 Correspondence Between Local Control Switch Types and 
Required Label Settings 


Local
Switch Type


Label 
NLBn


Label
CLBn


Label 
SLBn


Label 
PLBn


ON/OFF X X X


OFF/MOMENTARY X X X


ON/OFF/MOMENTARY X X X X


Local Bit Label Settings Function


LB1 NLB1 = RECLOSER enables/disables reclosing relay; 
see Reclosing Relay on page 3.25
(setting 79DTL)


CLB1 = DISABLE OFF position


SLB1 = ENABLE ON position


PLB1 = MOMENTARY position—not used


LB3 NLB3 = MANUAL TRIP trips breaker and drive reclosing relay 
to lockout; see Trip Logic on page 3.19 and 
Reclosing Relay (setting 79DTL)


CLB3 = RETURN OFF position 
(“return from MOMENTARY” position)


SLB3 = ON position—not used


PLB3 = TRIP MOMENTARY position


LB4 NLB4 = MANUAL CLOSE closes breaker, separate from 
reclosing relay algorithm; see Close Logic on 
page 3.22


CLB4 = RETURN OFF position (“return from 
MOMENTARY” position)


SLB4 = ON position—not used


PLB4 = CLOSE MOMENTARY position
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Local Bit States 
Retained When Power 
Is Lost or Settings 
Changed


Power Loss


The states of the local bits (Relay Word bits LB1–LB8) are retained if power 
is lost to the relay and then it is restored. If a local control switch is in the ON 
position (corresponding local bit is asserted to logical 1) when power is lost, it 
will come back in the ON position (corresponding local bit is still asserted to 
logical 1) when power is restored. If a local control switch is in the OFF 
position (corresponding local bit is deasserted to logical 0) when power is lost, 
it will come back in the OFF position (corresponding local bit is still deasserted 
to logical 0) when power is restored. This is akin to a traditional installation 
with front-panel control switches. If power is lost to the panel, the front-panel 
control switches remain in position.


Settings Change


If relay settings are changed, the states of the local bits (Relay Word bits LB1–
LB8) are retained, much like in the Power Loss explanation. The exception is 
if a new local control switch is configured as an OFF/MOMENTARY switch. 
Then, the corresponding local bit is forced to start at logical 0 after the settings 
change, regardless of the local bit state before the settings change.


If the local control switch is made inoperable because of a settings change, the 
corresponding local bit is fixed at logical 0, regardless of the local bit state 
before the settings change.
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Remote Control Switches


Remote control switches are operated via the serial communications port only 
(see CON Command (Control) on page 5.25).


The output of the remote control switch in Figure 3.3 is a Relay Word bit 
(remote bit RBn, n = 1–8). These remote bits are used in SELOGIC control 
equations.


Any given remote control switch can be put in one of the following three 
positions:


➤ ON (logical 1)


➤ OFF (logical 0)


➤ MOMENTARY (logical 1 for one processing interval)


With SELOGIC control equations, the remote bits can be used in applications 
similar to those that local bits are used in (see Local Control Switches on 
page 3.6).


The switch representation in this figure is derived from the standard: Graphics 
Symbols for Electrical and Electronics Diagrams IEEE Std 315-1975, CSA Z99-1975, 
ANSI Y32.2-1975, 4.11 Combination Locking and Nonlocking Switch, Item 4.11.1


Figure 3.3 Remote Control Switches Drive Remote Bits RB1–RB8


Remote Bit States 
Not Retained When 
Power Is Lost


The states of the remote bits (Relay Word bits RB1–RB8) are not retained if 
power is lost to the relay and then it is restored. The remote control switches 
come back in the OFF position (corresponding remote bit is deasserted to 
logical 0) when power is restored to the relay.


Remote Bit States 
Retained When 
Settings Changed


If relay settings are changed, the states of the remote bits (Relay Word bits 
RB1–RB8) are retained. If a remote control switch is in the ON position 
(corresponding remote bit is asserted to logical 1) before a settings change, it 
will come back in the ON position (corresponding remote bit is still asserted to 
logical 1) after the settings change. If a remote control switch is in the OFF 
position (corresponding remote bit is deasserted to logical 0) before a settings 
change, it will come back in the OFF position (corresponding remote bit is still 
deasserted to logical 0) after the settings change.


Logical 1 LBn 
(n = 1 through 16)


ON Position
(Maintained Logical 1 


Position)


OFF Position
(Maintained Logical 0 Position)


MOMENTARY Position 
(Logical 1 for One Processing Interval)


Relay
Word
Bit
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Instantaneous Overcurrent Elements


See the setting sheets in Section 4: Setting the Relay for instantaneous 
overcurrent element setting range information.


See Trip Logic on page 3.19 for an example of tripping with a phase 
instantaneous overcurrent element (setting TR).


See Reclosing Relay on page 3.25 for an example of using a phase 
instantaneous overcurrent element to skip a reclosing shot (setting 79SKP).


See SELOGIC Control Equation Variables/Timers on page 3.41 to create 
definite-time overcurrent elements with SELOGIC control equations 
(combining instantaneous overcurrent elements with timers.)


Phase Instantaneous 
Overcurrent Elements


Six phase instantaneous overcurrent elements (50P1–50P6) are available (see 
Figure 3.4). Their pickup settings (50P1P–50P6P, respectively) are compared 
to the magnitude of the maximum phase current (IP = maximum of IA, IB, or 
IC). The phase current is normally the output of the cosine filter algorithm, but 
during CT saturation the phase current can be the output of the adaptive 
current algorithm if the pickup setting is greater than eight times nominal 
phase current.


For example, if 50P1P = 45 A (in a 5 A nominal phase current relay), the IP 
input into the 50P1 logic is the maximum phase current output of the adaptive 
current algorithm. If 50P1P = 35 A, then the IP input into the 50P1 logic is the 
maximum phase current output of a cosine filter algorithm.


Figure 3.4 Phase Instantaneous Overcurrent Elements 50P1–50P6
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Example 50P1 element operation:


IP > pickup setting 50P1P, then Relay Word bit 50P1 = logical 1


IP ≤ pickup setting 50P1P, then Relay Word bit 50P1 = logical 0


If pickup setting 50P1P is set to 50P1P = OFF, then element 50P1 is disabled. 
Relay Word bit 50P1 equals logical 0 at all times.


The other five phase instantaneous overcurrent elements (50P2–50P6) operate 
similarly.


Single-Phase 
Instantaneous 
Overcurrent Elements


Single-phase instantaneous overcurrent elements (50A, 50B, and 50C) are 
available (see Figure 3.5). The pickup setting (50ABCP, used for all three 
single-phase elements) is compared to the magnitude of the single-phase 
current (IA, IB, and IC). The phase current is normally the output of the cosine 
filter algorithm, but during CT saturation the phase current can be the output 
of the adaptive current algorithm if the pickup setting is greater than eight 
times nominal phase current.


For example, if 50ABCP = 45 A (in a 5 A nominal phase current relay), the IA 
input into the 50A logic is the maximum phase A adaptive current algorithm, 
the IB input into the 50B logic is the maximum phase B adaptive current 
algorithm, and the IC input into the 50C logic is the maximum phase C 
adaptive current algorithm. If 50ABCP = 35 A, the IA input into 50A logic is 
the maximum phase A current output of cosine filter algorithm, the IB input 
into 50B logic is the maximum phase B current output of cosine filter 
algorithm, and the IC input into 50C logic is the maximum phase C current 
output of cosine filter algorithm.


Figure 3.5 Single-Phase Instantaneous Overcurrent Elements 50A, 50B, 
and 50C


Example 50A element operation:


IA > pickup setting 50ABCP, then Relay Word bit 50A = logical 1


IA ≤ pickup setting 50ABCP, then Relay Word bit 50A = logical 0


If pickup setting 50ABCP is set to 50ABCP = OFF, then element 50A is 
disabled. Relay Word bit 50A equals logical 0 at all times.


The other two phase instantaneous overcurrent elements (50B and 50C) 
operate similarly.
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Neutral Ground 
Instantaneous 
Overcurrent Elements


Two neutral ground instantaneous overcurrent elements (50N1 and 50N2) are 
available (see Figure 3.6). Their pickup settings (50N1 and 50N2, 
respectively) are compared to the magnitude of the neutral ground current 
(IN). This current is from separate neutral current input channel IN (see 
Figure 1.2).


Figure 3.6 Neutral Ground Instantaneous Overcurrent Elements 50N1 and 
50N2


Example 50N1 element operation:


IN > pickup setting 50N1P, then Relay Word bit 50N1 = logical 1


IN ≤ pickup setting 50N1P, then Relay Word bit 50N1 = logical 0


If pickup setting 50N1P is set to 50N1P = OFF, then element 50N1 is 
disabled. Relay Word bit 50N1 equals logical 0 at all times.


The second neutral ground instantaneous overcurrent element (50N2) operates 
similarly.


Residual Ground 
Instantaneous 
Overcurrent Elements


Two residual ground instantaneous overcurrent elements (50G1 and 50G2) are 
available (see Figure 3.7). Their pickup settings (50G1 and 50G2, 
respectively) are compared to the magnitude of the residual ground current 
(IG = 3I0, derived from IA, IB, and IC).


Figure 3.7 Residual Ground Instantaneous Overcurrent Elements 50G1 and 
50G2


Example 50G1 element operation:


IG > pickup setting 50G1P, then Relay Word bit 50G1 = logical 1


IG ≤ pickup setting 50G1P, then Relay Word bit 50G1 = logical 0


If pickup setting 50G1P is set to 50G1P = OFF, then element 50G1 is 
disabled. Relay Word bit 50G1 equals logical 0 at all times.


The second residual ground instantaneous overcurrent element (50G2) 
operates similarly.
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Negative-Sequence 
Instantaneous 
Overcurrent Elements


Two negative-sequence instantaneous overcurrent elements (50Q1 and 50Q2) 
are available (see Figure 3.8). Their pickup settings (50Q1 and 50Q2, 
respectively) are compared to the magnitude of the negative-sequence current 
(3I2, derived from IA, IB, and IC).


Figure 3.8 Negative-Sequence Instantaneous Overcurrent Elements 50Q1 
and 50Q2


Example 50Q1 element operation:


3I2 > pickup setting 50Q1P, then Relay Word bit 50Q1 = logical 1


3I2 ≤ pickup setting 50Q1P, then Relay Word bit 50Q1 = logical 0


If pickup setting 50Q1P is set to 50Q1P = OFF, then element 50Q1 is 
disabled. Relay Word bit 50Q1 equals logical 0 at all times.


The second negative-sequence instantaneous overcurrent element (50Q2) 
operates similarly.


IMPORTANT: See Appendix F for 
information on setting negative-
sequence overcurrent elements.


Relay
Word
Bits


Settings/ 
Currents


50Q1P
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50Q2P
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50Q1


50Q2
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Time-Overcurrent Elements


See the setting sheets in Section 4: Setting the Relay for time-overcurrent 
element setting range information.


See Trip Logic on page 3.19 for examples of tripping with time-overcurrent 
elements (setting TR) and unlatching tripping with time-overcurrent element 
pickups (setting ULTR).


See Reclosing Relay on page 3.25 for an example of using time-overcurrent 
element pickups to block reset timing (setting 79BRS).


Phase Time-
Overcurrent Elements


Two phase time-overcurrent elements (51P1T and 51P2T) are available (see 
Figure 3.9). Their pickup settings (51P1P and 51P2P, respectively) are 
compared to the magnitude of the maximum phase current (IP = maximum of 
IA, IB, or IC).


Figure 3.9 Phase Time-Overcurrent Elements 51P1T and 51P2T
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The following is an example of 51P1T element operation; the other time-
overcurrent elements operate similarly:


Torque Control Setting


SELOGIC control equations setting 51P1TC (torque control for phase time-
overcurrent element 51P1T) controls the input of current IP into the pickup 
comparator and the curve timing/reset timing function.


If 51P1TC = logical 1 and IP > pickup setting 51P1P, then:


Relay Word bit 51P1 (pickup indication) = logical 1


and


curve timing takes place if element 51P1T is not already timed-out.


If 51P1TC = logical 1 and IP ≤ pickup setting 51P1P, then:


Relay Word bit 51P1 (pickup indication) = logical 0


and


reset timing takes place if element 51P1T is not already reset.


If 51P1TC = logical 0, then:


Relay Word bit 51P1 (pickup indication) = logical 0 at all times.


Also, no current IP goes into the curve timing/reset timing function—no 
curve timing takes place [effectively, the magnitude of IP as seen by the 
curve timing/reset timing function is zero (0), and reset timing takes place 
if the element is not already reset].


Example Torque Control Settings


Note in SHO Command (Showset) on page 5.19 that the factory settings for 
51P1TC and the other time-overcurrent element torque control settings are set 
equal to 1:


51P1TC = 1


Thus, the time-overcurrent elements are enabled all the time, and they behave 
as detailed previously for 51P1TC = logical 1.


Other Torque Control Setting Ideas
51P1TC = IN1 apply nominal control voltage to optoisolated input IN1, 


resulting in 51P1TC = logical 1; remove nominal control voltage to 
optoisolated input IN1, resulting in 51P1TC = logical 0


51P1TC = LB2 assert local bit LB2 via the front-panel pushbuttons/display, 
resulting in 51P1TC = logical 1; deassert local bit LB2 via the front-
panel pushbuttons/display, resulting in 51P1TC = logical 0


Many other torque control setting ideas are available with the flexibility of 
SELOGIC control equations.


Curve Timing/Reset Timing


In addition to SELOGIC control equations setting 51P1TC, phase time-
overcurrent element 51P1T curve timing/reset timing are subject to settings:


51P1P pickup


51P1C curve type


NOTE: Torque control equation 
settings cannot be set directly to 
logical 0.
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51P1TD time dial


51P1RS electromechanical reset timing? (Y/N); see Time-Overcurrent 
Element Setting Reference Information on page 4.4.


If reset timing setting 51P1RS = Y, element 51P1T reset timing emulates 
electromechanical reset timing. If current IP goes above pickup setting 51P1P 
(element 51P1T is timing or already timed out) and then current IP goes below 
pickup setting 51P1P, element 51P1T starts to time to reset, emulating 
electromechanical reset timing. Relay Word bit 51P1R (reset indication) = 
logical 1 when element 51P1T is fully reset.


If reset timing setting 51P1RS = N, element 51P1T reset timing is a one-cycle 
dropout. If current IP goes above pickup setting 51P1P (element 51P1T is 
timing or already timed out) and then current IP goes below pickup setting 
51P1P, there is a one-cycle delay before element 51P1T fully resets. Relay 
Word bit 51P1R (reset indication) = logical 1 when element 51P1T is fully 
reset.


Any time current IP goes above pickup setting 51P1P and element 51P1T 
starts timing, Relay Word bit 51P1R (reset indication) = logical 0. If the curve 
times out, Relay Word bit 51P1T (curve timeout indication) = logical 1.


Disable Time-Overcurrent Element With Pickup Setting


If pickup setting 51P1P is set 51P1P = OFF, phase time-overcurrent 
element 51P1T is disabled all the time. Relay Word bits 51P1, 51P1T, and 
51P1R all equal logical 0 at all times.


Applications for Time-Overcurrent Element Relay Word Bits


The second phase time-overcurrent element in Figure 3.9 (51P2T) and the 
other time-overcurrent elements operate similarly.


Neutral Ground Time-
Overcurrent Element


One neutral ground time-overcurrent element (51N1T) is available (see 
Figure 3.10). Its pickup setting (51N1P) is compared to the magnitude of the 
neutral ground current (IN). This current is from separate neutral current input 
channel IN (see Figure 1.2).


Relay
Word
Bit


Relay Word Bit
Definition


Application


51P1 pickup indication Primarily for testing or other SELOGIC control 
equation applications. See Trip Logic on 
page 3.19 (setting ULTR). See Reclosing Relay 
on page 3.25 (setting 79BRS).


51P1T curve timeout indication Primarily for tripping or other SELOGIC control 
equation applications. See Trip Logic (setting 
TR).


51P1R reset indication Primarily for testing.
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Figure 3.10 Neutral Ground Time-Overcurrent Element 51N1T


To understand the operation of Figure 3.10 for the neutral ground time-
overcurrent element (51N1T), follow the explanation given for Figure 3.9 for 
the first phase time-overcurrent element (51P1T), substituting IN for IP and 
like settings and Relay Word bits.


Residual Ground 
Time-Overcurrent 
Element


One residual ground time-overcurrent element (51G1T) is available (see 
Figure 3.11). Its pickup setting (51G1P) is compared to the magnitude of the 
residual ground current (IG = 3I0, derived from IA, IB, and IC). 


Figure 3.11 Residual Ground Time-Overcurrent Element 51G1T


To understand the operation of Figure 3.11 for the residual ground time-
overcurrent element (51G1T), follow the explanation given for Figure 3.9 for 
the first phase time-overcurrent element (51P1T), substituting IG for IP and 
like settings and Relay Word bits.
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Negative-Sequence 
Time-Overcurrent 
Elements


Two negative-sequence time-overcurrent elements (51Q1T and 51Q2T) are 
available (see Figure 3.12). Their pickup settings (51Q1P and 51Q2P) are 
compared to the magnitude of the negative-sequence current (3I2, derived 
from IA, IB, and IC).


Figure 3.12 Negative-Sequence Time-Overcurrent Elements 51Q1T and 
51Q2T


To understand the operation of Figure 3.12 for the negative-sequence time-
overcurrent elements (51Q1T and 51Q2T), follow the explanation given for 
Figure 3.9 for the first phase time-overcurrent element (51P1T), substituting 
3I2 for IP and like settings and Relay Word bits.


IMPORTANT: See Appendix F for 
information on setting negative-
sequence overcurrent elements.
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Trip Logic


The trip logic in Figure 3.13 provides flexible tripping with SELOGIC control 
equation settings:


TR Trip Conditions


ULTR Unlatch Trip Conditions


and setting:


TDURD Minimum Trip Duration Time


Figure 3.13 Trip Logic


Set Trip Any time setting TR = logical 1, Relay Word bit TRIP asserts to logical 1, 
regardless of other trip logic conditions.


As shown in the time line example in Figure 3.13, the Minimum Trip Duration 
Timer (setting TDURD) outputs a logical 1 for a time duration of “TDURD” 
cycles any time it sees a rising edge on its input (logical 0 to logical 1 
transition), if it is not already timing. The TDURD timer assures that the TRIP 
Relay Word bit remains asserted at logical 1 for a minimum of “TDURD” 
cycles. If SELOGIC control equation setting TR = logical 1 beyond the 
TDURD time, Relay Word bit TRIP remains asserted at logical 1 for as long 
as TR = logical 1.


Execution of the serial communications port OPEN command causes the 
TRIP Relay Word bit to assert to logical 1 if the TDURD timer is set greater 
than zero (0) cycles.
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Unlatch Trip Once Relay Word bit TRIP is asserted to logical 1, it remains asserted at 
logical 1 until all the following conditions come true:


➤ Trip Duration Timer stops timing (output of the TDURD timer 
goes to logical 0),


➤ SELOGIC control equation setting TR deasserts to logical 0,


and one of the following occurs:


➤ SELOGIC control equation setting ULTR asserts to logical 1,


➤ The front-panel {TARGET RESET} pushbutton is pressed,


➤ Or the TAR R (Target Reset) command is executed via the 
serial port.


The front-panel {TARGET RESET} pushbutton or TAR R (Target Reset) serial 
port command is primarily used during testing only (the TAR R serial port 
command can also be effectively operated via Modbus® protocol—see 
Appendix G: Modbus RTU Communications Protocol). They are used to 
deassert the TRIP Relay Word bit to logical 0 if test conditions are such that 
setting ULTR does not assert to logical 1 to automatically deassert the TRIP 
Relay Word bit instead.


Other Applications for the Target Reset Function


Refer to the bottom of Figure 3.13. Note that the combination of the {TARGET 
RESET} pushbutton and the TAR R (Target Reset) serial port command is also 
available as Relay Word bit TRGTR. See Figure 3.35 and accompanying text 
for applications for Relay Word bit TRGTR.


Factory Settings 
Example


The factory settings for the trip logic SELOGIC control equation settings are:


TR = 51P1T + 51G1T + 50P1*SH0 + LB3 (trip conditions)


ULTR = !(51P1 + 51G1) (unlatch trip conditions)


The factory setting for the Minimum Trip Duration Timer setting is:


TDURD = 9.000 cycles


See the setting sheets in Section 4: Setting the Relay for setting ranges.


Set Trip


In SELOGIC control equation setting TR = 51P1T + 51G1T + 50P1*SH0 + 
LB3:


➤ Time-overcurrent elements 51P1T and 51G1T trip directly.


➤ Phase instantaneous overcurrent element 50P1 is supervised by 
Relay Word bit SH0 in an ANDed condition (50P1*SH0). 
Element 50P1 can only get through to trip when SH0 = logical 
1 (reclosing relay is at shot = 0). After the first trip in a reclose 
cycle, the shot increments from 0 to 1, SH0 = logical 0, and 
element 50P1 can then not get through to trip. See Reclosing 
Relay on page 3.25 for more information on reclosing relay 
operation.


➤ Local bit LB3 trips directly (operates as a manual trip switch 
via the front-panel). See Local Control Switches on page 3.6 
and Section 6: Front-Panel Interface for more information on 
local control.
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With setting TDURD = 9.000 cycles, once the TRIP Relay Word bit is 
asserted via the OPEN command or setting TR, it remains asserted at logical 
1 for a minimum of nine cycles.


Unlatch Trip


In SELOGIC control equation setting ULTR = !(51P1 + 51G1):


➤ Both time-overcurrent element pickups 51P1P and 51G1P must 
be deasserted before the trip logic unlatches and the TRIP 
Relay Word bit deasserts to logical 0.


ULTR = !(51P1 + 51G1) = NOT(51P1 + 51G1) = NOT(51P1) * NOT(51G1)


Additional Settings 
Examples


The factory setting for SELOGIC control equation setting ULTR is a current-
based trip unlatch condition. A circuit breaker status unlatch trip condition can 
be programmed as shown in the following examples.


Unlatch Trip With 52a Circuit Breaker Auxiliary Contact


A 52a circuit breaker auxiliary contact is wired to optoisolated input IN1.


52A = IN1 (SELOGIC Control Equation Breaker Status Setting—see Close 
Logic on page 3.22)


ULTR = !IN1


Input IN1 has to be de-energized (52a circuit breaker auxiliary contact has to be 
open) before the trip logic unlatches and the TRIP Relay Word bit deasserts to 
logical 0.


ULTR = !IN1 = NOT(IN1)


Unlatch Trip With 52b Circuit Breaker Auxiliary Contact


A 52b circuit breaker auxiliary contact is wired to optoisolated input IN1.


52A = !IN1 (SELOGIC Control Equation Breaker Status setting—see Close 
Logic) 


ULTR = IN1


Input IN1 must be energized (52b circuit breaker auxiliary contact has to be 
closed) before the trip logic unlatches and the TRIP Relay Word bit deasserts 
to logical 0.


Program an Output 
Contact for Tripping


In the factory settings, the resultant of the trip logic in Figure 3.13 is routed to 
output contact OUT1 with the following SELOGIC control equation:


OUT1 = TRIP


See Output Contacts on page 3.43 for more information on programming 
output contacts.
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Close Logic


The close logic in Figure 3.14 provides flexible circuit breaker closing/auto 
reclosing with SELOGIC control equation settings:


CL (close conditions, other than automatic reclosing or CLOSE 
command)


ULCL (unlatch close conditions, other than breaker status, close failure, or 
reclose initiation)


52A (breaker status)


and setting:


CFD (Close Failure Time)


Figure 3.14 Close Logic


Set Close If all the following are true:


➤ The unlatch close condition is not asserted (ULCL = logical 0),


➤ The circuit breaker is open (52A = logical 0),


➤ The reclose initiation condition (79RI) is not making a rising 
edge (logical 0 to logical 1) transition,


➤ And a close failure condition does not exist (Relay Word bit CF 
= 0),


then the CLOSE Relay Word bit can be asserted to logical 1 if any one of the 
following occurs:


➤ The serial communications port CLOSE command is executed,


➤ A reclosing relay open interval times out,


➤ Or SELOGIC control equation setting CL goes from logical 0 to 
logical 1 (rising edge transition).
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Unlatch Close If the CLOSE Relay Word bit is asserted at logical 1, it stays asserted at 
logical 1 until one of the following occurs:


➤ The unlatch close condition asserts (ULCL = logical 1),


➤ The circuit breaker closes (52A = logical 1),


➤ The reclose initiation condition (79RI) makes a rising edge 
(logical 0 to logical 1) transition,


➤ Or the Close Failure Timer times out (Relay Word bit CF = 1).


The Close Failure Timer is inoperative if setting CFD = 0. Then, the CLOSE 
Relay Word bit can be deasserted to logical 0 only if one of the following 
occurs:


➤ The unlatch close condition asserts (ULCL = logical 1),


➤ The circuit breaker closes (52A = logical 1),


➤ Or the reclose initiation condition (79RI) makes a rising edge 
(logical 0 to logical 1) transition.


Factory Settings 
Example


The factory settings for the close/reclose logic SELOGIC control equation 
settings are:


CL = LB4


ULCL = TRIP


52A = IN1


The factory setting for the Close Failure Timer setting is:


CFD = 60.000 cycles


See the setting sheets in Section 4: Setting the Relay for setting ranges.


Set Close


SELOGIC control equation setting CL is set with local bit LB4. Local bit LB4 
closes directly (operates as a manual close switch via the front panel). See 
Local Control Switches on page 3.6 and Section 6: Front-Panel Interface for 
more information on local control.


Unlatch Close


SELOGIC control equation setting ULCL is set with the TRIP Relay Word bit. 
This prevents the CLOSE Relay Word bit from being asserted any time the 
TRIP Relay Word bit is asserted (TRIP takes priority). See Trip Logic on 
page 3.19.


SELOGIC control equation setting 52A is set with optoisolated input IN1. Input 
IN1 is connected to a 52a circuit breaker auxiliary contact. Setting 52A 
operates on 52a circuit breaker auxiliary contact logic. When a closed circuit 
breaker condition is detected, the CLOSE Relay Word bit is deasserted to 
logical 0. Setting 52A can handle a 52a or 52b circuit breaker auxiliary contact 
connected to an optoisolated input (see Optoisolated Inputs on page 3.4 for 
more 52A setting examples).


With setting CFD = 60.000 cycles, once the CLOSE Relay Word bit is 
asserted, it can remain asserted at logical 1 for no longer than a maximum of 
60 cycles.
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Defeat the Close 
Logic


If SELOGIC control equation setting 52A is set with numeral 0 (52A = 0), then 
the close logic is inoperable. Also, the reclosing relay is rendered nonexistent 
(see Reclosing Relay on page 3.25).


Program an Output 
Contact for Closing


In the factory settings, the resultant of the close logic in Figure 3.14 is routed 
to output contact OUT2 with the following SELOGIC control equation:


OUT2 = CLOSE


See Output Contacts on page 3.43 for more information on programming 
output contacts.
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Reclosing Relay


Note that the output of the reclosing relay logic (Reclosing Relay Open 
Interval Time-Out) is an input into the close logic in Figure 3.14. The CLOSE 
Relay Word bit can be assigned to an output contact and provide automatic 
reclosing, in addition to closing via the CLOSE command or the SELOGIC 
control equation setting CL. Up to four (4) automatic reclose attempts (shots) 
can be made.


Reclosing Relay 
States and General 
Operation


Figure 3.15 explains in general the different states of the reclosing relay and 
its operation.


Figure 3.15 Reclosing Relay States and General Operation
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Condition


The circuit breaker has been closed 
for a qualifying reset time. The SEL-551C 
is ready to go through an automatic 
reclosing sequence in the reclose cycle 
state if the circuit breaker trips open 
and reclose initiation is successful.


Relay Word bit 79RS = logical 1 
Front-panel RESET LED illuminated


The SEL-551C automatically recloses the 
circuit breaker after each successful 
reclose initiation and corresponding set 
open interval time.


Relay Word bit 79CY = logical 1
There is no front-panel LED that 
corresponds to the reclose cycle state.


All automatic reclosing attempts are 
unsuccessful, reclose initiation is unsuccessful, 
other lockout conditions occur, or the SEL-551C 
powers up. The relay returns to the reset state 
after the circuit breaker is closed, the reset 
timer times out, and there are no maintained 
lockout conditions. 


Relay Word bit 79LO = logical 1 
Front-panel LOCKOUT LED illuminated


Table 3.5 Relay Word Bit and Front-Panel Correspondence to Reclosing 
Relay States


Reclosing Relay State
Corresponding
Relay Word Bit


Corresponding 
Front-Panel LED


Reset 79RS RS


Reclose Cycle 79CY None


Lockout 79LO LO
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The reclosing relay is in one and only one of these states (listed in Table 3.5) 
at any time. When in a given state, the corresponding Relay Word bit asserts to 
logical 1, and the LED illuminates. Automatic reclosing only takes place 
when the relay is in the Reclose Cycle State.


Lockout State


The reclosing relay goes to the Lockout State if any one of the following 
occurs:


➤ The shot counter is equal to or greater than last shot at time of 
reclose initiation (e.g., all automatic reclosing attempts are 
unsuccessful—see Figure 3.16).


➤ Reclose initiation is unsuccessful because of SELOGIC control 
equation setting 79RIS [see Reclose Initiate and Reclose 
Initiate Supervision Settings (79RI and 79RIS, Respectively) on 
page 3.30)].


➤ The circuit breaker opens without reclose initiation (e.g., an 
external trip).


➤ The shot counter is equal to or greater than last shot, and the 
circuit breaker is open [e.g., the shot counter is driven to last 
shot with SELOGIC control equation setting 79DLS while open 
interval timing is in progress. See Drive-to-Lockout and Drive-
to-Last Shot Settings (79DTL and 79DLS, Respectively) on 
page 3.32)].


➤ The close failure timer (setting CFD) times out (see 
Figure 3.14).


➤ SELOGIC control equation setting 79DTL = logical 1 [see 
Drive-to-Lockout and Drive-to-Last Shot Settings (79DTL and 
79DLS, Respectively)].


➤ Open Command (OPE) is executed and SELOGIC control 
equation setting 79RI = TRIP + …).


➤ A new reclose initiation occurs while the reclosing relay is 
timing on an open interval (e.g., flashover in the tank while 
breaker is open.)


Reclosing Relay 
States and Settings 
Changes


If a settings change is made, all of the following occur:


➤ The reclosing relay remains in the state it was in before the 
settings change,


➤ The shot counter is driven to last shot (last shot corresponding 
to the new settings; see discussion on last shot that follows),


➤ And the reset timer is loaded with reset time setting 79RSLD 
(see discussion on reset timing that follows).


If the relay happened to be in the Reclose Cycle State and was timing on an 
open interval before the settings change, the relay would be in the Reclose 
Cycle State after the settings change, but the relay would immediately go to 
the Lockout State. This is because the breaker is open, and the relay is at last 
shot after the settings change, and thus no more automatic reclosures are 
available.
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If the breaker remains closed through the settings change, the reset timer times 
out on reset time setting 79RSLD after the settings change and goes to the 
Reset State (if it is not already in the Reset State), and the shot counter returns 
to shot = 0. If the relay happens to trip during this reset timing, the relay will 
immediately go to the Lockout State, because shot = last shot.


Existence or 
Nonexistence of the 
Reclosing Relay


If any one of the following reclosing relay settings are made:


➤ Open interval time setting 79OI1 = 0.000


➤ SELOGIC control equation setting 79RI = 0


➤ SELOGIC control equation setting 79RIS = 0


then the reclosing relay does not exist, and no automatic reclosing takes place. 
These settings are explained later in this section. See also the setting sheets in 
Section 4: Setting the Relay.


If the reclosing relay does not exist, the following also occur:


➤ All three reclosing relay state Relay Word bits (79RS, 79CY, 
and 79LO) are deasserted to logical 0 (see Table 3.5).


➤ All shot counter Relay Word bits (SH0, SH1, SH2, SH3, and 
SH4) are deasserted to logical 0 (the shot counter is explained 
later in this section).


➤ The front-panel LEDs RS and LO are extinguished.


Close Logic Can Still Operate When Reclosing Relay Is Nonexistent


If the reclosing relay is nonexistent, the close logic (see Figure 3.14) can still 
operate if SELOGIC control equation setting 52A (circuit breaker status) is set 
to something other than numeral 0. Making the setting 52A = 0 defeats the 
close logic and also renders the reclosing relay nonexistent.


For example, if 52A = IN1, a 52a circuit breaker auxiliary contact is 
connected to input IN1. If the reclosing relay does not exist, the close logic 
still operates, allowing closing to take place via the CLOSE command or 
SELOGIC control equation setting CL (close conditions, other than auto 
reclosing or CLOSE command). See Close Logic on page 3.22 for more 
discussion on SELOGIC control equation settings 52A and CL. Also see 
Optoisolated Inputs on page 3.4 for more discussion on SELOGIC control 
equation setting 52A.


Reclosing Relay 
Timer Settings


The open interval and reset timer factory settings are:


The operation of these timers is affected by SELOGIC control equation settings 
discussed later in this section. Also see the setting sheets in Section 4: Setting 
the Relay.


NOTE: if the reclosing relay exists, 
but happens to be in the reclose cycle 
state, both the RS and LO LEDs are also 
extinguished.


Timer Setting
Factory setting


(in cycles)
Definition


79OI1 30.000 open interval 1 time


79OI2 600.000 open interval 2 time


79OI3 0.000 open interval 3 time


79OI4 0.000 open interval 4 time


79RSD 1800.000 reset time from reclose cycle state


79RSLD 300.000 reset time from lockout state
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Open Interval Timers


If an open interval time is set to zero, then that open interval time is not 
operable, and neither are the open intervals times that follow it.


In the above factory settings, the open interval time setting 79OI3 is the first 
open interval time setting set equal to zero:


79OI3 = 0.000 cycles


Thus, open interval times 79OI3 and 79OI4 are not operable. In the factory 
settings, both open interval times 79OI3 and 79OI4 are set to zero. But if the 
settings were:


79OI3 = 0.000 cycles


79OI4 = 900.000 cycles (set to some value other than zero)


open interval time 79OI4 would still be inoperative, because a preceding open 
interval time is set to zero (i.e., 79OI3 = 0.000).


If open interval time setting 79OI1 is set to zero (79OI1 = 0.000 cycles), no 
open interval timing takes place, and the reclosing relay is rendered 
nonexistent.


The open interval timers time consecutively; they do not have the same 
beginning time reference point. In the above factory settings, the open interval 
time setting 79OI1 times first. If the subsequent first reclosure is not 
successful, then open interval time setting 79OI2 times. If the subsequent 
second reclosure is not successful, the relay goes to the Lockout State. See the 
example time-line Figure 3.16.


Figure 3.16 Reclosing Sequence From Reset to Lockout With Factory Settings


Determination of Number of Reclosures (Last Shot)


The number of reclosures (last shot) is equal to the number of open interval 
time settings that precede the first open interval time setting set equal to zero.


In the above factory settings, two set open interval times precede the third 
open interval time, which is set to zero (79OI3 = 0.000):


79OI1 = 30.000


79OI2 = 600.000


79OI3 = 0.000


For this example:


Number of reclosures (last shot) = 2 = the number of set open interval 
times that precede the first open interval set to zero.
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Reset Timer


The reset timer qualifies breaker closure before taking the relay to the reset 
state from the reclose cycle state or the lockout state. Breaker status is 
determined by the SELOGIC control equation setting 52A (see preceding Close 
Logic on page 3.22 and Optoisolated Inputs on page 3.4 for more discussion 
on SELOGIC Control Equation setting 52A).


Setting 79RSD


Qualifies closures in the Reclose Cycle State. These closures would usually be 
automatic reclosures resulting from open interval time-out.


It is also the reset time used in sequence coordination schemes [see Sequence 
Coordination (79SEQ) on page 3.37].


Setting 79RSLD


Qualifies closures in the Lockout State. These closures would usually be 
manual closures, external to the relay, via the CLOSE command or the 
SELOGIC control equation setting CL (see Figure 3.14).


Setting 79RSLD is also the reset timer used when the relay powers up or has 
its settings changed (see Reclosing Relay States and General Operation on 
page 3.25).


Typically, setting 79RSLD is set less than setting 79RSD. Setting 79RSLD 
emulates reclosing relays with motor-driven timers that have a relatively short 
reset time from the lockout position to the reset position.


The setting of 79RSD and 79RSLD is independent (setting 79RSLD can even 
be set greater than setting 79RSD, if desired). SELOGIC control equation 
setting 79BRS (block reset timing) can be set to control reset timing [see 
Block Reset Timing (79BRS) on page 3.35].


Reclosing Relay Shot 
Counter


Refer to Figure 3.16.


The shot counter increments for each reclose operation. For example, when 
the relay is timing on the first open interval, 79OI1, it is at shot = 0. When the 
open interval times out, the shot counter increments to shot = 1 and so forth 
for the set open intervals that follow. The shot counter cannot increment 
beyond the last shot for automatic reclosing (see preceding discussion on last 
shot). The shot counter resets back to shot = 0 when the reclosing relay returns 
to the Reset State.


When the shot counter is at a particular shot value (e.g., shot = 2), the 
corresponding Relay Word bit asserts to logical 1 (e.g., SH2 = logical 1).


Table 3.6 Shot Counter Correspondence to Relay Word Bits and Open 
Interval Times


Shot
Corresponding 
Relay Word Bit


Corresponding 
Open Interval


0 SH0 79OI1


1 SH1 79OI2


2 SH2 79OI3


3 SH3 79OI4


4 SH4
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The shot counter also increments for sequence coordination operation. The 
shot counter can increment beyond the last shot for sequence coordination 
[see Sequence Coordination (79SEQ)].


Reclosing Relay 
SELOGIC Control 
Equation Settings 
Overview


These settings are discussed in detail in the following text.


Reclose Initiate and 
Reclose Initiate 
Supervision Settings 
(79RI and 79RIS, 
Respectively) 


The reclose initiate setting 79RI is a rising-edge detect setting. The reclose 
initiate supervision setting 79RIS supervises setting 79RI. When setting 79RI 
senses a rising edge (logical 0 to logical 1 transition), setting 79RIS has to be 
at logical 1 (79RIS = logical 1) in order for open interval timing to be initiated.


If 79RIS = logical 0 when setting 79RI senses a rising edge (logical 0 to 
logical 1 transition), the relay goes to the Lockout State.


Factory Settings Example


With factory settings:


79RI = TRIP


79RIS = IN1


the transition of the TRIP Relay Word bit from logical 0 to logical 1 initiates 
open interval timing only if the IN1 Relay Word bit is at logical 1 (IN1 = 
logical 1). Input IN1 is connected to a 52a breaker auxiliary contact and, thus, 
the circuit breaker has to be closed when the TRIP Relay Word bit asserts in 
order to initiate open interval timing.


If the circuit breaker is open (IN1 = logical 0) when the TRIP Relay Word bit 
asserts (logical 0 to logical 1 transition), the relay goes to the Lockout State. 
This helps prevent reclose initiation for such conditions as a flashover in the 
tank of an open circuit breaker.


Additional Settings Example 1


The preceding settings example initiates open interval timing on rising-edge 
of the TRIP Relay Word bit. The following is an example of reclose initiation 
on the opening of the circuit breaker.


Input IN1 is connected to a 52a circuit breaker auxiliary contact.


With setting:


79RI = !IN1


SELOGIC Control 
Equation Setting


Factory Setting Definition


79RI TRIP reclose initiate


79RIS IN1 reclose initiate supervision


79DTL !LB1+LB3 drive-to-lockout


79DLS 79LO drive-to-last shot


79SKP 50P2*SH0 skip shot


79STL TRIP stall open interval timing


79BRS (51P1+51G1)*(79RS+79CY) block reset timing


79SEQ 0 sequence coordination
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the transition of the IN1 Relay Word bit from logical 1 to logical 0 (breaker 
opening) initiates open interval timing. Setting 79RI looks for a logical 0 to 
logical 1 transition, thus Relay Word bit IN1 is inverted in the 79RI setting 
[!IN1 = NOT(IN1)].


The reclose initiate supervision setting 79RIS supervises setting 79RI. With 
settings:


79RI = !IN1


79RIS = TRIP


the transition of the IN1 Relay Word bit from logical 1 to logical 0 initiates 
open interval timing only if the TRIP Relay Word bit is at logical 1 (TRIP = 
logical 1). Thus, the TRIP Relay Word bit has to be asserted when the circuit 
breaker opens in order to initiate open interval timing. With a long enough 
setting of the Minimum Trip Duration Timer (TDURD), the TRIP Relay Word 
bit will still be asserted to logical 1 when the circuit breaker opens (see 
Figure 3.13).


If the TRIP Relay Word bit is at logical 0 (TRIP = logical 0) when the circuit 
breaker opens (logical 1 to logical 0 transition), the relay goes to the Lockout 
State. This helps prevent reclose initiation for circuit breaker openings caused 
by trips external to the relay.


Other Settings Considerations


In the preceding factory setting example, the reclose initiate supervision 
setting (79RIS) includes input IN1, that is connected to a 52a breaker auxiliary 
contact.


79RIS = IN1


If a 52b breaker auxiliary contact is connected to input IN1, the reclose initiate 
supervision setting (79RIS) would be set as follows:


79RIS = !IN1


In the preceding additional setting example 1, the reclose initiate setting 
(79RI) includes input IN1, that is connected to a 52a breaker auxiliary contact.


79RI = !IN1


If a 52b breaker auxiliary contact is connected to input IN1, the reclose initiate 
setting (79RI) would be set as follows:


79RI = IN1


If no reclose initiate supervision is desired, make the following setting:


79RIS = 1 (numeral 1)


Setting 79RIS = logical 1 at all times. Any time a logical 0 to logical 1 
transition is detected by setting 79RI, open interval timing will be initiated 
(unless prevented by some other means).


As discussed previously, if any one of the following settings are made:


79RI = 0 (numeral 0)


79RIS = 0 (numeral 0)


the reclosing relay does not exist.
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Drive-to-Lockout and 
Drive-to-Last Shot 
Settings (79DTL and 
79DLS, Respectively) 


When 79DTL = logical 1, the reclosing relay goes to the Lockout State (Relay 
Word bit 79LO = logical 1) and the front-panel LO (Lockout) LED illuminates.


When 79DLS = logical 1, the reclosing relay goes to the last shot, if the shot 
counter is not at a shot value greater than or equal to the calculated last shot 
(see preceding discussions on last shot determination and the shot counter).


Factory Settings Example


The drive-to-lockout factory setting is:


79DTL = !LB1 + LB3


Local bit LB1 is set to operate as a reclose enable switch (see Local Control 
Switches on page 3.6). When Relay Word bit LB1 = logical 1 (reclosing 
enabled), the relay is not driven to the Lockout State (assuming local bit LB3 
= logical 0, too):


!LB1 = !(logical 1) = NOT(logical 1) = logical 0


79DTL = !LB1 + LB3 = (logical 0) + LB3 = LB3


When Relay Word bit LB1 = logical 0 (reclosing disabled), the relay is driven 
to the Lockout State:


!LB1 = !(logical 0) = NOT(logical 0) = logical 1


79DTL = !LB1 + LB3 = (logical 1) + LB3 = logical 1


Local bit LB3 is set to operate as a manual trip switch (see Local Control 
Switches and Trip Logic on page 3.19). When Relay Word bit LB3 = logical 0 
(no manual trip), the relay is not driven to the Lockout State (assuming local 
bit LB1 = logical 1, too):


79DTL = !LB1 + LB3 = NOT(LB1) + (logical 0) = NOT(LB1)


When Relay Word bit LB3 = logical 1 (manual trip), the relay is driven to the 
Lockout State:


79DTL = !LB1 + LB3 = NOT(LB1) + (logical 1) = logical 1


The drive-to-last shot factory setting is:


79DLS = 79LO


Two open intervals are also set in the factory settings, resulting in last shot = 2. 
Anytime the relay is in the lockout state (Relay Word bit 79LO = logical 1), 
the relay is driven to last shot (if the shot counter is not already at a shot value 
greater than or equal to shot = 2):


79DLS = 79LO = logical 1


Thus, if local bit LB1 (reclose enable switch) is in the “disable reclosing” 
position (LB1 = logical 0) or local bit LB3 (manual trip switch) is operated, 
then the relay is driven to the Lockout State (by setting 79DTL) and 
subsequently last shot (by setting 79DLS).
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Additional Settings Example 1


The preceding drive-to-lockout factory settings example drives the relay to the 
Lockout State immediately when the reclose enable switch (local bit LB1) is 
put in the “reclosing disabled” position (Relay Word bit LB1 = logical 0):


79DTL = !LB1 + ... = NOT(LB1) + ... = NOT(logical 0) + ... = logical 1


To disable reclosing, but not drive the relay to the Lockout State until the relay 
trips, make settings similar to the following:


79DTL = !LB1 * TRIP + ...


Additional Settings Example 2


To drive the relay to the Lockout State for fault current above a certain level 
when tripping (e.g., level of phase instantaneous overcurrent element 50P3), 
make settings similar to the following:


79DTL = TRIP * 50P3 + ...


Other Settings Considerations


If no special drive-to-lockout or drive-to-last shot conditions are desired, make 
the following settings:


79DTL = 0 (numeral 0)


79DLS = 0 (numeral 0)


With settings 79DTL and 79DLS inoperative, the SEL-551C will still end up 
in the Lockout State (and at last shot) if an entire automatic reclose sequence 
is unsuccessful.


Overall, settings 79DTL or 79DLS are needed to take the SEL-551C to the 
Lockout State (or to last shot) for immediate circumstances.


Skip Shot and Stall 
Open Interval Timing 
Settings (79SKP and 
79STL, Respectively) 


The skip shot setting 79SKP causes a reclose shot to be skipped. Thus, an 
open interval time is skipped, and the next open interval time is used instead.


If 79SKP = logical 1 at the instant of successful reclose initiation (see 
preceding discussion on settings 79RI and 79RIS), the relay increments the 
shot counter to the next shot and then loads the open interval time 
corresponding to the new shot (see Table 3.6). If the new shot turns out to be 
the “last shot,” no open interval timing takes place, and the relay goes to the 
Lockout State if the circuit breaker is open (see preceding discussion on last 
shot and shot counter).


After successful reclose initiation, open interval timing does not start until 
allowed by the stall open interval timing setting 79STL. If 79STL = logical 1, 
open interval timing is stalled. If 79STL = logical 0, open interval timing can 
proceed.


If an open interval time has not yet started timing (79STL = logical 1 still), the 
79SKP setting is still processed. In such conditions (open interval timing has 
not yet started timing), if 79SKP = logical 1, the relay increments the shot 
counter to the next shot and then loads the open interval time corresponding to 
the new shot (see Table 3.6). If the new shot turns out to be the “last shot,” no 
open interval timing takes place, and the relay goes to the Lockout State if the 
circuit breaker is open (see preceding discussion on last shot and shot 
counter).
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If the relay is in the middle of timing on an open interval and 79STL changes 
state to 79STL = logical 1, open interval timing stops where it is. If 79STL 
changes state back to 79STL = logical 0, open interval timing resumes where 
it left off.


Factory Settings Example


The skip shot factory setting is:


79SKP = 50P2 * SH0


If shot = 0 (Relay Word bit SH0 = logical 1) and phase current is above the 
phase instantaneous overcurrent element 50P2 threshold (Relay Word bit 
50P2 = logical 1), at the instant of successful reclose initiation, the shot 
counter is incremented from shot = 0 to shot = 1. Then, the first open interval 
time (setting 79OI1) is skipped, and the relay times on the second open 
interval time (setting 79OI2) instead.


Note that the first open interval time (setting 79OI1) is a short time, while the 
following second open interval time (setting 79OI2) is significantly longer. 
For a high magnitude fault (greater than the phase instantaneous overcurrent 
element 50P2 threshold), the first open interval time is skipped, and open 
interval timing proceeds on the following second open interval time.


Once the shot is incremented to shot = 1, Relay Word bit SH0 = logical 0 and 
then setting 79SKP = logical 0, regardless of Relay Word bit 50P2.


The stall open interval timing factory setting is:


79STL = TRIP


After successful reclose initiation, open interval timing does not start as long 
as the trip condition is present (Relay Word bit TRIP = logical 1). As 
discussed previously, if an open interval time has not yet started timing 
(79STL = logical 1 still), the 79SKP setting is still processed. Once the trip 
condition goes away (Relay Word bit TRIP = logical 0), open interval timing 
can proceed.


Additional Settings Example


If the relay is used on a feeder with a cogenerator, it is desirable that the 
reclosing does not take place into a line energized by an islanded generator. A 
potential transformer and voltage relay are installed on the line side of the 
circuit breaker, and a contact from the undervoltage relay is connected to input 
IN2 of the SEL-551C.


Shot
Corresponding 
Relay Word Bit


Corresponding 
Open Interval


Open Interval 
Factory Setting


0 SH0 79OI1 30 cycles


1 SH1 79OI2 600 cycles
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Figure 3.17 Voltage Relay (27/59) Provides Reclose Block Signal to SEL-551C


The contact from the voltage relay indicates the presence or absence of 
voltage. If line voltage is present, open interval timing is stalled. If line voltage 
is not present, open interval timing proceeds. This is realized with the 
following setting:


79STL = IN2 


or 


79STL = !IN2


depending on the nature of the contact from the voltage relay.


Other Settings Considerations


If no special skip shot or stall open interval timing conditions are desired, 
make the following settings:


79SKP = 0 (numeral 0)


79STL = 0 (numeral 0)


Block Reset Timing 
(79BRS)


The block reset timing setting 79BRS keeps the reset timer from timing. 
Depending on the reclosing relay state, the reset timer can be loaded with 
either reset time:


79RSD (Reset Time from Reclose Cycle)


or


79RSLD (Reset Time from Lockout)


Depending on how setting 79BRS is set, none, one, or both of these reset 
times can be controlled. If the reset timer is timing and then 79BRS asserts to:


79BRS = logical 1


reset timing is stopped and will not start timing again until 79BRS deasserts 
to:


79BRS = logical 0


When reset timing starts again, it will be with a fully-loaded reset time. Thus, 
successful reset timing has to be continuous.


27/59


(+)


(-)


SEL-551C


IN2


27/59


Generator


52


SEL-551C
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Factory Settings Example


The block reset timing setting is:


79BRS = (51P1 + 51G1) * (79RS + 79CY)


Relay Word bits 79RS and 79CY correspond to the Reset State and the 
Reclose Cycle State, respectively. The reclosing relay is in one and only one 
of the three reclosing relay states at any one time (see Figure 3.15 and 
Table 3.5).


When the relay is in the Lockout State, Relay Word bits 79RS and 79CY are 
deasserted to logical 0. Thus, the factory 79BRS setting has no effect when the 
relay is in the Lockout State. When a circuit breaker is closed from lockout, 
there is usually cold load inrush that would momentarily pick up a time-
overcurrent element [e.g., phase time-overcurrent element 51P1T pickup 
(51P1) asserts momentarily]. But, this assertion of pickup 51P1 has no effect 
on reset timing because the relay is in the Lockout State (79RS = logical 0, 
79CY = logical 0). The relay will time immediately on reset time 79RSLD 
and take the relay from the Lockout State to the Reset State with no additional 
delay because 79BRS is deasserted to logical 0.


When the relay is not in the Lockout State, either Relay Word bit 79RS or 
79CY is asserted to logical 1. Thus, the factory 79BRS setting can function to 
block reset timing if time-overcurrent pickup 51P1 or 51G1 is picked up. This 
helps prevent repetitive “trip-reclose” cycling.


Additional Settings Example 1


The block reset timing setting can be set as:


79BRS = (51P1 + 51G1) * 79CY


Relay Word bit 79CY corresponds to the Reclose Cycle State. The reclosing 
relay is in one of the three reclosing relay states at any one time (see 
Figure 3.15 and Table 3.5).


When the relay is in the Reset or Lockout States, Relay Word bit 79CY is 
deasserted to logical 0. Thus, the 79BRS setting has no effect when the relay 
is in the Reset or Lockout States. When a circuit breaker is closed from 
lockout, there could be cold load inrush current that momentarily picks up a 
time-overcurrent element [e.g., phase time-overcurrent element 51P1T pickup 
(51P1) asserts momentarily]. But, this assertion of pickup 51P1 has no effect 
on reset timing because the relay is in the Lockout State (79CY = logical 0). 
The relay will time immediately on reset time 79RSLD and take the relay 
from the Lockout State to the Reset State with no additional delay because 
79BRS is deasserted to logical 0. 


When the relay is in the Reclose Cycle State, Relay Word bit 79CY is asserted 
to logical 1. Thus, the factory 79BRS setting can function to block reset 
timing if time-overcurrent pickup 51P1 or 51G1 is picked up while the relay is 
in the Reclose Cycle State. This helps prevent repetitive “trip-reclose” cycling.


Additional Settings Example 2


If the block reset timing setting is:


79BRS = 51P1 + 51G1


then reset timing is blocked if time-overcurrent pickup 51P1 or 51G1 is picked 
up, regardless of the reclosing relay state.
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Sequence 
Coordination (79SEQ)


The sequence coordination setting 79SEQ keeps the SEL-551C in step with a 
downstream line recloser in a sequence coordination scheme, which prevents 
overreaching SEL-551C overcurrent elements from tripping for faults beyond 
the line recloser. This is accomplished by incrementing the shot counter and 
supervising overcurrent elements with resultant shot counter elements.


In order for the sequence coordination setting 79SEQ to increment the shot 
counter, both the following conditions must be true:


➤ No trip present (Relay Word bit TRIP = logical 0)


➤ Circuit breaker closed (SELOGIC control equation setting 52A 
= logical 1, effectively)


The sequence coordination setting 79SEQ is usually set with some overcurrent 
element pickups. If the above two conditions are both true and a set 
overcurrent element pickup asserts for at least 1.25 cycles and then deasserts, 
the shot counter increments by one count. This assertion/ deassertion indicates 
that a downstream device (e.g., line recloser—see Figure 3.18) has operated to 
clear a fault. Incrementing the shot counter keeps the SEL-551C “in step” with 
the downstream device, as is shown in the following Additional Settings 
Example 1 and Additional Settings Example 2 on page 3.39.


Every time a sequence coordination operation occurs, the shot counter is 
incremented, and the reset timer is loaded up with reset time 79RSD. 
Sequence coordination can increment the shot counter beyond last shot, but no 
further than shot = 4. The shot counter returns to shot = 0 after the reset timer 
times out. Reset timing is subject to the previously discussed SELOGIC control 
equation setting 79BRS.


Sequence coordination operation does not change the reclosing relay state. For 
example, if the relay is in the Reset State and there is a sequence coordination 
operation, it remains in the Reset State.


Factory Settings Example


Sequence coordination is not enabled in the factory settings:


79SEQ = 0


Additional Settings Example 1


With sequence coordination setting:


79SEQ = 79RS * 51P1


sequence coordination is operable only when the relay is in the Reset State 
(79RS = logical 1).


Refer to Figure 3.18.
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Figure 3.18 Sequence Coordination Between the SEL-551C and a Line 
Recloser


Presume that the line recloser is set to operate twice on the fast curve and then 
twice on the slow curve. The slow curve is allowed to operate after two fast 
curve operations because the fast curves are then inoperative for tripping. The 
SEL-551C phase time-overcurrent element 51P1T is coordinated with the line 
recloser fast curve. The SEL-551C phase time-overcurrent element 51P2T is 
coordinated with the line recloser slow curve.


q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.


Figure 3.19 Operation of SEL-551C Shot Counter for Sequence Coordination With Line Recloser (Additional 
Settings Example 1)
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If the SEL-551C is in the Reset State (79RS = logical 1) and then a permanent 
fault beyond the line recloser occurs (fault current IF in Figure 3.18), the line 
recloser fast curve operates to clear the fault. The SEL-551C also sees the 
fault. The phase time-overcurrent pickup 51P1 asserts and then deasserts 
without tripping, incrementing the SEL-551C shot counter from:


shot = 0 to shot = 1


When the line recloser recloses its circuit breaker, the line recloser fast curve 
operates again to clear the fault. The SEL-551C also sees the fault again. The 
phase time-overcurrent pickup 51P1 asserts and then deasserts without 
tripping, incrementing the SEL-551C shot counter from:


shot = 1 to shot = 2


The line recloser fast curve is now disabled after operating twice. When the 
line recloser recloses its circuit breaker, the line recloser slow curve operates 
to clear the fault. The SEL-551C does not operate on its faster-set phase time-
overcurrent element 51P1T (51P1T is “below” the line recloser slow curve) 
because the shot counter is now at shot = 2. For this sequence coordination 
scheme, the SEL-551C SELOGIC control equation trip equation is:


TR = 51P1T * (SH0 + SH1) + 51P2T


With the shot counter at shot = 2, Relay Word bits SH0 (shot = 0) and SH1 
(shot = 1) are both deasserted to logical 0. This keeps the 51P1T phase time-
overcurrent element from tripping. The 51P1T phase time-overcurrent 
element is still operative and its pickup (51P1) can still assert and then 
deassert, thus continuing the sequencing of the shot counter to shot = 3, etc. 
The 51P1T phase time-overcurrent element cannot cause a trip because shot ≥ 
2 and SH0 and SH1 both are deasserted to logical 0.


The shot counter returns to shot = 0 after the reset timer (loaded with reset 
time 79RSD) times out.


Additional Settings Example 2


Review preceding Additional Settings Example 1 on page 3.37.


Assume that the line recloser in Figure 3.18 is set to operate twice on the fast 
curve and then twice on the slow curve for faults beyond the line recloser.


Assume that the SEL-551C is set to operate once on 51P1T and then twice on 
51P2T for faults between the SEL-551C and the line recloser. This results in 
the following trip setting:


TR = 51P1T * (SHO) + 51P2T


This requires that two open interval settings be made (see Figure 3.16). This 
corresponds to the last shot being:


last shot = 2


If the sequence coordination setting is:


79SEQ = 79RS * 51P1


and there is a permanent fault beyond the line recloser, the shot counter of the 
SEL-551C will increment all the way to shot = 4 (see Figure 3.19). If there is 
a coincident fault between the SEL-551C and line recloser, the SEL-551C will 
trip and go to the Lockout State. Any time the shot counter is at a value equal 
to or greater than last shot and the relay trips, it goes to the Lockout State.


To avoid this problem make the following sequence coordination setting:


NOTE: Sequence coordination can 
increment the shot counter beyond 
last shot (last shot = 2 in this factory 
setting example), but no further than 
shot = 4.


The following Example 2 limits 
sequence coordination shot counter 
incrementing.
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79SEQ = 79RS * 51P1 * SH0


Refer to Figure 3.20.


If the SEL-551C is in the Reset State (79RS = logical 0) with the shot counter 
reset (shot = 0; SH0 = logical 1) and then a permanent fault beyond the line 
recloser occurs (fault current IF in Figure 3.18), the line recloser fast curve 
operates to clear the fault. The SEL-551C also sees the fault. The phase time-
overcurrent pickup 51P1 asserts and then deasserts without tripping, 
incrementing the relay shot counter from:


shot = 0 to shot = 1


Now the SEL-551C cannot operate on its faster-set phase time-overcurrent 
element 51P1T because the shot counter is at shot = 1 (SH0 = logical 0):


TR = 51P1T * (SHO) + 51P2T = 51P1T * (logical 0) + 51P2T = 51P2T


q Fault occurs beyond line recloser; w fault cleared by line recloser fast curve; e line recloser recloses into fault; r fault 
cleared by line recloser slow curve.


Figure 3.20 Operation of SEL-351 Relay Shot Counter for Sequence Coordination With Line Recloser (Additional 
Setting Example 2)


The line recloser continues to operate for the permanent fault beyond it, but 
the SEL-551C shot counter does not continue to increment. Sequence 
coordination setting 79SEQ is effectively disabled by the shot counter 
incrementing from shot = 0 to shot = 1.


79SEQ = 79RS * 51P1 * SH0 = 79RS * 51P1 * (logical 0) = logical 0


The shot counter stays at shot = 1.


Thus, if there is a coincident fault between the SEL-551C and the line 
recloser, the SEL-551C will operate on 51P2T and then reclose once, instead 
of going straight to the Lockout State (shot = 1 < last shot = 2).


As stated earlier, the reset time setting 79RSD takes the shot counter back to 
shot = 0 after a sequence coordination operation increments the shot counter. 
Make sure that reset time setting 79RSD is set long enough to maintain the 
shot counter at shot = 1 as shown in Figure 3.20.


79SEQ = 79RS*51P1*SHO


51P1


Shot Counter


SH0


0 1


q w e w e r e r
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SELOGIC Control Equation Variables/Timers


Fourteen SELOGIC Variables (SV1–SV14) are available. Ten of these 
SELOGIC Variables have timer outputs, (SV5T–SV14T) (see Figure 3.21).


Figure 3.21 SELOGIC Control Equation Variables/Timers


Factory Settings 
Example


In the factory SELOGIC control equation settings, a SELOGIC Variable Timer 
is used for a simple breaker failure scheme:


SV5 = TRIP


The TRIP Relay Word bit is run through a timer for breaker failure timing. 
Timer pickup setting SV5PU is set to the breaker failure time (SV5PU = 12 
cycles). Timer dropout setting SV5DO is set for a two cycle dropout (SV5DO 
= 2 cycles). The output of the timer (Relay Word bit SV5T) operates output 
contact OUT3.


OUT3 = SV5T


Additional Settings 
Example


Another application idea is dedicated breaker failure protection (see 
Figure 3.22):


SV6 = IN1 (breaker failure initiate)


SV7 = (SV7 + IN1) * (50P1 + 50N1)


OUT1 = SV6T (retrip)


OUT2 = SV7T (breaker failure trip)
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Relay
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Relay
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SELOGIC Variable/
Timer Input


Settings


SELOGIC Variable/
Timer Input


Settings


NOTE: The following SELOGIC 
Variable Timer examples make use of 
output contacts. Output Contacts on 
page 3.43 shows what output 
contacts are available in the SEL-551C 
Relay.
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Figure 3.22 Dedicated Breaker Failure Scheme Created With SELOGIC 
Variables/Timers


Note that the above SELOGIC control equation setting SV7 creates a seal-in 
logic circuit (as shown in Figure 3.22) by virtue of SELOGIC control equation 
setting SV7 being set equal to Relay Word bit SV7:


SV7 = (SV7 + IN1) * (50P1 + 50N1)


Optoisolated input IN1 functions as a breaker failure initiate input. Phase 
instantaneous overcurrent element 50P1 and neutral ground instantaneous 
overcurrent element 50N1 function as fault detectors.


Timer pickup setting SV6PU provides retrip delay, if desired (can be set to 
zero). Timer dropout setting SV6DO holds the retrip output (output contact 
OUT1) closed for extra time if needed after the breaker failure initiate signal 
(IN1) goes away.


Timer pickup setting SV7PU provides breaker failure timing. Timer dropout 
setting SV7DO holds the breaker failure trip output (output contact OUT2) 
closed for extra time if needed after the breaker failure logic unlatches (fault 
detectors 50P1 and 50N1 drop out).


Note that Figure 3.22 suggests the option of having output contact OUT3 
operate as an additional breaker failure trip output. This is done by making the 
following SELOGIC control equation settings: 


OUT3 = SV7T (breaker failure trip)


IN1


50P1


50N1


SV7 SV7T


SV6 SV6T OUT1
(Retrip)


OUT2
(Breaker
Failure
Trip)


OUT3


SV7PU


SV6PU


SV6D0


SV7D0
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Output Contacts


SELOGIC control equation settings OUT1–OUT3 control Relay Word bits 
OUT1–OUT3, respectively. Relay Word bits OUT1–OUT3 in turn control 
output contacts OUT1 through OUT3, respectively. See Figure 3.23 for the output 
contacts available with the SEL-551C.


Factory Settings 
Example


In the factory SELOGIC control equation settings, three output contacts are 
used:


OUT1 = TRIP (overcurrent tripping/manual tripping; see Trip Logic on 
page 3.19)


OUT2 = CLOSE (automatic reclosing/manual closing; see Close Logic on 
page 3.22)


OUT3 = !(SALARM + HALARM) (programmable alarm conditions)


Figure 1.2 shows the factory configuration of the output contacts for the 
SEL-551C Relay.


Operation of Output 
Contacts for 
Different Output 
Contact Types


q PULSE command is also available via the front panel ({CNTRL} pushbutton, output contact testing option). 
Execution of the PULSE command results in a logical 1 input into the above logic.


Figure 3.23 Logic Flow for Example SEL-551C Output Contact Operation


Output Contacts OUT1 Through OUT3


Refer to Figure 3.23.


The execution of the serial port command PULSE n (n = OUT1–OUT3) asserts 
the corresponding Relay Word bit (OUT1–OUT3) to logical 1. The assertion 
of SELOGIC control equation setting OUTm (m = 1–3) to logical 1 also asserts 
the corresponding Relay Word bit OUTm (m = 1–3) to logical 1.
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The assertion of Relay Word bit OUTm (m = 1–3) to logical 1 causes the 
energization of the corresponding output contact OUTm coil. Depending on 
the output contact type (a or b), the output contact closes or opens as 
demonstrated in Figure 3.23. An a-type output contact is open when the 
output contact coil is de-energized and closed when the output contact coil is 
energized. A b-type output contact is closed when the output contact coil is 
de-energized and open when the output contact coil is energized.


Notice in Figure 3.23 that all four possible combinations of output contact coil 
states (energized or de-energized) and output contact types (a or b) are 
demonstrated. 


Programmable Alarm Output Contact


Refer to Figure 1.2 and Figure 3.23. From the factory, output contact OUT3 is 
programmed as an alarm contact:


OUT3 = !(SALARM + HALARM)


See Table 4.4 and Table 8.3 for more information on the operation of Relay 
Word bits SALARM (software alarm) and HALARM (hardware alarm). With 
the usual, expected mode of no relay problems, SALARM and HALARM are 
both equivalent to logical 0 in value. Thus, the status of output contact OUT3 is:


OUT3 = NOT (logical 0 + logical 0) = logical 1


This causes the output contact coil for OUT3 to energize. If output contact OUT3 
is arranged as a b-type output contact (as it is from the factory), then it is open 
in this energized state. If a problem occurs, either SALARM or HALARM 
asserts to logical 1 and the output contact coil for OUT3 de-energizes. This 
b-type output contact then falls shut in this de-energized state.


In Figure 3.23, notice that serial port command PULSE OUT3 is parallel 
logic input with SELOGIC setting OUT3 to output contact OUT3. If the output 
contact coil for OUT3 is already energized due to SELOGIC setting OUT3 (its 
usual state, per the above factory-default setting discussion), then the PULSE 
OUT3 command has no effect.
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Demand Ammetering


The demand ammetering settings (in Table 3.7) are available via the SET 
command (see Table 4.1 and also Demand Ammetering Settings (see 
Figure 3.24 and Figure 3.26) on page SET.5). Also refer to MET D Command 
(Demand Ammeter) on page 5.18.


The SEL-551C provides demand and peak demand ammetering for the 
following values:


These demand and peak demand values are thermal demand values. Thermal 
demand ammetering is explained in the following discussion.


Thermal Demand 
Ammeter Operation


The example in Figure 3.24 shows the response of a thermal demand ammeter 
to a step current input. The current input is at a magnitude of zero and then 
suddenly goes to an instantaneous level of 1.0 per unit (a “step”).


Figure 3.24 Response of Thermal Demand Ammeter to a Step Input (Setting 
DMTC = 15 minutes)


Currents


IA,B,C,N Input currents (A primary)


IG Residual ground current (A primary; IG = 3I0 = IA + IB + IC)


3I2 Negative-sequence current (A primary)
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Thermal Demand Ammeter Response 


The response of the thermal demand ammeter in Figure 3.24 (bottom) to the 
step current input (top) is analogous to the series RC circuit in Figure 3.25.


Figure 3.25 Voltage VS Applied to Series RC Circuit


In the analogy:


Voltage VS in Figure 3.25 corresponds to the step current input 
Figure 3.24 (top).


Voltage VC across the capacitor in Figure 3.25 corresponds to the 
response of the thermal demand ammeter in Figure 3.24 (bottom).


If voltage VS in Figure 3.25 has been at zero (VS = 0.0 per unit) for some 
time, voltage VC across the capacitor in Figure 3.25 is also at zero (VC = 0.0 
per unit). If voltage VS is suddenly stepped up to some constant value (VS = 
1.0 per unit), voltage VC across the capacitor starts to rise toward the 1.0 per 
unit value. This voltage rise across the capacitor is analogous to the response 
of the thermal demand ammeter in Figure 3.24 (bottom) to the step current 
input (top).


In general, as voltage VC across the capacitor in Figure 3.25 cannot change 
instantaneously, the thermal demand ammeter response is not immediate 
either for the increasing or decreasing applied instantaneous current. The 
thermal demand ammeter response time is based on the demand ammeter time 
constant setting DMTC (see Table 3.7). Note in Figure 3.24 the thermal 
demand ammeter response (bottom) is at 90 percent (0.9 per unit) of full 
applied value (1.0 per unit) after a time period equal to setting DMTC = 
15 minutes, referenced to when the step current input is first applied.


The SEL-551C updates thermal demand values approximately every two 
seconds.


Demand Ammeter 
Settings


The demand current pickup settings in Table 3.7 are applied to demand current 
meter outputs as shown in Figure 3.26. For example, when residual ground 
demand current IG(DEM) goes above corresponding demand pickup GDEMP, 


VS VC


+


+


—


—


R


C


Table 3.7 Demand Ammeter Settings and Settings Range


Setting Definition Range


DMTC Demand meter time constant 5, 10, 15, 30, or 60 minutes


PDEMP Phase demand current pickup


OFF, 0.50–16.00 A {5 A nominal}, 
0.10–3.20 A {1 A nominal},


in 0.01 A steps


NDEMP Neutral ground 
demand current pickup


GDEMP Residual ground 
demand current pickup


QDEMP Negative-sequence 
demand current pickup


NOTE: Changing setting DMTC 
resets the demand ammeter values to 
zero. Demand current pickup settings 
PDEMP, NDEMP, GDEMP, and QDEMP 
can be changed without affecting the 
demand ammeters.
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Relay Word bit GDEM asserts to logical 1. Use these demand current logic 
outputs (PDEM, NDEM, GDEM, and QDEM) to alarm for high loading or 
unbalance conditions. Use in other schemes such as the following example.


Figure 3.26 Demand Current Logic Outputs


Demand Current 
Logic Output 
Application—Raise 
Pickup for Unbalance 
Current


During times of high loading, the residual ground overcurrent elements can 
see relatively high unbalance current IG (IG = 3I0). To avoid tripping on 
unbalance current IG ,  use Relay Word bit GDEM to detect the residual 
ground (unbalance) demand current IG(DEM) and effectively raise the pickup 
of the residual ground time-overcurrent element 51G1T. This is accomplished 
with the following settings from Table 3.7, pertinent residual ground 
overcurrent element settings, and SELOGIC control equation torque control 
setting 51G1TC (see Figure 3.27).


DMTC = 5


GDEMP = 1.0


51G1P = 1.50


50G1P = 2.30


51G1TC = !GDEM + GDEM * 50G1


Refer to Figure 3.26, Figure 3.27, and Figure 3.11.
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Figure 3.27 Raise Pickup of Residual Ground Time-Overcurrent Element for 
Unbalance Current


Residual Ground Demand Current Below Pickup GDEMP


When unbalance current IG is low, unbalance demand current IG(DEM) is 
below corresponding demand pickup GDEMP = 1.00 A secondary, and Relay 
Word bit GDEM is deasserted to logical 0. This results in SELOGIC control 
equation torque control setting 51G1TC being in the state:


51G1TC = !GDEM + GDEM * 50G1 = NOT(GDEM) + GDEM * 50G1 
=NOT(logical 0) + (logical 0) * 50G1 = logical 1


Thus, the residual ground time-overcurrent element 51G1T operates on its 
standard pickup:


51G1P = 1.50 A secondary


If a ground fault occurs, the residual ground time-overcurrent element 51G1T 
operates with the sensitivity provided by pickup 51G1P = 1.50 A secondary. 
The thermal demand ammeter, even with setting DMTC = 5 minutes, does not 
respond fast enough to the ground fault to make a change to the effective 
residual ground time-overcurrent element pickup—it remains at 1.50 A 
secondary. Demand meters respond to more “slow moving” general trends.


Residual Ground Demand Current Goes Above Pickup GDEMP


When unbalance current IG increases, unbalance demand current IG(DEM) 
follows, going above corresponding demand pickup GDEMP = 1.00 A 
secondary, and Relay Word bit GDEM asserts to logical 1. This results in 
SELOGIC control equation torque control setting 51G1TC being in the state:


51G1TC = !GDEM + GDEM * 50G1 = NOT(GDEM) + GDEM * 50G1 = 
NOT(logical 1) + (logical 1) * 50G1 = logical 0 + 50G1 = 50G1


51G1T


IG
(Residual)


51G1P
= 1.50


t


50G1P
= 2.30
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Thus, the residual ground time-overcurrent element 51G1T operates with an 
effective, less-sensitive pickup:


50G1P = 2.30 A secondary


The reduced sensitivity keeps the residual ground time-overcurrent element 
51G1T from tripping on higher unbalance current IG.


Residual Ground Demand Current Goes Below Pickup GDEMP Again


When unbalance current IG decreases again, unbalance demand current 
IG(DEM) follows, going below corresponding demand pickup GDEMP = 
1.00 A secondary, and Relay Word bit GDEM deasserts to logical 0. This 
results in SELOGIC control equation torque control setting 51G1TC being in 
the state:


51G1TC = !GDEM + GDEM * 50G1 = NOT(GDEM) + GDEM * 50G1 = 
NOT(logical 0) + (logical 0) * 50G1 = logical 1


Thus, the residual ground time-overcurrent element 51G1T operates on its 
standard pickup again:


51G1P = 1.50 A secondary


View or Reset 
Demand Ammetering 
Information


Via Serial Port


See MET D Command (Demand Ammeter) on page 5.18. The MET D 
command displays demand and peak demand ammetering for the following 
values:


The MET RD command resets the demand ammetering values. The MET RP 
command resets the peak demand ammetering values.


Via Front Panel


The information and reset functions available via the previously discussed 
serial port commands MET D, MET RD, and MET RP are also available via 
the front-panel {METER} pushbutton. See Figure 6.2.


Demand Ammetering 
Updating and Storage


The SEL-551C updates demand values approximately every two seconds.


The relay stores peak demand values to nonvolatile storage once per day (it 
overwrites the previous stored value if it is exceeded). Should the relay lose 
control power, it will restore the peak demand values saved by the relay at 
23:50 hours on the previous day.


Currents


IA,B,C,N Input currents (A primary)


IG Residual ground current (A primary; IG = 3I0 = IA + IB + IC)


3I2 Negative-sequence current (A primary)
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Latch Control Switches


The latch control switch feature of this relay replaces latching relays. 
Traditional latching relays maintain their output contact state when set. The 
SEL-551C relay latch bit retains memory even when control power is lost. If 
the latch bit is set to a programmable output contact and control power is lost 
to the relay, the state of the latch bit is stored in nonvolatile memory but the 
output contact will go to its de-energized state. When the control power is 
applied back to the relay, the programmed output contact will go back to the 
state of the latch bit after relay initialization.


The state of a traditional latching relay output contact is changed by pulsing 
the latching relay inputs (see Figure 3.28). Pulse the set input to close (“set”) 
the latching relay output contact. Pulse the reset input to open (“reset”) the 
latching relay output contact. Often the external contacts wired to the latching 
relay inputs are from remote control equipment (e.g., SCADA, RTU).


Figure 3.28 Traditional Latching Relay


The eight latch control switches in the SEL-551C provide latching relay type 
functions.


Figure 3.29 Latch Control Switches Drive Latch Bits LT1–LT8


The output of the latch control switch in Figure 3.29 is a Relay Word bit LTn 
(n = 1–8), called a latch bit. The latch control switch logic in Figure 3.29 
repeats for each latch bit LT1–LT8. Use these latch bits in SELOGIC control 
equations.


These latch control switches each have the following SELOGIC control 
equation settings:


SETn (set latch bit LTn to logical 1)


RSTn (reset latch bit LTn to logical 0)


If setting SETn asserts to logical 1, latch bit LTn asserts to logical 1. If setting 
RSTn asserts to logical 1, latch bit LTn deasserts to logical 0. If both settings 
SETn and RSTn assert to logical 1, setting RSTn has priority and latch bit LTn 
deasserts to logical 0.
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Latch Control Switch 
Application Ideas


Latch control switches can be used for such applications as:


➤ Reclosing relay enable/disable


➤ Ground relay enable/disable


➤ Sequence coordination enable/disable


Latch control switches can be applied to almost any control scheme. The 
following is an example of using a latch control switch to enable/disable the 
reclosing relay in the SEL-551C.


Reclosing Relay 
Enable/Disable 
Setting Example


Use a latch control switch to enable/disable the reclosing relay in the 
SEL-551C. In the Figure 3.30 example, a SCADA contact is connected to 
optoisolated input IN4. Each pulse of the SCADA contact changes the state of 
the reclosing relay. The SCADA contact is not maintained, just pulsed to 
enable/disable the reclosing relay.


Figure 3.30 SCADA Contact Pulses Input IN4 to Enable/Disable Reclosing 
Relay


If the reclosing relay is enabled and the SCADA contact is pulsed, the 
reclosing relay is then disabled. If the SCADA contact is pulsed again, the 
reclosing relay is enabled again. The control operates in a cyclic manner:


pulse to enable ... pulse to disable ... pulse to enable ... pulse to disable ...


This reclosing relay logic is implemented in the following SELOGIC control 
equation settings and displayed in Figure 3.31.


SET1 = /IN4 * !LT1 [= (rising edge of input IN4) AND NOT(LT1)]


RST1 = /IN4 * LT1 [= (rising edge of input IN4) AND LT1]


79DTL = !LT1 [= NOT(LT1); drive-to-lockout setting]


Figure 3.31 Latch Control Switch Controlled by a Single Input to Enable/
Disable Reclosing


Feedback Control


Note in Figure 3.31 that the latch control switch output (latch bit LT1) is 
effectively used as feedback for SELOGIC control equation settings SET1 and 
RST1. The feedback of latch bit LT1 “guides” input IN4 to the correct latch 
control switch input.
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If latch bit LT1 = logical 0, input IN4 is routed to setting SET1 (set latch bit 
LT1):


SET1 = /IN4 * !LT1 = /IN4 * NOT(LT1) = /IN4 * NOT(logical 0) = /IN4 = 
rising edge of input IN4


RST1 = /IN4 * LT1 = /IN4 * (logical 0) = logical 0


If latch bit LT1 = logical 1, input IN4 is routed to setting RST1 (reset latch bit 
LT1):


SET1 = /IN4 * !LT1 = /IN4 * NOT(LT1) = /IN4 * NOT(logical 1) = /IN4 * 
(logical 0) = logical 0


RST1 = /IN4 * LT1 = /IN4 * (logical 1) =/IN4 = rising edge of input IN4


Rising Edge Operators


Refer to Figure 3.31 and Figure 3.32.


The rising edge operator in front of Relay Word bit IN4 (/IN4) sees a logical 0 
to logical 1 transition as a “rising edge,” and /IN4 asserts to logical 1 for one 
processing interval.


The rising edge operator on input IN4 is necessary because any single assertion 
of optoisolated input IN4 by the SCADA contact will last for at least a few 
cycles, and each individual assertion of input IN4 should only change the state 
of the latch control switch once (e.g., latch bit LT1 changes state from logical 
0 to logical 1).


For example in Figure 3.31, if:


LT1 = logical 0


input IN4 is routed to setting SET1 (as discussed previously):


SET1 = /IN4 = rising edge of input IN4


If input IN4 is then asserted for a few cycles by the SCADA contact (see 
Pulse 1 in Figure 3.32), SET1 is asserted to logical 1 for one processing 
interval. This causes latch bit LT1 to change state to:


LT1 = logical 1


the next processing interval.


With latch bit LT1 now at logical 1 for the next processing interval, input IN4 
is routed to setting RST1 (as discussed previously):


RST1 = /IN4 = rising edge of input IN4


This would then appear to enable the “reset” input (setting RST1) the next 
processing interval. But the “rising edge” condition occurred the preceding 
processing interval. The rising edge of input IN4 is now at logical 0, so setting 
RST1 does not assert, even though input IN4 remains asserted for at least a few 
cycles by the SCADA contact.


If the SCADA contact deasserts and then asserts again (new rising edge—see 
Pulse 2 in Figure 3.32), the “reset” input (setting RST1) asserts and latch bit 
LT1 deasserts back to logical 0 again. Thus, each individual assertion of input 
IN4 (Pulse 1, Pulse 2, Pulse 3, and Pulse 4 in Figure 3.32) changes the state of 
the latch control switch just once.
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Figure 3.32 Latch Control Switch Operation Time Line


Use a Remote Bit Instead to Enable/Disable the Reclosing Relay


Use a remote bit to enable/disable the reclosing relay, instead of an 
optoisolated input. For example, substitute remote bit RB1 for optoisolated 
input IN4 in the settings accompanying Figure 3.31:


SET1 = /RB1 * !LT1 [= (rising edge of remote bit RB1) AND NOT(LT1)]


RST1 = /RB1 * LT1 [= (rising edge of remote bit RB1) AND LT1]


79DTL = !LT1 [= NOT(LT1); drive-to-lockout setting]


Pulse remote bit RB1 to enable reclosing, pulse remote bit RB1 to disable 
reclosing, etc.-much like the operation of optoisolated input IN4 in the 
previous example. Remote bits (Relay Word bits RB1–RB8) are operated 
through the serial port. See Figure 3.3 and Section 5: Serial Port 
Communications and Commands for more information on remote bits.


These are just a few control logic examples—many variations are possible.


Latch Control Switch 
States Retained


Power Loss


The states of the latch bits (LT1–LT8) are retained if power to the relay is lost 
and then restored. If a latch bit is asserted (e.g., LT2 = logical 1) when power 
is lost, it comes back asserted (LT2 = logical 1) when power is restored. If a 
latch bit is deasserted (e.g., LT3 = logical 0) when power is lost, it comes back 
deasserted (LT3 = logical 0) when power is restored. This feature makes the 
latch bit feature behave the same as traditional latching relays. In a traditional 
installation, if power is lost to the panel, the latching relay output contact 
position remains unchanged.


Settings Change 


If individual settings are changed, the states of the latch bits (Relay Word bits 
LT1–LT8) are retained, much like in the preceding Power Loss explanation.


RST1 = /IN4*LT1


/IN4


IN4


SET1 = /IN4*!LT1


Rising
Edge


One
Processing
Interval


Pulse 1 Pulse 2 Pulse 3 Pulse 4


Rising
Edge


Rising
Edge


Rising
Edge


LTL1


NOTE: If a latch bit is set to a 
programmable output contact (e.g., 
OUT2 = LT2) and power to the relay is 
lost, the state of the latch bit is stored 
in nonvolatile memory but the output 
contact will go to its de-energized 
state. When power to the relay is 
restored, the programmable output 
contact will go back to the state of the 
latch bit after relay initialization.
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Note: Make Latch 
Control Switch 
Settings With Care


The latch bit states are stored in nonvolatile memory so they can be retained 
during power loss or settings change. The nonvolatile memory is rated for a 
finite number of “writes” for all cumulative latch bit state changes. Exceeding 
the limit can result in an EEPROM self-test failure. An average of 70 
cumulative latch bit state changes per day can be made for a 25-year relay 
service life.


This requires that SELOGIC control equation settings SETn and RSTn for any 
given latch bit LTn (n = 1–8; see Figure 3.29) be set with care. Settings SETn 
and RSTn cannot result in continuous cyclical operation of latch bit LTn. Use 
timers to qualify conditions set in settings SETn and RSTn. If any optoisolated 
inputs IN1–IN6 are used in settings SETn and RSTn, the inputs have their own 
fixed debounce timer that can help in providing the necessary time 
qualification (see Figure 3.1).


In the preceding reclosing relay enable/disable example application 
(Figure 3.30, Figure 3.31, and Figure 3.32), the SCADA contact cannot be 
asserting/deasserting continuously, thus causing latch bit LT1 to change state 
continuously. Note that the rising edge operators in the SET1 and RST1 
settings keep latch bit LT1 from cyclically operating for any single assertion 
of the SCADA contact.


Another variation to the example application in Figure 3.30, Figure 3.31, and 
Figure 3.32 that adds more security is a timer with pickup/dropout times set 
the same (see Figure 3.33 and Figure 3.34). Suppose that SV6PU and SV6DO 
are both set to 300 cycles. Then the SV6T timer keeps the state of latch bit 
LT1 from being able to be changed at a rate faster than once every 300 cycles 
(five seconds).


Figure 3.33 Latch Control Switch (With Time Delay Feedback) Controlled by 
a Single Input to Enable/Disable Reclosing
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Figure 3.34 Latch Control Switch (With Time Delay Feedback) Operation 
Time Line
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Front-Panel Target LEDs


Refer to Figure 2.5 for the arrangement of the target LEDs on the front panel 
of the SEL-551C Relay.


Further Target LED 
Details


The INST target LED illuminates if Relay Word bit TRIP asserts less than 
3 cycles after any of the following Relay Word bits assert: 51P1, 51P2, 51N1, 
51G1, 51Q1, 51Q2, 50P1, 50P2, 50P3, 50P4, 50P5, 50P6, 50A, 50B, 50C, 
50N1, 50N2, 50G1, 50G2, 50Q1, or 50Q2.


The A target LED illuminates if Relay Word bit TRIP asserts when phase A 
current (current input IA) is above phase pickup setting 51P1P, 51P2P, 50P1P, 
50P2P, 50P3P, 50P4P, 50P5P, 50P6P, 50A, 51Q1, or 51Q2.


The B target LED illuminates if Relay Word bit TRIP asserts when phase B 
current (current input IB) is above phase pickup setting 51P1P, 51P2P, 50P1P, 
50P2P, 50P3P, 50P4P, 50P5P, 50P6P, 50B, 51Q1, or 51Q2.


The C target LED illuminates if Relay Word bit TRIP asserts when phase C 
current (current input IC) is above phase pickup setting 51P1P, 51P2P, 50P1P, 
50P2P, 50P3P, 50P4P, 50P5P, 50P6P, 50C, 51Q1, or 51Q2.


The N target LED illuminates if Relay Word bit TRIP asserts when neutral 
ground current (current input IN) is above neutral ground pickup setting 
51N1P, 50N1P, 50N2P, or residual ground current (derived from current inputs 
IA, IB, and IC) is above residual ground pickup setting 51G1P, 50G1P, or 
50G2P.


Target Reset/Lamp 
Test Front-Panel 
Pushbutton


When the Target Reset/Lamp Test front-panel pushbutton is pressed:


➤ all front-panel LEDs are illuminated for one (1) second


➤ and then the Fault Type target LEDs (INST, A, B, C, and N) are 
extinguished


Other Applications for the Target Reset Function


Refer to the bottom of Figure 3.13. The combination of the {TARGET RESET} 
pushbutton and the TAR R (Target Reset) serial port command is available as 
Relay Word bit TRGTR. Relay Word bit TRGTR pulses to logical 1 for one 
processing interval when the TAR R (Target Reset) serial port command is 
executed (the TAR R serial port command can also be effectively operated via 


Table 3.8 SEL-551C Front-Panel Target LED Definitions


LED Definition


EN Relay Enabled—see subsection Relay Self-Tests on page 8.18


INST Instantaneous trip—see further details following


A Phase A involved in the fault—see further details following


B Phase B involved in the fault—see further details following


C Phase C involved in the fault—see further details following


N Ground involved in the fault—see further details following


RS Reclosing relay in the Reset State (follows Relay Word bit 79RS)


LO Reclosing relay in the Lockout State (follows Relay Word bit 79LO)
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Modbus protocol, too—see Appendix G: Modbus RTU Communications 
Protocol). Relay Word bit TRGTR asserts to logical 1 for as long as the 
{TARGET RESET} pushbutton is pressed.


Relay Word bit TRGTR can be used to unlatch logic. For example, refer to the 
breaker failure logic in Figure 3.22. If a breaker failure trip occurs (SV7T 
asserts), the occurrence can be displayed on the front panel with seal-in logic 
and a rotating default display (see Rotating Default Display on page 6.12, 
also):


SET4 = SV7T


RST4 = TRGTR


DP3 = LT4


DP3_1 = BREAKER FAILURE


DP3_0 = NA (blank)


Figure 3.35 Seal-In of Breaker Failure Occurrence for Message Display


If a breaker failure trip has occurred, the momentary assertion of SV7T 
(breaker failure trip) will cause latch bit LT4 in Figure 3.35 to seal-in (refer to 
Latch Control Switches on page 3.50 for more information on latch bits). 
Asserted LT4 in turn asserts DP3, causing the message:


to display in the rotating default display.


This message can be removed from the display rotation by pushing the 
{TARGET RESET} pushbutton (Relay Word bit TRGTR asserts to logical 1, 
unlatching LT4 and in turn deasserting DP3). Thus, front-panel rotating 
default displays can be easily reset along with the front-panel targets by 
pushing the {TARGET RESET} pushbutton.


SV7T


Breaker 
Failure Trip SET4


RST4


(= logical 1)
(= logical 0)


Target 
 Reset


TRGTR


LT4


DP3 = LT4


DP3_1 = BREAKER FAILURE
DP3_0 = (blank)


BREAKER FAILURE
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Setting the Relay


Overview


Change or view settings with the SET and SHOWSET serial port commands 
and the front-panel {SET} pushbutton. Table 4.1 lists the serial port SET 
commands.


View settings with the respective serial port SHOWSET commands (SHO, 
SHO L, SHO R, SHO T, SHO P). See SHO Command (Showset) on 
page 5.19.


Table 4.1 Serial Port SET Commands


Command
Settings


Type
Description


Settings 
Sheetsa


a Located at end of this section.


SET Relay Overcurrent elements, reclosing relay, timers, etc. 1–6


SET L Logic SELOGIC® Control Equations 7–9


SET R SER Sequential Events Recorder trigger conditions 14


SET T Text Front-panel default display text; local control text 12–13


SET P 1 Port Rear serial port protocol settings 10


SET P F 
or 


SET P 2


Port Front serial port protocol settings (optional) 10–11







4.2


SEL-551C Relay Instruction Manual Date Code 20080104


Setting the Relay
Settings Changes Via the Front Panel


Settings Changes Via the Front Panel


The relay front-panel {SET} pushbutton provides access to the Relay and Port 
settings only. Thus, the corresponding Relay and Port settings sheets that 
follow in this section can also be used when making these settings via the 
front panel. Refer to Figure 6.3 for information on front-panel 
communications.
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Settings Changes Via the Serial Port


See Section 5: Serial Port Communications and Commands for information 
on serial port communications and relay access levels. To change a specific 
setting, enter the command:


SET n s


When you execute the SET command, the relay presents a list of settings, one 
at a time. Enter a new setting, or press <Enter> to accept the existing setting. 
Editing keystrokes are shown in Table 4.2.


The relay checks each entry to ensure that it is within the setting range. If it is 
not, an Out of Range message is generated, and the relay prompts for the 
setting again.


When settings are complete, the relay displays the new settings and prompts 
for approval to enable them. Answer Y <Enter> to enable the new settings. 
For about one second, while the active settings are updated, the relay is 
disabled and the OUT3 output contact closes for the SEL-551C [assuming b-
type output contact and SELOGIC programming: OUT3 = !(SALARM + 
HALARM); see Figure 3.23].


where:
n = L, R, T, P, P 1, P F, or P 2 (parameter n is not entered for 


the Relay settings)
s = the name of the specific setting you wish to jump to and 


begin setting. If s is not entered, the relay starts at the first 
setting.


Table 4.2 SET Command Editing Keystrokes


Press Key(s) Results


<Enter> Retains setting and moves to the next.


^ <Enter> Returns to previous setting.


< <Enter> Returns to previous setting.


> <Enter> Moves to next setting.


END <Enter> Exits editing session, then prompts you to save the settings.


<Ctrl+X> Aborts editing session without saving changes.
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Time-Overcurrent Element Setting Reference 
Information


The following information describes the curve timing for the curve and time 
dial settings made for the time-overcurrent elements (see Figure 3.9–
Figure 3.12). The time-overcurrent relay curves in Figure 4.1–Figure 4.10 
conform to IEEE C37.112-1996 IEEE Standard Inverse Time Characteristic 
Equations for Overcurrent Relays.


tp = operating time in seconds


tr = electromechanical induction-disk emulation reset time in seconds (if 
electromechanical reset setting is made)


TD = time dial setting


M = applied multiples of pickup current [for operating time (tp), M>1; for 
reset time (tr), M≤1].


Table 4.3 Equations Associated With U.S. Curves


Curve Type Operating Time Reset Time Figure


U1 (Moderately Inverse)                     Figure 4.1


U2 (Inverse)


                    


Figure 4.2


U3 (Very Inverse)


                    


Figure 4.3


U4 (Extremely Inverse)


                    


Figure 4.4


U5 (Short-Time Inverse)


                    


Figure 4.5


Table 4.4 Equations Associated With IEC Curves (Sheet 1 of 2)


Curve Type Operating Time Reset Time Figure


C1 (Standard Inverse)           


          


Figure 4.6


C2 (Very Inverse)           


          


Figure 4.7


tp TD 0.0226 0.0104


M
0.02


1–
----------------------+⎝ ⎠


⎛ ⎞• = tr TD
1.08


1 M
2


–
----------------⎝ ⎠
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M
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----------------+⎝ ⎠
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1 M
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–
----------------⎝ ⎠
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tp TD 0.0963 3.88


M
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1 M
2


–
----------------⎝ ⎠
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tp TD 0.0352 5.67


M
2


1–
----------------+⎝ ⎠


⎛ ⎞• = tr TD
5.67


1 M
2


–
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–
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C3 (Extremely Inverse)           


          


Figure 4.8


C4 (Long-Time Inverse)           


          


Figure 4.9


C5 (Short-Time Inverse)           


          


Figure 4.10


Table 4.4 Equations Associated With IEC Curves (Sheet 2 of 2)


Curve Type Operating Time Reset Time Figure


tp TD
80


M
2


1–
----------------⎝ ⎠


⎛ ⎞• = tr TD
80


1 M
2


–
----------------⎝ ⎠
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M 1–
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1 M–
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M
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2


–
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⎛ ⎞• =
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Figure 4.1 U.S. Moderately Inverse Curve: U1
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Figure 4.2 U.S. Inverse Curve: U2
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Figure 4.3 U.S. Very Inverse Curve: U3
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Figure 4.4 U.S. Extremely Inverse Curve: U4
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Figure 4.5 U.S. Short-Time Inverse Curve: U5
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Figure 4.6 I.E.C. Class A Curve (Standard Inverse): C1
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Figure 4.7 I.E.C. Class B Curve (Very Inverse): C2
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Figure 4.8 I.E.C. Class C Curve (Extremely Inverse): C3
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Figure 4.9 I.E.C. Long-Time Inverse Curve: C4
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Figure 4.10 I.E.C. Short-Time Inverse Curve: C5
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Relay Word Bit Setting Reference Information


Relay Word bits are used in SELOGIC control equation settings. See Section 3: 
Relay Elements and Logic for SELOGIC control equations details and 
examples. SELOGIC control equation settings can also be set directly to 1 
(logical 1) or 0 (logical 0).


The Relay Word bit row numbers correspond to the row numbers used in the 
TAR command [see TAR Command (Target) on page 5.23].


Table 4.5 SEL-551C Relay Word Bits 


Rowa


a Row 0 used for front-panel LEDs and TAR command as shown in Table 5.6. Row 0 targets are not available for SELOGIC control equations.


SEL-551C Relay Word Bits


1 51P1 51P2 51N1 51G1 51P1T 51P2T 51N1T 51G1T


2 51Q1 51Q2 51Q1T 51Q2T 50P1 50P2 50P3 50P4


3 50P5 50P6 50N1 50N2 50G1 50G2 50Q1 50Q2


4 50A 50B 50C *b


b Reserved for future use.


*b OC CC CF


5 LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8


6 RB1 RB2 RB3 RB4 RB5 RB6 RB7 RB8


7 SV1 SV2 SV3 SV4 SV5 SV6 SV7 SV8


8 SV9 SV10 SV11 SV12 SV13 SV14 *b *b


9 79RS 79CY 79LO SH0 SH1 SH2 SH3 SH4


10 TRIP CLOSE 51P1R 51P2R 51N1R 51G1R 51Q1R 51Q2R


11 SV5T SV6T SV7T SV8T SV9T SV10T SV11T SV12T


12 SV13T SV14T *b SALARM HALARM OUT1 OUT2 OUT3


13 PDEM NDEM GDEM QDEM TRGTR *b *b *b


14 LT1 LT2 LT3 LT4 LT5 LT6 LT7 LT8


15 IN1 IN2 IN3 IN4 IN5 IN6 *b *b


Table 4.6 Relay Word Bit Definitions (Sheet 1 of 5)


Row Bit Definition
Primary
Application


1 51P1 Maximum phase current above pickup setting 51P1P 
for phase time-overcurrent element 51P1T (see Figure 3.9)


Event report triggering,
Testing


51P2 Maximum phase current above pickup setting 51P2P 
for phase time-overcurrent element 51P2T (see Figure 3.9)


51N1 Neutral ground current (channel IN) above pickup setting 51N1P for 
neutral ground time-overcurrent element 51N1T (see Figure 3.10)


51G1 Residual ground current above pickup setting 51G1P for residual 
ground time-overcurrent element 51G1T (see Figure 3.11)


51P1T 1st phase time-overcurrent element timed out (see Figure 3.9) Tripping


51P2T 2nd phase time-overcurrent element timed out (see Figure 3.9)


51N1T Neutral ground time-overcurrent element timed out
(see Figure 3.10)


51G1T Residual ground time-overcurrent element timed out 
(see Figure 3.11)
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2 51Q1a Negative-sequence current above pickup setting 51Q1P for negative-
sequence time-overcurrent element 51Q1T (see Figure 3.12)


Event report triggering,
Testing


51Q2a Negative-sequence current above pickup setting 51Q2P for negative-
sequence time-overcurrent element 51Q2T (see Figure 3.12)


51Q1Ta First negative-sequence time-overcurrent element timed out
(see Figure 3.12)


Tripping


51Q2Ta Second negative-sequence time-overcurrent element timed out 
(see Figure 3.12)


50P1 First phase instantaneous overcurrent element picked up
(see Figure 3.4)


50P2 Second phase instantaneous overcurrent element picked up 
(see Figure 3.4)


50P3 Third phase instantaneous overcurrent element picked up
(see Figure 3.4)


50P4 Fourth phase instantaneous overcurrent element picked up 
(see Figure 3.4)


3 50P5 Fifth phase instantaneous overcurrent element picked up 
(see Figure 3.4)


50P6 Sixth phase instantaneous overcurrent element picked up 
(see Figure 3.4)


50N1 First neutral ground instantaneous overcurrent element picked up 
(see Figure 3.6)


50N2 Second neutral ground instantaneous overcurrent element picked up 
(see Figure 3.6)


50G1 First residual ground instantaneous overcurrent element picked up 
(see Figure 3.7)


50G2 Second residual ground instantaneous overcurrent element picked up 
(see Figure 3.7)


50Q1a First negative-sequence instantaneous overcurrent element picked up 
(see Figure 3.8)


50Q2a Second negative-sequence instantaneous overcurrent element picked 
up (see Figure 3.8)


4 50A Single-phase instantaneous overcurrent element picked up 
(channel IA; see Figure 3.5)


50B Single-phase instantaneous overcurrent element picked up
(channel IB; see Figure 3.5)


50C Single-phase instantaneous overcurrent element picked up 
(channel IC; see Figure 3.5)


OCb Asserts 1/8 cycle for Open Command execution (see Figure 3.13) Circuit breaker status, etc.


CCb Asserts 1/8 cycle for Close Command execution (see Figure 3.14)


CF Close Failure logic output asserted (see Figure 3.14) Indication


Table 4.6 Relay Word Bit Definitions (Sheet 2 of 5)


Row Bit Definition
Primary
Application
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5 LB1 Local Bit 1 asserted (see Figure 3.2) Enable/disable schemes, etc., 
from the front panel


LB2 Local Bit 2 asserted (see Figure 3.2)


LB3 Local Bit 3 asserted (see Figure 3.2)


LB4 Local Bit 4 asserted (see Figure 3.2)


LB5 Local Bit 5 asserted (see Figure 3.2)


LB6 Local Bit 6 asserted (see Figure 3.2)


LB7 Local Bit 7 asserted (see Figure 3.2)


LB8 Local Bit 8 asserted (see Figure 3.2)


6 RB1 Remote Bit 1 asserted (see Figure 3.3) Enable/disable schemes, etc., 
from the serial port


RB2 Remote Bit 2 asserted (see Figure 3.3)


RB3 Remote Bit 3 asserted (see Figure 3.3)


RB4 Remote Bit 4 asserted (see Figure 3.3)


RB5 Remote Bit 5 asserted (see Figure 3.3)


RB6 Remote Bit 6 asserted (see Figure 3.3)


RB7 Remote Bit 7 asserted (see Figure 3.3)


RB8 Remote Bit 8 asserted (see Figure 3.3)


7 SV1 SELOGIC Variable SV1 asserted (see Figure 3.21) Seal-in functions, etc.


SV2 SELOGIC Variable SV2 asserted (see Figure 3.21)


SV3 SELOGIC Variable SV3 asserted (see Figure 3.21)


SV4 SELOGIC Variable SV4 asserted (see Figure 3.21)


SV5 SELOGIC Variable SV5 timer input asserted (see Figure 3.21) Seal-in functions, Timing, etc.


SV6 SELOGIC Variable SV6 timer input asserted (see Figure 3.21)


SV7 SELOGIC Variable SV7 timer input asserted (see Figure 3.21)


SV8 SELOGIC Variable SV8 timer input asserted (see Figure 3.21)


8 SV9 SELOGIC Variable SV9 timer input asserted (see Figure 3.21)


SV10 SELOGIC Variable SV10 timer input asserted (see Figure 3.21)


SV11 SELOGIC Variable SV11 timer input asserted (see Figure 3.21)


SV12 SELOGIC Variable SV12 timer input asserted (see Figure 3.21)


SV13 SELOGIC Variable SV13 timer input asserted (see Figure 3.21)


SV14 SELOGIC Variable SV14 timer input asserted (see Figure 3.21)


9 79RS Reclosing relay in the Reset State (see Figure 3.15 and Table 3.5) Tripping scheme supervision, 
Indication


79CY Reclosing relay in the Reclose Cycle State 
(see Figure 3.15 and Table 3.5)


79LO Reclosing relay in the Lockout State (see Figure 3.15 and Table 3.5)


SH0 Reclosing relay shot counter = 0 (see Table 3.6)


SH1 Reclosing relay shot counter = 1 (see Table 3.6)


SH2 Reclosing relay shot counter = 2 (see Table 3.6)


SH3 Reclosing relay shot counter = 3 (see Table 3.6)


SH4 Reclosing relay shot counter = 4 (see Table 3.6)


Table 4.6 Relay Word Bit Definitions (Sheet 3 of 5)


Row Bit Definition
Primary
Application
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10 TRIP Trip logic output asserted (see Figure 3.13) Output contact assignment


CLOSE Close logic output asserted (see Figure 3.14)


51P1R First phase time-overcurrent element reset (see Figure 3.9) Testing


51P2R Second phase time-overcurrent element reset (see Figure 3.9)


51N1R Neutral ground time-overcurrent element reset (see Figure 3.10)


51G1R Residual ground time-overcurrent element reset (see Figure 3.11)


51Q1R First negative-sequence time-overcurrent element reset
(see Figure 3.12)


51Q2R Second negative-sequence time-overcurrent element reset 
(see Figure 3.12)


11 SV5T SELOGIC Variable timer output asserted (see Figure 3.21) Timing


SV6T SELOGIC Variable timer output asserted (see Figure 3.21)


SV7T SELOGIC Variable timer output asserted (see Figure 3.21)


SV8T SELOGIC Variable timer output asserted (see Figure 3.21)


SV9T SELOGIC Variable timer output asserted (see Figure 3.21)


SV10T SELOGIC Variable timer output asserted (see Figure 3.21)


SV11T SELOGIC Variable timer output asserted (see Figure 3.21)


SV12T SELOGIC Variable timer output asserted (see Figure 3.21)


12 SV13T SELOGIC Variable timer output asserted (see Figure 3.21)


SV14T SELOGIC Variable timer output asserted (see Figure 3.21)


SALARM Software alarm. Also asserts momentarily for one (1) second for 
access level changes or if the password is entered incorrectly three 
times in a row. Also asserts momentarily for settings change.


Indication


HALARM Hardware alarm—see Table 8.3.


OUT1c Output contact OUT1 asserted (see Figure 3.23)


OUT2c Output contact OUT2 asserted (see Figure 3.23)


OUT3c Output contact OUT3 asserted (see Figure 3.23)


13 PDEM Phase demand current above pickup setting PDEMP 
(see Figure 3.26)


NDEM Neutral ground demand current above pickup setting NDEMP 
(see Figure 3.26)


GDEM Residual ground demand current above pickup setting GDEMP 
(see Figure 3.26)


QDEM Negative-sequence demand current above pickup setting QDEMP 
(see Figure 3.26)


TRGTR Target Rest. TRGTR pulses to logical 1 for one processing interval 
when the TAR R (Target Reset) serial port command is executed. 
TRGTR asserts to logical 1 for as long as the {TARGET RESET} 
pushbutton is pressed (see Figure 3.13).


Control


14 LT1 Latch Bit 1 asserted (see Figure 3.29) Control—replacing 
traditional latching relays


LT2 Latch Bit 2 asserted (see Figure 3.29)


LT3 Latch Bit 3 asserted (see Figure 3.29)


LT4 Latch Bit 4 asserted (see Figure 3.29)


Table 4.6 Relay Word Bit Definitions (Sheet 4 of 5)


Row Bit Definition
Primary
Application
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LT5 Latch Bit 5 asserted (see Figure 3.29)


LT6 Latch Bit 6 asserted (see Figure 3.29)


LT7 Latch Bit 7 asserted (see Figure 3.29)


LT8 Latch Bit 8 asserted (see Figure 3.29)


15 IN1 Optoisolated input IN1 asserted (see Figure 3.1) Circuit breaker status, etc.


IN2 Optoisolated input IN2 asserted (see Figure 3.1)


IN3 Optoisolated input IN3 asserted (see Figure 3.1)


IN4 Optoisolated input IN4 asserted (see Figure 3.1)


IN5 Optoisolated input IN5 asserted (see Figure 3.1)


IN6 Optoisolated input IN6 asserted (see Figure 3.1)


a IMPORTANT: See Appendix F: Setting Negative-Sequence Overcurrent Elements for special instructions on setting negative-sequence 
overcurrent elements.


b The Open Command (Relay Word Bit OC) and Close Command (Relay Word Bit CC) are already embedded in the Trip Logic (see Figure 3.13) 
and Close Logic (see Figure 3.14), respectively. Thus, they are likely not used in SELOGIC control equations. They are in the Relay Word for 
embedded event report information functions (see Table 7.3).


c Output contacts can be a or b-type output contacts (see Figure 2.14 and Figure 3.23)


Table 4.6 Relay Word Bit Definitions (Sheet 5 of 5)


Row Bit Definition
Primary
Application
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Settings Explanations


Note that most of the settings in the settings sheets that follow include 
references for additional information. The following explanations are for relay 
settings (accessed under the SET command) that do not have reference 
information anywhere else in the instruction manual. 


Identifier Labels The SEL-551C has two identifier labels:


➤ the Relay Identifier (RID)


➤ the Terminal Identifier (TID)


The Relay Identifier is typically used to identify the relay or the type of 
protection scheme. Typical Terminal Identifiers include an abbreviation of the 
substation name and line terminal.


The relay tags each report (event report, meter report, etc.) with the Relay 
Identifier and Terminal Identifier. This allows you to distinguish the report as 
one generated for a specific breaker and substation.


RID and TID settings may include the following characters:


➤ 0–9


➤ A–Z, 


➤ -, /, ., space


Current Transformer 
Ratios


Phase and neutral current transformer ratios are set independently. If IN is 
connected residually with IA, IB, and IC, then set CTR and CTRN the same. For 
example, for a CT ratio of 600/5, set CTR = 120.


CT Sizing Sizing a CT to avoid saturation for the maximum asymmetrical fault is ideal, 
but not always possible. This requires a CT ANSI voltage classification 
greater than (1 + X/R) times the burden voltage for the maximum symmetrical 
fault current, where X/R is the reactance-to-resistance ratio of the primary 
system.


Use caution when selecting CTs for saturation conditions. If you apply the 
SEL-551C in high-fault current situations, such as in power plant auxiliary 
buses with as much as 40000 A of line-to-line fault current, current 
transformers used with the SEL-551C should meet the following criterion:


Equation 4.1


This ensures a two-cycle trip of an instantaneous element set at 80 A. The 
following examples show how the criterion is used.


Example 1: Maximum Fault Current With an 80 A Instantaneous Setting


Maximum fault current in terms of primary CT and ANSI voltage rating, 
burden in ohms, and X/R ratio is:


where:
If = the maximum fault current in per unit of CT rating


Zb = the CT burden in per unit of standard burden
X/R = the X/R ratio of the primary fault current


262.5 X
R
---- 1+⎝ ⎠


⎛ ⎞≥ If Zb• • 
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Equation 4.2


Equation 4.2 is an actual-value equation derived from Equation 4.1 above,


An SEL-551C phase instantaneous overcurrent element is to be set at 80 
amps. The relay will be used with a C400, 400:5 current transformer with a 
0.50 W ohm total burden. The X/R ratio is 20. Determine the maximum fault 
current for dependable operation.


The burden is primarily from the CT windings and external leads to the 
SEL-551C (the SEL-551C has a negligible burden):


Equation 4.3


Example 2: Minimum CT Rating With an 80 A Instantaneous Setting


CT rating in terms of maximum fault current, X/R ratio, ANSI rating, and 
burden is:


Equation 4.4


With an 80 amp instantaneous setting, what is the minimum CT rating that can 
be used when the maximum fault current is 40000 amps, X/R = 20, and the 
burden is 0.50 Ω ohms?


Equation 4.5


where:
IMAX = the maximum primary fault current for line-to-line fault


CTRATING = the CT primary rating in amperes
ZB = the total CT secondary burden in ohms


ANSI = the ANSI voltage classification of CTs


Description Quantity


300 feet full-circuit run of #10 AWG (1.0 Ω /1000-ft) 0.30


CT winding of 80 turns at 0.0025 Ω/turn + 0.20


Total burden 0.50 Ω


IMAX
262.5


1 X
R
----+⎝ ⎠


⎛ ⎞
------------------- ANSI


100 ZB• 
---------------------- CTRATING• • =


IMAX
262.5


1 X
R
----+⎝ ⎠


⎛ ⎞
------------------- ANSI


100 ZB• 
---------------------- CTRATING• • =


262.5
1 20+( )


-------------------- 400
100 0.50Ω• 
------------------------------- 400• • =


40000 A=


CTRATING


1 X
R
----+⎝ ⎠


⎛ ⎞


262.5
------------------- 100


ANSI
--------------- IMAX ZB• • • =


CTRATING


1 X
R
----+⎝ ⎠


⎛ ⎞


262.5
------------------- 100


ANSI
--------------- IMAX ZB• • • =


1 20+( )
262.5


-------------------- 100
400
--------- 40000 0.50• • • =


400 A=
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Example 3: Determine Whether the Following Application Meets the 
Above Criteria


Apply Equation 4.1 to verify if the CTs meet the required criteria.


Equation 4.6


The calculation shows that the 400:5 (class C400) CT meets the criteria in 
Equation 4.1.


Other System 
Parameters


The relay settings NFREQ and PHROT allow you to configure the SEL-551C 
to your specific system.


➤ Set NFREQ equal to your nominal power system frequency, 
either 50 Hz or 60 Hz.


➤ Set PHROT equal to your power system phase rotation, either 
ABC or ACB.


Set DATE_F to format the date displayed in relay reports and the front-panel 
display.


➤ Set DATE_F to MDY to display dates in Month/Day/Year 
format.


➤ Set DATE_F to YMD to display dates in Year/Month/Day 
format.


Description Value


CTs used 400:5 A, class C400


Instantaneous element pickup setting 80 A secondary


Maximum current for a line-to-line fault 40000 Α primary


X/R ratio 20


Total CT secondary burden 0.50 ohm


X
R
---- 1+⎝ ⎠


⎛ ⎞ If Zb• • 20 1+( ) 40000
400


--------------- 0.50Ω
4


---------------• • =


262.5=
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Settings Sheets


The settings sheets that follow include the definition and input range for each 
setting in the relay. Refer to Overcurrent Elements on page 1.7 for information 
on 5 A nominal and 1 A nominal ordering options and how they influence 
overcurrent element setting ranges.


Settings Differences 
Between the SEL-551 
and SEL-551C


The SEL-551C has SELOGIC settings SETn (set latch bit LTn) and RSTn:


(reset latch bit LTn; Latch Bits Set/Reset Equations (see Figure 3.29) on 
page SET.8)


The SEL-551 has SELOGIC setting OUT4.


The SEL-551C has the settings for the optional front-panel serial 
communications port:


(Port Settings (SET P Command and Front Panel) on page SET.12).
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Settings Sheets for the
SEL-551C Relay


Relay Settings (SET Command)
Identifier Labels (See Settings Explanations on page 4.21)


Relay Identifier (12 characters)


RID = 


Terminal Identifier (12 characters)


TID = 


Current Transformer Ratios (see Settings Explanations on page 4.21)
Phase (IA, IB, IC) Current Transformer Ratio (1–6000) CTR =


Neutral (IN) Current Transformer Ratio (1–6000) CTRN =


Minimum Trip Duration Timer (See Figure 3.13)
Min. Trip Duration Time 


(0–8000 cycles in 0.125-cycle increments)
TDURD =


Phase Instantaneous Overcurrent Elements 50P1–50P6 (see Figure 3.4)


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P1P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P2P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P3P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P4P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P5P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50P6P = 
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Single-Phase Instantaneous Overcurrent Elements 50A, 50B, 50C 
(see Figure 3.5)


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50ABCP = 


Phase Time-Overcurrent Element 51P1T (see Figure 3.9)
Pickup


(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51P1P = 


Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51P1C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51P1TD =


Electromechanical Reset (Y, N) 51P1RS =


Phase Time-Overcurrent Element 51P2T (see Figure 3.9)
Pickup


(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51P2P = 


Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51P2C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51P2TD =


Electromechanical Reset (Y, N) 51P2RS =


Neutral Ground Instantaneous Overcurrent Elements 50N1, 50N2
(see Figure 3.6)


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50N1P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50N2P = 


Neutral Ground Time-Overcurrent Elements 51N1T (see Figure 3.10)
Pickup


(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51N1P = 
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Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51N1C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51N1TD =


Electromechanical Reset (Y, N) 51N1RS =


Residual Ground Instantaneous Overcurrent Elements 50G1, 50G2
(see Figure 3.7)


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50G1P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50G2P = 


Residual Ground Time-Overcurrent Elements 51G1T (see Figure 3.11)
Pickup


(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51G1P = 


Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51G1C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51G1TD =


Electromechanical Reset (Y, N) 51G1RS =


Negative-Sequence Instantaneous Overcurrent Elements 50Q1, 50Q2
(see Figure 3.8)


IMPORTANT: See Appendix F: Setting Negative-Sequence Overcurrent Elements for information on 
setting negative-sequence overcurrent elements.


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50Q1P = 


Pickup
(OFF, 0.5–80.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–16.0 A in 0.1 A increments) (1 A nominal) 50Q2P = 
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Negative-Sequence Time Overcurrent Element 51Q1T (see Figure 3.12)
IMPORTANT: See Appendix F: Setting Negative-Sequence Overcurrent Elements for information on 
setting negative-sequence overcurrent elements.


Pickup
(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51Q1P = 


Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51Q1C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51Q1TD =


Electromechanical Reset (Y, N) 51Q1RS =


Negative-Sequence Time Overcurrent Element 51Q2T (see Figure 3.12)
IMPORTANT: See Appendix F: Setting Negative-Sequence Overcurrent Elements for information on 
setting negative-sequence overcurrent elements.


Pickup
(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) 51Q2P = 


Curve (U1–U5, C1–C5; see Figure 4.1–Figure 4.10) 51Q2C =


Time Dial
0.50–15.00 for curves U1–U5


0.05–1.00 for curves C1–C5 51Q2TD =


Electromechanical Reset (Y, N) 51Q2RS =


Reclosing Relay Open Interval Timer (see Reclosing Relay on page 3.25)


Open Interval 1 Time 
(0–54000 cycles in 0.125 cycle increments)


79OI1 =


Open Interval 2 Time 
(0–54000 cycles in 0.125 cycle increments)


79O12 =


Open Interval 3 Time
(0–54000 cycles in 0.125 cycle increments)


79O13 =


Open Interval 4 Time
(0–54000 cycles in 0.125 cycle increments)


79O14 =


Reclosing Relay Reset Timer (see Reclosing Relay on page 3.25)
Reset Time from Reclose Cycle 


(0–54000 cycles in 0.125 cycle increments)
79RSD =


Reset Time from Lockout
(0–54000 cycles in 0.125 cycle increments)


79RSLD =
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Close Failure Timer (see Figure 3.14)
Close Failure Time (0–54000 cycles in 0.125 cycle increments) CFD =


Demand Ammetering Settings (see Figure 3.24 and Figure 3.26)


Time Constant (5, 10, 15, 30, 60 minutes) DMTC =


Pickup Range
Phase Pickup


(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) PDEMP =


Neutral Ground Pickup—channel IN
(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)
(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) NDEMP =


Residual Ground Pickup
(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) GDEMP =


Negative-Sequence Pickup
(OFF, 0.5–16.0 A in 0.1 A increments) (5 A nominal)


(OFF, 0.1–3.2 A in 0.1 A increments) (1 A nominal) QDEMP =


SELOGIC® Variable Timers (see Figure 3.21)
SV5 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV5PU =


SV5 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV5DO =


SV6 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV6PU =


SV6 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV6DO =


SV7 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV7PU =


SV7 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV7DO =


SV8 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV8PU =


SV8 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV8DO =


SV9 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV9PU =


SV9 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV9DO =


SV10 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV10PU =


SV10 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV10DO =


SV11 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV11PU =


SV11 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV11DO =


SV12 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV12PU =


SV12 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV12DO =
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SV13 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV13PU =


SV13 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV13DO =


SV14 Pickup Time (0–54000.000 cycles in 0.125-cycle steps) SV14PU =


SV14 Dropout Time (0–54000.000 cycles in 0.125-cycle steps) SV14DO =


Other System Parameters (see Settings Explanations on page 4.21)
Nominal Frequency (50, 60 Hz) NFREQ =


Phase Rotation (ABC, ACB) PHROT =


Date Format (MDY, YMD) DATE_F =







Date _______________


Date Code 20080104 Instruction Manual SEL-551C Relay


SET.7 of 14Settings Sheets for the SEL-551C Relay
SELOGIC Control Equation Settings (SET L Command)


SELOGIC Control Equation Settings (SET L Command)
SELOGIC® control equations consist of Relay Word Bits (see Table 4.5 and Table 4.6) and SELOGIC operators * 
(AND), + (OR), ! (NOT), and ( ) (parentheses). See Section 3: Relay Elements and Logic for SELOGIC control 
equations details and examples. SELOGIC control equation settings can also be set directly to 1 (logical 1) or 0 
(logical 0).


Trip Logic (see Figure 3.13)
Trip Conditions TR =


Unlatch Trip Conditions ULTR =


Torque Control for Time-Overcurrent Elements (see Figure 3.9–Figure 3.12)
NOTE: Torque control equation settings cannot be set directly to logical 0.


Phase Element 51P1T 51P1TC =


Phase Element 51P2T 51P2TC =


Neutral Ground Element 51N1T 51N1TC =


Residual Ground Element 51G1T 51G1TC =


Negative-Sequence Element 51Q1T 51Q1TC =


Negative-Sequence Element 51Q2T 51Q2TC =


Close Logic (see Figure 3.14)
Circuit Breaker Status 52A =


Close Conditions 
(other than automatic reclosing or CLOSE command)


CL =


ULCL Unlatch Close Conditions ULCL =


Reclosing Relay (see Reclosing Relay on page 3.25)
Reclose Initiate 79RI =


Reclose Initiate Supervision 79RIS =


Drive to Lockout 79DTL =


Drive to Last Shot 79DLS =


Skip Shot 79SKP =


Stall Open Interval Timing 79STL =


Block Reset Timing 79BRS =


Sequence Coordination 79SEQ =
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Latch Bits Set/Reset Equations (see Figure 3.29)
Set Latch Bit LT1 SET1 =


Reset Latch Bit LT1 RST1 =


Set Latch Bit LT2 SET2 =


Reset Latch Bit LT2 RST2 =


Set Latch Bit LT3 SET3 =


Reset Latch Bit LT3 RST3 =


Set Latch Bit LT4 SET4 =


Reset Latch Bit LT4 RST4 =


Set Latch Bit LT5 SET5 =


Reset Latch Bit LT5 RST5 =


Set Latch Bit LT6 SET6 =


Reset latch Bit LT6 RST6 =


Set Latch Bit LT7 SET7 =


Reset Latch Bit LT7 RST7 =


Set Latch Bit LT8 SET8 =


Reset Latch Bit LT8 RST8 =


Event Report Trigger Conditions (see Standard 15-Cycle Event Reports on 
page 7.2)


Event Report Trigger Condition 1 ER1 =


Event Report Trigger Condition 2 ER2 =


SELOGIC Variables (see Figure 3.21)
SELOGIC Variable SV1 SV1 =


SELOGIC Variable SV2 SV2 =


SELOGIC Variable SV3 SV3 =


SELOGIC Variable SV4 SV4 =


SELOGIC Variable Timer Inputs (see Figure 3.21)
SELOGIC Variable SV5 SV5 =


SELOGIC Variable SV6 SV6 =


SELOGIC Variable SV7 SV7 =


SELOGIC Variable SV8 SV8 =







Date _______________


Date Code 20080104 Instruction Manual SEL-551C Relay


SET.9 of 14Settings Sheets for the SEL-551C Relay
SELOGIC Control Equation Settings (SET L Command)


SELOGIC Variable SV9 SV9 =


SELOGIC Variable SV10 SV10 =


SELOGIC Variable SV11 SV11 =


SELOGIC Variable SV12 SV12 =


SELOGIC Variable SV13 SV13 =


SELOGIC Variable SV14 SV14 =


Output Contacts (see Figure 3.23)
Output Contact OUT1 OUT1 =


Output Contact OUT2 OUT2 =


Output Contact OUT3 OUT3 =


Display Points (see Rotating Default Display on page 6.12)
Display Point DP1 DP1 =


Display Point DP2 DP2 =


Display Point DP3 DP3 =


Display Point DP4 DP4 =


Display Point DP5 DP5 =


Display Point DP6 DP6 =


Display Point DP7 DP7 =


Display Point DP8 DP8 =
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Text Settings (SET T Command)
NOTE: Enter the following characters: 0–9, A–Z, -, /, ., space for each text label setting, subject to 
the specified character limit. Enter NA to null a label.


Local Bit Labels (See Table 3.3 and Table 3.4)
Local Bit LB1 Name (14 characters) NLB1 =


Clear Local Bit LB1 Label (7 characters) CLB1 =


Set Local Bit LB1 Label (7 characters) SLB1 =


Pulse Local Bit LB1 Label (7 characters) PLB1 =


Local Bit LB2 Name (14 characters) NLB2 =


Clear Local Bit LB2 Label (7 characters) CLB2 =


Set Local Bit LB2 Label (7 characters) SLB2 =


Pulse Local Bit LB2 Label (7 characters) PLB2 =


Local Bit LB3 Name (14 characters) NLB3 =


Clear Local Bit LB3 Label (7 characters) CLB3 =


Set Local Bit LB3 Label (7 characters) SLB3 =


Pulse Local Bit LB3 Label (7 characters) PLB3 =


Local Bit LB4 Name (14 characters) NLB4 =


Clear Local Bit LB4 Label (7 characters) CLB4 =


Set Local Bit LB4 Label (7 characters) SLB4 =


Pulse Local Bit LB4 Label (7 characters) PLB4 =


Local Bit LB5 Name (14 characters) NLB5 =


Clear Local Bit LB5 Label (7 characters) CLB5 =


Set Local Bit LB5 Label (7 characters) SLB5 =


Pulse Local Bit LB5 Label (7 characters) PLB5 =


Local Bit LB6 Name (14 characters) NLB6 =


Clear Local Bit LB6 Label (7 characters) CLB6 =


Set Local Bit LB6 Label (7 characters) SLB6 =


Pulse Local Bit LB6 Label (7 characters) PLB6 =


Local Bit LB7 Name (14 characters) NLB7 =


Clear Local Bit LB7 Label (7 characters) CLB7 =


Set Local Bit LB7 Label (7 characters) SLB7 =


Pulse Local Bit LB7 Label (7 characters) PLB7 =
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Local Bit LB8 Name (14 characters) NLB8 =


Clear Local Bit LB8 Label (7 characters) CLB8 =


Set Local Bit LB8 Label (7 characters) SLB8 =


Pulse Local Bit LB8 Label (7 characters) PLB8 =


Display Point Labels
Display if DP1 = logical 1 (16 characters) DP1_1 =


Display if DP1 = logical 0 (16 characters) DP1_0 =


Display if DP2 = logical 1 (16 characters) DP2_1 =


Display if DP2 = logical 0 (16 characters) DP2_0 =


Display if DP3 = logical 1 (16 characters) DP3_1 =


Display if DP3 = logical 0 (16 characters) DP3_0 =


Display if DP4 = logical 1 (16 characters) DP4_1 =


Display if DP4 = logical 0 (16 characters) DP4_0 =


Display if DP5 = logical 1 (16 characters) DP5_1 =


Display if DP5 = logical 0 (16 characters) DP5_0 =


Display if DP6 = logical 1 (16 characters) DP6_1 =


Display if DP6 = logical 0 (16 characters) DP6_0 =


Display if DP7 = logical 1 (16 characters) DP7_1 =


Display if DP7 = logical 0 (16 characters) DP7_0 =


Display if DP8 = logical 1 (16 characters) DP8_1 =


Display if DP8 = logical 0 (16 characters) DP8_0 =


Reclosing Relay Labels (see Functions Unique to the Front-Panel Interface on 
page 6.6)


Reclosing Relay Last Shot Label (14 char.) 79LL =


Reclosing Relay Shot Counter Label (14 char.) 79SL =
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Port Settings (SET P Command and Front Panel)


Rear Port (SET P 1) Rear Panel
Port Protocol (SEL, LMD, MOD) PROTOCOL=


Communications Settings


LMD Prefix (@, #, $, %, &)
[PROTOCOL = LMD only] PREFIX =


LMD Address (1–99)
[PROTOCOL = LMD only] ADDRESS =


LMD Settling Time (0–30 seconds)
[PROTOCOL = LMD only]


SETTLE_TIME=


Baud Rate (300, 1200, 2400, 4800, 9600, 19200, 38400)
(38400 not available when PROTOCOL = MOD) SPEED =


Number Data Bits (7, 8)
[PROTOCOL = SEL or LMD only] DATA_BITS=


Parity (Odd [O], Even [E], or None [N]) PARITY =


Stop Bits (1, 2) STOP =


Modbus Slave ID (1–247)
[PROTOCOL = MOD only] SLAVE =


Other Rear Port Settings


Timeout (0–30 minutes)
[PROTOCOL = SEL or LMD only] TIMEOUT =


Send Auto Messages to Port (Y, N)
[PROTOCOL = SEL or LMD only] AUTO =


Enable Hardware Handshaking (Y, N) 
[PROTOCOL = SEL only] RTS_CTS =


Fast Operate Enable (Y, N)
[PROTOCOL = SEL or LMD only] FAST_OP =


Front Port F (SET P F or SET P 2)
Port Protocol (SEL, LMD) PROTOCOL=


Communications Settings


LMD Prefix (@, #, $, %, &)
[PROTOCOL = LMD only] PREFIX =


LMD Address (1–99)
[PROTOCOL = LMD only] ADDRESS =


LMD Settling Time (0–30 seconds) SETTLE_TIME=
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Baud Rate (300, 1200, 2400, 4800, 9600, 19200, 38400) SPEED =


Number Data Bits (7, 8)
[PROTOCOL = SEL or LMD only] DATA_BITS=


Parity (Odd [O], Even [E], or None [N]) PARITY =


Stop Bits (1, 2) STOP =


Other Front Port Settings


Timeout (0–30 minutes)
[PROTOCOL = SEL or LMD only] TIMEOUT =


Send Auto Messages to Port (Y, N)
[PROTOCOL = SEL or LMD only] AUTO =


Enable Hardware Handshaking (Y, N)
[PROTOCOL = SEL only] RTS_CTS =


Fast Operate Enable (Y, N)
[PROTOCOL = SEL or LMD only] FAST_OP =


Protocol Settings 


Set PROTOCOL = SEL for standard SEL ASCII protocol. 


Set PROTOCOL = LMD for SEL Distributed Port Switch protocol. 


Set PROTOCOL = MOD for Modbus® RTU protocol.


Refer to Appendix C: SEL Distributed Port Switch Protocol for details on the LMD protocol.


Refer to Appendix G: Modbus RTU Communications Protocol for details on Modbus.


Other Port Settings


Set TIMEOUT to the number of seconds of serial port inactivity for an automatic log out. Set TIMEOUT = 0 for 
no port time-out.


Set AUTO = Y to allow automatic messages at the serial port.


Set RTS_CTS = Y to enable hardware handshaking. With RTS_CTS = Y, the relay will not send characters until 
the CTS input is asserted. Also, if the relay is unable to receive characters, it deasserts the RTS line. Setting 
RTS_CTS is not applicable for EIA-485 serial port option.


Set FAST_OP = Y to enable binary Fast Operate messages at the serial port. Set FAST_OP = N to block binary 
Fast Operate messages. Refer to Appendix D: Configuration, Fast Meter, and Fast Operate Commands for the 
description of the SEL-551C Fast Operate commands.
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Sequential Events Recorder Settings (SET R Command)
NOTE: Sequential Events Recorder settings consist of three trigger lists. Each trigger list can 
include up to 24 Relay Word bits delimited by spaces or commas. See Sequential Events Recorder 
(SER) Event Report on page 7.10.


NOTE: Relay Word bits for the SEL-551C in Row 13 of Table 4.5 cannot be used in the following SER 
settings.


SER Trigger List 1 SER1 =


SER Trigger List 2 SER2 =


SER Trigger List 3 SER3 =
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and Commands


Overview


The SEL-551C Relay is equipped with a serial communications port on the 
rear panel of the relay. Connect the serial port to a computer serial port for 
local communications or to a modem for remote communications. Other 
devices useful for communications include the SEL-2032, the SEL-2030, or 
the SEL-2020 Communications Processor.


You can use a variety of terminal emulation programs on your personal 
computer to communicate with the relay.


The SEL-551C can be ordered with either an EIA-232 or EIA-485 (4-wire) 
rear-panel serial port. The SEL-551C can also be ordered with an optional 
EIA-232 front-panel serial port. The default settings for the serial port are:


➤ Baud Rate = 2400


➤ Data Bits = 8


➤ Parity = N 


➤ Stop Bits = 1


To change the port settings, use the serial port SET P command (see 
Section 4: Setting the Relay) or the front-panel {SET} pushbutton.
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Port Connector and Communications Cables


Figure 5.1 Nine-Pin Serial Communications Port Connector


Pinouts for EIA-232 and EIA-485 rear-panel serial communications port 
options are as follows:


Pinouts for the optional front-panel EIA-232 serial communications port for 
the SEL-551C relay are as follows:


The following cable diagrams show several types of EIA-232 serial 
communications cables. These and other cables are available from SEL. 
Contact the factory for more information.


Pin EIA-232 Option EIA-485 (4-wire) Option


1 N/C or +5 Vdca


a Main board jumper JMP2 in the SEL-551C relay; see Section 2: Installation.


+TX 


2 RXD –TX


3 TXD N/C


4 +IRIG-B +IRIG-B


5 GND SHIELD


6 –IRIG-B –IRIG-B


7 RTS +RX


8 CTS –RX


9 GND SHIELD


Pin EIA-232 Option


1 N/C


2 RXD


3 TXD


4 N/C


5 GND


6 N/C


7 RTS


8 CTS


9 GND


5  4  3  2  1


9  8  7  6


(female chassis connector, 
as viewed from outside panel)
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SEL-551C to 
Computer


SEL-551C to Modem


SEL-551C Relay


9-Pin Male
"D" Subconnector


9-Pin Female
"D" Subconnector


2
3
5
8


3
2
5
8
7
1
4
6


RXD
TXD
GND
CTS


TXD
RXD
GND
CTS
RTS
DCD
DTR
DSR


Pin
Func.


Pin
Func.Pin # Pin #


SEL-551C Relay


 Cable SEL-C234A


*DTE Device


9-Pin Male
"D" Subconnector


25-Pin Female
"D" Subconnector


5
3
2
9
8


7
3
2
1
4
5
6
8
20


GND
TXD
RXD 
GND
CTS


GND
RXD
TXD 
GND
RTS
CTS
DSR
DCD
DTR


Pin
Func.


Pin
Func.Pin # Pin #


 Cable SEL-C227A


*DTE Device


*DTE = Data Terminal Equipment (Computer, Terminal, etc.)


SEL-551C Relay


9-Pin Male
"D" Subconnector


25-Pin Female
"D" Subconnector


5
3
7
2
8
9


7
2
20
3
8
1


GND
TXD
RTS
RXD
CTS
GND


GND
TXD (IN)
DTR (IN)
RXD (OUT)
CD (OUT)
GND


Pin
Func.


Pin
Func.Pin # Pin #


 Cable SEL-C222


**DCE Device


**DCE = Data Communications Equipment (Modem, etc.)
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SEL-551C to SEL PRTU


SEL-551C to 
SEL-2032/SEL-2030/
SEL-2020


For long-distance communications up to 500 meters and for electrical 
isolation of communications ports, use the SEL-2800 or SEL-2810 Fiber-
Optic Transceivers. Contact SEL for more details on these devices.


SEL-PRTU


9-Pin Male
Round Conxall


9-Pin Male
"D" Subconnector


1
2
4
5
7
9


5
2
3
7
8
9


GND
TXD
RXD
CTS
+12


GND


GND
RXD
TXD
RTS
CTS
GND


Pin
Func.


Pin
Func.Pin # Pin #


 Cable SEL-C231


SEL-551C Relay


Table 5.1 Serial Communications Port Pin Function Definitions


Pin Function Definition


N/C No Connection


+5 V dc 5 Volt DC Power Connection


RXD, RX Receive Data


TXD, TX Transmit Data


IRIG-B IRIG-B Time-Code Input


GND Ground


SHIELD Shielded Ground


RTS Request To Send


CTS Clear To Send


DCD Data Carrier Detect


DTR Data Terminal Ready


DSR Data Set Ready


9-Pin Male
"D" Subconnector


9-Pin Male
"D" Subconnector


2
3
4
5
6
7
8


3
2
4
5
6
8
7


RXD
TXD


IRIG+
GND


IRIG–
RTS
CTS


TXD
RXD
IRIG+
GND
IRIG–
CTS
RTS


Pin
Func.


Pin
Func.Pin # Pin #


SEL Communications 
Processors


 Cable SEL-C273A


SEL-551C Relay
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Communications Protocol


Serial communications with the relay includes hardware and software 
protocols.


Hardware Protocol SEL-551C relays equipped with an EIA-232 port support RTS/CTS hardware 
handshaking. RTS/CTS handshaking is not supported on relays equipped with 
just the EIA-485 port.


To enable hardware handshaking, use the SET P command (or front-panel 
{SET} pushbutton) to set RTS_CTS = Y. Disable hardware handshaking by 
setting RTS_CTS = N.


➤ If RTS_CTS = N, the relay permanently asserts the RTS line.


➤ If RTS_CTS = Y, the relay deasserts RTS when it is unable to 
receive characters.


➤ If RTS_CTS = Y, the relay does not send characters until the 
CTS input is asserted.


Software Protocols Software protocols consist of:


➤ Standard SEL ASCII


➤ SEL Distributed Port Switch Protocol (LMD)


➤ SEL Fast Meter


➤ SEL Compressed ASCII


➤ Modbus® RTU


Based upon the port PROTOCOL setting, the relay activates either SEL 
ASCII, SEL LMD, or Modbus RTU protocol for the given port. SEL Fast 
Meter and SEL Compressed ASCII commands are always active for the given 
port if the corresponding protocol is SEL ASCII or LMD. SEL Fast Meter and 
SEL Compressed ASCII are not available on the port if the protocol is 
Modbus RTU.


SEL ASCII Protocol


SEL ASCII protocol is designed for manual and automatic communications.


1. All commands received by the relay must be of the form:


<command><CR>    or    <command><CRLF>


A command transmitted to the relay should consist of the 
command followed by either a CR (carriage return) or a CRLF 
(carriage return and line feed). You may truncate commands to 
the first three characters. For example, EVENT 1 <Enter> 
would become EVE 1 <Enter>. Upper- and lower-case 
characters may be used without distinction, except in 
passwords.


NOTE: The <Enter> key on most 
keyboards is configured to send the 
ASCII character 13 (^M) for a carriage 
return. This manual instructs you to 
press the Enter key after commands, 
which should send the proper ASCII 
code to the relay.
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2. The relay transmits all messages in the following format:


<STX><MESSAGE LINE 1><CRLF>


<MESSAGE LINE 2><CRLF>


•


•


•


<LAST MESSAGE LINE><CRLF>< ETX>


Each message begins with the start-of-transmission character 
(ASCII 02) and ends with the end-of-transmission character 
(ASCII 03). Each line of the message ends with a carriage 
return and line feed.


3. The relay implements XON/XOFF flow control.


The relay transmits XON (ASCII hex 11) and asserts the RTS 
output (if hardware handshaking is enabled) when the relay 
input buffer drops below 25 percent full.


The relay transmits XOFF (ASCII hex 13) when the buffer is 
over 75 percent full. If hardware handshaking is enabled, the 
relay deasserts the RTS output when the buffer is 
approximately 95 percent full. Automatic transmission sources 
should monitor for the XOFF character so they do not 
overwrite the buffer. Transmission should terminate at the end 
of the message in progress when XOFF is received and may 
resume when the relay sends XON.


4. You can use the XON/XOFF protocol to control the relay 
during data transmission. When the relay receives XOFF 
during transmission, it pauses until it receives an XON 
character. If there is no message in progress when the relay 
receives XOFF, it blocks transmission of any message 
presented to its buffer. Messages will be accepted after the 
relay receives XON.


The CAN character (ASCII hex 18) aborts a pending 
transmission. This is useful in terminating an unwanted 
transmission.


Control characters can be sent from most keyboards with the following 
keystrokes:


XON: <Ctrl+Q> (hold down the Control key and press Q)


XOFF: <Ctrl+S> (hold down the Control key and press S)


CAN: <Ctrl+X> (hold down the Control key and press X)


SEL Distributed Port Switch Protocol (LMD)


The SEL LMD Protocol permits multiple SEL relays to share a common 
communications channel. The protocol is selected by setting the port setting 
PROTOCOL = LMD. See Appendix C: SEL Distributed Port Switch Protocol 
for more information on SEL LMD protocol.
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SEL Fast Meter Protocol


SEL Fast Meter protocol supports binary messages to transfer metering and 
control messages. The protocol is described in Appendix D: Configuration, 
Fast Meter, and Fast Operate Commands.


SEL Compressed ASCII Protocol


SEL Compressed ASCII protocol provides compressed versions of some of 
the relay ASCII commands. The protocol is described in Appendix E: 
Compressed ASCII Commands.


Modbus RTU Protocol


Modbus RTU protocol provides binary multidrop communication with the 
SEL-551C. The protocol is described in Appendix G: Modbus RTU 
Communications Protocol.


Serial Port Settings


Serial port settings for each protocol are listed in Table 5.2.


Table 5.2 Communications Settings (Sheet 1 of 2)


Field Description Screen Name Range Default


PROTOCOL = SEL


Port Protocol PROTOCOL SEL, LMD, MOD SEL


Baud Rate SPEED 300, 1200, 2400, 4800, 9600, 19200, 38400 2400


Number Data Bits DATA_BITS 7, 8 8


Parity PARITY O, E, N (O = Odd, E = Even, N = None) N


Stop Bits STOP 1, 2 1


Timeout TIMEOUT 0–30 minutes 15


Automatic Message Output AUTO Y or N N


Enable Hardware Handshaking RTS/CTS Y or N N


Fast Operate Enable FAST_OP Y or N N


PROTOCOL = LMD


Port Protocol PROTOCOL SEL, LMD, MOD LMD


LMD Prefix PREFIX @, #, $, %, & @


LMD Address ADDRESS 1–99 1


LMD Settling Time SETTLE_TIME 0–30 seconds 0


Baud Rate SPEED 300, 1200, 2400, 4800, 9600, 19200, 38400 2400


Number Data Bits DATA_BITS 7, 8 8


Parity PARITY O, E, N (O = Odd, E = Even, N = None) N


Stop Bits STOP 1, 2 1


Timeout TIMEOUT 0–30 minutes 15


Automatic Message Output AUTO Y or N N


Fast Operate Enable FAST_OP Y or N N
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PROTOCOL = MOD 


Port Protocol PROTOCOL SEL, LMD, MOD MOD


Baud Rate SPEED 300, 1200, 2400, 4800, 9600, 19200 2400


Parity PARITY O, E, N (O = Odd, E = Even, N = None) N


Stop Bits STOP 1, 2 1


Modbus Slave ID SLAVEID 1–247 1


Table 5.2 Communications Settings (Sheet 2 of 2)


Field Description Screen Name Range Default
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Serial Port Automatic Messages


When the serial port AUTO setting is Y, the relay sends automatic messages to 
indicate specific conditions. The automatic messages are described in 
Table 5.3.


Table 5.3 Serial Port Automatic Messages


Condition Description


Power-Up The relay sends a message containing the present date and time, 
Relay and Terminal Identifiers, and the Access Level 0 prompt 
when the relay is turned on.


Event Trigger The relay sends an event summary each time an event report
is triggered. See Section 7: Standard Event Reports and SER.


Self-Test Warning 
or Failure


The relay sends a status report each time a self-test warning or fail-
ure condition is detected. See STA Command (Status) on page 5.21.
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Serial Port Access Levels


Commands can be issued to the relay via the serial port to view metering 
values, change relay settings, etc. The available serial port commands are 
listed in Table 5.4. The commands can be accessed only from the 
corresponding access level as shown in Table 5.4. The access levels are:


➤ Access Level 0 (the lowest access level)


➤ Access Level 1


➤ Access Level 2 (the highest access level)


Access Level 0 Once serial port communications are established with the relay, the following 
prompt appears:


=


This is referred to as Access Level 0. The only commands that can be executed 
at Access Level 0 are the ACC and QUI commands (see Table 5.4). Enter the 
ACC command at the access level prompt:


=ACC <Enter>


The ACC command allows the relay to go to Access Level 1 [see ACC and 
2AC Commands (Access) on page 5.14 for more detail].


Access Level 1 When the relay is in Access Level 1, the following prompt appears:


=>


Commands 2AC through TRI in Table 5.4 can be executed from Access 
Level 1. For example, enter the MET command at the Access Level 1 
computer screen prompt to view metering data:


=>MET <Enter>


The 2AC command allows the relay to go to Access Level 2 [see ACC and 
2AC Commands (Access) for more detail]. Enter the 2AC command at the 
Access Level 1 prompt:


=>2AC <Enter>


Access Level 2 When the relay is in Access Level 2, the following prompt appears:


=>>


Commands CLO through SET in Table 5.4 can be executed from Access 
Level 2. For example, enter the SET command at the Access Level 2 prompt 
to make relay settings:
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=>>SET <Enter>


While in Access Level 2, any of the commands available in the lower access 
level can also be executed (commands ACC–TRI in Table 5.4).
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Command Summary


Table 5.4 alphabetically lists the serial port commands within a given access 
level. The SEL-551C Relay Command Summary at the end of this section 
(and at the end of this manual) has similar information, expanded in detail. 
Much of the information available from the serial port commands is also 
available via the front-panel pushbuttons. The correspondence between the 
serial port commands and the front-panel pushbuttons is also given in 
Table 5.4. See Section 6: Front-Panel Interface for more information on the 
front-panel pushbuttons.


The primary differences between the serial port commands available at Access 
Level 1 and those available at Access Level 2 are:


➤ The Access Level 1 commands primarily allow the user to look 
at information only (e.g., settings, metering, etc.), not change it.


➤ The Access Level 2 commands primarily allow the user to 
change settings or operate relay parameters and output 
contacts.


The commands are shown in upper-case letters, but can also be entered with 
lower-case letters.


Table 5.4 Serial Port Command Summary


Access Level Prompt
Serial Port 
Command


Command Description
Corresponding 


Front-Panel 
Pushbutton


0 = ACC Access Level 1


1 => 2AC Access Level 2


1 => DAT View/change date {OTHER}


1 => EVE 15-cycle event report


1 => HIS Event summaries {EVENTS}


1 => IRI Synchronize to IRIG-B


1 => MET Metering {METER}


1 => QUI Quit access level


1 => SER Sequential Events Recorder


1 => SHO View settings {SET}


1 => STA Relay self-test status {STATUS}


1 => TAR Relay element status {OTHER}


1 => TIM View/change time {OTHER}


1 => TRI Trigger an event report


2 =>> CLO Close breaker


2 =>> CON Control remote bits


2 =>> OPE Open breaker


2 =>> PAS Set passwords {SET}


2 =>> PUL Pulse output contacts {CNTRL}


2 =>> SET Change relay settings {SET}


2 =>> VER Show relay configuration and firmware version
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The relay responds with Invalid Access Level if a command is entered from 
an access level lower than the specified access level for the command. The 
relay responds:


Invalid Command


to commands not listed above or entered incorrectly.


The following line of information is listed at the start of the relay response to 
many of the 


commands:


FEEDER 1                          Date: 03/05/96    Time: 17:03:26.484
STATION A


The serial port command explanations that follow in Command Explanations 
on page 5.14 are in the same order as the commands listed in Table 5.4.


Relay Response Definition


FEEDER 1: This is the RID setting (the relay is shipped with the default setting 
RID = FEEDER 1; see Identifier Labels on page 4.21).


STATION A: This is the TID setting (the relay is shipped with the default setting 
TID = STATION A; see Identifier Labels).


Date: This is the date the command response was given [except for relay 
response to the EVE command (Event), where it is the date the 
event occurred]. 


You can modify the date display format (Month/Day/Year or Year/
Month/Day) by changing the DATE_F relay setting.


Time: This is the time the command response was given (except for relay 
response to the EVE command, where it is the time the event 
occurred).
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Command Explanations


Access Level 0 
Commands


ACC and 2AC Commands (Access)


The access commands allow entry to the next higher access levels. Different 
commands are available at the different access levels (see Table 5.4).


Password Requirements


Passwords are required if the main board password jumper JMP22 is not in 
place (JMP22 = OFF). Passwords are not required if the main board password 
jumper JMP22 is in place (JMP22 = ON). See Password and Breaker Jumpers 
on page 2.16. See PAS Command (Password) for more information on 
passwords.


Access Level Attempt (Password Required). Assume the following 
conditions exist:


➤ main board password


➤ jumper JMP22 = off (passwords required to enter higher access 
levels)


➤ Access level = 0 (prompt =)


At the prompt, enter the ACC command:


=ACC <Enter>


Because the main board jumper is not in place, the relay asks for the Access 
Level 1 password to be entered:


Password: ? @@@@@@


The relay is shipped with the default Access Level 1 password shown in the 
table under the PAS Command (Password). At the prompt above, enter the 
default password and press the <Enter> key.


Table 5.5 ACC and 2AC Commands


Access Level Prompt
Corresponding 


Serial Port 
Command


Password Levela Brief Command Description


0 = ACC 1 Access—allows entry to Access Level 1


1 => 2AC 2 2Access—allows entry to Access Level 2


a If the main board password jumper JMP22 is not in place (JMP22 = OFF), then passwords have to be entered when access level attempts 
are made.


If the main board password jumper is in place (JMP22 = ON), then passwords do not have to be entered when access level attempts are 
made.


See PAS Command (Password) on page 5.26 for more information.
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The relay replies:


FEEDER 1                          Date: 03/05/96    Time: 08:31:10.361
STATION A


Level 1
=>


The => prompt indicates that the relay is now in Access Level 1.


If the entered password is incorrect, the relay asks for the password again 
(Password: ?). The relay will ask up to three times. If the requested password 
is incorrectly entered three times, the relay closes the OUT3 contact (SEL-551C 
with factory settings) for one second and displays the following message:


Invalid Password


Access Denied


WARNING: ACCESS BY UNAUTHORIZED PERSONS STRICTLY PROHIBITED


Access Level Attempt (Password Not Required). Assume the 
following conditions exist:


➤ main board password


➤ jumper JMP22 = on (passwords not required to enter higher 
access levels)


➤ Access level = 0 (prompt =)


At the computer screen prompt, enter the ACC command:


=ACC <Enter>


Because the main board jumper is in place, the relay does not ask for a 
password; it goes directly to Access Level 1. The relay responds:


FEEDER 1                          Date: 03/05/96    Time: 08:31:10.361
STATION A


Level 1
=>


The => prompt indicates that the relay is now in Access Level 1.


The above two examples demonstrate how to go from Access Level 0 to 
Access Level 1. The procedure to go from Access Level 1 to Access Level 2 is 
much the same, with command 2AC entered at computer screen prompt =>. 
The relay closes the OUT3 contact (SEL-551C with factory settings) for one 
second after a successful level 2 access. If access is denied, the OUT3 contact 
also pulses.


Depending on the status of the main board password jumper, an Access Level 
2 password may have to be entered, too (Password: ?). The relay is shipped 
with the default Access Level 2 password shown in the table under the PAS 
Command (Password) on page 5.26. Computer screen prompt =>> indicates 
that the relay has gained Access Level 2.
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Access Level 1 
Commands


DAT Command (Date)


DAT displays the date stored by the internal calendar/clock. If the date format 
setting DATE_F is set to MDY, the date is displayed as month/day/year. If the 
date format setting DATE_F is set to YMD, the date is displayed as year/
month/day.


To set the date, type DATE mm/dd/yy <Enter> if the DATE_F setting is 
MDY. If the DATE_F is set to YMD, enter DATE yy/mm/dd <Enter>. To set 
the date to June 1, 1996, enter:


=>DATE 6/1/96 <Enter>
6/1/96
=>


You can separate the month, day, and year parameters with spaces, commas, 
slashes, colons, and semicolons.


EVE Command (Event)


Use the EVE command to view 15-cycle event reports. See Section 7: 
Standard Event Reports and SER for further details on retrieving event 
reports.


HIS Command (History)


HIS [X] displays the summary of the latest 20 events or allows you to clear the 
history buffer, which contains the latest 20 events in nonvolatile memory.


If no parameters are specified in the HIS command, the relay displays the 20 
most recent events in reverse chronological order.


If X is a number (1–20), the relay displays the X most recent events.


If X is C or c, the relay clears the history buffer and all corresponding event 
reports in nonvolatile memory.


The history report includes: the date and time the event was triggered, the type 
of event, the recloser shot counter, the maximum phase current in the event, 
and the front-panel fault type targets if the event was a TRIP type of event. For 
more information on events and event reports, see Section 7: Standard Event 
Reports and SER.


To display the relay event history, enter the following command:


=>HIS <Enter>
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The relay responds with the event history:


FEEDER 1                          Date: 03/05/96    Time: 10:04:27.151
STATION A


#     DATE         TIME       EVENT   SHOT      CURR    TARGETS


1   03/05/96   10:03:49.109   TRIG    2             6
2   02/29/96   16:42:50.746   ER1     2          2487
3   02/29/96   16:16:08.837   ER2     1             5
4   02/29/96   16:16:07.174   TRIP    0          2279   INST A N


=>


IRI Command (IRIG)


IRI directs the relay to read the demodulated IRIG-B time code at the serial 
port input.


To force the relay to synchronize to IRIG-B, enter the following command:


=>IRI <Enter>


If the relay successfully synchronizes to IRIG, it sends the following header:


FEEDER 1                          Date: 03/05/96    Time: 10:15:09.609
STATION A


=>


If no IRIG-B code is present at the serial port input or if the code cannot be 
read successfully, the relay responds:


IRIG-B DATA ERROR


=>


If an IRIG-B signal is present, the relay continuously synchronizes its internal 
clock with IRIG-B. It is not necessary to issue the IRI command to 
synchronize the relay clock with IRIG-B. Use the IRI command to determine 
if the relay is properly reading the IRIG-B signal.


MET Command (Meter)


MET displays instantaneous magnitudes and phase angles of the following:


The SEL-551C reports the phase angles referenced to IA (IA phase angle = 0, 
positive phase angles leading).


IA: A-phase current in primary amps


IB: B-phase current in primary amps


IC: C-phase current in primary amps


IN: Measured neutral ground current in primary amps


IG: Calculated residual current in primary amps


3I2: Calculated negative-sequence current in primary amps
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To view instantaneous metering values, enter the command:


=>MET n <Enter>


where n is an optional parameter to specify the number of times to repeat the 
meter display. The value for n may range from 1 to 32767. If n is not specified, 
the relay displays the meter report once:


FEEDER 1                          Date: 03/05/96    Time: 10:29:42.609
STATION A
            IA          IB          IC          IN          IG          3I2
A, pri       477         455         492           0          31          35
Degrees     0.00      239.95      120.28      110.18       88.24      275.83


=>


MET D Command (Demand Ammeter)


The MET D command displays the demand and peak demand values of the 
following quantities:


To view demand ammetering values, enter the command:


=>MET D <Enter>


=>MET D <Enter>


FEEDER 1                          Date: 02/01/97    Time: 15:08:05.615
STATION A
            IA        IB        IC        IN        IG        3I2
DEMAND     188.6     186.6     191.8       0.2       4.5       4.7
PEAK       188.6     186.6     191.8       0.3       4.5       4.7


LAST DEMAND RESET 01/27/97 15:31:51.238   LAST PEAK RESET 01/27/97 15:31:56.239


=>


Reset the accumulated demand values using the MET RD command. Reset 
the peak demand values using the MET RP command. For more information 
on demand ammetering, see Demand Ammetering on page 3.45.


QUI Command (Quit)


The QUI command returns the relay to Access Level 0.


To return to Access Level 0, enter the command:


=>QUI <Enter>


Currents IA,B,C,N Input currents (A primary)


IG Residual ground current (A primary; 
IG = 3I0 = IA + IB + IC)


3I2 Negative-sequence current (A primary)


Reset Time Demand, Peak Last time the demands and peak demands were reset
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The relay sets the port access level to 0. The relay displays the following 
heading prompt:


FEEDER 1                          Date: 03/05/96    Time: 08:55:33.986
STATION A


=


The = prompt indicates the relay is back in Access Level 0.


The QUI command remaps the front-panel targets to the Relay Targets 
(TAR 0) and terminates the SEL LMD connection if it is established (see 
Appendix C: SEL Distributed Port Switch Protocol).


SER Command (Sequential Events Recorder)


Use the SER command to view Sequential Events Records. For more 
information on SER reports, see Section 7: Standard Event Reports and SER.


SHO Command (Showset)


Use SHO to view relay settings.


The SHO command format is: SHO X Y


Valid SHO commands include:


Parameter Y is the name of the first setting to display. If Y is not specified, all 
settings are shown in the selected settings class.


Below are sample SHOWSET commands, showing all the factory settings for 
the SEL-551C.


where:
X = the settings class to display
Y = the name of the first setting to display


Command Settings Class


SHO Relay Settings


SHO L SELOGIC® control equation settings


SHO P 1 Rear Port Settings


SHO P F or
SHO P 2


Front Port Settings (optional)


SHO R Sequential Event Recorder (SER) Settings


SHO T Text Label Settings
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=>SHO <Enter>


Relay Settings:
RID   =FEEDER 1     TID   =STATION A
CTR   = 120      CTRN  = 120      TDURD = 9.000
50P1P = 15.0     50P2P = 20.0     50P3P = OFF      50P4P = OFF
50P5P = OFF      50P6P = OFF      50ABCP= OFF
51P1P = 6.0      51P1C = U3       51P1TD= 3.00     51P1RS= N
51P2P = OFF      51P2C = U3       51P2TD= 15.00    51P2RS= N
50N1P = OFF      50N2P = OFF
51N1P = OFF      51N1C = U3       51N1TD= 15.00    51N1RS= N
50G1P = OFF      50G2P = OFF
51G1P = 1.5      51G1C = U3       51G1TD= 1.50     51G1RS= N
50Q1P = OFF      50Q2P = OFF
51Q1P = OFF      51Q1C = U3       51Q1TD= 15.00    51Q1RS= N
51Q2P = OFF      51Q2C = U3       51Q2TD= 15.00    51Q2RS= N
79OI1 = 30.000   79OI2 = 600.000  79OI3 = 0.000    79OI4 = 0.000
79RSD = 1800.000 79RSLD= 300.000  CFD   = 60.000
DMTC  = 5
PDEMP = 5.00     NDEMP = 1.50     GDEMP = 1.50     QDEMP = 1.50
SV5PU = 12.000   SV5DO = 2.000    SV6PU = 0.000    SV6DO = 0.000
SV7PU = 0.000    SV7DO = 0.000    SV8PU = 0.000    SV8DO = 0.000


Press RETURN to continue <Enter>
SV9PU = 0.000    SV9DO = 0.000    SV10PU= 0.000    SV10DO= 0.000
SV11PU= 0.000    SV11DO= 0.000    SV12PU= 0.000    SV12DO= 0.000
SV13PU= 0.000    SV13DO= 0.000    SV14PU= 0.000    SV14DO= 0.000
NFREQ = 60       PHROT = ABC      DATE_F= MDY


=>SHO L <Enter>


SELogic Control Equations:
TR    =51P1T + 51G1T + 50P1 * SH0 + LB3
ULTR  =!(51P1 + 51G1)
51P1TC=1
51P2TC=1
51N1TC=1
51G1TC=1
51Q1TC=1
51Q2TC=1
52A   =IN1
CL    =LB4
ULCL  =TRIP
79RI  =TRIP
79RIS =IN1
79DTL =!LB1 + LB3
79DLS =79LO
79SKP =50P2 * SH0
79STL =TRIP


Press RETURN to continue <Enter>
79BRS =(51P1 + 51G1) * (79RS + 79CY)
79SEQ =0
SET1  =0
RST1  =0
SET2  =0
RST2  =0
SET3  =0
RST3  =0
SET4  =0
RST4  =0
SET5  =0
RST5  =0
SET6  =0
RST6  =0
SET7  =0
RST7  =0
SET8  =0
RST8  =0
ER1   =51P1 + 51G1
ER2   =SV5T + CF


Press RETURN to continue <Enter>
SV1   =0
SV2   =0
SV3   =0
SV4   =0
SV5   =TRIP
SV6   =0
SV7   =0
SV8   =0


(Continued on next page)


SV9   =0
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(Continued from previous page)
SV10  =0
SV11  =0
SV12  =0
SV13  =0
SV14  =0
OUT1  =TRIP
OUT2  =CLOSE
OUT3  =!(SALARM + HALARM)
DP1   =0
DP2   =LB1
DP3   =0


Press RETURN to continue <Enter>
DP4   =IN1
DP5   =0
DP6   =0
DP7   =0
DP8   =0


=>SHO P <Enter>


PROTOCOL= SEL
SPEED = 2400     DATA_BITS= 8        PARITY= N        STOP  = 1
TIMEOUT= 15       AUTO  = N        RTS_CTS= N        FAST_OP= N


=>SHO R <Enter>


Sequential Events Recorder trigger lists:
SER1  =51P1 51G1 51P1T 51G1T 50P1 50P2
SER2  =IN1 LB1 LB3 LB4 OUT1 OUT2 OUT3
SER3  =CF 79RS 79LO SV5T


=>SHO T <Enter>


Text Labels:
NLB1  =RECLOSER       CLB1  =DISABLE SLB1  =ENABLE  PLB1  =
NLB2  =               CLB2  =        SLB2  =        PLB2  =
NLB3  =MANUAL TRIP    CLB3  =RETURN  SLB3  =        PLB3  =TRIP
NLB4  =MANUAL CLOSE   CLB4  =RETURN  SLB4  =        PLB4  =CLOSE
NLB5  =               CLB5  =        SLB5  =        PLB5  =
NLB6  =               CLB6  =        SLB6  =        PLB6  =
NLB7  =               CLB7  =        SLB7  =        PLB7  =
NLB8  =               CLB8  =        SLB8  =        PLB8  =
DP1_1 =                 DP1_0 =
DP2_1 =79 ENABLED       DP2_0 =79 DISABLED
DP3_1 =                 DP3_0 =
DP4_1 =BREAKER CLOSED   DP4_0 =BREAKER OPEN
DP5_1 =                 DP5_0 =
DP6_1 =                 DP6_0 =
DP7_1 =                 DP7_0 =
DP8_1 =                 DP8_0 =
79LL  =SET RECLOSURES 79SL  =RECLOSE COUNT


STA Command (Status)


The STA command displays the status report, showing the relay self-test 
information.


To view a status report, enter the command:


=>STA N <Enter>


After the STA command is entered, the relay replies with the following status 
report:


where:
N = a number (N = 1, 2, 3, ...) that specifies the number of 


times to repetitively display the status report. If no 
number is entered after the STA command, the relay 
displays the status report only once.
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FEEDER 1                          Date: 03/05/96    Time: 14:17:01.359
STATION A


FID=SEL-551C-R100-Vr-D960226      CID=00FF


SELF TESTS


W=Warn    F=Fail


       IA       IB       IC       IN       MOF
OS      3        5        3        3        0


       +5V_PS   +5V_REG  -5V_REG  +10V_PS  -10V_PS  VBAT
PS      5.03     5.03    -5.03     10.35   -10.20    2.82


       TEMP     RAM      ROM      CR_RAM   EEPROM
        27.6    OK       OK       OK       OK


 Relay Enabled


=>


STA Command Row and Column Definitions


The relay latches all self-test warnings and failures in order to capture 
transient out-of-tolerance conditions. To reset the self-test statuses, use the 
STA C command from Access Level 2:


=>>STA C <Enter>


The relay responds:


Reboot the relay and clear status
Are you sure (Y/N) ?


If you select N or n, the relay displays:


Canceled


and aborts the command.


Relay Response Definition


FID FID is the firmware identifier string. It identifies the firmware 
revision.


CID CID is the firmware checksum identifier.


OS OS = Offset; displays measured dc offset voltages in millivolts 
for the current channels. The MOF (master) status is the dc 
offset in the A/D circuit when a grounded input is selected.


PS PS = Power Supply; displays power supply voltages in Vdc for 
the power supply outputs. The +5V_REG and –5V_REG are 
regulated voltages for the A/D circuit. VBAT displays the Real 
Time Clock battery voltage.


TEMP Displays the temperature in degrees Celsius. The
temperature sensor is an output of the voltage reference
in the A/D circuitry.


RAM, ROM, 
CR_RAM (critical 
RAM), and EEPROM


These tests verify the relay memory components. The columns 
display OK if memory is functioning properly; the columns 
display FAIL if the memory area has failed.


W (Warning) or F (Failure) is appended to the displayed value 
to indicate an out-of-tolerance condition.
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If you select Y, the relay displays:


Rebooting the relay


The relay then restarts (just like powering down, then powering up relay), and 
all diagnostics are re-run before the relay is enabled.


Refer to Section 8: Testing and Troubleshooting for self-test thresholds and 
corrective actions.


TAR Command (Target)


The TAR command remaps the front-panel targets to display Relay Word bit 
information. It also sends this same information to the serial port. Refer to 
Table 5.6 (note the correspondence with Table 4.5).


The TAR command format is: TAR M N


Parameter N does not affect the remapping of the front-panel targets. They are 
remapped according to parameter M and will stay in that new state until a new 
TAR command is executed or the port times out due to port inactivity (see 
serial port setting TIMEOUT). Port timeout takes the targets back to their 
normal front-panel target operation (like TAR 0).


To prevent the front-panel targets from being remapped by the execution of 
the TAR command, add an X after the Relay Word row parameter. For 
example, command TAR 2 X causes Relay Word row 2 to be sent to the serial 
port/computer screen, but the front-panel targets remain unchanged-they 
continue in their normal front-panel target operation mode (like TAR 0).


If the TAR command is executed from the front panel (see Figure 6.3), front-
panel timeout is 15 minutes of front-panel keyboard inactivity. Front-panel 
timeout takes the targets back to their normal front-panel target operation, also 
(like TAR 0).


where:
M = the Relay Word row (1–15) to be displayed,


or 0 (zero) to take the targets back to their normal front-
panel target operation,
or R to take the targets back to their normal front-panel 
target operation (like TAR 0), reset the FAULT TYPE 
targets (INST, A, B, C, and N), and unlatch the trip logic for 
testing purposes (see Figure 3.13)


N = the number of times to repeat the displaying of the 
selected Relay Word row on the computer screen 
connected to the serial port. If parameter N is not entered, 
the information displays once on the screen
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Command TAR 9 10 is executed in the following example:


=>TAR 9 10 <Enter>


79RS   79CY   79LO   SH0    SH1    SH2    SH3    SH4
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0


79RS   79CY   79LO   SH0    SH1    SH2    SH3    SH4
0      0      1      0      0      1      0      0
0      0      1      0      0      1      0      0


Note that Relay Word bits row 9 is repeated 10 times on the computer display. 
In this example, the reclosing relay is in the Lockout State (79LO = logical 1), 
and the shot is at shot = 2 (SH2 = logical 1). Correspondingly, the remapped 
front-panel targets have the A LED illuminated (corresponding to Relay Word 
Bit 79LO in row 9) and the N LED illuminated (corresponding to Relay Word 
Bit SH2 in row 9).


TIM Command (Time)


TIM displays the relay clock. To set the clock, type TIM and the desired 
setting, then press <Enter>. Separate the hours, minutes, and seconds with 
colons, semicolons, spaces, commas, or slashes. To set the clock to 23:30:00, 
enter:


=>TIM 23:30:00 <Enter>
23:30:00
=>


Table 5.6 SEL-551C Relay Word and Its Correspondence to TAR Command and Front-Panel LEDs


TAR 0 
(Front-
Panel 
LEDs)


EN INST RS LO A B C N


TAR 1 51P1 51P2 51N1 51G1 51P1T 51P2T 51N1T 51G1T


TAR 2 51Q1 51Q2 51Q1T 51Q2T 50P1 50P2 50P3 50P4


TAR 3 50P5 50P6 50N1 50N2 50G1 50G2 50Q1 50Q2


TAR 4 50A 50B 50C *a *a OC CC CF


TAR 5 LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8


TAR 6 RB1 RB2 RB3 RB4 RB5 RB6 RB7 RB8


TAR 7 SV1 SV2 SV3 SV4 SV5 SV6 SV7 SV8


TAR 8 SV9 SV10 SV11 SV12 SV13 SV14 *a *a


TAR 9 79RS 79CY 79LO SH0 SH1 SH2 SH3 SH4


TAR 10 TRIP CLOSE 51P1R 51P2R 51N1R 51G1R 51Q1R 51Q2R


TAR 11 SV5T SV6T SV7T SV8T SV9T SV10T SV11T SV12T


TAR 12 SV13T SV14T *a SALARM HALARM OUT1 OUT2 OUT3


TAR 13 PDEM NDEM GDEM QDEM TRGTR *a *a *a


TAR 14 LT1 LT2 LT3 LT4 LT5 LT6 LT7 LT8


TAR 15 IN1 IN2 IN3 IN4 IN5 IN6 *a *a


a Reserved for future use.
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TRI Command (Trigger)


Issue the TRI command to generate an event report:


=>TRI <Enter>
Triggered


=>


See Section 7: Standard Event Reports and SER for more information on 
event reports.


Access Level 2 
Commands


CLO Command (Close)


The CLO (Close) command asserts the CLOSE Relay Word bit, which can be 
programmed to an output contact to close circuit breakers. See Figure 3.14.


To issue the CLO command, enter the following:


=>>CLO <Enter>
Close Breaker  (Y/N) ? Y <Enter>
Are you sure (Y/N) ? Y <Enter>
=>>


Typing N <Enter> after either of the above prompts will abort the command.


The CLO command is supervised by main board jumper JMP24. If the jumper 
is not in place (jumper JMP24 = off), the relay does not execute the CLO 
command and responds:


Aborted: No Breaker Jumper


CON Command (Control)


The CON command is a two-step command that allows you to control Relay 
Word bits RB1–RB8 (see Figure 3.3). At the Access Level 2 prompt, type 
CON, a space, and the number of the bit you wish to control (1–8). The relay 
responds by repeating your command followed by a colon. At the colon, type 
the Control subcommand you wish to perform (see Table 5.7).


The following example shows the steps necessary to pulse Remote Bit 5 
(RB5):


=>>CON 5 <Enter>
CONTROL RB5: PRB 5 <Enter>
=>>


You must enter the same remote bit number in both steps in the command. If 
the bit numbers do not match, the relay responds:


Invalid Command
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See Remote Control Switches on page 3.9 for more information.


OPE Command (Open)


The OPE (Open) command asserts the TRIP Relay Word bit, which can be 
programmed to an output contact to trip circuit breakers. See Figure 3.13.


To issue the OPE command, enter the following:


=>>OPE <Enter>
Open Breaker  (Y/N) ? Y <Enter>
Are you sure (Y/N) ? Y <Enter>
=>>


Typing N <Enter> after either of the above prompts will abort the command.


The OPE command is supervised by main board jumper JMP24. If the jumper 
is not in place (jumper JMP24 = off), the relay does not execute the OPE 
command and responds:


Aborted: No Breaker Jumper


PAS Command (Password)


The factory default passwords for Access Levels 1 and 2 are:


The PAS (Password) command allows you to change existing passwords at 
Access Level 2. To change passwords, enter PAS x, where x is the access level 
of the password being changed. The relay will prompt for the old password, 
new password, and a confirmation of the new password.


To change the password for Access Level 1, enter the following:


=>>PAS 1 <Enter>
Old Password: *******
New Password: ********
Confirm New Password: ********


Password Changed


Similarly, PAS 2 can be used to change the Level 2 password.


The new passwords will not echo on the screen, and passwords cannot be 
viewed from the device. Record the new passwords in a safe place for future 
reference.


Table 5.7 SEL-551C Control Subcommands


Subcommand Description


SRB n Set Remote Bit n (“ON” position)


CRB n Clear Remote Bit n (“OFF” position)


PRB n Pulse Remote Bit n for one processing interval 
(1/8 cycle; “MOMENTARY” position)


NOTE: If the OPE command is 
executed (and SELOGIC control 
equation setting 79RI = TRIP + . . .), 
the relay goes directly to the Lockout 
State.


Access Level Factory Default Password


1 OTTER


2 TAIL


This device is shipped with default 
passwords. Default passwords should 
be changed to private passwords at 
installation. Failure to change each 
default password to a private 
password may allow unauthorized 
access. SEL shall not be responsible 
for any damage resulting from 
unauthorized access.


! WARNING







5.27


Date Code 20080104 Instruction Manual SEL-551C Relay


Serial Port Communications and Commands
Command Explanations


If the passwords are lost or you wish to operate the relay without password 
protection, install the main board Password jumper (Password jumper = ON). 
Refer to Section 2: Installation for Password jumper information. While the 
password protection is disabled by setting the main board Password jumper in 
place (Password jumper = ON), lost or forgotten passwords can be replaced by 
new passwords by using the PAS x command at Access Level 2. The relay 
will prompt for a new password and a confirmation of the new password.


If you wish to disable password protection for a specific access level (even if 
the Password jumper is not in place [Password jumper = OFF]), simply set the 
password to DISABLE. For example, PAS 1 DISABLE disables password 
protection for Access Level 1.


Passwords may include up to 12 characters. See Table 5.8 for valid characters. 
Upper- and lowercase letters are treated as different characters. Strong 
passwords consist of 12 characters, with at least one special character or digit 
and mixed case sensitivity, but do not form a name, date, acronym, or word. 
Passwords formed in this manner are less susceptible to password guessing 
and automated attacks. Examples of valid, distinct strong passwords include:


➤ Ot3579A24.68 


➤ Ih2dcs4u-Iwg 


➤ .351s.Nt9g-t


The relay will issue a weak password warning if the new password does not 
include at least one special character, number, lowercase letter, and an 
uppercase letter.


=>>PAS 1 <Enter>
Old Password: ********


New Password: ********
Confirm New Password: ********


Password Changed
=>>
CAUTION:  This password can be strengthened.  Strong passwords do not include a name, 


date, acronym, or word.  They consist of the maximum allowable characters, with 
at least one special character, number, lower-case letter, and upper-case letter.  
A change in password is recommended.


=>>


PUL Command (Pulse)


The PULSE command allows you to pulse any of the output contacts for a 
specified length of time. The command format is:


PUL X Y


Table 5.8 Valid Password Characters


Symbol Example


Alpha A B C D E F G H I J K L M N O P Q R S T U V W X Y Z 
a b c d e f g h i j k l m n o p q r s t u v w x y z


Numeric 0 1 2 3 4 5 6 7 8 9


Special ! " # $ & ' ( ) * , - . / : ; < = > ? @ [ \ ] ^ _ { ` } ~ 


where:
X = OUT1, OUT2, OUT3 
Y = the pulse duration (1–30) in seconds. If Y is not specified, 


the pulse duration defaults to one second
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To pulse OUT1 for five seconds:


=>>PUL OUT1 5 <Enter>
Are you sure (Y/N) ? Y <Enter>
=>>


If the response to the Are you sure (Y/N) ? prompt is N or n, the command is 
aborted.


The PUL command is supervised by the main board breaker jumper, JMP24. If 
JMP24 is not in place (jumper JMP24 = off), the relay does not accept the PUL 
command and responds:


Aborted:  No Breaker Jumper


The relay generates an event report if the OUT1, OUT2, or OUT3 contact is pulsed.


The response of a programmable alarm output contact to a PULSE command 
is discussed in the Output Contacts on page 3.43 (a programmable alarm 
output contact is available in the SEL-551C Relay).


SET Command


The SET command allows the user to view or change the relay settings (see 
Table 4.1).


VER Command (Show Relay Configuration and Firmware Version)


The VER command provides relay configuration and information such as 
nominal current input ratings.


An SEL-551C example printout of the VER command follows:


=>>VER <Enter>
FID=SEL-551C-R503-Vf-Z001001-D20070301
    CID=81DA
Part Number:  0551C0BX5X1X
SELboot:
    BFID=SELBoot-500-R100
    Checksum:  4660
Mainboard:
    Code FLASH Size:   256 kB
    Data FLASH Size:   128 kB
    RAM Size:          128 kB
    EEPROM Size:         8 kB
Front Panel: Installed
Analog Inputs:
    Currents:      5 Amp Phase
    Currents:      5 Amp Neutral
Boards:
    None
Communications:
    Front Port:    EIA-232
    Rear Port:     EIA-485
Extended Relay Features:


None
If above information is unexpected,
contact SEL for assistance
=>>
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Access Level 0 
Command


The only thing that can be done at Access level 0 is to go to Access Level 1. The screen prompt is: =


ACC Enters Access Level 1. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 1 password in order to enter Access Level 1.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>


2AC Enters Access Level 2. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 2 password in order to enter Access Level 2.


DAT Shows date presently in the relay.


DAT m/d/y Enters date in this manner if Date Format setting DATE_F = MDY.


DAT y/m/d Enters date in this manner if Date Format setting DATE_F = YMD.


EVE n Shows standard 15-cycle event report number n, with 1/4 cycle resolution (n = 1–20, with n = 1 most recent).


EVE C n Causes the relay to add digital data at the end of the Event n report.


EVE L n Shows standard 15-cycle event report number n, with 1/8 cycle resolution (n = 1–20, with n = 1 most recent).


EVE L C n Causes the relay to add digital data at the end of Event L n report.


EVE R n Causes the relay to display an unfiltered event report with 1/16-cycle resolution.


EVE R C n Causes the relay to add digital data at the end of the Event R n report.


HIS n Shows brief summary of the n latest standard 15-cycle event reports.


HIS C Clears the brief summary and corresponding standard 15-cycle event reports.


IRI Forces synchronization attempt of internal relay clock to IRIG-B time-code input. 


MET k Displays metering data, both magnitude and phase angle. Phase angles are referenced to phase input IA. Enter 
number k to scroll metering k times on screen.


MET D Displays demand and peak demand data. Select MET RD or MET RP to reset.


QUI Quit. Returns to Access Level 0. Returns front-panel LEDs to the default targets (corresponding to command 
TAR 0).


SER n Show the latest n rows in the Sequential Events Recorder (SER) event report.


SER m n Show rows m through n in the Sequential Events Recorder (SER) event report.


SER d1 Show rows in the Sequential Events Recorder (SER) event report from date d1.


SER d1 d2 Show rows in the Sequential Events Recorder (SER) event report from date d1 to d2. Entry of dates is dependent 
on the Date Format setting DATE_F (= MDY or YMD).


SER C Clears the Sequential Events Recorder (SER) event report.


SHO Show relay settings (overcurrent, reclosing, timers, etc.).


SHO L Show SELOGIC® control equation settings.


SHO P m Show port settings; m = port # (1 = rear, 2 or F = front)


SHO R Show Sequential Events Recorder (SER) settings.


SHO T Show text label settings.


STA Show relay self-test status. STA C resets self-test warnings/failures.


TAR R Return front-panel LED targets to regular operation and reset the FAULT TYPE front-panel targets.


TAR 0 k Return front-panel LED targets to regular operation. Enter number k to scroll front-panel LED status k times on 
screen.
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TAR n k Display Relay Word row n status (n = 1–15) on remapped front-panel LED targets. Enter number k to scroll 
Relay Word row n status k times on screen.


TAR n X Relay Word row n status (n = 1–15) is sent to the serial port/computer screen, but the front-panel LED targets 
remain unchanged.


TIM Show or set time (24-hour time). Show time presently in the relay by entering just TIM. Example time 22:47:36 
is entered with command TIM 22:47:36.


TRI Trigger an event report.


Access Level 2 
Commands


The Access Level 2 commands primarily allow the user to change settings or operate relay 
parameters and output contacts. All Access Level 1 commands can also be executed from 
Access Level 2. The screen prompt is: =>>


CLO Assert the CLOSE Relay Word bit. If CLOSE is assigned to an output contact (e.g., OUT2 = CLOSE), then the 
output contact will assert if command CLO is executed and the circuit breaker is open.


CON n Control Relay Word bit RBn (Remote Bit n; n = 1–8). Execute CON n and the relay responds: CONTROL RBn. 
Then reply with one of the following:


SRB n set Remote Bit n (assert RBn)


CRB n clear Remote Bit n (deassert RBn)


PRB n pulse Remote Bit n [assert RBn for one processing interval (1/8 cycle)].


OPE Assert the TRIP Relay Word bit. If TRIP is assigned to an output contact (e.g., OUT1 = TRIP), then the output 
contact will assert if command OPE is executed.


PAS 1 Change Access Level 1 password.


PAS 2 Change Access Level 2 password.


PUL n k Pulse output contact n (n = OUT1, OUT2, and OUT3). Enter number k to pulse for k seconds [k = 1 to 30 (seconds)], 
otherwise pulse time is 1 second.


SET n Change relay settings (overcurrent, reclosing, timers, etc.).


SET L n Change SELOGIC control equations settings.


SET P m n Change port settings; m = port # (1 = rear, 2 or F = front)


SET R n Change Sequential Events Recorder (SER) settings.


SET T n Change text label settings.


For the SET commands, jump to parameter n to begin setting editing. If parameter n is not entered, setting edit-
ing starts at the first setting.


VER Show relay configuration and firmware version.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>
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Front-Panel Interface


Overview


This section describes how to get information, make settings, and execute 
control operations from the relay front panel. It also describes the default 
displays.
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Front-Panel Pushbutton Operation
Overview Note in Figure 6.1 that most of the pushbuttons have dual functions (primary/


secondary).


A primary function is selected first (e.g., {METER} pushbutton).


After a primary function is selected, the pushbuttons then revert to operating 
on their secondary functions ({CANCEL}, {SELECT}, left/right arrows, up/down 
arrows). For example, after the {METER} pushbutton is pressed, the up/down 
arrows are used to scroll through the front-panel metering screens. The 
primary functions are activated again when the present selected function 
(metering) is exited (press {EXIT} pushbutton) or the display goes back to the 
default display after 15 minutes of no front-panel activity.


q See Figure 6.3.


Figure 6.1 SEL-551C Front-Panel Pushbuttons—Overview


Primary Functions Note in Figure 6.2 and Figure 6.3 that the front-panel pushbutton primary 
functions have correspondence to serial port commands—both retrieve the 
same information or perform the same function. To get more detail on the 
information provided by the front-panel pushbutton primary functions, refer to 
the corresponding serial port commands in Section 5: Serial Port 
Communications and Commands. For example, to get more information on 
the metering values available via the front-panel {METER} pushbutton, refer to 
the MET Command (Meter) on page 5.17) and MET D Command (Demand 
Ammeter) on page 5.18.


A few of the front-panel primary functions do not have serial port command 
equivalents. These are discussed in the following Functions Unique to the 
Front-Panel Interface on page 6.6.


LAMP
TEST


CANCEL SELECT


TARGET
RESET


EVENTSMETER EXITSETSTATUS OTHER CNTRL


Dual Function
Primary


Secondary


Also has 
 Secondary 


 Function  q


Single 
Function
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q Front-panel pushbutton functions that correspond to Access Level 1 serial port 
commands do not require the entry of the Access Level 1 password through the 
front panel.


Figure 6.2 SEL-551C Front-Panel Pushbuttons—Primary Functions


Front-Panel Password Security


Refer to the comments at the bottom of Figure 6.3 concerning the Access 
Level 2 password. See PAS Command (Password) on page 5.26 for more 
information on passwords.


To enter the Access Level 2 password from the front panel (if required), use 
the left-right arrow pushbuttons to underscore a password digit position. Use 
the up/down arrow pushbuttons to then change the digit. Press the {SELECT} 
pushbutton once the correct Access Level 2 password is ready to enter. The 
factory default passwords for Access Levels 1 and 2 are shown in the table in 
subsection PAS Command (Password).


LAMP
TEST


TARGET
RESET


EVENTSMETER STATUS


Corresponding
Serial Port
Commands at:


Access Level 1 q STATUSHISTORY


View Self-
Test 


Status


View Event 
Summaries


Function
Description


View Instantaneous 
Metering Values IA, IB, 


IC, IN, IG (residual), 
and 3I2 — both 


Magnitude and Angle. 
View Demand Metering 
Values,  Reset Demand 


Metering Values


METER
METER D


METER RD
METER RP
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q Front-panel pushbutton functions that correspond to Access Level 1 serial port 
commands do not require the entry of the Access Level 1 password through the 
front panel.


w Front-panel pushbutton functions that correspond to Access Level 2 serial port 
commands do require the entry of the Access Level 2 password through the front 
panel if main board jumper JMP24 is not in place.


e Output contacts are pulsed for only one second from the front panel.


r Local control is not available through the serial port and does not require the 
entry of a password.


Figure 6.3 SEL-551C Front-Panel Pushbuttons-Primary Functions 
(continued)


Secondary Functions After a primary function is selected (see Figure 6.2 and Figure 6.3), the 
pushbuttons then revert to operating on their secondary functions (see 
Figure 6.4).


Use the left/right arrows to underscore a desired function. Then press the 
{SELECT} pushbutton to select the function.


Use left/right arrows to underscore a desired setting digit. Then use the up/
down arrows to change the digit. After the setting changes are complete, press 
the {SELECT} pushbutton to select/enable the setting.


Press the {CANCEL} pushbutton to abort a setting change procedure and return 
to the previous display.


Press the {EXIT} pushbutton to return to the default display and have the 
primary pushbutton functions activated again (see Figure 6.2 and Figure 6.3).


CNTRLSET EXIT


Corresponding
Serial Port
Commands at:


Access Level q


Access Level 2 w PULSE


QUIT


Exit Entirely and 
Return to Default 


Display


Pulse Output 
Contacts e


View or Operate 
Local Control r


Function
Description


View or Change 
Settings for Relay or 


Serial Port


OTHER


View or Change 
Date or Time; View 


Asserted Relay 
Word Bits; View 
Reclosing Relay 


Shot Counter 
Action 


SET
SET P


SHOWSET n
SHOWSET P


DATE
TIME
TARGET
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Figure 6.4 SEL-551C Front-Panel Pushbuttons-Secondary Functions


Provides Help Screen 
Information When 


Viewing or Changing 
Settings with Pushbutton 


SET; Provides Help 
Screen Information 


When Viewing or 
Operating Local Control 
with Pushbutton CNTRL


SELECTCANCEL


Select Displayed 
Option or Setting


Function
Description


The front-panel display gives indication of the arrow button to use 
(Displays symbols:   ← → ↑ ↓)


Cancel Setting Edit or 
Escape to Upper 


Setting Level


LAMP
TEST


TARGET
RESET


Scroll Left on 
Display to 


Underline Desired 
Function or 
Setting Digit


Scroll Down on 
Display; Decrement 


Setting Value


Scroll Up on 
Display; Increment 


Setting Value


Function
Description


Scroll Right on 
Display to 


Underline Desired 
Function or 
Setting Digit
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Functions Unique to the Front-Panel Interface


Two front-panel primary functions do not have serial port command 
equivalents. These are:


➤ Reclosing relay shot counter screen (accessed via the {OTHER} 
pushbutton)


➤ Local control (accessed via the {CNTRL} pushbutton)


Reclosing Relay Shot 
Counter Screen


Use this screen to see the progression of the shot counter during reclosing 
relay testing.


Access the reclosing relay shot counter screen via the {OTHER} pushbutton. The 
following screen appears:


Scroll right with the right arrow button and select function 79. Upon selecting 
function 79, the following screen appears (shown here with factory default 
settings):


or


If the reclosing relay does not exist (see Reclosing Relay on page 3.25), the 
following screen appears:


The corresponding text label settings (shown with factory default settings) are:


79LL = SET RECLOSURES (Last Shot Label-limited to 14 characters)


79SL = RECLOSE COUNT (Shot Counter Label-limited to 14 
characters)


These text label settings are set with the SET T command or viewed with the 
SHOWSET T command via the serial port [see Section 4: Setting the Relay 
and SHO Command (Showset) on page 5.19].


The top numeral in the above example screen (SET RECLOSURES = 2) 
corresponds to the last shot value, which is a function of the number of set 
open intervals. There are two set open intervals in the factory default settings, 
thus two reclosures (shots) are possible in a reclose sequence.


OTHER       ← →
DATE TIME 79 TAR


SET RECLOSURES=2
RECLOSE COUNT =0


SET RECLOSURES=2
RECLOSE COUNT =2


No Reclosing set
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The bottom numeral in the above example screen [RECLOSE COUNT = 0 (or   
= 2)] corresponds to the present shot value. If the breaker is closed and the 
reclosing relay is reset (RS LED on front panel is illuminated), RECLOSE 
COUNT = 0. If the breaker is open and the reclosing relay is locked out after a 
reclose sequence (LO LED on front panel is illuminated), RECLOSE COUNT 
= 2.


Reclosing Relay Shot Counter Screen Operation (With Factory Settings)


With the breaker closed and the reclosing relay in the reset state (front-panel 
RS LED illuminated), the reclosing relay shot counter screen appears as:


The relay trips the breaker open, and the reclosing relay goes to the reclose 
cycle state (front-panel RS LED extinguishes). The reclosing relay shot 
counter screen still appears as:


The first open interval (79OI1 = 30) times out, the shot counter increments 
from 0 to 1, and the relay recloses the breaker. The reclosing relay shot 
counter screen shows the incremented shot counter:


The relay trips the breaker open again. The reclosing relay shot counter screen 
still appears as:


The second open interval (79OI2 = 600) times out, the shot counter 
increments from 1 to 2, and the relay recloses the breaker. The reclosing relay 
shot counter screen shows the incremented shot counter:


If the relay trips the breaker open again, the reclosing relay goes to the lockout 
state (front-panel LO LED illuminates). The reclosing relay shot counter screen 
still appears as:


SET RECLOSURES=2
RECLOSE COUNT =0


SET RECLOSURES=2
RECLOSE COUNT =0


SET RECLOSURES=2
RECLOSE COUNT =1


SET RECLOSURES=2
RECLOSE COUNT =1


SET RECLOSURES=2
RECLOSE COUNT =2
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If the breaker is closed, the reclosing relay reset timer times out (79RSLD = 
300), the relay goes to the reset state (front-panel LO LED extinguishes and RS 
LED illuminates), and the shot counter returns to 0. The reclosing relay shot 
counter screen appears as:


Local Control Use local control to enable/disable schemes, trip/close breakers, etc. via the 
front panel.


In more specific terms, local control asserts (sets to logical 1) or deasserts 
(sets to logical 0) what are called local bits LB1–LB8. These local bits are 
available as Relay Word bits and are used in SELOGIC® control equations (see 
Table 4.5 and Table 4.6).


Local control can emulate the following switch types in Figure 6.5 through 
Figure 6.7.


Figure 6.5 Local Control Switch Configured as an ON/OFF Switch


Figure 6.6 Local Control Switch Configured as an OFF/MOMENTARY Switch


Figure 6.7 Local Control Switch Configured as an ON/OFF/MOMENTARY 
Switch


Local control switches are created by making corresponding switch position 
label settings. These text label settings are set with the SET T command or 
viewed with the SHOWSET T command via the serial port [see Section 4: 
Setting the Relay and SHO Command (Showset) on page 5.19]. See Local 
Control Switches on page 3.6 for more information on local control.


SET RECLOSURES=2
RECLOSE COUNT =2


SET RECLOSURES=2
RECLOSE COUNT =0


Logical 1 LBn 
(n = 1 through 8)


ON Position


OFF Position
(Logical 0)


Relay
Word
Bit


Logical 1 LBn 
(n = 1 through 8)


OFF Position
(Logical 0)


MOMENTARY Position


Relay
Word
Bit


Logical 1 LBn 
(n = 1 through 8)


ON Position


OFF Position
(Logical 0)


MOMENTARY Position


Relay
Word
Bit
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View Local Control


Access local control via the {CNTRL} pushbutton. If local control switches exist 
(i.e., corresponding switch position label settings were made), the following 
message displays with the rotating default display messages.


Press the {CNTRL} pushbutton, and the first set local control switch displays 
(shown here with factory default settings):


The RECLOSER: ENABLE/DISABLE switch is an ON/OFF switch.


Press the right arrow pushbutton, and scroll to the next set local control 
switch:


and to the next local control switch:


The MANUAL TRIP: RETURN/TRIP and MANUAL CLOSE: RETURN/CLOSE switches 
are both OFF/MOMENTARY switches.


There are no more local control switches in the factory default settings. Press 
the right arrow pushbutton, and scroll to the Output Contact Testing 
function:


This front-panel function provides the same function as the serial port PULSE 
command (see Figure 6.3).


Operate Local Control (With Factory Settings)


Press the right arrow pushbutton, and scroll back to the first set local control 
switch in the factory default settings:


Press CNTRL for
Local Control


RECLOSER      ←→ 
Position:DISABLE


Logical 1 LB1DISABLE
(Logical 0)


ENABLE
Relay
Word
Bit


RECLOSER


MANUAL TRIP   ←→ 
Position: RETURN


Logical 1 LB3RETURN
(Logical 0)


TRIP


Relay
Word
Bit


MANUAL TRIP


MANUAL CLOSE  ←→ 
Position: RETURN


Logical 1 LB4RETURN
(Logical 0)


CLOSE


Relay
Word
Bit


MANUAL CLOSE


Output Contact←→ 
Testing
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Press the {SELECT} pushbutton, and the operate option for the displayed local 
control switch displays:


With this first local control switch (RECLOSER ENABLE/DISABLE) in the 
DISABLE position, the ENABLE position is the only operate option.


Scroll left with the left arrow button and then select Yes. The display then 
shows the new local control switch position:


Use the right arrow pushbutton, and scroll to the next set local control switch:


Press the {SELECT} pushbutton, and the operate option for the displayed local 
control switch displays:


Scroll left with the left arrow button and then select Yes. The display then 
shows the new local control switch position:


Because this is an OFF/MOMENTARY type switch, the MANUAL TRIP switch 
returns to the RETURN position after momentarily being in the TRIP position. 
Technically, the MANUAL TRIP switch (being an OFF/MOMENTARY type 
switch) is in the:


RECLOSER      ←→ 
Position:DISABLE


Logical 1 LB1DISABLE
(Logical 0)


ENABLE
Relay
Word
Bit


RECLOSER


RECLOSER      ←→ 
ENABLED? Yes No


Logical 1 LB1DISABLE
(Logical 0)


ENABLE
Relay
Word
Bit


RECLOSER


RECLOSER      ←→ 
Position: ENABLE


Logical 1 LB1DISABLE
(Logical 0)


ENABLE
Relay
Word
Bit


RECLOSER


MANUAL TRIP   ←→ 
Position: RETURN


Logical 1 LB3RETURN
(Logical 0)


TRIP


Relay
Word
Bit


MANUAL TRIP


MANUAL TRIP  ←→
Trip? Yes No 


Logical 1 LB3RETURN
(Logical 0)


TRIP


Relay
Word
Bit


MANUAL TRIP


MANUAL TRIP 
Position: TRIP


Logical 1 LB3RETURN
(Logical 0)


TRIP


Relay
Word
Bit


MANUAL TRIP
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TRIP position for one processing interval (1/8 cycle; long enough to assert 
the corresponding local bit LB3 to logical 1).


and then returns to the:


RETURN position (local bit LB3 deasserts to logical 0 again).


On the display, the MANUAL TRIP switch is shown to be in the TRIP position for 
two seconds (long enough to be seen by human eyes), and then it returns to the 
RETURN position:


The MANUAL CLOSE switch is an OFF/MOMENTARY type switch, like the 
MANUAL TRIP switch, and operates similarly.


Local Control State Retained When Relay De-energized


Local bit states are stored in nonvolatile memory, so when power to the relay 
is turned off, the local bit states are retained.


For example, with the factory default settings, local bit LB1 controls the 
enabling/disabling of reclosing. If local bit LB1 is at logical 1, reclosing is 
enabled:


If power to the relay is turned off and then turned on again, local bit LB1 
remains at logical 1, and reclosing is still enabled. This is similar to a 
traditional panel, where enabling/disabling of reclosing and other functions is 
accomplished by panel-mounted switches. If dc control voltage to the panel is 
lost and then restored again, the switch positions are still in place. If the 
reclosing switch is in the enable position (switch closed) before the power 
outage, it will be in the same position after the outage when power is restored.


MANUAL TRIP   ←→ 
Position: RETURN


Logical 1 LB3RETURN
(Logical 0)


TRIP


Relay
Word
Bit


MANUAL TRIP


Logical 1 LB1


ENABLE
RECLOSER


DISABLE
(Logical 0)


Relay 
Word
Bit
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Rotating Default Display


The relay name, SEL-551C, displays if no local control is operational (i.e., no 
corresponding switch position label settings were made) and no display point 
labels are enabled for display.


The Press CNTRL for Local Control message displays if at least one local 
control switch is operational. It is a reminder of how to access the local control 
function. See the preceding discussion in this section and Local Control 
Switches on page 3.6 for more information on local control.


If display point labels are also enabled for display, the Press CNTRL for 
Local Control displays for two seconds and then is followed by enabled 
display point labels in subsequent two-second rotations.


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


SEL-551C


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


Press CNTRL for


Local Control







6.13


Date Code 20080104 Instruction Manual SEL-551C Relay


Front-Panel Interface
Rotating Default Display


The following table and figures demonstrate the correspondence between 
changing display point states (e.g., DP2 and DP4) and enabled display point 
labels (DP2_1/DP2_0 and DP4_1/DP4_0, respectively). The display is on a 
two-second rotation for each screen.


The display point factory settings are:


DP2 = LB1 (local bit LB1)


DP4 = IN1 (optoisolated input IN1)


Local bit LB1 is used as a recloser enable/disable local control switch (see 
Local Control Switches on page 3.6).


Optoisolated input IN1 is used as a circuit breaker status input (a 52a circuit 
breaker auxiliary contact is connected to input IN1; see Optoisolated Inputs on 
page 3.4).


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


Press CNTRL for


Local Control


79 DISABLED


BREAKER OPEN
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In the preceding example, only two display points (DP2 and DP4) and their 
corresponding display point labels are set. If additional display points and 
corresponding display point labels are set, the additional enabled display point 


Display Points 
(SELOGIC Control 


Equation Settings)
Example Display 


Point States


Display Point 
Label Settings


DP2 = LB1 = logical 0 DP2_1 = 79 ENABLED


DP2_0 = 79 DISABLED


DP4_1 = BREAKER CLOSED


DP4_0 = BREAKER OPEN
DP4 = IN1 = logical 0


79 DISABLED
BREAKER OPEN


Press CNTRL for
Local Control


DP2 = LB1 = logical 1
DP2_1 = 79 ENABLED


DP2_0 = 79 DISABLED


DP4_1 = BREAKER CLOSED


DP4_0 = BREAKER OPENDP4 = IN1 = logical 0


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


79 ENABLED
BREAKER OPEN


Press CNTRL for
Local Control


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


DP2 = LB1 = logical 1
DP2_1 = 79 ENABLED


DP2_0 = 79 DISABLED


DP4_1 = BREAKER CLOSED


DP4_0 = BREAKER OPENDP4 = IN1 = logical 1


79 ENABLED
BREAKER CLOSED


Press CNTRL for
Local Control


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79


DP2 = LB1 = logical 0
DP2_1 = 79 ENABLED


DP2_0 = 79 DISABLED


DP4_1 = BREAKER CLOSED


DP4_0 = BREAKER OPENDP4 = IN1 = logical 1


79 DISABLED
BREAKER CLOSED


Press CNTRL for
Local Control


SCHWEITZER ENGINEE
PULLMAN WASHINGTON USA


FAULT TYPE


AINSTEN B C N RS LO


79
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labels join the two seconds per screen rotation on the front-panel display.


Display point label settings are set with the SET T command or viewed with 
the SHOWSET T command via the serial port [see Section 4: Setting the 
Relay and SHO Command (Showset) on page 5.19].
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Section 7
Standard Event Reports and SER


Overview


The SEL-551C Relay has two styles of event reports:


➤ Standard 15-cycle event reports


➤ Sequential events recorder (SER) event report


These event reports contain date, time, current, relay element, optoisolated 
input, and output contact information.


Standard 15-cycle event reports are generated (triggered) by fixed and 
programmable conditions. These reports show information for 15 continuous 
cycles. The latest 20 standard 15-cycle event reports are stored in nonvolatile 
memory. If more than 20 events are triggered, the latest event report will 
overwrite the oldest event report, and the oldest event report will be lost. See 
Figure 7.2 for an example standard 15-cycle event report.


Lines in the sequential events recorder (SER) event report are generated 
(triggered) by programmable conditions only. This report lists date and time-
stamped lines of information each time a programmed condition changes 
state. The latest 512 lines of the SER event report are stored in nonvolatile 
memory. If the report fills up, newer rows will overwrite the oldest rows in the 
report. See Figure 7.5 for an example SER event report.
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Standard 15-Cycle Event Reports


See Figure 7.2 for an example standard 15-cycle event report.


Standard Event 
Report Triggering


The relay triggers (generates) a standard 15-cycle event report when any of the 
following occur:


➤ Relay Word bit TRIP asserts


➤ Programmable SELOGIC® control equations setting ER1 
asserts to logical 1


➤ Programmable SELOGIC control equations setting ER2 asserts 
to logical 1


➤ TRIGGER serial port command executed


➤ PULSE serial port command for output contact OUT1, OUT2, or 
OUT3 executed


Relay Word Bit TRIP


Relay Word bit TRIP would usually be assigned to an output contact for 
tripping a circuit breaker (e.g., SELOGIC control equations setting OUT1 = 
TRIP). SELOGIC Control Equations setting TR controls the assertion of Relay 
Word bit TRIP (see Figure 3.13). Any condition that is set to trip in setting TR 
(e.g., TR = 51P1T + 51G1T + 50P1*SH0 + LB3) does not have to be entered 
in SELOGIC control equation settings ER1 or ER2. The assertion of Relay 
Word bit TRIP automatically triggers a standard 15-cycle event report.


Programmable SELOGIC Control Equation Settings ER1 and ER2


The programmable SELOGIC control equation settings ER1 and ER2 are set to 
trigger standard 15-cycle event reports for conditions other than tripping 
conditions already listed in SELOGIC control equations setting TR. The 
factory settings are:


ER1 = 51P1 + 51G1


ER2 = SV5T + CF


ER1 is factory-set with time-overcurrent element pickups 51P1 and 51G1. 
Thus, at the inception of a fault, whichever pickup asserts first will trigger a 
standard 15-cycle event report.


ER2 is factory-set with a breaker failure condition (SV5T) and close failure 
condition (CF). It is not likely that these two conditions would assert at the 
same time. When a breaker failure or close failure condition occurs, a standard 
15-cycle event report is triggered.


ER1 and ER2 trigger event reports independently and are rising-edge sensitive 
(logical 0 to logical 1 transition). For example, if a line-to-ground fault occurs 
and 51G1 asserts first in setting ER1 (logical 0 to logical 1 transition), it will 
trigger an event report. If 51G1 remains asserted and then a short time later 
51P1 asserts, a second report will not be generated for the assertion of 51P1. 
ER1 is already at logical 1 because of the initial assertion of 51G1.


Rising-edge or falling-edge detects can be used in making SELOGIC settings. 
This is particularly useful in these event report trigger settings ER1 and ER2. 
For example, if setting ER1 = /IN4 + …, then every time input IN4 asserts 
(logical 0 to logical 1 transition—see Figure 3.32 for a time trace example of 
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IN4 and /IN4), setting ER1 is effectively pulsed for one-processing interval. 
Thus, if input IN4 continues to be asserted (maintained at logical 1), it has no 
further effect on setting ER1 and any other Relay Word bit in setting ER1 is 
effectively free to operate and be detected by setting ER1. Most likely, each 
ORed Relay Word bit in setting ER1 or ER2 would have a rising-edge or 
falling-edge detect in front of it.


See Section 3: Relay Elements and Logic for more information on SELOGIC 
control equations.


TRIGGER and PULSE Serial Port Commands


The sole function of the TRIGGER serial port command is to generate 
standard 15-cycle event reports, primarily for testing purposes.


The PULSE serial port command is used to assert the output contacts for 
testing purposes or for remote control. If output contact OUT1, OUT2, or OUT3 is 
asserted with the PULSE command, a standard 15-cycle event report is also 
generated.


See Section 5: Serial Port Communications and Commands for more 
information on serial port commands.


Standard Event 
Report Summary


Each time the relay generates a standard 15-cycle event report, it also 
generates a corresponding event summary (see Figure 7.1). Event summaries 
contain the following information:


➤ Relay and terminal identifiers (settings RID and TID)


➤ Date and time when the event was triggered


➤ Event type


➤ Recloser shot count at time of trip


➤ Front-panel fault type targets at the time of trip


➤ Phase (IA, IB, IC), neutral (IN), calculated residual (3I0), and 
negative-sequence (3I2) current magnitudes in amps primary 
measured at the largest phase current magnitude in the 
triggered event report. 


The Event Report Summary shows the magnitude of the maximum phase 
current calculated by the cosine filter or bipolar peak detector. When the relay 
uses the bipolar peak detector value (when a phase instantaneous pickup 
setting is greater than eight times nominal phase current, and the harmonic 
distortion index is greater than a fixed threshold), the relay displays pk as 
shown in the Event Summary portion of the Example Standard 15-Cycle 
Event Report near the end of this section (for more information on the cosine 
filter and bipolar peak detector, see subsection CT Saturation Protection on 
page 1.9).


This event summary information is also contained in the corresponding 
standard 15-cycle event report. The identifiers, date, and time information is at 
the top of the standard 15-cycle event report, and the other information 
follows at the end. See Figure 7.2.
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FEEDER 1                          Date: 08/07/02    Time: 15:33:09.498
STATION A


Event: ER2   Shot: 2 Targets: INST A N
Currents (A Pri), ABCNGQ:    19896 pk  13088   13108    1   1154   714


Figure 7.1 Example Event Summary


If serial port setting AUTO = Y, the event summary is sent from the serial port 
a few seconds after the event.


The latest 20 event summaries are stored in nonvolatile memory and are 
accessed by the HISTORY command. These event summaries correspond to 
the latest 20 standard 15-cycle event reports also stored in nonvolatile 
memory.


Event Type


The Event: field shows the event type. The possible event types and their 
descriptions are shown in the table below. Note the correspondence to the 
preceding event report triggering conditions (see Standard Event Report 
Triggering on page 7.2).


Currents


The Currents (A pri), ABCNGQ: field shows the currents present in the event 
report row containing the maximum phase current. The listed currents are:


➤ Phase (A = channel IA, B = channel IB, C = channel IC)


➤ Neutral (N = channel IN)


➤ Calculated residual (G = 3I0; calculated from channels IA, IB, 
and IC)


➤ Negative-sequence (Q = 3I2; calculated from channels IA, IB, 
and IC)


Retrieving Full-
Length Standard 
Event Reports


The latest 20 standard 15-cycle (full-length) event reports are stored in 
nonvolatile memory. Any given event report has four different ways it can be 
displayed, depending on the particular serial port command issued to the relay. 
The command choices are shown below. The n parameter refers to the event 
report number (n = 1–20), with n = 1 being the most recent event report and 
n = 20 being the oldest event report.


Table 7.1 Event Types


Event Event Triggered by:


TRIP Assertion of Relay Word bit TRIP


ER1 SELOGIC control equations setting ER1


ER2 SELOGIC control equations setting ER2


TRIG Execution of TRIGGER serial port command


PULSE Execution of PULSE serial port command
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If no numeric n parameter is entered with the serial port command, the most 
recent event report (n = 1) is displayed.


If an event report is requested which does not exist, the relay responds:


Invalid Event


The EVENT serial port commands can be entered with only the first three 
letters of the word EVENT. For example, the second most recent 1/8-cycle 
resolution event report can be retrieved by entering command:


=>EVE L 2 <Enter>


Clearing Standard 
Event Report Buffer


The HIS C command clears the event summaries and corresponding full-
length standard event reports from nonvolatile memory. See the HIS 
Command (History) on page 5.16 for more information.


Standard Event 
Report Column 
Definitions


Refer to the example event report in Figure 7.2 to view event report columns. 
This example event report displays rows of information each 1/8 cycle and 
was retrieved with the EVENT L n command.


The columns contain current, element, input, and output information. The 
current columns show currents in primary amperes. The other columns show a 
number, letter, or symbol to indicate the condition of the elements, inputs, and 
outputs.


Current Columns


The current columns show sampled current (after filtering) in primary 
amperes. The columns are shown in Table 7.2.


Serial Port 
Command


Format


EVENT n Event report n displayed with rows
of information each quarter (1/4) cycle.


EVENT C n Digital data are added at the end of the
quarter (1/4) cycle resolution event report n.


EVENT L n Event report n displayed with rows of information each 1/8 cycle. See 
Figure 7.2 for an example of an 1/8-cycle resolution event report.


EVENT L C n Digital data are added at the end 
of the 1/8-cycle resolution event report n.


EVENT R n Event report n displayed with 16 cycles 
of raw (unfiltered) analog information in 1/16-cycle resolution.


EVENT R C n Digital Data are added at the end of the
1/16-cycle resolution raw event report n with 1/8-cycle resolution.


Table 7.2 Standard Event Report Current Columns (Sheet 1 of 2)


Column Heading Definition


IA Current measured by channel IA


IB Current measured by channel IB


IC Current measured by channel IC
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Note that the current values change from plus to minus (–) values in 
Figure 7.2, indicating the sinusoidal nature of the waveforms.


Other figures help in understanding the information available in the event 
report current columns:


Figure 7.3 shows how event report current column data relate to the actual 
sampled current waveform and rms current values.


Figure 7.4 shows how event report current column data can be converted 
to phasor rms current values.


IN Current measured by channel IN


IG Calculated residual current (calculated from channels IA, IB, 
and IC; IG = IA + IB + IC, vectorially added together)


Table 7.2 Standard Event Report Current Columns (Sheet 2 of 2)


Column Heading Definition


Table 7.3 Other Standard Event Report Columns (Sheet 1 of 3)


Column Heading
Corresponding Elements


(Relay Word Bits)
Symbol Definition


All columns . Element/input/output not picked up or not asserted, unless 
otherwise stated.


51 P1 51P1, 51P1T, 51P1R . Time-overcurrent element reset (51_1R, 51_2R).


51 P2 51P2, 51P2T, 51P2R


51 N1 51N1, 51N1T, 51N1R p Time-overcurrent element picked up and timing (51_1, 
51_2).


51 G1 51G1, 51G1T, 51G1R


51 Q2 51Q1, 51Q1T, 51Q1R T Time-overcurrent element timed out (51_1T, 51_2T).


51 Q2 51Q2, 51Q2T, 51Q2R


r Time-overcurrent element timing to reset.


1 Time-overcurrent element timing to reset after having timed 
out (when element reset is set for 1 cycle, not electrome-
chanical reset).


50 P12 50P1, 50P2 1 Phase instantaneous overcurrent element 50P1 picked up.


2 Phase instantaneous overcurrent element 50P2 picked up.


b Both 50P1 and 50P2 picked up.


50 P34 50P3, 50P4 3 Phase instantaneous overcurrent element 50P3 picked up.


4 Phase instantaneous overcurrent element 50P4 picked up.


b Both 50P3 and 50P4 picked up.


50 P56 50P5, 50P6 5 Phase instantaneous overcurrent element 50P5 picked up.


6 Phase instantaneous overcurrent element 50P6 picked up.


b Both 50P5 and 50P6 picked up.
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50 ABC 50A, 50B, 50C 3 Single-phase instantaneous overcurrent elements 50A, 50B, 
and 50C picked up.


a Only 50A and 50B picked up.


b Only 50B and 50C picked up.


c Only 50C and 50A picked up.


A Only 50A picked up.


B Only 50B picked up.


C Only 50C picked up.


50 N12 50N1, 50N2 1 Neutral ground instantaneous overcurrent element 50N1 
picked up.


2 Neutral ground instantaneous overcurrent element 50N2 
picked up.


b Both 50N1 and 50N2 picked up.


50 G12 50G1, 50G2 1 Residual ground instantaneous overcurrent element 50G1 
picked up.


2 Residual ground instantaneous overcurrent element 50G2 
picked up.


b Both 50G1 and 50G2 picked up.


50 Q12 50Q1, 50Q2 1 Negative-sequence instantaneous overcurrent element 50Q1 
picked up.


2 Negative-sequence instantaneous overcurrent element 50Q2 
picked up.


b Both 50Q1 and picked up.


79 CF, 79RS, . Reclosing relay nonexistent


79CY, 79LO F Close failure condition CF asserts for only 1/8 cycle


R Reclosing relay in Reset State (79RS)


C Reclosing relay in Reclose Cycle State (79CY)


L Reclosing relay in Lockout State (79LO)


Shot SH0, SH1, SH2 . Reclosing relay nonexistent


SH3, SH4 0 shot = 0 (SH0)


1 shot = 1 (SH1)


2 shot = 2 (SH2)


3 shot = 3 (SH3)


4 shot = 4 (SH4)


Lcl 12 LB1, LB2 1 Local bit LB1 asserted


2 Local bit LB2 asserted


b Both LB1 and LB2 asserted


Lcl 34 LB3, LB4 3 Local bit LB3 asserted


4 Local bit LB4 asserted


b Both LB3 and LB4 asserted


Lcl 56 LB5, LB6 5 Local bit LB5 asserted


6 Local bit LB6 asserted


b Both LB5 and LB6 asserted


Table 7.3 Other Standard Event Report Columns (Sheet 2 of 3)


Column Heading
Corresponding Elements


(Relay Word Bits)
Symbol Definition
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Lcl 78 LB7, LB8 7 Local bit LB7 asserted


8 Local bit LB8 asserted


b Both LB7 and LB8 asserted


Rem 12 RB1, RB2 1 Remote bit RB1 asserted


2 Remote bit RB2 asserted


b Both RB1 and RB2 asserted


Rem 34 RB3, RB4 3 Remote bit RB3 asserted


4 Remote bit RB4 asserted


b Both RB3 and RB4 asserted


Rem 56 RB5, RB6 5 Remote bit RB5 asserted


6 Remote bit RB6 asserted


b Both RB5 and RB6 asserted


Rem 78 RB7, RB8 7 Remote bit RB7 asserted


8 Remote bit RB8 asserted


b Both RB7 and RB8 asserted


Rem OC OC, CC o OPEN command executed


c CLOSE command executed


SELogic Var 12 SV1, SV2 1 SELOGIC Variable SV1 asserted


2 SELOGIC Variable SV2 asserted


b Both SV1 and SV2 asserted


SELogic Var 34 SV3, SV4 3 SELOGIC Variable SV3 asserted


4 SELOGIC Variable SV4 asserted


b Both SV3 and SV4 asserted


SELogic Var 5T SV5, SV5T p SELOGIC Variable Timer input SV_ asserted; timer timing 
on pickup time; timer output SV_T not asserted.


SELogic Var 6T SV6, SV6T


SELogic Var 7T SV7, SV7T


SELogic Var 8T SV8, SV8T T SELOGIC Variable Timer input SV_ asserted; timer timed 
out on pickup time; timer output SV_T asserted.


SELogic Var 9T SV9, SV9T


SELogic Var 10T SV10, SV10T


SELogic Var 11T SV11, SV11T d SELOGIC Variable Timer input SV_ not asserted; timer pre-
viously timed out on pickup time; timer output SV_T 
remains asserted while timer timing on dropout time.


SELogic Var 12T SV12, SV12T


SELogic Var 13T SV13, SV13T


SELogic Var 14T SV14, SV14T


Table 7.3 Other Standard Event Report Columns (Sheet 3 of 3)


Column Heading
Corresponding Elements


(Relay Word Bits)
Symbol Definition
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Table 7.4 SEL-551C Input/Output Event Report Columns


Column Heading
Corresponding Elements 


(Relay Word Bits)
Symbol Definition


In 12 IN1, IN2 1 Optoisolated input IN1 asserted


2 Optoisolated input IN2 asserted


b Both IN1 and IN2 asserted


In 34 IN3, IN4 3 Optoisolated input IN3 asserted


4 Optoisolated input IN4 asserted


b Both IN3 and IN4 asserted


In 56 IN5, IN6 5 Optoisolated input IN5 asserted


6 Optoisolated input IN6 asserted


b Both IN5 and IN6 asserted


Out 12 OUT1, OUT2 1 Output contact OUT1 asserted


2 Output contact OUT2 asserted


b Both OUT1 and OUT2 asserted


Out 3a


a Output contacts can be a- or b-type output contacts (see Figure 2.14 and Figure 3.23).


OUT3 3 Output contact OUT3 asserted
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Sequential Events Recorder (SER) Event Report


See Figure 7.5 for an example SER event report.


SER Event Report 
Row Triggering


The relay triggers (generates) a row in the SER event report for any change of 
state in any one of the elements listed in the SER1, SER2, and SER3 trigger 
settings. The factory default settings are:


SER1 = 51P1  51G1  51P1T  51G1T  50P1  50P2


SER2 = IN1  LB1  LB3  LB4  OUT1  OUT2  OUT3


SER3 = CF  79RS  79LO  SV5T


The elements are Relay Word bits from Table 4.5. Each element is looked at 
individually to see if it asserts or deasserts. Any assertion or deassertion of a 
listed element triggers a row in the SER event report. For example, setting 
SER1 contains:


➤ time-overcurrent element pickups (51P1 and 51G1)


➤ time-overcurrent element (timed out; 51P1T and 51G1T)


➤ instantaneous overcurrent elements (50P1 and 50P2)


Thus, any time one of these overcurrent elements picks up, times out, or drops 
out, a row is triggered in the SER event report.


The other two SER factory settings (SER2 and SER3) trigger rows in the SER 
event report for such things as optoisolated input (IN1), output contact (OUT1, 
OUT2, or OUT3), lockout state (79LO), and breaker failure (SV5T) operation, 
among other things.


Also, if the relay is newly powered up or a settings change is made, a row is 
triggered in the SER event report with the message:


Relay newly powered up or settings changed


Each row in the SER event report contains date, time, current, relay element, 
optoisolated input, and output contact information.


Making SER Event 
Report Trigger 
Settings


Each SER trigger setting (SER1, SER2, or SER3) can be set with up to 24 
elements (Relay Word bits from Table 4.5 or Table 4.6). Thus, up to 72 
elements can be monitored altogether for SER event report row triggering.


The SER settings can be made using spaces or commas as delimiters between 
elements. For example, if setting SER1 is made as follows:


SER1 = 51P1,51G1  51P1T,,51G1T  ,   50P1,    , 50P2


The setting displays as:


SER1 = 51P1  51G1  51P1T  51G1T  50P1  50P2


Retrieving SER Event 
Report Rows


The latest 455 rows of the SER event report are stored in nonvolatile memory. 
Row 1 is the most recently triggered row, and row 455 is the oldest. These 
lines are accessed with the SER command in the different ways described in 
Table 7.5.
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The date entries in the above example SER commands are dependent on the 
Date Format setting DATE_F. If setting DATE_F = MDY, then the dates are 
entered as in the above examples (Month/Day/Year). If setting DATE_F = 
YMD, then the dates are entered Year/Month/Day.


For any SER event report request, no more than 256 rows can be displayed at 
a time.


If the requested SER event report rows do not exist, the relay responds:


Invalid Record


If there are no rows in the SER event report buffer, the relay responds:


No SER data


Table 7.5 SER Report Row Commands and Format


Example SER
Serial Port Commands


Format


SER If SER is entered with no numbers following it, all available rows are displayed (up to row number 256). 
They display with the oldest row at the beginning (top) of the report and the latest row (row 1) at the end 
(bottom) of the report. Chronological progression through the report is down the page and in descending 
row number.


SER 17 If SER is entered with a single number following it (17 in this example), the first 17 rows are displayed, 
if they exist. They display with the oldest row (row 17) at the beginning (top) of the report and the latest 
row (row 1) at the end (bottom) of the report. Chronological progression through the report is down the 
page and in descending row number.


SER 10  33 If SER is entered with two numbers following it (10 and 33 in this example; 10 < 33), all the rows 
between (and including) rows 10 and 33 are displayed, if they exist. They display with the oldest row 
(row 33) at the beginning (top) of the report and the latest row (row 10) at the end (bottom) of the report. 
Chronological progression through the report is down the page and in descending row number.


SER 47  22 If SER is entered with two numbers following it (47 and 22 in this example; 47 > 22), all the rows 
between (and including) rows 47 and 22 are displayed, if they exist. They display with the newest row 
(row 22) at the beginning (top) of the report and the oldest row (row 47) at the end (bottom) of the report. 
Reverse chronological progression through the report is down the page and in ascending row number.


SER 512 257 Use this format to view any SER row between Row 455 and Row 257 (if these exist). The rows display 
with the newest row (Row 257) at the beginning (top) of the report and the oldest row (Row 455) at the 
end (bottom) of the report. Reverse chronological progression through the report is down the page in 
ascending row number.


SER 3/30/96 If SER is entered with one date following it (date 3/30/96 in this example), all the rows on that date are 
displayed, if they exist. They display with the oldest row at the beginning (top) of the report and the lat-
est row at the end (bottom) of the report, for the given date. Chronological progression through the report 
is down the page and in descending row number.


SER 2/17/96  3/23/96 If SER is entered with two dates following it (date 2/17/96 chronologically precedes date 3/23/96 in this 
example), all the rows between (and including) dates 2/17/96 and 3/23/96 are displayed, if they exist. 
They display with the oldest row (date 2/17/96) at the beginning (top) of the report and the latest row 
(date 3/23/96) at the end (bottom) of the report. Chronological progression through the report is down 
the page and in descending row number.


SER 3/16/96  1/5/96 If SER is entered with two dates following it (date 3/16/96 chronologically follows date 1/5/96 in this 
example), all the rows between (and including) dates 1/5/96 and 3/16/96 are displayed, if they exist. 
They display with the latest row (date 3/16/96) at the beginning (top) of the report and the oldest row 
(date 1/5/96) at the end (bottom) of the report. Reverse chronological progression through the report is 
down the page and in ascending row number.
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Clearing SER Event 
Report Buffer


If the SER C command is entered, the relay prompts the operator for 
confirmation:


Clear SER Buffer
Are you sure (Y/N)?


If Y is entered, the relay clears the SER event reports from nonvolatile 
memory. If N is entered, no reports are cleared, and the relay responds:


Canceled


SER Event Report 
Column Definitions


Refer to the example SER event report in Figure 7.5 to view SER event report 
columns. Note in Figure 7.5 that a row in the SER event report is actually two 
lines long; the first line contains row, date, time, and any written message, and 
the second line contains the current and the other relay information.


The column definitions in Table 7.2 and Table 7.3 also apply to the columns of 
the SER Event Report. The SER Event Report has a few additional columns:


The SER event report current columns (IA, IB, IC, IN, and IG) display rms 
primary current magnitude values, rather than sampled current values, as the 
standard event report current columns do.


Column Heading Definition


Row SER event report row number (1–455)


Date Date that the SER event report row was triggered


Time Time (24-hour time) that the SER event report row was triggered
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Example Standard 15-Cycle Event Report


The following example SEL-551C standard 15-cycle event report in 
Figure 7.2 also corresponds to the example sequential events recorder (SER) 
event report in Figure 7.5. The circled, numbered comments in both these 
figures are explained in the text following Figure 7.5.


In Figure 7.2, the arrow (>) in the column following the IG current column 
identifies the “trigger” row. This is the row that corresponds to the Date and 
Time values at the top of the event report.


The asterisk (*) in the column following the IG current column identifies the 
row with the maximum phase current. The maximum phase current is 
calculated from the row identified with the asterisk and the row one quarter- 
cycle previous (see Figure 7.3). These currents are listed at the end of the 
example event report. If the trigger row (>) and the maximum phase current 
row (*) are the same row, the * symbol takes precedence and is displayed.
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FEEDER 1                          Date: 02/29/96    Time: 13:45:44.924
STATION A


FID=SEL-551C-R503-Vf-Z001001-D20070301      CID=81DA
                                    51    50       S Lcl Rem   SELogic Var  InOu
                                          PPPANGQ  h                  11111    t
                Amps Pri            PPNGQQ135B111 7o 13571357O 135678901234 13A1
     IA     IB     IC     IN     IG 121112246C222 9t 24682468C 24TTTTTTTTTT 24L2


    137   -440    339      0     35 ............. R0 1........ ............ ...1
    420   -386    -13      0     21 ............. R0 1........ ............ ...1
    457   -106   -361     -0    -10 ............. R0 1........ ............ ...1
    225    236   -494     -1    -34 ............. R0 1........ ............ ...1
   -138    440   -339     -0    -37 ............. R0 1........ ............ ...1
   -420    385     12      0    -23 ............. R0 1........ ............ ...1
   -457    106    360      1      8 ............. R0 1........ ............ ...1
   -224   -236    493      0     33 ............. R0 1........ ............ ...1


        [Two cycles of data not shown in this example]


    137   -439    339      0     36 ............. R0 1........ ............ ...1
    420   -385    -13     -0     22 ............. R0 1........ ............ ...1
    456   -106   -361     -0    -11 ............. R0 1........ ............ ...1
    225    236   -494     -0    -34 ............. R0 1........ ............ ...1
   -138    439   -339      0    -38 ............. R0 1........ ............ ...1
   -419    385     12      0    -22 ............. R0 1........ ............ ...1
   -551    106    360      0    -86 ............. R0 1........ ............ ...1
   -675   -236    491      0   -420>p..p......... R0 1........ ............ ...1


   -459   -437    336      0   -560 p..p......... R0 1........ ............ ...1
    320   -382    -14     -0    -76 p..p......... R0 1........ ............ ...1
   1150   -104   -356     -0    690 p..p......... R0 1........ ............ ...1
   1698    232   -485     -1   1445 p..p......... R0 1........ ............ ...1
   1308    432   -331     -0   1409 p..p......... R0 1........ ............ ...1
    -58    377     16      0    335 p..p......... R0 1........ ............ ...1
  -1654    101    353      0  -1201 p..p..1...... C0 1........ ..p......... 1..1
  -2273   -231    483      1  -2022 p..p..1...... C0 1........ ..p......... 1..1


  -1560   -430    330      0  -1661 p..p..1...... C0 1........ ..p......... 1..1
     68   -376    -16     -0   -325 p..p..1...... C0 1........ ..p......... 1..1
   1655   -101   -353     -1   1201 p..p..1...... C0 1........ ..p......... 1..1
   2272    231   -482     -1   2020 p..p..1...... C0 1........ ..p......... 1..1
   1559    429   -330     -0   1658 p..p..1...... C0 1........ ..p......... 1..1
    -67    376     16      0    325 p..p..1...... C0 1........ ..p......... 1..1
  -1654    102    352      1  -1201 p..p..1...... C0 1........ ..p......... 1..1
  -2272   -230    482      1  -2020 p..p..1...... C0 1........ ..p......... 1..1


  -1560   -429    330      0  -1660 p..p..1...... C0 1........ ..p......... 1..1
     66   -376    -16     -0   -326 p..p..1...... C0 1........ ..p......... 1..1
   1654   -102   -352     -0   1200 p..p..1...... C0 1........ ..p......... 1..1
   2274    230   -482     -0   2022 p..p..1...... C0 1........ ..p......... 1..1
   1559    430   -330      0   1658 p..p..1...... C0 1........ ..p......... 1..1
    -69    376     16      0    322 p..p..1...... C0 1........ ..p......... 1..1
  -1656    100    352      0  -1204 p..p..1...... C0 1........ ..p......... 1..1
  -2274   -232    482      0  -2025 p..p..1...... C0 1........ ..p......... 1..1


  -1558   -430    330      0  -1658 p..p..1...... C0 1........ ..p......... 1..1
     70   -375    -16     -0   -321*p..p..1...... C0 1........ ..p......... 1..1
   1656   -100   -352     -0   1204 p..p..1...... C0 1........ ..p......... 1..1
   2273    232   -483     -1   2022 p..p..1...... C0 1........ ..p......... 1..1
   1555    430   -329     -0   1656 p..p..1...... C0 1........ ..p......... 1..1
    -70    374     17      0    321 p..p..1...... C0 1........ ..p......... 1..1
  -1538     88    330      1  -1120 p..p..1...... C0 1........ ..p......... 1..1
  -1725   -222    366      1  -1580 p..p......... C0 1........ ..p......... 1..1
   -922   -337    193      0  -1067 p..p......... C0 1........ ..p......... 1..1
    128   -236    -32     -1   -140 p..p......... C0 1........ ..p......... 1..1
    708    -38   -156     -1    514 p..p......... C0 1........ ..p......... 1..1
    587    107   -127     -1    567 r..p......... C0 1........ ..p......... 1..1
    146    122    -30     -0    238 r..p......... C0 1........ ..p......... 1...
    -94     47     25      1    -22 r..p......... C0 1........ ..p......... 1...
      1      0      2      0      3 r..p......... C0 1........ ..p......... 1...
      1      0      2      0      3 r..r......... C0 1........ ..p......... 1...
      0      0      0      0      0 r..r......... C0 1........ ..p......... 1...
      0      0     -4     -0     -4 r..r......... C0 1........ ..p......... 1...
      0      0     -1      0     -1 r..r......... C0 1........ ..p......... 1...
      0      0     -2     -0     -2 ...r......... C0 1........ ..p......... 1...
      0      0     -1     -0     -1 ...r......... C0 1........ ..p......... 1...
      0      0      1      0      1 ...r......... C0 1........ ..p......... 1...
      0      0      1      0      1 ...r......... C0 1........ ..p......... 1...
      0      0      3      1      3 ............. C0 1........ ..p......... 1...


(Continued on next page)


firmware identifier


firmware checksum
identifier


one cycle of data


y


u


See Figure 7.3 and Figure 7.4 
for details on this example one 
cycle of phase A (channel IA) 
current.


i
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(Continued from previous page)
       
       [Three cycles of data not shown in this example]


      1      0      1      0      2 ............. C0 1........ ..p......... 1...
      0      0     -2     -0     -2 ............. C0 1........ ..p......... 1...
      0      0     -1     -0     -1 ............. C0 1........ ..p......... 1...
     -1      0     -4     -0     -5 ............. C0 1........ ..p......... 1...
     -1      0     -1     -0     -2 ............. C0 1........ ..p......... 1...
      0      0      2      0      2 ............. C0 1........ ..p......... 1...
      0      0      2      0      2 ............. C0 1........ ............ ....
      1      0      3      0      4 ............. C0 1........ ............ ....


       [One cycle of data not shown in this example]


Event: TRIP  Shot: 0 Targets: INST A N
Currents (A Pri), ABCNGQ:    2275    441    482      1   2050   2119


Relay Settings:
RID   =FEEDER 1     TID   =STATION A    
CTR   = 120      CTRN  = 120      TDURD = 9.000    
50P1P = 15.0     50P2P = 20.0     50P3P = OFF      50P4P = OFF      
50P5P = OFF      50P6P = OFF      50ABCP= OFF      
51P1P = 6.0      51P1C = U3       51P1TD= 3.00     51P1RS= N        
51P2P = OFF      51P2C = U3       51P2TD= 15.00    51P2RS= N        
50N1P = OFF      50N2P = OFF      
51N1P = OFF      51N1C = U3       51N1TD= 15.00    51N1RS= N        
50G1P = OFF      50G2P = OFF      
51G1P = 1.5      51G1C = U3       51G1TD= 1.50     51G1RS= N        
50Q1P = OFF      50Q2P = OFF      
51Q1P = OFF      51Q1C = U3       51Q1TD= 15.00    51Q1RS= N        
51Q2P = OFF      51Q2C = U3       51Q2TD= 15.00    51Q2RS= N        
79OI1 = 30.000   79OI2 = 600.000  79OI3 = 0.000    79OI4 = 0.000    
79RSD = 1800.000 79RSLD= 300.000  CFD   = 60.000   
SV5PU = 12.000   SV5DO = 2.000    SV6PU = 0.000    SV6DO = 0.000    
SV7PU = 0.000    SV7DO = 0.000    SV8PU = 0.000    SV8DO = 0.000    
SV9PU = 0.000    SV9DO = 0.000    SV10PU= 0.000    SV10DO= 0.000    
SV11PU= 0.000    SV11DO= 0.000    SV12PU= 0.000    SV12DO= 0.000    
SV13PU= 0.000    SV13DO= 0.000    SV14PU= 0.000    SV14DO= 0.000    
NFREQ = 60       PHROT = ABC      DATE_F= MDY      


SELogic Control Equations:
TR    =51P1T + 51G1T + 50P1 * SH0 + LB3
ULTR  =!(51P1 + 51G1)
51P1TC=1
51P2TC=1
51N1TC=1
51G1TC=1
51Q1TC=1
51Q2TC=1
52A   =IN1
CL    =LB4
ULCL  =TRIP
79RI  =TRIP
79RIS =IN1
79DTL =!LB1 + LB3
79DLS =79LO
79SKP =50P2 * SH0
79STL =TRIP
79BRS =(51P1 + 51G1) * (79RS + 79CY)
79SEQ =0
SET1  =0
RST1  =0
SET2  =0
RST2  =0
SET3  =0
RST3  =0
SET4  =0
RST4  =0
SET5  =0
RST5  =0
SET6  =0
RST6  =0
SET7  =0
RST7  =0
SET8  =0
RST8  =0
ER1   =51P1 + 51G1
ER2   =SV5T + CF
SV1   =0
SV2   =0
SV3   =0
SV4   =0


(Continued on next page)


o


Relay and SELOGIC Control 
Equations follow the standard 
15-cycle event report.
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Figure 7.2 Example SEL-551C Standard 15-Cycle Event Report (1/8-Cycle Resolution)


Figure 7.3 and Figure 7.4 look in detail at 1 cycle of phase A (channel IA) 
current identified in Figure 7.2. Figure 7.3 shows how the event report current 
column data relate to the actual sampled current waveform and rms current 
values. Figure 7.4 shows how the event report current column data can be 
converted to phasor rms current values.


(Continued from previous page)


SV5   =TRIP
SV6   =0
SV7   =0
SV8   =0
SV9   =0
SV10  =0
SV11  =0
SV12  =0
SV13  =0
SV14  =0
OUT1  =TRIP
OUT2  =CLOSE
OUT3  =!(SALARM + HALARM)
DP1   =0
DP2   =LB1
DP3   =0
DP4   =IN1
DP5   =0
DP6   =0
DP7   =0
DP8   =0


=>>







7.17


Date Code 20080104 Instruction Manual SEL-551C Relay


Standard Event Reports and SER
Example Standard 15-Cycle Event Report


Figure 7.3 Derivation of Event Report Current Values and RMS Current Values From Sampled Current Waveform


In Figure 7.3, note that any two rows of current data from the event report in 
Figure 7.2, one quarter (1/4) cycle apart, can be used to calculate rms current 
values.
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Figure 7.4 Derivation of Phasor RMS Current Values From Event Report 
Current Values
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In Figure 7.4, note that two rows of current data from the event report in 
Figure 7.2, one quarter (1/4) cycle apart, can be used to calculate phasor rms 
current values. In Figure 7.4, at the present sample, the phasor rms current 
value is:


IA = 2275 A ∠–88.24°


The present sample (IA = 70 A) is a real rms current value that relates to the 
phasor rms current value:


2275 A • cos(–88.24°) = 70 A
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Example Sequential Events 
Recorder (SER) Event Report


The following example SEL-551C sequential events recorder (SER) event 
report in Figure 7.5 also corresponds to the example standard 15-cycle event 
report in Figure 7.2.


Figure 7.5 Example Sequential Events Recorder (SER) Event Report


The circled, numbered comments in both Figure 7.2 and Figure 7.5 are 
explained in the following text:


q Relay powers up in the Lockout State (L) and at last shot (= 2).


Related setting:


79OI1 = 30.000


79OI2 = 600.000


79OI3 = 0.000


w Front-panel operation of Local bit LB1(1) enables reclosing.


Related setting:


79DTL = !LB1 +


FEEDER 1                          Date: 06/26/07    Time: 13:46:26.988
STATION A


FID=SEL-551C-R503-Vf-Z001001-D20070301      CID=81DA


                                    51    50       S Lcl Rem   SELogic Var  OutI
Row       Date      Time                  PPPANGQ  h                  11111    n
                Amps Pri            PPNGQQ135B111 7o 13571357O 135678901234 13A1
     IA     IB     IC     IN     IG 121112246C222 9t 24682468C 24TTTTTTTTTT 24L2


13      02/29/96 13:44:30.146       Relay newly powered up or settings changed
      2      0      2      1      4 ............. L2 ......... ............ ....
12      02/29/96 13:45:02.487
      0      0      2      1      2 ............. L2 1........ ............ ....
11      02/29/96 13:45:18.239
      1      0      1      0      2 ............. L2 14....... ............ 2...
10      02/29/96 13:45:18.241
      0      0      2      1      2 ............. L2 1........ ............ 2...
9       02/29/96 13:45:18.256
    236    274    137      0     15 ............. L2 1........ ............ ...1
8       02/29/96 13:45:23.258
    475    454    494      1     31 ............. R2 1........ ............ ...1
7       02/29/96 13:45:44.924
    794    451    491      1    421 p..p......... R0 1........ ............ ...1
6       02/29/96 13:45:44.939
   2109    443    484      0   1850 p..p..1...... C0 1........ ..p......... 1..1
5       02/29/96 13:45:44.991
   1726    435    367      1   1613 p..p......... C0 1........ ..p......... 1..1
4       02/29/96 13:45:44.999
    601    259    131      1    584 r..p......... C0 1........ ..p......... 1..1
3       02/29/96 13:45:45.001
    723    127    158      1    566 r..p......... C0 1........ ..p......... 1...
2       02/29/96 13:45:45.008..
     94     47     25      1     22 r..r......... C0 1........ ..p......... 1...
1       02/29/96 13:45:45.089
      1      0      2      0      2 ............. C0 1........ ............ ....


See explanation in Figure 7.2.
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NOTE: Two set open intervals (79OI1, 
79OI2) precede the first open interval 
set to zero (79OI3 = 0.000). Thus, last 
shot = 2.
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e Front-panel operation of Local bit LB4 (4) closes the circuit breaker via 
output contact OUT2 (2).


Related settings:


CL = LB4


OUT2 = CLOSE


r Input IN1(1) indicates the circuit breaker closed.


Related setting:


52A = IN1


t Relay goes to the Reset State (R), 300 cycles after the circuit breaker closes.


Related setting:


79RSLD = 300.000 cycles


Time difference: 13:45:23.258  – 13:45:18.256  =  5.002 seconds 
(= 300 cycles)


y Fault starts and time-overcurrent elements 51P1T and 51G1T pick up and 
start timing (p).


u Relay trips on element 50P1(1). Relay goes to the Reclose Cycle State (C). 
Element 50P1 can trip because the shot = 0 (0). Output contact OUT1 (1) trips 
the circuit breaker.


Related settings:


TR = ... + 50P1 * SH0 +


OUT1 = TRIP


i The circuit breaker opens (.).


o Output contact OUT1 deasserts (.) after being asserted a minimum of 
9 cycles.


Related settings:


TDURD = 9.000 cycles


OUT1 = TRIP


Time difference: 13:45:45.089  – 13:45:44.939  = 0.150 seconds 
(= 9 cycles)
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Section 8
Testing and Troubleshooting


Overview


The Acceptance Testing on page 8.5, Commissioning Testing on page 8.16, 
and Maintenance Testing on page 8.17 should be used for determining and 
establishing test routines for the SEL-551C Relay. Included are discussions on 
testing philosophies, methods, and tools. Example test procedures are shown 
for the overcurrent elements, differential elements, and metering. Relay 
troubleshooting procedures are shown at the end of the section.


Protective relay testing can be divided into three categories:


➤ acceptance


➤ commissioning


➤ maintenance


The categories are differentiated by when they take place in the life cycle of 
the relay, as well as in the test complexity.


The paragraphs below describe when each type of test is performed, the goals 
of testing at that time, and the relay functions that you need to test at each 
point. This information is intended as a guideline for testing SEL relays.
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Testing Methods and Tools
Test Features 
Provided by the Relay


The following features assist you during relay testing:


For more information on these features and commands, see Section 5: Serial 
Port Communications and Commands.


Low-Level Test 
Interface


The SEL-551C has a low-level test interface between the calibrated input 
module and the separately-calibrated processing module. You can test the 
relay in either of two ways:


➤ conventionally, by applying ac current signals to the relay 
inputs


➤ by applying low magnitude ac voltage signals to the low-level 
test interface


Access the test interface by removing the relay front panel.


Figure 8.1 shows the low-level interface connections. Remove the ribbon 
cable between the two modules to access the outputs of the input module and 
the inputs to the processing module (relay main board).


You can test the relay processing module, using signals from the SEL RTS 
Low-Level Relay Test System. Never apply voltage signals greater than 9 V 
peak-to-peak to the low-level test interface. Figure 8.1 shows the signal 
scaling factors.


You can test the input module two different ways:


1. Measure the outputs from the input module with an accurate 
voltmeter, and compare the readings to accurate instruments in 
the relay input circuits, or


2. Replace the ribbon cable, press the front-panel {METER} button, 
and compare the relay readings to other accurate instruments in 
the relay input circuits.


Feature Description


METER Command The METER command shows the currents presented to the 
relay in primary values. Compare these quantities against 
other devices of known accuracy.


EVENT Command The relay generates an event report in response to faults or 
disturbances. Each report contains current information, relay 
element states, and input/output contact information. If you 
question the relay response or your test method, use the 
EVENT command to display detailed information.


TARGET Command Use the TARGET n command to view the state of relay con-
trol inputs, relay outputs, and relay elements individually dur-
ing a test.


SER Command Use the Sequential Event Recorder for timing tests by setting 
the SER trigger settings (SER1, SER2, or SER3) to trigger for 
specific elements asserting or deasserting. View the SER with 
the SER command.


Programmable Outputs Programmable outputs allow you to isolate individual relay 
elements. Refer to the SET command.


The relay contains devices sensitive 
to Electrostatic Discharge (ESD). 
When working on the relay with the 
front panel removed, work surfaces 
and personnel must be properly 
grounded or equipment damage may 
result.


! CAUTION
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Figure 8.1 Low-Level Test Interface


Test Methods Test the pickup and dropout of relay elements, using one of three methods:


➤ front-panel target LCD/LED indication


➤ output contact operation


➤ the Sequential Event Recorder (SER)


Target LED Illumination


Step 1. During testing, use target LED illumination to determine relay 
element status.


Step 2. Using the TAR command, set the front-panel targets to display 
the element under test. 


Step 3. Monitor element pickup and dropout by observing the target 
LEDs.


For example, the level 1 phase instantaneous overcurrent 
element 50P1 appears in Relay Word Row 2. When you type 
the command TAR 2 <Enter>, the terminal displays the labels 
and status for each bit in the Relay Word Row (2) and the LEDs 
display their status. Thus, with these new targets displayed, if 
the level 1 phase instantaneous overcurrent element (50P1) 
asserts, the fifth from the left LED illuminates. See Section 4: 
Setting the Relay for a list of all Relay Word elements.


Step 4. Be sure to reset the front-panel targets to the default targets 
after testing before returning the relay to service.


This can be done by pressing the front-panel {TARGET RESET} 
pushbutton, or by issuing the TAR R command from the serial 
port.


Output Contact Operation


Step 1. To test using this method, set one programmable output contact 
to assert when the element under test picks up.


Step 2. With the SET L n command, enter the Relay Word bit name of 
the element under test.


Step 3. For an a-type output contact, when the condition asserts, the 
output contact closes. When the condition deasserts, the output 
contact opens.


Step 4. For a b-type output contact, when the condition asserts, the 
output contact opens. When the condition deasserts, the output 
contact closes.


INPUT MODULE OUTPUT (J7) : 71.43 mV AT NOMINAL CURRENT (1 A OR 5 A)


SEL-551    157-0055


PROCESSING MODULE INPUT (J9) : 6.2 V p-p MAXIMUM


LOW-LEVEL TEST INTERFACE


PATENTS PENDING


FOR TESTING
REMOVE RIBBON CABLE


GNDGND GND GNDGND+10V GND


-10V N/C N/C IN IC IAIB


IN
PU


T
M


O
D


U
LE


PR
O


C
ESSIN


G
M
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D


U
LE
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Programmable contacts can be changed to a or b-type output contacts with a 
solder jumper.


Step 1. Refer to Section 2: Installation for jumper locations.


Step 2. Using output contact operation as an indicator, you can 
measure element operating characteristics, stop timers, etc.


Tests in this section assume an a-type output contact.


Sequential Event Recorder (SER)


Step 1. To test using this method, set the SER to trigger for the element 
under test.


Step 2. With the SET R command, put the element name in the SER1, 
SER2, or SER3 setting.


Whenever an element asserts or deasserts, a time stamp is 
recorded.


Step 3. View the SER report with the SER command.


Step 4. Clear the SER report with the SER C command.
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Acceptance Testing


When: Qualifying a relay model to be used on the utility system.


Goal:


➤ Ensure relay meets published critical performance 
specifications such as operating speed and element accuracy.


➤ Ensure that the relay meets the requirements of the intended 
application.


➤ Gain familiarity with relay settings and capabilities.


What to test: All protection elements and logic functions critical to the 
intended application.


SEL performs detailed acceptance testing on all new relay models and 
versions. We are certain the relays we ship meet their published specifications. 
It is important for you to perform acceptance testing on a relay if you are 
unfamiliar with its operating theory, protection scheme logic, or settings. This 
helps ensure the accuracy and correctness of the relay settings when you issue 
them.


Equipment Required The following equipment is necessary to perform all of the acceptance tests:


1. A terminal or computer with terminal emulation with EIA-232 
serial interface


2. Interconnecting data cable between terminal and relay


3. Source of relay control power


4. Source of one current at nominal frequency


5. Ohmmeter or contact opening/closing sensing device


Initial Checkout Step 1. Purpose:


Be sure you received the relay in satisfactory condition.


Method:


Inspect the instrument for physical damage such as dents or 
rattles.


Step 2. Purpose:


Verify requirements for relay logic inputs, control power 
voltage level, and voltage and current inputs.


Method:


a. Refer to the information sticker on the rear panel of the 
relay. Actual information stickers vary, but Figure 8.2 
provides an example. 


b. Check the information on this sticker before applying 
power to the relay or starting tests.


c. Be sure your dc supply is correctly adjusted for the 
control and logic input requirements. The logic input 
voltage rating is jumper selectable. The sticker gives the 
factory default voltage rating.
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Figure 8.2 Relay Part Number and Hardware Identification Sticker


Power Supply Step 1. Purpose:


Establish control power connections.


Method:


Connect a frame ground to terminal marked GND on the rear 
panel and connect rated control power to terminals marked + 
and –. Relays supplied with 125 or 250 V power supplies can be 
powered from a 115 Vac wall receptacle for testing. Other 
power supplies require dc voltage and are polarity sensitive.


Serial Communication Step 1. Purpose:


Verify the communications interface setup.


Method:


Connect a computer terminal to the serial port of the relay.


Communication Parameters: 2400 Baud, 8 Data Bits, 1 
Stop Bit, N Parity


Cables: SEL C234A for 9-pin male computer 
connections, SEL C227A for 25-pin male computer 
connections


Step 2. Purpose: 


Apply control voltage to the relay, and start Access Level 0 
communications.


Method:


a. Apply control voltage to the relay. The enable target 
(EN) LED should illuminate. If not, be sure that power is 
present.


b. Press the <Enter> key from your terminal to get the 
Access Level 0 response from the relay.


The = prompt should appear, indicating that you have 
established communications at Access Level 0 
(presuming correct terminal configuration).


The OUT3 relay should hold its b-type output contact 
open. OUT3 is programmed as an alarm output contact at 
the factory [OUT3 = !(SALARM + HALARM)].


If these do not occur, refer to Relay Troubleshooting on 
page 8.20.


NOTE: If you are using a battery 
simulator, be sure the simulator 
voltage level is stabilized before 
turning the relay on.
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Step 3. Purpose:


Establish Access Level 1 communications.


Method:


a. Type ACC <Enter>. 


b. At the prompt, enter the Access Level 1 password and 
press <Enter>. The => prompt should appear, 
indicating that you have established communications at 
Access Level 1.


Step 4. Purpose:


Verify relay self-test status.


Method:


a. Type STA <Enter>. The following display should 
appear on the terminal:


=>>STA <Enter>


FEEDER 1                          Date: 02/07/00    Time: 23:25:34.869
STATION A


FID=SEL-551C-R504-Vf-D970616      CID=D7F0


SELF TESTS


W=Warn    F=Fail


       IA       IB       IC       IN       MOF
OS      3        3        3        3        0


       +5V_PS   +5V_REG  -5V_REG  +10V_PS  -10V_PS  VBAT
PS      4.99     4.99    -5.06     10.17   -10.33    2.92


       TEMP     RAM      ROM      CR_RAM   EEPROM
        28.6    OK       OK       OK       OK


 Relay Enabled


=>


The STA Command (Status) subsection in Section 5: Serial Port 
Communications and Commands explains the values listed in the above status 
printout.


Step 5. Purpose:


View factory settings entered before shipment.


Method:


a. The relay is shipped with factory settings; type SHO 
<Enter> to view the settings. Section 4: Setting the 
Relay includes a complete description of the settings. 
The terminal display should look similar to the 
following:
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=>>SHO <Enter>


Relay Settings:
RID   =FEEDER 1     TID   =STATION A
CTR   = 120      CTRN  = 120      TDURD = 9.000
50P1P = 15.0     50P2P = 20.0     50P3P = OFF      50P4P = OFF
50P5P = OFF      50P6P = OFF      50ABCP= OFF
51P1P = 6.0      51P1C = U3       51P1TD= 3.00     51P1RS= N
51P2P = OFF      51P2C = U3       51P2TD= 15.00    51P2RS= N
50N1P = OFF      50N2P = OFF
51N1P = OFF      51N1C = U3       51N1TD= 15.00    51N1RS= N
50G1P = OFF      50G2P = OFF
51G1P = 1.5      51G1C = U3       51G1TD= 1.50     51G1RS= N
50Q1P = OFF      50Q2P = OFF
51Q1P = OFF      51Q1C = U3       51Q1TD= 15.00    51Q1RS= N
51Q2P = OFF      51Q2C = U3       51Q2TD= 15.00    51Q2RS= N
79OI1 = 30.000   79OI2 = 600.000  79OI3 = 0.000    79OI4 = 0.000
79RSD = 1800.000 79RSLD= 300.000  CFD   = 60.000
DMTC  = 5
PDEMP = 5.00     NDEMP = 1.50     GDEMP = 1.50     QDEMP = 1.50


Press RETURN to continue
SV5PU = 12.000   SV5DO = 2.000    SV6PU = 0.000    SV6DO = 0.000
SV7PU = 0.000    SV7DO = 0.000    SV8PU = 0.000    SV8DO = 0.000
SV9PU = 0.000    SV9DO = 0.000    SV10PU= 0.000    SV10DO= 0.000
SV11PU= 0.000    SV11DO= 0.000    SV12PU= 0.000    SV12DO= 0.000
SV13PU= 0.000    SV13DO= 0.000    SV14PU= 0.000    SV14DO= 0.000
NFREQ = 60       PHROT = ABC      DATE_F= MDY
=>>


The SHO Command (Showset) on page 5.19 explains the other settings 
available with variations of the SHO command.


Outputs Step 1. Purpose:


Verify that contact outputs operate when you execute the 
PULSE command.


Method:


a. Isolate all circuitry connected to the output contacts.


b. Set the target LEDs to display the contact outputs by 
typing TAR 12 <Enter>. The front-panel LEDs should 
now follow Row 12 of the Relay Word where the 
outputs are listed.


c. Execute the PULSE n command for each output 
contact.


d. Verify that the corresponding target LED illuminates 
and that the output contact closes for approximately one 
second. For example, type PUL OUT1 <Enter> to test 
output contact OUT1.


The response of a programmable alarm output contact 
to a PULSE command is discussed in the Output 
Contacts on page 3.43.


Inputs Step 1. Purpose:


Verify that logic inputs assert when control voltage is applied 
across the respective terminal pair.


Method:


a. Set the target LEDs to display the contact inputs by 
typing TAR 4 <Enter>. The fourth and fifth front-
panel LED should now follow logic inputs IN1 and 
IN2, which are in Relay Word Row 4.2.


b. Apply the appropriate control voltage to each input and 
make sure the corresponding target LED turns on.
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Note that the control voltage required to assert an input 
is jumper selectable.


If you suspect the jumpers to be different from the 
factory default, refer to Section 2: Installation for the 
jumper locations.


Metering Step 1. Purpose:


Connect simulated power system secondary current sources to 
the relay.


Method:


a. Turn power off to the relay and connect current sources.


If three current sources are available, connect them to 
the relay as shown in Figure 8.3. If only two current 
sources are available, connect the sources as shown in 
Figure 8.4 to generate balanced positive-sequence 
currents.


b. Set the current sources to deliver 1 A secondary.


c. Set the current angles (e.g., B-phase lags A-phase by 
120°) according to the phase rotation setting PHROT 
(i.e., PHROT = ABC or ACB).


Step 2. Purpose:


Verify correct current levels.


Method:


a. Turn relay power on, and use the METER command to 
display the currents applied in Step 1.


With applied currents of 1 A secondary per phase and a 
current transformer ratio of 120:1 (assuming setting 
CTR = 120), the displayed line currents should be close 
to 120 amperes primary.


Step 3. Purpose:


Verify phase rotation.


Method:


a. Verify that residual (IG) and negative-sequence (3I2) 
quantities are approximately zero (or much less than the 
approximately 120 A primary displayed for the phases).


If IG equals approximately 3 times the applied current, 
then all three phases have the same angle. If 3I2 equals 
approximately 3 times the applied current, then the 
phase rotation is reversed.


b. Turn the current sources off.
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Figure 8.3 Test Connections for Balanced Load With Three-Phase Current 
Sources


Figure 8.4 Test Connections for Balanced Load With Two-Phase Current 
Sources


Instantaneous 
Overcurrent Elements


Step 1. Purpose:


Determine the expected instantaneous overcurrent element 
pickup value.


Method:


a. Execute the SHO command via the relay front panel or 
serial port and verify the setting (i.e., SHO 50P1P 
<Enter>).


Step 2. Purpose:


Display the appropriate Relay Word bit on the front-panel 
LEDs.


Method:


a. Execute the TARGET command (i.e., TAR 2 
<Enter>). 


The SEL-551C now displays the state of several 
overcurrent elements on the front-panel LED and LCD 
display.


101
(Z01)


102
(Z02)


IA


104
(Z04)


103
(Z03)


IB


106 
(Z06)


105
(Z05)


IC


SEL-551 
(partial)


Current Current Current


101 = Terminal Block
(Z01) = Connectorized


101
(Z01)


102
(Z02)


IA


104
(Z04)


103
(Z03)


IB


106 
(Z06)


105
(Z05)


IC


SEL-551 
(partial)


Current Current


101 = Terminal Block
(Z01) = Connectorized


NOTE: This example tests the 50P1 
phase overcurrent element. Use the 
same procedure to test all 
instantaneous overcurrent elements 
for each phase.
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Step 3. Purpose:


Connect and apply a single current test source until the 
appropriate LED illuminates.


Method:


a. Connect a single current test source (i.e., source 1 to 
current input IA) as shown in Figure 8.3.


b. Turn on the current test source for the phase under test, 
and slowly increase the magnitude of current applied 
until the appropriate element asserts (i.e., 50P1), 
causing the LED to illuminate (i.e., fifth from the left; 
see Table 5.5).


c. Note the magnitude of the current applied. It should 
equal the 50P1P setting ±5 percent of the setting and 
±0.1 A secondary.


Step 4. Purpose:


Repeat test for each instantaneous overcurrent element.


Method:


a. Repeat Step 1–Step 3 for each instantaneous 
overcurrent element listed in Table 8.1.


b. Remember to view the element with the TAR command 
(see Table 5.6). The computer terminal will display the 
LED labels from left to right when the TAR command 
is issued.


Table 8.1 Instantaneous Overcurrent Elements and Corresponding Settings/
Relay Word Bits/TAR Commands


Element Pickup Setting Relay Word Bit TAR


Phase Level 1 50P1P 50P1 2


Phase Level 2 50P2P 50P2 2


Phase Level 3 50P3P 50P3 2


Phase Level 4 50P4P 50P4 2


Phase Level 5 50P5P 50P5 3


Phase Level 6 50P6P 50P6 3


Independent A-Phase 50ABCP 50A 4


Independent B-Phase 50B


Independent C-Phase 50C


Neutral Ground Level 1 50N1P 50N1 3


Neutral Ground Level 2 50N2P 50N2 3


Residual Ground Level 1 50G1P 50G1 3


Residual Ground Level 2 50G2P 50G2 3


Negative-Sequence Level 1 50Q1P 50Q1 3


Negative-Sequence Level 2 50Q2P 50Q2 3
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Inverse-Time 
Overcurrent Elements


Step 1. Purpose:


Determine the expected time delay for the overcurrent element.


Method:


a. Execute the SHO command via the relay front panel or 
serial port and verify the time delay settings (i.e., SHO 
51P1P <Enter>).


The delay settings will follow the pickup settings when 
they are displayed.


b. Calculate the time delay to pickup (tp). 


Inverse-time elements are calculated using three 
element settings and the operating time equations 
shown in Section 4: Setting the Relay. TD is the time-
dial setting (i.e., 51P1TD), and M is the applied 
multiple of pickup current.


For example, if 51P1P = 2.2 A, 51P1C = U3, and 
51P1TD = 4.0, we can use the equation below to 
calculate the expected operating time for M = 3 
(applied current equals M • 51P1P = 6.6 A):


Equation 8.1


Step 2. Purpose:


Set the Sequential Event Recorder to record the element timing.


Method:


a. Use SET R SER1 <Enter> to set SER1 equal to the 
element pickup and time-out Relay Word bits (i.e., 
51P1, 51P1T). 


b. When prompted, set SER2 and SER3 to NA.


c. Save settings.


Step 3. Purpose:


Connect and apply a single current test source at a level that is 
M times greater than the pickup (i.e., 2.2 • M = 6.6 A; M = 3 for 
this example).


Method:


a. Connect a single current test source (i.e., source 1 to 
current input IA) as shown in Figure 8.3.


b. Turn on the single current test source for the phase 
under test at the desired level.


Step 4. Purpose:


Verify the operation times.


Method:


a. Type SER <Enter> to view the sequential event 
records.


The assertion and deassertion of each element listed in 
the SER 1, 2, and 3 settings is recorded.


NOTE: This example tests the 51P1T 
phase inverse-time overcurrent 
element. Use the same procedure to 
test all inverse-time overcurrent 
elements for each phase.


tp TD 0.0963 3.88


M
2


1–
----------------+⎝ ⎠


⎛ ⎞• =


tp 2.33 seconds=
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b. Subtract the time from the assertion of the pickup (i.e., 
51P1) to the assertion of the time-delayed element (i.e., 
51P1T).


SER C clears the Sequential Event Records.


Step 5. Purpose:


Repeat the test for each inverse-time overcurrent element.


Method:


a. Repeat Step 1–Step 4 for each time element listed in 
Table 8.2 for each phase.


b. Remember to set the SER for the appropriate elements 
and apply current to the appropriate phase. 


The neutral ground overcurrent elements operate based 
on current applied to the separate IN input.


Table 8.2 Inverse-Time Overcurrent Elements and Corresponding Settings/
Relay Word Bits/TAR Commands (Sheet 1 of 2)


Element/Settings Setting Names Relay Word Bits TAR


Phase Level 1 51P1 1


Pickup 51P1P (picked up)


Curve 51P1C


Time-Dial 51P1TD 51P1T 1


Electromechanical Reset 51P1RS (timed out)


Phase Level 2 51P2 1


Pickup 51P2P


Curve 51P2C


Time-Dial 51P2TD 51P2T 1


Electromechanical Reset 51P2RS (timed out)


Neutral Ground 51N1 1


Pickup 51N1P (picked up)


Curve 51N1C


Time-Dial 51N1TD 51N1T 1


Electromechanical Reset 51N1RS (timed out)


Residual Ground 51G1 1


Pickup 51G1P (picked up)


Curve 51G1C


Time-Dial 51G1TD 51G1T 1


Electromechanical Reset 51G1RS (timed out)


Negative-Sequence Level 1 51Q1 2


Pickup 51Q1P (picked up)


Curve 51Q1C


Time-Dial 51Q1TD 51Q1T 2


Electromechanical Reset 51Q1RS (timed out)


NOTE: If the electromechanical 
induction-disk reset emulation is 
enabled (i.e., 51P1RS = Y), the element 
under test may take some time to 
reset fully. If the element is not fully 
reset when you run a second test, the 
time to trip will be lower than 
expected. Usually this setting is set 
51P1RS = N.
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Phase Overcurrent 
Elements


The SEL-551C has many phase overcurrent elements as shown in Table 8.1 
and Table 8.2. Except for elements 50A, 50B, and 50C, they operate based on 
a comparison between the maximum phase current directly applied to the 
phase inputs and the phase overcurrent setting.


Test the instantaneous and inverse-time phase overcurrent elements by 
applying current to the inputs and comparing relay operation to the phase 
overcurrent settings. These tests were previously outlined in this section.


Negative-Sequence 
Overcurrent Elements


The SEL-551C has four negative-sequence overcurrent elements as shown in 
Table 8.1 and Table 8.2. They all operate based on a comparison between a 
negative-sequence calculation of the three-phase inputs and the negative-
sequence overcurrent setting. The negative-sequence calculation that is 
performed on the three-phase inputs is as follows (assuming ABC rotation):


Equation 8.2


This means that if balanced positive-sequence currents are applied to the relay, 
the relay reads 3I2 = 0 (load conditions).


For testing purposes, apply a single-phase current to the relay and the 
negative-sequence overcurrent elements will operate. For example, assume 
one ampere on A-phase and zero on B- and C-phases:


Equation 8.3


Test the instantaneous and inverse-time negative-sequence overcurrent 
elements by applying current to the inputs and comparing relay operation to 
the negative-sequence overcurrent settings. These tests were previously 
outlined in this section.


Neutral Ground 
Overcurrent Elements


The SEL-551C has four neutral ground overcurrent elements. They all operate 
based on a comparison between the separate neutral current input (IN) and the 
neutral ground overcurrent setting. 


For testing purposes, apply a single-phase current to the separate neutral input 
and the neutral ground overcurrent elements will operate at the setting 
threshold.


Test the instantaneous and time-delayed neutral ground overcurrent elements 
by applying current to the inputs and comparing relay operation to the neutral 
ground overcurrent settings. These tests were previously outlined in this 
section.


Negative-Sequence Level 2 51Q2 2


Pickup 51Q2P (picked up)


Curve 51Q2C


Time-Dial 51Q2TD 51Q2T 2


Electromechanical Reset 51Q2RS (timed out)


Table 8.2 Inverse-Time Overcurrent Elements and Corresponding Settings/
Relay Word Bits/TAR Commands (Sheet 2 of 2)


Element/Settings Setting Names Relay Word Bits TAR


3I2 A-phase B-phase (shifted by –120°)+=


+ C-phase (shifted by 120°)


3I2 1 0 (shifted by –120°)+=


+ 0 (shifted by 120°)


1 (simulated ground fault condition)=
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Residual Ground 
Overcurrent Elements


The SEL-551C has four residual ground overcurrent elements. They all 
operate based on a comparison between a residual calculation of the three-
phase inputs and the residual ground overcurrent setting. The residual 
calculation that is performed on the three-phase inputs is as follows:


Equation 8.4


This means that if balanced positive-sequence currents are applied to the relay, 
the relay reads IG = 0 (load conditions) because the currents cancel one 
another.


For testing purposes, apply a single-phase current to the relay and the residual 
overcurrent elements will operate. For example, assume one ampere on A-
phase and zero on B- and C-phases:


Equation 8.5


Test the instantaneous and time-delayed residual overcurrent elements by 
applying current to the inputs and comparing relay operation to the residual 
overcurrent settings. These tests were previously outlined in this section.


IG A-phase B-phase C-phase+ +=


IG 1 0 0+ +=


1 (simulated ground fault condition)=
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Commissioning Testing


When: When installing a new protection system.


Goals:


➤ Ensure that all system ac and dc connections are correct.


➤ Ensure that the relay functions as intended using your settings.


➤ Ensure that all auxiliary equipment operates as intended.


What to test:


➤ all connected or monitored inputs and outputs


➤ polarity and phase rotation of ac current connections


➤ simple check of protection elements


SEL performs a complete functional check and calibration of each relay 
before it is shipped. This helps ensure that you receive a relay that operates 
correctly and accurately. Commissioning tests should:


1. Verify that the relay is properly connected to the power system 
and all auxiliary equipment.


2. Verify control signal inputs and outputs.


3. Check breaker auxiliary inputs, SCADA control inputs, and 
monitoring outputs.


4. Use an ac connection check to verify that the relay current 
inputs are of the proper magnitude and phase rotation.


Brief fault tests ensure that the relay settings are correct. It is not necessary to 
test every relay element, timer, and function in these tests.


At commissioning time, use the relay METER command to record load 
currents.
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Maintenance Testing


When: At regularly scheduled intervals, or when there is an indication of a 
problem with the relay or system.


Goals:


➤ Ensure that the relay is measuring ac quantities accurately.


➤ Ensure that scheme logic and protection elements are 
functioning correctly.


➤ Ensure that auxiliary equipment is functioning correctly.


What to test: Anything not shown to have operated during an actual fault 
within the past maintenance interval.


SEL relays use extensive self-testing capabilities and feature detailed metering 
and event reporting functions that lower the utility dependence on routine 
maintenance testing.


Use the SEL relay reporting functions as maintenance tools.


1. Periodically verify that the relay is making correct and accurate 
current measurements by comparing the relay METER output 
to other meter readings on that line.


2. Review relay event reports in detail after each fault.


a. Using the event report current and relay element data, 
you can determine that the relay protection elements are 
operating properly.


b. Using the event report input and output data, you can 
determine that the relay is asserting outputs at the 
correct instants and that auxiliary equipment is 
operating properly.


At the end of your maintenance interval, the only items that need testing are 
those that have not operated during the maintenance interval.


The basis of this testing philosophy is simple: If the relay is correctly set and 
connected, is measuring properly, and no self-test has failed, there is no reason 
to test it further.


Each time a fault occurs, the protection system is tested. Use event report data 
to determine areas requiring attention. Slow breaker auxiliary contact 
operations and increasing or varying breaker operating time can be detected 
through detailed analysis of relay event reports.


Because SEL relays are microprocessor-based, their operating characteristics 
do not change over time. Time-overcurrent element operating times are 
affected only by the relay settings and applied signals. It is not necessary to 
verify operating characteristics as part of maintenance checks.


At SEL, we recommend that maintenance tests on SEL relays be limited under 
the guidelines provided above. The time saved may be spent analyzing event 
data and thoroughly testing those systems that require more attention.
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Relay Self-Tests


The relay runs a variety of self-tests. The relay takes the following corrective 
actions for out-of-tolerance conditions (see Table 8.3):


➤ Protection Disabled: The relay disables overcurrent elements 
and trip/close logic. All output contacts are de-energized. The 
EN front-panel LED is extinguished.


➤ In the SEL-551C, the OUT3 output contact is programmed as an 
alarm contact at the factory [OUT3 = !(SALARM + 
HALARM)]. 


ALARM Output (OUT3): The ALARM output contact signals an 
alarm condition by going to its de-energized state. If the ALARM 
output contact is a b-type output contact (normally closed), it 
closes for an alarm condition or if the relay is de-energized. If 
the ALARM output contact is an a-type output contact (normally 
open), it opens for an alarm condition or if the relay is de-
energized. Alarm condition signaling can be five-second pulses 
(Pulsed) or permanent (Latched).


➤ The relay generates automatic STATUS reports at the serial 
port for warnings and failures.


➤ The relay displays failure messages on the relay LCD display 
for failures.


Use the serial port STATUS command or front-panel {STATUS} pushbutton to 
view relay self-test status.


Table 8.3 Relay Self Tests (Sheet 1 of 2)


Self-Test Condition Limits
Protection 
Disabled


HALARM 
Output


Description


IA,IB,IC,IN 
Offset


Warning 30 mV No Pulsed Measures the dc offset at each of the 
current input channels every 0.2 seconds.


Master 
Offset


Warning 20 mV No Pulsed Measures the dc offset
at the A/D every 0.2 seconds.


Failure 30 mV Yes Latched


+5V PS Warning +4.75 V 
+5.25 V


No Pulsed Measures the +5 volt 
power supply every 0.2 seconds.


Failure +4.70 V 
+5.50 V


Yes Latched


±5V REG Warning ±4.65 V
±5.35 V


No Pulsed Measures the regulated 5 volt 
power supply every 0.2 seconds.


Failure ±4.50 V
±5.50 V


Yes Latched


±10V PS Warning ±9.00 V 
±11.00 V


No Pulsed Measures the 10 volt 
power supply every 0.2 seconds.


Failure ±8.00 V 
±12.00 V


Yes Latched


VBAT Warning +2.25 V 
+5.00 V


No Pulsed Measures the Real Time 
clock battery every 0.2 seconds.


Failure +2.10 V 
+6.00 V


No Pulsed
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TEMP Warning –40° C 
+85° C


No Measures the temperature at the
A/D voltage reference every 0.2 seconds.


Failure –50° C 
+100° C


Yes Latched


RAM Failure Yes Latched Performs a read/write test 
on system RAM every 60 seconds.


ROM Failure checksum Yes Latched Performs a checksum test on the relay
program memory every 0.2 seconds.


CR_RAM Failure checksum Yes Latched Performs a checksum test 
on the active copy of the 
relay settings every 0.2 seconds.


EEPROM Failure checksum Yes Latched Performs a checksum test 
on the nonvolatile copy of the
relay settings every 0.2 seconds.


The following self-tests are performed by dedicated circuitry in the microprocessor and the SEL-551C main board. 
Failures in these tests shut down the microprocessor and are not shown in the STATUS report.


Microprocessor 
Crystal


Failure Yes Latched The relay monitors the microprocessor 
crystal. If the crystal fails, the relay dis-
plays CLOCK STOPPED on the LCD 
display. The test runs continuously.


Microprocessor Failure Yes Latched The microprocessor examines each pro-
gram instruction, memory access, and 
interrupt. The relay displays VECTOR nn 
on the LCD upon detection of an invalid 
instruction, memory access, or spurious 
interrupt. The test runs continuously.


+5V PS
Under/Over 


Voltage


Failure +4.65 V
+5.95 V


Yes Latched A circuit on the SEL-551C main board 
monitors the +5 V power supply. Upon 
detection of a failure, the circuit 
forces the microprocessor to reset.


Table 8.3 Relay Self Tests (Sheet 2 of 2)


Self-Test Condition Limits
Protection 
Disabled


HALARM 
Output


Description
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Relay Troubleshooting
Inspection Procedure Complete the following procedure before disturbing the relay. After you finish 


the inspection, proceed to the Troubleshooting Procedure.


Step 1. Measure and record the power supply voltage at the power 
input terminals.


Step 2. Check to see that the power is on. Do not turn the relay off.


Step 3. Measure and record the voltage at all control inputs.


Step 4. Measure and record the state of all output relays.


Troubleshooting 
Procedure


Table 8.4 Troubleshooting Procedures 


Symptom/Possible Cause Diagnosis/Solution


All Front-Panel LEDs Dark


Input power not present or fuse is blown.


Self-test failure.


Cannot See Characters on Relay LCD Screen


Relay is de-energized. Check to see if the programmed ALARM out-
put contact (OUT3) is closed. In the 
SEL-551C, the OUT3 output contact is pro-
grammed as an alarm output contact at the 
factory [OUT3 = !(SALARM + 
HALARM)].


LCD contrast is out of adjustment. Use the steps below to adjust the contrast.


1. Remove the relay front panel by 
removing the three front-panel screws.


2. Press any front-panel button. The relay 
should turn on the LCD back lighting.


3. Locate the contrast adjust potentiome-
ter directly adjacent to the EN LED.


4. Use a small screwdriver to adjust the 
potentiometer.


5. Replace the relay front panel.


Relay Does Not Respond to Commands From Device Connected to Serial Port


Communications device
is not connected to the relay.


Connect a communications device.


Relay or communications device 
at incorrect baud rate or other communica-
tion parameter incompatibility, including 
cabling error.


Relay serial port has received an XOFF, 
halting communications.


Type <Ctrl+Q> to send relay an XON and 
restart communications.


Relay Does Not Respond to Faults


Relay is set improperly. Review the relay settings. See Section 4: 
Setting the Relay.


Improper test settings. Restore operating settings.


CT connection wiring error. Confirm CT wiring.


The analog input cable between the trans-
former secondary and the main board is 
loose or defective.


Reseat both ends of the analog input cable, 
observing proper ESD precautions.


Failed relay self-test. 
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Relay Calibration


The SEL-551C is factory-calibrated. If you suspect that the relay is out of 
calibration, please contact the factory.
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Factory Assistance


We appreciate your interest in SEL products and services. If you have any 
questions or comments, please contact us at:


Schweitzer Engineering Laboratories
2350 NE Hopkins Court
Pullman, WA 99163-5603 USA
Telephone: +1.509.332.1890
Fax: +1.509.332.7990
Internet: www.selinc.com
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Firmware
Determining the 
Firmware Version in 
Your Relay


To find the firmware revision number in your relay, view the status report 
using the serial port STATUS command or the front-panel {STATUS} 
pushbutton:


FID=SEL 551C-Rxxx-Vf-Z001001-Dxxxxxxxx


The firmware revision number is after the “R” and the release date is after the 
“D.”


For example:


FID=SEL-551C-R503-Vf-Z001001-D20070301


is firmware revision number 503, stored in FLASH, release date March 1, 
2007.


Table A.1 list the firmware versions, a description of modifications, and the 
instruction manual date code that corresponds to firmware versions. The most 
recent firmware version is listed first.


Table A.1 Firmware Revision History (Sheet 1 of 2)


Firmware Part/Revision No. Description of Firmware
Manual Date 


Code


This firmware differs from previous version as follows:


SEL-551C-R504-Vf-Z001001-D20080104 ➤ Reduced Modbus exception code 6 responses. 20080104


This firmware applies to the manual date code listed:


SEL-551C-R503-Vf-Z001001-D20070301 ➤ Manual update only. See Table A.2 for a summary of manual 
updates.


20070709


This firmware differs from previous version as follows:


SEL-551C-R503-Vf-Z001001-D20070301 ➤ Fixed potential conflict between simultaneous Fast Operate 
requests through Port 1 and the front panel.


➤ Repaired Compressed Event report format to restore SEL-5601 
compatibility.


20070301


This firmware differs from previous version as follows:


SEL-551C-R502-Vf-Z001001-D20061005 ➤ Modified front-panel phase targeting to target on other 50/51 
fault elements.


➤ Fixed the demand ammeter calculation during the transition of 
daylight savings when connected to a timesource.


➤ Added relay settings to the end of the compressed event reports.


20061005


This firmware applies to the manual date code listed:


SEL-551C-R501-Vf-Z001001-D20050608 ➤ Manual update only. See Table A.2 for a summary of manual 
updates.


20050725
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This firmware differs from previous version as follows:


SEL-551C-R501-Vf-Z001001-D20050608 ➤ Fixed contact output assertion during initialization issue. 20050608


SEL-551C-R500-Vf-Z001001-D20050124 Original Firmware Release. 20050124


The new SEL-551C Relay includes the same firmware features as 
the SEL-551 Relay (including the enhancements of the SEL-551 
Firmware with datecode D20050124), plus the following features/
differences:


➤ New digital I/O mix results in Relay Word bits IN1–IN6 and 
OUT1–OUT3 and rearrangement of digital I/O columns in the 
event report.


➤ Fast messaging and Modbus® also updated.


➤ Latch bits LT1–LT8 with accompanying set and reset SELOGIC 
settings.


➤ Programmable software and hardware alarm Relay Word bits
SALARM and HALARM, respectively.


➤ Optional front-panel EIA-232 serial communications port, 
resulting in additional serial port settings.


Table A.1 Firmware Revision History (Sheet 2 of 2)


Firmware Part/Revision No. Description of Firmware
Manual Date 


Code
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Instruction Manual


The date code at the bottom of each page of this manual reflects the creation 
or revision date. 


Table A.2 lists the instruction manual release dates and a description of 
modifications. The most recent instruction manual revisions are listed at the 
top.


Table A.2 Instruction Manual Revision History (Sheet 1 of 7)


Revision 
Date


Summary of Revisions


This manual differs from the previous version as follows:


20080104 Section 1


➤ Removed Figure 1.1: SEL-551C Front Panel, With Optional Front-Panel EIA-232 Serial Communications Port 
(redundant with front-panel figures in Section 2: Installation).


Section 2


➤ Added Projection panel mount information.


➤ Corrected Figure 2.11: SEL-551C Provides Overcurrent Protection for a Transformer with a Tertiary Winding, 
Figure 2.12: SEL-551C Provides Overcurrent Protection for a Distribution Bus (Includes Fast Bus Trip 
Scheme), and Figure 2.13: SEL-551C Provides Dedicated Breaker Failure Protection to correctly show input 
contacts.


Section 3


➤ Corrected table number references for Relay Word bits and their descriptions to Table 4.5: SEL-551C Relay 
Word Bits and Table 4.6: Relay Word Bit Definitions.


Section 4


➤ Corrected table number references for Relay Word bits and their descriptions to Table 4.5: SEL-551C Relay 
Word Bits and Table 4.6: Relay Word Bit Definitions.


➤ Added Row 0 note for Table 4.5: SEL-551C Relay Word Bits.
Section 5


➤ Corrected table number references for Relay Word bits and their descriptions to Table 4.5: SEL-551C Relay 
Word Bits and Table 4.6: Relay Word Bit Definitions.


Section 6


➤ Corrected table number references for Relay Word bits and their descriptions to Table 4.5: SEL-551C Relay 
Word Bits and Table 4.6: Relay Word Bit Definitions.


Section 7


➤ Corrected table number references for Relay Word bits and their descriptions to Table 4.5: SEL-551C Relay 
Word Bits and Table 4.6: Relay Word Bit Definitions.


Appendix A


➤ Updated for firmware version R504.


This manual differs from previous versions as follows:


20070709 Overall, manual updated for splitting the SEL-551C manual from the SEL-551 manual. This manual now is for the 
SEL-551C. A separate manual has been created for the SEL-551 relays.


Section 1


➤ Listed major differences for the SEL-551C, compared to the SEL-551 updated.


➤ Removed SEL-551 front-panel drawing and hardware overview. 


➤ Removed certain specifications in General Specifications noted for the SEL-551. 


➤ Updated 5 A nominal current input specification to include accuracy range. 


Section 2


➤ Removed SEL-551 rear-panel drawing and detailed hardware differences. 


➤ Added information noting that level sensitive inputs are not jumper selectable.
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Section 3


➤ Removed SEL-551 relay digital I/O information to the Optoisolated Inputs and Output Contacts subsection.


➤ Remove the explanation on the alarm output contact feature in the SEL-551.


➤ Added information to Lockout State 'A new reclose initiation occurs while the reclosing relay is timing on on 
an open interval'.


Section 4


➤ Removed the separate Relay Word bit table for the SEL-551, showing Relay Word bits IN1–IN2 and OUT1–
OUT4.


➤ Added example for a CT ration of 600/5, set CTR = 120.


➤ Added 0.1 increment information to Overcurrent Elements.


Section 5


➤ Removed explanation on the factory settings listed in SHO Command (Showset) that differ for the new 
SEL-551C, compared to the SEL-551. 


➤ Under TAR Command (Target), removed separate Relay Word bit table for the SEL-551, showing Relay Word 
bits IN1–IN2 and OUT1–OUT4 for the new digital I/O mix. 


Section 7


➤ Removed the rearrangement of digital I/O columns in the event report for the new SEL-551.


➤ Removed the number of rows available in the SER for the SEL-551 relay. 


Appendix A


➤ Updated Instruction Manual Revision History to note the splitting of the SEL-551 and the SEL-551C Instruc-
tion Manual.


Appendix D


➤ Removed DNA message for the SEL-551.


This manual differs from previous versions as follows:


20070301 Appendix A


➤ Updated for firmware revision R512 for the SEL-551.


➤ Updated for firmware revision R503 for the SEL-551C.


This manual differs from previous versions as follows:


20061005 Section 3


➤ Added additional phase pickup settings to the lists of phase pickup settings which cause the A, B, and C target 
LEDs to illuminate in the Front-Panel Target LEDs subsection.


Appendix A


➤ Updated for firmware revisions R111 and R511 for the SEL-551.


➤ Updated for firmware revision R502 for the SEL-551C.


This manual differs from the previous versions as follows:


20050725 Entire Manual


➤ Updated format of instruction manual.


Section 2


➤ Updated rear-panel drawing (Figure 2.8).


➤ Updated Output Contact OUT4 Control Jumper Location drawing (Figure 2.12).


➤ Updated Table 2.2: Required Position of Jumper JMP13 for Desired Output Contact OUT4 Operation.


Section 8


➤ Updated Figure 8.2: Relay Part Number and Hardware Identification Sticker.


Appendix B


➤ Added a step about disconnecting the rear serial port connection to the Firmware Upgrade Instructions.


This manual differs from the previous versions as follows:


20050608 Appendix A


➤ Updated for firmware revision R501.


Table A.2 Instruction Manual Revision History (Sheet 2 of 7)


Revision 
Date


Summary of Revisions
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This manual differs from the previous versions as follows:


20050523 Appendix A


➤ Updated for firmware revision R110/R510.


This manual differs from the previous versions as follows:


20050120 Overall, manual updated for new relay model SEL-551C. The manual now is a combined, dual manual for both the 
SEL-551 and the SEL-551C relays.
Section 1


➤ Listed major differences for the new SEL-551C, compared to the SEL-551.


➤ Inserted SEL-551C front-panel drawing and hardware overview.


➤ Certain specifications in General Specifications updated and noted for the new SEL-551C.


➤ Updated 5 A nominal current input specification.


➤ Changed power supply (125/250 Vdc or Vac) burden value to <6.2 W.


➤ Added UL/CSA temperature rating (SEL-551C only).


Section 2


➤ Inserted SEL-551C rear-panel drawing and detailed hardware differences such as the SEL-551C having only 
conventional terminal blocks.


➤ Reference made to Cable C675, an adapter that brings out EIA-485 pins to a terminal block.


➤ Added EN-61010-1 and the SEL-551C subsection concerning SEL-551C compliance with 
EN (European Norm) 61010-1 requirements.


Section 3


➤ Added rising-edge and falling-edge detects as SELOGIC operators.


➤ Clarified the respective limits of Relay Word bits that can be used in the SELOGIC settings of each relay.


➤ Added SEL-551C relay digital I/O information to the Optoisolated Inputs and Output Contacts subsection.


➤ Explained the programmable alarm output contact feature in the SEL-551C.


➤ Torque control setting equations for overcurrent elements can no longer be set directly to logical 0.


➤ Added Relay Word bit TRGTR (Target Reset output) application example to the Front-Panel Target LEDs 
subsection.


➤ Added the Latch Control Switch subsection for latch bits LT1–LT8 (SEL-551C only).


➤ Added a Relay Word bit TRGTR (Target Reset output) application example to the Front-Panel Target LEDs 
subsection.


Section 4


➤ Created separate Relay Word bit table for the SEL-551C, showing Relay Word bits IN1–IN6 and OUT1–OUT3 
for the new digital I/O mix and latch bit outputs LT1–LT8.


➤ Added programmable software and hardware alarm Relay Word bits SALARM and HALARM, respectively, 
for the SEL-551C. 


➤ Added Relay Word bit TRGTR (Target Reset output).


➤ In Setting Sheets, torque control settings equation for overcurrent elements can no longer be set directly to
logical 0.


➤ Added additional set and rest SELOGIC settings to the Setting Sheets for latch bits LT1–LT8 (SEL-551C only).


➤ Added note in the Setting Sheets clarifying SER setting range for the SEL-551.


➤ Added additional settings to the Setting Sheets for the optional front-panel EIA-232 serial communications port 
for the SEL-551C.


Section 5


➤ Added details concerning the optional front-panel EIA-232 serial communications port for the SEL-551C.


➤ Added explanation on the factory settings listed in SHO Command (Showset) that differ for the new SEL-551C, 
compared to the SEL-551.


Table A.2 Instruction Manual Revision History (Sheet 3 of 7)


Revision 
Date


Summary of Revisions
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➤ Under TAR Command (Target), created separate Relay Word bit table for the SEL-551C, showing Relay Word 
bits IN1–IN6 and OUT1–OUT3 for the new digital I/O mix and latch bit outputs LT1–LT8.


➤ Added programmable software and hardware alarm Relay Word bits SALARM and HALARM, respectively, 
for the SEL-551C.


➤ Added Relay Word bit TRGTR (Target Reset output).


➤ Under PAS Command (Password), added password security enhancement explanation.


➤ Added VER Command.


Section 7


➤ Explained the rearrangement of digital I/O columns in the event report for the new SEL-551C.


➤ Clarified the number of rows available in the SER for each relay.


Section 8


➤ In Relay Self-Tests, explained the programmable alarm output contact feature in the SEL-551C.


Appendix A


➤ Updated for firmware revision R509 for the SEL-551 and firmware revision R500 for the new SEL-551C.


Appendix D


➤ Added new DNA message for the new SEL-551C. Changed DNA message for SEL-551.


➤ Expanded ID message explanation.


Appendix E


➤ Added Compressed ASCII command responses for the SEL-551C.


Appendix G


➤ Added new Modbus updates for the new SEL-551C, primarily because of the new digital I/O mix and target 
LED rearrangement. 


This manual differs from the previous versions as follows:


20030905 Section 1


➤ Modified text in CT Saturation Protection.


Section 3


➤ Modified text in Phase Instantaneous Overcurrent Elements.


Section 7


➤ Modified text in Standard Event Report Summary.


Appendix A


➤ Updated for firmware revisions R109 and R508.


This manual differs from the previous versions as follows:


20021025 Section 1


➤ Modified Optoisolated Input Ratings information in General Specifications.


Section 2


➤ Modified text in Control Voltage Jumpers (Conventional Terminal Blocks Option Only).


This manual differs from the previous versions as follows:


20020828 Section 1


➤ Updated the Tightening Torque information.


➤ Added information on CT Saturation Protection.


Section 2


➤ Updated the relay figures.


Table A.2 Instruction Manual Revision History (Sheet 4 of 7)


Revision 
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Section 4


➤ Added CT sizing information.


Section 5


➤ Updated the Command Summary.


Section 7


➤ Updated Standard Event Report Summary to include CT Saturation Protection information.


➤ Updated the example on the Event Summary Report.


➤ Added Raw Event Report Commands.


Appendix A


➤ Updated for firmware revisions R108 and R507.


This manual differs from the previous versions as follows:


20010518 Title Page


➤ Added Caution, Danger, and Warning information to the back of the cover page of the Manual.


➤ Replaced Standard Product Warranty page with warranty statement on cover page.


➤ Updated password information.


Section 1


➤ Added Tightening Torque information to General Specifications.


➤ Updated Power Supply specification.


Section 2


➤ Updated Figure 2.7: SEL-551 Relay Rear Panel (Plug-In Connectors Option).


➤ Added caution note to the Clock Battery subsection.


Appendix G


➤ Added clarification to Command Code 10 in Table G.16: Modbus Command Codes.


This manual differs from the previous versions as follows:


20000211 Reissued all pages with new date code with four-digit year (e.g., 20000211).


Section 2


➤ Added High-Current Interrupting Output Contacts discussion. 


 Section 3


➤ Updated target logic operation.


 Section 4


➤ Updated serial port Setting Sheets.


 Section 5


➤ Added Table 5.2: Serial Port Protocols. Incremented all subsequent table numbers and cross references.


 Appendix A


➤ Updated for firmware versions R506 and R107.


 Appendix G


 ➤ Added: Appendix G: Modbus® RTU Communications Protocol


Table A.2 Instruction Manual Revision History (Sheet 5 of 7)


Revision 
Date


Summary of Revisions
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This manual differs from the previous versions as follows:


991117 Section 1 


➤ Made minor corrections to General Specifications.


 Section 2


➤ Added Figure 2.3.


Section 3


➤ Reissued due to cross-reference changes.


Section 4


➤ Reissued due to cross-reference changes.


Section 7


➤ Reissued due to cross-reference changes.


Appendix B


➤ Added new Appendix B: Firmware Upgrade Instructions and relettered appendices following Appendix B.


This manual differs from the previous versions as follows:


991112 ➤ Appendix A


➤ Updated for firmware revisions R505 and R106.


This manual differs from the previous versions as follows:


981201 Section 1 


➤ Corrected typographical error on page 1–5 in (no date code change).


Section 2


➤ Updated Figure 2.6.


➤ Replaced missing Figure 2.8 on page 2-7.


 Section 4


➤ Corrected headings on Settings Sheets.


Section 8


➤ Due to printer error, the Relay Self-Tests subsection was reinserted.


➤ Updated Figure 8.3 and Figure 8.4.


➤ Deleted Figure 8.5.


This manual differs from the previous versions as follows:


981027 Section 2


➤ Added new Connectorized model 05510W (plug-in connectors) explanation (following Figure 2.6).


 Section 8


➤ Updated Figure 8.1 and Figure 8.2.


This manual differs from the previous versions as follows:


980831 Section 2 


➤ Replaced Figure 2.1 and Figure 2.2 on pages 2-1 and 2-2 with updated drawings to provide more accurate 
dimensions and changed figure captions.


➤ Clarified figure caption and replaced Figure 2.4 on page 2-3 with updated drawing.


This manual differs from the previous versions as follows:


970717 Section 1


➤ Added 24 V breaking capacity and cyclic capacity specifications to Output Contacts (page 1-5).


Table A.2 Instruction Manual Revision History (Sheet 6 of 7)


Revision 
Date


Summary of Revisions
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Firmware and Manual Versions
Instruction Manual


Information about changes to earlier versions of the SEL-551 Instruction Manual is not available.


➤ Added a note to Level Sensitive input ratings and added 24 V power supply specifications to Power Supply 
Ratings (page 1–6).


➤ Added power supply voltage input polarity sensitive warning to Power Supply Ratings (page 1–6).


➤ Changed all Demand Meter references to Demand Ammeter.


Section 3


➤ Changed all Demand Meter references to Demand Ammeter.


Section 4, Settings Sheets


➤ Changed all Demand Meter references to Demand Ammeter.


Section 5


➤ Changed all Demand Meter references to Demand Ammeter.


Section 6


➤ Changed all Demand Meter references to Demand Ammeter.


Appendix A


➤ Changed all Demand Meter references to Demand Ammeter.


This manual differs from the previous versions as follows:


970616 Reissued entire manual. Significant changes are listed below.


Section 1


➤ Removed subsection Output Contact Operating Times (output contact pickup/dropout information found in 
General Specifications in the same section).


➤ Updated specifications in AC Input Currents, Output Contacts, Optoisolated Input Ratings, and Routine
Dielectric Test.


➤ Added IEC 255-21-2, IEC 255-22-2, IEC 255-22-3, IEC 255-22-4, and IEC 255-11.


➤ Added document dates to type tests and standards.


Section 3


➤ Added Demand Ammetering.


➤ Removed first settings example for settings 79RI and 79RIS [see Reclose Initiate and Reclose Initiate
Supervision Settings (79RI and 79RIS, Respectively)].


➤ Replaced second settings example for setting 79SEQ [see Sequence Coordination (79SEQ)].


Section 4, Settings Sheets


➤ Added settings DMTC, PDEMP, NDEMP, GDEMP, QDEMP to Sheet 3 of 9.


➤ Added Relay Word bits PDEM, NDEM, GDEM, QDEM (see Table 4.3 and Table 5.5).


Section 5


➤ Added serial port and front-panel commands to access demand meter data [see MET D Command (Demand 
Meter)].


➤ Modified Recloser Logic. Relay goes to the Lockout State for Open Command execution [see OPE Command 
(Open)].


Appendix C


➤ Added fast meter messages A5C2, A5D2, A5C3, A5D3 for demand meter data.


➤ Increased the number of digital banks in the A5C1 message. 


➤ Added demand meter Relay Word bits to the Compressed ASCII DNA command.


Table A.2 Instruction Manual Revision History (Sheet 7 of 7)


Revision 
Date


Summary of Revisions
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Appendix B
Firmware Upgrade Instructions


The SEL-551C Relay has a Flash firmware configuration. Upgrade Flash 
firmware by downloading the firmware from a personal computer to the relay 
serial port. SEL ships Flash upgrades on a diskette.


Flash Firmware Upgrades
Required Equipment ➤ Personal computer.


➤ Terminal emulation software that supports XMODEM/CRC 
protocol.


➤ Serial communications cable (SEL 234A or equivalent).


➤ Disk containing firmware upgrade file.


Upgrade Procedure The instructions below assume you have a working knowledge of your 
personal computer terminal emulation software. In particular, you must be 
able to modify your serial communications parameters (baud rate, data bits, 
parity, etc.), disable any hardware or software flow control in your computer 
terminal emulation software, select transfer protocol (i.e., XMODEM/CRC), 
and transfer files (e.g., send and receive binary files).


Step 1. If the relay is in service, disable its control functions.


Step 2. Connect the personal computer to the relay serial port and enter 
Access Level 2 by issuing the ACC and 2AC commands. 


Step 3. Execute the Show Calibration (SHO C) command to retrieve 
the relay calibration settings. 


Step 4. Record the displayed settings (or save them to a computer file) 
for possible reentry after the firmware upgrade. 


Step 5. If you do not already have copies of the Global, Group, Logic, 
Port, SER, and Text label settings, use the following Show 
commands to retrieve the necessary settings: SHO, SHO L, 
SHO P, SHO R, and SHO T. 


Normally, the relay will preserve the settings during the 
firmware upgrade. However, depending on the firmware 
version that was previously installed and the use of relay 
memory, this cannot be ensured. Saving settings is always 
recommended.


Step 6. Set up your communication connection to the highest possible 
baud rate. The relay will support speeds up to 38,400 baud.


IMPORTANT NOTE 
REGARDING SETTINGS: The 
firmware Upgrade Procedure may 
result in lost relay settings due to the 
addition of new features and changes 
in the way memory is used. It is 
imperative to have a copy of the 
original relay settings available in 
case they need to be re-entered. 
Carefully following these upgrade 
instructions will minimize the chance 
of inadvertently losing relay settings.


NOTE: If the SEL-551C contains 
History (HIS) data, Event (EVE) data, 
Metering (MET) data, or Sequential 
Events Recorder (SER) data that you 
want to retain, these must be 
retrieved prior to performing the 
firmware upgrade, because all of 
these data sets may be erased in the 
upgrade procedure.
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Flash Firmware Upgrades


Step 7. Use the SET P command to change the SPEED setting to the 
desired baud rate.


Step 8. From Access Level 2, issue the L_D <Enter> command to the 
relay (L underscore D <Enter>) to start the SELBOOT program.


Step 9. Type Y <Enter> at the Disable relay to send or receive 
firmware (Y/N)? prompt and Y <Enter> to the Are you sure 
(Y/N)? prompt. The relay will send the SELBOOT prompt !>.


Step 10. Make a copy of the firmware currently in the relay. This is 
recommended in case the new firmware download is 
unsuccessful. To make a backup of the firmware, you will need 
approximately 500 KB of free disk space. The procedure takes 
approximately three minutes at 38,400 baud.


Step 11. Issue the Send (SEN <Enter>) command to the relay to initiate 
the firmware transfer from the relay to your computer. No 
activity will be seen on the PC screen, because the relay is 
waiting for the PC to request the first XMODEM data packet.


Step 12. Select the “Receive File” function with the XMODEM protocol 
in your terminal emulation software.


Step 13. Give the file a unique name to clearly identify the firmware 
version (e.g., 551_R500.S19). After the transfer, the relay will 
respond:


Download completed successfully!


Step 14. Begin the transfer of the new firmware to the relay by issuing 
the Receive (REC <Enter>) command to instruct the relay to 
receive new firmware.


Step 15. The relay will ask if you are sure you want to erase the existing 
firmware.


Step 16. Type Y to erase the existing firmware and load new firmware, 
or just <Enter> to abort.


Step 17. The relay then prompts you to press a key and begin the 
transfer.


Step 18. Press a key (e.g., <Enter>). 


Step 19. Start the file transfer by selecting the “Send File” function in 
your terminal emulation software. Use the XMODEM or 
1k-XMODEM (fastest) protocol and send the file that contains 
the new firmware (e.g., Relay.S19). 


After the transfer completes, the relay will reboot and return to 
Access Level 0. The following screen capture shows the entire 
process.


NOTE: SELBOOT does not echo 
nonalphabetic characters as the first 
character of a line. This may make it 
appear that the relay is not 
functioning properly when just the 
<Enter> key is pressed on the 
connected PC, even though 
everything is OK.


NOTE: If the relay power fails during 
a firmware receive after the old 
firmware is erased, the relay will 
restart in SELBOOT, but the baud rate 
will default to 2400 baud. (If this 
happens, connect to the relay at 2400 
baud and type BAUD 38400 at the 
SELBOOT prompt. The firmware 
receive can be started again at 
Step 14.)


NOTE: The relay will display one or 
more "C" characters as it waits for 
your PC Terminal Emulation program 
to send the new firmware. If you do 
not start the transfer quickly enough 
(within about 18 seconds), it may time 
out and respond “Remote system is 
not responding.” If this happens, 
begin again in Step 14, above.


NOTE: The file transfer takes 
approximately three minutes at 
38,400 baud, using the 1k-XMODEM 
protocol.
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Firmware Upgrade Instructions
Flash Firmware Upgrades


=>>L_D <Enter>
Disable relay to send or receive firmware(Y/N) ? Y <Enter>
Are you sure (Y/N) ? Y <Enter>
Relay Disabled
!>SEN <Enter>
Download completed successfully!


!>REC <Enter>
Caution! - This command erases the relay's firmware.
If you erase the firmware, new firmware must be loaded into the relay
before it can be put back into service.


Are you sure you wish to erase the existing firmware? (Y/N)Y <Enter>
Erasing
Erase successful
Press any key to begin transfer, then start transfer at the PC <Enter>


Upload completed successfully. Attempting a restart


Step 20. The relay illuminates the EN front-panel LED if the original 
relay settings were retained through the download.


Step 21. If the EN LED is illuminated, proceed to Step 23; otherwise, the 
relay may display various self-test failures because of changes 
in the way memory is used.


Step 22. If the EN LED is extinguished, the relay baud rate has changed 
back to the factory default of 2400 baud; go to self-test failure: 
CR_RAM and EEPROM, Step 22 Step a.


Self-test failure: CR_RAM and EEPROM


a. Set your communications software settings to 2400 
baud, 8 data bits, 1 stop bit.


b. Now enter Access Level 2 by issuing the ACC and 2AC 
commands, (the factory default passwords will be in 
effect).


c. Issue the Restore Settings (R_S) command to restore 
the factory default settings in the relay. This takes about 
two minutes, then the EN LED will illuminate.


d. Enter Access Level 2 by issuing the ACC and 2AC 
commands, (the factory default passwords will be in 
effect).


e. Restore the original settings as necessary with each of 
the following commands: SET, SET L, SET P, SET R, 
and SET T.


f. Set the relay passwords via the PAS command. 


Passwords are case-sensitive, so the lower- and 
uppercase letters are treated differently.


g. If there are still any FAIL codes on the Relay LCD, see 
Section 8: Testing and Troubleshooting.


Step 23. Verify the calibration settings by issuing the SHO C command.


Step 24. If the settings do not match the settings recorded in Step 3 on 
page B.1, reissue the settings with the SET C command.


Step 25. Execute the Status (STA) command to verify that all relay self-
test parameters are within tolerance, and that the relay is 
enabled.


Step 26. Apply current signals to the relay.


Step 27. Issue the MET command.


Step 28. Verify that the current and voltage signals are correct.
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Flash Firmware Upgrades


Step 29. Issue the Trigger (TRI) and Event (EVE) commands.


Step 30. Verify that the current and voltage signals are correct in the 
event report.


The relay is now ready for your commissioning procedure.







Date Code 20080104 Instruction Manual SEL-551C Relay


Appendix C
SEL Distributed Port Switch Protocol


Overview


SEL Distributed Port Switch Protocol (LMD) permits multiple SEL relays to 
share a common communications channel. It is appropriate for low-cost, low-
speed port switching applications where updating a real-time database is not a 
requirement.
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SEL Distributed Port Switch Protocol
Settings


Settings


Use the front-panel {SET} pushbutton or the serial port SET P command to 
activate the LMD protocol. Change the port PROTOCOL setting from the 
default SEL to LMD to reveal the following settings:


Setting Description


PREFIX: One character to precede the address. This should be a character that 
does not occur in the course of other communications with the relay. 
Valid choices are one of the following: “@” “#” “$” “%” “&.” The 
default is “@.”


ADDRESS: Two character ASCII address. The range is “01” to “99.” The default 
is “01.”


SETTLE TIME: Time in seconds that transmission is delayed after the request to send 
(RTS line) asserts. This delay accommodates transmitters with a slow 
rise time.
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SEL Distributed Port Switch Protocol
Operation


Operation


1. The relay ignores all input from this port until it detects the 
prefix character and the two-byte address.


2. Upon receipt of the prefix and address, the relay enables echo 
and message transmission.


3. Wait until you receive a prompt before entering commands to 
avoid losing echoed characters while the external transmitter is 
warming up.


4. Until the relay connection terminates, you can use the standard 
commands that are available when PROTOCOL is set to SEL.


5. The QUIT command terminates the connection. If no data are 
sent to the relay before the port timeout period, it automatically 
terminates the connection.


6. Enter the sequence CTRL-X QUIT <CR> before entering the 
prefix character, if all relays in the multidrop network do not 
have the same prefix setting.


NOTE: You can use the front-panel 
{SET} pushbutton to change the port 
settings to return to SEL protocol.
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Appendix D
Configuration, Fast Meter,


and Fast Operate Commands


Overview


SEL relays have two separate data streams that share the same serial port. The 
human data communications with the relay consist of ASCII character 
commands and reports that are intelligible to humans using a terminal or 
terminal emulation package. The binary data streams can interrupt the ASCII 
data stream to obtain information and then allow the ASCII data stream to 
continue. This mechanism allows a single communications channel to be used 
for ASCII communications (e.g., transmission of a long event report) 
interleaved with short bursts of binary data to support fast acquisition of 
metering data. The device connected to the other end of the link requires 
software that uses the separate data streams to exploit this feature. The binary 
commands and ASCII commands can also be accessed by a device that does 
not interleave the data streams.


SEL Application Guide AG95-10, Configuration and Fast Meter Messages, is 
a comprehensive description of the SEL binary messages. Below is a 
description of the messages provided in the SEL-551C.
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Message Lists


Message Lists


Table D.1 Binary Message List


Request to Relay (hex) Response From Relay


A5C0 Relay Definition Block


A5C1 Fast Meter Configuration Block


A5D1 Fast Meter Data Block


A5C2 Demand Fast Meter Configuration Block


A5D2 Demand Fast Meter Data Message


A5C3 Peak Demand Fast Meter Configuration Block


A5D3 Peak Demand Fast Meter Data Message


A5B9 Fast Meter Status Acknowledge


A5CE Fast Operate Configuration Block


A5E0 Fast Operate Remote Bit Control


A5E3 Fast Operate Breaker Control


Table D.2 ASCII Configuration Message List


Request to Relay (ASCII) Response From Relay


ID ASCII Firmware ID String and Terminal ID Setting (TID)


DNA ASCII Names of Relay Word bits


BNA ASCII Names of bits in the A5B9 Status Byte
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Configuration, Fast Meter, and Fast Operate Commands
Message Definitions


Message Definitions
A5C0 Relay Definition 
Block


In response to the A5C0 request, the relay sends the following block:


A5C1 Fast Meter 
Configuration Block


In response to the A5C1 request, the relay sends the following block:


Table D.3 A5C0 Relay Definition Block


Data Description


A5C0 Command


30 Length


02 Support two protocols, SEL and LMD


03 Support three Fast Meter messages


03 Three status flag commands


A5C1 Fast Meter configuration command


A5D1 Fast Meter command


A5C2 Demand Fast Meter configuration command


A5D2 Demand Fast Meter command


A5C3 Peak Demand Fast Meter configuration command


A5D3 Peak Demand Fast Meter command


0004 Settings change bit


A5C100000000 Fast Meter configuration message


0004 Settings change bit


A5C200000000 Demand Fast Meter configuration message


0004 Settings change bit


A5C300000000 Peak Demand Fast Meter configuration message


0100 SEL protocol, Fast Operate


0101 LMD protocol, Fast Operate


00 Reserved


checksum 1-byte checksum of preceding bytes


Table D.4 A5C1 Fast Meter Configuration Block (Sheet 1 of 2)


Data Description


A5C1 Fast Meter command


48 Length


01 One status flag byte


00 Scale factors in Fast Meter message


02 Two scale factors


04 Four analog input channels


04 Four samples per channel


11 Seventeen digital banks


01 One calculation block


000C Analog channel offset


002C Time stamp offset


0034 Digital offset
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Configuration, Fast Meter, and Fast Operate Commands
Message Definitions


A5D1 Fast Meter Data 
Block


In response to the A5D1 request, the relay sends the following block:


494100000000 Analog channel name (IA)


00 Analog channel type (integer)


01 Scale factor type (float)


0004 Scale factor offset in A5D1 message


494200000000 Analog channel name (IB)


00 Analog channel type (integer)


01 Scale factor type (float)


0004 Scale factor offset in A5D1 message


494300000000 Analog channel name (IC)


00 Analog channel type (integer)


01 Scale factor type (float)


0004 Scale factor offset in A5D1 message


494E00000000 Analog channel name (IN)


00 Analog channel type (integer)


01 Scale factor type (float)


0008 Scale factor offset in A5D1 message


1-byte Line configuration: 00 - ABC, 01 - ACB; 
based on PHROT relay setting


03 Calculation type (currents only)


FFFF Skew correction offset (none)


FFFF Rs scale factor offset (none)


FFFF Xs scale factor offset (none)


00 IA channel index


01 IB channel index


02 IC channel index


FF VA channel index (none)


FF VB channel index (none)


FF VC channel index (none)


00 Reserved


checksum 1-byte checksum of all preceding bytes


Table D.4 A5C1 Fast Meter Configuration Block (Sheet 2 of 2)


Data Description


Table D.5 A5D1 Fast Meter Data Block (Sheet 1 of 2)


Data Description


A5D1 Command


44 Message length


1-byte Status Byte


4-bytes Phase current scale factor (4-byte IEEE FPS)


4-bytes Neutral current scale factor (4-byte IEEE FPS)
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Configuration, Fast Meter, and Fast Operate Commands
Message Definitions


A5C2/A5C3 Demand/
Peak Demand Fast 
Meter Configuration 
Messages


In response to the A5C2 or A5C3 request, the relay sends the following fast 
meter configuration block:


32 bytes The first and third half-cycles of two cycles of data saved by the 
relay. The data are presented in quarter-cycle sets of integer data in 
the following order: IA, IB, IC, IN


8-bytes Time stamp


17-bytes Relay Word bits (see DNA message for bit map)


checksum 1-byte checksum of all preceding bytes


Table D.5 A5D1 Fast Meter Data Block (Sheet 2 of 2)


Data Description


Table D.6 A5C2/A5C3 Demand/Peak Demand Fast Meter Configuration 
Messages (Sheet 1 of 2)


Data Description


A5C2 or A5C3 Demand (A5C2) or Peak Demand (A5C3) command


4E Length


01 # of status flag bytes


00 Scale factors in meter message


00 # of scale factors


06 # of analog input channels


01 # of samples per channel


00 # of digital banks


00 # of calculation blocks


0004 Analog channel offset


0034 Time stamp offset


FFFF Digital offset


494100000000 Analog channel name (IA)


02 Analog channel type


FF Scale factor type


0000 Scale factor offset in Fast Meter message


494200000000 Analog channel name (IB)


02 Analog channel type


FF Scale factor type


0000 Scale factor offset in Fast Meter message


494300000000 Analog channel name (IC)


02 Analog channel type


FF Scale factor type


0000 Scale factor offset in Fast Meter message


494E00000000 Analog channel name (IN)


02 Analog channel type


FF Scale factor type


0000 Second scale factor offset in Fast Meter message


494700000000 Analog channel name (IG)
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A5D2/A5D3 Demand/
Peak Demand Fast 
Meter Message


In response to the A5D2 or A5D3 request, the relay sends the following block:


A5B9 Fast Meter 
Status Acknowledge 
Message


In response to the A5B9 request, the relay clears the Fast Meter (message 
A5D1) Status Byte. The SEL-551C Status Byte contains one active bit, 
STSET (bit 4). The bit is set on power up and on settings changes. If the 
STSET bit is set, the external device should request the A5C1, A5C2, and 
A5C3 messages. The external device can then determine if the scale factors or 
line configuration parameters have been modified.


A5CE Fast Operate 
Configuration Block


In response to the A5CE request, the relay sends the following block:


02 Analog channel type


FF Scale factor type


0000 Scale factor offset in Fast Meter message


334932000000 Analog channel name (3I2)


02 Analog channel type


FF Scale factor type


0000 Scale factor offset in Fast Meter message


00 Reserved


checksum


Table D.6 A5C2/A5C3 Demand/Peak Demand Fast Meter Configuration 
Messages (Sheet 2 of 2)


Data Description


Table D.7 A5D2/A5D3 Demand/Peak Demand Fast Meter Message


Data Description


A5D2 or A5D3 Command


3E Length


1-byte 1 Status Byte


48-bytes Demand IA, IB, IC, IN, IG, 3I2 in 8-byte IEEE FPS


8-bytes Time stamp


1-byte reserved


1-byte 1-byte checksum of all preceding 


Table D.8 A5CE Fast Operate Configuration Block (Sheet 1 of 2)


Data Description


A5CE Command


24 Message length


01 Support one circuit breaker


0008 Support 8 remote bit set/clear commands


01 Allow remote bit pulse commands


00 Reserved


31 Operate code, open breaker 1


11 Operate code, close breaker 1


00 Operate code, clear remote bit RB1
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A5E0 Fast Operate 
Remote Bit Control


The external device sends the following message to perform a remote bit 
operation:


20 Operate code, set remote bit RB1


40 Operate code, pulse remote bit RB1


01 Operate code, clear remote bit RB2


21 Operate code, set remote bit RB2


41 Operate code, pulse remote bit RB2


02 Operate code, clear remote bit RB3


22 Operate code, set remote bit RB3


42 Operate code, pulse remote bit RB3


03 Operate code, clear remote bit RB4


23 Operate code, set remote bit RB4


43 Operate code, pulse remote bit RB4


04 Operate code, clear remote bit RB5


24 Operate code, set remote bit RB5


44 Operate code, pulse remote bit RB5


05 Operate code, clear remote bit RB6


25 Operate code, set remote bit RB6


45 Operate code, pulse remote bit RB6


06 Operate code, clear remote bit RB7


26 Operate code, set remote bit RB7


46 Operate code, pulse remote bit RB7


07 Operate code, clear remote bit RB8


27 Operate code, set remote bit RB8


47 Operate code, pulse remote bit RB8


00 Reserved


checksum 1-byte checksum of all preceding bytes


Table D.8 A5CE Fast Operate Configuration Block (Sheet 2 of 2)


Data Description


Table D.9 A5E0 Fast Operate Remote Bit Control


Data Description


A5E0 Command


06 Message length


1-byte Operate code:


00-07 clear remote bit RB1–RB8


20-27 set remote bit RB1–RB8


40-47 pulse remote bit for RB1–RB8


1-byte Operate validation: 4 • Operate code + 1


checksum 1-byte checksum of preceding bytes







D.8


SEL-551C Relay Instruction Manual Date Code 20080104


Configuration, Fast Meter, and Fast Operate Commands
Message Definitions


The relay performs the specified remote bit operation if the following 
conditions are true:


➤ The Operate code is valid.


➤ The Operate validation = 4 • Operate code + 1.


➤ The message checksum is valid.


➤ The FAST_OP port setting is set to Y.


➤ The relay is enabled.


Remote bit set and clear operations are latched by the relay. Remote bit pulse 
operations assert the remote bit for one processing interval (1/8 cycle).


A5E3 Fast Operate 
Breaker Control


The external device sends the following message to perform a fast breaker 
open/close:


The relay performs the specified breaker operation if the following conditions 
are true:


➤ Conditions 1–5 defined in the A5E0 message are true.


➤ The BREAKER jumper is in place on the SEL-551C main board.


➤ The TDURD setting is non-zero.


ID Message In response to the ID command, the relay sends the following:


<STX>"FID STRING ENCLOSED IN QUOTES","yyyy" <CR>
"BFID STRING ENCLOSED IN QUOTES","yyyy" <CR>
"CID STRING ENCLOSED IN QUOTES","yyyy" <CR>
"DEVID STRING ENCLOSED IN QUOTES","yyyy" <CR>
"DEVCODE STRINGENCLOSED IN QUOTES","yyyy" <CR>
"PARTNO STRING ENCLOSED IN QUOTES","yyyy" <CR>
"CONFIG STRING ENCLOSED IN QUOTES","yyyy" <CR>
"SPECIAL STRING ENCLOSED IN QUOTES","yyyy" <CR>
<ETX>


The ID message is available from Access Level 1 and higher.


Table D.10 A5E3 Fast Operate Breaker Control


Data Description


A5E3 Command


06 Message length


1-byte Operate code:


31-OPEN breaker


11-CLOSE breaker


1-byte Operate Validation: 4 • Operate code + 1


checksum 1-byte checksum of preceding bytes


where:
<STX> = the STX character (02)


<CR> = the carriage return character (13)
<ETX> = the ETX character (03)


DEVCODE = the string containing the Modbus® device code 
(63 for SEL-551C)


yyyy = the 4-byte ASCII hex representation of the checksum for 
each line
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DNA Message In response to the DNA command, the relay sends names of the Relay Word 
bits transmitted in the A5D1 message. The first name is associated with the 
MSB, the last name with the LSB. The DNA message for the SEL-551C is:


<STX>"EN","INST","RS","LO","A","B","C","N","07A5"
"51P1","51P2","51N1","51G1","51P1T","51P2T","51N1T","51G1T","0BF4"
"51Q1","51Q2","51Q1T","51Q2T","50P1","50P2","50P3","50P4","0B68"
"50P5","50P6","50N1","50N2","50G1","50G2","50Q1","50Q2","0AA8"
"50A","50B","50C","*","*","OC","CC","CF","076A"
"LB1","LB2","LB3","LB4","LB5","LB6","LB7","LB8","0994"
"RB1","RB2","RB3","RB4","RB5","RB6","RB7","RB8","09C4"
"SV1","SV2","SV3","SV4","SV5","SV6","SV7","SV8","0A6C"
"SV9","SV10","SV11","SV12","SV13","SV14","*","*","09F2"
"79RS","79CY","79LO","SH0","SH1","SH2","SH3","SH4","0AAD"
"TRIP","CLOSE","51P1R","51P2R","51N1R","51G1R","51Q1R","51Q2R","0D84"
"SV5T","SV6T","SV7T","SV8T","SV9T","SV10T","SV11T","SV12T","0DA1"
"SV13T","SV14T","*","SALARM","HALARM","OUT1","OUT2","OUT3","0D60"
"PDEM","NDEM","GDEM","QDEM","TRGTR","*","*","*","0A1F"
"LT1", "LT2", "LT3", "LT4", "LT5", "LT6","LT7", "LT8","0A24" 
"IN1","IN2","IN3","IN4","IN5","IN6","*","*","0893"
"*", "*", "*", "*", "*", "*", "*", "*", "04D0"<ETX>


The DNA command is available from Access Level 1 and higher.


BNA Message In response to the BNA command, the relay sends names of the bits 
transmitted in the Status Byte in the A5D1 message. The first name is the 
MSB, the last name is the LSB. The BNA message is:


<STX>"*","*","*","STSET","*","*","*","*","0639"<ETX>


The BNA command is available from Access Level 1 and higher.


where:
<STX> = the STX character (02)
<ETX> = the ETX character (03) 


the last field in each line = the 4-byte ASCII hex representation of the 
checksum for the line


* = an unused bit location


where:
0639 = the 4-byte ASCII representation of the checksum


* = an unused bit location
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Appendix E
Compressed ASCII Commands


Overview


The SEL-551C Relay provides Compressed ASCII versions of some relay 
ASCII commands. The Compressed ASCII commands allow an external 
device to obtain data from the relay, in a format which directly imports into 
spreadsheet or database programs, and which can be validated with a 
checksum.


The SEL-551C provides the following Compressed ASCII commands:


Command Description


CASCII Configuration message


CSTATUS Status message


CHISTORY History message


CEVENT Event message
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CASCII Command—General Format


The Compressed ASCII configuration message provides data for an external 
computer to extract data from other Compressed ASCII commands. To obtain 
the configuration message for the Compressed ASCII commands available in 
an SEL relay, type:


CAS <CR>


The relay sends:


<STX> "CAS",n,"yyyy" <CR>
"COMMAND 1",ll,"yyyy" <CR>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy" <CR>
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy" <CR>
"COMMAND 2",ll,"yyyy" <CR>
"#h","ddd","ddd",......,"ddd","yyyy" <CR>
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy" <CR>
     •
     •
     •
     •
     •
"COMMAND n",ll,"yyyy" <CR>
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy" <CR>
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy" <CR><ETX>


where:
n = the number of Compressed ASCII command 


descriptions to follow.
COMMAND = the ASCII name for the Compressed ASCII command 


as sent by the requesting device. The naming 
convention for the compressed ASCII commands is a C 
preceding the typical command. For example, 
CSTATUS (abbreviated to CST) is the Compressed 
STATUS command.


11 = the minimum access level at which the command is 
available.


#H identifies a header line to precede one or more data 
lines; # is the number of subsequent ASCII names. For 
example, 21H identifies a header line with 21 ASCII 
labels.


#h identifies a header line to precede one or more data 
lines; # is the number of subsequent format fields. For 
example, 8h identifies a header line with 8 format 
fields.


xxxxx = an ASCII name for corresponding data on following 
data lines. Maximum ASCII name width is 
10 characters.


#D identifies a data format line; # is the maximum number 
of subsequent data lines.


ddd identifies a format field containing one of the following 
type designators:


I = Integer data


F = Floating point data


mS = String of maximum m characters
(e.g., 10S for a 10-character string


yyyy = the 4-byte hex ASCII representation of the checksum.
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Compressed ASCII Commands
CASCII Command—General Format


A Compressed ASCII command may require multiple header and data 
configuration lines.


If a Compressed ASCII request is made for data that are not available, (e.g. the 
history buffer is empty or invalid event request), the relay responds with the 
following message:


<STX>"No Data Available","0668"<CR><ETX>
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Compressed ASCII Commands
CASCII Command—SEL-551C


CASCII Command—SEL-551C


Display the SEL-551C Compressed ASCII configuration message by sending:


CAS <CR>


The SEL-551C sends:


<STX>
"CAS",5,"01A8"<CR>
"CST",1,"01B7"<CR>
"1H","FID", "022C"<CR>
"1D","45S","0211"<CR>
"23H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","IA","IB","IC",
"IN","MOF","+5V_PS","+5V_REG"," 5V_REG","+10V_PS"," 10V_PS","VBAT",
"TEMP","RAM","ROM","CR_RAM","EEPROM","2738"<CR>
"1D","I","I","I","I","I","I","I","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S",
"9S","9S","9S","9S","9S","9S","15B4"<CR>
"CHI",1,"01A1"<CR>
"1H","FID", "022C"<CR>
"1D","45S","0211"<CR>
"12H","REC_NUM","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC",
"EVENT","SHOT","CURR","TARGETS","1654"<CR>
"20D","I","I","I","I","I","I","I","I","6S","I","I","22S","0A70"<CR>
"CEV",1,"01AB"<CR>
"1H","FID", "022C"<CR>
"1D","45S","0211"<CR>
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0BB9"<CR>
"1D","I","I","I","I","I","I","I","05F4"<CR>
"15H","SAM/CYC_A","SAM/CYC_D",NUM_OF_CYC","NFREQ","CTR","CTRN","EVENT",
"SHOT","TARGETS","IA","IB","IC","IN","IG","3I2","1BDD"<CR>
"1D","I","I","I","I","I","I","6S","I","22S","F","F","F","F","F","F","0C58"<CR>
"7H","IA","IB","IC","IN","IG","TRIG","Names of elements in the Relay Word separated by
spaces","85F9"<CR>
"60D","F","F","F","F","F","1S","32S","06C4"<CR>
"CEV L",1,"0217"<CR>
"1H","FID", "022C"<CR>
"1D","45S","0211"<CR>
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0BB9"<CR>
"1D","I","I","I","I","I","I","I","05F4"<CR>
"15H","SAM/CYC_A","SAM/CYC_D",NUM_OF_CYC","NFREQ","CTR","CTRN","EVENT",
"SHOT","TARGETS","IA","IB","IC","IN","IG","3I2","1BDD"<CR>
"1D","I","I","I","I","I","I","6S","I","22S","F","F","F","F","F","F","0C58"<CR>
"7H","IA","IB","IC","IN","IG","TRIG","Names of elements in the Relay Word separated by
spaces","85F9"<CR>
"120D","F","F","F","F","F","1S","32S","06F1"<CR>
"CEV R",1,"021D"<CR>
"1H","FID", "022C"<CR>
"1D","45S","0211"<CR>
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0BB9"<CR>
"1D","I","I","I","I","I","I","I","05F4"<CR>
"15H","SAM/CYC_A","SAM/CYC_D",NUM_OF_CYC","NFREQ","CTR","CTRN","EVENT",
"SHOT","TARGETS","IA","IB","IC","IN","IG","3I2","1BDD"<CR>
"1D","I","I","I","I","I","I","6S","I","22S","F","F","F","F","F","F","0C58"<CR>
"7H","IA","IB","IC","IN","IG","TRIG","Names of elements in the Relay Word separated by
spaces","85F9"<CR>
"256D","F","F","F","F","F","1S","32S","06FB"<CR>
<ETX>
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Compressed ASCII Commands
CSTATUS Command—SEL-551C


CSTATUS Command—SEL-551C


Display status data in Compressed ASCII format by sending:


CST <CR>


The SEL-551C sends:


<STX>"FID","0143"<CR>
"Relay FID string","yyyy"<CR>
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","IA","IB","IC",
"IN","MOF","+5V_PS","+5V_REG","-5V_REG","+10V_PS","-10V_PS",
"VBAT","TEMP","RAM","ROM","CR_RAM","EEPROM","261B" <CR>
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx",
"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","yyyy"
<CR><ETX>


where:
xxxx = the data values corresponding to the first line labels
yyyy = the 4-byte hex ASCII representation of the checksum
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Compressed ASCII Commands
CHISTORY Command—SEL-551C


CHISTORY Command—SEL-551C


Display history data in Compressed ASCII format by sending:


CHI <CR>


The SEL-551C sends:


<STX>"FID","0143"<CR>
"Relay FID string","yyyy"<CR>
"REC_NUM","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC",
"EVENT","SHOT","CURR","TARGETS","1539"<CR>
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"xxxx",xxxx,xxxx,"xxxx","yyyy"<CR>
<ETX>


(the last line is then repeated for each record)
where:
xxxx = the data values corresponding to the first line labels
yyyy = the 4-byte hex ASCII representation of the checksum
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Compressed ASCII Commands
CEVENT Command—SEL-551C


CEVENT Command—SEL-551C


Display event report in Compressed ASCII format by sending:


CEV [n x] <CR>


The parameters in brackets, [ ], are optional.


The SEL-551C responds to the CEV command with the nth event report as 
shown below:


<STX>"FID","0143"<CR>
"Relay FID string","yyyy"<CR>
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"<CR>
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"yyyy" <CR>
"SAM/CYC_A","SAM/CYC_D","NUM_ON_CYC","NFREQ","CTR","CTRN","EVENT",
"SHOT","TARGETS","IA","IB","IC","IN","IG",3I2","1ABF"<CR>
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"xxxx",xxxx,"xxxx",xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,
"yyyy"<CR>
"IA","IB","IC","IN","IG","TRIG","Names of elements in the Relay Word separated by spaces","850A"<CR>
xxxx,xxxx,xxxx,xxxx,xxxx,"z","xxxx","HEX-ASCII Relay Word",”yyyy”<CR>
<ETX>


(the last line is then repeated for each data line in record one)


The Names of elements in the Relay Word separated by spaces field is 
shown below:


n =  the number of the event report, as used in the EVE 
command


x = L  specifies long event report, as used in the EVE command
x = R  specifies raw (unfiltered) analog data, as used in the EVE 


command


where:
xxxx = the data values corresponding to the 


respective line labels
yyyy = the 4 byte hex ASCII representation of the 


checksum
z = > for the trigger record and empty for all 


others
SAM/CYC_A = the number of analog data samples per cycle
SAM/CYC_D = the number of digital data samples per cycle


NUM_OF_CYC = the number of cycles of data in the event 
report


NFREQ = the nominal system frequency
CTR = the phase (IA, IB, IC) current transformer 


ratio
CTRN = the neutral (IN) current transformer ratio


EVENT = the event type
SHOT = the recloser shot counter


TARGETS = the front-panel tripping targets
IA, IB, IC, IN, IG, 3I2 = the fault current


HEX-ASCII Relay Word = the hex ASCII format of the Relay Word. 
The first element in the Relay Word is the 
most significant bit in the first character.


TRIG refers to the event trigger record indication
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Compressed ASCII Commands
CEVENT Command—SEL-551C


"51P1 51P2 51N1 51G1 51P1T 51P2T 51N1T 51G1T 51Q1 51Q2 51Q1T 51Q2T 50P1 50P2
50P3 50P4 50P5 50P6 50N1 50N2 50G1 50G2 50Q1 50Q2 50A 50B 50C * * OC CC CF LB1
LB2 LB3 LB4 LB5 LB6 LB7 LB8 RB1 RB2 RB3 RB4 RB5 RB6 RB7 RB8 SV1 SV2 SV3 SV4
SV5 SV6 SV7 SV8 SV9 SV10 SV11 SV12 SV13 SV14 * * 79RS 79CY 79LO SH0 SH1 SH2
SH3 SH4 TRIP CLOSE 51P1R 51P2R 51N1R 51G1R 51Q1R 51Q2R SV5T SV6T SV7T SV8T 
SV9T SV10T SV11T SV12T SV13T SV14T * SALARM HALARM OUT1 OUT2 OUT3
PDEM NDEM GDEM QDEM TRGTR * * * LT1 LT2 LT3 LT4 LT5 LT6 LT7 LT8 IN1 IN2
IN3 IN4 IN5 IN6 * * * * * * * * * * "


These names are listed in Table 4.4. An example HEX-ASCII Relay Word is 
shown below:


"980C00C000000800249B800400000000"


Each bit in the HEX-ASCII Relay Word reflects the status of a Relay Word 
bit. The order of the labels in the Names of elements in the Relay Word 
separated by spaces field matches the order of the HEX-ASCII Relay Word. 
In the example above, the first two bytes in the HEX-ASCII Relay Word are 
“98.” In binary, this evaluates to 10011000. Mapping the labels to the bits 
yields:


Table E.1 Mapping Labels to Bits


Labels 51P1 51P2 51N1 51G1 51P1T 51P2T 51N1T 51G1T


Bits 1 0 0 1 1 0 0 0
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Appendix F
Setting Negative-Sequence


Overcurrent Elements


Setting Negative-Sequence Definite-Time 
Overcurrent Elements


Negative-sequence instantaneous overcurrent elements 50Q1 and 50Q2 
should not be set to trip directly. This is because negative-sequence current 
can transiently appear when a circuit breaker is closed and balanced load 
current suddenly appears.


To avoid having negative-sequence instantaneous overcurrent elements trip for 
this transient condition, delay negative-sequence instantaneous overcurrent 
elements by at least 1.5 cycles (transient condition lasts less than 1.5 cycles). 
Use the SELOGIC® Variable timers described in SELOGIC Control Equation 
Variables/Timers on page 3.41.


Effectively, negative-sequence instantaneous overcurrent elements 50Q1 and 
50Q2 are turned into negative-sequence definite-time overcurrent elements by 
running them through timers. Use the timer output for tripping.


Continue reading in Coordinating Negative-Sequence Overcurrent Elements 
on page F.3 for guidelines on coordinating negative-sequence definite-time 
overcurrent elements and a following coordination example. The coordination 
example uses time-overcurrent elements, but the same principles can be 
applied to definite-time overcurrent elements.
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Setting Negative-Sequence Time-Overcurrent 
Elements


Negative-sequence time-overcurrent elements 51Q1T and 51Q2T should not 
be set to trip directly when they are set with low time-dial settings 51Q1TD 
and 51Q2TD, respectively, that result in curve times below 3 cycles (see 
curves in Figure 4.1–Figure 4.10). This is because negative-sequence current 
can transiently appear when a circuit breaker is closed and balanced load 
current suddenly appears.


To avoid having negative-sequence time-overcurrent elements with such low 
time-dial settings trip for this transient negative-sequence current condition, 
make settings similar to the following:


SV6PU = 1.500 cycles (minimum response time; transient condition lasts 
less than 1.5 cycles)


SV6 = 51Q1 (run pickup of negative-sequence time-overcurrent element 
51Q1T through SELOGIC Variable timer SV6)


TR = ..+51Q1T*SV6T+.. (trip conditions; SV6T is the output of the 
SELOGIC Variable timer SV6)


Figure F.1 Minimum Response Time Added to a 
Negative-Sequence Time-Overcurrent Element


Continue reading in Coordinating Negative-Sequence Overcurrent Elements 
on page F.3 for guidelines on coordinating negative-sequence time-
overcurrent elements and a following coordination example.


51Q1T*SV6T


I (3I2)51Q1


SV6PU


t
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Coordinating Negative-Sequence Overcurrent 
Elements


The following coordination guidelines and example assume that the negative-
sequence overcurrent elements operate on 3I2 magnitude negative-sequence 
current and that the power system is radial. The negative-sequence overcurrent 
elements in the SEL-551C Relay operate on 3I2 magnitude negative-sequence 
current.


The coordination example is a generic example that can be used with any relay 
containing negative-sequence overcurrent elements that operate on 3I2 
magnitude negative-sequence current. The SEL-551C can be inserted as the 
feeder relay in this example. Note that the overcurrent element labels in the 
example are not the same as the labels of the corresponding SEL-551C 
overcurrent elements.


Coordination 
Guidelines


1. Start with the furthest downstream negative-sequence 
overcurrent element (e.g., distribution feeder relay in a 
substation).


2. Identify the phase overcurrent device (e.g., line recloser, fuse) 
downstream from the negative-sequence overcurrent element 
that is of greatest concern for coordination.


This is usually the phase overcurrent device with the longest 
clearing time.


3. Consider the negative-sequence overcurrent element as an 
“equivalent” phase overcurrent element.


Derive pickup, time dial (lever), curve type, or time-delay 
settings for this “equivalent” element to coordinate with the 
downstream phase overcurrent device, as any phase 
coordination would be performed.


Load considerations can be disregarded when deriving the 
“equivalent” phase overcurrent element settings.


4. Multiply the “equivalent” phase overcurrent element pickup 
setting by √3 to convert it to the negative-sequence overcurrent 
element pickup setting in terms of 3I2 current.


Any time dial (lever), curve type, or time delay calculated for 
the “equivalent” phase overcurrent element is also used for the 
negative-sequence overcurrent element with no conversion 
factor applied.


5. Set the next upstream negative-sequence overcurrent element to 
coordinate with the first downstream negative-sequence 
overcurrent element and so on.


Again, coordination is not influenced by load considerations.


Negative- 
sequence 
overcurrent 
element  
pickup


= 3 • ("equivalent" phase overcurrent element pickup)
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Coordination Example In Figure F.2 the phase and negative-sequence overcurrent elements of the 
feeder relay (51F and 51QF, respectively) must coordinate with the phase 
overcurrent element of the line recloser (51R).


Figure F.2 Distribution Feeder Protective Devices


IF = Maximum load current through feeder relay = 450 A


IR = Maximum load current through line recloser = 150 A


51F = Feeder relay phase time-overcurrent element


51QF = Feeder relay negative-sequence time-overcurrent element


51R = Line recloser phase time-overcurrent element (phase “slow curve”)


Traditional Phase Coordination


Figure F.3 Traditional Phase Coordination


51F: pickup = 600 A (above max. feeder load, IF)


51R: pickup = 200 A (above max. line recloser load, IR)


Figure F.3 shows traditional phase overcurrent element coordination between 
the feeder relay and line recloser phase overcurrent elements. Phase 
overcurrent elements must accommodate load and cold load pickup current. 
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The 450 A maximum feeder load current limits the sensitivity of the feeder 
phase overcurrent element, 51F, to a pickup of 600 A. The feeder relay cannot 
back up the line recloser for phase faults below 600 A.


Apply the Feeder Relay Negative-Sequence Overcurrent Element 
(Guidelines 1 to 3)


Applying negative-sequence overcurrent element coordination Guideline 1 to 
Guideline 3 results in the feeder relay “equivalent” phase overcurrent element 
(51EP) in Figure F.4. Curve for 51F is shown for comparison only.


Figure F.4 Phase-to-Phase Fault Coordination


51EP: pickup = 300 A (below max. feeder load, IF)


Considerable improvement in sensitivity and speed of operation for phase-to-
phase faults is achieved with the 51EP element. The 51EP element pickup of 
300 A has twice the sensitivity of the 51F element pickup of 600 A. The 51EP 
element speed of operation for phase-to-phase faults below about 2000 A is 
faster than that for the 51F element.


Convert “Equivalent” Phase Overcurrent Element Settings to Negative-
Sequence Overcurrent Element Settings (Guideline 4)


The “equivalent” phase overcurrent element (51EP element in Figure F.4) 
converts to true negative-sequence overcurrent element settings (51QF in 
Figure F.5) by applying the equation given in guideline 4. The time dial (lever) 
and curve type of the element remain the same (if the element is a definite-
time element, the time delay remains the same).
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Figure F.5 Negative-Sequence Overcurrent Element Derived From 
“Equivalent” Phase Overcurrent Element, 51EP


51QF: pickup =  √3 • (300 A) = 520 A


Having achieved coordination between the feeder relay negative-sequence 
overcurrent element (51QF) and the downstream line recloser phase 
overcurrent element (51R) for phase-to-phase faults, coordination between the 
two devices for other fault types is also achieved.


Negative-Sequence Overcurrent Element Applied at a Distribution Bus 
(Guideline 5)


The preceding example was for a distribution feeder. A negative-sequence 
overcurrent element protecting a distribution bus provides an even more 
dramatic improvement in phase-to-phase fault sensitivity.


The distribution bus phase overcurrent element pickup must be set above the 
combined load of all the feeders on the bus, plus any emergency load 
conditions. The bus phase overcurrent element pickup is often set at least four 
times greater than the pickup of the feeder phase overcurrent element it backs 
up. Thus, sensitivity to both bus and feeder phase faults is greatly reduced. 
Feeder relay backup by the bus relay is limited.


Negative-sequence overcurrent elements at the distribution bus can be set 
significantly below distribution bus load levels and provide dramatically 
increased sensitivity to phase-to-phase faults. It is coordinated with the 
distribution feeder phase or negative-sequence overcurrent elements and 
provides more sensitive and faster phase-to-phase fault backup.


Ground Coordination 
Concerns


If the downstream protective device includes ground overcurrent elements, in 
addition to phase overcurrent elements, there should be no need to check the 
coordination between the ground overcurrent elements and the upstream 
negative-sequence overcurrent elements. The downstream phase overcurrent 
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element, whether it operates faster or slower than its complementary ground 
overcurrent element, will operate faster than the upstream negative-sequence 
overcurrent element for all faults, including those that involve ground.
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Other Negative-Sequence Overcurrent Element 
References


A. F. Elneweihi, E. O. Schweitzer, M. W. Feltis, “Negative-Sequence 
Overcurrent Element Application and Coordination in Distribution 
Protection,” IEEE Transactions on Power Delivery, Volume 8, Number 3, 
July 1993, pp. 915–924.


This IEEE paper is the source of the coordination guidelines and example 
given in this appendix. The paper also contains analyses of system unbalances 
and faults and the negative-sequence current generated by such conditions.


A. F. Elneweihi, “Useful Applications for Negative-Sequence Overcurrent 
Relaying,” 22nd Annual Western Protective Relay Conference, Spokane, 
Washington, October 24–26, 1995.


This conference paper gives many good application examples for negative-
sequence overcurrent elements. The focus is on the transmission system, 
where negative-sequence overcurrent elements provide better sensitivity than 
zero-sequence overcurrent elements in detecting some single-line-to-ground 
faults.
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Modbus RTU Communications Protocol


Overview


This appendix describes Modbus® RTU communications features supported 
by the SEL-551C Relay. Complete specifications for the Modbus protocol are 
available from the Modicon website at www.modicon.com.


Enable Modbus protocol using the serial port settings. When Modbus protocol 
is enabled, the relay switches the port to Modbus protocol and deactivates the 
ASCII protocol.


Modbus RTU is a binary protocol that permits communication between a 
single master device and multiple slave devices. The communication is half 
duplex; only one device transmits at a time. The master transmits a binary 
command that includes the address of the desired slave device. All of the slave 
devices receive the message, but only the slave device with the matching 
address responds.


The SEL-551C Modbus communication allows a Modbus master device to:


➤ Acquire metering, monitoring, and event data from the relay.


➤ Control SEL-551C output contacts.


➤ Read the SEL-551C self-test status and learn the present 
condition of all relay protection elements.
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Modbus RTU Communications Protocol
Modbus Queries Modbus RTU master devices initiate all exchanges by sending a query. The 


query consists of the fields shown in Table G.1.


The SEL-551C SLAVEID setting defines the device address. Set this value to 
a unique number for each device on the Modbus network. For Modbus 
communication to operate properly, no two slave devices may have the same 
address.


Function codes supported by the SEL-551C are described in Table G.2.


The cyclical redundancy check detects errors in the received data. If an error is 
detected, the relay discards the packet.


Modbus Responses The slave device sends a response message after it performs the action 
requested in the query. If the slave cannot execute the command for any 
reason, it sends an error response. Otherwise, the slave device response is 
formatted similarly to the query including the slave address, function code, 
data (if applicable), and a cyclical redundancy check value.


Supported Modbus 
Function Codes


The SEL-551C supports the Modbus function codes shown in Table G.2.


Modbus Exception 
Responses


The SEL-551C sends an exception code under the conditions described in 
Table G.3.


Table G.1 Modbus Query Fields


Field Number of Bytes


Slave Device Address 1 byte


Function Code 1 byte


Data Region 0–251 bytes


Cyclical Redundancy Check (CRC) 2 bytes


Table G.2 SEL-551C Modbus Function Codes


Codes Description


01h Read Coil Status


02h Read Input Status


03h Read Holding Registers


04h Read Input Registers


05h Force Single Coil


06h Preset Single Register


07h Read Exception Status


08h Loopback Diagnostic Command


10h Preset Multiple Registers


64h Scattered Register Read
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In the event that any of the errors listed in Table G.3 occur, the relay assembles 
a response message that includes the exception code in the data field. The 
relay sets the most significant bit in the function code field to indicate to the 
master that the data field contains an error code, instead of the requested data.


Cyclical Redundancy 
Check


The SEL-551C calculates a 2-byte CRC value using the device address, 
function code, and data fields. It appends this value to the end of every 
Modbus response. When the master device receives the response, it 
recalculates the CRC. If the calculated CRC matches the CRC sent by the 
SEL-551C, the master device uses the data received. If there is not a match, 
the check fails and the message is ignored. The devices use a similar process 
when the master sends queries.


01h Read Coil Status 
Command


Use function code 01h to read the On/Off status of the selected bits (coils). 
You may read the status of up to 2000 bits per query. Note that the relay coil 
addresses start at 0 (e.g., Coil 1 is located at address zero). The relay returns 8 
bits per byte, most significant bit first, with zeroes padded into incomplete 
bytes.


Table G.3 SEL-551C Modbus Exception Codes


Exception 
Code


Error Type Description


01 Illegal Function Code The received function code is either undefined or 
unsupported.


02 Illegal Data Address The received command contains an unsupported 
address in the data field.


03 Illegal Data Value The received command contains a value that is out 
of range.


04 Device Error The SEL-551C is in the wrong state for the 
requested function.


06 Busy The SEL-551C is unable to process the command at 
this time due to a busy resource.


Table G.4 01h Read Coil Status Commands


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (01h)


2 bytes Address of the First Bit


2 bytes Number of Bits to Read


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (01h)


1 byte Number Bytes of Data (n)


n bytes Data


2 bytes CRC-16 
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To build the response, the relay calculates the number of bytes required to 
contain the number of bits requested. If the number of bits requested is not 
evenly divisible by 8, the relay adds one more byte to maintain the balance of 
bits, padded by zeroes to make an even byte.


The relay responses to errors in the query are shown below:


Please refer to Table G.9 for coil number assignments.


02h Read Input 
Status Command


Use function code 02h to read the On/Off status of the selected bits (coils). 
You may read the status of up to 2000 bits per query. Note that the relay coil 
addresses start at 0 (e.g., Coil 1 is located at address zero). The relay returns 8 
bits per byte, most significant bit first, with zeroes padded into incomplete 
bytes.


To build the response, the relay calculates the number of bytes required to 
contain the number of bits requested. If the number of bits requested is not 
evenly divisible by 8, the relay adds one more byte to maintain the balance of 
bits, padded by zeroes to make an even byte.


Error Error Code Returned
Communication 


Counter Increments


Invalid bit to read Illegal Data Address (02h) Invalid Address


Invalid number of bits to read Illegal Data Value (03h) Illegal Register


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.5 02h Read Input Status Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (02h)


2 bytes Address of the First Bit


2 bytes Number of Bits to Read


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (02h)


1 byte Number of Bytes of Data (n)


n bytes Data


2 bytes CRC-16
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Input numbers are defined below:


Input addresses start at 0000 (i.e., input 1 is located at Input Address 0000).


The relay responses to errors in the query are shown below:


03h Read Holding 
Register Command


Use function code 03h to read directly from the Modbus Register map shown 
in Table G.18. You may read a maximum of 125 registers at once with this 
function code. Most masters use 4X references with this function code. If you 
are accustomed to 4X references with this function code, for 5 digit 
addressing, add 40001 to the standard database address.


Input Numbers Description


1 Input 1


2 Input 2


3 Input 3


4 Input 4


5 Input 5


6 Input 6


Error Error Code Returned
Communication 


Counter Increments


Invalid bit to read Illegal Data Address (02h) Invalid Address


Invalid number of bits to read Illegal Data Value (03h) Illegal Register


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.6 03h Read Holding Register Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (03h)


2 bytes Starting Register Address


2 bytes Number of Registers to Read


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (03h)


1 byte Number of Bytes of Data (n)


n bytes Data


2 bytes CRC-16 
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The relay responses to errors in the query are shown below:


04h Read Input 
Registers Command


Use function code 04h to read from the Modbus Register map shown in 
Table G.18. You may read a maximum of 125 registers at once with this 
function code.


The relay responses to errors in the query are shown below:


05h Force Single Coil 
Command


Use function code 05h to set or clear a coil.


Error Error Code Returned
Communication 


Counter Increments


Illegal register to read Illegal Data Address (02h) Invalid Address


Illegal number of registers to read Illegal Data Value (03h) Illegal Register


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.7 04h Read Holding Register Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (04h)


2 bytes Starting Register Address


2 bytes Number of Registers to Read


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (04h)


1 byte Number of Bytes of Data (n)


n bytes Data


2 bytes CRC-16 


Error Error Code Returned
Communication 


Counter Increments


Illegal register to read Illegal Data Address (02h) Invalid Address


Illegal number of registers to read Illegal Data Value (03h) Illegal Register


Format error Illegal Data Value (03h) Bad Packet Format 
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The command response is identical to the command request.


The coil numbers supported by the SEL-551C are listed in Table G.9. The 
physical coils (coils 1–5) are self resetting. Pulsing a set remote bit clears the 
remote bit.


Table G.8 05h Force Single Coil Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (05h)


2 bytes Coil Reference


1 byte Operation Code
(FF for bit set, 00 for bit clear)


1 byte Placeholder (00)


2 bytes CRC-16 


Table G.9 SEL-551C Command Coils


Coil Field


1 OUT1


2 OUT2


3 OUT3


4 *a


a Unused in SEL-551C.


5 *a


6 RB1


7 RB2


8 RB3


9 RB4


10 RB5


11 RB6


12 RB7


13 RB8


14 Pulse RB1


15 Pulse RB2


16 Pulse RB3


17 Pulse RB4


18 Pulse RB5


19 Pulse RB6


20 Pulse RB7


21 Pulse RB8
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The relay responses to errors in the query are shown below:


06h Preset Single 
Register Command


The SEL-551C uses this function to allow a Modbus master to write directly 
to a database register. If you are accustomed to 4X references with this 
function code, for 6-digit addressing, add 400001 to the standard database 
addresses. 


The command response is identical to the command request.


The relay responses to errors in the query are shown below:


07h Read Exception 
Status Command


The SEL-551C uses this function to allow a Modbus master to read the present 
status of the relay and protected circuit. 


Error Error Code Returned
Communication Counter 


Increments


Invalid bit (coil) number Illegal Data Address (02h) Invalid Address


Illegal bit state requested Illegal Data Value (03h) Illegal Function Code/Op Code


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.10 06h Preset Single Register Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (06h)


2 bytes Register Address


2 bytes Data


2 bytes CRC-16


Error Error Code Returned
Communication Counter 


Increments


Illegal register address Illegal Data Address (02h) Invalid Address Illegal Write


Illegal register value Illegal Data Value (03h) Illegal Write


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.11 07h Read Exception Status Command (Sheet 1 of 2)


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (07h)


0 bytes No Data Fields Are Sent


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (07h)


1 byte Status Byte


2 bytes CRC-16 
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If the bit is set to 1, the following are true:


➤ Output and Alarm contacts are asserted.


➤ Relay inputs are asserted.


➤ Relay is disabled.


If the bit is set to 0, the following are true:


➤ Output and Alarm contacts are deasserted.


➤ Relay inputs are deasserted.


➤ Relay is enabled.


The relay response to errors in the query is shown below:


08h Loopback 
Diagnostic Command


The SEL-551C uses this function to allow a Modbus master to perform a 
diagnostic test on the Modbus communications channel and relay. When the 
subfunction field is 0000h, the relay returns a replica of the received message.


The status byte is sent most significant bit first, and consists of the following 
bits:


Bit 0 OUT3 Status


Bit 1 OUT2 Status


Bit 2 OUT1 Status


Bit 3 Input 4 Status


Bit 4 Input 3 Status


Bit 5 Input 2 Status


Bit 6 Input 1 Status


Bit 7 Relay Status


Error Error Code Returned
Communication


Counter Increments


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.11 07h Read Exception Status Command (Sheet 2 of 2)


Bytes Field


Table G.12 08h Loopback Diagnostic Command (Sheet 1 of 2)


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (08h)


2 bytes Subfunction (0000h)


2 bytes Data Field


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (08h)


2 bytes Subfunction (0000h)
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The relay responses to errors in the query are shown below:


10h Preset Multiple 
Registers Command


This function code works much like code 06h, except that it allows you to 
write multiple registers at once, up to 100 per operation. If you are 
accustomed to 4X references with the function code, for 6-digit addressing, 
simply add 400001 to the standard database addresses.


The relay responses to errors in the query are shown below:


2 bytes Data Field 
(identical to data in Master request)


2 bytes CRC-16 


Error Error Code Returned
Communication 


Counter Increments


Illegal subfunction code Illegal Data Value (03h) Illegal Function Code/Op Code


Format error Illegal Data Value (03h) Bad Packet Format 


Table G.12 08h Loopback Diagnostic Command (Sheet 2 of 2)


Bytes Field


Table G.13 10h Preset Multiple Registers Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (10h)


2 bytes Starting Address


2 bytes Number of Registers to Write


1 byte Number of Bytes of Data (n)


n bytes Data 


2 bytes CRC-16 


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (10h)


2 bytes Starting Address


2 bytes Number of Registers


2 bytes CRC-16 


Error Error Code Returned
Communication


Counter Increments


Illegal register to set Illegal Data Address (02h) Invalid Address
Illegal Write


Illegal number
of registers to set


Illegal Data Value (03h) Illegal Register
Illegal Write


Incorrect number of 
bytes in query data region


Illegal Data Value (03h) Bad Packet Format 
Illegal Write


Invalid register data value Illegal Data Value (03h) Illegal Write
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64h Scattered 
Register Read


The SEL-551C uses this function to allow a Modbus master to read 
noncontiguous registers in a single request. A maximum of 100 registers can 
be read in a single query.


The relay responses to errors in the query are shown below:


Controlling Output 
Contacts


The SEL-551C Modbus Register Map (Table G.18) includes three fields that 
allow a Modbus master to force the relay to perform a variety of operations. 
Use Modbus function codes 06h or 10h to write the appropriate command 


Table G.14 64h Scattered Register Read Command


Bytes Field


Requests from the master must have the following format:


1 byte Slave Address


1 byte Function Code (64h)


1 byte Query Data Length


1 byte Subfunction Code (04h)a


a Only subfunction 04h is supported.


1 byte Transmission Number


2 bytes Address of First Register


2 bytes Address of Second Register


• •


• •


• •


2 bytes Address of nth Register


2 bytes CRC-16


A successful response from the slave will have the following format:


1 byte Slave Address


1 byte Function Code (64h)


1 byte Response Data Length


1 byte Subfunction Code (04h)a


1 byte Transmission Number


2 bytes Data from First Register


2 bytes Data from Second Register


• •


• •


• •


2 bytes Data from nth Register


2 bytes CRC-16


Error Error Code Returned
Communication Counter 


Increments


Incorrect/Illegal 
query data length


Illegal Data Value (03h) Bad Packet Format


Invalid subfunction code Illegal Data Value (03h) Illegal Function Code/Op Code


Illegal register address Illegal Data Address (02h) Invalid Address
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codes and parameters into the registers shown in Table G.15. If function code 
06h is used to write to a command code that has parameters, the parameters 
must be written before the command code.


Table G.16 defines the command codes, their function and associated 
parameters, and the Modbus function code used to initiate the related 
command code.


Remote Bits Command Code 0Ch-Control Remote Bits:


This code controls the remote bits. This command code has two parameters.


Parameter 1 determines the bit operation.


Table G.15 SEL-551C Modbus Command Region


Address Field


0090h Command Code


0091h Parameter 1


0092h Parameter 2


Table G.16 Modbus Command Codes


Command 
Code


Function Parameter Definition
Modbus 
Function 


Code


01 Open No Parameter 06h, 10h


02 Close No Parameter 06h, 10h


03 Reset 
Targets


No Parameter 06h, 10h


04 Trigger No Parameter 06h, 10h


05 Pulse OUT1 1–30 seconds duration (defaults to 1 second) 06h, 10h


06 Pulse OUT2 1–30 seconds duration (defaults to 1 second) 06h, 10h


07 Pulse OUT3 1–30 seconds duration (defaults to 1 second) 06h, 10h


08 *a


a Not used in the SEL-551C.


09 *a


10 Switch 
Protocolb


b Switches the serial port protocol to SEL ASCII, the baud rate, parity, stop bits, and flow 
control remain the same.


0080h 06h, 10h


11c


c Parameter of Command code 11 is bit masked to allow you to manipulate several data regions 
simultaneously.


Reset 
Data 


Regions


0000 0000 0000 0001 Demand Metering
0000 0000 0000 0010 Peak Metering 
0000 0000 0000 0100 History Buffer 
0000 0000 0000 1000 Communication Counters


06h, 10h


Value Operation


1 Set


2 Clear


3 Pulse (1/8 cycle)
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Parameter 2 determines which bit to control. It is bitmasked for future 
expansion, but only one bit can be controlled at a time. The highest numbered 
bit will be controlled if more than one bit occurs in the parameter.


Error Codes:


➤ If the relay is disabled while the commands are issued, the relay 
will return error code 04 (device error).


➤ If the TRIGGER command cannot be executed due to multiple 
events in progress, the relay will return error code 06h (device 
busy).


➤ If the breaker jumper is not installed when a pulse output 
command is issued, the relay will return error code 04h (device 
error).


Reading Event Data 
Using Modbus


The Modbus Register Map (Table G.18) provides a feature that allows you to 
download complete event data via Modbus. The SEL-551C stores the 20 latest 
15-cycle, full-length event reports. Please refer to Section 7: Standard Event 
Reports and SER for more detailed description.


The event report will contain both analog and digital data. To download the 
event data using Modbus, proceed as follows:


Step 1. Write the event number you wish to download at address 
00B1h.


Step 2. Write the channel number you wish to download at address 
00B2h.


Step 3. Read the four-sample per cycle event data from the Modbus 
Map.


Bit Pattern Remote Bit


0000 0000 0000 0001 RB1


0000 0000 0000 0010 RB2


0000 0000 0000 0100 RB3


0000 0000 0000 1000 RB4


0000 0000 0001 0000 RB5


0000 0000 0010 0010 RB6


0000 0000 0100 0000 RB7


0000 0000 1000 0000 RB8


Table G.17 Assign Event Report Channel Using Address 00B2 (Sheet 1 of 2)


Set 00B2 To Read Data From Channel


1 IA


2 IB


3 IC


4 IN


5 IG


6 Relay Element Status Row 1a


7 Relay Element Status Row 2a


8 Relay Element Status Row 3a
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If the user selects an event number for which there are no data available, 
8000h will be returned. 


Reading History Data 
Using Modbus


The Modbus Register Map (Table G.18) provides a feature that allows you to 
download complete history of the last 20 events via Modbus. The history 
contains the date and time stamp, type of event that triggered the report, and 
the targets. Please refer to Note 3 of the Modbus Map for a list of event types.


To download the history data using Modbus, write the event number (1–20) to 
address 00A1h. Then read the history of the specific event number you 
requested from the Modbus Map (Table G.18).


If the user selects a history number for which there are no data available, 
8000h will be returned.


9 Relay Element Status Row 4a


10 Relay Element Status Row 5a


11 Relay Element Status Row 6a


12 Relay Element Status Row 7a


13 Relay Element Status Row 8a


14 Relay Element Status Row 9a


15 Relay Element Status Row 10a


16 Relay Element Status Row 11a


17 Relay Element Status Row 12a


18 Relay Element Status Row 13a


19 Relay Element Status Row 14a


20 Relay Element Status Row 15a


a Please refer to Table 5.6 to obtain the contents of each relay element status row. Relay 
Element Status Row 0, which represents targets, is displayed at 00FB in the Modbus Map.


Table G.17 Assign Event Report Channel Using Address 00B2 (Sheet 2 of 2)


Set 00B2 To Read Data From Channel


Table G.18 Modbus Map (Sheet 1 of 16)


Address 
(Hex)


Field Units
Range Scale 


FactorLow High Step


Relay ID


0000–0016 FIDa ASCII
String


– – – –


0017–0019 Revisiona ASCII
String


– – – –


001A–0022 Relay IDa ASCII
String


– – – –


0023–002B Terminal IDa ASCII
String


– – – –


002C Reserved 
(see Note 1)


002D Device Tag #b 15043 – – – –


002E Feature Set IDb 1 – – – –


002F Reserved
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Relay
Status


0030 Channel IA 
offset valuec


mV –5000 5000 1 1


0031 Channel IA 
status messageb


0 = OK,
1 = Warn,
2 = Fail


– – – – –


0032 Channel IB 
offset valuec


mV –5000 5000 1 1


0033 Channel IB 
status messageb 
0 = OK,
1 = Warn, 
2 = Fail


– – – – –


0034 Channel IC
offset valuec


mV –5000 –5000 1 1


0035 Channel IC 
status messageb 
0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0036 Channel IN
offset valuec


mV –5000 5000 1 1


0037 Channel IN 
status messageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0038 (MOF) DC offset in 
A/D circuit when a 
grounded input is 
selectedc


mV –5000 5000 1 1


0039 MOF status messageb


0 = OK, 
1 = Warn,
2 = Fail


– – – – –


003A +5 V power 
supply voltage valueb


V 0 600 1 0.01


003B +5 V powerb


supply status message 
0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


003C +5_REG 
powerb 
supply value


V 0 600 1 0.01


003D +5_REG power 
supply status mes-
sageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


Table G.18 Modbus Map (Sheet 2 of 16)


Address 
(Hex)


Field Units
Range Scale 


FactorLow High Step
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003E –5_REG power 
supply valuec


V –600 0 1 0.01


003F –5_REG power
supply status 
messageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0040 +10_ps power supply 
valueb


V 0 1500 1 0.01


0041 +10_ps power supply 
status messageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0042 –10_ps power supply 
valuec


V –1500 0 1 0.01


0043 –10_ps power supply 
status messageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0044 VBAT power supply 
valueb


V 0 500 1 0.01


0045 VBAT power supply 
status messageb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0046 TEMP in degrees 
Celsiusc


°C –100 100 1 1


0047 Temperature statusb


0 = OK, 
1 = Warn, 
2 = Fail


– – – – –


0048 RAM statusb


0 = OK,
2 = Fail


– – – – –


0049 ROM statusb


0 = OK, 
2 = Fail


– – – – –


004A CR_RAM statusb


0 = OK, 
2 = Fail


– – – – –


004B EEPROM statusb


0 = OK, 
2 = Fail


– – – – –


004C Enable statusb


0 = relay enabled,
2 = relay disabled


– – – – –


004D–004F Reserved


Table G.18 Modbus Map (Sheet 3 of 16)


Address 
(Hex)


Field Units
Range Scale 


FactorLow High Step
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Demand Meter


0050 Demand current 
phase Ab


Amps 0 65535 1 1


0051 Demand current 
phase Bb


Amps 0 65535 1 1


0052 Demand current 
phase Cb


Amps 0 65535 1 1


0053 Demand current IN
b Amps 0 65535 1 1


0054 Demand residual 
current IG


b
Amps 0 65535 1 1


0055 Demand negative-
sequence current 3I2


b
Amps 0 65535 1 1


Last Reset Time and Date—Demand Metering


0056 Time ss 0 59 1 1


0057 mm 0 59 1 1


0058 hh 0 23 1 1


0059 Date dd 1 31 1 1


005A mm 1 12 1 1


005B yyyy 1992 2999 1 1


Peak Demand Meter


005C Peak demand 
current phase Ab


Amps 0 65535 1 1


005D Peak demand 
current phase Bb


Amps 0 65535 1 1


005E Peak demand 
current phase Cb


Amps 0 65535 1 1


005F Peak demand
neutral current IN


b
Amps 0 65535 1 1


0060 Peak demand
residual current IG


b
Amps 0 65535 1 1


0061 Peak demand
negative-sequence 
current 3I2


b


Amps 0 65535 1 1


Last Reset Time and Date—Peak Demand Metering


0062 Time ss 0 59 1 1


0063 mm 0 59 1 1


0064 hh 0 23 1 1


0065 Date dd 1 31 1 1


0066 mm 1 12 1 1


0067 yyyy 1992 2999 1 1


Instantaneous Metering


0068 Inst. current 
phase Ab


Amps 0 65535 1 1


0069 Inst. current
phase A angleb


Degrees 0 36000 1 0.01


Table G.18 Modbus Map (Sheet 4 of 16)


Address 
(Hex)


Field Units
Range Scale 


FactorLow High Step
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006A Inst. current phase Bb Amps 0 65535 1 1


006B Inst. current phase B 
angleb


Degrees 0 36000 1 0.01


006C Inst. current phase Cb Amps 0 65535 1 1


006D Inst. current phase C 
angleb


Degrees 0 36000 1 0.01


006E Inst. neutral currentb Amps 0 65535 1 1


006F Inst. neutral current 
angleb


Degrees 0 36000 1 0.01


0070 Inst. residual currentb Amps 0 65535 1 1


0071 Inst. residual current 
angleb


Degrees 0 36000 1 0.01


0072 Inst. negative-
sequence currentb


Amps 0 65535 1 1


0073 Inst. neg.-seq.
current angleb


Degrees 0 36000 1 0.01


0074 Reserved


0075 Reserved


Relay Time and Date


0076 (RW) 
(see Note 2)


Timeb ss 0 59 1 1


0077 (RW) b mm 0 59 1 1


0078 (RW) b hh 0 23 1 1


0079 (RW) Dateb dd 1 31 1 1


007A (RW) b mm 1 12 1 1


007B (RW) b yyyy 1992 2999 1 1


007C–007F Reserved


Relay Word


0080 Targets


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if any of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 =Phase 
N 51/50 


Bit 9 = Phase C 
51/50


Bit 10 = Phase B 
51/50


Bit 11 = Phase A 
51/50


Bit 12 = LO
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Bit 13 = RS


Bit 14 = Inst.


Bit 15 = Enable


0081 Contact Status


Bit 0 = 1 if any of 
bits 1–15 are set 
to 1


Bit 0 = 0 if all of 
bits 1–15 are set 
to 0


Bits 1–6 = 0


Bit 7 = OUT3


Bit 8 = OUT2


Bit 9 = OUT1


Bit 10 = IN6


Bit 11 = IN5


Bit 12 = IN4


Bit 13 = IN3


Bit 14 = IN2


Bit 15 = IN1


0082 Row 1


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all 
of bits 8–15 are 
set to 0


Bits 1–7 = 0


Bit 8 = 51G1T


Bit 9 = 51N1T


Bit 10 = 51P2T


Bit 11 = 51P1T


Bit 12 = 51G1


Bit 13 = 51N1


Bit 14 = 51P2


Bit 15 = 51P1


0083 Row 2


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0
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Bit 8 = 50P4


Bit 9 = 50P3


Bit 10 = 50P2


Bit 11 = 50P1


Bit 12 = 51Q2T


Bit 13 = 51Q1T


Bit 14 = 51Q2


Bit 15 = 51Q1


0084 Row 3


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = 50Q2


Bit 9 = 50Q1


Bit 10 = 50G2


Bit 11 = 50G1


Bit 12 = 50N2


Bit 13 = 50N1


Bit 14 = 50P6


Bit 15 = 50P5


0085 Row 4


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = CF


Bit 9 = CC


Bit 10 = OC


Bit 11 = 0


Bit 12 = 0


Bit 13 = 50C


Bit 14 = 50B


Bit 15 = 50A


0086 Row 5
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Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = LB8


Bit 9 = LB7


Bit 10 = LB6


Bit 11 = LB5


Bit 12 = LB4


Bit 13 = LB3


Bit 14 = LB2


Bit 15 = LB1


0087 Row 6


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = RB8


Bit 9 = RB7


Bit 10 = RB6


Bit 11 = RB5


Bit 12 = RB4


Bit 13 = RB3


Bit 14 = RB2


Bit 15 = RB1


0088 Row 7


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = SV8


Bit 9 = SV7


Bit 10 = SV6


Bit 11 = SV5


Bit 12 = SV4
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Bit 13 = SV3


Bit 14 = SV2


Bit 15 = SV1


0089 Row 8


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = 0


Bit 9 = 0


Bit 10 = SV14


Bit 11 = SV13


Bit 12 = SV12


Bit 13 = SV11


Bit 14 = SV10


Bit 15 = SV9


008A Row 9


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = SH4


Bit 9 = SH3


Bit 10 = SH2


Bit 11 = SH1


Bit 12 = SH0


Bit 13 = 79LO


Bit 14 = 79CY


Bit 15 = 79RS


008B Row 10


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = 51Q2R
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Bit 9 = 51Q1R


Bit 10 = 51G1R


Bit 11 = 51N1R


Bit 12 = 51P2R


Bit 13 = 51P1R


Bit 14 = CLOSE


Bit 15 = TRIP


008C Row 11


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = SV12T


Bit 9 = SV11T


Bit 10 = SV10T


Bit 11 = SV9T


Bit 12 = SV8T


Bit 13 = SV7T


Bit 14 = SV6T


Bit 15 = SV5T


008D Row 12


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = OUT3


Bit 9 = OUT2


Bit 10 = OUT1


Bit 11 = HALARM


Bit 12 = SALARM


Bit 13 = 0


Bit 14 = SV14T


Bit 15 = SV13T


008E Row 13


Bit 0 = 1 if any of
bits 8–15 are set 
to 1
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Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = 0


Bit 9 = 0


Bit 10 = 0


Bit 11 = TRGTR


Bit 12 = QDEM


Bit 13 = GDEM


Bit 14 = NDEM


Bit 15 = PDEM


008F Row 14


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = LT8


Bit 9 = LT7


Bit 10 = LT6


Bit 11 = LT5


Bit 12 = LT4


Bit 13 = LT3


Bit 14 = LT2


Bit 15 = LT1


0090 Row 15


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bits 1–7 = 0


Bit 8 = 0


Bit 9 = 0


Bit 10 = IN6


Bit 11 = IN5


Bit 12 = IN4


Bit 13 = IN3


Bit 14 = IN2
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Bit 15 = IN1


Commands (see Note 5)


00A0 (W) Command Code 1 12


00A1(W) Parameter 1


00A2 (W) Parameter 2


00A3–00AF Reserved


History Records


00B0 Number of History 
Recordsb


1 20 1 1


00B1(RW) History Selectionb 1 20 1 1


00B2 Event Timeb millisec 0 999 1 1


00B3 b ss 0 59 1 1


00B4 b mm 0 59 1 1


00B5 b hh 0 23 1 1


00B6 Event Dateb dd 1 31 1 1


00B7 b mm 1 12 1 1


00B8 b yyyy 1992 2999 1 1


00B9 Event Typea ASCII 
string


00BA see Note 3


00BB


00BC


00BD Shot 0 4 1 1


00BE Maximum phase
current


0 65535 1 1


00BF Targets


Bit 0 = 1 if any of
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bit 1–7 = 0


Bit 8 = Phase N 
51/50


Bit 9 = Phase C 
51/50


Bit 10 = Phase B 
51/50


Bit 11 = Phase A 
51/50


Bit 12 = LO


Bit 13 = RS


Bit 14 = Inst.
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Bit 15 = 0


Event Reporting (see Note 4)


00C0 Number event 
recordsb


– 1 20 1 1


00C1 Event selectionb – 1 20 1 1


00C2 Channel selectionb – 1 18 1 1


00C3 1/4 cyclec –32767 32767 1 1


00C4 1/2 cyclec –32767 32767 1 1


00C5 3/4 cyclec –32767 32767 1 1


00C6 1 cyclec –32767 32767 1 1


00C7 1 1/4 cyclec –32767 32767 1 1


00C8 1 1/2 cyclec –32767 32767 1 1


00C9 1 3/4 cyclec –32767 32767 1 1


00CA 2 cyclec –32767 32767 1 1


00CB 2 1/4 cyclec –32767 32767 1 1


00CC 2 1/2 cyclec –32767 32767 1 1


00CD 2 3/4 cyclec –32767 32767 1 1


00CE 3 cyclec –32767 32767 1 1


00CF 3 1/4 cyclec –32767 32767 1 1


00D0 3 1/2 cyclec –32767 32767 1 1


00D1 3 3/4 cyclec –32767 32767 1 1


00D2 4 cyclec –32767 32767 1 1


00D3 4 1/4 cyclec –32767 32767 1 1


00D4 4 1/2 cyclec –32767 32767 1 1


00D5 4 3/4 cyclec –32767 32767 1 1


00D6 5 cyclec –32767 32767 1 1


00D7 5 1/4 cyclec –32767 32767 1 1


00D8 5 1/2 cyclec –32767 32767 1 1


00D9 5 3/4 cyclec –32767 32767 1 1


00DA 6 cyclec –32767 32767 1 1


00DB 6 1/4 cyclec –32767 32767 1 1


00DC 6 1/2 cyclec –32767 32767 1 1


00DD 6 3/4 cyclec –32767 32767 1 1


00DE 7 cyclec –32767 32767 1 1


00DF 7 1/4 cyclec –32767 32767 1 1


00E0 7 1/2 cyclec –32767 32767 1 1


00E1 7 3/4 cyclec –32767 32767 1 1


00E2 8 cyclec –32767 32767 1 1


00E3 8 1/4 cyclec –32767 32767 1 1


00E4 8 1/2 cyclec –32767 32767 1 1
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00E5 8 3/4 cyclec –32767 32767 1 1


00E6 9 cyclec –32767 32767 1 1


00E7 9 1/4 cyclec –32767 32767 1 1


00E8 9 1/2 cyclec –32767 32767 1 1


00E9 9 3/4 cyclec –32767 32767 1 1


00EA 10 cyclec –32767 32767 1 1


00EB 10 1/4 cyclec –32767 32767 1 1


00EC 10 1/2 cyclec –32767 32767 1 1


00ED 10 3/4 cyclec –32767 32767 1 1


00EE 11 cyclec –32767 32767 1 1


00EF 11 1/4 cyclec –32767 32767 1 1


00F0 11 1/2 cyclec –32767 32767 1 1


00F1 11 3/4 cyclec –32767 32767 1 1


00F2 12 cyclec –32767 32767 1 1


00F3 12 1/4 cyclec –32767 32767 1 1


00F4 12 1/2 cyclec –32767 32767 1 1


00F5 12 3/4 cyclec –32767 32767 1 1


00F6 13 cyclec –32767 32767 1 1


00F7 13 1/4 cyclec –32767 32767 1 1


00F8 13 1/2 cyclec –32767 32767 1 1


00F9 13 3/4 cyclec –32767 32767 1 1


00FA 14 cyclec –32767 32767 1 1


00FB 14 1/4 cyclec –32767 32767 1 1


00FC 14 1/2 cyclec –32767 32767 1 1


00FD 14 3/4 cyclec –32767 32767 1 1


00FE 15 cyclec –32767 32767 1 1


Event Summary Data


00FF Event typea ASCII 
string


0100 see Note 5


0101


0102


Date and Time


0103 Event timeb millisec 0 999 1 1


0104 b ss 0 59 1 1


0105 b mm 0 59 1 1


0106 b hh 0 23 1 1


0107 Event dateb dd 1 31 1 1


0108 b mm 1 12 1 1


0109 b yyyy 1992 2999 1 1
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010A Shots 0 4


010B Targets


Bit 0 = 1 if any of 
bits 8–15 are set 
to 1


Bit 0 = 0 if all of 
bits 8–15 are set 
to 0


Bit 1–7 = 0


Bit 8 = Phase N
51/50


Bit 9 = Phase C
51/50


Bit 10 = Phase B 
51/50


Bit 11 = Phase A 
51/50


Bit 12 = LO


Bit 13 = RS


Bit 14 = Inst.


Bit 15 = 0


010C Event current 
phase A


Amps 0 65535 1


010D Event current phase B Amps 0 65535 1


010E Event current phase C Amps 0 65535 1


010F Event neutral 
current IN


Amps 0 65535 1


0110 Event residual 
current IG


Amps 0 65535 1


0111 Event neg.-seq. 
current IQ


Amps 0 65535 1


0112–011F Reserved


Maximum Current Limit


0120 Phase currentd Amps –32767 32767 1 1


0121 Phase currente Exponent –4 4 1 1


0122 Neutral currentd Amps –32767 32767 1 1


0123 Neutral currente Exponent –4 4 1 1


0124–012F Reserved


Communication Counter


0130 Number of messages 
receivedb


– 0 65535 1 1


0131 Number of messages 
sent to other devicesb


– 0 65535 1 1


0132 Invalid addressb – 0 65535 1 1


0133 Bad CRCb – 0 65535 1 1
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NOTE 1: Reserved addresses return 8000h.


NOTE 2: Registers (RW) are read-write registers. Registers (W) are write-
only registers. All other registers are read-only.


NOTE 3: Event Types


NOTE 4: The Modbus map (Table G.18) provides a feature that allows you to 
download complete event data via Modbus. See Table G.17 for data 
descriptions.


NOTE 5: Please refer to Table G.16 for a list of Command Codes.


General Comments All registers are 16 bits with bit locations ranging from 0 to 15.


Relay words and targets are mapped in bit positions 8–15 in the register. 
Contact status is mapped in bit positions 7–15 in the register. The 0 bit 
position of this register is set equal to 1 if any of the 1–15 positions are set to 
1.


0134 UART errorb – 0 65535 1 1


0135 Illegal function 
code/Op codeb


– 0 65535 1 1


0136 Illegal registerb – 0 65535 1 1


0137 Illegal writeb – 0 65535 1 1


0138 Bad packet formatb – 0 65535 1 1


0139 Bad packet lengthb – 0 65535 1 1


013B Reserved


Reserved


Reserved


1FFB Device tag #b 15043 – – – –


1FFC Feature set IDb 1


1FFD Reserved


Reserved


FFFF Reserved


a Two 8-bit ASCII characters per register.
b 16-bit unsigned value.
c 16-bit signed value.
d Two 16-bit registers needed to accomplish the Signed Integer Dynamic Fixed Point data 


format. Final value read = (R1 • 10R2).
e R1 is the content of register 0110h (0112h). R2, which is stored in 0111h (0113h), determines the 


decimal point position for the final value.


TRIG ER2


TRIP PULSE


ERI
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SEL-551C Command Summary


Access Level 0 
Command


The only thing that can be done at Access level 0 is to go to Access Level 1. The screen prompt is: =


ACC Enters Access Level 1. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 1 password in order to enter Access Level 1.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>


2AC Enters Access Level 2. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 2 password in order to enter Access Level 2.


DAT Shows date presently in the relay.


DAT m/d/y Enters date in this manner if Date Format setting DATE_F = MDY.


DAT y/m/d Enters date in this manner if Date Format setting DATE_F = YMD.


EVE n Shows standard 15-cycle event report number n, with 1/4 cycle resolution (n = 1–20, with n = 1 most recent).


EVE C n Causes the relay to add digital data at the end of the Event n report.


EVE L n Shows standard 15-cycle event report number n, with 1/8 cycle resolution (n = 1–20, with n = 1 most recent).


EVE L C n Causes the relay to add digital data at the end of Event L n report.


EVE R n Causes the relay to display an unfiltered event report with 1/16-cycle resolution.


EVE R C n Causes the relay to add digital data at the end of the Event R n report.


HIS n Shows brief summary of the n latest standard 15-cycle event reports.


HIS C Clears the brief summary and corresponding standard 15-cycle event reports.


IRI Forces synchronization attempt of internal relay clock to IRIG-B time-code input. 


MET k Displays metering data, both magnitude and phase angle. Phase angles are referenced to phase input IA. Enter 
number k to scroll metering k times on screen.


MET D Displays demand and peak demand data. Select MET RD or MET RP to reset.


QUI Quit. Returns to Access Level 0. Returns front-panel LEDs to the default targets (corresponding to command 
TAR 0).


SER n Show the latest n rows in the Sequential Events Recorder (SER) event report.


SER m n Show rows m through n in the Sequential Events Recorder (SER) event report.


SER d1 Show rows in the Sequential Events Recorder (SER) event report from date d1.


SER d1 d2 Show rows in the Sequential Events Recorder (SER) event report from date d1 to d2. Entry of dates is dependent 
on the Date Format setting DATE_F (= MDY or YMD).


SER C Clears the Sequential Events Recorder (SER) event report.


SHO Show relay settings (overcurrent, reclosing, timers, etc.).


SHO L Show SELOGIC® control equation settings.


SHO P m Show port settings; m = port # (1 = rear, 2 or F = front)


SHO R Show Sequential Events Recorder (SER) settings.


SHO T Show text label settings.


STA Show relay self-test status. STA C resets self-test warnings/failures.


TAR R Return front-panel LED targets to regular operation and reset the FAULT TYPE front-panel targets.


TAR 0 k Return front-panel LED targets to regular operation. Enter number k to scroll front-panel LED status k times on 
screen.
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TAR n k Display Relay Word row n status (n = 1–15) on remapped front-panel LED targets. Enter number k to scroll 
Relay Word row n status k times on screen.


TAR n X Relay Word row n status (n = 1–15) is sent to the serial port/computer screen, but the front-panel LED targets 
remain unchanged.


TIM Show or set time (24-hour time). Show time presently in the relay by entering just TIM. Example time 22:47:36 
is entered with command TIM 22:47:36.


TRI Trigger an event report.


Access Level 2 
Commands


The Access Level 2 commands primarily allow the user to change settings or operate relay 
parameters and output contacts. All Access Level 1 commands can also be executed from 
Access Level 2. The screen prompt is: =>>


CLO Assert the CLOSE Relay Word bit. If CLOSE is assigned to an output contact (e.g., OUT2 = CLOSE), then the 
output contact will assert if command CLO is executed and the circuit breaker is open.


CON n Control Relay Word bit RBn (Remote Bit n; n = 1–8). Execute CON n and the relay responds: CONTROL RBn. 
Then reply with one of the following:


SRB n set Remote Bit n (assert RBn)


CRB n clear Remote Bit n (deassert RBn)


PRB n pulse Remote Bit n [assert RBn for one processing interval (1/8 cycle)].


OPE Assert the TRIP Relay Word bit. If TRIP is assigned to an output contact (e.g., OUT1 = TRIP), then the output 
contact will assert if command OPE is executed.


PAS 1 Change Access Level 1 password.


PAS 2 Change Access Level 2 password.


PUL n k Pulse output contact n (n = OUT1, OUT2, and OUT3). Enter number k to pulse for k seconds [k = 1 to 30 (seconds)], 
otherwise pulse time is 1 second.


SET n Change relay settings (overcurrent, reclosing, timers, etc.).


SET L n Change SELOGIC control equations settings.


SET P m n Change port settings; m = port # (1 = rear, 2 or F = front)


SET R n Change Sequential Events Recorder (SER) settings.


SET T n Change text label settings.


For the SET commands, jump to parameter n to begin setting editing. If parameter n is not entered, setting edit-
ing starts at the first setting.


VER Show relay configuration and firmware version.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>
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Access Level 0 
Command


The only thing that can be done at Access level 0 is to go to Access Level 1. The screen prompt is: =


ACC Enters Access Level 1. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 1 password in order to enter Access Level 1.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>


2AC Enters Access Level 2. If the main board password jumper is not in place, the relay prompts for the entry of the 
Access Level 2 password in order to enter Access Level 2.


DAT Shows date presently in the relay.


DAT m/d/y Enters date in this manner if Date Format setting DATE_F = MDY.


DAT y/m/d Enters date in this manner if Date Format setting DATE_F = YMD.


EVE n Shows standard 15-cycle event report number n, with 1/4 cycle resolution (n = 1–20, with n = 1 most recent).


EVE C n Causes the relay to add digital data at the end of the Event n report.


EVE L n Shows standard 15-cycle event report number n, with 1/8 cycle resolution (n = 1–20, with n = 1 most recent).


EVE L C n Causes the relay to add digital data at the end of Event L n report.


EVE R n Causes the relay to display an unfiltered event report with 1/16-cycle resolution.


EVE R C n Causes the relay to add digital data at the end of the Event R n report.


HIS n Shows brief summary of the n latest standard 15-cycle event reports.


HIS C Clears the brief summary and corresponding standard 15-cycle event reports.


IRI Forces synchronization attempt of internal relay clock to IRIG-B time-code input. 


MET k Displays metering data, both magnitude and phase angle. Phase angles are referenced to phase input IA. Enter 
number k to scroll metering k times on screen.


MET D Displays demand and peak demand data. Select MET RD or MET RP to reset.


QUI Quit. Returns to Access Level 0. Returns front-panel LEDs to the default targets (corresponding to command 
TAR 0).


SER n Show the latest n rows in the Sequential Events Recorder (SER) event report.


SER m n Show rows m through n in the Sequential Events Recorder (SER) event report.


SER d1 Show rows in the Sequential Events Recorder (SER) event report from date d1.


SER d1 d2 Show rows in the Sequential Events Recorder (SER) event report from date d1 to d2. Entry of dates is dependent 
on the Date Format setting DATE_F (= MDY or YMD).


SER C Clears the Sequential Events Recorder (SER) event report.


SHO Show relay settings (overcurrent, reclosing, timers, etc.).


SHO L Show SELOGIC® control equation settings.


SHO P m Show port settings; m = port # (1 = rear, 2 or F = front)


SHO R Show Sequential Events Recorder (SER) settings.


SHO T Show text label settings.


STA Show relay self-test status. STA C resets self-test warnings/failures.


TAR R Return front-panel LED targets to regular operation and reset the FAULT TYPE front-panel targets.


TAR 0 k Return front-panel LED targets to regular operation. Enter number k to scroll front-panel LED status k times on 
screen.
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TAR n k Display Relay Word row n status (n = 1–15) on remapped front-panel LED targets. Enter number k to scroll 
Relay Word row n status k times on screen.


TAR n X Relay Word row n status (n = 1–15) is sent to the serial port/computer screen, but the front-panel LED targets 
remain unchanged.


TIM Show or set time (24-hour time). Show time presently in the relay by entering just TIM. Example time 22:47:36 
is entered with command TIM 22:47:36.


TRI Trigger an event report.


Access Level 2 
Commands


The Access Level 2 commands primarily allow the user to change settings or operate relay 
parameters and output contacts. All Access Level 1 commands can also be executed from 
Access Level 2. The screen prompt is: =>>


CLO Assert the CLOSE Relay Word bit. If CLOSE is assigned to an output contact (e.g., OUT2 = CLOSE), then the 
output contact will assert if command CLO is executed and the circuit breaker is open.


CON n Control Relay Word bit RBn (Remote Bit n; n = 1–8). Execute CON n and the relay responds: CONTROL RBn. 
Then reply with one of the following:


SRB n set Remote Bit n (assert RBn)


CRB n clear Remote Bit n (deassert RBn)


PRB n pulse Remote Bit n [assert RBn for one processing interval (1/8 cycle)].


OPE Assert the TRIP Relay Word bit. If TRIP is assigned to an output contact (e.g., OUT1 = TRIP), then the output 
contact will assert if command OPE is executed.


PAS 1 Change Access Level 1 password.


PAS 2 Change Access Level 2 password.


PUL n k Pulse output contact n (n = OUT1, OUT2, and OUT3). Enter number k to pulse for k seconds [k = 1 to 30 (seconds)], 
otherwise pulse time is 1 second.


SET n Change relay settings (overcurrent, reclosing, timers, etc.).


SET L n Change SELOGIC control equations settings.


SET P m n Change port settings; m = port # (1 = rear, 2 or F = front)


SET R n Change Sequential Events Recorder (SER) settings.


SET T n Change text label settings.


For the SET commands, jump to parameter n to begin setting editing. If parameter n is not entered, setting edit-
ing starts at the first setting.


VER Show relay configuration and firmware version.


Access Level 1 
Command


The Access Level 1 commands primarily allow the user to look at information
(e.g., settings, metering, etc.), not change it. The screen prompt is: =>
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Annual Maintenance Log


Annual preventative maintenance insures operational reliability of the paralleling equipment. The permanent equipment log must contain a record of the work performed and the date, together with comments on the condition of the system and system components. 


Clean the equipment


1. Thoroughly dust and vacuum all controls, meters, circuit breakers, and bus compartments.


2. Wash cabinet surfaces and meter faces using mild detergent and a damp sponge. 


Date


Observations


Actions taken


Inspect the equipment


1. Visually inspect system buswork and supports for carbon tracking, cracks, corrosion, or other signs of deterioration.


2. Check system buswork hardware for loose connections. 


3. Visually inspect all control wiring and power cables for signs of wear and/or deterioration, especially wiring between hinged doors.


4. Check all control wiring and power cables for loose connections. Tighten if necessary.


5. Check system cabinets for loose or missing hardware.


Date


Observations


Actions taken


Perform preventive maintenance


1. Tighten all system buswork and cabinet hardware, as well as all control wiring and power cables.


2. Service or replace station batteries.


3. Verify proper operation of the station battery charger.


Date


Observations


Actions taken


Check operations


1. Energize the power system and enable the operational capability of the gensets.


2. Run a system test (if available) and operate all controls while observing meters and indicator lights.


3. Check the operational capability of all protective circuits and devices while observing meters and indicator lights.


Date


Observations


Actions taken
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Battery and Battery Charger Maintenance Log


The permanent equipment log must contain a record of the checks and the date performed, together with corrective measures taken to maintain the system. In the chart provided, mark each applicable week of the month when the batteries and battery charger are checked.


		Month

		Batteries

		Battery charger



		January

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5



		February

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5



		March

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5



		April

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5



		May

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5



		June

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5



		July

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5



		August

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5



		September

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5



		October

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5



		November

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5



		December

		1

		2

		3

		4

		5

		1

		2

		3

		4

		5
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Genset Maintenance Log


The permanent equipment log must contain a record of the checks and the date performed, together with corrective measures taken to maintain the system. 


		 Genset #

		  Date

		   Time

		Oil Press (PSI)

		Oil


Temp

		Coolant


Temp

		Batt Charge


Rate

		Watts

		Volts

		Amps
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TB6
Genset PT Input
(480V LL Max)


Utility PT Input
(480V LL Max)


TB9Analog IO


TB3


TB1


TB10


TB15


TB2


TB7


Switch IO (TB1)


Switch IO (TB3)


Status Inputs (TB10)


InPower


Switch IO /
DC Power In


J17


Factory Test Connector (J17)


Decimal Point = Off
 System State


06/27/05
Rev B/C


Hardware


Decimal Point = On
 Active Fault Code Flashout


<not used><not used>


Genset
Available


Utility
Available


Common
Alarm


Not In
Automatic


Heartbeat
(blink)


Fail to Sync


Blink = Sync
Solid = Ok
to Close


LED Indicators


<not used>


Fault Code Flashout & Fault Reset


To Turn On/Off Fault Code Flashout:
1. If Decimal point is on, already in fault
code flashout mode.
2. Activate Reset input for >5 sec
3. Active fault codes will be displayed.
4. Activate Reset input momentarily.
5. Fault code flashout turns off.  (Faults
do not get reset.)


To Reset Faults:
1. Make sure not in Fault Code
Flashout Mode. (Decimal point off)
2. Activate Reset input momentarily
(< 5 sec).
3. Faults will be reset.


Code Event Name Response
343 Hardware Failure Warning Warning
353 EEPROM Write Error Warning Warning


1222 Not In Automatic Event Event
1223 Utility Frequency Warning Warning
1224 Genset Overvoltage Warning Warning
1225 Genset Undervoltage Warning Warning
1226 Genset Frequency Warning Warning
1335 AC Metering Out of Range Warning Warning
1456 Synchronizer Output Limit Warning Warning
1457 Fail To Synchronize Warning Warning
1458 Synchronizer Phase Rotation Mismatch Warning Warning
1483 Common Alarm Event Event
1912 Utility Loss of Phase Warning Warning
1913 Genset Loss of Phase Warning Warning
1914 Utility Phase Rotation Warning Warning
1915 Genset Phase Rotation Warning Warning
1916 Synchronized Event Event
2328 Utility Available Event Event
2331 Utility Undervoltage Warning Warning
2358 Utility Overvoltage Warning Warning
2416 Calibration Checksum Warning Warning
2965 Genset Available Event Event


System State LED Output 
Character


Not Available - (center segment)
Synchronizing 6
Sync Check OK 7
Inhibit 8
Manual C
Standby J








 


 


SYNC1320 FEATURE DESCRIPTIONS 
4/10/06 
 
Feature Description 
Master 
Synchronizing 
and Voltage 
Matching 


• synchronizes up to a 12 genset bus to another source 
• output frequency offset range: +/- 1.5Hz minimum, up to +/- 3.0Hz 
• output voltage offset range: +/- 10% 
• controls frequency and voltage via PCC kW and kVAR load share lines 
• performs both phase synchronization and voltage matching 
• selectable phase synchronization (default) or slip frequency synchronization 
• adjustable slip frequency (for slip frequency synchronization method) 
• adjustable frequency and voltage control output ramp rates for minimizing disturbance when sync turned on 
• adjustable control loop gains 
• sync enable input for manual mode or sync only applications 
• synchronizer output limit diagnostic 
• option to lock out synchronizer if fail to sync occurs; re-enabled upon fault reset 


Permissive Sync 
Check 


• continously monitors for permissive sync conditions to be met when sources are considered acceptable 
• includes configurable dead bus logic 
• adjustable frequency window, phase window, voltage window, and window time for permissive check 
• sync check output 
• fail to synchronize diagnostic 
• phase rotation mismatch diagnostic (sync check OK prevented if phase rotations are different) 


On-Board 
Diagnostics 


• individual LEDs for: 
Utility Available 
Genset Available 
Not In Automatic 
Common Warning 
Heartbeat 
Synchronizing 
Synchronized 
Fail To Sync 


• seven segment LED for indication of: 
System State indication of what the control is currently doing 
Fault Code Readout (hold fault reset switch active for >5sec to change to fault code readout mode) 







 


 


Feature Description 
Diagnostics • diagnostics provided:  


Common Alarm Event 
Genset Available Event 
Synchronized Event 
Utility Available Event 
AC Metering Out of Range Warning 
Calibration Checksum Warning 
EEPROM Write Error Warning 
Fail To Synchronize Warning 
Hardware Failure Warning 
Not In Automatic Warning 
Synchronizer Output Limit Warning 
Synchronizer Phase Rotation Mismatch Warning 


• some diagnostics are mapped low side driver outputs 
• active warning codes can be read out on 7segment LED on board 
• warnings are latched until user fault reset 


Engineering 
Setup Tool 


• special application to assist with setup of the SYNC1320 
• user friendly screens 
• help file 


InPower Service 
Tool 


• MON RS485 interface 
• standard InPower folders: Adjustments, Faults, Monitor, Test 
• capture files 
• download new firmware 
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The Cummins Power Generation and Onan® Distributor Network – Ready and Qualified to Serve You 
 


 
Cummins Power Generation and its extensive global 
distributor network deliver innovative power solutions 
and service through out the world.  The distribution 
network extends to over 130 countries and is 
comprised of over 500 local distributorships supporting 
Cummins Power Generation and Onan brands.  
Whether your enquiry pertains to sales, service, 
preventive maintenance, parts, rental power and/or 
warranty support you will find one of the over 4,500 
authorized distributorships and dealerships ready to 
serve your need. 
 
For sales support, our distributors provide information, 
technical data and application assistance. 
 
Give your power generation and control equipment the 
care it deserves by having it maintained and serviced 
by one of our authorized distributors. 
 
Our distributor network is designed with your needs 
and the historic business relationships of your region in 
mind.  In some cases, a combined Cummins Power 
Generation and Onan distributorship provides sales 
and service for Cummins Power Generation and Onan 
branded products.  In other cases, Cummins Power 
Generation only distributors or Onan only distributors 
offer support for their respective brands. 
 
 
Selecting a Distributorship 
 
C/O 
All Cummins Power Generation standby or prime 
power generator sets, transfer switches, paralleling 
switchgear and accessories.  All Onan RV, Marine, 
Portable Generators, Home Standby, Commercial 
Mobile and other consumer products. 
O 
All Onan RV, Marine, Portable Generators, Home 
Standby, Commercial Mobile and other consumer 
products. 
C 
All Cummins Power Generation standby or prime 
power generator sets, transfer switches, paralleling 
switchgear and accessories. 
 
 


 
Cummins Power Generation and Onan distributorships 
shown in this directory are your primary contact for 
sales, parts, service and warranty 
needs. This directory is organized by region.  Each 
distributorship is coded to identify the brand of 
products and services offered.  Use the key to 
determine the nearest distributorship for your sales, 
parts, service and warranty needs.   


 
 


Service Support  
 
We suggest the following steps to obtain the most 
responsive service from your local Distributorship 
concerning service and warranty issues.    
 
1. Check this Sales and Service Directory to identify 


the nearest authorized distributorship.  Each 
distributorship listed in this directory can refer you 
to the nearest authorized dealership, if applicable.   
 


2. Before calling, have the following information 
available: 


a. Equipment model and serial number 
b. Date of purchase 


 
3. Call the Distributorship, provide them with your 


equipment description, explain the problem, and 
make an appointment. 


 
Cummins Power Generation and Onan distributor 
networks are supported via regional corporate offices.  
These regional offices are listed herein.  If you need 
additional assistance or help finding a Cummins Power 
Generation or Onan distributorship or dealership, you 
may contact your nearest regional office for help.  
 
You can also visit our Web sites at 
www.cumminspower.com and onan.com and use the 
respective distributorship and dealership locators to 
find your nearest authorized service location. 
 
In North America, you may also contact your local 
Cummins Power Generation and Onan distributorship 
by dialing 1-800-888-6626. 
 


 
 
 


 



http://www.cumminspower.com

http://www.onan.com





Regional Offices___________________                  Distributorships 
  
 
 
Americas 
 
Cummins Power Generation 
1400 73rd Ave. NE 
Minneapolis, MN  55432 
Tel: (763) 574-5000 
Fax: (763) 574-5298 
 
Brazil 


Cummins Brazil Ltda. 
Rua Jati, 266 
07180-900 Guarulhos 
Sao Paulo 
Tel: (55-11) 64659811 


 
Central America 


Cummins de Centro America 
Ltda 
Torres de Campo #2 Tercer 
Nivel 
Frente al Centro Comercial El 
Pueblo 
Barrio Tournon 
Aptdo Postal 142-2120 
San Jose Costa Rica 
Tel: (506) 258-2461 
258-2108 
Fax: (506) 258-1871 


 
Latin America  


Cummins Power Generation 
3088 N Commerce Pkwy 
Miramar Florida USA 33025 
Tel: (954) 431-5511 
Fax: (954) 433-5830 


 
Mexico 


Cummins S de RL de CV 
EJE 122 No. 200 Manzana 40 
Zona Industrial A.P. F-1292 
San Luis Potosi CP 78090 
Tel: (52-444) 826-6700 
Fax: (52-444) 826-0082 
01800 48 01 800 
www.cummins.com 
 


United States/Canada 
Cummins Power Generation 
1400 73rd Ave NE 
Minneapolis MN USA 55432 
Tel: (763) 574-5000 
Fax: (763) 574-5298 
 
 


Asia Pacific 
 


Cummins Diesel Sales Corp 
8 Tanjong Penjuru 
Singapore 609019 
Tel.: (65) 6265-0155 
Fax: (65) 6266-0432 
mktg.sing@cummins.com 
 
 
East Asia 


Cummins Corp Beijing Branch 
No. 8 Wanyuan Street 
Beijing Economics & 
Technology 
Development Zone,  
Beijing 100176 
Tel:  (86-10) 6788-2258 
Fax: (86-10) 6788-2885 
eastasia.cumminspower@cu
mmins.com 
 
 


 
 
 
 


Japan 
Cummins Japan Ltd 
Barque Shibaura Bldg 8Fl 
3-26-1 Kaigan 
Minato-Ku 
Tokyo 108-0022  
Tel: (81-3) 5441-5581 
Fax: (81-3) 5441-5590/5591 
ken.hanawa@cummins.com 
 


Korea 
Cummins Korea Ltd. 
2nd Floor Choyang Building 
113 Samsung-Dong 
Kangnam-Ku 
Seoul 135-090 
Tel: (82-2) 3452-4313 
Fax: (82-2) 3452-4113 
cummins.co.kr 
 


Southeast Asia (Singapore) 
Cummins Diesel Sales Corp 
8 Tanjong Penjuru 
Singapore 609019 
Tel.: (65) 6265-0155 
Fax: (65) 6266-0432 
mktg.sing@cummins.com 
 


South Pacific (Australia) 
Cummins Australia 
2 Carribean Drive 
Scoresby 
Victoria 3179 
Tel: (61-3) 97653222 
Fax: (61-3) 9763 0079 
cpgaust.sales@cummins.com 


 
 
Europe/Mid-East/Africa 
 


Cummins Power Generation Ltd. 
Manston Park 
Columbus Avenue 
Ramsgate Kent  
England CT12 5BF 
Tel: (44-1843) 255000 
Fax: (44-1843) 255900 
 
Onan International Limited 
Unit 44 Guash Way 
Stamford Lincolnshire 
England PE9 1XP 
Tel: (44-1780) 481666 
Fax: (44-1780) 481888 
 


 
India 
 
Cummins India, Ltd. 
35/A ½ Erandawais 
Kothrus Pune  411 038 
Tel: (91-020) 402-7525 
Fax: (91-020) 402-8090 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
Africa 
 
Angola 
C Hull Blyth (Angola) Ltd 


Av 4 de Fevereiro 
CP1214 Luanda 
Tel: (244) 233 7184/1817 
Fax: (244) 233 5602 
w.badenhorst@hbangola2. 
ebonet.net 
 


Burkina Faso 
C Working thru SCOA Inter 


Immeuble Marie Josephe 
Rue de Lattre de Tassigny 
78990 Elancourt, France 
Tel: (33) 1 30688268 
Fax: (33) 1 30688269 
 


Burundi (Congo, Guinea, 
Guinea Bassau, Mali, 
Mauritania, Rwanda, Zaire) 


C BIA S.A./N.V. 
Ramcistraat 123 
B3090 Overijse, Belgium 
Tel: (32) 2 6892811 
Fax: (32) 2 6892829 
serge.galwic@bia.be 
 


Congo (see Burundi) 
 
Ethiopia 
C Equatorial Business (EBG) 


PO Box 8964 
Addis Ababa 
Tel: (251) 150 4608 
Fax: (251) 150 4619 
ebgroup@telecom.net.et 
 


Guinea (Burundi) 
C BIA S.A./N.V. 


Ramcistraat 123 
B3090 Overijse, Belgium 
Tel: (32) 2 6892811 
Fax: (32) 2 6892829 
info@bia.be 
 


Kenya 
C Car & General (Kenya) Ltd. 


New Cargen House 
Lusaka Rd PO Box 20001 
Nairobi 
Tel: (254) 2 540860,553065 
Fax: (254) 2 545761 
grayson@net2000ke.com 
 


Madagascar 
C Cummins Diesel Sales & Service 


13 Eastern Service Rd 
Wendywood 2144 
Kelvinview 2054 
Tel: (27-11) 321-8721/8700 
Fax: (27-11) 444 1899 
davew@cumdisa.co.za 
 


 
Malawi 
C/O Cummins Diesel Sales & Service 


13 Eastern Service Rd 
Wendywood 2144 
Kelvinview 2054 
Tel: (27-11) 321-8721/8700 
Fax: (27-11) 444 1899 
davew@cumdisa.co.za 
 


Mali (see Burundi) 







Malta 
C International Machinery 


Regency House 
254 Republic Street 
Valletta 
Tel: (356) 232620 
Fax: (356) 235484 
medpower@digigate.net 
 


O Yacht Services Ltd 
165 Ta Xbiex, Sea Front Ld 
Gizra 
Tel: (356) 334951 
Fax: (356) 345685 


 
Mauritania (see Burundi) 
 
Mauritius 
C/O Cummins Diesel Sales & 


Service 
13 Eastern Service Road 
Wendywood 2144 
Kelvinview 2054 
Tel: (27-11) 321-8721/8700 
Fax: (27-11) 444 1899 
davew@cumdisa.co.za 
 


Morocco 
C Soberma SA 


Groupe Auto-Hall 
64 Av Lalla Yacout 
20000 Casablanca 
Tel: (212) 22 666640/41/42/43 
Fax: (212) 22666645 
dr.soberma@wanadoo.net.ma 
 


Nigeria 
C SCOA Power 


37 Creek Road  
Apapa, Lagos 
Tel: (234) 1 5872769 
(234) 1 5876454 
Fax: (234) 1 5450646 
scoatrac@scoaplc.com 
 


C SCOA Inter  
Immeuble Marie Josephe 
Rue du Marchal de Lattre  
de Tassigny 
78990 Elancourt France 
Tel: (33) 1 30688268 
Fax: (33) 1 30688263 
gilles.scoaint@wanadoo.fr 
 


Rwanda (see Burundi) 
 
Senegal (Gambia) 
C Matforce 


10 Ave Faidherbe BP 397 
Dakar  
Tel: (221) 8399 500 
Fax: (221) 8399 550/531 
smamadou@sonatel.senet. 
net, mdiop@matforce.com 
 


South Africa (Botswana) 
C/O Cummins Diesel Sales & 


Service 
13 Eastern Service Rd 
Wendywood 2144 
Kelvinview 2054 
Tel: (27-11) 321-8721/8700 
Fax: (27-11) 444 1899 
davew@cumdisa.co.za 
 


Togo (Benin) 
C Togomat 


Zona Portuaire 
BP 1641 Zn Industrielle  
CNPPME Lome 
Tel: (228) 227 2395 
Fax: (228) 227 0310 
togomat@netcom.com.tg 
 


Tunisia 
C Dalmas et Cie 


1 Rue Laroussi Haddad 
Megrine Riadh 
Tel: (216) 1 49 5599 
Fax: (216) 1 39 0072 
 


Zaire (see Burundi) 
 
Zimbabwe 
C/O Cummins Diesel Sales & 


Service 
13 Eastern Service Road 
Wendywood 2144 
Kelvinview 2054 
Tel: (27-11) 321-8721/8700 
Fax: (27-11) 444 1899 
davew@cumdisa.co.za 
 


For all other African countries: 
Cummins Power Gen enquiries 
contact Europe/MiddleEast/Africa 
Regional Office (Cummins Power 
Generation, Ltd.) 
 
Onan (RV, Marine, Portable, 
Commerical Mobile, & Home 
Standby Generators) enquires 
contact Onan International Ltd. 
 
 
Asia 


Bangladesh 
C Diesel Power Services Ltd 


47/4 Toyenbee Circular Rd 
Dhaka 1000 
Tel: (880-2) 966- 
6750, 966-6751 
Fax: (880-2) 956-3123 
dpsl@bangla.net 
 


Cambodia  
C Scott & English (Cambodia) Ltd 


20A EO/E1 Russian Blvd 
Phnom Penh 
Kingdom of Cambodia 
Tel: (855-23) 723741 
Fax: (855-23) 723741 
 


China 
C Cummins Corp Beijing Branch 


(CCBJ) 
901 China World Trade Ctr 
No 1 Jian Guo Men Wai St 
Beijing 100004 
Tel: (86-10) 6505-0055  
Fax: (86-10) 6505-0657 
 


C Cummins Engine (Beijing) Co 
Ltd (CEBJ) 
No 8 Wanyuan Street 
Beijing 100076 
Tel: (86-10) 6788-2258  
Fax: (86-10) 6788-2285 
 


O Tritex Equipment Ltd 
Shanghai Liaison Office 
Room 802/806, 8th Floor Pacific 
Centre 
889 Yan An Road (West) 
Shanghai 200050 P.R.C. 
Tel: (86-21) 5240-638 
/639/091/092/616 
Fax: (86-21) 5240-2153 
info@tripower.com.sg 
 


Guam 
C/O Mid-Pac Far East 


825 Tiyan Parkway 
Barrigada Guam 96931 
Tel: (671) 632-5160 
Fax: (671) 632-5167 
 


Hong Kong 
C Cummins Engine (HK) Ltd 


2/F Unison Industrial Centre 
27-31 Au Pui Wan Street 
Fo Tan, Shatin, N.T. 
Hong Kong Special 
Administrative Region, PRC 
Tel: (852) 2606-5678 
Fax: (852) 2691 1641 
cumminshk@hongkong.com 
 


C Yip Shing Engineering 
No 1 Fuk Hang Street 
Yuen Long NT 
Tel: (852) 2479-9386 
Fax: (852) 2477-8180 
 


O Tritex Equipment (HK) Ltd 
Unit A 7F World Tech Ctr 
95 How Ming St Kwun Tong 
Kowloon 
Tel: (852) 2341 3329 
Fax: (852) 2343 1830 
tritex@pacific.net.hk 
 


Indonesia 
C/O PT Altrak 1978 


JI RSC Veteran No 4 
Bintaro Rempoa,  
Jakarta 12330 
Tel: (62-21) 7361978 
Fax: (62-21) 7361977 
/7363302 
altrak78@centrin.net.id 
 


Japan 
Cummins Japan Ltd. 
Barque Shibaura Bldg 8Fl 
3-26-1 Kaigan 
Minato-Ku 
Tokyo 108-0022  
Tel: (81-3) 5441-5581 
Fax: (81-3) 5441-5590/5591 
ken.hanawa@cummins.com 
 


Korea 
C/O Cummins Diesel Sales & 


Service Ltd. (Korea) 
354-4 Chonheung-ri 
Songgo-eup, Chonan-city 
Choongnam-do 330-836 
Tel: (82-41) 621-9140-3 
Fax: (82-41) 621-9121-2 
cummins.co.kr 
 


Laos 
C/O Diethelm & Co Ltd 


That Khao Vlg Thadeua Rd 
Sisattanak District 
Vientiane 
Tel: (856-21) 218885, 218211 
Fax: (856-21) 213423 
acdcl@laotel.com 
 


Macau (handled from China) 
C/O Cummins Investment Co. Ltd. 


Suite 917, China World Tower 
No. 1 Jian Guo Men Wai 
Beijing 100004 PRC 
Tel: (86-10) 6505-1658 
Fax: (86-10) 6505-4211 
ceci@public.bta.net.cn 
 


Malaysia 
C/O Scott & English (M) Sdn Bhd 


No 12 Jalan U1/15 Seksyen U1  
Hicom Glenmarie Ind Pk 
40150 Shah Alam 
Selangor Darul Ehsan 
Tel: (60-3) 705-1111 
Fax: (60-3) 703-5122 
 


Myanmar 
C/O Myanmar Scott & English Co Ltd 


No 101-C Dhama Zedi St 
Kamayut Township 
Yangon 
Tel: (95-1) 538-236 
Fax: (95-1) 700-413 
msne@mptmail.net.mm 
 


Philippines 
C/O Cummins Sales & Service 


Philippines Inc 
Lots 1&2 Blk 15 LIIP Avenue 
Laguna Intl Industrial Pk 
Mamplasan Binan Laguna 4024, 
Philippines 
Tel: (63-2) 843-0630 
Fax: (63-2) 843-0703 
csspi@cummins.com 
 


Saipan 
O Mid-Pac Micronesia 


PO Box 504640 
Middle Road Garapan 
Saipan MP 96950-4640 
Tel: (670) 234-0475 
Fax: (670) 234-0476 
 


Singapore 
C Cummins Engine (Singapore) 


Pte Ltd. 
8 Tanjong Penjuru 
Singapore 609019 
Tel: (65) 6261-3555 
Fax: (65) 6261-2405 
cspl.sing@cummins.com 
 


O Tritex Equipment (Pte) Ltd 
No 3 Tuas Avenue 18A 
Singapore 638852  
Tel: (65) 6861-1188 
Fax: (65) 6861-4263 
tritex@pacific.net.sg 
sales@tritex.com.sg 
 


Sri Lanka 
C/O Trade Promoters Ltd 


272/25 Sudharshana 
Mawatha, Malabe 
Sri Lanka 
Tel:(94-11) 2413002/3132 
Fax: (94-75) 550034 
rohan@etpl.lk 
 


Taiwan 
C Cummins Taiwan Pte Ltd 


49, Ting Hu Road 
Kuei Shan Hsiang 
4th Industrial Park 
Taoyuan County 
Taipei R.O.C. 
Tel: (886-3) 211-5160 
Fax: (886-3) 211-4158 
 


C/O Solomon Tech Corp 
No 42 Sing Zhong Rd 
Nei Hu District 
Taipei 114 
Tel: (886-2) 8791-8989 
Fax: (886-2) 8791-9446/9739 
 


O Tritex Equipment Pte Ltd 
Taiwan Branch 
No 31 Hai-Pien Road 
25th Floor Unit 5, 
Taiwan Leaders Tower 
Kaohsiung 802 R.O.C. 
Tel: (886-7) 332-9388 
/331-7596 
Fax: (886-7) 333-9788 
sales@tritex.com.tw 
tritex@ms74.hinet.net 
 







Thailand 
C/O Diethelm & Co Ltd 


1696 New Petchburi Road 
Bangkok 10310 
Tel: (66-2) 254-4900 
/454-2173 
Fax: (66-2) 652-9417/8/9 
253-5560 
dcleng@eng.diethelm.co.th 
 


Vietnam 
C/O Diethelm & Co Ltd 


94, Tran Quoc Toan St. 
Hoan Kiem District 
Hanoi 
Tel: (84-4) 9424-725 
Fax: (84-4) 9424-730 
info@eng-diethelmvn.com 
 


C/O Diethelm & Co Ltd  
189 Dien Bien Phu St  
Ward 15 Binh Thanh Dist 
Ho Chi Minh City 
Tel: (84-8) 5121-334 
Fax: (84-8) 5121-335 
info@eng-diethelmvn.com 


 
 
Australia 
 
New South Wales 
C Cummins 


50 Riverside Rd 
Chipping Norton NSW 2170 
Tel: (61-2) 9724-6100 
Fax: (61-2) 975-1625 
 


C Cummins 
21 Galleghan Street 
Hexham NSW 2322 
Tel: (61-2) 4964-8466 
Fax: (61-2) 4964-8616 
 


C Cummins 
29 Brady Way  


 PO Box 775 
Leeton NSW 2705 
Tel: (61-2) 6953-3077 
Fax: (61-2) 6953-3109 
 


C Cummins 
Thomas Mitchell Drive 
Muswellbrook NSW 2333 
Tel: (61-2) 6541-0611 
Fax: (61-2) 6541-0599 
 


C Cummins 
15-27 Bayldon Rd  


 PO Box 527 
Queanbeyan NSW 2620 
Tel: (61-2) 6297-3433 
Fax: (61-2) 6297-6709 
 


C Cummins 
7 Andrews Rd 


 PO Box 693 
Penrith NSW 2750 
Tel: (61-2) 4729-1313 
Fax: (61-2) 4729-1329 
 


C Cummins 
18-20 Induna St PO Bx 18 
South Grafton NSW 2460 
Tel: (61-2) 6641-1000 
Fax: (61-2) 6641-1099 
 


C Cummins 
Lot 65 Gunnedah Rd 
PO Box 677 
Tamworth NSW 2340 
Tel: (61-2) 6765-5455 
Fax: (61-2) 6765-5443 
 


C/O Cummins 
492-494 Victoria St. 
Private Bag 150 
Wetherill Park NSW 2164 
Tel: (61-2) 9616-5300 
Fax: (61-2) 9616-5399 
 


O Viking Diesel & Electrics Pty Ltd 
Unit 3/6 Toronga Place 
Mona Vale NSW 2103 
Tel: (61-2) 9997-4433 
Fax: (61-2) 9997-4161 
 


Northern Territory 
C/O Cummins 


Lot 1758 Graffin Cres 
PO Box 37587 
Winnellie NT 820 
Tel: (61-8) 8947-0766 
Fax: (61-8) 8984-4569 
 


Queensland 
C/O Cummins 


10 Liberty St  
 PO Box 7189 


Clairns QLD 4870 
Tel: (61-7) 4035-2999 
Fax: (61-7) 4035-2909 
 


C/O Cummins 
33 Kimberley St,Darra 4076 
PO Box 196  
Richlands QLD 4077 
Tel: (61-7) 3375-3277 
Fax: (61-7) 3375-3520 
 


C Cummins 
23 Old Sheepyard Place  
PO Box 668 
Emerald QLD 4720 
Tel: (61-7) 4982-4022 
Fax: (61-7) 4982-4159 
 


C/O Cummins Marine 
245 Brisbane Rd 
655 Pine Ridge Rd 
Biggera Waters QLD 4216 
Tel: (61-7) 5500-9060 
Fax: (61-7) 5500-9070 
 


C/O Cummins 
4 Presto Avenue 


 PO Box 842 
Mackay QLD 4740 
Tel: (61-7) 4955-1222 
Fax: (61-7) 4955-3917 
 


C/O Cummins 
704-710 Ingham Rd 
PO Box 7339 
Garbutt Bus Ctr 4814 


 Townsville QLD 4810 
Tel: (61-7) 4774-7733 
Fax: (61-7) 4774-7640 
 


South Australia 
C Cummins 


2 Avey Rd  
 PO Box 2219 


Mount Gambier SA 5290 
Tel: (61-8) 8725-6422 
Fax: (61-8) 8724-9764 
 


C Cummins Power Generation 
PO Box 2147 
Regency Park SA 5010 
Tel: (61-8) 8346-3832 
Fax: (61-8) 8340-3448 
 


C/O Cummins  
20 Aruma St  


 PO Box 2421 
Regency Park SA 5010 
Tel: (61-8) 8340-7225 
Fax: (61-8) 8340-7236 
 


C/O Cummins 
50-52 Diagonal Rd  
Pooraka SA 5095 
PO Box 108 
Enfield Plaza SA 5085 
Tel: (61-8) 8368-4300 
Fax: (61-8) 8260-3055 
 


O Quin Marine 
77-89 Vincent St 
Port Adelaide SA 5015 
Tel: (61-8) 8447-1277 
Fax: (61-8) 8341-0567 
 


Tasmania 
C/O Cummins 


2 Mathews Way  
 PO Box 72E 


E Devonport TAS 7310 
Tel: (61-3) 6424-8800 
Fax: (61-3) 6424-2200 
 


Victoria 
C Cummins 


1788-1800 Hume Hwy  
Campbellfield VIC 3061 


C/O Private Bag 9 
Somerton VIC 3062 
Tel: (61-3) 9357-9200 
Fax: (61-3) 9357-9916 
 


C Cummins 
46 Greens Road 
Dandenong VIC 3175 
Tel: (61-3) 9706-8088 
Fax: (61-3) 9706-8016 
 


C/O Cummins 
191-195 Boundary Rd 
Laverton No VIC 3026 
Locked Bag 1 


 Laverton 3028 
Tel: (61-3) 9360-0800 
Fax: (61-3) 9360-0438 
 


O Bell & Orders Pty Ltd 
36 Dougharty Rd 
Heidelberg Hgts VIC 3081 
PO Box 424 
Heidelberg VIC 3084 
Tel: (61-3) 9450-9111 
Fax: (61-3) 9450-9112 
 


Western Australia 
C Cummins 


11 Dryanda Ct 
Picton WA 6229 


C/O PO Box 1751 
Bunbury WA 6230 
Tel: (61-8) 9725-6777 
Fax: (61-8) 9725-6444 
 


O Cully’s Marine Technologies 
4 King William St 
Fremantle WA 6162 
Tel: (61-8) 9430-5181 
Fax: (61-8) 9430-7934 
 


C Cummins 
16 Atbara St  


 PO Box 706 
Kalgoorlie WA 6430 
Tel: (61-8) 9021-2588 
Fax: (61-8) 9021-7878 
 


O RMS Engines 
11 Forsyth St 
O’Connor WA 6163 
Tel: (61-8) 9314-6788 
Fax: (61-8) 9331-3960 


 
C/O Cummins 


443 Horrie Miller Drive 
Perth Airport, WA 6105 
PO Box 52 
Welshpool, WA 6106 
Tel: (61-8) 9475-8777 
Fax: (61-8) 9475-8666 


Canada 


Alberta 
C/O Cummins Western Canada 


4887 35th Street SE 
Calgary AB  
T2B 3H6 
Tel: (403) 569-1122 
Fax: (403) 569-0027 
 


C/O Cummins Western Canada 
11751 – 181 Street 
Edmonton AB  
T5S 2K5 
Tel: (780) 455-2151 
Fax: (780) 454-9512 
 


C/O Cummins Western Canada 
340 MacKenzie Blvd 
Fort McMurray AB 
T9H 4C4 
Tel: (780) 791-6836 
Fax: (780) 791-1434 
 


C/O Cummins Western Canada 
122 Hampshire Road 
Hinton AB 
T7V 1G8 
Tel: (780) 865-5111 
Fax: (780) 780-865-5714 
 


C/O Cummins Western Canada 
4005 – 14th Avenue N 
Lethbridge AB  
T1H 6P6 
Tel: (403) 329-6144 
Fax: (403) 320-5383 
 


British Columbia 
C/O Cummins Western Canada 


976 Laval Crescent 
Kamloops BC  
V2C 5P5 
Tel: (250) 828-2388 
Fax: (250) 828-6713 
 


C/O Cummins Western Canada 
171 Skinner St 
Prince George BC  
V2M 6E9 
Tel: (250) 564-9111 
Fax: (250) 564-5853 
 


C/O Cummins Western Canada 
18452 – 96 Ave 
Surrey (Vancouver) BC  
V4N 3P8 
Tel: (604) 882-5000 
Fax: (604) 882-5080 
 


C/O Cummins Western Canada 
731 Douglas Fir Road 
Sparwood BC  
V0B 2G0 
Tel: (250) 425-0522 
Fax: (250) 425-0323 
 


Manitoba 
C/O Cummins Western Canada 


489 Oak Point Rd 
Winnipeg MB  
R3C 3R1 
Tel: (204) 632-5470 
Fax: (204) 697-0267 
 


New Brunswick 
C/O Cummins Eastern Canada 


321 Doak Road 
Fredericton NB  
E3B 5C8 
Tel: (506) 451-1929 
Fax: (506) 451-1921 
 







Newfoundland 
C/O Cummins Eastern Canada 


122 Clyde Ave 
Mount Pearl NF  
A1N 4S3 
Tel: (709) 747-0176 
Fax: (709) 747-2283 
 


Northwest Territories 
C/O Cummins Western Canada 


11751 – 181 Street 
Edmonton AB  
T5S 2K5 
Tel: (780) 455-2151 
Fax: (780) 454-9512 
 


Nova Scotia 
C/O Cummins Eastern Canada 


50 Simmonds Dr 
Dartmouth NS  
B3B 1R3 
Tel: (902) 468-7938 
Fax: (902) 468-5177 
 


Ontario 
C/O Cummins Eastern Canada 


Highway 17 East 
Kenora ON  
P9X 3X1 
Tel: (807) 548-1941 
Fax: (807) 548-8302 
 


C/O Cummins Eastern Canada 
7175 Pacific Circle 
Mississauga (Toronto) ON 
L5T 2A5 
Tel: (905) 795-0050 
Fax: (905) 795-0080 
 


C/O Cummins Eastern Canada 
3189 Swansea Crescent 
Ottawa ON  
K1H 3W5 
Tel: (613) 736-1146 
Fax: (613) 736-1202 
 


C/O Cummins Eastern Canada 
1400 W Walsh Street 
Thunder Bay ON  
P7E 4X4 
Tel: (807) 577-7561 
Fax: (807) 577-1727 
 


Prince Edward Island  
C/O Cummins Eastern Canada 


2121 Highway 152 
Mount Rose, PEI  
C0B 1B0 
Tel: (902) 853-2442 
Fax: (902) 853-3282 
 


Quebec 
C/O Cummins Eastern Canada 


580 Lepine 
Dorval (Montreal) QC  
H9P 1G2 
Tel: (514) 631-5000 
Fax: (514) 631-0104 
 


C/O Cummins Eastern Canada 
2400 Watt Street 
Ste-Foy QC  
G1P 3T3 
Tel: (418) 651-2911 
Fax: (418) 651-0965 
 


C/O Cummins Eastern Canada 
1025 Rue De L-Echo 
Val d’ Or QC 
J9P 6P6 
Tel: (819) 825-0993 
Fax: (819) 825-8488 
 


Saskatchewan 
C/O Cummins Western Canada 


3709 – 44th Street 
Lloydminster SK  
S9V 0Y9 
Tel: (306) 825-2062 
Fax: (306) 825-6702 
 


C/O Cummins Western Canada 
110 Kress Street 
Regina SK  
S4P 2Z5 
Tel: (306) 721-9710 
Fax: (306) 721-2962 
 


C/O Cummins Western Canada 
3001 Faithful Avenue 
Saskatoon SK  
S7K 4R4 
Tel: (306) 933-4022 
Fax: (306) 242-1722 


 
 
Caribbean 


Aruba 
O Umes NV  


Sisalstraat #9 
Oranjestad 
Tel: (297) 9933339/7424122 
Fax: (297)-833730 
umes@setarnet.aw 
 


Bahamas 
C International Energy Co Ltd 


#5 Silver Palm Blvd  
Nassau 
Tel: (242) 324-0464 
Fax: (242) 323-3389 
324-0464 
iec@coralwave.com 
 


Barbados, WI 
O D M Simpson 


PO Box 234 
Bridgetown, WI 
Tel: (246) 426-7130 
Fax: (246) 429-5575 
dms@caribsurf.com 
 


Curacao/Bonaire  
O Tiger Equipment & Services 


PO Box 3951 
Heintje Kool Z/N 
Curacao Neth Antilles 
Tel: (599-9) 869-5966 
Fax: (599-9) 869-5965 
tigereq@cura.net 
 


Dominican Republic 
C/O Argico C Por A 


Calle Jose A Soler #3 
Esq Lope de Vega 
Santo Domingo 
Tel: (809) 562-6281 
Fax: (809) 562-4233,549-5455 
argico@codetel.net.do 
 


C/O Tecnicaribe SA 
Av Maximo Gomez No 67 
Santo Domingo 
Tel: (809) 565-8024 
565-3151 
Fax: (809) 567-1876 
227-1790 
tecnicaribe@codetel.net.do 
 


Haiti 
O Societe Generale De 


Distribution SA (SOGED) 
PO Box 73 
4 Route de Mais Gate 
Port–Au–Prince 
Tel: (509) 250-1550/1660 
Fax: (509) 250-1640/1647 
 


Jamaica 
O Appliance Traders Ltd 


35 Half Way Tree Rd 
PO Box 308 
Kingston 5 
Tel: (876) 926-3370/5 
Fax: (876) 926-2090 
960-8439 
ekhoury.atl@cwjamaica.com 
 


Puerto Rico 
C/O Cummins de Puerto Rico 


Calle #1 G 1 
Urb. Industrial ING 
Barrio Palma 
Catano 
Tel: (787) 275-2000 
Fax: (787) 275-2030 
cummins@cummins-pr.com 
 


O West India Mach & Supply  
Marginal Miramar Sur 
Santurce (San Juan) 00908 
Tel: (787) 721–7640 
Fax: (787) 721–6192 
raygarffer@wimsco.net 
 


St. Croix USVI 
O Quality Electric Supply Inc 


6703 Peter’s Rest 
Christiansted USVI 00821 
Tel: (340) 773-4630 
Fax: (340) 778-7653 
kbauknight@compuserve.com 
 


St. Maarten 
O Electec N V 


#25A Waterfront Rd 
Cole Bay Neth. Antilles 
PO Box 929 Philipsburg 
Te.: (5995) 442051, 444512 
Fax: (5995) 443641 
electec@sintmaarten.net 
 


St. Thomas/Tortola BVI 
O BVI Marine Management Inc 


4003 Raphune Hill Ste 501 
St Thomas USVI 00802 
 
Nanny Cay Marine 
PO Box 3074 Road Town 
Tortola BVI 
Tel: (284) 494-2938 
Fax: (284) 494-5006 
rescuer1@candwbvi.net 
 


Trinidad & Tobago 
C/O Caribbean Power Solutions Ltd. 


#85-87 Old Southern Main Rd. 
McBean Village 
Couva, Point Lisas, WI 
Tel: (868) 679-0500 
Fax: (868) 636-2861 
dr.dindial@sympatico.ca 


 
 
Central America 


Belize 
O Bowman Electric Co Ltd 


4 North Park St,  
Belize City 
Tel: (501) 230343 
Fax: (501) 230744 
tbowman@btl.net 
 


Costa Rica 
O Distribuidora Larce SA 


Radial Zapote  
150 E de Plaza Viquez 
Apartado 296-1000 
San Jose 
Tel: (506) 221-1100 
Fax: (506) 255-2162 
dilarce@sol.racsa.co.cr 
 


El Salvador 
C/O Maquinaria Salvadorena SA de 


CV. 
Blvd del Ejercito Nacional 
y 54 Ave. Nrte 
Edificio MAQSA 
San Salvador 
Tel: (503) 293-1666 
Fax: (503) 293-1656 
maqsa@maqsa.com.sv 
 


Guatemala 
C/O Maquinaria y Equipos SA 


Km 12 Carretera Amatitlan Zona 
12 
Apartado Postal 2304 
019001 Guatemala City 
Tel: (502) 479-0866/477-
2748/49/50 
Fax: (502) 477-3929, 479-0859 
maquipos@intelnett.com 
 


Honduras 
C/O Comercial Laeisz Honduras SA 


Blvd Enrique Weddle 
frente interseccion  
Guasaule-San Marcos de Colon 
Choluteca, Choluteca 
Tel: (504) 882-0810/0811 
Fax: (504) 882-4254 
clh-cholu@laeisz.hn 
 


C/O Comercial Laeisz Honduras SA 
Blvd Del Sur Apt 647 
San Pedro Sula  
Cortes 
Tel: (504) 556-6070 
Fax: (504) 556-5762 
clhsucsps@laeisz.hn 
 


C/O Comercial Laeisz Honduras SA 
Desvio Col La Pradera Blvd 
Toncontin Apt 1022 
Tegucigalpa 
Tel: (504) 233-5615, 234-7072 
Fax: (504) 233-9531 
clh-teg@laeisz.hn 
 


C/O Comercial Laeisz Honduras 
Km 16 Carr A Tegucigalpa Dos 
Caminos 
Villanueva Cortes 
Tel: (504) 670-5200 
Fax: (504) 670-4393 
clh-vnva@laeisz.hn 
 


Nicaragua 
C/O F Alf Pellas & Co 


6a Calle N.O. 30 y 31 Avs 
Managua 
Tel: (505) 2661010/0943/ 
5710/2244 
Fax: (505) 2664140, 2682238 
dchamorro@casapellas.com.ni 
 


Panama 
C/O Grupo Tiesa S.A. 


Via Transistmica-Milla 8  
Frente a Bacardi 
Apdo 55-0549,  
Paitilla 
Tel: (507) 231-0266 
Fax: (507) 231-2535 
tiesa@sinfo.net 
 







Europe 
Austria 
C Cummins Diesel 


Motorenvertiriebsgesell  
Tronnor  
Bickferostrasse 2S 
A-7201 Neuooerfl 
Tel: (43) 262277418 
Fax: (43) 2622774184 
 


Belgium 
C Cummins Belgium 


Egide Walschaerlesstraate 
2 Industripark Zuid 
2800 Mechelen 
Tel: (32) 154 79152 
Fax: (32) 152 75696 
guidotaymans@bettertechnolog
y.com 
 


C Dutry Power N.V. 
Brugsesteenweg 512 
B-8800 Roeselare 
Tel: (32) 51 200088 
Fax: (32) 51 242669 
dutrypower@planetinternet.be 
 


Bosnia 
C NGH 


Mahmuta Busatlije Br 9 
75000 Tuzla 
Bosnia Herzegovina 
Tel: (387) 35 250521 
Fax: (387) 35 250521 
nghtuzla@bih.net.ba 
 


Bulgaria 
C IPO 


85 Slivnitza Blvd 
1309 Sofia 
Tel: (359) 2 9200027 
Fax: (359) 2 9201632 
ivan.geo97@bgnet.bg 
 


Croatia 
C/O APB Diesel doo Split 


Hektoroviceva 28 
21210 Solin-Hrvatska 
Tel: (385) 21 213510 
Fax: (385) 21 244105 
abp-diesel@st.tel.hr 
 


Czech Republic 
C EuroSystems A.S. 


Palackenho 946 
415 01 Teplice 
Tel: (420) 417537689 
Fax: (420) 417537689 
eurosys@terminal.cz 
 


Denmark 
C Cummins Diesel Sales & 


Service A/S 
Hovedvejen 233B 
Osted 
4000 Roskilde 
Tel: 00 45 46 423550 
Fax: 00 45 46 423050 
allan.carlson@lcdieselpower.dk 
 


O Elano Odense A/S 
Holkebjergvej 67 DK5250 
Odense 
Tel: (45 66) 175253 
Fax: (45 66) 170153 


 
Eire 
C Cummins Engine Co. Ltd.  


Unit 5 
Hibernian Insurance Ind. Est. 
Greenhills Road 
Tallaght 
Dublin 24 
Tel: 00 353 14527111 
Fax: 00 353 14527238 
 


 
Estonia 
C Tallmac 


44/46 Mustamae Rd 
EE-0006 Tallinn 
Tel: (372) 656 2999 
Fax: (372) 656 2855 
aleksei.blum@tallman.ee 
 


Finland 
C Machinery Oy 


Vantaa Ansatie 5 PO 560 
01741 Vantaa 
Tel: (358) 9 895 52215 
Fax: (358) 985 53315 
arto.rautianinen@machinery.fi 


 
France 
C/O Cummins Diesel SA 


39 Rue de Ampere 
Zone Industrielle Post Bx 190 
69680 Chassieu Cedex 
Lyon 
Tel: (33) 1 3 7222 9272 
Fax: (33) 4 7890 1956 
p.baurain@cumminsdiesel.fr 
 


Germany 
C Cummins Power Generation 


Deutschland  
Odenwaldstrasse 23 
D-64521 Gross Gerau 
Tel: (49) 6152 174129 
Fax: (49) 6152 174141 
 


O Sim Deutschland GmbH 
Voisweg 4 – 40878 Ratingen 
Postfach 101711 
Ratingen 40837 
Tel: (49-2102) 871417 
Fax: (49-2102) 849729 
 


Greece 
C Ergotrak 


14 KM Natl Road 
GR-145 64 Kifissia 
Athens-Lamia 
Tel: (30) 1 06293400 
Fax: (30) 1 06201845 
m.tsichlas@ergotrak.gr 
 


O Eneq Ltd 
49 Geroulanou St 
17455 Alimos 
Tel: (32-10 ) 9886621 
Fax: (32-10) 9885829 
savvasonan@tee.gr 
 


Holland 
C Marix Marine & Industrial Power 


Systems b.v. 
Ketelweg 24D 
3356 LE Papendrecht 
Tel: (31) 78 644 2555 
Fax: (31) 78 644 2550 
roel.groenewold@marix.nl 


 
O Sim Holland, B.V. 


Ketelweg 26b, 3356 LE 
PO Box 1203, 3350 CE 
Papendrecht 
Tel: (31-78) 6418000 
Fax: (31-78) 6418080 
info@sim-holland.nl 
 


Hungary 
C CAD Server 


Korong U 13 
H1145 Budapest 
Tel: (361) 252 6086 
Fax: (361) 220 9814 
cadserver@matavnet.hu 
 


Iceland 
C Velasalan HF 


PO Bx 506 Ananaustumium 
121 Reykjavik 
Tel: (354) 5805300 
Fax: (354) 5805301 
kristjan@velasalan.is 
 


Ireland 
C/O Cummins Engine Co Ltd 


Unit 5 Hibernian Ins Ind Est 
Greenhills Rds Tallaght 
Dublin 24 
Tel: (353) 1 4527111 
Fax: (353) 1 4527238 
stephe.clarke@cummins.com 


 
Italy 
C/O Cummins Diesel Italia SPA 


Via Einaudi 6 
20068 Peschiera Borromea 
Milan 
Tel: (39) 0298 28 1235 
Fax: (39) 0298 28 1559 
 


Latvia 
C DDG 


32/34 Volguntes St. 
Riga LV 1046 
Tel: (371) 7772100 
Fax: (371) 7772199 
eduards.k@delfi.lv 
 


Norway 
C/O Cummins Diesel Salg og 


Service AS 
Hestehagen 3 Postboks 151 
N-1441 Drobak 
Tel: (47) 64 907080 
Fax: (47) 64 907090 
cummins@cummins.no 
 


Poland 
C KOD 


09-402 Plock 
uL Dworcowa 2 
Tel: (48) 242-643359 
Fax: (48) 242-643318 
kod@plocman.pl 
 


C Polremaco Sp.zo.o 
30-709 Krakow 
ul.Stocznlowcow 3 
Tel: 00 4812 6560212 
Fax: 00 4812 6562276 
pawel.gospodarczyk@polremac
o.com.pl 
 


Portugal 
C/O ECV 


Rua Conselheiro Ma 
Carvalho Lote 1480 
1400 Lisboa 
Tel: (351) 2 13034801/02 
Fax: (351) 2 130348 
 


 
C/O ECV 


Av Serpa Pinto 534-10 
4451-901 Matosinhoe 
Oporto 
Tel: (351) 2293-99300 
Fax: (351) 2293-71365 
 


Romania 
C Unitech Electronics 


15 Fabrica de Glucoza str. 
Sector 2 
72322 Bucharest 
Tel: (40) 2 1 2046781/82/83 
Fax: (40) 2 1 2426263/64/65 
constantinpetrscu@unitech.ro 


 
Russia 
C Cummins Moscow 


Park Place - Office E708 
113-1 Leninsky Prospect 
Moscow 117198 
Tel: (7-502) 2565122 
Fax: (7-502) 2565362 
 


Spain 
C Cummins Ventas y Servicio SA 


Torrelaguna No 56 
28027 Madrid 
Tel: (34) 91 367 20 00 
Fax: (34) 91 407 66 04 
maiban@cvs.infonegocio.com 
 


O Servicios y Exclusivas 
Autonavales SA 
C/Pallars 119 Ste 08018 
Barcelona 
Tel: (349-3) 300 7211 
Fax: (349-3) 300 2799 
info@autonavales.com 


 
Sweden 
C SMA Maskin AB 


Aggelundavagen 7 
SE 175 82 Jarfalla 
Tel: (46) 8 56222500 
Fax: (46) 8 7604644 
 


C/O Elektrolindningar AB 
Glykolvagen 7 
31132 Falkenberg 
Tel: (46) 3461 7490 
Fax: (46) 3468 1961 
e@elektrolindningar.com 
 


Switzerland 
C/O AKSA Wurenlos AG 


Grosszelgstrasse 15  
CH-5436 Wurenlos 
Tel: (41) 56 436 7700 
Fax: (41) 56 436 7719 
fritz.gubler@aksa.ch 
 


United Kingdom 
C Cummins Power Generation Ltd 


Manston Park 
Columbus Avenue 
Ramsgate Lane 
England CT12 5BF 
Tel: (44-1843) 255000 
Fax: (44-1843) 255900 
john.lehmann@cummins.com 


 
O Berthon Boat Company Ltd 


The Shipyard (Marine Only) 
Lymington Hampshire S041 9YL 
Tel: (44-1590) 673312 
Fax: (44-1590) 676353 
 


O Dudleys American Motor  
Homes (RV/Caravan only) 
Aston Rd A415 Abingdon Rd 
Whitney Oxfordshire  
Tel: (44-1993) 703774 
Fax: (44-1993) 771745 
 


Yugoslavia 
C Cummins Dizel Motori doo 


Autoput 22  
11080 Zemun 
Beograde 
Tel: (381) 11 3149071 
Fax: (381) 11-3149082 
ratko@cummins.co.yu 


 
 
India 
 
C/O Cummins India Ltd 


35/A ½ Erandawais 
Kothrud Pune 411 038 
Tel: (91-020) 402-7525 
Fax: (91-020) 402-8090 


 







Mexico 
 
C/O Cummins de Oriente, S.A. de 


C.V. 
Carr. Federal Puebla – Tlax. 
Km 10+400, C.P. 72100 
Cuautlancingo, Pue 
Tel: (52-222) 263-0380 
Fax: (52-222) 263-0394 
joseluis.garcia@orientec.com.m
x 


 
C/O Cummins De Baja 


Calle 1 Pte Esq Nte #202 
Ciudad Ind. Nueva Tijuana 
Tijuana, Baja Calif. Norte 
CP 22500 
Tel: (52-664) 647-3338 
Fax: (52-664) 647-3179 
www.calpacific.cummins.com 


 
C/O Cummins De Baja Sur 


Altamirano S/N Entre Isla Del 
Carmen 
E Isla Coronado Col SEP 
La Paz Baja Calif Sur 
CP 23060 
Tel: (52-612) 123-5232 
Fax: (52-612) 123-5232 
www.calpacific.cummins.com 
 


C/O Megamak Noroeste 
Blvd Gonzalez de la Vega No 
445-E 
Parque Ind’l Lagunero  
35070 Gomez Palacios Durango 
CP 35070 
Tel: (52-871) 719-0848 
Fax: (52-871) 719-0851 
www.megamak.com.mx 
 


C/O Megamak Occidente 
Periferico Sur #6360 
Col Lomas del cuatro 
Guadalajara Jalisco 
CP 45610 
Tel: (52-33) 3668-5750 
Fax: (52-33) 3668-5775 
www.megamak.com.mx 
 


C/O Converto Dexel Mexico 
Carr Mexico-Queretaro Km 
39.85 
Fracc Parque Indl La Luz 
Cuautitlan Izcalli 
Edo de Mexico CP 54716 
Tel: (52-55) 5870-4800 
Fax: (52-55) 5870-4720 
www.convertodexel.com.mx 
 


C Selmec Equipos Ind 
Manual Ma Contreras No 25 
Col San Rafael 
Mexico D.F. CP 06470 
Tel: (52-55) 566-3600 
Fax: (52-55) 705-1974 
 


C/O Converto Dexel Monterrey 
Privada Nazry Hasbun #2 
Parque Ind. Hasna 
Apodaca, N.L. CP 66600 
Tel: (52-81) 8131-0200 
Fax: (52-81) 8131-0201 
www.convertodexel.com.mx 
 


C/O Converto Dexel Queretaro 
Blvd Bernardo Quintana 518 
Col Arboledas 
Queretaro Queretaro 
CP 76140 
Tel: (52-442) 211-8700 
Fax: (52-442) 211-8798 
www.convertodexel.com.mx 
 


C/O Megamak Pacifico 
Periferico Sur No 620 y  
Volcanes Col Akiwiai 
Hermosillo Sonora 
CP 83290 
Tel: (52-662) 250-1443/ 
1457/1455 
Fax: (520-662) 250-1454 
www.megamak.com.mx 
 


C/O Megamak Sureste 
Av Aviacion Civil #647 
Col. Sambula  
Merida Yucatan 
CP 97259 
Tel: (52 999) 930-1300 
Fax: (52 999) 930-1300 
www.megamak.com.mx 


 
 
Middle East 


Bahrain 
C/O Yusuf Bin Ahmed Kanoo 


PO Box 45, Manama 
Tel: (973) 735836 
Fax: (973) 738206 
kanoocom@batelco.com.bh 
 


Cyprus 
O Tuti Mare Trading Ltd. 


37 Promachon Elefiherias 
4103 Limassol 
Tel: (357) 25 431313 
Fax: (357) 25 431300 
 


O Uniplant Ltd. 
182 Limassol Ave. CY-2235 
PO Box 12516 CY 2250 
Latsia, Nicosia 
Tel: (357) 22 488777 
Fax: (357) 22 488885 


 
Egypt 
C Egyptian Int’l Motors Co Ltd 


Autostade Road 
PO Box 33 Mokattam 
El-Kalaa Cairo 
Tel: (20-2) 50616001/2/3 
Fax: (20-2) 5126526 
eim@ritsec2.com.eg 
 


Iran 
C Komin Zad Niroo Ltd 


No. 88 Morades Highway 
Corner Mashahir St 1st Floor 
Tehran 
Tel: (982) 1 831 2478 
Fax: (982) 1 884 6589 
knc@dpimail.net 
 


Israel 
C/O Israel Engines & Trailers Co 


PO 390, 33 Hachashmal St 
Tel Aviv 61003 
Tel: (972) 3 556 9676 
Fax: (972) 3 556 2894 
levatrac@netvision.net.il  
 


Jordan 
C/O SETI Jordan Limited 


PO Box 142958  
 Wadi Al-Seer 


Industrial Area Street 
11814 Ammam 
Tel: (962) 6 5827300 
Fax: (962) 6 5856854 
setijo@nets.com.jo  
 


Kuwait 
C/O General Transportation & 


Equipment Co. 
PO 1096 Mubarak Kaar St 
13011 Safat 
Tel: (965) 483-3380,81,82 
Fax: (965) 481-2860 
gtekuwait@yahoo.com 
 


Lebanon 
C/O Overseas Consultants 


Clemenceau St Al-Tajer Blg 
PO Box 135484 
Beirut 
Tel: (961) 1 368316 
Fax: (961) 1 367344 
overco@cyberia.net.lb 
 


Pakistan 
C Diesel Power Systems Ltd 


2 Bangalore Town 
Main Shahrah-E-Faisal 
Karachi 75350 
Tel: (92) 21 453-9603/5 
Fax: (92) 21 453-2519 
dslpower@digicom.net.pk 
 


Qatar 
C/O Jaidah Motors & Trading Co 


PO Box 150 
Doha 
Tel: (974) 4602 340 
Fax: (974) 4602 440 
jmtc@qatar.net.qa 
 


Saudi Arabia 
C/O General Contracting Co 


King Abdul Aziz Rd  
 PO 356 


Al-Khobar 31952 
Tel: (966) 3 882 0888 
Fax: (966) 3 882 8560/7307 
emad.km@oshco.com 
 


Sudan 
C Bittar Engineering Ltd 


PO Box 1011, Atbara St  
Khartoum 
Tel: (249) 11 771045/245 
Fax: (249) 11 780102 
bittar_eng_ltd@hotmail.com 
 


Sultanate of Oman 
C/O Universal Engrg Services 


PO Box 2688 
Ruwi 112 
Tel: (968) 597510 
Fax: (968) 597514 
becho@omantel.net.om 
 


Syria 
C Puzant Yacoubian & Sons 


PO Box 3617 
Damascus 
Tel: (963 11) 212 8600 
Fax: (963 11) 212-8611 
 


Turkey 
C/O Aksa Jenerator Sanayi AS 


Evren Mah. Gulbahar Cad 
1 Sokak No. 2 34540 
Gunesli Istanbul 
Tel: (902) 12 550 5336 
Fax: (902) 12 550 4157 
aksa@aksa.com.tr 
 


United Arab Emirates (Dubai) 
C/O Cummins Diesel F.Z.E. 


Units 5 & 6 Jebel Ali Free Zn 
PO Box 17636, Dubai  
Tel: (971) 4 8838998 
Fax: (971) 4 8838997/8233 
 


Yemen Arab Republic 
C Zubieri Trading Co 


PO Box 535 
Sana’a  
Tel: (967) 1223 943 
Fax: (967) 1221 611 
zubieri@y.net.ye 


 


South America 
 
Argentina 
O Sullair Argentina SA 


Goncalves Dias 1145 
1276 Capital - Buenos Aires 
Tel: (54-11) 43033570, 4303-
0621 
Fax: (54-11) 4303-0626, 4302-
7302, 4301-4925 
acipollone@sullair.com.ar 
 


Brazil 
C/O Powertech Comercial Ltda 


Av Efigenio Sales 1717 
Manaus 69060-020 
Amazonas 
Tel: (5592) 642-2014 
Fax: (5592) 236-6711 
powertech@powertech-
am.com.br 
 


C/O Distribuidora Cummins Diesel 
do Nordeste Ltda 
Av Abolicao 3882 Mucuripe 
Fortaleza 60165-081 
Ceara 
Tel: (55-85) 2631212 
Fax: (55-85) 2631184 
dcdn@dcdn.com.br 
 


C/O Distribuidora Cummins Centro 
Oeste Ltda 
Av Caiapo 777 
Santa Genoveva 
Goiania 74672-400 
Goias 
Tel: (55-62) 269-1010/11 
Fax: (55-62) 269-1049,  
207-3508 
cummins@dcco.com.br 


 
C/O Distribuidora Cummins Minas 


Ltda 
Anel Rodoviario Km 1  
Olhos d’Agua Norte, 
31950-640 Belo Horizonte 
Minas Gerais 
Tel: (55-31) 3288-1344 
Fax: (55-31) 3288-1488 
dcml-mg@bhnet.com.br 
 


C/O Marcos Marcelino & Cia Ltda 
Rodovia BR 316 Km 05 
Ananindeua Belem 67020-010 
Para 
Tel: (55-91) 214-4007 
Fax: (55-91) 2354242/0185 
mmfac@supridad.com.br 
 


C/O Distribuidora Parana de Motores 
Cummins Ltda 
Abel Scuissiato 3020  
Bairro Atuba  
Colombo 83408-280  
Curitiba, Parana 
Tel: (55-41) 675-4500/4512 
Fax: (55-41) 675-6077 
dpmc@dpmc.com.br 
 


C/O Distri. Cummins Leste Ltda 
Rodovia Washington Luiz 12230 
Campos Eliseos, 
Duque de Caxias 25213-000 
Rio de Janeiro  
Tel: (55-21) 2676-2134 
Fax: (55-21) 2676-2004 
dcleste@prolink.com.br 
 







C/O Distribuidora Meridional Motores 
Cummins Ltda 
Av Assis Brazil 9000 
CEP 91140-000 
Sarandi, Porto Alegre  
Rio Grande do Sur 
Tel: (55-51) 3021-2288 
Fax: (55-51) 3364-2288 
dmmc@motormac-
cummins.com.br 
 


C/O Distribuidora Cummins Sao 
Paulo Ltda 
Av. Otoviano Avesdehina 
6500 Frequesia do O 
Sao Paulo 02701-140 
Tel: (55-11) 3931-2900 
Fax: (55-11) 3931-8162 
dcsp@uol.com.br 
 


C/O Cia Distribuidora de Motores 
Cummins 
Rod Regis Bittencourt 
1400 Jd Monte Alegre 06768-
100, Taboao da Serra 
Sao Paulo 
Tel: (55-11) 4787-4299 
Fax: (55-11) 4787-4011 
cdmc@comindus.com.br 
 


O STEMAC S.A. 
Av Sertorio 
905 – Navegantes 
Porto Alegre/RS CEP 91020-
001 
Tel: (55-51) 3358-3800 
Fax: (55-51) 3337-1010 
jbuneder@stemac.com.br 
 


O Marcenter (Marine only) 
Av Ademar DG Barros 2569 
CEP 11430-005 
Guaruja-Sao Paulo 
Tel: (55-13) 3348-1010 
Fax: (55-13) 3348-1010 
 


Chile 
C/O Distrib. Cummins Chile S.A. 


Avda Americo Vespucio No. 
0631 – Quilicura 
Santiago 
Tel: (56-2) 655-7777 /7253/7245 
Fax: (56-2) 655-7216/7436 
gillanes@cummins.cl 
 


Colombia 
C/O Cummins de Colombia  


Carrera 65 (Soledad) 
Avenida Murillo No. 6-31 
Diagonal a la Gran Central de 
Abastos,  
Barranquilla 
Tel: (57-53) 282-600 
/601/602/603/604 
Fax: (57-53) 282-640/641 
cventas@metrotel.net.co 
 


C/O Cummins API 
Calle 128B #37-13  
AA 89070  
Bogota 
Tel: (571) 6157014, 6250813, 
2583542, 6250907 
Fax: (571) 6260585 
m.gimenez@cumminsapi.com 
 


C/O Cummins de los Andes 
Avenida Boyaca #23-12 
Santa Fe de Bogota 
Tel: (57-1) 405-0555,292-0864, 
573-3302-5 
Fax: (57-1) 292-4205, 411-4948 
jjp@equitel.com.co 
 


C/O Cummins API  
Kilometro 7 Via a Giron  
Zona Industrial 
AA 1821 
Bucaramanga 
Tel: (577) 646-8060 
/9262/9263 
Fax: (577)646-8065 
c.gimenez@cumminsapi.com 
 


C/O Tecnodiesel Limitada 
Carrera 8 No 27-43 
Cali 
Tel: (572) 442-2422 
Fax: (572) 442-1798 
tecnodiesel@emcali.net.co 
 


C/O Equitel 
Carrera 52, #10-184 
Medellin 
Tel: (574) 255-4200, 361-2077 
Fax: (574) 255-4104 
jjp@interpla.net.co 
 


C/O Tecnodiesel Limitada 
Avenida Boyaca #14-05 
Pasto 
Tel: (57-2) 7200948, 7200949 
Fax: (57-2) 7214089 
equipostecnicos@multipasto.net
.co 
 


C/O Tecnodiesel Limitada 
Carrera 8 No 45-39 
Pereira 
Tel: (57-63) 366341/260082 
Fax: (57-63) 361173 
tecnodiesel@epmnet.co 
 


Ecuador 
C/O Indusur SA 


Av Carlos Julio Arosemena Km 
4 
Guayaquil 
Tel: (593-4) 220-1177 
/0655/4416 
Fax: (593-4) 220-1052 
cummins@indusur.com 
 


C/O Rectificadora Botar SA 
Av 10 de Agosto No 5980 
Quito 
Tel: (593-22) 265-193, 
/225/177/450/209 
Fax: (593-22) 459-031 
recbotar@uio.satnet.net 
 


O Ecelco 
Mapasingue Este 
Calle 3 #132 
Guayaquil 
Tel:(593-4) 2353842 
/3432/0949/1544 
Fax: (593-4) 2353842, 2353432 
ecelco@espoltel.net 
 


Guyana 
O David Yhann & Sons 


74 Robb Street  
PO Box 10322 
Lacytown Georgetown 
Tel: (592-2) 263463 
Fax: (592-2) 258844 
myhann@guyana.net.gy 
 


Peru 
C/O Mitsui Maquinaria Peru SA 


Ave VR Haya de la Torre 
#2648 Lima 14 
Tel: (511) 326-4957 
Fax: (511) 326-4954 
asalazar@mitsuimaquinarias.co
m.pe 
 


Venezuela 
C/O Dieselval CA 


Av Lisandro Alvarado 
Sector La Florida 
Edificio Dieselval Valencia 
Estado Carabobo 
Tel: (58-241) 835-
3074/2456/5265, 831- 
4946/9601 
Fax: (58-241)8311848, 8314553 
dieselva@telcel.net.ve 


 
 
South Pacific 
 
French Polynesia 
C/O Cummins New Zealand 
 9 Langley Road 
 Manukau City, Auckland NZ 


Tel: (64-9) 277-1000 
Fax: (64-9) 277-1001 


 leo.ruyg@cummins.com 
 


New Zealand 
C Cummins 


33 Parkhouse Rd 
Sockburn Christchurch  
PO Box 16149 
Hornby, Christchurch NZ 
Tel: (64-3) 348-8170 
Fax: (64-3) 348-8007 
 


C Cummins 
8 Devon St  


 PO Box 2333 
Dunedin NZ 
Tel: (64-3) 477-8818 
Fax: (64-3) 477-8061 
 


C Cummins 
852-860 Tremaine Ave 
PO Box 9024 
Palmerston No Manawatu, NZ 
Tel: (64-6) 356-2209 
Fax: (64-6) 356-9130 
 


C/O Cummins 
9 Langley Rd 
Manukau City 
Private Bag 94-004 
S Auckland NZ 
Tel: (64-9) 277-1000 
Fax: (64-9) 571-277-1001 
 


C Cummins 
328 Te Ngae Rd  


 PO Box 934 
Rotorua NZ 
Tel: (64-7) 345-6699 
Fax: (64-7) 345-6694 
 


Papua New Guinea 
C/O Cummins 


Macdhui St  
 PO Box 158 


Lae Papua 
Tel: (675) 472-3699 
Fax: (675) 472-3803 
 


C Cummins 
Waigani Dr Waigani Papua 
PO Box 1294  
Boroko Nat Cap 
Port Moresby Papua 
Tel: (675) 323-2471 
Fax: (675) 323-2475 


 
 
United States 
 
Alabama 
C/O Cummins Mid-South Inc 


2200 Pinson Hwy 
Birmingham AL 35217 
Tel: (205) 841-0421 
Fax: (205) 849-5926/1163 
 


C/O Cummins Mid-South Inc 
3422 Georgia Pacific Ave 
Mobile AL 36617 
Tel: (334) 452-6426 
Fax: (334) 473-6657 


 
C/O Cummins Mid-South Inc 


1924 N Beltline Hwy 
Mobile AL 36617 
Tel: (334) 456-2236 
Fax: (334) 452-6419 
 


C/O Cummins Mid-South Inc 
2325 W Fairview Ave 
Montgomery AL 36108 
Tel: (334) 263-2594 
Fax: (334) 263-2737 
 


Alaska 
C/O Cummins Northwest Inc 


2618 Commercial Dr 
Anchorage AK 99501 
Tel: (907) 279-7594 
       (800) 478-3646 
Fax: (907) 276-6340 
 


Arizona 
C/O Cummins Rocky Mountain LLC 


2239 N Black Canyon Hwy 
Phoenix AZ 85009 
Tel: (602) 252-8021 
Fax: (602) 253-6725 
 


C/O Cummins Rocky Mountain LLC 
1912 W Prince Rd 
Tucson AZ 85705 
Tel: (520) 887-7440 
Fax: (520) 887-4173 
 


Arkansas 
C/O Cummins Mid–South LLC 


6600 Interstate 30 
Little Rock AR 72209 
Tel: (501) 569-5600 
Fax: (501) 565–2199 
 


California 
C/O Cummins West Inc 


4751 West End Rd 
Arcata CA 95521 
Tel: (707) 822-7390  


               (800) 595-5050 
Fax: (707) 822-7585 
 


C/O Cummins West Inc 
4601 E Brundage Ln 
Bakersfield CA 93307 
Tel: (661) 325-9404 
Fax: (661) 861-8719 
 


C/O Cummins Cal Pacific Inc 
3061 S Riverside Ave 
Bloomington CA 92316 
Tel: (909) 877-0433 
Fax: (909) 877-3787 
 


C/O Cummins Cal Pacific Inc 
310 N Johnson Ave 
El Cajon (San Diego) CA 92020 
Tel: (619) 593-3093 
Fax: (619) 593-0600 
 


C/O Cummins West Inc 
5333 N Cornelia Ave 
Fresno CA 93722-6403 
Tel: (559) 277-6760 


              (800) 595-5050 
Fax: (559) 277-6769 
 


C/O Cummins Cal Pacific Inc 
1939 Deere Ave 
Irvine CA 92606 
Tel: (949) 253-6000 
Fax: (949) 253-6070 
 







C/O Cummins Cal Pacific Inc 
1105 S Greenwood Ave 
Montebello CA 90640 
Tel: (323) 728-8111 
Fax: (323) 869-7499 
 


C/O Cummins West Inc 
20247 Charlanne Dr 
Redding CA 96002 
Tel: (800) 595-5050 
(530) 222-4070 
Fax: (916) 224-4075 
 


C/O Cummins West Inc 
875 Riverside Pkwy 
Sacramento CA 95605 
Tel: (916) 371-0630 
Fax: (916) 371-2849 
 


C/O Cummins West Inc 
14775 Wicks Blvd 
San Leandro (San Francisco) 
CA 94577 
Tel: (510) 351-6101 
Fax: (510) 357-3432 
 


C/O Cummins West Inc 
5250 Claremont Ave Ste 204 
Stockton CA 95207 
Tel: (209) 472-3460 
(800) 595-5050 
Fax: (209) 472–3450 
 


C/O Cummins Cal Pacific Inc 
3958 Transport St 
Ventura CA 93003 
Tel: (805) 644-7281 
Fax: (805) 644-7284 
 


Colorado 
C/O Cummins Rocky Mountain LLC 


8211 E 96th Ave 
Henderson CO 80640-8523 
Tel: (303) 287-0201 
Fax: (303) 288-7080 
 


C/O Cummins Rocky Mountain LLC 
2380 US Hwy 6 & 50 
Grand Junction CO 81501 
Tel: (970) 242-5776  


              (800) 564-6401 
Fax: (970) 243-5494 
 


Connecticut 
C/O Cummins Metropower Inc 


914 Cromwell Ave 
Rocky Hill (Hartford) CT 06067 
Tel: (860) 529-7474 
Fax: (860) 529-7524 
 


Delaware 
C/O Cummins Power Systems, Inc 


1907 Park 100 Dr 
Glen Burnie (Baltimore) MD 
21061 
Tel: (410) 590-8700 
Fax: (410) 590-8723 
 


C/O Cummins Power Systems Inc 
2727 Ford Rd 
(Philadelphia)  
Bristol, PA 19007 
Tel (215) 785-6005 
Fax: (215) 785-4085 
 


Florida 
C/O Cummins Mid-South Inc 


3422 Georgia Pacific Ave 
Mobile AL 36617 
Tel: (334) 452-6426 
Fax: (334) 473-6657 


 
C/O Cummins Mid-South Inc 


1924 N Beltline Hwy 
Mobile AL 36617 
Tel: (334) 456-2236 
Fax: (334) 452-6419 
 


C/O Cummins SE Power Inc 
2671 Edison Ave 
Fort Myers FL 33916 
Tel: (941) 337-1211 
Fax: (941) 337-5374 
 


C/O Cummins SE Power Inc 
9900 NW 77th Ave 
Hialeah Gardens (Miami) 33016 
Tel: (305) 821-4200 
Fax: (305) 557-2992 
 


C/O Cummins SE Power Inc 
755 Pickettville Rd 
Jacksonville FL 32220 
Tel: (904) 378-1902 
Fax: (904) 378-1904 
 


C/O Cummins SE Power Inc 
321 Southwest 52nd Ave 
Ocala FL 33474 
Tel: (352) 861-1122 
Fax: (352) 861-1130 
 


C/O Cummins SE Power Inc 
4820 N Orange Blossom Trl 
Orlando FL 32810 
Tel: (407) 298-2080 
Fax: (407) 290-8727 
 


C/O Cummins SE Power Inc 
5421 N 59th St 
Tampa FL 33610 
Tel: (813) 621-7202 
Fax: (813) 621-8250 
 


C/O Cummins SE Power Inc 
5912 E Hillsborough Ave 
Tampa FL 33610 
Tel: (813) 626-1101 
Fax: (813) 628-8888 
 


Georgia 
C/O Cummins South Inc 


1915 W Oakridge Dr 
Albany GA 31707 
Tel: (912) 888-6210 
Fax: (912) 883-1670 
 


C/O Cummins South Inc 
1255 New Savannah Rd 
Augusta GA 30901 
Tel: (706) 722-8825 
Fax: (706) 722-7553 
 


C/O Cummins South Inc  
5125 Georgia Hwy 85 
College Park (Atlanta) GA 
30349 
Tel: (404) 763-0151 
Fax: (404) 766-2132 
 


C/O Cummins South Inc 
8 Interchange Ct 
Savannah GA 31415 
Tel: (912) 232-5565 
Fax: (912) 232-5145 
 


Hawaii 
C/O Cummins West Inc 


91-230 Kalaeloa Blvd 
Kapolei HI 96707 
Tel: (808) 682-8110 
Fax: (808) 682-8477 
 


Idaho 
C/O Cummins Rocky Mountain LLC 


Power Generation Division 
8949 South Federal Way 
Boise ID 84716 
Tel: (208) 336-5000 
Fax: (208) 338-5436 
 


C/O Cummins Rocky Mountain LLC 
14299 W Hwy 30 
Pocatello ID 83202 
Tel: (208) 234-1661 
Fax: (208) 234-1662 
 


C/O Cummins Northwest Inc 
4950 N Reserve St 
Missoula MT 59802 
Tel: (406) 728-1300 
(800) 937-0336 
Fax: (406) 728-8523 
 


C/O Cummins Northwest Inc 
11134 W Westbow Blvd 
Spokane WA 99224 
Tel: (800) 825-2122 
(509) 455-4411 
Fax: (509) 624-4681 
 


Illinois 
C/O Cummins NPower LLC 


7145 Santa Fe Dr 
Hodgkins IL 60525 
Tel: (708) 579-9222 
Fax: (708) 352-7547 
 


C/O Cummins Mid-States Power, 
Inc, Inc 
414 W Northtown Rd 
Normal (Bloomington) IL 61761 
Tel: (309) 452-4454 
Fax: (309) 452-1642 
 


C/O Cummins Central Power LLC 
7820 42nd St W. 
Rock Island IL 61201 
Tel: (309) 787-4300 
Fax: (309) 787-4397 
 


C/O Cummins Cumberland, Inc 
7901 Hwy 41 N 
Evansville IN 47725 
Tel: (812) 867-4400 
Fax: (812) 421-3282 
 


Indiana 
C/O Cummins Mid-States Power, Inc  


5125 Beck Dr 
Elkhart IN 46516 
Tel: (219) 262-4611 
Fax: (219) 295-8000 
 


C/O Cummins Cumberland, Inc 
7901 Hwy 41 N 
Evansville IN 47725 
Tel: (812) 867-4400 
Fax: (812) 421-3282 
 


C/O Cummins Mid-States 
Power, Inc 
3415 Coliseum Blvd W 
Fort Wayne IN 46808 
Tel: (219) 482-3691 
Fax: (219) 484-8930 
 


C/O Cummins NPower LLC 
1440 Texas St 
Gary IN 46402 
Tel: (219) 885-5591 
       (888) 230-6699 
Fax: (219) 883-4817 
 


C/O Cummins Mid-States 
Power, Inc 
3661 W Morris St 
Indianapolis IN 46241 
Tel: (317) 486-5287 
       (877) 755-1600 
Fax: (317) 486-5281 
 


O Mid-States Power & Refrig 
4301 W Morris St 
Indianapolis IN 46241 
Tel: (317) 240-1967 
Fax: (317) 240-1975 
 


C/O Cummins Bridgeway, LLC 
5400 Rialto Rd 
(Metro Cincinnati) 
West Chester, OH 45069 
Tel: (513) 563-6670 
Fax: (513) 563-0954 
 


 


Iowa 
C/O Cummins Central Power LLC 


625 33rd Ave SW 
Cedar Rapids IA 52404 
Tel: (319) 366-7537 
Fax: (319) 366-7562 
 


C/O Cummins Central Power LLC 
Midwestern Power Division 
5194 NE 17th St 
Des Moines IA 50313 
Tel: (515) 264-1650 
Fax: (515) 264-1651 
 


C/O Cummins Central Power LLC 
1680 NE 51st Ave 
Des Moines, IA 50313-2125 
Tel: (515) 262-9591 
Fax: (515) 262-0626 
 


Kansas 
C/O Cummins Central Power LLC 


1880 S Range Ave 
Colby KS 67701 
Tel: (785) 462-3945 
Fax: (785) 462-3970 
 


C/O Cummins Central Power LLC 
1285 Acraway St 
Garden City KS 67846 
Tel: (620) 275-2277 
Fax: (620) 275-2533 
 


C/O Cummins Central Power LLC 
5101 N Broadway St 
Wichita KS 67219 
Tel: (316) 838-0875 
Fax: (316) 838-0704 
 


Kentucky 
C/O Cummins Cumberland 


Hwy 15 South 
Hazard KY 41701 
Tel: (606) 436-5718 
Fax: (606) 436-5048 
 


C/O Cummins Cumberland 
9820 Bluegrass Pkwy 
Louisville KY 40299 
Tel: (502) 491-4263 
Fax: (502) 499-0896 
 


C/O Cummins Cumberland 
(Corporate Office) 
2301 Nelson Miller Pkwy 
Louisville KY 40223 
Tel: (502) 254-7375 
Fax: (502) 254-1215 
 


C/O Cummins Bridgeway, LLC 
5400 Rialto Rd 
(Metro Cincinnati) 
West Chester, OH 45069 
Tel: (513) 563-6670 
Fax: (513) 563-0954 
 


Louisiana 
C/O Cummins Mid-South LLC 


Hwy 90 East, PO Box 1229 
Amelia LA 70340 
Tel: (504) 631-0576 
Fax: (504) 631-0081 
 


C/O Cummins Mid-South LLC 
110 E Airline Hwy 
Kenner (New Orleans) LA 70062  
Tel: (504) 465-3412 
Fax: (504) 465-3408 
 







Maine 
C/O Cummins Northeast Inc 


10 Gibson Rd 
Scarborough ME 04074 
Tel: (207) 883-8155 
Fax: (207) 883-5526 
 


Maryland 
C/O Cummins Power Systems Inc 


1907 Park 100 Dr 
Glen Burnie (Baltimore) MD 
21061 
Tel: (410) 590-8700 
Fax: (410) 590-8731 
 


Massachusetts 
C/O Cummins Northeast Inc 


100 Allied Dr 
Dedham (Boston) MA 02026 
Tel: (781) 329-1750 
Fax: (781) 329-4428 
 


C/O Cummins Northeast Inc 
177 Rocus St 
Springfield MA 01104 
Tel: (413) 737-2659 
Fax: (413) 731-1082 
 


Michigan 
O Cummins Bridgeway, LLC 


43575 N. Gratiot Ave 
Clinton Twp., MI 48036 
Tel: (586) 469-2010 
Fax: (586) 469-6905 
 


C/O Cummins Bridgeway, LLC 
977 N Center Ave 
Gaylord MI 49735 
Tel: (989) 732-5055 
Fax: (989) 732-2525 
 


C/O Cummins Bridgeway, LLC 
7580 Expressway Dr SW 
Grand Rapids MI 49548 
Tel: (616) 281-2211 
Fax: (616) 281 3177 
 


C/O Cummins NPower LLC 
1901 N. Stephenson Ave 
PO Box 703 
Iron Mountain, MI 49801 
Tel: (906) 774-2424 
       (800) 236-2424 
Fax: (906) 774-1190 
 


C/O Cummins Bridgeway, LLC 
54240 Grand River 
(Metro Detroit) 
New Hudson MI 48165 
Tel: (248) 573-1900 
Fax: (248) 573-4010 
 


C Cummins Bridgeway, LLC 
21810 Clessie Ct 
(Metro Detroit) 
New Hudson MI 48165 
Tel: (248) 573-1600 
Fax: (248) 573-4014 
 


O Cummins Bridgeway, LLC 
722 N Outer Dr 
Saginaw MI 48601 
Tel: (989) 752-5200 
Fax: (989) 752-4194 
 


C/O Cummins Bridgeway, LLC 
863 S Airport Rd 
Traverse City MI 49686 
Tel: (231) 947-5824 
Fax: (231) 947-1649 
 


Minnesota 
C/O Cummins NPower LLC 


3115 Truck Center Dr 
Duluth MN 55806 
Tel: (218) 628-3641 
Fax: (218) 628-0488 
 


C/O Cummins NPower LLC 
1600 Buerkle Rd 
White Bear Lake (St. Paul) MN 
55110 
Tel: (651) 636-1000 
Fax: (651) 286-2111 
 


Mississippi 
C/O Cummins Mid-South LLC 


325 New Hwy 49 S 
Jackson MS 39288 
Tel: (601) 932-7016 
Fax: (601) 932-7399 
 


Missouri 
C/O Cummins Central Power LLC 


3507 E 20th St 
Joplin MO 64801 
Tel: (417) 623-1661 
Fax: (417) 623-1817 
 


C/O Cummins Central Power LLC 
8201 NE Parvin Rd 
Kansas City MO 64161 
Tel: (816) 414-8200 
Fax: (816) 414-8299 
 


C/O Cummins Central Power LLC 
3637 E Kearney 
Springfield MO 65803 
Tel: (417) 862-0777 
Fax: (417) 862-4429 
 


Montana 
C/O Cummins Rocky Mountain LLC 


5151 Midland Rd 
Billings MT 59101 
Tel: (406) 245-4194  


               (800) 332-7788 
Fax: (406) 245-7923 
 


C/O Cummins Northwest Inc 
4950 N Reserve St 
Missoula MT 59802 
Tel: (406) 728-1300 
       (800) 937-0336 
Fax: (406) 728-8523 
 


Nebraska 
C/O Cummins Central Power LLC 


515 Central Ave 
Kearney NE 68847 
Tel: (308) 234-1994 
Fax: (308) 234-5776 
 


C/O Cummins Central Power LLC 
5515 Center St 
Omaha NE 68106 
Tel: (402) 551-7678 
Fax: (402) 551-1952 
 


Nevada 
C/O Cummins Rocky Mountain LLC 


Power Generation Division 
5370 E Idaho St 
Elko NV 89801 
Tel: (775) 738-6405 
Fax: (775) 738-1719 
 


C/O Cummins Rocky Mountain LLC 
Power Generation Division 
2750 Losee Rd 
North Las Vegas NV 89030 
Tel: (702) 399-2339 
Fax: (702) 399-2614 
 


C/O Cummins Rocky Mountain LLC 
Power Generation Division 
150 Glendale Ave 
Sparks NV 89431 
Tel: (775) 331-4983 
Fax: (775) 331-7429 
 


 
 
 
 
 
 


New Hampshire 
C/O Cummins Northeast Inc 


100 Allied Dr 
Dedham (Boston) MA 02026 
Tel: (781) 329-1750 
Fax: (781) 329-4428 
 


C/O Cummins Northeast Inc 
66 Benning St, Ste 4 
West Lebanon, NH 03784 
Tel: (603) 298-6626 
Fax: (603) 298-6958 
 


New Jersey 
C/O Cummins Metropower Inc 


41-85 Doremus Ave 
Newark NJ 07105 
Tel: (973) 491-0100 
Fax: (973) 578-8873 
 


C/O Cummins Power Systems Inc 
2727 Ford Rd 
(Philadelphia) 
Bristol, PA 19007 
Tel (215) 785-6005 
Fax: (215) 785-4085 
 


New Mexico 
C/O Cummins Rocky Mountain LLC 


1921 Broadway NE 
Albuquerque NM 87102 
Tel: (505) 247-2441 
Fax: (505) 842-0436 
 


C/O Cummins Rocky Mountain LLC 
1101 N Troy King Rd 
Farmington NM 87401 
Tel: (505) 327-7331 
Fax: (505) 326-2948 
 


New York 
C/O Cummins Northeast Inc 


101 Railroad Ave 
Albany NY 12205 
Tel: (518) 459-1710 
Fax: (518) 459-7815 
 


C/O Cummins Metropower Inc 
890 Zerega Ave 
Bronx NY 10473 
Tel: (718) 892-2400 
Fax: (718) 892-0055 
 


C/O Cummins Northeast Inc 
3495 Winton Pl, Bldg D 2 
Rochester NY 14623 
Tel: (585) 292-6280 
Fax: (585) 292-1683 
 


C/O Cummins Northeast Inc 
6193 Eastern Ave 
Syracuse NY 13211 
Tel: (315) 437-2751 
Fax: (315) 437-8141 
 


C/O Cummins Northeast Inc 
480 Lawrence Bell Dr 
Williamsville (Buffalo) NY 14221  
Tel: (716) 631-3211 
Fax: (716) 626-0799 
 


North Carolina 
C/O Cummins Atlantic Inc (GOB) 


11101 Nations Ford Rd 
Charlotte NC 28273 
Tel: (704) 588-1240 
Fax: (704) 587-4870 


 
C/O Cummins Atlantic Inc 


3700 N Interstate 85 
Charlotte NC 28206 
Tel: (704) 596-7690 
Fax: (704) 596-3038 
 


C/O Cummins Atlantic Inc 
513 Preddy Blvd 
Greensboro NC 27406 
Tel: (336) 275-4531 
Fax: (336) 275-8304 
 


C/O Cummins Atlantic Inc 
350 Cummins Dr 
Kenly NC 27542 
Tel: (919) 284-9111 
Fax: (919) 284-9375 
 


C/O Cummins South Inc 
1509 E 26th St 
Chattanooga TN 37407 
Tel: (423) 629-1447 
Fax: (423) 629-1494 
 


C/O Cummins Cumberland, Inc 
1211 Ault Rd 
Knoxville TN 37914 
Tel: (865) 523-0446 
Fax: (865) 523-0343 
 


North Dakota 
C/O Cummins NPower LLC 


3801 34th Ave SW 
Fargo ND 58104 
Tel: (701) 282-2466 
Fax: (701) 277-5399 
 


C/O Cummins NPower LLC 
4728 Gateway Dr 
Grand Forks ND 58203 
Tel: (701) 775-8197 
Fax: (701) 775-4833 
 


C/O Cummins NPower LLC 
1501 20th Ave SE 
Minot ND 58702 
Tel: (701) 852-3585 
Fax: (701) 852-3588 
 


Ohio 
C/O Cummins Bridgeway, LLC 


7585 Northfield Rd 
Cleveland OH 44146 
Tel: (440) 439-6800 
Fax: (440) 735-0716 
 


C/O Cummins Bridgeway, LLC 
4000 Lyman Dr 
Hilliard (Columbus) OH 43026 
Tel: (614) 771-1000 
Fax: (614) 771-0769 
 


O Cummins Bridgeway, LLC 
7145 Masury Rd 
Hubbard OH 44425 
Tel: (330) 534-1935 
Fax: (330) 534-5626 
 


O Cummins Bridgeway, LLC 
801 Illinois Ave  
(Metro Toledo) 
Maumee, OH 43537 
Tel: (419) 893-8711 
Fax: (419) 893-5362 
 


C/O Cummins Bridgeway, LLC 
5400 Rialto Rd  
(Metro Cincinnati) 
West Chester OH 45069 
Tel: (513) 563-6670 
Fax: (513) 563-0954 
 


Oklahoma 
C/O Cummins Southern Plains Ltd 


5800 W Reno 
Oklahoma City OK 73127  
Tel: (405) 946-4481 
Fax: (405) 946-3336 
 


C/O Cummins Southern Plains Ltd 
16525 E Skelly Dr 
Tulsa OK 74116 
Tel: (918) 234-3240 
Fax: (918) 234-2342 
 







Oregon 
C/O Cummins Rocky Mountain LLC 


Power Generation Division 
8949 South Federal Way 
Boise ID 84716 
Tel: (208) 336-5000 
Fax: (208) 338-5436 
 


C/O Cummins Northwest Inc 
91201 Coburg Industrial Pkwy 
Coburg (Eugene) OR 97401 
Tel: (541) 687-0000 


        (800) 777-0336 
Fax: (541) 687-1977 
 


C/O Cummins Northwest Inc 
4045 Crater Lake Hwy 
Medford OR 97504 
Tel: (541) 779-0151 


         (800) 826-9414 
Fax: (541) 772-2395 
 


C/O Cummins Northwest Inc 
223 SW 23rd St 
Pendleton OR 97801 
Tel: (541) 576-2561 


         (800) 666-2561 
Fax: (541) 276-2564 
 


C/O Cummins Northwest Inc 
4711 N Basin Ave 
Portland OR 97217 
Tel: (503) 289-0900 
Fax: (503) 286-5938 
 


Pennsylvania 
C/O Cummins Power Systems Inc 


2727 Ford Rd 
(Philadelphia)  
Bristol, PA 19007 
Tel (215) 785-6005 
Fax: (215) 785-4085 
 


C/O Cummins Power Systems Inc 
4499 Lewis Rd 
Harrisburg PA 17111 
Tel: (717) 564-1344 
Fax: (717) 558-8217 
 


C/O Cummins Bridgeway, LLC 
3 Alpha Dr 
Pittsburgh PA 15238 
Tel: (412) 820-8300 
Fax: (412) 820-9137 
 


Rhode Island 
C/O Cummins Northeast Inc 


100 Allied Dr 
Dedham (Boston) MA 02026 
Tel: (781) 329-1750 
Fax: (781) 329-4428 
 


South Carolina 
C/O Cummins South Inc 


8 Interchange Ct 
Savannah GA 31415 
Tel: (912) 232-5565 
Fax: (912) 232-5145 
 


C/O Cummins Atlantic Inc  
1233 Bluff Rd 
Columbia SC 29201 
Tel: (803) 799-2410 
Fax: (803) 779-3427 
 


C/O Cummins Atlantic Inc 
231 Farmington Rd 
Summerville (Charleston) SC 
29483 
Tel: (843) 851-9819 
Fax: (843) 875-4338 
 


South Dakota 
C/O Cummins Central Power LLC 


701 E 54th St N 
Sioux Falls SD 57104 
Tel: (605) 336-1715 
Fax: (605) 336-1748 
 


Tennessee 
C/O Cummins South Inc 


1509 E 26th St 
Chattanooga TN 37407 
Tel: (423) 629-1447 
Fax: (423) 629-1494 
 


C/O Cummins Cumberland, Inc 
1211 Ault Rd 
Knoxville TN 37914 
Tel: (865) 523-0446 
Fax: (865) 523-0343 
 


C/O Cummins Mid–South LLC 
1784 E Brooks Rd 
Memphis TN 38116 
Tel: (901) 577-0666 
Fax: (901) 522-8758 
 


C/O Cummins Cumberland, Inc 
706 Spence Ln 
Nashville TN 37217 
Tel: (615) 366-4341 
Fax: (615) 366-5693 
 


Texas 
C/O Cummins Southern Plains Ltd 


5224 Interstate 40 Expy E 
Amarillo TX 79103 
Tel: (806) 373–3793 
Fax: (806) 372–8547 
 


C/O Cummins Southern Plains Ltd. 
600 N Watson Rd 
Arlington TX 76011 
Tel: (817) 640-6801 
Fax: (817) 640-6852 
 


C/O Cummins Southern Plains Ltd 
3707 Irving Blvd 
Dallas TX 75247 
Tel: (214) 631-6400 
Fax: (214) 631-2322 
 


C/O Cummins Rocky Mountain LLC 
14333 Gateway West 
El Paso TX 79927 
Tel: (915) 852-4200 
Fax: (915) 852-3295 
 


C/O Cummins Southern Plains Ltd 
3250 North Freeway 
Fort Worth TX 76111 
Tel: (817) 624-2107 
Fax: (817) 624-3296 
 


C/O Cummins Southern Plains Ltd 
7045 North Loop 610 E 
Houston TX 77028 
Tel: (713) 679-2220 
Fax: (713) 679-7774 
 


C/O Cummins Southern Plains Ltd 
2615 Big Town Blvd 
Mesquite TX 75150 
Tel: (214) 321-5555 
Fax: (214) 328-2732 
 


C/O Cummins Southern Plains Ltd 
1210 S Grandview 
Odessa TX 79761 
Tel: (915) 332-9121 
Fax: (915) 333-4655 
 


C/O Cummins Southern Plains Ltd 
1303 W Industrial Blvd 
Round Rock TX 78681 
Tel: (512) 388-4296 
Fax: (512) 733-7157 
 


C/O Cummins Southern Plains Ltd 
6226 Pan Am Expy N 
San Antonio TX 78218 
Tel: (210) 655-5420 
Fax: (210) 655-3865 
 


 
 


Utah 
C/O Cummins Rocky Mountain LLC 


Power Generation Division 
1030 South 300 West 
Salt Lake City UT 84101 
Tel: (801) 524-1321 
Fax: (801) 524-1359 
 


C/O Cummins Rocky Mountain LLC 
Power Generation Division 
1435 E 335 South 
Vernal UT 84078 
Tel: (435) 789-5732 
Fax: (435) 789-2853 
 


Vermont 
C/O Cummins Northeast Inc 


177 Rocus St 
Springfield MA 01104 
Tel: (413) 737-2659 
Fax: (413) 731-1082 
 


Virginia 
C/O Cummins Power Systems Inc 


1907 Park 100 Dr 
Glen Burnie (Baltimore) MD 
21061 
Tel: (410) 590-8700 
Fax: (410) 590-8731 
 


C/O Cummins Cumberland, Inc 
1211 Ault Road 
Knoxville TN 37914 
Tel: (865) 523-0446 
Fax: (865) 523-0343 
 


C/O Cummins Atlantic Inc 
3729 Holland Blvd 
Chesapeake (Norfolk) VA 23323 
Tel: (757) 485-4848 
Fax: (757) 485-5085 
 


C/O Cummins Atlantic Inc 
263 Simmons Dr 
Cloverdale (Roanoke) VA 24077 
Tel: (540) 966-3169 
Fax: (540) 966-3749 
 


C/O Cummins Atlantic Inc 
3900 Deep Water Term. Rd 
Richmond VA 23234 
Tel: (804) 232-7891 
Fax: (804) 232-7428 
 


Washington 
C/O Cummins Northwest Inc 


926 NW Maryland Ave 
Chehalis WA 98532 
Tel: (360) 748-8841 


        (800) 451-5506 
Fax: (360) 748-7015 
 


C/O Cummins Northwest Inc 
811 SW Grady Way 
Renton (Seattle) WA 98055 
Tel: (425) 235-3400 
       (800) 274-0336 
Fax: (425) 235-8202 
 


C/O Cummins Northwest Inc 
11134 W Westbow Blvd 
Spokane WA 99224 
Tel: (509) 455-4411 


        (800) 825-2122 
Fax: (509) 624-4681 
 


C/O Cummins Northwest Inc 
1905 East Central Ave 
Yakima WA 98901 
Tel: (509) 248-9033 


        (800) 688-9033 
Fax: (509) 457-8953 
 


 
 
 
 
 


Washington DC 
C/O Cummins Power Systems Inc 


1907 Park 100 Dr 
Glen Burnie (Baltimore) MD 
21061 
Tel: (410) 590-8700 
Fax: (410) 590-8731 
 


West Virginia 
C/O Cummins Bridgeway, LLC 


3 Alpha Dr 
Pittsburgh PA 15238 
Tel: (412) 820-8300 
Fax: (412) 820-9137 
 


C/O Cummins Cumberland, Inc 
Rte 73 S, 145 Middletown Rd 
Fairmont WV 26554 
Tel: (304) 367-0196 
Fax: (304) 367-1077 
 


C/O Cummins Cumberland, Inc 
3100 MacCorkle Ave SW 
S Charleston WV 25303 
Tel: (304) 744-6373 
Fax: (304) 744-8605 
 


C/O Cummins Atlantic Inc 
263 Simmons Dr 
Cloverdale (Roanoke) VA 24077 
Tel: (540) 966-3169 
Fax: (540) 966-3749 
 


Wisconsin 
C/O Cummins NPower LLC 


2030 State Hwy 53 
Chippewa Falls WI 54729 
Tel: (715) 720-0680 
Fax: (715) 720-0685 
 


C/O Cummins NPower LLC 
939 Lawrence Dr 
(Green Bay) 
DePere, WI 54115 
Tel: (920) 336-9631 
Fax: (920) 336-8984 
 


C/O Cummins NPower LLC 
9401 S 13th St 
Oak Creek (Milw) WI 53154 
Tel: (414) 768-7400 
Fax: (414) 768-9441 
 


C/O Cummins NPower LLC 
7815 Camp Phillips Rd 
Weston WI 54476 
Tel: (715) 359-6888 
Fax: (715) 359-3744 
 


Wyoming 
C/O Cummins Rocky Mountain LLC 


2136 N Oil Dr, Ste B 
Casper WY 82604 
Tel: (307) 266-2554 
Fax: (307) 266-2556 
 


C/O Cummins Rocky Mountain LLC 
2700 Hwy 14 & 16 North 
Gillette WY 82716 
Tel: (307) 682-9611 


        (800) 773-9611 
Fax: (307) 682-8242 
 


C/O Cummins Rocky Mountain LLC 
Power Generation Division 
2000 Foothill Blvd 
Rock Springs WY 82901 
Tel: (307) 362-5168 
Fax: (307) 382-7900 
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Cummins Power Generation of Fridley, Minnesota, supplied the electrical power 
equipment for this project. This manual provides a description of the major 
components, their operation, maintenance, and troubleshooting. 


Safety and Maintenance 
This equipment is designed to provide emergency/backup power to a facility. The 
system must be operated by trained personnel only. Severe injury, including death 
and property and equipment damage may result from failure to read and follow all 
safety precautions, maintenance instructions, and other details of operation. 


 


Significant information throughout this manual is highlighted using these symbols. 


 
Indicates an imminently hazardous situation, which, if not avoided, will 
result in death or serious injury 


 
Indicates a potentially hazardous situation, which, if not avoided, could 
result in death or serious injury 


 
Indicates a potentially hazardous situation, which, if not avoided, may 
result in minor or moderate personal injury or damage to product or 
property. May also be used to alert against unsafe practices. 


 
Relates to, expands on, or highlights a particular fact or procedure 
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Major Components 
The Cummins Power Generation integrated control system includes the following 
major components. 


Digital MasterControl (DMC) 


The PowerCommand
 


DMC is a microprocessor-based paralleling system 
component, designed to interface directly with Cummins PowerCommand 
Paralleling generator sets. The DMC is designed for use in low- or medium-voltage 
isolated bus (not utility paralleled) applications.   


The performance, environmental and physical characteristics of the power-generating 
and switching system components include: 


 Ambient temperature  


Operating: 32 to 122 F (0 to 50C)  
Storage: -22 to 158 F (-30 to 70C)  
Relative humidity: up to 95%, noncondensing 


 Dimensions 


30 x 90 x 30 inches 


Advantech 15" LCD touchscreen  


Operating: 32 to 122 F (0 to 50C)  
Storage: -4 to 140F (-20 to 60C)  
Relative humidity: up to 95%, noncondensing 
Maximum resolution: 1024 x 768 (XGA)  
Maximum colors: 256K 
Backlight life time: 50,000 hours 


 


 
Bright or dark pixels on the LCD are a result of the production of the 
LCD. The LCD manufacturer claims that this is normal. 


Programmable Logic Controller (PLC) 


The PLC provides all system logic and control.  
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Paralleling Switchgear  


Refer to the Wiring Diagrams chapter of this manual for system configuration.  


Master First-start Sensor 


The master first-start sensor provides interlocks and signals to individual genset 
paralleling breakers to prevent accidental closure of two gensets to a dead bus 
during system startup. 


Genset and System Circuit Breakers  


All circuit breakers operated by this system are located on the main switchboard. A 
(manual) load isolation circuit breaker is located on the genset.  


Annunciator Panel (optional)  


The remote annunciator(s) provide lights and a horn to annunciate the operating 
status and fault conditions of an emergency power system. 


Network  


The DMC includes network communications over a Cummins PowerCommand 
Network. The network utilizes Echelon


 


Lonworks technology and is suitable for local 
or remote (optional) control and monitoring functions.  


Control Interface  
All control interconnections in the DMC are provided on standardized terminal block 
assemblies. Interconnections to external equipment include:  


 Load Add and Load Shed Relays (optional):  Each relay includes Form-C contacts 
(a normally open and a normally closed contact with common return) rated 10 A @ 
600 VAC.  


 Paralleling Breaker Control Relays (optional):  Relays are driven directly by the 
genset control and mounted on the DMC for interconnection convenience.  


 Bus Voltage Connection:  The control includes fused 3-phase, 4-wire connections 
up to 600 VAC and provides a bus voltage reference signal to the genset control.  


 System Remote Start Command:  This allows for remote (with load) system testing. 
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Construction  
The control system is housed in a rigid, freestanding, NEMA1/IP40 metal-enclosed 
structure designed to require front access only. Framework is constructed of 2.5-
mm/12-gauge (minimum) steel sheet metal. The framework and all other sheet metal 
components of the system are primed with a rust-inhibitor and finished with satin 
finish ANSI 61 gray enamel.  


Control components are isolated from power-carrying components by metal or 
insulating barriers. All components and surfaces operating at more than 50 V are 
shielded to prevent accidental contact.  


All control wiring is 105°C, 600 V rated, and sized as required for safe, reliable 
operation. Each wire, device, and functional component is identified by permanent 
identification.  


Fuses are installed in DIN-rail mounted safety-type fuse holders. Terminal blocks are 
provided for all field connections on DIN-rail mounted devices.  
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Certifications  
PowerCommand meets or exceeds the requirements of the following codes and 
standards:  


 CSA C282-M1999 Compliance  


 CSA 22.2 No. 14 M91 Industrial Controls 


 IEC 801.2: Electrostatic Discharge Test  


 IEC 801.3: Radiated Susceptibility  


 IEC 801.4: Electrically Fast Transient  


 IEC 801.5: Radiated Emissions  


 IEEE 587: Surge Immunity  


 ISO 8528-4: 1993 Compliance, Control Systems for Reciprocating Engine-driven 
Generator Sets  


 Mil Std 461: Electromagnetic Emission and Susceptibility Requirements  


 NFPA 70: US National Electrical Code. PowerCommand controls is suitable for use in 
Emergency, Critical, and Standby applications, as defined in articles 700,701, and 702 


 NFPA99: Standard for Health Care Facilities  


 NFPA110 for level 1 systems 


 UL508 Listed, Category NIWT7 for US and Canada 


PowerCommand control systems and generator sets are designed and manufactured 
in ISO9001-certified facilities.  
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The Cummins Power Command integrated control system generates and utilizes 
high voltage, which presents a serious burn and shock hazard that can result in injury 
or death. Observe all danger, warning, and caution notations within this manual and 
obey all safety placards on the equipment. 


 
 


 


Arc flash and shock hazard appropriate personal protective equipment 
(PPE) is required. Do not operate controls or open covers without 
appropriate PPE. Failure to comply may result in injury or death. 
Refer to NFPA 70E for minimum PPE requirements.  


Read this manual before operating or performing any 
maintenance procedures on this equipment.  


 Keep the area surrounding the equipment clean and free of obstructions. Remove any 
unused equipment, tools, or debris and keep the room clean and dry. 


 Know the locations of fire extinguishers and be aware of the uses of different types of 
extinguishers. 


 Insure all guards, fasteners, supports, doors, and panels are in place and secure. 


 Do not work around this equipment when mentally or physically fatigued or after using 
alcohol or other drugs that may affect mental or physical abilities. 
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Advantech Touchscreen  


 The openings on the enclosure are for air convection. Protect the equipment from 
overheating—do not cover the openings. 


 Never pour any liquid into an opening. This may cause fire or electrical shock. 


 For safety reasons, only qualified service personnel should open the equipment. 


 If one of the following situations arises, have the equipment checked by  Cummins 
service personnel: 


 The power cord or plug is damaged. 


 Liquid has entered the equipment or the equipment has been exposed to  
 moisture. 


 The equipment has obvious signs of breakage. 


 
A danger of explosion exists if the battery is incorrectly replaced. Replace 
only with the same or equivalent type recommended by the manufacturer, 
and discard used batteries according to the manufacturer's instructions. 
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Equipment Cabinets 
High voltage is present in the equipment cabinets, the generator sets, and the 
switchgear bus bars and cabling. 


 
High voltage can cause severe burns or shock resulting in serious injury 
or death. Avoid contact with body parts, clothing, jewelry, and damp 
surfaces. 


 Keep equipment cabinet panel doors closed and locked. Make sure that only trained, 
authorized personnel have keys. 


 Before performing maintenance or adjustments to any system equipment, observe 
that all equipment cabinet key locks are off and the engine control panel switch is in 
the Stop/Off position. 


 Disconnect the battery charger prior to removing the negative battery cable from the 
battery as arcing could occur. Disconnect engine batteries negative contact first. 


 Use insulated mats on dry wood platforms over metal or concrete floors when working 
on any system equipment. 


 Do not wear jewelry, damp clothing or shoes, or allow wet skin surfaces to contact the 
system equipment.  


 Keep away from the generator set while it is running, except to use the control panel. 


Moving Parts 


 
Maintain a safe clearance between all moving parts and body parts. Do not 
wear loose clothing or jewelry around generator sets. Contact may result in 
severe electric shock or mutilation causing personal injury or death. 


Before performing any maintenance on the generator sets: 


 Only qualified, trained personnel should perform maintenance. 


 The generator set engine control panels must be in the Stop/Off position. 


 To prevent arcing, disconnect the battery charger prior to removing the negative 
battery cable from the battery.  


 Disconnect the negative contact first on engine batteries. 


 
Always disconnect a battery charger from its power source before removing 
the battery cables. Disconnecting the cables can result in voltage spikes high 
enough to damage the DC control circuit of the set. 
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Generator Sets 


 
High voltage present in the generator sets may result in severe electric 
shock or mutilation causing personal injury or death. 
Only qualified, trained personnel should perform maintenance. 
Maintain a safe clearance between all moving parts and body parts.  


Before performing any maintenance on the generator sets: 


 The generator set engine control panels must be in the Stop/Off position. 


 To prevent arcing, disconnect the battery charger prior to removing the negative 
battery cable from the battery.  


 Disconnect the negative contact first on engine batteries. 


 Always disconnect a battery charger from its POWER source before 
removing the battery cables. Disconnecting the cables can result in 
voltage spikes high enough to damage the DC control circuit of the set. 


Engine Fuel System 


 Fuel and oil leaks can create risk of fire and explosion that can cause 
serious injury or death. In case of a leak or spill, stop the generator set and 
clean up immediately. 


 Do not smoke, use an open flame or pilot light, or allow any electrical arc–producing 
equipment or switches in the area of the engine fuel tanks or fuel system components. 


 Do not fill fuel tanks while the engine is running, unless they are located outside of the 
equipment room. 


 Some states or federal governments list fuel and oil as carcinogens. Avoid contact, 
ingestion, and inhalation. 
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Engine Exhaust 
The generator set engine exhaust, coolant systems, and starting batteries present 
risks of asphyxiation, burns, and explosions. Read and follow engine manual 
instructions. 


 
Engine exhaust contains carbon monoxide gas, an odorless, colorless, and 
poisonous gas that can cause illness, unconsciousness, and/or death. 


 
Contact with used engine oil can cause cancer or reproductive toxicity. 
When checking or changing oil, take care not to ingest, breathe the fumes 
or contact used oil. 


When experiencing any of the following symptoms, shut down the generator set, and 
get into fresh air immediately: 


 Dizziness  Headache 


 Throbbing in temples  Vomiting 


 Nausea  Weakness/sleepiness 


 Muscular twitching  Inability to think coherently 


To prevent exhaust leaks, take the following actions: 


 Check the exhaust system regularly for leaks. Shut down the generator set and repair 
leaks immediately. 


 Make sure exhaust manifolds are secure. Tighten if necessary. 


 Make sure engine areas are well ventilated. 


 Do not use exhaust gases to heat any compartment. 


 


Engine Coolant System 


 
Engine coolant system liquid is extremely hot and may cause serious 
injury. 


Always wait for the system to cool, and then bleed the system pressure before 
removing the pressure cap to check or add liquid to the system. 
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Engine and Station Batteries 


 
Engine coolant system liquid is extremely hot and may cause serious injury. 


 Hydrogen gas is highly explosive and can cause serious injury to personnel.  


 Do not smoke, use an open flame, or allow any electrical arc–producing equipment or 
switches in the area of the batteries. 


 Be sure there is sufficient ventilation to remove battery hydrogen gas. 


 Disconnect the battery charger before removing the negative battery cable from the 
battery as arcing could occur. Always remove the negative cable first and replace it 
last. 
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Type 6 PCIL200 Feeder Control 
Revision: AS-BUILT                 Date: 07/22/2010 


Normal Conditions  
System consists of four generator paralleling breakers 52-G1 through 52-G4, feeder 
breakers 52-F1 and 52-F2. 


Under normal conditions, the generator sets are in standby mode (gensets in auto 
mode with the gensets not running). The generator breakers 52-G1 through 52-G4, 
feeder breakers 52-F2 is open and 52-F1 is open. The loads are supplied by the 
utility source through the transfer switches.  


Loss of Normal Power  
When the system receives a signal to start via a hardwired signal from a utility 
monitoring device, all gensets start automatically and independently, accelerate to 
rated frequency, and build up to rated voltage. The first-start system monitors this 
process. If it detects a genset at 90% of rated voltage and frequency, it disables all 
other units from closing to the bus, and then closes the ready unit to the bus. Loads 
are added using normal load control.  


After the first unit closes to the bus, control of the remaining units switches to the 
synchronizer in each generator paralleling control, which causes the genset to 
synchronize with the system bus, then close to it at the proper time. 52-F1 closes 
after the first genset is online. 


Normal Load Control 
Eight load add and eight load shed relays are provided in the DMC to control future 
loads. The load add feature allows the operator to assign each feeder breaker an 
add level in the range of 1 to 8. Multiple feeder breakers may be assigned to the 
same add level. The highest priority load add level is level 1, which adds when the 
first genset comes online. Additional add levels come online as the remaining 
gensets parallel and close to the emergency bus. For example, when the second 
genset closes to the emergency bus, load add level 2 is picked up. When the third 
genset closes to the emergency bus, load add level 3 is picked up. This continues 
until all gensets in the system close to the emergency bus. When all gensets 
successfully parallel to the emergency bus, additional load add levels beyond the 
number of gensets add on a timed basis (52-F1 and 52-F1 are not controlled by the 
load add/shed scheme). 
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If one or more gensets fails to connect, the system turns on only as many load add 
levels, as there are connected gensets. At this time, override the automatic load 
control by adding the remaining load add levels manually at the Load Control screen 
while monitoring the spare capacity. If an overload occurs while adding levels, the 
automatic load control takes over and sheds levels until the overload signal clears.  


 


The load shed feature allows the operator to assign a shed level to each feeder 
breaker in the range of 0 to 7. Load shed level 1 is the first level to be shed. Load 
shed level 0 loads are not shed. The feeder breakers are shed when an overload 
signal is received from the generator. At this time, levels begin shedding on a timed 
basis until the overload condition clears. When the overload is cleared, re-add levels 
manually via the Load Control screen, provided sufficient spare capacity exists. 


Failure of a Unit to Start or Synchronize  
If a unit fails to start, after the overcrank time delay (in the genset control) expires, 
the unit shuts down and an alarm sounds.  


If a unit fails to synchronize, after a preset time delay, an alarm sounds and the unit 
continues attempting to synchronize until signaled to stop via operation of the off 
switch or emergency stop button on the genset. 


Genset Bus Overload 
If a bus overload occurs on an operational unit, a bus overload alarm initiates. Bus 
overload conditions occur when an operational gensets is either at or below 57 Hz for 
three seconds or at 105% of load for 60 seconds.  


 
A genset shuts down on underfrequency if the genset frequency remains 
below 90% of nominal for 10 seconds. 


Load Demand Mode 
Load demand permits the gensets to operate closer to their rated capacities, thus 
decreasing fuel consumption and reducing wear on the system.  


Set up load demand on the System Control – Page 2 screen. In the Load Demand 
Mode section, select the On checkbox. 


Two time delays are associated with load demand: Initial time delay is the time the 
system runs with full genset capacity before monitoring the system load; shutdown 
time delay is the time the system monitors the system load in comparison to the load 
demand settings before shutting down a genset. The load demand shutdown 
sequence determines the order in which the gensets shut down and restart, based on 
system load.  
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The lead unit never shuts down. 


The load demand settings determine the levels at which gensets are shut down and 
started. The kW pickup percent is the percent load on the running gensets that must 
be exceeded to start an additional genset. The kW dropout percentage is the percent 
of kW capacity of the remaining gensets that the load must be under for the next 
genset in the load demand sequence to shut down.  


Return of Normal Power 
Upon return of normal power, the ATS transfer back to the utility after the retransfer 
time delay, which is set at the ATS. The start signals from the ATS is removed from 
the generator sets, the generator set paralleling breakers open, and the generator 
sets operate at no load for a cooldown period. 52-F1 opens. Simultaneously, the load 
add relays for the load shed relays for the feeder breakers energize until the feeder 
breakers are open. When the cooldown period programmed into the PCC is 
complete, the generator sets shut down. 


If a system start signal is received during the cooldown period, one generator set 
immediately closes to the system bus and all other units synchronize to it, as 
described in Loss of Normal Power. 


System Test with Load 
On the System Control screen, select the Test with Load checkbox. All gensets start 
and parallel to the bus as described in Loss of Normal Power. 52-F1 closes. Load 
add relays for the feeder breakers energize using normal load control. Because the 
normal source on the ATS is good, the ATS do not transfer from the normal to the 
emergency source during this test. If Load Demand Mode is on, the MasterControl 
monitors the system load and operates as described in Load Demand Mode. 


To terminate a test with load, select the Off checkbox in the System Test section on 
the System Control screen. The generators shut down and the loads shed as 
described in Return of Normal Power, then return to standby mode. 


System Test without Load 
On the System Control screen, select the Test w/o Load checkbox. All generators 
start and parallel to the bus as described in Loss of Normal Power. At this time, no 
loads are added and the load add relays are not energized. If Load Demand Mode is 
on, the MasterControl monitors the system load and operates as described in Load 
Demand Mode. 


To terminate a Test without Load, select the Off checkbox in the System Test 
section on the System Control screen. The generators shut down as described in 
Return of Normal Power, then return to standby mode. 
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Operation with Transmitters 
On the System Control screen, select the Operation with Transmitters checkbox. 
Selected gensets (selectable on the HMI) start and parallel to the bus as described in 
Loss of Normal Power. When all the selected gensets are online, 52-F2 closes. 


To terminate operation with transmitters, select the Off checkbox on the System 
Control screen. 52-F2 breaker opens and generators shut down.  


If normal power fails during operation with transmitters, fourth genset automatically 
starts parallels and closes to the bus. After all the gensets are online, 52-F1 closes. If 
a bus overload is sensed under these conditions, 52-F1 opens.  


To terminate operation with transmitters with normal power failure, select the Off 
checkbox on the System Control screen. 52-F2 breaker opens. Gensets continue to 
feed the load downstream. If Load Demand Mode is ON while the system is 
operating in transmitter mode and normal power has failed, the MasterControl 
monitors the system load and operates as described in Load Demand Mode but 
would shutdown only one generator as minimum three generators are required for 
transmitter operation. 


Manual System Operation 


Manual Mode from the Touchscreen 


On the Generator Control screen, select the Manual checkbox in the Control Mode 
section. This allows the operator to start/stop each genset and open/close each 
generator breaker. During this operation, all genset protection is active to prevent 
starting the genset or closing the generator breaker in an unsafe condition. If a loss-
of-normal-power condition occurs while the system is in manual, all gensets start, 
but the generator breakers do not close until the operator touches the Press to 
Close button in the Breaker Control section. Returning the system to Automatic – 
Open Transition allows the system to operate in normal mode. 
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Manual Mode from the PowerCommand Control (PCC) 


This mode should only be used if the PLC fails and it is necessary to 
transfer to the emergency source before a normal source failure. 


To prevent an underfrequency shutdown, do not allow the anticipated 
load to exceed the capacity of one genset.  


Before starting the gensets and connecting them to the emergency bus, shed 
noncritical and high-inrush feeder breaker loads by pressing the Open button on the 
front of each feeder breaker.  


Start each genset manually and close the generator breaker to a live or dead bus 
from the PCC. (For specific instructions, refer to the genset operating manual.)  


When the gensets are connected to the emergency bus, add additional loads if 
sufficient capacity exists. 







OPERATION 


 


Arecibo Observatory Switchgear 
7071681 


6


THIS PAGE LEFT INTENTIONALLY BLANK 







TOUCHSCREEN OPERATION 


www.cumminspower.com 


Operation & Maintenance Manual 
TO-1


Digital MasterControl 
The Digital MasterControl is the system controller for paralleling gensets to the 
emergency bus. The front panel features a high-resolution LCD touchscreen. 


 
High voltage in the Digital MasterControl may cause severe burns or shock 
resulting in serious injury or death. Avoid contact with body parts, clothing, 
jewelry, and damp surfaces. 


 


This chapter describes elements found on a typical touchscreen. 


 
The screens shown in this chapter are typical and may not reflect the 
exact configuration of a specific project.  
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Main Menu 


 


The Main Menu screen is the designated startup screen and main navigation tool. 
This screen also provides security and user information that is described in detail at 
the end of this chapter. 


Access other screens by touching the appropriate navigation button on the lower part 
of this display graphic. For example, touch the Current Alarms button to cause the 
Current Alarms screen to appear.  


See Changing Security Levels for instructions for changing the current user’s security 
level. 
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Touchscreen Security System Operation 


 


Security Log On 


The DMC features three levels of security: Guest (level 0), OPR (level 1), and 
Engineer (level 2). The default security level is Guest, which permits limited screen 
access with no control. The System Control and Set-up screens are not accessible 
at level 0.  


Level 1 allows access to all screens except the Set-up screen, and Level 2 allows 
access to all screens.  


The current user and security level display on the right side of the Main Menu screen. 
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Changing Security Levels  


Change security levels by touching the Security Log On button on the Main Menu 
screen. This causes a log-on box to pop up.  


Touch the User Name field; a keypad appears. 


Enter OPR or engineer, using the next arrow on the keypad to scroll through the 
alphabet. Touch the OK button on the keypad.  


Touch the Password field; the keypad appears again. Enter the password that 
corresponds to the security level, then touch the OK button on the keypad.  


Touch the OK button on the log-on box. 


Contact an authorized Cummins distributor for lost or forgotten passwords. 
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Auto Logout Feature 


  


The DMC touchscreen includes an auto logout feature. When enabled, this feature 
causes the system to return to the Main Menu and relog the system in at Guest 
security level 60 minutes (regardless of system activity) after logging in as OPR or 
Engineer. This assures that critical screens are not accessed if an authorized person 
leaves the system without logging out. 
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Enabling/Disabling the Auto Logout Feature 


 
Enabling and disabling the Auto Logout feature should only be done by 
an authorized Cummins service technician. 


1. From the Main Menu screen, log into the system as Engineer, then touch the 
Setup button. 


2. On the Set-up screen, toggle between Enable and Disable. When Auto Logout is 
enabled, the count tag value may be used to determine where the scheduler is in 
the auto-logout count. Each count is equal to four seconds; when the count value 
is 15, one minute has elapsed.  


For informational purposes, an auto logout Enabled/Disabled status box displays on 
the Main Menu.  
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Main Oneline 


 


This screen provides information on Cummins-provided components. System status 
displays a combination of animation, changing screen colors, text messages, and 
pop-up indicators.  


 
Touching a symbol opens the AC Metering screen.  


    


Genset symbol (running/stopped)
This symbol indicates whether the generators are running (red) or 
stopped (green).  
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Breaker status for utility mains, gen mains, and gensets      
(open/closed/tripped/racked in/racked out)  
Red indicates energized; green indicates de-energized. 


   


Breaker status for feeders (open/closed/tripped) 
Red indicates energized; green indicates de-energized. 


 


 
Bus conditions (energized/de-energized) 
Red indicates energized; green indicates de-energized. 


 


UM/GM kW displays 
These meters show the percentage of kW the utility and genbus are 
using.  


 


System Runtime 


This indicates the time (in minutes) the gensets have been online. 
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 Genset Oneline 


 


The Genset Oneline Diagram screen gives a graphical display of the power system 
components directly controlled by the Cummins Power Generation paralleling 
system.  


System status is displayed via a combination of animation, changing screen colors, 
text messages, and pop-up indicators. 


Touching a symbol opens the AC Metering screen.  


 


Genset symbol
Control, data, and performance summary screens are accessible 
through links located on or adjacent to this icon. 
Genset mode message (run/off/auto) 
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Genset status (normal/warning/shutdown/load demand stop) 


 


Breaker status (open/closed/tripped/racked-in/racked-out)  
The status and condition of customer-supplied breakers and 
devices is optional.  


Red indicates energized; green indicates de-energized. 


 


Bus condition (energized/de-energized) 


Red indicates energized; green indicates de-energized. 


 


Touch the Summary or Control buttons to launch the associated 
screens. 


 


System Runtime 


This indicates the time (in minutes) the gensets have been online. 
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Genset Manual Control 


 


The Genset Manual Control screen allows manual operation of each genset and 
corresponding paralleling circuit breaker. The buttons below the page header allow 
the user to choose which genset to control. The control mode switch on this screen 
must be in the Manual position for controls to be functional. The system will not 
function in any automatic modes until the control mode switch returns to Automatic – 
Open Transition mode or Automatic – Closed Transition mode.  


The user must be logged in as an Operator (level 1) or higher to access this screen. 


Tabs at the top of the screen display for each existing genset. These allow the user 
to choose which genset to control.  







TOUCHSCREEN OPERATION 


www.cumminspower.com 


Operation & Maintenance Manual 
TO-12


Genset Summary  


 


The Genset Summary screen provides analog and graphical displays of critical 
operating parameters for each genset, including: 


 Genset status flags (stopped, time delay start, idle speed, rated volts/Hz, 
synchronizing, load share/load govern, and load demand) 


 AC metering for gensets (3-phase AC volts and current, frequency, kW, power factor, 
and 3-phase AC bus voltage and frequency) 


 A comprehensive display of engine data from the genset control 


 Animation of the genset breaker and load bus  


Tabs at the top of the screen display for each existing genset. These allow the user 
to choose which genset to monitor.  
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System Control 


 


The System Control screen allows for control of load transfer and demand and the 
load add/load shed system. 


The user must be logged in as a Level 1 (Operator) or higher to access this screen. 


Control Mode  


Control mode allows the operator to set the source transfer mode for the system. 
Auto – Closed Transition allows for closed transition transfers between the genset 
source and the utility source, when possible. Auto—Open Transition causes the 
system to perform open transition transfers between the genset source and the 
utility source. The manual indicator shows when the system is in manual from the 
Generator Manual Control screen. 


System Test 


System Test allows the operator to test the system in several ways. The control 
mode selection determines the method of transfer, when applicable.  
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Remote Enable  


Remote enable allows peak shave and test modes to be started and stopped 
through customer inputs. Selecting this checkbox also disables local commands. 


Time Delay Settings  


Time delay settings permit customization of the timing of source transfers. The 
transfer time delay sets the period the system waits before transferring to the genset 
source. This allows the utility to come back from a momentary power outage. The 
Retransfer time delay is the period the system waits for the utility to remain stable 
when it returns before retransferring back. Program transition time delay is the 
period both sources remain open during open transition transfers. This allows for 
spinning loads to decay to prevent damage due to out-of-phase closing. During the 
retransfer operation, a button and time-remaining indicator appear, allowing the 
operator to bypass the retransfer time delay. 


Load Displays 


Load displays shows the kW values for loads associated with the system. 


Load Transfer Control 


The operator may change the sequence in which loads are added to and shed from 
the source. Up to eight levels of load add (1–8) and load shed (0–7) and multiple 
loads may be assigned to the same level. Select the User Defined Shed Levels 
checkbox to customize shed level assignments. If this box is unselected, the system 
automatically assigns shed levels in the reverse order of the add levels.  


The Load Shed Delay Timer is the period of time the system waits before shedding 
loads in the event of a bus overload condition.    


Load Demand 


The Load Demand feature permits the operator to set up the system to 
automatically start up and shut down gensets based on the facility load when the 
system is in standby mode. Turn the load demand function on or off by selecting the 
appropriate checkbox in the Load Demand section.  


Initial Time Delay refers to the period the system waits after the gensets start and 
come online before monitoring the load demand settings. This gives the system time 
to stabilize on the genset source.  


Shutdown Time Delay refers to the period the system waits before shutting down a 
genset if the facility load is sufficiently low.  
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Load Demand Shutdown Sequence  


Load Demand Shutdown Sequence defines the order in which the gensets shut 
down and start up.  


The lead unit never shuts down. 


Load Demand Settings 


These settings select the KW levels for load demand pickup and dropout points 
when the system load decreases. 


See the Sequence of Operation section in this manual for more details 
concerning these modes. 
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Load Control 


 


The Load Control screen allows the operator to monitor genset capacity, as well as 
what levels of load are added or shed. It also allows for manually shedding or adding 
loads. 


The total load, as a percentage of online generation capacity, displays on a bar graph. The 
actual system load also displays. 


Set the add and shed level for each distribution device on the System Control screen.  


Level 1 Add is the first load connected to the bus; Level 8 Add is the last . Level 1 Shed is 
the first load to shed from the bus and Level 7 Shed is the last. Level 0 Shed never sheds. 


Loads add automatically to the system based on the number of gensets online. If all 
gensets are successfully running on the bus, the system automatically continues adding 
loads up to level 8 or until a bus overload occurs.  
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If genset capacity is sufficiently greater than the loads added, add additional loads using 
the manual Press to Add buttons. If loads shed due to insufficient system capacity, 
restore them manually using the Restore buttons. Shed loads manually using the 
Press to Shed buttons. 
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Analog Meters 


 


Four predefined AC meters and four predefined engine gauges are displayed for 
each genset in paralleling system.  


Tabs at the top of the screen display for each existing genset. These allow the user 
to choose which genset to monitor.  
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AC Metering 


 


The AC Metering screen provides an analog and graphical display of AC metering 
data, including 3-phase AC volts and current, frequency, kW, and power factor for 
each monitored bus. 
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Current Alarms  


 


The Current Alarms screen displays the date, time, alarm description, and 
acknowledged date and time for genset and system alarms.  


Unacknowledged active alarms are shown in red; unacknowledged inactive alarms 
are displayed in blue.  


Acknowledge alarms and silence the horn by touching the Alarm Ack/Horn Silence 
button. Acknowledged alarms turn green; acknowledged inactive alarms disappear. 


Reset the PLC system alarm by touching the System Alarm Reset button. 


Use the Page Up and Page Down buttons to scroll through the screens. 
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Alarm History 


 


The Alarm History screen provides the operator with an ongoing history of system 
and genset alarms. Included are fields for date, time, alarm description and 
acknowledge date/time. 


The alarm history states are color-coded as follows: 


 Unacknowledged active alarm state (red) 


 Acknowledged active alarm state (green) 


 Unacknowledged inactive alarm state (blue) 


The alarm history log is set to automatically clear data that is more than two weeks 
old.  
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Real-Time Trending 


 


The Real Time Trending screen allows the operator to view the last six minutes of 
historical data concerning voltage, current, power, and frequency. The instantaneous 
values of these variables are also displayed in digital format directly below the 
scales.  


Real-time trending is available for the generator bus and for any utility source that 
may be associated with the system.  
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Setup Screen- Page No.1 


 


Use the Set-up screen to enter programmable logic control (PLC) program constants.  


These constants are typically set at the factory during static testing. 


 


See the Factory Settings sheet for actual settings.  


 
Do not make changes to this screen unless authorized by the factory. 
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Setup Screen- Page No. 2Setup page 2 


 


See the Factory Settings sheet for actual settings.  


 
Do not make changes to this screen unless authorized by the factory. 
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Setup Screen- Page No. 3Setup page 3 


 


       See the Factory Settings sheet for actual settings.  


 
Do not make changes to this screen unless authorized by the factory. 
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Setup Screen- Page No. 4  Diagnostics 


 


See the Factory Settings sheet for actual settings.  


 
Do not make changes to this screen unless authorized by the factory. 
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The recommended schedule for maintaining this equipment is based on our 
experience with these types of installations. Cummins recommends a maintenance 
schedule based on calendar lapsed time as applied to the entire paralleling system.  


 
This power system presents risks of serious injury or death from 
asphyxiation, shock, burns, or strangulation. Both utility and genset power 
must be disconnected from the equipment while maintenance is performed. 


System Maintenance Schedule 


Maintenance item Weekly Monthly Annual 


Clean cabinet exteriors 


Wipe down the 
entire system 
using a soft, lint-
free cloth. 


 


 


Clean operator interface panel 
(touchscreen) 


Disconnect this 
equipment from 
its power source 
before cleaning. 
Use a damp 
cloth. Do not use 
liquid or spray 
detergents for 
cleaning.  


 


 


Check power system equipment 
documentation 


Manuals, 
maintenance 
charts, and logs 
must be 
accessible to 
operations and 
maintenance 
personnel. 


 


 


Operate running system test See page PM-3.   


Check batteries and chargers  See page PM-4.  


Clean and inspect switchgear   See page PM-4. 
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 Operation of a Protective Device 


 
Use of this test procedure will cause a momentary power failure to the 
loads in the system that is connected to the transfer switches being 
tested. Before proceeding, ensure sure that this power outage will not 
cause personal injury or property damage. 


Operation of a protective device to interrupt normal power to one or more transfer 
switches causes the transfer switch to sense a normal power failure and signal the 
paralleling system to start. When the gensets close to the bus, the transfer switches 
connect their loads to the emergency bus exactly as they would during a normal 
power failure. 


Transfer switches may be wired to close to the bus in priority sequence. If not all 
gensets in the system start, transfer switches feeding low-priority loads may not be 
automatically transferred to the paralleling system. System controls include 
provisions for manually adding loads to the system.  


On reclosure of the protective device feeding the transfer switch, the transfer switch 
signals the paralleling system that normal power has returned and begins timing to 
retransfer to the normal bus.  


When all transfer switches are retransferred to normal power, the paralleling 
breakers open and the gensets operate for a cooldown period, and then shut down. 


When the system is up and running, record information on the appropriate maintenance log.  
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Periodic Running Test of Power System Equipment 
The power system equipment should be run periodically to maintain the operational 
reliability of the system. Failure to do so can increase maintenance and reduce the 
reliability of the equipment. 


 Testing can expose personnel to hazards that can result in serious injury 
or death. Make sure that all persons are clear of the equipment and are 
aware of this test. Some of these tests will momentarily disrupt power to 
the loads. Be sure to alert all areas requiring power prior to running tests 
to prevent an emergency. 


System Test 
The paralleling system equipment should be operated on a weekly basis to enhance 
the operational integrity of the system. Failure to do so may increase maintenance 
costs and reduce the reliability of the equipment. It is recommended that the system 
be operated under load for a running test of the equipment. 


The system test can be accomplished by three separate control actions. (The first 
two selections may be used when the power system includes transfer switches.) 


 Open the potential test switches feeding the normal side of one or more of the transfer 
switches in the system. 


 Select manual transfer mode then start the genset and initiate transfer to the genset 
from the Manual Control screen.  


 Select the Test Control Mode on the System Control screen. 


The first two options cause a momentary power failure to the loads in the facilities 
that are fed by the transfer switches used for testing. Momentary power failure 
occurs on initiation of the test sequence and on return of the loads to the normal 
utility service. 


 
Alert all appropriate areas requiring power before running tests to prevent 
causing an emergency. 


Weekly Preventative Maintenance 
Weekly preventative maintenance must be performed to maintain the operational 
reliability of the paralleling switchboards, station batteries, and battery charger.  







PERIODIC MAINTENANCE 


www.cumminspower.com 


Operation & Maintenance Manual 
PM-4


Monthly Preventative Maintenance 
Service the batteries to provide proper charge. Maintain clean and tightened battery 
terminals and battery cables. 


See the Appendix of this manual for maintenance logs.  


Annual Preventative Maintenance 
Yearly preventative maintenance insures operational reliability of the paralleling 
equipment. The permanent equipment log must contain a record of the work 
performed and the date, together with comments on the condition of the system and 
system components.  


Perform the following procedure: 


1. De-energize the power system and disable operational capability of the gensets by 
doing the following: 


a. Make sure the genset Run/Off/Auto switch is set to off. 
b. Disconnect the battery charger prior to removing the negative battery cable 


from the battery. Disconnect battery cables, negative cable first. 
c. Make sure all circuit breakers feeding the system are open. 
d. Open service to the DMC from other locations. Lock out the service to prevent 


accidental energizing while service is being performed. 
2. Clean the equipment 


a. Thoroughly dust and vacuum all controls, meters, circuit breakers, and bus 
compartments. 


b. Wash cabinet surfaces and meter faces using mild detergent and a damp 
sponge. Do not allow excess water to enter meters or cabinets; 
components could short circuit and become inoperable. 


3. Inspect the equipment 
a. Visually inspect system buswork and supports for carbon tracking, cracks, 


corrosion, or other signs of deterioration. 
b. Check system buswork hardware for loose connections.  
c. Visually inspect all control wiring and power cables for signs of wear and/or 


deterioration, especially wiring between hinged doors. 
d. Check all control wiring and power cables for loose connections. Tighten if 


necessary. 
e. Check system cabinets for loose or missing hardware. 
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4. Perform preventive maintenance 
a. Tighten all system buswork and cabinet hardware, as well as all control wiring 


and power cables. 
b. Service or replace station batteries. 
c. Verify proper operation of the station battery charger. 


5. Check operations 
a. Energize the power system and enable the operational capability of the 


gensets. 
b. Run the system test (if available) and operate all controls while observing 


meters and indicator lights. 
c. Check the operational capability of all protective circuits and devices while 


observing meters and indicator lights. 


See the Appendix of this manual for maintenance logs.  


If service is required or problems arise relating to this system, contact a Cummins 
service representative. 
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Battery and Battery Charger Maintenance Log 
The permanent equipment log must contain a record of the checks and the date 
performed, together with corrective measures taken to maintain the system. In the chart 
provided, mark each applicable week of the month when the batteries and battery 
charger are checked. 


 


Month Batteries Battery charger 


January 1 2 3 4 5 1 2 3 4 5 


February 1 2 3 4 5 1 2 3 4 5 


March 1 2 3 4 5 1 2 3 4 5 


April 1 2 3 4 5 1 2 3 4 5 


May 1 2 3 4 5 1 2 3 4 5 


June 1 2 3 4 5 1 2 3 4 5 


July 1 2 3 4 5 1 2 3 4 5 


August 1 2 3 4 5 1 2 3 4 5 


September 1 2 3 4 5 1 2 3 4 5 


October 1 2 3 4 5 1 2 3 4 5 


November 1 2 3 4 5 1 2 3 4 5 


December 1 2 3 4 5 1 2 3 4 5 


 


 







 







 
 
 


 


 


Genset Maintenance Log 
The permanent equipment log must contain a record of the checks and the date 
performed, together with corrective measures taken to maintain the system.  


 


 G
en


set # 


  D
ate 


   T
im


e 


O
il P


ress 
(P


S
I) 


O
il 


T
em


p
 


C
o


o
lan


t 
T


em
p


 


B
att C


h
arg


e 
R


ate 


W
atts 


V
o


lts 


A
m


p
s 


          


          


          


          


          


          


          


          


          


          


          


          


          


 







 







 
 
 


 1


 


Annual Maintenance Log 
Annual preventative maintenance insures operational reliability of the paralleling 
equipment. The permanent equipment log must contain a record of the work performed 
and the date, together with comments on the condition of the system and system 
components.  


 


Clean the equipment 


1. Thoroughly dust and vacuum all controls, meters, circuit breakers, and bus 
compartments. 


2. Wash cabinet surfaces and meter faces using mild detergent and a damp sponge.  


 
Date 


 


 


Observations 


 


 


 


 


 


 


 


Actions taken 
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Inspect the equipment 


1. Visually inspect system buswork and supports for carbon tracking, cracks, corrosion, or 
other signs of deterioration. 


2. Check system buswork hardware for loose connections.  


3. Visually inspect all control wiring and power cables for signs of wear and/or deterioration, 
especially wiring between hinged doors. 


4. Check all control wiring and power cables for loose connections. Tighten if necessary. 


5. Check system cabinets for loose or missing hardware. 


 


Date 


 


 


Observations 


 


 


 


 


 


 


 


Actions taken 
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Perform preventive maintenance 


1. Tighten all system buswork and cabinet hardware, as well as all control wiring and 
power cables. 


2. Service or replace station batteries. 


3. Verify proper operation of the station battery charger. 


 
Date 


 


 


Observations 


 


 


 


 


 


 


 


Actions taken 
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Check operations 


1. Energize the power system and enable the operational capability of the gensets. 


2. Run a system test (if available) and operate all controls while observing meters and 
indicator lights. 


3. Check the operational capability of all protective circuits and devices while observing 
meters and indicator lights. 


 


Date 


 


 


Observations 


 


 


 


 


 


 


 


Actions taken 
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This section of the manual describes troubleshooting procedures and alarm 
descriptions. Issues may occur that are not included in these procedures. Contact a 
Cummins service representative for any problem not addressed in this manual. To 
troubleshoot gensets and transfer switches, refer to the appropriate equipment manuals.  


Observe the following safety information when troubleshooting this equipment. 


 
Troubleshooting procedures present hazards that may result in severe injury 
or death. Only qualified personnel should perform service. 


 
During the following procedures, do not release the circuit breaker charging 
handle until the entire charging operation is complete. Releasing the handle 
earlier may cause the handle to move upward with enough velocity and force 
to cause injury. 


 
The springs are fully charged when a metallic click is heard and the spring 
charge indicator reads Charged. Do not force the handle beyond this point or 
the circuit breaker may be damaged. 


Alarms 


CB Fault/Fail Alarm 


Five conditions could cause these alarms to become active:  


 a breaker overcurrent condition, which is a hardwired input 


 a breaker ground fault condition, which is a hardwired input 


 a failure to close, which is true if the control sends a close command and the 
breaker does not close within one second 


 a failure to open, which is true if the control sends an open command and the 
breaker does not open within one second 


 An auxiliary contact failure, which is true if the hardwired A and B contacts are in 
the same position for greater than two seconds.  


If this alarm is active and has not been reset, the breaker is inhibited from closing. 
When the alarm is reset and conditions are corrected, the breaker attempts to close. 
Breaker opening is not inhibited by a breaker failure alarm.  


 
This only applies to systems with generator main and utility main 
breakers. 
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Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button, and then check the following: 


 Locate the paralleling breaker for the genset with the Breaker Fail to Close alarm. 
If “spring discharged” displays in the breaker status window, consider a faulty 
charging motor or circuit. 


 If the breaker tripped due to a fault condition, determine if the circuit breaker has 
a manual reset fault indicator. 


 On a low-voltage system, check the undervoltage release voltage. 


If the issue cannot be resolved, contact a Cummins service representative. 


CB Trip (Bell Alarm)  


This alarm becomes active with a positive hardwired input from the device monitoring 
current through the appropriate circuit breaker. Input is positive when the device 
senses current through the breaker is not within acceptable limits. In a low-voltage 
breaker, this is the trip unit integral to the breaker; in a medium-voltage breaker, a 
protective relay performs this function. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button, and then reset the relay.  


If the issue cannot be resolved, contact a Cummins service representative. 







TROUBLESHOOTING 


www.cumminspower.com 


Operation & Maintenance Manual 
TR-3


Check Genset Alarm 


This is a common alarm for each genset indicating that a genset parameter is outside 
of the acceptable range and should be investigated. Genset parameters with 
individual alarming capability are: 


Gen n Charger AC Failure 


Gen n Emergency Stop 


Gen n Fail to Close 


Gen n Fail to Start 


Gen n Fail to Sync 


Gen n Ground Fault 


Gen n High AC Voltage   


Gen n Low AC Voltage   


Gen n High Battery Voltage  


Gen n Low Battery Voltage 


Gen n Pre High Engine Temp and Gen n High Engine Temp   


Gen n Low Coolant Temp 


Gen n Pre Low Oil Pressure and Gen n Low Oil Pressure  


Gen n Low Coolant Level 


Gen n Low Fuel Level  


Gen n Not in Auto 


Gen n Overcurrent 


Gen n Overload 


Gen n Overspeed 


Gen n Reverse KVAR 


Gen n Reverse Power 


Gen n Short Circuit 


Gen n Under Frequency  


Refer to the genset manual for a more in-depth explanation of individual genset 
alarms. 
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Check Station Battery Alarm 


The DMC control voltage is continuously monitored by a voltage relay; if it drops 
below 18 VDC for at least one-half second, the alarm becomes active. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button, and then check the following: 


 Open the door on the DMC and locate the station battery assembly in the lower 
corner of the control. Confirm the power LED on the charger is lit. 


 Check the voltage (120 VAC) on TB-BAT terminals 1 and 2.  


 Make sure the charger is plugged in.  


 Check the relay settings. The marks on the knobs should match up with the black 
marks on the relay housing. 


If the issue cannot be resolved, contact a Cummins service representative. 


GM in Manual Mode  


See Transfer Pair in Manual Mode Alarm. 


Illegal Load Demand Shutdown Sequence Alarm 


The processor continuously checks the load demand genset order shutdown 
sequence and determines the sequence is illegal if any genset is entered in the 
sequence more than once. An active illegal sequence alarm takes the system out of 
and/or keeps it from entering load demand mode. A 30-second delay from the time 
an illegal sequence is sensed to when it becomes active allows for changes to the 
shutdown sequence while the system is in load demand mode. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button. On the System Control screen, view 
the Load Demand Shutdown Sequence area and confirm that no genset numbers 
are repeated. 


If the issue cannot be resolved, contact a Cummins service representative. 


Load Shed Is On/Load Bus Shed Level n Is On Alarm 


This alarm becomes active when a load shed level is activated due to a system 
overload condition. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button, and then re-add the loads when the 
overload clears. 


If the issue cannot be resolved, contact a Cummins service representative. 
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Low Fuel Main Tank Alarm 


This alarm becomes active with a positive hardwired input from an external fuel 
level–monitoring device supplied by others. 


Touch the yellow alarm tab to display the Current Alarms screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button, and then check the following: 


 Confirm there is fuel in the tank. 


 Check the tank sensor for proper function.  


If the issue cannot be resolved, contact a Cummins service representative. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button, and then check the breakers and 
fuses. 


If the issue cannot be resolved, contact a Cummins service representative. 


Minimum Number of Gensets Not Online Alarm 


The system requires a minimum number of gensets to be connected to the 
emergency bus before it connects to the load bus by closing the gen main breaker. 
This is so the emergency source is not overloaded before adequate generation is 
available to pick up the connected load. The minimum number setpoint is adjustable 
from the Setup screen. The system has 30 seconds from the initiation of the start 
signal to get the minimum number of gensets online before this alarm becomes 
active. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ask/Horn Silence button, and then start another generator. 


If the issue cannot be resolved, contact a Cummins service representative. 


Overload Alarm On 


This alarm becomes active when the total load on the load bus exceeds the available 
capacity of the source. It is only enabled when the load is being supplied by the 
emergency source (gensets). In the standard program, it is triggered by the load dump 
input that is hardwired from each genset and a true input from any genset activates it. 
As long as this condition is true, the system continues to shed the lowest priority loads 
until it clears. The load dump signal initiated at the genset is based on the load bus 
frequency dropping 3 Hz for 5 seconds or the load on the genset exceeding 100% of 
its standby rating for two minutes. These settings can be modified at the genset 
control. 
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Touch the yellow alarm tab to display the Current Alarms screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button, and then do the following: 


 Touch the System Alarm Reset button. 


 On the Load Control screen, use the Restore buttons to re-add loads that 
were shed.  


If the issue cannot be resolved, contact a Cummins service representative. 


PLC Battery Low Alarm 


This is an output from a self-diagnostic performed in the PLC. It indicates that the 
battery integral to the PLC CPU is no longer capable of maintaining the program in 
the CPU if the PLC loses its main power supply. Battery life is typically five years. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button, and then make sure the battery is 
plugged in. If it is, change the battery. 


If the issue cannot be resolved, contact a Cummins service representative. 


PLC I/O Failure Alarm 


The PLC processor continuously checks communication to and the health of each of 
the distributed I/O devices. This alarm becomes active whenever a device fails to 
respond to the communication check or the health check. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button, and then check the following: 


 I/O connections 


 Power to the I/O 


If the issue cannot be resolved, contact a Cummins service representative. 


PLC to Touchscreen Comm Failure Alarm 


A watchdog timer is set up to monitor touchscreen/PLC communication. Every 17 
seconds, the PLC sends a command to the touchscreen requesting a specific 
response. The touchscreen has 10 seconds to respond before a failure counter 
begins. The counter resets if it is not incremented for 60 seconds. If the counter 
reaches a count of four failures before it is reset, the communication failure alarm 
becomes active, sounding an audible alarm. The touchscreen has its own 
communication fail alarm where it monitors the communication with the PLC from its 
side. It displays the communication alarm if there is no data refresh in a continuous 60-
second period. 
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Indications of possible modbus communications malfunction: 
• Screens do not update 
• Question marks in screen data display fields 


Check if the modbus cable or Ethernet cable have come unplugged or are loose. 


If the issue cannot be resolved, contact a Cummins service representative. 


Protective Relay Failure Alarm 


This is a hardwired output from the protective relay that becomes true when it fails a 
self-diagnostic health check. The system responds to this condition by taking the 
system out of extended parallel mode. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button, and then check the protective relay 
power supply. 


If the issue cannot be resolved, contact a Cummins service representative. 


PU% Must Exceed DO% by 20 Alarm 


There must be at least a 20% load difference between the load demand drop out and 
pick up setpoints. This keeps the system from cycling gensets on and off. An active 
Range Bad alarm will take the system out of and/or keep it from entering the load 
demand mode. There is a 10-second delay from the time a bad range is sensed to 
when the alarm becomes active to allow for changes to the setpoints while the 
system is in the load demand mode. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button. On the System Control screen, view 
the Load Demand Settings area and confirm that there is a 20% difference between 
the kW pickup percentage and the kW dropout percentage. 


If the issue cannot be resolved, contact a Cummins service representative. 
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System/Touchscreen Manual Mode Alarm 


This operator-initiated mode inhibits the system from any automatic control actions, 
including starting gensets, changing operating modes, issuing breaker control 
commands, or issuing load control commands. Many systems have hardwired genset 
start commands on a normal source failure; these are not inhibited in system manual 
mode. In this mode, manual genset starting and paralleling breaker control from the 
touchscreen are enabled. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button. 


This is an indication-only alarm. 


Transducer Comm Failure Alarm 


This alarm becomes active if the processor does not receive an update from the 
metering transducers within five seconds or if any transducer fails a self-diagnostic 
health check. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button, and then check the following: 


 The Modbus Plus status light blinks rapidly during normal communications.  


 Confirm the transducer is receiving power. 


 Make sure the transducer fuse is not blown. 


If the issue cannot be resolved, contact a Cummins service representative. 


Transfer Pair in Manual Mode Alarm 


This is a hardwired input from the manual/auto switch indicating that the switch is in 
the manual position. With the switch in the manual position, the PLC does not issue 
control commands to the main breakers regardless of the condition of any of the 
power sources. Full manual control of the breakers is enabled through the breaker 
open/close switches. 


Touch the yellow alarm tab to display the Current Alarm screen. Acknowledge the 
alarm with the Alarm Ack/Horn Silence button. 


This is an indication-only alarm. 


Lamps, Meters, Gauges, and Starter Solenoid 
A blown DC fuse could cause the system to malfunction and/or keep the genset from 
starting or running. Metering and other controls could malfunction if any fuse is blown.  
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This section contains the following drawings. These are also located in electronic 
format in the Drawings folder on the accompanying CD.  


 


Cummins Power 
Generation 


drawing number 


Number of 
pages 


Revision Description 


A030P929 3 A 
Bill of material 


A030S835 2 A 


A030S863 4 A Switchgear outline 


A030S864 7 A WD–interconnection 


A030S865 61 A Schematic–switchgear 


    


Square D  


Drawing Number 


Number of 
pages 


Description 


27086157-001 30 Drawings package 
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Hard copies of these items are found in this section.  


 Spare parts list  


 Certificate(s) of test 


 Settings sheets 


 0900-0293 PowerCommand FT-10 Network LonWorks System Annunciator Manual 


 0901-0107 Operator Manual: 15 A @ 12 V and 12 A @ 24V Battery Chargers  
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The items identified below are found on the accompanying CD.  


Cummins Power Generation 


Annunciators 


0900-0293 PowerCommand FT-10 Network LonWorks System Annunciator Manual 


Battery Chargers 


15 Amp @ 12 Volts and 12 Amp @ 24 Volts Battery Charger Kits instruction sheet 


Distributor Directory 


Worldwide Distributor Sales and Service Directory 


HMI Software 


Operator interface (HMI) application software 


Maintenance Docs 


Maintenance logs 


Mapping Template 


HMI to PLC mapping template 


PLC Software 


PLC application software 


Tests & Settings 


Tests and settings documents 


Warranty 


Global Commercial Warranty Statement Commercial Generating Set 


Global Power Electronics Warranty Statement Paralleling System Transfer Switch 
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Network Information 


The CD associated with this project contains the PowerCommand network support 
files (these are the same as those found on Cummins P/N 0326-5706 distributed 
with ModLon II Kit 0541-1149). The files in this folder may not be associated with 
this project. 


These files include: 


 Cummins plug-ins 


 Application files 


 Visio stencils 


 Installation/application manuals for  PCC3201, PCC3100, PCC3200, CCMG, 
CCMT, DIM, annunciator, PCATS, ModLon, and ModLon II 


 
This information is intended for use by Cummins DFSE, technicians, 
networks/ systems groups and internal engineers using LonMaker™ for 
Windows to build network. Do not make changes to the network unless 
authorized by the factory. 


 
These network devices may or may not be included with this project. 
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Vendor Documentation 


Advantech 


TPC-1570H  


Bitronics 


Bitronics PowerPlex Modbus Plus Interface Option Manual 


Bitronics PowerPlex RT & RTH 3-Phase Multifunction Digital Transducer User 
Manual 


Control Solutions, Inc. 


Modlon Gateway (Cummins Legacy# 0300-5926) 


Phoenix Contact 


Ethernet Modem 2313300 


Saft 


A10.1 Series Float Battery Chargers 


Two-tier Battery Rack RSL37N1-2 


Sealed VRLA Battery 12SLA50 


Schweitzer Engineering Laboratories  


SEL-300G Instruction Manual 


SEL-551 Instruction Manual 


Schneider Electric/Square D 
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Modicon 


Modicon Quantum Automation Series 140 CPU 434 12A, 534 14A Instruction 
Sheet 


Momentum M1 Processor Adapter and Option Adapter User Guide 


Modicon TSX Momentum Interbus Communication Adapter User Guide 


Modicon Quantum Automation Platform 140 DDI 35310 /140 DRA84000 


Modicon Quantum 140 NOE 771 


Modicon Quantum 140 NOM 21100 


Switchgear 


Masterclad Metal-clad Indoor Switchgear, 4.76-15 kV, Series 5, With Type 
VR Vacuum Circuit Breakers Instruction Bulletin 
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 Digital MasterControl Recommended Spare Parts List 


Part No.      Description        Quantity 


 0321-0363-03     Fuse–.8A 600 V      4 


 0321-0363-28    Fuse–10A        1 


 0321-0363-30    Fuse–15A       1 


 0307-2861-06    Relay–control      2 


 0307-2721      Relay–control       2   
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SYNC1320 Troubleshooting by Fault Code 
January 27, 2006 
 
Code Name Type Meaning Hints 
343 Hardware 


Failure 
Warning  At least, one of the following faults  


is active  : 
  
 Fault  2416 : Calibration 


Checksum Warning. 
 Fault 353 :  EEPROM Write 


Failure Warning. 
 Fault 1335 : Utility Main  AC 


Metering Failure ,and/or Genset 
Main AC Metering failure. 


 Hardware version is not 
compatible with software version.  


 Identify which of  those four faults is active by looking at 
displayed information  on LED`s  located on the MCM3320 
Board and/or by  using InPower. 


 See Troubleshooting hints for active specific fault (s) 
elsewhere in this same document. 


 Cycle power to MCM3320. 
 Perform an Initial Calibration or an Update Calibration. 
 If these procedures do not resolve the problem, board must be 


replaced. 


353 EEPROM 
Write Error 


Warning Current value in RAM memory (to-
be-written value) and its post-written 
value in EEPROM  are different. 


 This  happens every time you try to save a trim  by using 
either InPower or LCD Display, and it is not successful.  It 
could happen too when MCM3320 tries to automatically save 
data in a periodic basis. 


 This fault can only be cleared  by cycling power to 
MCM3320, or by resetting the processor via Inpower Initial 
calibration, or Update Calibration. 


1222 Not In Auto Event Breaker Control  or  Synchronizing 
System is not in AUTO mode. 


 Make sure you want to work in these conditions. If you do not 
, check relevant block terminals (TB10-6) or Modbus register 
on MCM3320 and related switches for misoperation. 


 Check   cabling from  switches to these block terminals. 
 Make sure control-switch mechanical operation is OK. 
 Verify that MCM 3320 is properly processing contact data , 


via InPower. 
1223 Utility Bus 


Frequency 
Warning Utility  Frequency is greater than  Check that  Lower and Upper Utility-Frequency Drop-Out 
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Code Name Type Meaning Hints 


Upper Drop-Out threshold or it is less 
than Lower Drop-Out  threshold and it 
stays there for a  time period greater 
than Drop-out Delay. 


settings on MCM3320 create a sensible  bandwidth that tells 
how good Utility is, in order to know whether or not you are 
trying to synchronize to a dependable source . Use InPower. 


 Make sure Utility frequency is not varying a lot all the time 
because this will make synchronizing operation lengthy. 


 Make sure MCM3320 is measuring frequency correctly. 
 Check for  very excessive  harmonics contents in Utility  


voltage signal. 
1224 Genset Bus 


Over Voltage 
Warning Genset Bus voltage is greater than 


Overvoltage Drop-Out Threshold and 
it stays there for a time period greater 
than Drop-Out Delay. 


 Make sure Genset  Overvoltage  Threshold is safe for  
connected load.  


 Check this  value is not too much close to  rated voltage. 
 Make sure Time Delay for this fault is not too low. 
 Check AVR system operation at each individual genset. 
 Make sure all AC voltage sensors are properly calibrated at 


MCM3320, and  at every Genset. 
 Use InPower to monitor if signal is properly processed, and 


make adjustments. 
 Check PT`s connections, and actual PT voltage ratio, if used.  


1225 Genset Bus 
Under 
Voltage 


Warning Genset Bus voltage is less than 
Undervoltage Drop-Out Threshold 
and it stays there for a time period 
greater than Drop-Out Delay. 


 Make sure Genset  Undervoltage  Threshold is safe for  
connected load.  


 Check this  value is not too much close to  rated voltage. 
 Make sure Time Delay setting , for this fault, is not too low. 
 Check AVR system operation at each individual genset. 
 Make sure all AC voltage sensors are properly calibrated at 


MCM3320 and Gensets. 
 Use InPower to monitor if signals are properly processed , 


and make adjustments. 
 Check  for wire size , distance and loose connections. 
 Check PT`s connections, and actual PT voltage ratio, if used.  


1226 Genset Bus 
Frequency 


Warning Genset Bus Frequency is greater than  Check that  Lower and Upper GM Frequency Drop-Out 
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Code Name Type Meaning Hints 


Upper Drop-Out threshold or it is less 
than Lower Drop-Out  threshold and it 
stays there for a  time period greater 
than Drop-out Delay. 


settings on MCM3320 create a sensible  bandwidth that 
makes load-feeding a safe activity.  Use InPower. 


 Be aware that the latter settings harmonize with  gensets`s 
settings.  


 Make sure Utility frequency is not varying a lot all the time 
because this will make synchronizing operation lengthy. 


 Make sure MCM3320 is measuring frequency correctly. 
 Check that Gensets`s control is well calibrated. 
 Verify that  frequency-governing system in each genset is 


properly set and is operating correctly. 
 Check fuel quality, and  fuel filters status  at motor. 
 Check for very excessive harmonics contents.  


1335 AC Metering 
Out Of Range 


Warning At least one of the following variables 
are out of range in UM and/or GM 
analog AC measurements:  Voltage , 
Current , KW , KVAR, KVA ,and 
Power Factor. 


 You have to determine which one is the source in trouble:  
GM or UM.  Use InPower. 


 Make sure meter calibration is OK. 
 Check PT`s and CT`s ratios are well set in MCM3320. 
 Verify that PT`s and CT`s rated values match  the ones set in 


MCM3320. 
 Check numbers of turns on each one of built-in CTs to 


comply with requirements regarding 5A-secondary and 1A-
secondary. 


 Verify that CT`s and PT`s polarities and connections  are OK. 
 Make sure signal values  at  MCM3320 voltage-and-current 


inputs are not too high to    prevent  these inputs from 
clamping due to saturation. In general , 25 % above rated set 
value  is a  good reference point for  maximum input value.  
Use InPower  and an external meter to check.  


 Maximum readable power is 32,767 kW/kVAR. 
1456 Synchronizer 


Output Limit 
Warning Synchronizer has been trying to get 


match point by putting voltage and/or  
frequency at extreme values ( lowest , 


 Check that Fail To Synchronize  Time is not   too low. 
 Verify that Permissive  Phase Window is not too low. 
 Make sure Permissive Voltage Window is not too low. 
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Code Name Type Meaning Hints 


highest ) of  allowed bandwidth for a  
time period greater than Fail-To-
Synchronize Time , without achieving 
this match point. 


 Check Permissive Window Time is not too high. 
 Check Voltage Bias Signal is properly received by genset (s). 


Check wiring. 
 Make sure Frequency Bias Signal is properly received by  


genset (s). Check wiring. 
 Check that Genset speed-governing system is responsive to 


bias incoming signal. 
 Check that AVR system is responsive to bias incoming signal. 
 Check fuel quality. 
 Make sure all meters are calibrated in MCM3320 and in each 


genset. 
 Increase kW and/or kVAR Load Share Gain on Genset 


controllers.  This will increase synchronizer range.  Do not 
increase too much, or load sharing instability may result. 


 Increase Upper and Lower Match Range Limits using 
InPower.  Consult factory for detailed instructions or 
undesirable operation may result. 


1457 Fail To 
Synchronize 


Warning  It shows up when  Synchronizer is 
active  ( Synchronizer is On )  AND 
Sync Check OK has not occurred  
AND this is  true continuously for Fail 
To Synchronize Time.   
 
 


 Check voltage-bias and frequency-bias signal to gensets are 
arriving to correct ports. 


 Check MCM3320 is sending bias signals to Gensets.  
 Check gensets are responsive to these signals. 
 Check speed-governing system of each genset. 
 Check AVR system of each genset. 
 Check fuel quality. 
 Make sure all MCM3320`s and gensets`s meters are 


calibrated. 
 See Hints for 1456. 


1458 Synchronizer 
Phase 
Rotation 


Warning It shows up when Synchronizer is  On 
AND Utility Phase Rotation is 
different from Genset Phase Rotation 


 Use InPower to see data processing  on MCM3320. 
 Verify that Genset and Utility  input voltage  lines to 


MCM3320 match the ones shown  on terminal block, as to  
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Code Name Type Meaning Hints 
Mismatch and this status is  true continuously for 


Fail to Synchronize Time.  Sync 
Check will not be possible until this is 
corrected. 
 
 


Phase Rotation and line-to-line match. 
 Be sure your Genset and Utility power lines are properly 


connected to relevant breakers. 
 Check Genset`s and Utility`s  PTs connections and polarities, 


if  used . 
 Verify your phase-sequence settings are consistent. 


1483 Common 
Warning 


Event Active if any Warning fault state is 
active. 
  


 Search for the active Warning  and follow relevant 
troubleshooting, elsewhere in this document. 


1912 Utility Bus 
Loss Of 
Phase 


Warning It shows up if the phase difference in 
electrical degrees  between adjacent-
phase    Utility Bus voltage    phasors 
are greater than 150 degrees  OR less 
than 90 degrees AND this is  true 
continuously for Utility Loss of Phase 
Drop-Out Delay. 


 Check for open phase(s). 
 Check there is no incoming missing line at MCM3320 


relevant Utility voltage inputs.  
 Be sure connections are not loose. 
 It is little probable that there is a real phase difference in 


Utility voltage phasors . Focus on loose connections and / or 
missing signals. 


1913 Genset Bus 
Loss Of 
Phase 


Warning  It shows up if the phase difference in 
electrical degrees  between adjacent-
phase Genset Bus voltage  phasors are 
greater than 150 degrees  OR less than 
90 degrees AND this is  true 
continuously for Utility Loss of Phase 
Drop-Out Delay. 


 Check for open phase(s). 
 Check there is no incoming missing line at MCM3320 


relevant GM voltage inputs.  
 Be sure connections are not loose. 
 It is little probable that there is a real phase difference in GM 


voltage phasors .  Focus on bad connections and / or missing 
signals. 


1914 Utility Bus 
Phase 
Rotation 


Warning  It shows up if Utility Phase Rotation  
mismatches System Phase Rotation 
setting for at least  one second.  THIS 
CONDITION IS ONLY CHECKED 
ON POWERUP OF THE CONTROL. 


 Use InPower to verify data processing on MCM3320. 
 Check System Phase Rotation setting in InPower Menu. 
 Verify that  Utility  input voltage  lines to MCM3320 match 


the ones shown  on terminal block , as to  Phase Rotation and 
line-to-line match. 


 Be sure your Genset`s  and Utility`s  power lines are properly 
connected to relevant breakers. Not having this done could 







 


6 


Code Name Type Meaning Hints 


mean a catastrophic breaker closure.  
 Check Genset`s  and Utility`s   PTs connections and 


polarities, if  used . 
1915 Genset Bus 


Phase 
Rotation 


Warning It shows up if GenBus Phase Rotation  
mismatches System Phase Rotation 
for at least  one second. THIS 
CONDITION IS ONLY CHECKED 
ON POWERUP OF THE CONTROL. 
 


 Use InPower to verify data processing on MCM3320. 
 Check System Phase Rotation setting in InPower Menu. 
 Verify that  Genset  input voltage  lines to MCM3320 match 


the ones shown  on terminal block, as to  Phase Rotation and 
line-to-line match. 


 Be sure your Genset`s  and Utility`s  power lines are properly 
connected to relevant breakers. Not having this done could 
mean a catastrophic breaker closure.  


 Check Genset`s and Utility`s  PTs connections and polarities, 
if  used . 


1916 Sync Check 
OK 


Event It is active when Synch Check Close 
Allowed is active. 


 This event is for information purpose. 
 You could map this Event to a programmable output. 


2328 Utility Bus 
Available 


Event (UMGM or UMGX  topologies ) :  It 
appears, if below faults/events are 
inactive simultaneously .  If its sensor 
is disable, Fault will be considered 
inactive .  
 
-Fault 2331 : Utility Undervoltage  
Warning. 
-Fault 2358 : Utility Overvoltage 
Warning .  
-Fault 1223 : Utility Frequency 
Warning . 
-Fault 1912 : Utility Loss of Phase 
Warning .  
-Fault 1914 : Utility Phase Rotation 


 It is for information purposes only. 
 This message can be mapped to an output. 
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Warning  
-Fault 1219 : Utility Breaker Tripped 
Warning. 
-Fault 1455 : Utility Breaker Position 
Contact  Warning . 
-Fault 2396 : Utility Breaker Fail To 
Close Warning . 
-Utility Source Failure Switch Input is 
inactive . 
 
( Master Synchronizer Only--MSO  
) :   It appears, if below faults/events 
are inactive simultaneously .  If its 
sensor is disable,   Fault will be 
considered inactive .  
 
-Fault 2331 : Utility Undervoltage  
Warning. 
-Fault 2358 : Utility Overvoltage 
Warning .  
-Fault 1223 : Utility Frequency 
Warning . 
-Fault 1912 : Utility Loss of Phase 
Warning .  
-Fault 1914 : Utility Phase Rotation 
Warning. 
  


2331 Utility Bus 
Under 
Voltage 


Warning Utility Bus voltage is less than 
Undervoltage Drop-Out Threshold 
and it stays there for a time period 
greater than Drop-Out Delay.  


 Make sure Utility  Undervoltage  Threshold is safe for  
connected load.  


 Check this  value is not too much close to  rated voltage. 
 Make sure Time Delay for this fault is not too low. 
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 Make sure all AC voltage sensors are properly calibrated at 
MCM3320 and Utiity. 


 Use InPower to monitor and make adjustments. 
 Check for loose connections . 


2358 Utility Bus 
Over Voltage 


Warning Utility Bus voltage is greater than 
Utility Overvoltage Drop-Out 
Threshold and it stays there for a time 
period greater than Drop-Out Delay. 


 Make sure Utility  Overvoltage  Threshold is safe for  
connected load.  


 Check this  value is not too much close to  rated voltage. 
 Make sure Time Delay for this fault is not too low. 
 Make sure all AC voltage sensors are properly calibrated  in 


MCM3320. 
 Use InPower to monitor and make adjustments. 
 Check PTs connections and their ratio , if used. 


2416 Calibration 
Checksum 
Error 


Warning It pops up when there is a specific 
mismatch regarding comparison of 
some internal data on the 
microprocessor. 


 You must cycle power to the MCM3320. 
 If fault persists , make an Initial Calibration by using InPower 


. 
 If problem continues , change the board. 


2965 Genset Bus 
Available 


Event ( GM or UMGM ) : It appears if 
below faults and event are inactive 
simultaneously.  If its sensor is 
disable ,  Fault will be considered 
inactive .  
 
- Fault 1328 : GM Breaker Tripped 


Warning.  
- Fault 1452  : GM Breaker Fail-To-


Close Warning. 
- Fault 1225 : GM Undervoltage 


Warning. 
- Fault 1224 : GM Overvoltage 


Warning. 


 It is for information purposes only. 
 This message can be mapped to an output.  
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- Fault  1226 :  GM Frequency 
Warning. 


- Fault  1913 : GM Loss-Of-Phase 
Warning. 


- Fault 1915 ;  GM Phase Rotation 
Warning . 


- Fault  1454 : GM Breaker Position 
Contact Warning. 


- Genset Online Capacity sensor 
must be picked up , or disable.  


 
( GX or UMGX  ) : It appears if 
below faults and event are inactive 
simultaneously.  If its sensor is 
disable ,  Fault will be considered 
inactive .  
 
- Fault 1328 : Gen Breaker Tripped 
Warning. 
- Fault 1452  : Gen Breaker Fail-To-
Close Warning. 
- Gensets Stop Command must be 
inactive  and Gen CB could be opened 
or closed. 
- Fault 1225 : Gen Main Undervoltage 
Warning.  
- Fault 1224 : Gen Main Overvoltage 
Warning. 
- Fault  1226 :  Gen Main Frequency 
Warning. 
- Fault  1913 : Gen Main Loss-Of-
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Phase Warning. 
- Fault  1915 : Gen Main  Phase 
Rotation Warning. 
 
( Master Syncronizer Only -- MSO  
) : It appears if below faults and event 
are inactive simultaneously.  If its 
sensor is disable,  Fault will be 
considered inactive .  
 
- Fault 1225 : Gen Main Undervoltage 
Warning.  
- Fault 1224 : GM Overvoltage 
Warning. 
- Fault  1226 :  GM Frequency 
Warning. 
- Fault  1913 : GM Loss-Of-Phase 
Warning. 
- Fault  1915 : Gen Main  Phase 
Rotation Warning. 
- Genset Online Capacity sensor 
must be picked up , or disable.  
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Foreword
This manual provides information on the installation, operation, and fault diagnostics of the SYNC1320 Master
Synchronizer. Refer to the switchboard manufacturer’s product documentation for important safety precau-
tions.


The purpose of this manual is to provide the users with general control operation and fault code information.
Refer to the equipment manufacturer’s product support manuals for important safety precautions.


Manufacturers applying this control are respectfully advised that it is their responsibility to employ competent
persons to carry out any installation work in the interests of good practice and safety. It is essential that the
utmost care is taken with the application of this control device.


Warranty
Warranty: This manual is published solely for information purposes and should not be considered all inclu-
sive. Sale of product shown or described in this literature is subject to terms and conditions outlined in ap-
propriate Cummins Power Generation selling policies or other contractual agreement between the parties.
This literature is not intended to and does not enlarge or add to any such contract. The sole source governing
the rights and remedies of any purchaser of this equipment is the contract between the purchaser and Cum-
mins Power Generation.


NO WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING WARRANTIES OF FITNESS FOR A PARTIC-
ULAR PURPOSE OR MERCHANTABILITY, OR WARRANTIES ARISING FROM COURSE OF DEALING OR
USAGE OF TRADE, ARE MADE REGARDING THE INFORMATION, RECOMMENDATIONS, AND DE-
SCRIPTIONS CONTAINED HEREIN.


In no event will Cummins Power Generation be responsible to the purchaser or user in contract, in tort (includ-
ing negligence), strict liability or otherwise for any special, indirect, incidental, or consequential damage or loss
whatsoever, including but not limited to damage or loss of use of equipment, plant or power system, cost of
capital, loss of power, additional expenses in the use of existing power facilities, or claims against the purchas-
er or user by its customers resulting from the use of the information, recommendations, and descriptions con-
tained herein.







v


IMPORTANT SAFETY INSTRUCTIONS


SAVE THESE INSTRUCTIONS


This manual contains important information on the instal-
lation, operation, and fault diagnostics in the SYNC1320
master synchronizer.


The following symbols, found throughout this manual,
alert you to potentially dangerous conditions to the oper-
ator, service personnel, or the equipment.


DANGER This symbol warns of immediate
hazards which will result in severe personal in-
jury or death.


WARNING This symbol refers to a hazard or
unsafe practice which can result in severe per-
sonal injury or death.


CAUTION This symbol refers to a hazard or
unsafe practice which can result in personal in-
jury or product or property damage.


Read this entire manual prior to initial installation of the
SYNC1320 into a switchboard assembly. Be sure to also
read all other manuals pertaining to the safety and opera-
tion of the switchboard in which it is installed prior to per-
forming any service or adjustments. Comply with all
switchboard manufacturers’ instructions and precau-
tions.  Failure to follow instructions can cause property
damage, personal injury, or death.


WARNING Interconnection with a utility sys-
tem can cause electrocution and/or property
damage.  Do not connect to any building’s elec-
trical system except through an approved de-
vice or after the building main switch is open.


CAUTION The SYNC1320 can be used to syn-
chronize generator sets to a utility (mains) ser-
vice.  Do not initiate any connection of a genera-
tor set to a utility service without written ap-
proval of the service provider.


HANDLING ELECTRONIC PARTS


Electronic controls contain static sensitive parts.   Ob-
serve the following precautions to prevent damage to
these parts:


• Discharge body static before handling the control.
With no power supply connected to the control, con-
tact a grounded surface and maintain contact while
handling the control.


• Avoid all plastic, vinyl, and Styrofoam (except anti-
static versions) around this product.


• Do not touch the components or conductors on this
circuit board with your hands or conductive devices.


• When not installed, this component should be kept
in the protective antistatic bag that it was shipped in.


INSTALLING ELECTRONIC PARTS


Proper operation of the device requires installation using
the following general guidelines:


• Use interconnection wiring of the specific type spe-
cified on the interconnection drawing provided with
the control.


• Make sure that all wiring shown as shielded on the
interconnection drawings is in fact shielded, and
that the cable shield(s) are connected at only one
point in the circuit and as shown on the Cummins in-
terconnection drawing.


• Where shielded wiring is passed over a terminal
block assembly, verify that the integrity of the shield
is maintained.


• Do not place shielded cable or analog signal cable
in conduits with AC line voltage wiring.


• Use wiring rated for the ambient temperatures as
installed.  In general, wiring should not be subjected
to temperatures in excess of 100° C.


• Avoid kinks or sharp bends in wiring.


• Make sure that all wiring connections are tight, and
that proper strain relief is incorporated.
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ELECTRICAL SHOCK CAN CAUSE
SEVERE PERSONAL INJURY OR DEATH


• Remove electric power before removing protective
shields or touching electrical equipment.  Use rub-
ber insulative mats placed on dry wood platforms
over floors that are metal or concrete when around
electrical equipment.  Do not wear damp clothing
(particularly wet shoes) or allow skin surface to be
damp when handling electrical equipment. Do not
wear jewelry. Jewelry can short out electrical con-
tacts and cause shock or burning.


• Use extreme caution when working on electrical
components.  High voltages can cause injury or
death.  DO NOT tamper with interlocks.


• Follow all applicable state and local electrical
codes. Have all electrical installations performed by
a qualified licensed electrician.  Tag and lock open
switches to avoid accidental closure.


GENERAL SAFETY PRECAUTIONS


• Keep multi-class ABC fire extinguishers handy.
Class A fires involve ordinary combustible materials
such as wood and cloth; Class B fires, combustible
and flammable liquid fuels and gaseous fuels; Class
C fires, live electrical equipment. (ref. NFPA No. 10).


• Do not work on this equipment when mentally or
physically fatigued, or after consuming any alcohol
or drug that makes the operation of equipment un-
safe.


KEEP THIS MANUAL NEAR THE EQUIPMENT FOR EASY REFERENCE
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1. Introduction


ABOUT THIS MANUAL


This manual provides installation and operation in-
formation regarding the SYNC1320 master syn-
chronizer. 


This manual also includes fault code information
and corrective steps.


This manual does not have instructions for servic-
ing a printed circuit board assembly. After determin-
ing that a printed circuit board assembly is faulty, re-
place it. Do not repair it. Attempts to repair a printed
circuit board can lead to costly equipment damage.


This manual contains basic (generic) wiring dia-
grams and schematics that are included to help in
troubleshooting.


Read and carefully observe all instructions and pre-
cautions in the switchboard equipment Operator’s
Manual.


SYSTEM OVERVIEW


The SYNC1320 master synchronizer is a system
component designed to interface with multiple Pow-
erCommand digital paralleling controls operating
on an common bus and provide a means to syn-
chronize that bus with another live system bus.  A
common system configuration uses the master syn-
chronize function to allow a generator system to
synchronize to a utility (mains) service after a power
failure, so that power transfer back to the utility can
occur without a power interruption.


The master synchronizer adjusts the generator set
bus frequency, phase angle, and voltage to the ref-
erence bus via the PowerCommand generator set
load sharing lines.  (See Figure 1-1)  The system op-
erates in a phase lock configuration as standard,
and can be set up as a slip frequency configuration if
desired.  The PowerCommand generator set bus
can be synchronized to a system bus operating in
the range of plus or minus 1.5 hertz and 90−110% of
nominal system voltage.


When the generator set bus is operating isolated
from other sources, such as a utility service, the
generator set fuel and excitation level are regulated
by algorithms based on engine speed and alterna-
tor voltage level, and well as percent of generator
set kW and kVAR output.  When it is desired to syn-
chronize the generator set bus to another source,
the master synchronizer provides a bias signal to
the load sharing lines to drive system voltage and
frequency to the required level for safe and effective
synchronizing of the two system buses.  The master
synchronizer cannot function when the generator
sets are in the load govern (utility parallel) state.


The SYNC1320 master synchronizer is adjustable
for a wide range of response characteristics and
sync-check criteria.  It provides a comprehensive
series of diagnostics and display information.  Dis-
crete input and output signals allow the module to
be controlled by an external device such as a pro-
grammable logic controller (PLC) in a desired se-
quence.
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FIGURE 1-1. SYNC1320 MASTER SYNCHRONIZER


CERTIFICATIONS


The SYNC1320 master synchronizer meets or ex-
ceeds the requirements of the following codes and
standards.


• UL508 Recognized


• CE Mark


• EN 61000-6-2


• EN 61000-6-4


• ISO 7637, pulses #2, 3a, 3b, 5, 7


PowerCommand control systems are designed and
manufactured in ISO9001 certified facilities.


HOW TO OBTAIN SERVICE


Contact your Cummins Power Generation distribu-
tor when seeking additional service information or
replacement parts.


WARNING Incorrect service or replacement of
parts can result in severe personal injury or
death, and/or equipment damage. Service per-
sonnel must be qualified to perform electrical
and mechanical service.


Copyright© 2006 Cummins Power Generation. All rights reserved.


Cummins is a registered trademark of Cummins Inc.
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2. Installation


INSTALLATION


The SYNC1320 master synchronizer is a UL-rec-
ognized component. It has an operating tempera-
ture range of −40 to +60 degrees C (−40 to 140 de-
grees F).


The control board is designed for panel mounting. It
must be mounted in a dry location. Outline informa-


tion, mounting dimensions, and hardware informa-
tion is included in Figure 2-1.


The SYNC1320 master synchronizer should be
mounted as shown in Figure 2-1, with TB7 toward
the upper right of the installation. The panel should
be mounted in a location so that the LED displays
are easily visible for use by a technician, and so that
TB15 is accessible for use by a technician to con-
nect a PC-based service tool.


DIMENSIONS ARE IN MM AND INCHES.


TB2


TB15


TB10


TB1


TB3


TB6


TB9


J4


TB7


FIGURE 2-1. CONTROL DIMENSIONS
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SYSTEM INTERCONNECTION


The SYNC1320 master synchronizer connects be-
tween PowerCommand generator set controls and
a switchboard bus. It also provides status signals
and accepts commands from external controls.
Refer to the interconnection wiring diagram in Sec-
tion 6 of this manual for specific interconnection in-
formation.


Battery Power


The SYNC1320 master synchronizer can be pow-
ered by a 12 or 24 V input.  It has an operating range
from 9−32 volts and has a 1 amp maximum current
draw with no load on the auxiliary B+ (+9−32 VDC)
outputs.  The control is always awake when B+ is
supplied. Control power is supplied by one or both
of the B+ input power points on the board.  The two
supply inputs are isolated by diodes incorporated
into the control board. If just one B+ source is used
and that source is the genset starting batteries, the
board rides through the starter dip if the distance/
wire gauge between the SYNC1320 master syn-
chronizer and the gensets is adequate.  For a more
robust system, it is recommended that both B+ in-
puts be used, with one of them supplied from a sta-
tion battery.


Battery Power Fusing


The SYNC1320 master synchronizer must be
fused externally with a 4 amp fuse wired to B+
(TB2-8, 9 or TB2-11,12).


Voltage Transformer (VT) Inputs


The SYNC1320 master synchronizer voltage sens-
ing input can be directly connected to 110 to 480
volts line-to-line (VLL).  An external transformer
can be used to connect to voltages up to 35 kVLL.
3-wire or 4-wire connections can be used.


Genset Control Interfaces


The SYNC1320 master synchronizer uses the gen-
set kW and kVAR load share lines that are compat-
ible with the PCC3xxx load share lines to control
the genset bus voltage and frequency.  The Master
Frequency Bias senses and drives the kW load
share line to affect genset bus frequency and the
Master Voltage Bias sense and drives the kVAR
load share line to affect genset bus voltage.  These
bi-directional analog signals can drive up to 20 gen-
sets simultaneously.  Shielded, twisted pair cable
should be used for these signals, twisting each of
the two signals with its analog return. See the draw-
ings in Section 6 for cable sizing recommenda-
tions.


Customer I/O Interfaces


Hardwired I/O


Discrete inputs are activated by current (opto
coupled).  To activate a switch input, connect it to a
return (ground).  To deactivate a switch input, open
circuit that input. Use the ground connections on
the SYNC1320 for ground reference.


The discrete outputs are low side relay drivers ca-
pable of sinking 200 mA.


Service Tool Connection


A PC-based service tool is provided with the
SYNC1320.  The control will communicate with a
PC operating this software via a communication
cable included in Cummins kit part number
541−1199.


The SYNC1320 can also be serviced using Cum-
mins InPower software. For more information, refer
to the SYNC1320 master synchronizer wiring dia-
gram located in Section 6 of this manual.
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TABLE 2-1. SYNC1320 MASTER SYNCHRONIZER TERMINAL BLOCK PIN DESCRIPTIONS  
Connector


Assignment
SYNC1320 Master Synchronizer


Connection Name Signal Type Description


Switch I/O (TB1)


TB1-10 Discrete Input Return Return Signal return for switch inputs


TB1-11 Synchronizer Enable Switch Input Use to manually enable synchronizing


Switch I/O / DC Power In (TB2)


TB2-2 Battery − Battery Ground Ground return for either Battery 1 or Battery 2 DC
power source


TB2-3 Battery − Battery Ground Ground return for either Battery 1 or Battery 2 DC
power source


TB2-5 Battery − Battery Ground Ground return for either Battery 1 or Battery 2 DC
power source


TB2-6 Discrete Input Return Return Signal return for switch inputs


TB2-7 Battery − Battery Ground Ground return for either Battery 1 or Battery 2 DC
power source


TB2-8 Battery 1+ B+ Power Input Battery 1 DC power input; diode or’d with Battery 2
DC power source


TB2-9 Battery 1+ B+ Power Input Battery 1 DC power input; diode or’d with Battery 2
DC power source


TB2-10 Relay Coil B+ Supply (Fused 2A) B+ Power Output Use to supply high side of relay coils which are re-
turned to a low-side output


TB2-11 Battery 2+ B+ Power Input Battery 2 DC power input; diode or’d with Battery 1
DC power source


TB2-12 Battery 2+ B+ Power Input Battery 2 DC power input; diode or’d with Battery 1
DC power source


TB2-14 Fault Reset Switch Input Used to reset faults and to activate fault flashout
mode (activated when held for at least five seconds)


TB2-15 Configurable Output1 (Common
Warning)


Low Side Output Configurable output #1; intended to drive a relay
coil; default is Common Warning


TB2-16 Configurable Output 2 (Fail to
Sync)


Low Side Output Configurable output #2; intended to drive a relay
coil; default is Fail to Sync


TB2-17 Configurable Output 3 (Genset
Available)


Low Side Output Configurable output #3; intended to drive a relay
coil; default is Genset Available


TB2-18 Configurable Output 4 (Utility
Available)


Low Side Output Configurable output #4; intended to drive a relay
coil; default is Utility Available


TB2-19 Connect to Grounded Chassis Chassis Ground Must be connected via a short wire/strap to earth
ground equipment chassis


Switch I/O (TB3)


TB3-8 Discrete Input Return Return Signal return for switch inputs


TB3-12 Configurable Output 5 Low Side Output Configurable output #5; intended to drive a relay
coil; default is unassigned


TB3-13 Configurable Output 6 (Sync OK) Low Side Output Configurable output #6; intended to drive a relay
coil; default is unassigned


TB3-14 Configurable Output 7 (Sync Out-
put Limit)


Low Side Output Configurable output #7; intended to drive a relay
coil; default is unassigned


TB3-15 Configurable Output 8 (Hardware
Failure)


Low Side Output Configurable output #8; intended to drive a relay
coil; default is unassigned
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TABLE 2-1. SYNC1320 MASTER SYNCHRONIZER TERMINAL BLOCK PIN DESCRIPTIONS (CONTINUED)
Connector


Assignment DescriptionSignal Type
SYNC1320 Master Synchronizer


Connection Name


Genset VT Inputs (TB6)


TB6-1 Genset Bus Voltage L1 AC Voltage Input VT input connection; up to 480V L-L nominal direct
connection


TB6-2 Genset Bus Voltage L2 AC Voltage Input VT input connection; up to 480V L-L nominal direct
connection


TB6-3 Genset Bus Voltage L3 AC Voltage Input VT input connection; up to 480V L-L nominal direct
connection


TB6-4 Genset Bus Voltage N AC Voltage Input VT input connection; up to 480V L-L nominal direct
connection


Utility VT Inputs (TB7)


TB7-1 Utility Bus Voltage L1 AC Voltage Input VT input connection; up to 480V L-L nominal direct
connection


TB7-2 Utility Bus Voltage L2 AC Voltage Input VT input connection; up to 480V L-L nominal direct
connection


TB7-3 Utility Bus Voltage L3 AC Voltage Input VT input connection; up to 480V L-L nominal direct
connection


TB7-4 Utility Bus Voltage N AC Voltage Input VT input connection; up to 480V L-L nominal direct
connection


Analog I/O (TB9)


TB9-8 Master Frequency Bias + Bi-directional
Analog


Connect to kW+ load share


NOTE: PCC3100 diagrams have + and − reversed


TB9-9 Analog Return Analog Return Connect to kW− and kVAR− load share


NOTE: PCC3100 diagrams have + and − reversed


TB9-10 Master Voltage Bias + Bi-directional 
Analog


Connect to kVAR+ load share


NOTE: PCC3100 diagrams have + and − reversed


Status Inputs (TB10)


TB10-6 Auto/Manual Switch Input Puts the synchronizer control in manual mode


TB10-8 Discrete Input Return Return Signal return for switch inputs


RS-485 InPower Port (TB15)


TB15−1 Service Tool RS-485 Gnd/Shield RS-485 Port Tool RS-485 GND/shield connection point


TB15-2 B+ Output (Fused 0.25A) B+ Power Output Auxiliary B+ output to power RS-232 to RS-485 con-
verter or low cost display


TB15-3 Service Tool RS-485 A RS-485 Port Tool RS-485 port


TB15-4 Service Tool RS-485 B RS-485 Port Tool RS-485 port
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3. Description


STATUS
LEDs


SEVEN SEGMENT
LED INDICATOR


TB3
(SWITCH I/O)


TB1
(SWITCH I/O)


TB15
(SERVICE


TOOL)


TB10
(SWITCH I/O)


TB2
(SWITCH


I/O AND DC
POWER IN)


TB7
(UTILITY VT INPUT [480V


L-L MAX NOMINAL])


TB9
(ANALOG I/O)


TB6
(GENSET VT
INPUT [480V


LL MAX
NOMINAL])


FIGURE 3-1. SYNC1320 CONTROL BOARD


OVERVIEW


The Master Synchronizer (SYNC1320) is a micro-
processor−based control component designed for
use with PowerCommand Digital Paralleling gen-
set controls. The control can be used with genera-
tor sets that have various frequency (50 or 60 Hz
operation), voltage, and power connection configu-
rations from 120 to 35,000 VAC. It can be used for
master synchronizing, voltage matching, and per-
missive sync check. The SYNC1320 simulta-
neously synchronizes multiple generator sets to a
utility or other system bus. The SYNC1320 drives
the genset bus to match the phase, frequency, and
voltage of the reference bus.


The SYNC1320 master synchronizer includes on-
board diagnostics and can be configured using the


RS-485 interface for communicating with the In-
Power service tool. However, default settings will
work for most applications.


The SYNC1320 master synchronizer is suitable for
direct connection to alternators and system buses
operating at up to 480VAC line-to-line.  By default,
the synchronizer is set up for nominal line-to-line
voltages from 110−139VAC. The synchronizer can
also be used in applications operating at up to 35kV
by proper use of a voltage transformer (VT) to pro-
vide control signals to the device.


The control is designed for panel mounting, but can
be mounted into a large number of physical loca-
tions due to its inherent environmental protection.


The SYNC1320 master synchronizer is usually
powered from the generator set starting batteries.
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The module can be connected to two independent
DC sources for redundancy. The control functions
over a voltage range from 9 to 32 VDC and requires
less than 1 amp.


The SYNC1320 master synchronizer is designed
for connection to a 12 or 24 VDC control system.


Figure 3-2 is a block diagram showing the
SYNC1320 master synchronizer inputs and out-
puts. This I/O is described in Table 3-1. The
SYNC1320 master synchronizer interfaces to ex-
ternal components through locking plug-in terminal
blocks suitable for wiring up to 12 gauge (2.5 mm).


Sync Enable


Auto/Manual


Fault Ack/Reset


Master Freq Bias
Master Volt Bias


Out1 (com warn)


Out2 (fail to sync)


Out3 (gen avail)


Out4 (util avail)
Out6 (sync’d)


Out7 (sync output limit)


Out8 (hardware fail)


Relay Supply


B+ Input1


Gnd


B+ Input2


Gnd


BIDIRECTIONALB+ POWER


DISCRETE
INPUTS


(active low w/pullup) DISCRETE
OUTPUTS


(low side drivers)


B+ OUTPUTS


SYNC1320


RS-485 COMMUNICATIONS


FIGURE 3-2. SYNC1320 MASTER SYNCHRONIZER I/O







3-3


TABLE 3-1. HARDWARE I/O 


Hardware Signal Active
State* Function


B+ Input1 Battery positive power input for the board. Diode OR’d on the board with B+
Input2. 9−32V range. Starter dip ride-through capable.


B+ Input2 Battery positive power input for the board. Diode OR’d on the board with B+
Input1. 9−32V range. Start dip ride-through capable.


Gnd Battery negative connection for the board.


RS-485 Communications connection for tools


Sync Enable Enable
Sync


Input used to externally initiate synchronizing if the Auto/Manual input is in
the Manual state.


Auto/Manual Manual Input used to put the control in the manual mode. Manual operation allows
an external device to initiate synchronizing.  In Auto mode, the control
automatically synchronizes to a good source.


Master Frequency
Bias


−2.5 to +5 V This is a bi-directional analog signal which connects to the PowerCommand
Control kW load share lines for master synchronizing. The SYNC1320
master synchronizer moves the voltage on the kW load share lines to affect
the genset bus frequency for synchronizing.


Master Voltage
Bias


−2.5 to +5V This is a bi-directional analog signal which connects to the PowerCommand
Control kVAR load share lines for master voltage matching. The SYNC1320
master synchronizer moves the voltage on the kVAR load share lines to
affect the genset bus voltage for voltage matching.


Out1 (common
warning)


Low This is a low side driver output which is intended to drive a relay coil. It goes
active on any warning condition.


Out2 (fail to sync) Low This is a low side driver output which is intended to drive a relay coil. It goes
active on a fail to sync event.


Out3 (genset
available)


Low This is a low side driver output which is intended to drive a relay coil. It is
active when the genset is available.


Out4 (utility
available)


Low This is a low side driver output which is intended to drive a relay coil. It is
active when the utility is available.


Out6 (sync’d) Low This is a low side driver output which is intended to drive a relay coil. It is
active when the two sources are in sync.


Out7 (sync output
limit)


Low This is a low side driver output which is intended to drive a relay coil. It is
active when the sync output is being driven to its limit.


Out8 (hardware
failure)


Low This is a low side driver output which is intended to drive a relay coil. It is
normally energized but becomes inactive when there is a hardware failure
event.


Relay Supply B+ This is a B+ output to be used to supply the high side of relay coils for the
Out1−8 low side outputs.


Gen Bus VTs Gen Bus voltage sensing inputs are 3 phase, 3 or 4 wire, and up to 480V
nominal direct.


Utility Bus VTs Utility Bus voltage sensing inputs are 3 phase, 3 or 4 wire, and up to 480V
nominal direct.


* For discrete inputs, the active state is when the input is connected to a return (gnd). Inactive is when the input
is open circuit. For discrete low side outputs, the active state is when the low side output is on (gnd), inactive
state when low side output is off (float).
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SYNC1320 MASTER SYNCHRONIZER
FEATURES


Master Synchronizing and Voltage Matching


The following functions are available with the mas-
ter synchronizing and the voltage matching fea-
tures.


• Synchronizes up to a 20-genset bus to another
source.


• Output frequency offset range: �1.5 Hz mini-
mum and up to �3.0 Hz


• Output voltage offset range: �6% minimum
and up to �10%


• Controls frequency and voltage via Power-
Command Control kW and kVAR load share
lines.


• Performs both phase synchronization and
voltage matching


• Includes selectable phase synchronization
(default) or slip frequency synchronization
methods.


• When the slip frequency synchronization
method is selected, the slip amount is adjust-
able.


• Includes adjustable control loop gains, if need-
ed.


• Includes a sync enable input for manual mode
or sync only applications.


• Synchronizer output limit diagnostic


• Includes an option to lock out the synchronizer
if a fail-to-sync occurs. The synchronizer fea-
ture is re-enabled upon a fault reset.


Permissive Sync Check


The following functions are available with the per-
missive sync check feature.


• The SYNC1320 Master Synchronizer continu-
ously monitors for permissive sync conditions
to be met when sources are considered ac-
ceptable.


• The permissive check feature includes adjust-
able frequency, phase, voltage, and time win-
dows.


• Sync check output


• Fail to synchronize diagnostic


• Phase rotation mismatch diagnostic (Sync
check OK is prevented if phase rotations are
different.)


• Sync check may be configured for any com-
bination of live-live, dead-live, live-dead, or
dead-dead


On-Board Diagnostics


The SYNC1320 control board includes LEDs (see
Figure 3-3) that indicate system status, events, and
faults. The SYNC1320 control board also includes
a seven segment LED (see Figure 3-3), used to in-
dicate current activity or to view event and fault
codes


SEVEN SEGMENT
LED


FIGURE 3-3. CONTROL BOARD LEDS
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System Status Indicators


The SYNC1320 control board includes individual
LEDs for the following:


• DS1 (Green) = Utility Available. When lit, the
Utility Available LED indicates that the voltage
sensed at the utility VT is within the range iden-
tified as acceptable within the controller.


• DS5 (Yellow) = Genset Available. When lit, the
Genset Available LED indicates that the volt-
age sensed at the generator VT is within the
range identified as acceptable within the con-
troller.


• DS7 (Red) = Not in Auto Mode. When lit, the
Not in Auto LED indicates that the control is not
in Auto mode.


• DS6 (Yellow) = Common Warning. When lit,
the Common Warning LED indicates that the
control has detected a Warning fault.


• DS3 (Blinking Green) = Heartbeat. When lit,
the Heartbeat LED indicates that power is
available at the control board.


• DS8 (Blinking Green) = Synchronizing. When
blinking green, the Synchronize LED indicates
that a sync check is in progress to determine
if both sources of power are within specified
tolerances of frequency, voltage, and relative
phase difference.


• DS8 (Green) = Synchronized. when lit, the
Synchronize LED indicates that the control
has determined that both power sources are
synchronized.


• DS8 (Red) = Fail to Sync. When lit, the Fail to
Sync LED indicates that the two power
sources have failed to synchronize either volt-


age, phase, or frequency within the specified
time limit.


System State and Diagnostic Indicators


The SYNC1320 control board also includes a
seven-segment LED (U51 − see Figure 3-3), used
to indicate the following:


• System State − When in this mode, the LED
displays a code to indicate current activity.


• Diagnostic State − A customer-supplied fault
reset switch must be pressed for at least five
seconds to switch to Diagnostic mode and
view event and fault codes. The seven seg-
ment LED is in Diagnostic State mode when
the dot on the lower right corner is lit. To return
to System State mode, press the reset button.


For more information on faults and troubleshooting,
see Section 5.


PC Service Tool


A PC−based set−up and service tool is provided
with the SYNC1320 module.  See Section 4 for
more information on its use.


InPower can also be used for set up and service.


The PC service tool (InPower) used with the
SYNC1320 master synchronizer includes the fol-
lowing features.


• An RS-485 interface


• Standard InPower software that includes Ad-
justments, Faults, Monitor, and Test folders


• The ability to create capture files


• The ability to download new firmware


For more information on using InPower, refer to the
InPower User’s Guides.
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FUNCTIONS


Synchronizer


The SYNC1320 master synchronizer matches the
frequency, phase, and voltage of a system of paral-
leled generator sets to a utility bus. It does this by
driving the Kw and kVAR load share lines to adjust
the generator set frequency and voltage. There are
two synchronize method options − slip frequency or
phase − which can be selected depending on the
application.


The SYNC1320 master synchronizer is designed
to synchronize gensets with PowerCommand con-
trols. The SYNC1320 master synchronizer can be
used with competitor gensets via an ILSI module
but the voltage matching feature is not available
with that application.


Ratings and Typical Performance


The SYNC1320 master synchronizer synchronizes
up to a 20-genset bus to another source.


The output frequency offset range is �1.5Hz mini-
mum, up to �3.0Hz.


The output voltage offset range is �6% minimum
and up to �10%.


Table 3-2 shows the typical performance of the
phase synchronizer with diesel engines.


TABLE 3-2. TYPICAL SYNCHRONIZER
PERFORMANCE 


Description
Typical


Performance with
Diesel Engines


Synchronize time with phase
match


1−5 seconds


Synchronize time with slip
frequency


3−10 seconds


Phase lock Within +/− 5°
Maximum number of sets 20


Synchronizing Methods


The SYNC1320 master synchronizer has two
methods of synchronizing: Phase Synchronizing
and Slip Frequency Synchronizing. The default


method is Phase Synchronizing and is suitable for
most applications. This synchronizes the generator
bus phase to the utility.


When using the Slip Frequency method, genset bus
frequency is driven to be a fixed frequency higher or
lower than utility bus (for example, 0.1Hz). The Slip
Frequency option should be used with difficult-to-
sync applications, such as natural gas.


Phase Synchronizing − The Synchronizer matches
voltage, frequency, and  phase angle of the genset
bus to the utility bus. The phase match algorithm
drives kW load share lines to match frequency/
phase. It employs two PI loops. The faster frequen-
cy match PI loop drives the frequencies to match
and then the slower phase match PI loop brings the
two sources into phase.


Slip Frequency Synchronizing − The slip frequency
method works by governing the generator bus fre-
quency slightly off of the utility frequency. This fre-
quency difference is called the slip frequency. The
frequency difference produces a constantly chang-
ing phase difference between the two sources. If
the frequencies are close enough periodically, the
phase difference will be small enough that it will
meet the permissive conditions for closing the cir-
cuit breaker. It is easier to govern frequency than
match phase; therefore, systems that are difficult to
phase match or where you would like to control the
direction of power flow when the breaker closes,
frequency synchronizing may be desirable. Since
the permissive conditions occur periodically based
on the slip frequency, the slip frequency method
generally takes longer to synchronize than the
phase match method. The phase gain has no effect
when using the frequency synchronize method and
when phase synchronizing is selected, the slip fre-
quency has no effect.


Table 3-3 shows the recommended slip frequency
settings. The recommended slip frequency setting
= phase window / (360 * Time in window). By using
the settings in the table, the phase difference at the
end of the permissive time window (when the
breaker is allowed to close) will be 0 degrees. (For
example, at a 0.1 Hz slip it takes 0.5 seconds for the
phase to change 20°; the phase difference would
be in a +/− 20° window for 0.5 seconds.)


TABLE 3-3. RECOMMENDED SLIP FREQUENCY SETTINGS 


Permissive
Window


Recommended Slip
Frequency in Hz


Time in Seconds Between When
Permissive Window Conditions Are Met


20° 0.5 seconds 0.1 10
10° 0.5 seconds 0.05 20
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Voltage Matching


The SYNC1320 master synchronizer matches the
average of the three generator phases to the aver-
age to the three utility phases.


The SYNC1320 master synchronizer matches volt-
age in a similar way in which it matches frequency.
There is a closed PI loop which drives kVAR load
share lines to match voltage. Voltage matching is
active in both the phase and frequency synchro-
nize methods.


Tuning the voltage matching is done in a similar
way to frequency matching. There is a proportional
gain Kp and an integral gain Ki. Voltage matching
gains are generally less critical than frequency or
phase matching gains and typically do not need to
be adjusted.


NOTE: If the genset voltage is increased by volt-
age matching, the load on the set will in-
crease. If the voltage is raised to 6%, then
the genset load increases by 12%.


Synchronizer Enabling Conditions


The SYNC1320 master synchronizer does not start
synchronizing unless the following conditions are
met:


1. The generator source is available – see the
Sensors subsection on page 3-9 for deter-
mination of source availability.


2. The utility source is available – see the Sen-
sors subsection on page 3-9 for determina-
tion of source availability.


3. The SYNC1320 master synchronizer is in Auto
OR it is in Manual with the sync enable switch
on.


4. The fail-to-synchronize fault is not active or the
fail-to-sync lockout is disabled.


5. The generator and bus have the same phase
rotation.


The synchronizer function requires both sources to
be considered as “available” in order to be able to
turn on synchronizing. A source is available when
all enabled sensors are picked up.


Sync Enable Input


The sync enable input is used to enable synchro-
nizing when in Manual or when the module is used
only as a synchronizer. Pull to ground to activate
(TB1−11).


Auto / Manual Synchronizer Operation


When the Auto / Manual input is an open circuit, the
synchronizer is in automatic mode. It will start syn-
chronizing whenever both sources are “available”.


When the Auto / Manual input is grounded, the syn-
chronizer is in manual mode. It will start synchro-
nizing when both sources are “available” and the
Sync Enable input is grounded. It will not synchro-
nize when Sync Enable is an open circuit.


Genset Sensor Operation During
Synchronizing


When the synchronizer is running, the pickup and
dropout thresholds for undervoltage, overvoltage,
and frequency sensors for the genset bus are tem-
porarily expanded in order to allow the synchroniz-
er to change the bus voltage and frequency without
dropping out a sensor. These sensors are the gen-
erator bus sensors internal to the SYNC1320 mas-
ter synchronizer.


Maximum Allowable Synchronizer Range vs.
Load Share Gains


The SYNC1320 master synchronizer drives the
load share lines to synchronize system frequency/
phase and voltage. In order for frequency and volt-
age matching to work properly, the kW and kVAR
load share gains must be set properly so all the
controls respond the same way to the voltage ap-
plied to the load share lines. If the system genset
controls are all the same, the load share gains must
be set to the same values. If PCC3100 and
PCC3200 controls are mixed in the same system,
they must be set up so their gains have the same
effect. The load share gains affect the range of op-
eration of the frequency and voltage matching and
the synchronizer gain.


NOTE: The PCC3200 and PCC3201 controls are
treated identically and are called out as
3200 (only) in this manual for simplicity.


The SYNC1320 master synchronizer default syn-
chronizing range limits for frequency/phase and
voltage matching are shown in Table 3-4. These
limits are set so the SYNC1320 master synchroniz-
er will work with the default load share gain settings
of the PCC3100 and 3200 controls.


NOTE: The PCC3100 and PCC3200 controls have
overvoltage shutdowns at 110%. The
SYNC1320 master synchronizer voltage
matching range should not be set to ex-
ceed this value.
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If a wider range is desired, the load share gains can
be increased. The Kw load share gain controls the
frequency matching range and the kVAR load
share gain controls the voltage matching range.
The PCC3100 default gains will allow a +/− 2.5 Hz
frequency match range. The maximum voltage and
frequency synchronizing range is not available in


the set up tool provided with the module. They must
be changed using InPower.


NOTE: Higher gains may cause the load sharing to
become unstable. If the gains are changed,
stable load share operation should be veri-
fied.


TABLE 3-4. SYNCHRONIZING RANGE


Synchronizer
Default Range


Maximum
Allowable


Range
Comments


Frequency �1 Hz �3 Hz The maximum range is only achievable by changing the Kw
load share gain and trim settings


Voltage �6 % �10 % The maximum range is only achievable by changing the
kVAR load share gain setting


TABLE 3-5. PCC3100 MAXIMUM ALLOWABLE SYNCHRONIZE RANGE VS. LOAD SHARE GAINS


Kw Load Share Gain Maximum Frequency Match
Range


kVAR Load Share
Gain


Maximum Voltage Match
Range


3 �1.0 Hz 150 �4 %


6 (default) �2.5 Hz 300(default) �8 %


8 �3.5 Hz


TABLE 3-6. PCC3200 MAXIMUM ALLOWABLE SYNCHRONIZE RANGE VS. LOAD SHARE GAINS


Kw Load Share Gain Maximum Frequency Match
Range


kVAR Load Share
Gain


Maximum Voltage Match
Range


0.5 �0.5 Hz 0.5 �4 %


1.0 (default) �1.0 Hz 1.0 (default) �8 %


2.0 �2.5 Hz


Synchronizer Diagnostics


The SYNC1320 master synchronizer supports the
following synchronizer diagnostics.


• Fail-to-Synchronize Warning − If the permis-
sive conditions are not met in the time speci-
fied the fail-to-synchronize warning is acti-
vated. If the fail-to-synchronize lockout is dis-
abled (default) synchronizing will continue
while the fault is active. If it is enabled synchro-
nizing will cease when the fault occurs. If a fail-
to-sync fault occurs and the lockout is enabled
the fault must be reset before normal opera-
tion can occur.


• Synchronizer Phase Rotation Warning − If the
phase rotation of the Utility bus does not match
the phase rotation of the generator bus this
fault is activated. Synchronizing will continue


while this fault is active but the permissive con-
ditions will not be met.


• Synchronizer Output Limit Warning − If the
SYNC1320 master synchronizer drive on the
load share lines has reached its maximum this
fault is activated. This occurs if the SYNC1320
master synchronizer is trying to match voltage
or frequency and cannot reach the desired lev-
el.


Synchronizer Tuning and Adjustments


Control loop gains and other setup parameters are
adjustable through the tool.


Sync Check


The SYNC1320 Sync Check function runs inde-
pendently of the synchronizer. Sync check output is
mapped to configurable output 6 by default.
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Sync Check Adjustments


The following trims are available for the permissive
window.


Trim Default


Voltage window 5%


Phase window 10 degrees


Time window 0.5 seconds


Frequency window 1.0 Hz


Permissive Close Conditions


The follow conditions must be met for a permissive
close is allowed:


• The utility source is available.


• The generator source is available.


• The utility and generator phase rotation are
the same.


• The highest difference of all the generator
phase voltages, minus the utility phases, is
less than the voltage window.


• The phase difference is less than the phase
window degrees and is decreasing or it is less
then 10 degrees and the phase difference is
less than the phase window.


• The frequency difference between the
sources is less than the frequency window.


• Permissive conditions are met for the time win-
dow.


The board LEDs display the status of the sync
check.


NOTE: The permissive close is removed when any
of the criteria fall outside of the window.


Dead Bus Close


In synchronizer only applications, sync check can
be enabled individually for the following dead bus
scenarios.


• Live utility live genset


• Dead utility dead genset


• Live utility dead genset


• Dead utility live genset


Dead bus thresholds for both the utility bus and the
genset bus are adjustable. The default for both
busses is 25% of nominal.


Sensors


The generator and utility bus sensors determine if
the bus voltages and frequencies are in an accept-
able operating range. When they are in this range,
the source is considered to be available.


Both sources have the following sensors:


• Undervoltage
• Overvoltage *
• Under/Over Frequency *
• Phase Rotation *
• Loss of Phase *


* Optionally enabled


The undervoltage sensor is always enabled. Other
sensors may be enabled as desired.


If any sensor is dropped out, the source is consid-
ered not available.
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Undervoltage Sensor − At a minimum, source
availability is determined by the undervoltage sen-
sor. The sensor drops out when the voltage falls be-
low the drop-out threshold, and picks up when the
voltage rises above the pick-up threshold setting.
The time delay is for the drop-out time. Pick up is
immediate.


Overvoltage Sensor − If enabled, this sensor drops
out when voltage exceeds the drop-out threshold
and picks up when the voltage falls below the pick-
up threshold. The time delay is for the drop-out
time. Pick up is immediate.


Frequency Sensor − If enabled, this sensor drops
out when the frequency goes beyond the drop-out
thresholds, and picks up when the frequency falls
within the pick-up thresholds. The time delay is for
the drop-out time. Pick up is immediate.


Phase Rotation Sensor − If enabled, this sensor
drops out if the phase rotation of the source does
not match the system phase rotation setting.


Loss of Phase Sensor − If enabled, this sensor de-
tects if the line-to-line voltages are more than 30
degrees away from 120 degrees. The time delay is
for the drop-out time. Pick up is immediate.


Discrete Inputs


There are three discrete inputs labeled as switches
(see Table 3-7). These inputs are optically coupled
so they are activated by current. To activate an in-
put, connect it to one of the discrete input return
connections or to a local B− connection. The inac-
tive state for these inputs should be an open circuit.
Do not connect to B+.


Synchronizer Enable Switch


The synchronizer enable switch input is used to
turn the synchronizer on and off only when the con-
trol is in Manual mode. The synchronizer automati-


cally turns on if the control is in Auto mode and the
two power sources are good (TB1-11).


Fault Reset


The fault reset input acknowledges and resets
faults. It is also used to activate the fault flash out on
the seven segment display on the board (hold ac-
tive for >5 seconds to activate this mode; hold ac-
tive again momentarily to leave this mode)
(TB2−14).


Discrete Outputs


There are two different types of discrete outputs.
There are the seven Low Side Outputs capable of
sinking 200 mA each and the Relay Supply (see
Table 3-8).


There are seven low side outputs.


• Output 1 (Common Warning) − Output #1 is in-
tended to drive a relay coil and is activated by
a Common Warning.


• Output 2 (Fail to Synchronize − Output #2 is in-
tended to drive a relay coil and is activated by
a Fail-to-Sync event.


• Output 3 (Genset Available) − Output #3 is in-
tended to drive a relay coil and is activated
when the genset is available.


• Output 4 (Utility Available) − Output #4 is in-
tended to drive a relay coil and is activated
when the utility is available.


• Output 6 (Synchronized) − Output #6 is in-
tended to drive a relay coil and is activated by
a Synchronized event.


• Output 7 (Synch Output Limit) − Output #7 is
intended to drive a relay coil and is activated
by a Synch Output Limit event.


• Output 8 (Hardware Failure) − Output #8 is in-
tended to drive a relay coil and is activated by
a hardware failure event.


TABLE 3-7. SYNC1320 MASTER SYNCHRONIZER DISCRETE INPUTS


Discrete Input Active State
(to Gnd)


Inactive State
(open circuit) Description


Fault Reset Reset Not Reset Reset faults; engage fault readout


Auto/Manual Manual Auto Manual or auto breaker / sync operation


Synchronizer Enable Active Inactive Sync enable (applies in manual only)
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TABLE 3-8. PCC3200 DISCRETE OUTPUTS


Output Signal Name
(Hardware)


Active State
(Low /


Energized)


Inactive State
(High Impedance
/ De-energized)


Description


Output1 Driver Driver On Driver Off Activated by a common warning


Output2 Driver Driver On Driver Off Activated by a fail-to-sync event


Output3 Driver Driver On Driver Off Activated by a genset available event


Output4 Driver Driver On Driver Off Activated by a utility available event


Output6 Driver Driver On Driver Off Activated by a sync’d event


Output7 Driver Driver On Driver Off Activated by a sync output limit event


Output8 Driver Driver On Driver Off Deactivated by a hardware failure event


Relay Supply B+ Output B + Output B+ output for supplying relay coil high
side; the low side is connected to a low
side driver output


Analog Inputs


Genset Bus Voltages


VT Input Connection; up to 480VLL nominal direct
connection or higher with external VT, 3-wire or
4-wire.


Utility Bus Voltage


VT Input Connection; up to 480VLL nominal direct
connection or higher with external VT, 3-wire or
4-wire.


Bidirectional Analog Signal


Master Frequency Bias


Connect to kW load share; Note PCC3100 wiring
diagrams have + and – reversed.


Master Voltage Bias


Connect to kVAR load share; Note PCC3100 wiring
diagrams have + and – reversed.


SYSTEM STATE VARIABLE


This variable is intended to give an indication of the
most relevant thing that is going on the controller at
the present time. This is displayed on the 7-seg-
ment LED when the controller is not in fault readout
mode.


NOTE: If the decimal point is ON, then the 7-seg-
ment LED is in fault readout mode; other-
wise, it shows the system state.


TABLE 3-9. SYSTEM STATE VARIABLE


System State Description 7-Segment LED Output
Character


Not Available Controller state is not available at present. − (center segment)


Synchronizing Synchronizer is on. 6


Sync Check OK Sync Check is OK. 7


Manual Auto/Manual switch is in Manual mode C


Standby Normal J
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4. Setup


INTRODUCTION


A personal computer (PC) based setup tool is pro-
vided on  a CD with the module to allow basic cus-
tomer set up. This section describes setup and con-
figuration of the SYNC1320 master synchronizer
using the CD-based configuration tool provided
with the module. InPower can be used to setup, ad-
just, monitor, and calibrate the SYNC1320 master
synchronizer. The InPower service connection from
a laptop to the SYNC1320 master synchronizer is
shown in Figure 4-3. 


Figure 4-1 shows the start screen. Select Serial
Port and click on the Start button.


The menu shown in Figure 4-2 is displayed when
the control connects to the SYNC1320 master syn-
chronizer.


FIGURE 4-1. START SCREEN


FIGURE 4-2. SYNC1320 MASTER SYNCHRONIZER
START SCREEN


SERVICE
CABLE


J14 
CONNECTOR


SECURITY
DONGLE


FIGURE 4-3. CONNECTING TO THE SYNC1320
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Adjusting Values and Saving Trims to
Flash Memory


When you adjust settings, the appropriate text but-
tons change color. This is to remind you that you
need to click on the  Save adjustments button to
permanently save the data.


When a value is changed, the box in which the value
is located turns pink When you click inside, the text
box turns white and the Save adjustments button
turns green. To save, click on the Save adjust-
ments button.


METERING


If you click on SYNC1320 setup on the SYNC1320
master synchronizer start screen (see Figure 4-2),
the screen shown in Figure 4-4 is displayed.


To set up the SYNC1320 master synchronizer me-
tering, first select the Voltage Setup tab. Then se-
lect the wye or delta configuration for the generator


and utility at the top of the screen (see the connec-
tion options below).


Enter the system nominal voltage for the system in
the “Nominal generator system LL voltage” text box.
The “Nominal utility system LL voltage” box dis-
plays the same value. This is the voltage that will
equal the 100% value referred to in the generator
and utility bus sensor setup screens.


If an external step down potential transformer is
used, then click on the Enable check box in the Ex-
ternal transformer frame and enter the data for the
transformer. In all the text boxes, the data can either
be selected from the drop down menu or entered in
directly.


To save teh adjustments permanently, follow the
steps listed under “Adjusting Values and Saving
Trims to Flash Memory” above. At this point, the
nominal utility system LL voltage will change.


To verify the meter readings, go to the Voltage Cal-
ibration tab (see Figure 4-5). The voltages will be
displayed there and can be calibrated if desired.


FIGURE 4-4. GENERATOR AND UTILITY VOLTAGE SETTINGS







4-3


FIGURE 4-5. GENERATOR AND UTILITY METER CALIBRATION


Voltage Calibration


The SYNC1320 master synchronizer is calibrated
at the factory and normally does not require calibra-
tion in the field. If it is necessary to have the
SYNC1320 master synchronizer metering match
another metering instrument, a provision is pro-
vided for calibrating the voltage. Always make sure
that the source you would like to calibrate is live be-
fore attempting to calibrate.


The setup program allows for an automatic calibra-
tion of the SYNC1320 master synchronizer through
the Voltage Calibration tab. The shaded blocks dis-
play the voltage readings of the SYNC1320 master
synchronizer. Below each of the shaded boxes is a
box labeled Your meter. This is where you enter the
reading from an external meter that you would like
the SYNC1320 master synchronizer to match.
When you click on the perform auto voltage cal-
ibration button, the setup program will match the
SYNC1320 master synchronizer reading to the val-
ue entered in the Your meter box. The scroll bars to
the right of the meter boxes allow an option to manu-
ally calibrate the voltages and current.


NOTE: The voltage cannot be calibrated while the
SYNC1320 master synchronizer is syn-
chronizing.


VOLTAGE AND FREQUENCY SENSORS


The generator and utility bus sensors determine if
the bus voltages and frequencies are in an accept-
able operating range. When they are in this range,
the source is considerable available. The text boxes
with the white background are used to enter the de-
sired range. The shaded boxes display the voltage
or frequency those values correspond to.


Green text of a sensor name indicates a sensor
is active and in range.


Red text of a sensor name indicates a sensor is
active and out of range.


Black text of a sensor name indicates the sen-
sor in not enabled.


NOTE: The setup process is identical for both the
utility and generator bus sensors. Utility bus
sensor information is shown in Figure 4-6
and generator bus sensor information is
shown in Figure 4-7.
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FIGURE 4-6. UTILITY BUS SENSOR INFORMATION


FIGURE 4-7. GENERATOR BUS SENSOR INFORMATION







4-5


Undervoltage Sensor


At a minimum, source availability is determined by
the undervoltage sensor. The sensor will drop out
when the voltage falls below the drop-out threshold,
and will pick up when the voltage rises above the
pick-up threshold setting.  The time delay is for the
drop-out time.  Pick up is immediate.


Pick up is % of nominal.


Drop out is % of pickup.


Overvoltage Sensor


If enabled, this sensor will drop out when the volt-
age exceeds the drop-out threshold and will pick up
when the voltage falls below the pick-up threshold.
The time delay is for the drop-out time.  Pick up is
immediate.


Drop out is % on nominal.


Pick up is % of drop out.


Frequency Sensor


If enabled, this sensor will drop out when the fre-
quency goes beyond the drop-out thresholds, and
will pick up when frequency falls within the pick-up
thresholds. The time delay is for the drop-out time.
Pick up is immediate.


Phase Rotation Sensor


If enabled, this sensor will drop out if the phase rota-
tion of the source does not match the phase rotation
setting.


Loss of Phase Sensor


If enabled, this sensor will detect if the line-to-line
voltages are more than 30 degrees away from 120
degrees. The time delay is for the drop-out time.
Pick up is immediate.


SYNCHRONIZING


Genset and Utility Bus Sensors Settings
for Synchronizer Applications


The synchronizer function requires both sources to
be considered as “available” in order to be able to
turn on synchronizing. A source is available when
all enabled sensors are picked up. The undervol-
tage sensor is always enabled. Other sensors may
be enabled as desired.


Auto / Manual Synchronizer Operation


When the Auto / Manual input is an open circuit, the
synchronizer is in Automatic. It will start synchroniz-
ing whenever both sources are “available.”


When the Auto / Manual input is grounded, the syn-
chronizer is in Manual. It will start synchronizing
when both sources are “available” and the Sync En-
able input is grounded.  It will not synchronize when
Sync Enable is an open circuit.


Genset Sensor Operation During
Synchronizing


When the synchronizer is running, the pick-up and
drop-out thresholds for undervoltage, overvoltage,
and frequency sensors for the genset bus are tem-
porarily expanded in order to allow the synchronizer
to change the bus voltage and frequency without
dropping out a sensor. When the synchronizer is
running, these temporary expanded voltage thresh-
olds are displayed in red on the Generator Bus Sen-
sor tab (see Figure 4-7).


Synchronizing Methods


The SYNC1320 master synchronizer has two meth-
ods of synchronizing: phase synchronizing and slip
frequency synchronizing. The default method is
phase synchronizing and is suitable for most ap-
plications. This synchronizes the generator bus
phase to the utility.
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FIGURE 4-8. SYNCHRONIZER INFORMATION


Voltage Matching


The SYNC1320 master synchronizer matches the
average of the three generator phases to the aver-
age to the three utility phases. The SYNC1320
master synchronizer matches voltage in a similar
way in which it matches frequency. Voltage match-
ing is active in both the phase and frequency syn-
chronize methods.


Tuning the voltage matching is done in a similar way
to frequency matching. There is a proportional gain
and an integral gain. Voltage matching gains are
generally less critical than frequency or phase
matching gains and typically do not need to be ad-
justed.


NOTE: If the genset voltage is increased by voltage
matching, the load on the genset will in-
crease. If the voltage is raised to 6%, then
the genset load increases by 12%.


Slip Frequency Synchronizing


The slip frequency method works by governing the
generator bus frequency slightly off of the utility fre-
quency. This frequency difference is called the slip
frequency. The frequency difference produces a


constantly changing phase difference between the
two sources. If the frequencies are close enough
periodically, the phase difference will be small
enough that it will meet the permissive conditions
for closing the circuit breaker. It is easier to govern
frequency than match phase; therefore, on systems
that are difficult to phase match or where you would
like to control the direction of power flow when the
breaker closes, frequency synchronizing may be
desirable. Since the permissive conditions occur
periodically, based on the slip frequency, the slip
frequency method generally takes longer to syn-
chronize than the phase match method. The phase
gain has no effect when using the frequency syn-
chronize method and when phase synchronizing is
selected, the slip frequency has no effect. Table 4-1
shows the recommended slip frequency settings.
The recommended slip frequency setting = phase
window / (360 * Time in window). By using the set-
tings in the table, the phase difference at the end of
permissive time window (when the breaker is al-
lowed to close) will be 0 degrees. (For example,
with a 0.1 Hz slip, it takes 0.5 seconds for the phase
to change 20°. The phase difference would be in a
+/− 20° window for 0.5 seconds.)
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Adjusting the Synchronizer Gain Values


CAUTION The SYNC1320 master synchroniz-
er is factory-configured for gains that are most
appropriate for typical applications. Adjust-
ment of the gains by non-qualified persons can
result in misoperation of the system when the
synchronizer is enabled. Defer settings to a
qualified Cummins service technician.


Normally the synchronizer works properly with the
default gain settings and does not need to be ad-
justed. If the frequency/phase synchronizing is un-
stable, the frequency match proportional gain can
be reduced. This may be necessary with gas or oth-
er gensets that have slow response times.


The synchronizer gains can be set using the values
in Table 4-2, based on the control and engine.


These gain values apply with the genset controls
set to their default load share gain values. If the load
share gain values are changed, the frequency
match proportional gain will need to change. If the
load share gains are increased, the frequency
match proportional gains may need to be de-
creased. Generally the voltage matching gains can
be set the same for all gensets and can be left at
their defaults.


The frequency matching gains will vary, depending
on the control and engine. For diesel engines with
PCC3100 and PCC3200 controls, the frequency
match gains should be set to the standard values
listed in the table. Gas gensets are much more
stable when running with load.


NOTE: The stability of the synchronizing improves
when more gensets are paralleled.


TABLE 4-1. RECOMMENDED SLIP FREQUENCY SETTINGS


Permissive Window Recommended Slip
Frequency in Hz


Time in seconds between when
permissive window conditions are met


20° 0.5 seconds 0.1 10


10° 0.5 seconds 0.05 20


TABLE 4-2. SUGGESTED SYNCHRONIZER GAIN VALUES


Control/Set
Frequency


Match
Proportional


Frequency
Match


Integral


Phase Match
Proportional


Voltage
Match


Proportional


Voltage
Match


Integral


Default gains 30 20 160 400 50


PCC3200 − standard 50 20 160 400 50


PCC3100 − standard 50 20 160 400 50


PCC3100 − QSM11 25 20 160 400 50


PCC3100 − 1250 gas 9 20 160 400 50


MONITORING


If you click on Monitor on the SYNC1320 master
synchronizer start screen (see Figure 4-2), the
monitor screen shown in Figure 4-9 is displayed.


In the Frequency and voltage match screen,


• The top text line shows the sync check state.


• The second line shows a fault, if one is active.


• The Syncscope displays the phase difference,
from 0 – 180 degrees.


In the Voltage match and Frequency match boxes,


• The dashed lines show the limit of the synchro-
nizer.


• The red line shows the sensor drop-out limit.
• The yellow line shows the sensor pick-up limit.
• The voltage shown is the average of three


phases.
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FIGURE 4-9. FREQUENCY AND VOLTAGE MATCH


PLOTTING VARIABLES


If you click on Plot on the SYNC1320 master syn-
chronizer start screen (see Figure 4-2), the Plot
screen shown in Figure 4-10 is displayed.


Using the Plot function


The plotting option allows you to plot one, two, or
three variables.


To select the variables you wish to plot, click on the
select button (see Figure 4-10). From the list of
variables that appear, click on the variable or vari-
ables to be plotted. The plot selections will be high-
lighted. Click on the plot button to start the plot.


To change the plot scale, double click on the selec-
tion whose scale you wish to change and a form will
appear which will have a selection for changing the
plot range. The low and high boxes determine the
minimum and maximum range of the plotted vari-
able. They are the numbers that appear on the left
side of the plot. The scale number is used to convert
the raw data to engineering units. Once the plot is
complete clicking in the open area on the left side of
the plot will also bring up the scale change form. The
plot scale can be changed and the plot redrawn.


The plot speed can be changed by using the scroll
bar which appears to the right of the select button.


The grid lines which appear when the plot is com-
plete are one second apart.


Timing marks can be inserted on plots by clicking on
the plot after it is complete. The first time mark will
display “0”; clicking again will display the time in
seconds from the first mark. The time marks can be
printed by clicking on the appropriate check box af-
ter the Print button is clicked. The timing marks are
cleared when the plot is redrawn.


The “continuous” check box which appears when
the “select” button is clicked causes the plot to start
over as soon as it is complete.


Redraw


The Redraw button redraws the plot as a persistent
bitmap. The form can be resized and the plot re-
drawn. The plot variables high and low scale can
also be changed and the plot redrawn. Plots that are
off the top or bottom of the plot are not lost and can
be redrawn after changing the plot scaling.


Save plot


The Save plot button saves the plot data to *.plt file.
The data is saved, along with other plot data in
ASCII text format. Clicking on Save plot brings up a
menu where you can enter a label that is saved with
the plot. You can also click on the add file name
check box to save the file name with the plot data.
When you select the close button you will be
prompted for a *.plt file name. The “use loaded data”
check box should be unchecked. The saved plot
files can be viewed and printed with the configura-
tion tool by loading them with the “load data” button
described below. The size of a typical *.plt file is less
than 5k. The *.plt file can also be imported into an
EXCEL spreadsheet as a comma delimited file.


Load Plot


The Load plot button loads and displays the plot file
*.plt that was saved with the “save plot data” button.
The configuration tool does not have to be con-
nected to a control to load plots. The program can
be started, load defaults selected, then plot and
load data. The data can then be redrawn or printed.


Print


The Print button prints the plot by drawing the plot
to the printer instead of the screen. To change print-
ers, go to file and select printer setup.
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FIGURE 4-10. PLOT INFORMATION
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5. Testing and Troubleshooting


SYSTEM STATE AND DIAGNOSTIC
INDICATORS


This section includes troubleshooting information
for the SYNC1320 master synchronizer. Refer to
Section 3 for information on the LED status display.


The SYNC1320 master synchronizer also includes
a system status and alarm readout 7-segment LED.
This section describes troubleshooting based on in-
formation displayed by that device.


On-Board Diagnostics


The SYNC1320 control board includes LEDs (see
Figure 5-1) that indicate system status, events, and
faults. Section 3 describes functions of the LED dis-
play.


NOTE: DS2, DS4, and DS9 are not used.


System Status Indicators


The SYNC1320 control board includes individual
LEDs for the following:


• DS1 (Green) = Utility Available
• DS5 (Yellow) = Genset Available
• DS7 (Red) = Not in Auto Mode
• DS6 (Yellow) = Common Warning
• DS3 (Blinking Green) = Heartbeat
• DS8 (Blinking Green) = Synchronizing
• DS8 (Green) = Synchronized
• DS8 (Red) = Fail to Sync


System State and Diagnostic Indicators


The SYNC1320 control board also includes a
seven-segment LED (U51 − see Figure 5-1), used
to indicate the following:


• System State − When in this mode, the LED
displays a code to indicate current activity.


• Diagnostic State − A customer-supplied fault
reset switch must be pressed for at least five
seconds to switch to Diagnostic mode and view
event and fault codes.


J4


FIGURE 5-1. SYNC1320 CONTROL BOARD LEDS
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The control is normally in the System State mode.
When in System State mode, the decimal point near
the bottom right corner of the seven-segment LED
is off and the LED displays a code to indicate current
activity. When in this mode, the characters listed in
Table 5-1 can be displayed.


TABLE 5-1. SYSTEM STATE LED CHARACTERS


LED Output Character System State


− (Center Segment) Not available


6 Synchronizing


7 Sync Check OK


C Manual


J Standby


To switch to Diagnostic mode and view event and
fault codes, a customer-supplied fault reset switch
connected to TB2-14 must be pressed for at least
five seconds. When in Diagnostic mode, the
decimal point near the bottom right corner of the
seven-segment LED is lit.


Some diagnostics are mapped to low side driver
outputs.


Warnings are latched until the user does a fault re-
set using the customer-supplied fault reset switch.


When in Diagnostic mode, the control flashes each
digit of the fault/event code, with a pause between
digits and a longer pause between repetitions.


TEST AND ADJUSTMENT


Basic Configuration


Before any testing of the SYNC1320 master
synchronizer can be done, the basic configuration
of the board must be set up and verified. (See
Section 4.) A personal computer (PC)-based
configuration tool is provided on a CD for loading on
to a local PC, to allow a user to set up the board for
specific application requirements. The board can
also be set up by a Cummins service technician
using InPower�.


The PC may be connected to the circuit board from
its serial connection point using Cummins part
number 338−4683 cable. This cable is available
from your local Cummins distributor.


CAUTION The SYNC1320 master synchroniz-
er is factory-configured for gains that are most
appropriate for typical applications. Adjust-
ment of the gains by non-qualified persons can
result in misoperation of the system when the
synchronizer is enabled. Defer settings to a
qualified Cummins service technician.


Bench Tests


Connect a 12 or 24VDC control power source to
one of the control power inputs (TB2-7 and TB2-8,
9, 11 or 12). Verify that the control is operating by
viewing DS3 blinking green.


If an AC power source of an acceptable magnitude
and number of phases is available, the board can
verify that proper voltage is sensed at each voltage
reference point, again by verifying that the
appropriate LED (DS1−green for utility side and
DS5−amber for generator bus side) operates when
the source is connected. Note that in the default
configuration, the utility available and generator bus
available relay drivers should also operate during
this test (TB2-17 and 18).


If both sources are connected simultaneously and
the sources are synchronized the board should
display a ”synchronized” indication by lighting DS8
continuously. If the synchronizer is enabled
(TB1-10 to 11) and DS8 is flashing both sources are
available and the device is attempting to
synchronize them.


Commissioning


Commissioning of Cummins PowerCommand gen-
erator sets and SYNC1320 master synchronizers
should be supervised by a qualified Cummins ser-
vice technician.


WARNING Do not allow connection of an oper-
ating generator bus to a utility service without
explicit written permission of the utility service
provider. Improper settings and practices can
result in personal injury, death, or serious
equipment damage.


The commissioning process can result in power
outages of varying duration and/or voltage and
frequency disturbances to loads connected to the
generator set or utility buses.


The actual commissioning process for any system
is dependent on the specific characteristics of that
system. The follow points provide only guidelines
for proper system commissioning. A qualified sys-
tem designer should provide specific commission-
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ing instructions to validate proper system operation
and settings.


1. Generator sets that are used in conjunction
with a SYNC1320 master synchronizer must
be fully commissioned as described in the
Cummins generator set installation manual
prior to commissioning of the SYNC1320 func-
tions in the system.


2. Verify that all wiring is installed as required by
the system control drawings and the Cummins
interconnecting drawings for the SYNC1320
master synchronizer.


3. Set the system up for manual operation so that
the system does not attempt to switch power to
loads. Check the source availability set points
in the SYNC1320 master synchronizer for
proper settings.


4. Verify that DC control power is available at the
master synchronizer. DS3 should be flashing
green to indicate that the control is ready to op-
erate.


5. Verify that the sources are connected properly
to the master synchronizer. Energize each
source individually, and verify that the voltage
of a calibrated meter, the SYNC1320 metering,
and the switchboard metering (if provided) is
consistently operating. Make calibration ad-
justments on the SYNC1320 master synchro-
nizer as necessary.


6. Verify proper connections to the generator sets
from the master synchronizer. With system
loads connected to the utility, the synchronizer
not enabled, and a generator set running, ad-
just the generator set frequency and voltage to
a value that is different from utility frequency by
1 hertz, and utility voltage by approximately
3%. Enable the synchronizer and observe that
the generator set correctly matches the utility
frequency and voltage without connecting the
generator set to the utility source. If desired, the


settings can be done in each direction to verify
the capabilities of the device to drive adjust-
ments in both directions. Reset generator set
frequency and voltage to levels to those prior to
running test. Repeat this test for each genera-
tor set in the system.


7. Verify that the generator sets synchronize
properly as a group. With the utility source
available, the generator sets operating with
system loads connected and load properly bal-
anced between all machines, enable the mas-
ter synchronizer and verify that the generator
sets synchronize as a group without disrupting
load sharing, and to within the sync check pa-
rameters set into the SYNC1320 master syn-
chronizer. The “SYNC OK” output of the master
synchronizer can be used to signal that the
control considers the generator bus to be syn-
chronized. An external device should be used
to validate the synchronizing accuracy of the
system. The Cummins service technician may
make adjustments necessary to optimize syn-
chronizing speed.


8. Complete the balance of system operation
tests in manual state, then repeat system test-
ing in all automatic modes, to totally verify sys-
tem operation.


TROUBLESHOOTING


Table 5-2 lists the possible fault/event codes that
are available with the SYNC1320 master
synchronizer. This table also lists the possible
cause(s) and provides corrective actions.


To reset faults,
1. Correct the fault condition.
2. Make sure the control is not in Diagnostic mode


(decimal point is not lit). If in Diagnostic mode,
press the reset switch for at least five seconds.


3. Activate a Reset input momentarily (less than 5
seconds).
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TABLE 5-2. CONTROL TROUBLESHOOTING  


  Many troubleshooting procedures present hazards that can result in severe personal
injury or death.  Only qualified service personnel with knowledge of fuels, electricity, and machinery
hazards should perform service procedures.  Review safety precautions at the front of this manual.


WARNING


CODE DESCRIPTION POSSIBLE CAUSE CORRECTIVE ACTION


343 Hardware Failure
Warning


1. At least one of the following
faults is active.
• Calibration Checksum Warn-


ing (Fault Code 2416)
• EEPROM Write Failure


Warning (Fault Code 353)
• Utility Bus AC Metering Fail-


ure (Fault Code 1335)
• Generator Bus AC Metering


Failure (Fault Code 1335)
2. The hardware version is not


compatible with the software
version.


1. Identify which of the faults is active by
observing the fault displayed on the
control panel or observing the lamps
on the SYNC1320 control board, or by
using InPower.


2. Take corrective steps for the active
specific faults, as described in this
section.


3. Cycle power to the SYNC1320 master
synchronizer.


4. If the problem continues, replace the
control board.


353 EEPROM Write
Failure Warning


The current value in RAM memory
(to-be-written value) does not
match its post-written value in
EEPROM. This problem occurs
when you attempt to save a trim
by using either InPower or the
LCD display and it is not
successful. This problem may also
occur when the SYNC1320
master synchronizer tries to
automatically save data on a
periodic basis.


Clear the fault either by cycling power to
the SYNC1320 master synchronizer or by
resetting the processor via an InPower
initial calibration.


1222 Not in Auto Event The Synchronizing System is not
in Auto mode.


1. Make sure you want to work in this
mode.  If you do not, check relevant
terminal blocks (TB10-6) on the
SYNC1320 master synchronizer and
related switches for misoperation.


2. Check cabling from the switches to
the terminal blocks.


3. Make sure the control switch opera-
tion is OK.


4. Use InPower to verify that the
SYNC1320 master synchronizer is
properly processing contact data.
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TABLE 5-2. CONTROL TROUBLESHOOTING (CONT.)


  Many troubleshooting procedures present hazards that can result in severe personal
injury or death.  Only qualified service personnel with knowledge of fuels, electricity, and machinery
hazards should perform service procedures.  Review safety precautions at the front of this manual.


WARNING


CODE CORRECTIVE ACTIONPOSSIBLE CAUSEDESCRIPTION


1223 Utility Frequency
Warning


The Utility frequency is greater
than the upper drop-out threshold
or it is less than the lower drop-out
threshold and it stays there for a
time period that is greater than the
drop-out time delay.


1. Check the lower and upper utility fre-
quency drop-out settings on the
SYNC1320 master synchronizer. To
determine if you are trying to synchro-
nize to a dependable source, create a
sensible bandwidth that tells you how
good the Utility is. InPower or the set-
up tool can be used to accomplish
this.


2. To avoid lengthy synchronizing opera-
tion, make sure the Utility frequency is
not varying a lot all of the time.


3. Make sure the SYNC1320 master
synchronizer is measuring frequency
correctly.


1224 Generator Bus
Overvoltage
Warning


The generator bus voltage is
greater than the Genset
overvoltage drop-out threshold
and it stays there for a time period
that is greater than the drop-out
time delay.


1. Make sure the Genset overvoltage
threshold is safe for the connected
load and make sure that this value is
not too close to the rated voltage.


2. Make sure that the drop-out time
delay for this fault is not set too low.


3. Check the AVR system operation of
each individual genset.


4. Make sure all AC voltage sensors are
properly calibrated at the SYNC1320
master synchronizer and the gensets.


5. Use InPower to monitor and make any
necessary adjustments.


6. If used, check external transformer
connections.


1225 Generator Bus
Undervoltage
Warning


The generator bus voltage is less
than the Genset undervoltage
drop-out threshold and it stays
there for a time period that is
greater than the drop-out time
delay.


1. Make sure the Genset undervoltage
threshold is safe for the connected
load and make that this value is not
too close to the rated voltage.


2. Make sure that the drop-out time
delay for this fault is not set too low.


3. Check the AVR system operation of
each individual genset.


4. Make sure all AC voltage sensors are
properly calibrated at the SYNC1320
master synchronizer and the gensets.


5. Use InPower to monitor and make any
necessary adjustments.


6. Make sure the wire size and distance
is correct and check for loose connec-
tions.
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TABLE 5-2. CONTROL TROUBLESHOOTING (CONT.)


  Many troubleshooting procedures present hazards that can result in severe personal
injury or death.  Only qualified service personnel with knowledge of fuels, electricity, and machinery
hazards should perform service procedures.  Review safety precautions at the front of this manual.


WARNING


CODE CORRECTIVE ACTIONPOSSIBLE CAUSEDESCRIPTION


1226 Genset
Frequency
Warning


The generator bus frequency is
greater than the upper drop-out
threshold or it is less than the
lower drop-out threshold and it
stays there for a time period that is
greater than the drop-out time
delay.


1. Verify that the lower and upper gener-
ator bus frequency drop-out settings
on the SYNC1320 master synchroniz-
er create a sensible bandwidth that
makes load-feeding a safe activity. In-
Power can be used to accomplish this.
Be aware that the generator bus set-
tings harmonize with the genset set-
tings.


2. To avoid lengthy synchronizing opera-
tion, make sure the Utility frequency is
not varying a lot all of the time.


3. Verify that the SYNC1320 master syn-
chronizer is measuring frequency cor-
rectly.


4. Verify that the genset control is cor-
rectly calibrated.


1335 AC Metering Out
of Range Warning


At least one of the following
variables are out of range in utility
bus and/or generator bus analog
measurements.


• Voltage
• Current
• kW
• kVAR
• kVA
• Power Factor


1. Use Inpower to determine if the gener-
ator bus or the utility bus is the source
of the problem.


2. Verify that the meter calibration is
okay.


3. Verify that the SYNC1320 master syn-
chronizer VT and CT ratios are cor-
rectly set.


4. Verify that the VT and CT rated values
match the ones set in the SYNC1320
master synchronizer.


5. Check the number of turns on each of
the built-in CTs to verify that they com-
ply with requirements regarding 5A-
secondary and 1A-secondary.


6. Verify that the CT and VT polarities
and connections are okay.


1456 Synchronizer
Output Limit
Warning


The synchronizer fails to achieve
a match point when it puts the
voltage and/or frequency at their
extreme values (lowest, highest)
of the allowed bandwidth for a
time period that is greater than the
fail-to-synchronize time period.
This diagnostic logic is shown
below.


1. Verify that the Failure to Synchronize
time is not too low.


2. Verify that the Permissive Phase Win-
dow is not too tight.


3. Verify that the Permissive Voltage
Window is not too tight.


4. Check to see that the Permissive Win-
dow time is not too high.


If:


Frequency match is at the high or low limit, or


Voltage match is at the high or low limit, or


Voltage match has failed,


Then a synchronizer output warning is initiated.
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TABLE 5-2. CONTROL TROUBLESHOOTING (CONT.)


  Many troubleshooting procedures present hazards that can result in severe personal
injury or death.  Only qualified service personnel with knowledge of fuels, electricity, and machinery
hazards should perform service procedures.  Review safety precautions at the front of this manual.


WARNING


CODE CORRECTIVE ACTIONPOSSIBLE CAUSEDESCRIPTION


1457 Fail to
Synchronize
Warning


This warning is displayed when
the synchronizer is ON AND
Permissive Close is Not Allowed.
Permissive Close Not Allowed is
true continuously for a Failure to
Synchronize time period.


1. Verify that the voltage bias and fre-
quency bias signals to the gensets are
arriving at the correct terminals.


2. Verify that the SYNC1320 master syn-
chronizer is sending bias signals to
the gensets.


3. Check the speed-governing system of
each genset.


4. Check the fuel quality.
5. Make sure that all SYNC1320 master


synchronizer and genset meters are
properly calibrated.


1458 Synchronizer
Phase Rotation
Mismatch
Warning


This warning is displayed when
the synchronizer is ON AND the
Utility Phase Rotation is different
from the Genset Phase Rotation
and this status is true continuously
for a Fail-to- Synchronize time
period.


1. Use InPower to observe data process-
ing on the SYNC1320 master syn-
chronizer.


2. Verify that Genset and Utility input
voltage lines to the SYNC1320 master
synchronizer match the ones shown
on the terminal block as to Phase
Rotation and line-to-line match.


3. Make sure the Genset and Utility pow-
er lines are properly connected to
relevant breakers. Improper connec-
tions can result in a catastrophic
breaker closure.


4. Check the Genset and Utility VT con-
nections and polarities, if used.


1483 Common Warning
Event


This warning is active whenever
any other warning fault state is
active.


Search for the active warning and follow
the appropriate relevant troubleshooting
procedures elsewhere in this document.


1912 Utility Loss of
Phase Warning


The phase difference in electrical
degrees between adjacent phase
utility bus voltage phasors is
greater than 150 degrees OR less
than 90 degrees and this is true
continuously for a Utility Loss of
Phase Drop-Out Delay.


1. Check to see that there is no incoming
missing line at the SYNC1320 master
synchronizer relevant Utility voltage
inputs.


2. Make sure there are no loose connec-
tions.


3. Since there is little chance that there
is a real phase difference in Utility volt-
age phasors, focus on bad connec-
tions.
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TABLE 5-2. CONTROL TROUBLESHOOTING (CONT.)


  Many troubleshooting procedures present hazards that can result in severe personal
injury or death.  Only qualified service personnel with knowledge of fuels, electricity, and machinery
hazards should perform service procedures.  Review safety precautions at the front of this manual.


WARNING


CODE CORRECTIVE ACTIONPOSSIBLE CAUSEDESCRIPTION


1913 Genset Loss of
Phase Warning


This warning is active if the phase
difference in electrical degrees
between adjacent phase
generator bus voltage phasors is
greater than 150 degrees OR less
than 90 degrees and this remains
true continuously for the Utility
Loss-of-Phase Drop-Out Delay.


1. Verify that there is no missing incom-
ing line at the SYNC1320 master syn-
chronizer relevant to the generator
bus voltage inputs.


2. Make sure there are no loose connec-
tions.


3. Since there is little chance that there
is a real phase difference in Utility volt-
age phasors, focus on bad connec-
tions.


1914 Utility Phase
Rotation Warning


This warning is active whenever
the Utility Phase Rotation
mismatches the System Phase
Rotation for at least one second.


1. Use InPower to verify data processing
on the SYNC1320 master synchroniz-
er.


2. Use InPower to check the System
Phase Rotation setting.


3. Verify that he Utility input voltage lines
to the SYNC1320 master synchronizer
match the ones shown on the terminal
block as to phase rotation and line-to-
line voltage.


4. To avoid the possibility of a catastroph-
ic breaker closure, make sure your
genset and utility power lines are prop-
erly connected to relevant breakers.


5. Check the genset and utility VT con-
nections and polarities, if used.


1915 Genset Phase
Rotation Warning


This warning is active whenever
the Genset Phase Rotation
mismatches the System Phase
Rotation for at least one second.


1. Use InPower to verify data processing
on the SYNC1320 master synchroniz-
er.


2. Use InPower to check the System
Phase Rotation setting.


3. Verify that he Genset input voltage
lines to the SYNC1320 master syn-
chronizer match the ones shown on
the terminal block as to phase rotation
and line-to-line voltage.


4. To avoid the possibility of a catastroph-
ic breaker closure, make sure your
genset and utility power lines are prop-
erly connected to relevant breakers.


5. Check the genset and utility VT con-
nections and polarities, if used.


1916 Sync Check OK
Event


This event is for information
purposes only. It is active
whenever a Sync Check Close
Allowed event is active.


This event can be mapped to a program-
mable output.
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TABLE 5-2. CONTROL TROUBLESHOOTING (CONT.)


  Many troubleshooting procedures present hazards that can result in severe personal
injury or death.  Only qualified service personnel with knowledge of fuels, electricity, and machinery
hazards should perform service procedures.  Review safety precautions at the front of this manual.


WARNING


CODE CORRECTIVE ACTIONPOSSIBLE CAUSEDESCRIPTION


2328 Utility Bus
Available Event


This event is for information
purposes only.


This event is active if the
faults/events listed below are
inactive simultaneously. If a
sensor is disabled, the fault is
considered inactive.


• Fault 2331 − Utility Undervol-
tage Warning


• Fault 2358 − Utility Overvol-
tage Warning


• Fault 1223 − Utility Frequen-
cy Warning


• Fault 1912 − Utility Loss of
Phase Warning


• Fault 1915 − Genset Phase
Rotation Warning


• Fault 1914 − Utility Phase
Rotation Warning


This event can be mapped to a program-
mable output.


2331 Utility
Undervoltage
Warning


The utility bus voltage is less than
the Undervoltage Drop-Out
Threshold and it stays there for a
time period greater than the
Undervoltage Drop-Out Delay.


1. Make sure the Utility Undervoltage
Threshold is safe for the connected
load.


2. Verify that this value is not too close to
the rated voltage.


3. Make sure that the time delay for this
fault is not set too low.


4. Check the AVR system operation at
each individual genset.


5. Make sure that all AC voltage sensors
are properly calibrated at the
SYNC1320 master synchronizer and
the Utility.


6. Use InPower to monitor and make any
necessary adjustment.


7. Check the wire size, distance, and
loose connections.
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TABLE 5-2. CONTROL TROUBLESHOOTING (CONT.)


  Many troubleshooting procedures present hazards that can result in severe personal
injury or death.  Only qualified service personnel with knowledge of fuels, electricity, and machinery
hazards should perform service procedures.  Review safety precautions at the front of this manual.


WARNING


CODE CORRECTIVE ACTIONPOSSIBLE CAUSEDESCRIPTION


2358 Utility
Overvoltage
Warning


The utility bus voltage is greater
than the Utility Overvoltage
Drop-Out Threshold and it stays
there for a time period greater
than the Drop-Out Delay.


1. Make sure the Utility Undervoltage
Threshold is safe for the connected
load.


2. Make sure the Utility Overvoltage
Threshold is safe for the connected
load.


3. Verify that this value is not too close to
the rated voltage.


4. Make sure that the time delay for this
fault is not set too low.


5. Make sure that all AC voltage sensors
are properly calibrated in the
SYNC1320 master synchronizer.


6. Use InPower to monitor and make any
necessary adjustment.


7. Check VT connections, if used.


2416 Calibration
Checksum Error
Warning


This warning is displayed
whenever there is a specific
mismatch regarding comparison of
some internal data on the
microprocessor.


1. Cycle power to the SYNC1320 master
synchronizer.


2. If the fault persists, use InPower to
perform an Initial Calibration.


3. If the problem continues, replace the
control board.


2965 Genset Bus
Available Event


This event is for information
purposes only.


This event is active if the
faults/events listed below are
inactive simultaneously. If a
sensor is disabled, the fault is
considered inactive.


• Fault 1328 Generator Bus
Breaker Tripped Warning


• Fault 1452 − Generator Bus
Breaker Fail-To-Close Warn-
ing


• Genset Stop Command must
be inactive and Gen CB can
be open or closed


• Fault 1225 − Generator Bus
Undervoltage Warning


• Fault 1224 − Generator Bus
Overvoltage Warning


• Fault 1226 − Generator Bus
Frequency Warning


• Fault 1913 − Generator Bus
Loss of Phase Warning


• Fault 1915 − Generator Bus
Phase Rotation Warning


This event can be mapped to a program-
mable output.
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 CERTIFICATION  
 
Bitronics, LLC certifies that the calibration of its products are based on measurements 
using equipment whose calibration is traceable to the United States National Institute of 
Standards Technology (NIST).  
 
 INSTALLATION AND MAINTENANCE 
 
Bitronics' products are designed for ease of installation and maintenance.  As with any 
product of this nature, however, such installation and maintenance can present 
electrical hazards and should only be performed by properly trained and qualified 
personnel.  If the equipment is used in a manner not specified by Bitronics, the 
protection provided by the equipment may be impaired. 
 
 WARRANTY AND ASSISTANCE  
 
Products manufactured by Bitronics, LLC are warranted against defects in materials and 
workmanship for a period of thirty-six (36) months from the date of their original 
shipment from the factory.  Products repaired at the factory are likewise warranted for 
eighteen (18) months from the date the repaired product is shipped, or for the remainder 
of the product’s original Warranty, whichever is greater.  Obligation under this warranty 
is limited to repairing or replacing, at Bitronics' factory, any part or parts which Bitronics' 
examination shows to be defective.  Warranties only apply to products subject to normal 
use and service.  There are no warranties, obligations, liabilities for consequential 
damages, or other liabilities on the part of Bitronics except this Warranty covering the 
repair of defective materials.  The warranties of merchantability and fitness for a 
particular purpose are expressly excluded. 
 
For assistance, contact Bitronics LLC at:  
 
Telephone:  610.997.5100      
Fax:         610.997.5450    
Email:  bitronics@novatechps.com     
Website: www.novatechweb.com/bitronics   
 
Shipping: 
 
261 Brodhead Road 
Bethlehem, PA  18017-8698 
USA 
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COPYRIGHT NOTICE 
 
This manual is copyrighted and all rights are reserved.  The distribution and sale of this 
manual are intended for the use of the original purchaser or his agents.  This document 
may not, in whole or part, be copied, photocopied, reproduced, translated or reduced to 
any electronic medium or machine-readable form without prior consent of Bitronics, LLC 
except for use by the original purchaser. 
 
The product described by this manual contains hardware and software that is protected 
by copyrights owned by one or more of the following entities: 
 


Bitronics, LLC, 261 Brodhead Road, Bethlehem, PA 18017;  
Phar Lap Software, Inc., 60 Aberdeen Ave., Cambridge, MA 02138; 
Sisco, Inc., 6605 19½ Mile Road, Sterling Heights, MI 48314-1408;  
General Software, Inc., Box 2571, Redmond, WA 98073;  
Schneider Automation, Inc., One High Street, North Andover, MA 01845; 
Triangle MicroWorks, Inc., 2213 Middlefield Court, Raleigh, NC 27615  
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1.0  DESCRIPTION 
 
1.1  Introduction  
 
The Modbus Plus 1 protocol option for the PowerPlex family of transducers is designed 
to allow operation of these transducers on MODBUS PLUS networks.  The PowerPlex 
transducers are MODICON certified, and can connect directly to MODBUS PLUS 
networks.  The MODBUS PLUS protocol is a high speed peer to peer token passing 
network designed by Modicon.  The MODBUS PLUS network allows a wide variety of 
devices and topologies. 
 
1.2  Features  
 


* Rugged Bitronics design 
 


* Dedicated communications processor: fast response for maximum 
instrument polling rates. 


 
* User selectable instrument address 


 
* MODBUS PLUS network status/diagnostic LED visible from front panel 


 
* Simple command to read any number of instrument quantities 


 
* Simple energy and demand reset commands 


 
* Data available through HOLDING REGISTER READ or GLOBAL DATA 


 
* MODICON Certified 


 
* Remote setup of CT and PT ratios. 


 
 
1.3  Specifications  
 
Resolution: 
 


Amperes:  0.1% of 5* A nominal 
 


Volts:  0.07% of 120V nominal 
 


Frequency:  0.01 Hz 
 
 
    * - When CT1 Option (1Amp Input) is installed, divide this value by 5 


                                       
     1 - MODICON® and MODBUS PLUS are registered trademarks of Schneider, Inc. 
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1.3  Specifications, Cont’d 
  


Watts/VARs/VAs: 
 


   Per Phase:  0.1% of 500* secondary Watts nominal 
   Total: 0.1% of 1500* secondary Watts nominal (2 ½ or 3 


ELEMENT) 
0.1% of 1000* secondary Watts nominal (2 ELEMENT) 


 
Power Factor:  0.001  
Phase Angle:  0.1 (MTWIN4B only) 
K Factor:  0.01 
TDD, THD:  0.1% 


 
Accuracy: Same as base transducer (0.25% Class per ANSI Std 


460-1988) 
 
Modbus Plus 
 


Connector: 9-pin D-connector for shielded twisted pair Modbus Plus 
 


Communication: Modbus Plus 1 Megabit per second 
 


Distance: 1,500 ft (450m) per section, 6,000 ft (1800m) with repeaters 
 


Functions: Global Data and Read Holding Registers (FUNC 3) 
Preset Single Register (FUNC 6) and Preset Multiple 
Register (FUNC 16) for writing Energy/Demand RESET and 
CT/PT Ratios  


 
Response Time: 


 
Model Response Time 


MAX   (TYP) 
Global 
Data 
Updated 


 
All 8 Task Paths 
Serviced MAX 


 
MTWIN_ 650ms  (300ms) 600ms 


 
650ms 


 
MTWDN_ 650ms  (300ms) 600ms 


 
650ms 


 
MTWIN_B 150ms  (75ms) 100ms1 


 
150ms 


 
MTWDN_B 200ms  (100ms)  150ms1 


 
200ms  


 


1 - No READ or WRITE requests and input 56Hz to 75Hz, otherwise use 
Max Response Time 


 
Addressability: Modbus Plus Device Node Addresses 1 .. 64 


Task Path Addresses 1 .. 8 
 


Mode: Host Device (must specify task path in routing address) 
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EEPROM Memory Endurance: 
 
Writeable Registers: 1,000,000 minimum changes per register (Register Writes)  
 
    * - When CT1 Option (1Amp Input) is installed, divide this value by 5 
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2.0  PRINCIPLES OF OPERATION  
 
2.1 Construction 
 
The Bitronics PowerPlex Transducer Modbus Plus Option is composed of two major 
sections. The Modbus Plus network connects to the output connector board which in 
turn is driven by the by the Modbus Plus Peer processor, which is controlled by the 
Modbus Plus Interface Processor. 
 
2.2  Output Connector Board  
 
The Modbus Plus network connection is made via the DB-9 connector on the front of 
the transducer. An EARTH GROUND connection is provided on the front of the unit, by 
the power input. This EARTH GROUND connection is required for proper Modbus Plus 
operation, and should be connected to a good earth ground.  Both the DB9 and the 
Earth Ground input are connected to the Modbus Plus Connector Board, which also 
contains transformer and capacitive isolation of the meter from the actual Modbus Plus 
cable.  The shield of the Modbus Plus cable is connected to the EARTH GROUND 
terminal through a transient protection network.  A ribbon cable connects this board with 
the Modbus Plus Network Interface Board (see Figure 3 for schematic). 
 
2.3  Modbus Plus Network Interface Board  
 
The Modbus Plus Network Interface Board contains an Intel 80C152JA communications 
controller and its associated circuitry. This processor handles all the token-passing, 
error detecting, message transaction and other network overhead required by the 
Modbus Plus network. When the network interface processor receives a Modbus Plus 
message, it checks if the Modbus Plus ADDRESS is the address of this node.  The 
NODE ADDRESS is set via two 16-position rotary switches SW3 and SW4, which are 
located on the output connector board (See section 4.1 for instructions on setting the 
NODE ADDRESS). If the Modbus Plus address matches this node, the peer processor 
passes the transaction message through the DUAL-PORT RAM to the Main processor.  
The Main processor then completes the transaction, and sends a response through the 
DUAL-PORT RAM back to the network interface processor, which then sends the 
appropriate Modbus Plus message on the network. 
 
The transceiver IC is also located on this board. This IC provides the drive to transmit 
and receive messages on the Modbus Plus cable. The transceiver is connected to the 
Modbus Plus Connector Board via a Kapton ribbon cable which plugs into a three pin 
connector. 
 
Status of the Modbus Plus network at this node is indicated by the Diagnostic Status 
LED which is visible through the clear cover on the front panel of the transducer.  
Section 3.9 describes the operation of the Diagnostic Status LED. 
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3.0  MODBUS PLUS INTERFACE  
 
3.1  Description  
 
The Modbus Plus network is a local area network originally designed for industrial 
control applications, which has recently been applied to a wide range of utility 
applications.  The network enables programmable controllers, host computers, MMIs 
and a wide variety of other devices (such as Bitronics PowerPlex transducers and 
MultiComm instruments) to communicate throughout an industrial plant or substation.  
The network supports up to 64 addressable node devices at a data rate of 1 million bits 
per second.  Up to 32 devices can connect directly to the network cable (shielded 
twisted pair) over a length of 1500 feet (450 meters).  Repeater devices are used to 
extend the cable distance to 6000 feet (1800 meters) and up to the full 64 node devices. 
 
The network is a physical bus - all nodes are attached to a piece of cable. At each end 
of the cable must be a terminator.  This terminator prevents unwanted electrical 
reflections of the signal sent on the network cable.  Modicon sells Modbus Plus cable 
connectors that come in two types.  Inline connectors are dark grey in color and are 
used in the middle of a Modbus Plus network cable.  Special terminating connectors 
that are light grey contain the terminator, and are used at both ends of the Modbus Plus 
cable. 
 
Multiple Modbus Plus networks can be joined through Bridge Plus or similar devices.  
Messages originating at a node on one network can be routed through one or more 
bridges to a destination node on another network.  Data is passed through bridges to 
other networks only when needed. 
 
Logically, the network is a ring, a token ring to be more specific.  Network nodes are 
identified by addresses assigned by the user.  Each node's address is independent of 
its physical site location.  Addresses are within the range of 1 to 64 decimal, and do not 
have to be sequential.  Duplicate addresses are not allowed. 
 
Network nodes function as peer members of a logical ring, gaining access to the 
network upon receipt of a token frame.  The token is a grouping of bits that is passed in 
a rotating address sequence from one node to another.  Where multiple networks are 
joined by a bridge or bridges, the token is not passed through the bridge device.  Each 
network maintains its own token rotation sequence independently of the other networks. 
 
While holding the token, a node initiates message transactions with other nodes.  Each 
message contains routing fields that define the source and destination, including its 
routing path through bridges to the final destination node on a remote network. 
 
When passing the token, a node can write into a global database that is broadcast to all 
nodes on the network.  Each node has a maximum of 32 global registers (16 bits each) 
that it can write.  Global data is transmitted as a field within the token frame.  Other 
nodes monitor the token pass and can extract the global data.  Each node therefore 
maintains its own copy of the global database (64 nodes x 32 global registers/node) 
which allows for rapid updating of alarms, set points and other data.  Each network 
maintains its own unique global database, as the token is not passed through a bridge 
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to another network. 
 
For more information, the manual "MODICON MODBUS PLUS NETWORK PLANNING 
AND INSTALLATION GUIDE" (GM-MBPL-001) may be purchased for a nominal fee 
directly from Modicon Inc. 
 
3.2 PowerPlex Modbus Plus Implementation 
 
The Modbus Plus implementation in the PowerPlex transducer conforms to all the 
standard Modbus Plus specifications and capabilities, such as maximum nodes, 
distance, signal sensitivity, etc.  The PowerPlex transducer is classified as a HOST-
BASED DEVICE in the Modbus Plus structure.  Of the 44 data items (70 data items in 
transducers with demand measurements, 341 data items in transducers with demand 
and harmonics measurements) that are available from the PowerPlex transducer, 27 
(31 in “B” Versions) can be obtained over the Modbus Plus Network via GLOBAL DATA.  
Global Data is a common data base shared by all nodes on a MODBUS PLUS network.  
Any of the 44 (70 on transducers with demand measurements, 341 data items in 
transducers with demand and harmonics measurements) can be read directly by issuing 
a READ HOLDING REGISTERS command from the requesting node. 
 
3.3 Modbus Plus Routing Address 
 
The MODBUS PLUS routing address is 5 bytes long.  This allows for communications 
over one or more Bridge Plus devices that connect two separate MODBUS PLUS 
networks together.  Because the PowerPlex transducer is a HOST-BASED DEVICE, the 
Modbus Plus address must contain two routing addresses.  The next-to-last NON-
ZERO byte is the PHYSICAL ADDRESS (1-64) of the meter.  The last NON-ZERO byte 
in the routing field is the TASK PATH NUMBER (1-8) inside the instrument.  If you are 
familiar with addressing MODICON's PLCs, you will notice that the routing path is 
slightly different.  When addressing PLCs it is not necessary to specify a task path 
number in the routing field.  This is because the task path number is automatically 
selected inside a PLC designated device.  In a HOST designated device, the task path 
number is NOT automatically selected, so it is necessary to specify it in the routing 
address field.  Since the address of the meter and the task number each require 1 byte 
of information, the remaining 3 bytes allow for communications through one, two or 
three Bridge Plus devices. 
 
Example 1: Communications to a node on the same network. 


  42.4.0.0.0    Transducer address #42, task path #4 
 
Example 2: Communications to a node on another MODBUS PLUS network connected by 


one Bridge Plus device. 
  33.42.4.0.0   Bridge address #33 on local network, Transducer address 


#42, task path #4 
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Example 3: Communications to a node on another MODBUS PLUS network connected by 


three Bridge Plus devices. 
  21.5.63.42.4 1st Bridge address #21 on local network 


2nd Bridge address #5 on next network 
3rd Bridge address #63 on the subsequent network 
Transducer address #42 
Task path #4 


 
When reading register(s) of the PowerPlex transducer from different requesting devices, 
it is recommended to use a different task path number for each of the separate 
requesting devices.  This will prevent contention when the two requesting devices try to 
read the meter at the same time. 
 
3.4 Transaction Timing 
 
The PowerPlex transducer completes a complete set of calculations approximately 
every 150 milliseconds (600msec for non “B” Models).  At the completion of the 
calculation the MAIN processor updates the GLOBAL DATA in the NETWORK 
processor, and then the MAIN processor also services any pending transactions on the 
eight task paths.  All eight tasks are serviced at this time, however they are serviced 
only once.  If a transaction is received on a task path that has just been serviced, that 
request will be serviced after the next set of calculations are completed (max response 
time). 
 


 
Model 


 
Response Time 
MAX   (TYP) 


Global Data 
Updated 


All 8 Task Paths 
Serviced MAX 


 
MTWIN1,2,3 


 
650ms  (300ms) 600ms 650ms 


 
MTWDN1,2,3 


 
650ms  (300ms) 600ms 650ms 


 
MTWIN1B,2B,3B,4B 


 
150ms  (75ms) 100ms1 150ms 


MTWDN1B,2B,3B 
 
200ms  (100ms)  150ms1 200ms  


 


1 - No READ or WRITE requests and input 56Hz to 75Hz, otherwise use Max Response Time. 
 


The Energy, Demand and Harmonic Demand registers can be RESET by writing the 
appropriate value to Holding Register 40100.  The resets and their associated values 
are listed in Table 1 (see Section 3.2).  The Registers will be reset within 0.6 seconds, 
however it takes the PowerPlex transducer 5 seconds to clear the energy data stored in 
EEPROM and up to 10 seconds to reset the demand data stored in EEPROM.  The 
USER must ensure that the power is not interrupted to the transducer for this 5 or 10 
second period after this command is issued. 
 
The CT/PT Ratio and Divisor Registers (40041-40044), TDD Amps Denominators 
(40101-40103), Tag Register (40099) and the Display Setup Registers (40092-40096) 
can be set by writing to the proper register.  The registers will be written to EEPROM 
within 700 milliseconds. 
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3.5 Data Format  


 
The PowerPlex transducer contains a set of holding registers (4XXXX) into which the 
instrument places values that correspond to the measurements the instrument is 
making.  These holding registers can be read by any other device on the network using 
a READ HOLDING REGISTER or READ DATA command. 
 
The PowerPlex transducer also writes 27 words of data (31 words for any “B” version) 
to the Modbus Plus GLOBAL DATA SPACE.  Every node on this network maintains this 
data in its own memory.  The global data is accessed by using the MSTR function block 
(in a PLC).  Users of other devices are advised to refer to their specific user's guide to 
determine how their device handles GLOBAL DATA.  GLOBAL DATA is not transmitted 
across BRIDGES, nor is it transmitted to Modbus devices connected via a BRIDGE-
PLUS. 
 
For both GLOBAL DATA and HOLDING REGISTER DATA, the Health Check 
Register should always be read and checked before interpreting data, since some 
failure modes will cause erroneous data to be presented (See Section 3.8).  Most 
of the data is represented in OFFSET BINARY format, for conversion of the register 
data into ENGINEERING UNITS, please refer to Section 3.7.  For specifics concerning 
the correct command and its implementation, users are directed to the User's manual 
for the specific device that will request the data.  Listed on the following pages are the 
register assignments for the PowerPlex transducers.  The available registers depend 
upon the particular model of PowerPlex.  The registers have been broken down into five 
blocks, which are shown in Figure 1.  These various blocks are listed on the following 
pages.  Table 2 indicates which blocks pertain to which models.  The registers are also 
divided into two sections by Element Mode, 2½ or 3 Element Mode is in the first section, 
and 2 Element Mode is in the second section.  Note that unless otherwise specified, all 
registers are READ-ONLY. 
 


 
 Instantaneous Demand RTH 


Summary 


 
RTH 


Individuals 
RTS 


(Sync) 
 
MTWIN1,2,3,1B,2B,3B X   


 
  


 
MTWDN1,2,3 X X  


 
  


 
MTWDN1B,2B,3B X X X 


 
X  


 
MTWIN4B,5B,6B X   


 
 X 


 
 
Table 2 - Register Block Assignments 
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 3.5.1 INSTANTANEOUS Data Registers for 2 ½ or 3 Element Mode 
 


Quantity Holding 
Register


Global 
Register


Representation 


Health Check   40001    1 Refer to Section 3.8 
 
Amperes Phase A  40002      2   
Amperes Phase B  40003      3  2047 = 0Amps;  4095 = 10.0*Amps 
Amperes Phase C  40004      4   
 
Volts Phase A-N  40005      5   
Volts Phase B-N  40006      6  2047 = 0Volts; 4095 = 150.0Volts 
Volts Phase C-N  40007      7   
 
Watts Total 3 Phase  40008      8   0 = -3000*Watts; 2047 = 0Watts; 


   4095 = +3000*Watts 
VARs Total 3 Phase  40009      9   0 = -3000*VARs; 2047 = 0VARs; 


   4095 = +3000*VARs 
 
Watts Phase A  40010     10   0 = -1000*Watts; 2047 = 0Watts 
Watts Phase B  40011     11     4095 = +1000*Watts 
Watts Phase C  40012     12   
 
VARs Phase A  40013     13   0 = -1000*VARs; 2047 = 0VARs 
VARs Phase B  40014     14     4095 = +1000*VARs 
VARs Phase C  40015     15   
 
CT Ratio   40016     16  Normalized ratio (Does not include  
PT Ratio   40017     17    decimal point) 


500< Ratio <9999 (CT:5) or  
    (CT:1 with CT1 option) 
1000 < Ratio < 9999 (PT:1) 


 
Neutral Current  40018     18   2047 = 0Amps; 4095 = 15.0*Amps 
 
+ kWatthour (High)  40019     19   0=0kWh; 9999=99,990,000kWh 
+ kWatthour (Low)  40020     20   0=0kWh; 9999=9,999kWh 
 
- kWatthour (High)  40021     21   0=0kWh; 9999=-99,990,000kWh 
- kWatthour (Low)  40022     22   0=0kWh; 9999=-9,999kWh 
 
+ kVARhour (High)                40023                 23                  0=0kVARh; 999=99,990,000kVARh   
+ kVARhour (Low)  40024     24   0=0kVARh; 9999=9,999kVARh 
 
- kVARhour (High)  40025     25   0=0kVARh; 99=-99,990,000kVARh 
- kVARhour (Low)  40026   26 0=0kVARh; 9999=-9,999kVARh
 
    
  * - When CT1 Option (1Amp Input) is installed, divide this value by 5 
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 3.5.1 INSTANTANEOUS Data Registers for 2 ½ or 3 Element Mode (Cont’d) 
 


Quantity Holding 
Register


Global 
Register


Representation 


Frequency   40027   27   0 = <45.00Hz; 4500 = 45.00Hz
   7500 = 75.00Hz; 9999 =>75.00Hz 


 
Unused   40028    282  | 
Unused   40029    292  |  Always 2047 
Unused   40030    302  | 
 
Unused   40031    312  |  Always 2047, Except “B” Models 


      See Section 3.10 
 
Unused   40032    N/A      Always 2047 
 
VAs Phase A   40033    N/A  |  
VAs Phase B   40034    N/A  |  2047 = 0VA; 4095 = 1000*VA 
VAs Phase C   40035    N/A  | 
 
VAs Total 3 Phase  40036    N/A     2047 = 0VAs; 4095 = 3000*VAs 
 
PF Phase A   40037    N/A  |  1047 = -1; 2047 = 0; 3047 = +1 
PF Phase B   40038    N/A  |  4046 = Amps or Volts too low 
PF Phase C   40039    N/A  |  (-) lagging; (+) leading 
 
PF Total 3 Phase  40040    N/A     1047 = -1; 2047 = 0; 3047 = +1 


       4046 = Amps or Volts too low 
       (-) lagging; (+) leading 


 
CT Ratio   40041    N/A     Read/Write normalized ratio, 


       copied to 40016 
 
CT Ratio Divisor  40042    N/A     Read/Write; = 1,10,100, or 1000 
 
PT Ratio   40043    N/A     Read/Write normalized ratio, 


       copied to 40017 
 
PT Ratio Divisor  40044    N/A     Read/Write; = 1,10,100, or 1000 
 
Unused   40045-70   N/A     Always 2047 
 
 
 
    * - When CT1 Option (1Amp Input) is installed, divide this value by 5 


                                       
     2 “B” Version Instruments Only 
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 3.5.1 INSTANTANEOUS Data Registers for 2 ½ or 3 Element Mode (Cont’d) 
 


Quantity Holding 
Register


Representation 


 
Meter Type Identifier 40071  See Table 5 
 
Communications Firmware Rev.  40072     
Host Firmware Rev. 40073  Packed BCD XX.XX 
Host Micro Firmware Rev. 40074   
 
Unused 40075-91     Always 2047 
 
Display Screen Setup Register 1 40092   
Display Screen Setup Register 2 40093   
Display Screen Setup Register 3 40094     Read/Write  - Future Expansion 
Display Screen Setup Register 4 40095   
Display Screen Setup Register 5 40096   
 
Configuration Setup Register 1 40097     Read/Write  - Future Expansion 
Configuration Setup Register 2 40098      Always returns 0 
 
User Writeable Tag Register  40099      Read/Write - 0 to 32,767 
 
Energy RESET  40100      Write ONLY; Bit 0 - See Table 3 
 
Unused 40101-103     Always 2047 
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 3.5.2 DEMAND Data Registers for 2 ½ or 3 Element Mode 
 


Quantity Holding 
Register


Representation 


 
Present Demand Amps φA 40045  | 
Present Demand Amps φB 40046  |  20471 = 0Amps;  4095 = 10.0*Amps 
Present Demand Amps φC 40047  | 
 
Max Demand Amps φA 40048  | 
Max Demand Amps φB 40049  |  20471 = 0Amps;  4095 = 10.0*Amps 
Max Demand Amps φC 40050  | 
 
Present Demand Amps N 40051     20471 = 0Amps;  4095 = 15.0*Amps 
 
Max Demand Amps N 40052     20471 = 0Amps;  4095 = 15.0*Amps 
 
Present Demand Volts φA 40053  | 
Present Demand Volts φB 40054  |  20471 = 0Volts;  4095 = 150.0Volts 
Present Demand Volts φC 40055  | 
 
Max Demand Volts φA 40056  | 
Max Demand Volts φB 40057  |  20471 = 0Volts;  4095 = 150.0Volts 
Max Demand Volts φC 40058  | 
 
Min Demand Volts φA 40059  | 
Min Demand Volts φB 40060  |  20471 = 0Volts;  4095 = 150.0Volts 
Min Demand Volts φC 40061  | 
 
Present Demand Watts Total 40062  |  0 = -3000*Watts;  20471 = 0Watts 
Max Demand Watts Total 40063  |  4095 = +3000*Watts 
Min Demand Watts Total 40064  | 
 
Present Demand VARs Total 40065  |  0 = -3000*VARs;  20471 = 0VARs 
Max Demand VARs Total 40066  |  4095 = +3000*VARs 
Min Demand VARs Total 40067  | 
 
Present Demand VAs Total 40068  | 
Max Demand VAs Total 40069  |  20471 = 0VAs;  4095 = +3000*VAs 
Min Demand VAs Total 40070  | 
 
Amp Demand RESET 40100     Read/Write  Bit 1 - See Table 3 
Volt Demand RESET 40100     Read/Write  Bit 2 - See Table 3 
Power Demand RESET 40100     Read/Write  Bit 3 - See Table 3 
 
 
 
 
 
 
   * - When CI1 Option (1Amp Input) is installed, divide this value by 5 
    1 - MTWINxB models always return the value 2047 
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 3.5.3 RTH SUMMARY Data Registers for 2 ½ or 3 Element Mode 
 


Quantity Holding 
Register


Representation 


 
Amp Demand RESET  40100     Read/Write  Bit 1 - See Table 3 
Volt Demand RESET 40100     Read/Write  Bit 2 - See Table 3 
Power Demand RESET  40100     Read/Write  Bit 3 - See Table 3 
Harmonic Demand RESET  40100     Read/Write  Bit 4 - See Table 3 
 
TDD Denominator Amps φA  40101  |  Read/Write 20471 = 0Amps; 
TDD Denominator Amps φB  40102  |  4095 = 10.0*Amps.  If reg = 2047, then 
TDD Denominator Amps φC  40103  |  Fund Amps will be used (THD) 


|  Factory Default = 5* Amps Secondary 
 
Fundamental Amps φA  40104  | 
Fundamental Amps φB  40105  |  2047 = 0Amps;  4095 = 10.0*Amps 
Fundamental Amps φC  40106  | 
 
Fundamental Amps Neutral  40107     2047 = 0Amps;  4095 = 15.0*Amps 
 
Fundamental Volts φA  40108  | 
Fundamental Volts φB  40109  |  2047 = 0Volts;  4095 = 150.0Volts 
Fundamental Volts φC  40110  | 
 
TDD2  Amps φA  40111  | 
TDD2  Amps φB  40112  |  0 = 0.0%; 9999 = 999.9% 
TDD2  Amps φC 40113  |    Set to 0 on low signal 
 
TDD2 Odd Amps φA 40114  | 
TDD2 Odd Amps φB  40115  |  0 = 0.0%; 9999 = 999.9% 
TDD2 Odd Amps φC 40116  |    Set to 0 on low signal 
 
TDD2 Even Amps φA  40117  | 
TDD2 Even Amps φB  40118  |  0 = 0.0%; 9999 = 999.9% 
TDD2 Even Amps φC 40119  |    Set to 0 on low signal 
 
THD Volts φA  40120  | 
THD Volts φB  40121  |  0 = 0.0%; 9999 = 999.9% 
THD Volts φC 40122  |    Set to 0 on low signal 
 
THD Odd Volts φA  40123  | 
THD Odd Volts φB  40124  |  0 = 0.0%; 9999 = 999.9% 
THD Odd Volts φC 40125  |    Set to 0 on low signal 
 
THD Even Volts φA 40126  | 
THD Even Volts φB  40127  |  0 = 0.0%; 9999 = 999.9% 
THD Even Volts φC 40128     Set to 0 on low signal 
 
 
   * - When CI1 Option (1Amp Input) is installed, divide this value by 5 
   1 - MTWINxB models always return the value 2047 
   2 - If TDD Denominator is set to 2047 (0Amps) the TDD calculation will use Fundamental Amps as the  
     Denominator, which will result in all Current Distortions being expressed as THD. 
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 3.5.3 RTH SUMMARY Data Registers for 2 ½ or 3 Element Mode (Cont’d) 
 


Quantity Holding 
Register


Representation 


 
K-Factor Amps φA  40129  | 
K-Factor Amps φB  40130  | 100 = 1.00; 65,535 = 655.35 
K-Factor Amps φC 40131  |    Set to 100 on low signal 
 
Displacement PF φA  40132  |  1047 = -1; 2047 = 0; 3047 = +1 
Displacement PF φB  40133  |  4046 = Amps or Volts too low 
Displacement PF φC  40134  |  (-) lagging; (+) leading 
 
Displacement PF Total  40135     1047 = -1; 2047 = 0; 3047 = +1 


   4046 = Amps or Volts too low 
   (-) lagging; (+) leading 


 
Present Demand Fund. Amps N 40136     2047 = 0Amps;  4095 = 15.0*Amps 
 
Max Demand Fund. Amps N 40137     2047 = 0Amps;  4095 = 15.0*Amps 
 
Present Demand TDD1 Amps φA 40138  | 
Present Demand TDD1 Amps φB 40139  |  0 = 0.0%; 9999 = 999.9% 
Present Demand TDD1 Amps φC 40140  | 
 
Max Demand TDD1 Amps φA  40141  | 
Max Demand TDD1 Amps φB  40142  |  0 = 0.0%; 9999 = 999.9% 
Max Demand TDD1 Amps φC 40143  | 
 
Present Demand THD Volts φA 40144  | 
Present Demand THD Volts φB 40145  |  0 = 0.0%; 9999 = 999.9% 
Present Demand THD Volts φC 40146  | 
 
Max Demand THD Volts φA  40147  | 
Max Demand THD Volts φB  40148  |  0 = 0.0%; 9999 = 999.9% 
Max Demand THD Volts φC  40149  | 
 
 
 
    * - When CT1 Option (1Amp Input) is installed, divide this value by 5 
 
1 If TDD Denominator is set to 2047 (0Amps) the TDD calculation will use Fundamental Amps as the 
Denominator, which will result in all Current Distortions being expressed as THD.   
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 3.5.4 RTH INDIVIDUAL Data Registers for 2 ½ or 3 Element Mode 
 


Quantity Holding 
Register


Representation 


 
φA Amps Distortion Denominator  40150  |  2047 = 0Amps;  4095 = 10.0*Amps 


| =40101 if TDD, =40104 if THD 
 
φA Amps Demand Distortion1 - I1 40151  | 
φA Amps Demand Distortion1 - I2 40152  | 


: |  0 = 0.0%; 9999 = 999.9% 
: |     Set to 0 on low signal 


φA Amps Demand Distortion1 - I30 40180  | 
φA Amps Demand Distortion1 - I31 40181  | 
 
φA Volts Distortion Denominator  40182  |  2047 = 0Volts;  4095 = 150.0Volts 


|   =40108 
 
φA Volts Harm. Distortion - V1 40183  | 
φA Volts Harm. Distortion - V2 40184  | 


:   0 = 0.0%; 9999 = 999.9% 
: |     Set to 0 on low signal 


φA Volts Harm. Distortion - V30 40212  | 
φA Volts Harm. Distortion - V31 40213  | 
 
φB Amps Distortion Denominator  40214  |  2047 = 0Amps;  4095 = 10.0*Amps 


|   =40102 if TDD, =40105 if THD 
 
φB Amps Demand Distortion1 - I1 40215  | 
φB Amps Demand Distortion1 - I2 40216  | 


: |  0 = 0.0%; 9999 = 999.9% 
:    Set to 0 on low signal 


φB Amps Demand Distortion1 - I30 40244  | 
φB Amps Demand Distortion1 - I31 40245  | 
 
φB Volts Distortion Denominator  40246  |  2047 = 0Volts;  4095 = 150.0Volts 


|   =40109 
 
φB Volts Harm. Distortion - V1 40247  | 
φB Volts Harm. Distortion - V2 40248  | 


: |  0 = 0.0%; 9999 = 999.9% 
: |     Set to 0 on low signal 


φB Volts Harm. Distortion - V30 40276  | 
φB Volts Harm. Distortion - V31 40277  | 
 
 
 
    * - When CT1 Option (1Amp Input) is installed, divide this value by 5 
 
1 If TDD Denominator is set to 2047 (0Amps) the TDD calculation will use Fundamental Amps as the 
Denominator, which will result in all Current Distortions being expressed as THD.   
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 3.5.4 RTH INDIVIDUAL Data Registers for 2 ½ or 3 Element Mode (Cont’d) 
 


Quantity Holding 
Register


Representation 


 
φC Amps Distortion Denominator  40278  |  2047 = 0Amps;  4095 = 10.0*Amps 


| =40103 if TDD, =40106 if THD 
 
φC Amps Demand Distortion1 - I1 40279  | 
φC Amps Demand Distortion1 - I2 40280  | 


:   : |  0 = 0.0%; 9999 = 999.9% 
:: |     Set to 0 on low signal 


φC Amps Demand Distortion1 - I30 40308  | 
φC Amps Demand Distortion1 - I31 40309  | 
 
φC Volts Distortion Denominator  40310  |  2047 = 0Volts;  4095 = 150.0Volts 


| =40110 
 
φC Volts Harm. Distortion - V1 40311  | 
φC Volts Harm. Distortion - V2 40312  | 


: |  0 = 0.0%; 9999 = 999.9% 
:: |     Set to 0 on low signal 


φC Volts Harm. Distortion - V30 40340  | 
φC Volts Harm. Distortion - V31 40341  | 
 
 
    * - When CT1 Option (1Amp Input) is installed, divide this value by 5 
 
1 If TDD Denominator is set to 2047 (0Amps) the TDD calculation will use Fundamental Amps as the 
Denominator, which will result in all Current Distortions being expressed as THD. 
 
 
 3.5.5 RTS Data Registers for 2 ½ Element Mode 
 


Quantity Holding 
Register


Global 
Register


Representation 


 
Reference Volts2  40028     28    2047 = 0Volts;  4095 = 150.0Volts 
   Phase Φ3-N 
 
Phase Difference2  40029     29    247 = -180.0; 2047 = 0; 


  3847 = +180.0 (+ indicates that 
  the Line Φ3-N voltage is LEADING 
  the Reference Φ3-N voltage) 


 
Reference Frequency2 40030     30    0 = <45.00Hz; 4500 = 45.00Hz 


  7500 = 75.00Hz; 9999 =>75.00Hz 
 
Heartbeat State Counter 40031 31   See Section 3.10 
 
 
2 Registers 40028,29 & 30 are available on PowerPlex RTS (MTWIN4B/5B/6B) ONLY.  All other 
instruments do not use these registers, and return a value of 2047. 
3 MTWIN4B Φ =A, MTWIN5B Φ =B, MTWIN6B Φ =C 
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 3.5.6 INSTANTANEOUS Data Registers for 2 Element Mode 
 


Quantity Holding 
Register


Global 
Register


Representation 


 
Health Check   40001      1     Refer to Section 3.8 
 
Amperes Phase A  40002      2  | 
Amperes Phase B  40003      3  |  2047 = 0Amps;  4095 = 10.0*Amps 
Amperes Phase C  40004      4  | 
 
Volts Phase A-B  40005      5  | 
Volts Phase B-C  40006      6  |  2047 = 0Volts;  4095 = 150.0Volts 
Volts Phase C-A  40007      7  | 
 
Watts Total 3 Phase  40008      8     0 = -2000*Watts;  2047 = 0Watts; 


   4095 = +2000*Watts 
VARs Total 3 Phase  40009      9     0 = -2000*VARs;  2047 = 0VARs; 


   4095 = +2000*VARs 
 
Unused   40010     10  | 
Unused   40011     11  |  Always 2047 
Unused   40012     12  |  
 
Unused   40013     13  | 
Unused   40014     14  |  Always 2047 
Unused   40015     15  |  
 
CT Ratio   40016     16  |  Normalized ratio (Does not include 
PT Ratio   40017     17  |  decimal point) 


|  500< Ratio <9999 (CT:5) or  
|  (CT:1 with CT1 option) 
|  1000 < Ratio < 9999 (PT:1) 


 
Unused   40018     18     Always 2047 
 
+ kWatthour (High)  40019     19    0=0kWh; 9999=99,990,000kWh 
+ kWatthour (Low)  40020     20    0=0kWh; 9999=9,999kWh 
 
- kWatthour (High)  40021     21    0=0kWh; 9999=-99,990,000kWh 
- kWatthour (Low)  40022     22    0=0kWh; 9999=-9,999kWh 
 
+ kVARhour (High)  40023     23    0=0kVARh;9999=99,990,000kVARh
+ kVARhour (Low)  40024     24    0=0kVARh; 9999=9,999kVARh 
 
- kVARhour (High)  40025     25    0=0kVARh; 9999=-99,990,000kVARh
- kVARhour (Low)  40026     26    0=0kVARh; 9999=-9,999kVARh 
 
 
 
    * - When CT1 Option (1Amp Input) is installed, divide this value by 5 
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 3.5.6 INSTANTANEOUS Data Registers for 2 Element Mode (Cont’d) 
 


Quantity Holding 
Register


Global 
Register


Representation 


Frequency   40027   27   0 = <45.00Hz; 4500 = 45.00Hz
   7500 = 75.00Hz; 9999 =>75.00Hz 


 
Unused   40028    283  | 
Unused   40029    293  |  Always 2047 
Unused   40030    303  | 
 
Unused   40031    313  |  Always 2047, Except “B” Models 


      See Section 3.10 
 
Unused   40032    N/A  | 
Unused   40033    N/A  |  Always 2047 
Unused   40034    N/A  | 
Unused   40035    N/A  |  
 
VAs Total 3 Phase  40036    N/A     2047 = 0VAs; 4095 = 2000*VAs 
 
Unused   40037    N/A  | 
Unused   40038    N/A  |  Always 2047 
Unused   40039    N/A  |  
 
PF Total 3 Phase  40040    N/A     1047 = -1; 2047 = 0; 3047 = +1 


       4046 = Amps or Volts too low 
       (-) lagging; (+) leading 


 
CT Ratio   40041    N/A     Read/Write normalized ratio, 


       copied to 40016 
 
CT Ratio Divisor  40042    N/A     Read/Write; = 1,10,100, or 1000 
 
PT Ratio   40043    N/A     Read/Write normalized ratio, 


       copied to 40017 
 
PT Ratio Divisor  40044    N/A     Read/Write; = 1,10,100, or 1000 
 
Unused   40045-70   N/A     Always 2047 
 
 
 
    * - When CT1 Option (1Amp Input) is installed, divide this value by 5 


                                       
     3 “B” Version Instruments Only 
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 3.5.6 INSTANTANEOUS Data Registers for 2 Element Mode (Cont’d) 
 


Quantity Holding 
Register


Representation 


 
Meter Type Identifier 40071   See Table 5 
 
Communications Firmware Rev.  40072  |   
Host Firmware Rev. 40073  | Packed BCD XX.XX 
Host Micro Firmware Rev. 40074  | 
 
Unused 40075-91       Always 2047 
 
Display Screen Setup Register 1 40092   | 
Display Screen Setup Register 2 40093  | 
Display Screen Setup Register 3 40094   |  Read/Write  - Future Expansion 
Display Screen Setup Register 4 40095   | 
Display Screen Setup Register 5 40096   | 
 
Configuration Setup Register 1 40097   |  Read/Write  - Future Expansion 
Configuration Setup Register 2 40098   |  Always returns 0 
 
User Writeable Tag Register  40099        Read/Write - 0 to 32,767 
 
Energy RESET  40100        Write ONLY; Bit 0 - See Table 3 
 
Unused 40101-103       Always 2047 
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 3.5.7 DEMAND Data Registers for 2 Element Mode 
 


Quantity Holding 
Register


Representation 


 
Present Demand Amps φA 40045  | 
Present Demand Amps φB 40046  |  20471 = 0Amps;  4095 = 10.0*Amps 
Present Demand Amps φC 40047  | 
 
Max Demand Amps φA 40048  | 
Max Demand Amps φB  40049  |  20471 = 0Amps;  4095 = 10.0*Amps 
Max Demand Amps φC  40050  | 
 
Unused  40051     Always 20471 
 
Unused  40052     Always 20471 
 
Present Demand Volts φA-B 40053  | 
Present Demand Volts φB-C 40054  |  20471 = 0Volts;  4095 = 150.0Volts 
Present Demand Volts φC-A 40055  | 
 
Max Demand Volts φA-B  40056  | 
Max Demand Volts φB-C  40057  |  20471 = 0Volts;  4095 = 150.0Volts 
Max Demand Volts φC-A  40058  | 
 
Min Demand Volts φA-B  40059  | 
Min Demand Volts φB-C  40060  |  20471 = 0Volts;  4095 = 150.0Volts 
Min Demand Volts φC-A  40061  | 
 
Present Demand Watts Total 40062 |  0 = -2000*Watts;  20471 = 0Watts 
Max Demand Watts Total  40063  |  4095 = +2000*Watts 
Min Demand Watts Total  40064  | 
 
Present Demand VARs Total 40065  |  0 = -2000*VARs;  20471 = 0VARs 
Max Demand VARs Total  40066  |  4095 = +2000*VARs 
Min Demand VARs Total  40067  | 
 
Present Demand VAs Total  40068  | 
Max Demand VAs Total  40069  |  20471 = 0VAs;  4095 = +2000*VAs 
Min Demand VAs Total  40070  | 
 
Amp Demand RESET  40100     Read/Write  Bit 1 - See Table 3 
Volt Demand RESET 40100     Read/Write  Bit 2 - See Table 3 
Power Demand RESET  40100     Read/Write  Bit 3 - See Table 3 
 
 
 
   * - When CI1 Option (1Amp Input) is installed, divide this value by 5 
    1 - MTWIExB models always return the value 2047 
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 3.5.8 RTH SUMMARY Data Registers for 2 Element Mode 
 


Quantity Holding 
Register


Representation 


 
Amp Demand RESET   40100   Read/Write  Bit 1 - See Table 3 
Volt Demand RESET  40100   Read/Write  Bit 2 - See Table 3 
Power Demand RESET  40100   Read/Write  Bit 3 - See Table 3 
Harmonic Demand RESET  40100   Read/Write  Bit 4 - See Table 3 
 
TDD Denominator Amps φA  40101  | Read/Write 20471 = 0Amps; 
TDD Denominator Amps φB  40102  | 4095 = 10.0*Amps.  If reg = 2047, then 
TDD Denominator Amps φC  40103  | Fund Amps will be used (THD) 


| Factory Default = 5* Amps Secondary 
 
Fundamental Amps φA  40104  | 
Fundamental Amps φB  40105  |  2047 = 0Amps;  4095 = 10.0*Amps 
Fundamental Amps φC  40106  | 
 
Unused  40107     Always 2047 
 
Fundamental Volts φA-B  40108  | 
Fundamental Volts φB-C  40109  |  2047 = 0Volts;  4095 = 150.0Volts 
Fundamental Volts φC-A  40110  | 
 
TDD2  Amps φA  40111  | 
TDD2  Amps φB  40112  |  0 = 0.0%; 9999 = 999.9% 
TDD2  Amps φC  40113  |    Set to 0 on low signal 


 
TDD2 Odd Amps φA  40114  | 
TDD2 Odd Amps φB  40115  |  0 = 0.0%; 9999 = 999.9% 
TDD2 Odd Amps φC  40116  |    Set to 0 on low signal 
 
TDD2 Even Amps φA  40117  | 
TDD2 Even Amps φB  40118  |  0 = 0.0%; 9999 = 999.9% 
TDD2 Even Amps φC  40119  |    Set to 0 on low signal 
 
THD Volts φA-B  40120  | 
THD Volts φB-C  40121  |  0 = 0.0%; 9999 = 999.9% 
THD Volts φC-A  40122  |    Set to 0 on low signal 
 
THD Odd Volts φA-B  40123  | 
THD Odd Volts φB-C  40124  |  0 = 0.0%; 9999 = 999.9% 
THD Odd Volts φC-A  40125  |    Set to 0 on low signal 
 
THD Even Volts φA-B  40126  | 
THD Even Volts φB-C  40127  |  0 = 0.0%; 9999 = 999.9% 
THD Even Volts φC-A 40128 |    Set to 0 on low signal 
 
 
   * - When CI1 Option (1Amp Input) is installed, divide this value by 5 
    1 - MTWINxB models always return the value 2047 
     2 If TDD Denominator is set to 2047 (0Amps) the TDD calculation will use Fundamental Amps as the 
Denominator, which will result in all Current Distortions being expressed as THD.   
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 3.5.8 RTH SUMMARY Data Registers for 2 Element Mode (Cont’d) 
 


Quantity Holding 
Register


Representation 


 
K-Factor Amps φA  40129  | 
K-Factor Amps φB  40130  | 100 = 1.00; 65,535 = 655.35 
K-Factor Amps φC 40131  |    Set to 100 on low signal 
 
Unused  40132  |  
Unused  40133  |  Always 2047 
Unused  40134  | 
 
Displacement PF Total  40135     1047 = -1; 2047 = 0; 3047 = +1 


   4046 = Amps or Volts too low 
   (-) lagging; (+) leading 


 
Unused  40136  |  
Unused  40137  |  Always 2047 
 
Present Demand TDD1 Amps φA 40138  | 
Present Demand TDD1 Amps φB 40139  |  0 = 0.0%; 9999 = 999.9% 
Present Demand TDD1 Amps φC 40140  | 
 
Max Demand TDD1 Amps φA 40141  | 
Max Demand TDD1 Amps φB 40142  |  0 = 0.0%; 9999 = 999.9% 
Max Demand TDD1 Amps φC 40143  | 
 
Present Demand THD Volts φA-B 40144  | 
Present Demand THD Volts φB-C 40145  |  0 = 0.0%; 9999 = 999.9% 
Present Demand THD Volts φC-A 40146  | 
 
Max Demand THD Volts φA-B 40147  | 
Max Demand THD Volts φB-C 40148  |  0 = 0.0%; 9999 = 999.9% 
Max Demand THD Volts φC-A 40149  | 
 
 
    * - When CT1 Option (1Amp Input) is installed, divide this value by 5 


 
1 If TDD Denominator is set to 2047 (0Amps) the TDD calculation will use Fundamental Amps as the 
Denominator, which will result in all Current Distortions being expressed as THD.   
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 3.5.9 RTH INDIVIDUAL Data Registers for 2 Element Mode 
 


Quantity Holding 
Register


Representation 


 
φA Amps Distortion Denominator  40150  |  2047 = 0Amps;  4095 = 10.0*Amps 


| =40101 if TDD, =40104 if THD 
 
φA Amps Demand Distortion1 - I1 40151  | 
φA Amps Demand Distortion1 - I2 40152  | 


:    : |  0 = 0.0%; 9999 = 999.9% 
:    : |     Set to 0 on low signal 


φA Amps Demand Distortion1 - I30 40180  | 
φA Amps Demand Distortion1 - I31 40181  | 
 
φA-B Volts Distortion Denominator 40182  |  2047 = 0Volts;  4095 = 150.0Volts 


| =40108 
 
φA-B Volts Harm. Distortion - V1 40183  | 
φA-B Volts Harm. Distortion - V2 40184  | 


:    : |  0 = 0.0%; 9999 = 999.9% 
:    : |     Set to 0 on low signal 


φA-B Volts Harm. Distortion - V30 40212  | 
φA-B Volts Harm. Distortion - V31 40213  | 
 
 
 
φB Amps Distortion Denominator  40214  |  2047 = 0Amps;  4095 = 10.0*Amps 


| =40102 if TDD, =40105 if THD 
 
φB Amps Demand Distortion1 - I1 40215  | 
φB Amps Demand Distortion1 - I2 40216  | 


:    : |  0 = 0.0%; 9999 = 999.9% 
:    : |     Set to 0 on low signal 


φB Amps Demand Distortion1 - I30 40244  | 
φB Amps Demand Distortion1 - I31 40245  | 
 
φB-C Volts Distortion Denominator  40246  |  2047 = 0Volts;  4095 = 150.0Volts 


| =40109 
 
φB-C Volts Harm. Distortion - V1 40247  | 
φB-C Volts Harm. Distortion - V2 40248  | 


:    : |  0 = 0.0%; 9999 = 999.9% 
:    : |     Set to 0 on low signal 


φB-C Volts Harm. Distortion - V30 40276  | 
φB-C Volts Harm. Distortion - V31 40277  | 
 
 
    * - When CT1 Option (1Amp Input) is installed, divide this value by 5 
 
1 If TDD Denominator is set to 2047 (0Amps) the TDD calculation will use Fundamental Amps as the 
Denominator, which will result in all Current Distortions being expressed as THD.   
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 3.5.9 RTH INDIVIDUAL Data Registers for 2 Element Mode (Cont’d) 
 


Quantity Holding 
Register


Representation 


 
φC Amps Distortion Denominator     40278 | 2047 = 0Amps;  4095 = 10.0*Amps 


| =40103 if TDD, =40106 if THD 
 
φC Amps Demand Distortion1 - I1    40279 | 
φC Amps Demand Distortion1 - I2    40280 | 


:    : | 0 = 0.0%; 9999 = 999.9% 
:    : |     Set to 0 on low signal 


φC Amps Demand Distortion1 - I30    40308 | 
φC Amps Demand Distortion1 - I31    40309 | 
 
φC-A Volts Distortion Denominator     40310             | 2047 = 0Volts;  4095 = 150.0Volts 


| =40110 
 
φC-A Volts Harm. Distortion - V1    40311 | 
φC-A Volts Harm. Distortion - V2    40312 | 


:    : | 0 = 0.0%; 9999 = 999.9% 
:    : | Set to 0 on low signal 


φC-A Volts Harm. Distortion - V30    40340 | 
φC-A Volts Harm. Distortion - V31    40341 | 
 
 
    * - When CT1 Option (1Amp Input) is installed, divide this value by 5 
 
1 If TDD Denominator is set to 2047 (0Amps) the TDD calculation will use Fundamental Amps as the 
Denominator, which will result in all Current Distortions being expressed as THD.   
 
 
 3.5.10 RTS Data Registers for 2 Element Mode 
 


Quantity Holding 
Register


Global 
Register


Representation 


 
Reference Φ-Φ3  40028     28    2047 = 0Volts; 4095 = 150.0Volts 
   Volts2 
 
Phase Difference2  40029     29    247 = -180.0; 2047 = 0; 


  3847 = +180.0 (+ indicates that 
  the Line Φ-Φ3 voltage is LEADING 
  the Reference Φ-Φ3 voltage) 


 
Reference Frequency2 40030     30    0 = <45.00Hz; 4500 = 45.00Hz 


  7500 = 75.00Hz; 9999 =>75.00Hz 
 
Heartbeat State Counter 40031    31   See Section 3.10 
 
 
 
2 Registers 40028,29 & 30 are available on PowerPlex RTS (MTWIN4B/5B/6B) ONLY.  All other 
instruments do not use these registers, and return a value of 2047. 
3 MTWIN4B Φ-Φ =A-B, MTWIN5B Φ-Φ =B-A, MTWIN6B Φ-Φ =B-C 
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3.6 Writeable Registers 
 
3.6.1 Setting CT and PT Ratios 
 
The PowerPlex Digital Transducer is capable of internally storing and recalling CT and PT 
ratios.  The only output quantities that are scaled by these ratios are the Energy quantities, 
registers 40019 through 40026 (Refer to Section 3.5 for register assignments).  The CT 
and PT ratios are written to registers 40041 through 40044 over the Modbus Plus 
communication port, and are stored in non-volatile memory on the CT/PT Board.  Each 
ratio is stored in two registers, one for the normalized format ratio, and the other for the 
divisor.  Allowable constants for CT Value (40041) are 500 to 9999, and 1000 to 9999 for 
PT Value (40043).  The divisors may be 1, 10, 100, or 1000 only.  The number stored will 
be the high side rating of the CT.  A 500:5 ratio CT will have a value of 500 stored, while a 
100:1 CT will have a value of 100 stored.  For example, to calculate a CT ratio from the 
data stored in the PowerPlex, use the following equation: 
 


 
The CT and PT ratios values may be used with the equations in Section or 3.7 to derive 
primary unit quantities from the PowerPlex.  For example, the equation for amperes 
becomes: 


 
The values stored in registers 40041 and 40043 are duplicated in registers 40016 and 
40017 respectively.  Registers 40016 and 40017 are READ ONLY and cannot be written 
to.  In the event of a CT/PT Ratio Checksum Failure, the value in the CT Ratio and PT 
Ratio registers default to 65535 (FFFF Hex), and the value in the CT Ratio Divisor and PT 
Ratio Divisor default to 0001.  See Section 3.8 for more details. 
 


WARNING - THE RATIO NON-VOLATILE MEMORY STORAGE HAS A 
1,000,000 CYCLE ENDURANCE (RATIOS CAN BE CHANGED 1,000,000 
TIMES).  ONLY WRITE TO RATIO REGISTERS WHEN THE RATIOS NEED 
TO BE CHANGED. 


 
 
3.6.2 Resetting Energy and Demands 
 
The Energy and Demand registers can be RESET by writing a bit pattern to Holding 
Register 40100.  Any "1" bits in the proper position cause initiation of the corresponding 
RESET.  Multiple RESETs can be accomplished by using either multiple  


CTRATIO = 
CT Value (40041)


CT Ratio Divisor (40042) ´ CT Secondary


PTRATIO = 
PT Value (40043)


PT Ratio Divisor (40044)


 


 


AMPEREs = 
Value - 2047


2048  ´ Full Scale Value ´ CT Ratio 
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WRITE commands or a single WRITE command with multiple bits set.  Table 1 shows the 
correspondence between the RESET functions and the bits set.  The Registers will be 
reset within 0.6 seconds, however it may take the meter up to 10 seconds to clear the data 
stored in the EEPROM.  The USER must ensure that the power is not interrupted to the 
meter for this 10 second period after this command is issued. 
 


 
Bit 


Position 


 
Value Description Registers Affected Global 


 
0 


 
1 


 
Reset (ZERO) Energy 40019 .. 40026 19..26 


 
1 


 
2 


 
Reset AMP Demands 40045 .. 40052, 40136, 40137 N/A 


 
2 


 
4 


 
Reset Volt Demands 40053 .. 40061 N/A 


 
3 


 
8 


 
Reset Power Demands 40062 .. 40070 N/A 


 
4 


 
16 


 
Reset Harmonic Demands 40138 .. 40149 N/A 


 
3.6.3 TDD Writeable Denominators 
 
The PowerPlex RTH Digital Transducer is capable of internally storing and recalling 
Current Values that are used as Denominators in determining the Total Demand Distortion 
(TDD).  The denominator values are stored for each phase, and are stored in Registers 
40101, 40102, 40103 for Phase A, Phase B, and Phase C respectively.  These 
denominators affect all Current Harmonic Measurements (Refer to Section 3.5 for register 
assignments).  The Denominators are written to registers 40101 through 40103 over the 
Modbus Plus communication port, and are stored in non-volatile memory on the Analog 
Board.  The value that needs to be stored follows the same offset binary equation that is 
used with the other measurements.   For a 5A secondary CT, the equation for amperes 
becomes: 


 
where Value is the Binary Value that should be stored in the denominator register, and 
Amperes is the actual value of primary current that the user intends for the TDD 
calculations.  The factory default value is 3071 which corresponds to 5 Amps Secondary (1 
Amp for CI1 option).  If the value stored in the denominator register are set to Zero amps 
(Value = 2047), then the Harmonic Distortion calculations will use the Fundamental 
Magnitude of the current, which will result in the Distortion Values to be in the form of THD 
instead of TDD.  The values stored in registers 40101, 40102 and 40103 are duplicated in 
registers 40150, 40214 and 40278 respectively if the value are non-zero (TDD).  If 
registers 40101,2,3 are set to zero (THD) then the registers 40150, 40214 and 40278 will 
contain the Magnitude of the Fundamental. 
 


WARNING - THE DENOMINATOR NON-VOLATILE MEMORY STORAGE HAS A 
1,000,000 CYCLE ENDURANCE (DENOMINATORS CAN BE CHANGED 1,000,000 
TIMES).  ONLY WRITE TO THE DENOMINATOR REGISTERS WHEN THE 
DENOMINATORS NEED TO BE CHANGED. 


AMPEREs = 
Value - 2047


2048  ´ 10 ´ 
CT Value


CT Ratio Divisor ´ 5 
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3.6.4 Display Configuration Registers 
 
PowerPlex “B” instruments provide READ/WRITE Display Configuration Registers.  These 
registers are provided for future expansion and compatibility with MultiComm RTH 
instruments.  These registers do not currently have any effect on PowerPlex units, 
however the registers are operational in that they can be written to and read from.  They 
are stored in non-volatile memory (EEPROM) to allow for future upgrades.  
 


 WARNING - THE DISPLAY CONFIGURATION NON-VOLATILE MEMORY 
STORAGE HAS A 1,000,000 CYCLE ENDURANCE (DISPLAY CONFIGURATION 
CAN BE CHANGED 1,000,000 TIMES).  ONLY WRITE TO THE DISPLAY 
CONFIGURATION REGISTERS WHEN THE DISPLAY CONFIGURATION NEEDS  
TO BE CHANGED. 


 
3.6.5 Configuration Registers 
 
PowerPlex “B” instruments provide READ/WRITE Configuration Registers that allow the 
user to configure various parameters within the instrument.  These Configuration Registers 
are currently undefined for Modbus Plus, and will always return 0, however they are stored 
in non-volatile memory (EEPROM) to allow for future upgrades.  
 


WARNING - THE CONFIGURATION NON-VOLATILE MEMORY STORAGE HAS 
A 1,000,000 CYCLE ENDURANCE (CONFIGURATION CAN BE CHANGED 
1,000,000 TIMES).  ONLY WRITE TO THE CONFIGURATION REGISTERS 
WHEN THE CONFIGURATION NEEDS TO BE CHANGED. 


 
3.6.6 Tag Register 
 
PowerPlex “B” instruments provide a “TAG” register for user identification purposes.  This 
register is READ/WRITE register that allows the user to write a number from 1 to 32,767 in 
the tag register.  The Instrument will write this value in non-volatile memory EEPROM, so 
that the value will be available after any power outage.  Any attempts to write values above 
32,767 will return an illegal value error.  Units will be set to 0 from the factory. 
 


WARNING - THE TAG REGISTER NON-VOLATILE MEMORY STORAGE HAS A 
1,000,000 CYCLE ENDURANCE (THE TAG REGISTER CAN BE CHANGED 
1,000,000 TIMES).  ONLY WRITE TO THE TAG REGISTER WHEN THE TAG 
NEEDS TO BE CHANGED. 
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3.7  Converting Data to Engineering Units 
 
As was mentioned in Section 3.5, the majority of the data in the Holding Registers is stored 
in a 12-BIT OFFSET BINARY format.  This format was chosen to allow efficient use of 
registers, since both positive and negative quantities can be transmitted without the use of 
a SIGN (polarity) register.  In this format, ZERO (0) is represented as 2047 counts, the 
most negative number is represented by 0 counts and the most positive number is 
represented by 4095 counts.  While it would appear that this format limits the ACCURACY 
of the values transmitted in the registers, the RESOLUTION of this method is one part in 
2048 which is 0.05%, actually 5 times better than the rated accuracy of the transducer, and 
therefore has no measurable effect on the accuracy of the transmitted value. 
 
When displaying these values at another location, it may be desirable to convert the offset 
binary format into ENGINEERING UNITS.  This conversion is readily accomplished using 
the following simple scaling equations: 
 
BASIC EQUATION FOR OFFSET BINARY: 
 


 
The CT and PT ratios are the NAMEPLATE ratings of the transducer transformers.  The 
PT ratio in these equations is the same as the PT ratio stored in the transducer since 
convention is to specify the PT ratio as a ratio to 1.  The CT ratio in these equations, 
however is not the same as the ratio stored in the meter, but rather the number stored in 
the meter divided by 5.  This is due to the fact that CT ratios are normally specified as a 
ratio to 5.  For example a 500:5 CT and a 4:1 PT would have the following ratios: 
 


 
The Value referred to in the equations would be the value stored in the register that you 
wished to convert to engineering units.  For example if you wanted to convert Phase A 
Amperes into engineering units, Value would be the value in Holding Register 40002. 
 
The ENERGY Registers are stored in the BIN8 format, making these values readily 
usable with  the standard Double Precision Integer Math functions available on PLCs.  
Using this data format, the address specifying the WORD (both registers) is the address of 
the first of the two registers in the pair (i.e. the one with the lowest register number).  This 
register will have the most significant portion of the number.  If the BIN8 data format is 
specified, no conversion is required. 
 
FREQUENCY is stored as a single binary value that is the actual frequency times 100. 
 
PHASE is stored as an offset binary value that is the phase difference times 10. 
 
THD and TDD are stored as a single binary value that is the actual THD or TDD times 10. 
 
K FACTOR is stored as a single binary value that is the actual K Factor times 100. 
 


Engineering Units = 
Value - 2047


2048  ´ Full ScaleSECONDARY ´ Ratio 


CTRATIO = 500:5 = 
500
5  = 100           PTRATIO = 4:1 = 


4
1 = 4 
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2 ½ or 3 ELEMENT EQUATIONS: 
 


 


 







ML0003             October 2009 31                Copyright 2009   Bitronics, LLC 


2 ELEMENT EQUATIONS: 
 


 
 
The above equations provide answers in fundamental units (VOLTs, AMPs, WATTs and 
VARs).  If the user desires other units such as KILOVOLTs, KILOWATTs or KILOVARs, 
the answers given by the equations should be divided by 1,000.  If the user desires 
MEGAWATTs or MEGAVARs, the answers given by the equations should be divided by 
1,000,000. 
 
 
3.8  Health Check  
 
The following information is contained in the Health Check register (bit 15 is the high order 
bit) and the description indicates the meaning when the bit is set.  The Health Check 
Register should always be read and checked before interpreting data, since some 
failure modes will cause erroneous data to be presented.  Please consult Table 4 for a 
full description of the failures. 
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TABLE 4 - HEALTH CHECK CODES for PowerPlex DIGITAL TRANSDUCER 


 
Bit Description Effects of Fault Corrective Action 


0 
CT/PT Ratio  
Checksum Failure  
 


All measurements except energy 
are accurate, CT & PT ratio may be 
corrupted.  All Energies calculated 
after the failure will be in secondary 
units (CTR = 5:5 & PTR = 1:1).  CT 
& PT Ratio register values default 
to 65535 (FFFF Hex), and CT & PT 
Ratio Divisor register values default 
to 0001. 
 


Attempt to reset the 
CT&PT ratios.  If 
Fault continues, 
replace CT/PT Board 
and recalibrate the 
instrument. 
 


1 


CT/PT Board 
Calibration  
Checksum Failure  
 


Calibration constants for the CT/PT 
Board are in error.  The 
communication option output is 
reduced in accuracy to 
approximately +/-3%. 
 


Replace CT/PT Board 
and recalibrate the 
instrument. 
 


2 
Analog calibration        
Checksum Failure   
 


Calibration constants for the Main 
Processor Board are in error.  The 
communication option output is 
reduced in accuracy to 
approximately +/-3%. 


Replace Main 
Processor Board. 
 


3 
Input Over-Range  
(Clipping) 
 


Peak input quantity exceeds the 
range of the instrument.  
Communication option output 
accuracy reduced by an amount 
depending upon the degree of 
over-range. 
 


Verify input signals 
are within range.  If 
within range, replace 
Main Processor 
board. 
 


4 
Program Memory 
(EPROM) Failure 
 


The microcontroller has detected a 
fault in program memory and is 
attempting to restart itself.  
Communication option will cease 
transmitting as long as the fault 
exists. 
 
 


Replace Main 
Processor Board. 
 


5 


Analog-to-Digital 
converter (ADC) 
Self-Test Error 
 


Instrument cannot read any 
signals.  Data returned by 
communications option will be 
corrupted. 
 


Replace Main 
Processor board. 
 


6 
External Memory 
(XRAM) Failure  
 


Data returned by communications 
option may be corrupted. 
 


Replace Main 
Microcontroller Board. 
 


7 


Main Processor - 
Network Interface 
Crash 
 


Communications data will not be 
available.  Host processor will 
attempt to restart interface every 30 
seconds. 
 


If failure continues, 
replace Network 
Interface Board 
 


8 Phase Calibration Calibration constants for Phase Replace CT/PT Board 
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Checksum Failure  
 


correction are in error.  The 
communication option output is 
reduced in accuracy to 
approximately  
+/-.5%. 
 


and recalibrate the 
instrument 


9 
Energy Storage 
Checksum Failure  
 


Energy values that are stored and 
recalled at powerup may be 
corrupted and inaccurate. 
 


Replace CT/PT Board 
and recalibrate the 
instrument. 
 


10 
Demand Storage 
Checksum Failure 
 


Demand value that is stored in 
EEPROM and recalled at powerup 
is corrupted and inaccurate.  The 
corrupted demand value will 
appear as overranged. 
 


Reset corrupted 
demand value.  If 
failure is reoccurring, 
replace Main 
Processor Board. 
 


11 
Configuration Parity 
Error 


Instrument Configuration Corrupted Rewrite Configuration 


 
 
 


      


3.9  Modbus Plus Diagnostic Status LED  
 
The Modbus Plus Diagnostic LED is an indicator that shows the type of communications 
activity on the Modbus Plus port on the PowerPlex transducer.  The Diagnostic LED is a 
green indicator that is located on the front panel next to the power indicator.  A specific 
flash pattern indicates the nature of the Modbus Plus communication activity as listed 
below: 
 


Six flashes per second:  The normal operating state for a Modbus Plus node.  The 
node is successfully receiving and passing the token.  All nodes on the network 
should be flashing this pattern. 


 
One flash per second:  The node is offline after just being powered up, or after 
hearing a message from another node with the same address (duplicate addresses 
are not allowed).  In this state, the node monitors the network and builds a table of 
active nodes and token-holding nodes.  It remains in this state for five seconds, then 
attempts to go to its normal operating state. 


 
Two flashes, then OFF for two seconds:  The node is hearing the token being 
passed among other nodes, but is never receiving the token.  Check the network 
link for an open or short circuit, or for a defective termination.  Check that the 
flexible circuit connector inside the PowerPlex transducer is correctly seated. 


 
Three flashes, then OFF for 1.7 seconds:  The node is not hearing any other 
nodes.  It is periodically claiming the token, but finding no other node to which to 
pass it.  Check the network link for an open or short circuit, or for a defective 
termination.  Check that the flexible circuit connector inside the PowerPlex 
transducer is correctly seated. 


 
Four flashes, then OFF for 1.4 seconds:  The node has heard a valid message 
from another node that is using the same address as this node.  The node remains 
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offline in this state as long as it continues to hear the duplicate address.  If the 
duplicate address is not heard for five seconds, the node then changes to the 
pattern of one flash every second. 


 
 
3.10 Heartbeat State Counter  
 
PowerPlex “B” instruments provide a Heartbeat State Counter Register that allows the 
user to determine when the data is updated within the instrument.  This counter will 
increment by the number of internal 10 millisecond states that have elapsed since the last 
time the data was updated.  Users can use a change in this value as an indication of the 
instant that the data has been updated in the PowerPlex processor.  On sequential poles, 
users can also use the difference in this counter to determine the time that has elapsed 
between poles.  A third use of this register as a visual indicator that the data is changing, 
allows users of certain MMIs to identify disruption in the polling of the instrument.  The 
Heartbeat State Counter is a full 16bit counter that rolls over at 65535 (655.35 seconds - 
10.9225 minutes).  The counter starts at zero on power-up, and is NOT stored in non-
volatile memory. 
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3.11 Meter ID Register 
 
PowerPlex “B” instruments provide an “ID” register for model identification purposes.  This 
register is preprogrammed at the factory, refer to table 5. 
 
 


 
Model ID Model ID 
 
MTWIN1B-S500 - 3 Elem. Mode 1 MTWDN1B-S500 - 3 Elem. Mode 10


1 
 
MTWIN1B-S500 - 2 Elem. Mode 2 MTWDN1B-S500 - 2 Elem. Mode 10


2 
 
MTWIN1B-S5x0 - 3 Elem. Mode 3 MTWDN1B-S5x0 - 3 Elem. Mode 10


3 
 
MTWIN1B-S5x0 - 2 Elem. Mode 4 MTWDN1B-S5x0 - 2 Elem. Mode 10


4 
 
MTWIN2B-S500 - 3 Elem. Mode 5 MTWDN2B-S500 - 3 Elem. Mode 10


5 
 
MTWIN2B-S500 - 2 Elem. Mode 6 MTWDN2B-S500 - 2 Elem. Mode 10


6 
 
MTWIN2B-S5x0 - 3 Elem. Mode 7 MTWDN2B-S5x0 - 3 Elem. Mode 10


7 
 
MTWIN2B-S5x0 - 2 Elem. Mode 8 MTWDN2B-S5x0 - 2 Elem. Mode 10


8 
 
MTWIN3B-S500 - 2½ or 3 El. Mode 9 MTWDN3B-S500 - 2½ or 3 El 


Mode 
10
9 


 
MTWIN3B-S500 - 2 Element Mode 10 MTWDN3B-S500 - 2 Element 


Mode 
11
0 


 
MTWIN3B-S5x0 - 2½ or 3 El. Mode 11 MTWDN3B-S5x0 - 2½ or 3 El 


Mode 
11
1 


 
MTWIN3B-S5x0 - 2 Element Mode 12 MTWDN3B-S5x0 - 2 Element Mode 11


2 
 
MTWIN4B-S500 - 2½ Elem. Mode 13   
 
MTWIN4B-S500 - 2 Element Mode 14   
 
MTWIN3B-S500-NS0012 
   2½ or 3 Elem. Mode  (Special) 


15   


 
MTWIN3B-S500-NS0012 
   2 Element Mode  (Special) 


16   
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Model ID Model ID 


MTWIN5B-S500 - 2½ Elem. Mode 17   
 
MTWIN5B-S500 - 2 Element Mode 18   
 
MTWIN6B-S500 - 2½ Elem. Mode 19   
 
MTWIN6B-S500 - 2 Element Mode 20   
 
MTWIN3B-S500-NS0068 
   2 Element Mode (Only)  (Special) 


21   


 
Table 5 - Instrument ID Numbers 
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4.0  INSTALLATION 
 
4.1  Setting Modbus Plus Address 
 
The PowerPlex transducer provides for direct connection to a Modbus Plus Network.  As 
was mentioned in Section 3.1, each device on a given network must have a different 
PHYSICAL ADDRESS.  A pair of address selector switches (SW3 & SW4) are located on 
the PowerPlex Output Connector Board, and they are accessible by removing the clear 
cover on the front panel.  
 
If the address needs to be changed, the following procedure should be followed: 
 


1. With power removed from the PowerPlex transducer, remove the two screws 
holding the clear cover to the front panel of the transducer.   


 
2. The ADDRESS selector switches are SW3 & SW4, and are located on the right 
hand side of the front panel, just below the Power and Status lamps.  The switches 
have 16 positions (0-9,A-F).  The switch can be rotated with a small flat blade 
screwdriver, or a small phillips screwdriver.  Using the table on the next two pages, 
find the desired MODBUS PLUS address and dial the switches SW4 and SW3 to 
the corresponding hexadecimal values.  The NEW address will take effect when 
power is restored.  


 
3. Replace the front cover, replace the two cover screws.  Done!!  
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17 1 0  33 2 0 


 
 


 
49 3 0 


 
 


 
2 


 
0 


 
1 


 
 


 
18 1 1  34 2 1 


 
 


 
50 3 1 


 
 


 
3 


 
0 


 
2 


 
 


 
19 1 2  35 2 2 


 
 


 
51 3 2 


 
 


 
4 


 
0 


 
3 


 
 


 
20 1 3  36 2 3 


 
 


 
52 3 3 


 
 


 
5 


 
0 


 
4 


 
 


 
21 1 4  37 2 4 


 
 


 
53 3 4 


 
 


 
6 


 
0 


 
5 


 
 


 
22 1 5  38 2 5 


 
 


 
54 3 5 


 
 


 
7 


 
0 


 
6 


 
 


 
23 1 6  39 2 6 


 
 


 
55 3 6 


 
 


 
8 


 
0 


 
7 


 
 


 
24 1 7  40 2 7 


 
 


 
56 3 7 


 
 


 
9 


 
0 


 
8 


 
 


 
25 1 8  41 2 8 


 
 


 
57 3 8 


 
 


 
10 


 
0 


 
9 


 
 


 
26 1 9  42 2 9 


 
 


 
58 3 9 


 
 


 
11 


 
0 


 
A 


 
 


 
27 1 A  43 2 A 


 
 


 
59 3 A 


 
 


 
12 


 
0 


 
B 


 
 


 
28 1 B  44 2 B 


 
 


 
60 3 B 


 
 


 
13 


 
0 


 
C 


 
 


 
29 1 C  45 2 C 


 
 


 
61 3 C 


 
 


 
14 


 
0 


 
D 


 
 


 
30 1 D  46 2 D 


 
 


 
62 3 D 


 
 


 
15 


 
0 


 
E 


 
 


 
31 1 E  47 2 E 


 
 


 
63 3 E 


 
 


 
16 


 
0 


 
F 


 
 


 
32 1 F  48 2 F 


 
 


 
64 3 F 


 
 
4.2  Modbus Plus Cable 
 
The Modbus Plus cable connects to the PowerPlex transducer via a standard 9-pin D 
connector located on the front of the transducer.  Modicon recommends Belden 9841 
cable or equivalent.  The transducer is designed to accept standard Modicon Modbus Plus 
Connectors.  The cable should enter the connector from the side with 4 pins, i.e. the 
narrow side.  If the user is employing the Modicon Connector Tool (AS-MBPL-001), the 
wires should be dressed the same as the Modicon 385/485.  This cable dress will put the 
Modbus Plus Cable to the outside of the transducer, and will minimize the interference 
between the cable and the input studs.  The Modbus Plus Connector should be secured to 
the PowerPlex transducer using #4-40 screws supplied with the Modicon Connector Kit.  
For additional details, request Modicon publication GM-MBPL-001 “Modicon Modbus Plus 
Network Planning and Installation Guide” directly from your local Modicon distributor. 
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!  
CAUTION:  Be sure to follow the generator and 
prime mover manufacturers’ guidelines with respect to 
generator operation and commissioning. 


!
ATTENTION:  Suivez attentivement les instructions des 
manufacturiers de la turbine et de la génératrice pour la 
réception, la mise en route et l'opération. 


!  
CAUTION:  Do not apply reverse polarity dc voltage 
or ac voltage to terminals Z25 and Z26 of SEL-300G 
Relays rated for 24/48 Vdc applications.  Relay failure 
and permanent power supply damage will result from 
application of reverse polarity dc voltage to relays 
rated for 24/48 Vdc applications. 


!
ATTENTION: N’appliquer pas un voltage CC avec polarité 
inversée ou un voltage CA, sur les bornes Z35 et Z26 des 
relais 300G dont la tension d’alimentation nominale est 
24/48 VCC.  Une perte de fonctionnement du relais et un 
bris permanent de l’alimentation résulteraient de 
l’application d’une polarité CC inversée sur un relais avec 
tension nominale de 24/48 VCC. 


!  
CAUTION:  Standard SEL relay output contacts are 
rated to make and carry trip coil current, but are not 
rated to interrupt trip coil current.  Do not exceed the 
contact interrupt ratings shown in Relay 
Specifications and Options. 


!
ATTENTION: Les contacts standards des relais SEL ont la 
capacité de fermer sur le courant spécifié des bobines 
d’ouverture mais  ne peuvent  ouvrir sur le même courant. Il 
est important de ne pas dépasser les capacités des contacts 
indiquées  an paragraphe Spécifications du Relais et 
Options. 


!  
CAUTION:  The relay contains devices sensitive to 
electrostatic discharge (ESD).  When working on the 
relay with front or top cover removed, work surfaces 
and personnel must be properly grounded or 
equipment damage may result. 


!
ATTENTION:  Le relais contient des pièces sensibles aux 
décharges électrostatiques.  Quand on travaille sur le relais 
avec les panneaux avant ou du dessus enlevés, toutes les 
surfaces et le personnel doivent être mis à la terre 
convenablement pour éviter les dommages à l'équipement. 


!  
CAUTION:  Synchronism checking requirements and 
practices vary widely for different prime mover types.  
Be sure to consult your prime mover manufacturer’s 
synchronism checking guidelines as you prepare these 
settings or severe equipment damage or loss of 
equipment life may result. 


!
ATTENTION:  Les exigences et les pratiques de 
vérification de synchronisme peuvent varier beaucoup selon 
les types de turbine. Avant de préparer ces réglages, il faut 
analyser les directives du fabricant de turbine concernant la 
vérification de synchronisme, pour éviter tout dommage 
important ou altération de la vie utile d’équipement. 


!  
CAUTION:  There is danger of explosion if the 
battery is incorrectly replaced. Replace only with 
Ray-O-Vac® no. BR2335 or equivalent recommended 
by manufacturer. Dispose of used batteries according 
to the manufacturer’s instructions. 


!
ATTENTION:  Il y a un danger d’explosion si la pile 
électrique n’est pas correctement remplacée.  Utiliser 
exclusivement Ray-O-Vac® No. BR2335 ou un équivalent 
recommandé par le fabricant.  Se débarrasser des piles 
usagées suivant les instructions du fabricant. 


!  
WARNING:  This device is shipped with default 
passwords.  Default passwords should be changed to 
private passwords at installation.  Failure to change 
each default password to a private password may 
allow unauthorized access.  SEL shall not be 
responsible for any damage resulting from 
unauthorized access. 


!
AVERTISSEMENT:  Cet appareil est expédié avec des 
mots de passe par défaut.  A l'installation, les mots de passe 
par défaut devront être changés pour des mots de passe 
confidentiels.  Dans le cas contraire, un accès non-autorisé à 
l'équipement pourrait être possible.  SEL décline toute 
responsabilité pour tout dommage résultant de cet accès non-
autorisé. 


!  
DANGER:  Removal of relay front panel exposes 
circuitry which may cause electrical shock that can 
result in injury or death. 


!
DANGER: Le retrait du panneau avant expose à la 
circuiterie qui pourrait être la source de chocs électriques 
pouvant entraîner des blessures ou la mort. 


!  
DANGER:  Contact with this circuitry may cause 
electrical shock that can result in injury or death. !


DANGER:  Le contact avec la circuiterie peut causer un 
choc électrique pouvant entraîner des blessures ou la mort. 


!  
DANGER:  Contact with instrument terminals may 
cause electrical shock which can result in injury or 
death. 


!
DANGER:  Le contact avec les bornes de l' instrument peut 
causer un choc électrique pouvant entraîner des blessures ou 
la mort. 
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SECTION 1:  INTRODUCTION AND SPECIFICATIONS 


OVERVIEW 
This instruction manual covers the SEL-300G Relay family.  This manual contains the 
information you need to select, set, install, test, operate, and maintain any SEL-300G Relay.  You 
probably will not need to review the whole book to perform the specific tasks for which you are 
responsible.  Table 1.1 should help you refer to the best SEL-300G Relay Instruction Manual 
section for the tasks you need to perform. 


Table 1.1:  SEL-300G Relay Instruction Manual Task Map 


Task Refer to Instruction Manual Sections 
Select a Relay Model Section 1:  Introduction and Specifications; 


SEL 300G Relay Models 
Design the Installation Section 5:  Installation; Example AC and DC 


Connection Diagrams 
Appendix H:  Differential Connection Diagrams 


Calculate Relay Element Settings Section 2:  Relay Element Settings 
Section 13:  Differential Element Settings 
Section 6:  Enter Relay Settings; Setting Sheets 


Create SELOGIC® Control Equations  
Settings, Tripping, Closing, and 
Synch-Check Settings 


Section 4:  SELOGIC Control Equations  


Create Demand Meter, DC Monitor, 
Setting Group Selection, Breaker 
Monitor, and Sequential Events 
Recorder (SER) Function Settings 


Section 3:  Auxiliary Function Settings 


Install the Relay Section 5:  Installation 
Section 7:  Relay Commissioning 


Enter Relay Settings Section 6:  Enter Relay Settings 
Section 9:  Front-Panel Operation 
Section 10:  Serial Port Communications and 
Commands 


Commission Test the Relay Section 7:  Relay Commissioning 
Operate the Relay Section 8:  Monitoring and Metering Functions 


Section 9:  Front-Panel Operation 
Section 11:  Event Reports and SER Functions 
Section 12:  Maintain and Troubleshoot Relay
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INSTRUCTION MANUAL SECTIONS OVERVIEW 
The following is an overview of the other sections in this instruction manual: 


Section 2:  Relay Element Settings describes the relay generator protection elements, their 
logic and operating characteristics, and the calculation of their settings. 


Section 3:  Auxiliary Function Settings describes the operation and settings of: 
• Demand meter function 
• Station dc monitor function 
• Setting group selection function 
• Breaker monitor function 
• Optoisolated input debounce timers 
• SER trigger and alias settings 


Section 4:  SELOGIC Control Equations describes the operation of: 
• SELOGIC control equations 
• Latch control switches 
• General trip logic and generator tripping, with examples 
• Close logic 
• Synchronism checking function 
• Local and remote control switches 
• Front-panel display configuration 
• Inadvertent energization settings 
• Protection alarms 
• Relay self-test alarms 
• Breaker failure protection 
• Tables detailing all Relay Word bits, their definitions and applications 


Section 5:  Installation describes: 
• How to mount and wire the SEL-300G  
• Connections for numerous applications 
• Explanation of circuit board jumpers 
• SEL-300G front- and rear-panel drawings 


Section 6:  Enter Relay Settings explains: 
• How to enter settings via the serial ports or front panel. 
• Contains Settings Sheets for general relay, SELOGIC control equation, global, SER, 


and serial port settings.  The Settings Sheets are single-sided and can be photocopied 
and filled out to set the SEL-300G.  Note that these sheets correspond to the serial 
port SET commands listed in Table 6.1. 


Section 7:  Relay Commissioning describes: 
• Commissioning test philosophy and detailed procedure 
• Detailed protection element test procedures 
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Section 8:  Monitoring and Metering Functions describes the operation of: 
• Generator operating statistics function 
• Breaker monitor 
• Differential metering 
• Station dc battery monitor function 
• Energy and maximum/minimum metering 


Section 9:  Front-Panel Operation explains how to enter settings and also contains the 
following setting reference information: 


• Front-panel target LEDs 
• Front-panel pushbuttons and correspondence to serial port commands 
• Local control switches (local bit outputs LB1 through LB8) 
• Rotating default displays 


Section 10:  Serial Port Communications and Commands describes: 
• Serial port connector pinout/terminal functions 
• Communications cables 
• Communications protocol 
• Serial port commands 


Section 11:  Event Reports and SER Functions describes: 
• Standard 15-, 30-, 60-, and 180-cycle event reports 
• Sequential Events Recorder (SER) report 
• Synchronism checking reports 


Section 12:  Maintain and Troubleshoot Relay describes: 
• Relay maintenance testing philosophy 
• Relay troubleshooting 


Section 13:  Differential Element Settings describes: 
• Generator differential protection elements 
• Logic and operating characteristics 
• Settings calculation 


Appendices contains the following appendices:   
• Appendix A: Firmware and Manual Versions 
• Appendix B: Firmware Upgrade Instructions  
• Appendix C: SEL Distributed Port Switch Protocol 
• Appendix D: Configuration, Fast Meter, and Fast Operate Commands 
• Appendix E: Compressed ASCII Commands 
• Appendix F: Modbus RTU Communications Protocol 
• Appendix G: ACSELERATOR QuickSet SEL-5030 Software 
• Appendix H: Differential Connection Diagrams 
• Appendix I: Unsolicited Fast SER Protocol 


SEL-300G Relay Command Summary briefly describes the serial port commands that are 
described in detail in Section 10: Serial Port Communications and Commands. 
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TYPOGRAPHIC CONVENTIONS 
• In this manual, commands you type appear in bold/uppercase:  OTTER.   


• Computer keys you press appear in bold/brackets:  <Enter>. 


• Examples of relay serial port command responses look like: 


=> 


• Examples of information that can appear in the relay front-panel LCD display look like: 
 


 GEN SHUTDOWN   ←→ 
Position:  RETURN 


• Sections of this instruction manual are shown in bold italics:  Section 1:  Introduction and 
Specifications. 


SEL-300G RELAY MODELS 
This instruction manual covers the following SEL-300G models: 


Table 1.2:  SEL-300G Relay Models 


Model 
Synch-
Check 


Differential 
Protection 


SEL-2600 Series 
Compatible 


Modbus®


Protocol Voltage Inputs Current Inputs


0300G0 No 87N No Optional VA, VB, VC, VN
or 


VAB, VCB, VN 


IA, IB, IC, IN


0300G1 No 87 Optional Optional VA, VB, VC, VN
or 


VAB, VCB, VN 


IA, IB, IC, IN
IA87, IB87, IC87


0300G2 Yes 87N Optional Optional VA, VB, VC, VN, VS 
or 


VAB, VCB, VN, VS 


IA, IB, IC, IN


0300G3 Yes 87 Optional Optional VA, VB, VC, VN, VS 
or 


VAB, VCB, VN, VS 


IA, IB, IC, IN
IA87, IB87, IC87
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Table 1.3:  SEL-300G Relay Hardware Models 


 Model 
Mounting 


Type 
Rack Unit 


Height (I/O)a 


Rear-Panel 
Connection 


Type 


Output 
Contact 


Type 
Reference 


Figures 


0300G_0H Rack 2U 6/8 screw-terminal 
block 


standard 5.1, 5.2, 
5.4–5.7 


0300G_03 Panel 2U 6/8 screw-terminal 
block 


standard 5.1, 5.3, 
5.4–5.7 


0300G_1H Rack 3U 6/8 screw-terminal 
block 


standard 5.1, 5.2, 
5.4–5.7 


   8/12 screw-terminal 
block 


standard or 
high current 
interrupting 


 


0300G_13 Panel 3U 6/8 screw-terminal 
block 


standard 5.1, 5.3, 
5.4–5.7 


   8/12 screw-terminal 
block 


standard or 
high current 
interrupting 


 


0300G_WH Rack 2U 6/8 Connectorized® standard 5.1, 5.2, 
5.8–5.11 


0300G_W3 Panel 2U 6/8 Connectorized standard 5.1, 5.3, 
5.8–5.11 


0300G_YH Rack 3U 6/8 Connectorized standard 5.1, 5.2, 
5.8–5.11 


   8/12 Connectorized standard or 
high current 
interrupting 


 


0300G_Y3 Panel 3U 6/8 Connectorized standard 5.1, 5.3, 
5.8–5.11 


   8/12 Connectorized standard or 
high current 
interrupting 


 


aNumber of Optoisolated Input/Output Contacts 


The model numbers in Table 1.2 and Table 1.3 are only part of the actual ordering number—
enough to distinguish one model type from another.  To obtain the appropriate relay ordering 
number, see the latest SEL-300G Model Option Table at www.selinc.com, under SEL Literature, 
Ordering Information (Model Option Table). 


Throughout this instruction manual, when differences among the SEL-300G models in Table 1.3 
are explained, model numbers are referenced for clarity.  
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SEL-300G RELAY PROTECTION APPLICATIONS 


Complete Generator Primary Protection 
When ordered with the optional differential elements, the SEL-300G provides a full complement 
of primary protection elements for large machines.  The relay is built on the field-proven 
SEL-300 Series Relay platform, known for secure, dependable, high-performance protection. 


DWG:  M300G028


SEL-387
Unit Differential


SEL-300G1
Primary


SEL-300G0
Backup


∠
or


 
Figure 1.1:  Large Generator Primary and Backup Protection 


In these applications, three- or four-wire potentials and three-phase currents are applied to the 
relay for principal protection and metering functions.  When differential protection is included, 
three additional phase current measurements are required. 


Neutral voltage for 100 percent stator ground protection is taken from the secondary of the 
grounding transformer.  The SEL-300G neutral voltage input is rated for application up to 
300 Vac, which means that, for most applications, an auxiliary voltage transformer will not be 
necessary between the grounding transformer secondary and this relay. 


In applications where neutral overcurrent protection is desired, the SEL-300G neutral current 
input, IN, may be connected to the secondary of a neutral current transformer.  This transformer 
may be located in the generator neutral or connected in the secondary circuit of the grounding 
transformer.  In solidly grounded or resistance grounded applications, the SEL-300G0 and 
SEL-300G2 Relays offer ground differential (87N) protection. 







Introduction and Specifications 1-7
 


SEL-300G Instruction Manual   Date Code 20081231 


Feature-Rich Generator Backup Protection 
When purchased without the differential elements, the SEL-300G makes a perfect backup relay 
for large machines.  The relay offers 100 percent stator ground fault protection, over- and 
underexcitation detection, and reverse-power protection in an inexpensive, integrated relay.  
Frequency elements, voltage-restrained overcurrent elements, and a host of other elements and 
functions round out the package. 


DWG:  M300G029


SEL-300G0
Unit Backup


SEL-300G3 Unit
Protection Plus
Synch-Check


∠
or


 
Figure 1.2:  Generator Differential Zone May Include Transformer 


Protection for Small- and Medium-Sized Machines 
With or without the differential elements, you get large-machine protection, monitoring, and 
control that is priced for application on nearly any size machine.  The SEL-300G offers you the 
freedom to benefit from integrated protection, SER and event reporting, high-accuracy metering, 
and breaker and dc monitoring functions without the installation and maintenance expense of 
purchasing those components individually. 


DWG:  M300G030


SEL-300G2


Optional
 Synch-Check


Input


∠
or


 
Figure 1.3:  Simple Protection for Resistance Grounded Generators 


In resistance-grounded machine protection applications, 100 percent stator ground fault coverage 
may be obtained by connecting a properly rated voltage transformer to the machine neutral point 
and applying the secondary voltage to the SEL-300G neutral voltage input, VN. 
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Solidly Grounded Machine Protection 
The SEL-300G is suitable to protect solidly grounded machines, with the exception that the relay 
does not provide 100 percent stator ground fault protection for these machines.  Phase, negative-
sequence, and neutral overcurrent fault detection methods, plus optional differential overcurrent 
protection, are provided.  Abnormal operating condition protection, such as loss-of-field, 
antimotoring, and overexcitation protection, is also provided. 


Thermal Protection of Generator and Prime Mover  


The SEL-300G models compatible with the SEL-2600 Series RTD Module (refer to Table 1.2 for 
model number detail) provide Thermal Protection for the Generator and Prime Mover. The RTD 
types and locations are individually configurable. Either ambient temperature or generator load 
current can be configured to bias the winding RTD trip temperature thresholds. 


SEL-2600
Series


SEL-300G
Relay


Generator
Prime
Mover


Fiber-Optic Port
(built into SEL-2600 


Series)
(SEL-2800 plugged on
to any DB-9 connector)


As many as  12 RTD inputs,
plus one contact


DWG: M300G258b


Up to 500 meters via single fiber-optic cable, SEL 
part number C805Z010VVX0003 (3 meters)
(Refer to the Model Option Table for additional 
cable choices.)


 
Figure 1.4:  Generator Thermal Protection With SEL-2600 Series RTD 


Module and SEL-300G  


Field Ground Protection of Generator 
The SEL-300G works with the SEL-2664 Field Ground Module to provide field ground 
protection for the generator field winding.  Two different pickup levels of the insulation 
resistance are available for configuration.  The Field Ground Protection elements (64F) Relay 
Word bits can be programmed into an output contact for alarm or into the Trip equation for 
tripping.  The protection covers a range of high-resistance as well as low-resistance ground faults 
(from 0.5 to 200 kilohms). 


SEL-300G Requirements for SEL-2664 Application 
If the Field Ground Protection functionality is to be added to an existing SEL-300G installation, 
use Table 1.4 to determine the requirements: 
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Table 1.4:  SEL-300G Requirements for Field Ground Protection Functionality 


Existing SEL-300G Recommended Actions for SEL-2664 Application 
Firmware version R1xx Consult factory for a new replacement SEL-300G 
Firmware version R2xx Consult factory for hardware upgrade or new replacement 


SEL-300G 
Firmware version R3xx Order Firmware Conversion kit from factory to field upgrade 


firmware to R323 or later 
EIA-232 Serial Port 2 or Port 3 
availability 


EIA-232 Port 2 or Port 3 availability is required to connect the 
SEL-2664 to the SEL-300G, using a fiber-optic cable and 
SEL-2812MR Transceiver 


 


SEL-2664
Field Ground 


Module


SEL-300G
Generator 


Relay FIELD
(+)


FIELD
(-)


FIELD
(GND)


SEL-2812MR
Fiber-Optic
Transceiver


Fiber-Optic
Port (ST)


Fiber-Optic 
cable with ST 
connectorsa


+


-


Exciter
(Vdc)


Rotor
Iron


Field
Breakers


Brushes


Field
Winding


 
a  Refer to the Model Option Table for cable choices. 


Figure 1.5:  Field Ground Protection With the SEL-300G Relay 


SEL-300G RELAY GENERATOR PROTECTION FEATURES 
The SEL-300G offers a full range of elements for generator protection, such as: 
• Optional Percentage Restrained Differential Protection (included in SEL-0300G1 and 


SEL-0300G3 models) 
• Optional 87N Ground Differential Protection (included in SEL-0300G0 and SEL-0300G2 


models) 
• 100 Percent Stator Ground Detection (for high-impedance and resistance grounded 


generators) 
• Reverse/Low-Forward Power Elements 
• Volts/Hertz Elements for Overexcitation Protection 
• Loss-of-Field Protection 
• Negative-Sequence Overcurrent Protection 
• Voltage-Restrained Phase Time-Overcurrent Elements 
• Voltage-Controlled Phase Time-Overcurrent Elements 
• Backup Phase or Compensator Distance Elements 
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• Neutral Overcurrent Elements 
• Under- and Overvoltage Elements for Protection and Control 
• Loss-of-Potential Logic 
• Optional Synchronism Checking (included in SEL-0300G2 and SEL-0300G3 models) 
• Flexible Inadvertent Energization Detection 
• Secure Under- and Overfrequency Protection, Plus Off-Fundamental Time Accumulators per 


IEEE C37.106-1987 
• Breaker Failure Protection 
• Out-of-Step Protection (single and double blinder schemes) 
• Thermal Protection (included in models compatible with SEL-2600 Series RTD Module). 
• Field Ground Protection (optional when an SEL-300G Relay is used in combination with an 


SEL-2664 Field Ground Module). 


SEL-300G RELAY ADDITIONAL FEATURES 
In addition to the protection functions outlined above, the SEL-300G offers advanced measuring 
and monitoring capabilities not found on other generator relays. 
• Extensive High-Accuracy Metering Capabilities 
• Configurable Front-Panel Display Replaces Separate Panel Meters 
• Event Report and SER Reporting 
• Advanced SELOGIC Control Equations 
• Contact Inputs and Outputs 
• Breaker Monitor 
• Station Battery Monitor 
• Two Independent Setting Groups 


CONTACT I/O APPLICATION 


Available Contact Input/Output Options 
The SEL-300G is available in several hardware configurations.  These configurations are 
differentiated by the following: 
• Chassis size (2U or 3U) 
• Mounting type (panel or rack) 
• Type of connections at the rear (Screw-Terminal Block or Connectorized) 
• Number of optoisolated inputs 
• Number of contact outputs 


Relay Models SEL-0300G_0H, SEL-0300G_03, SEL-0300G_WH, and SEL-0300G_W3 
The relays listed above provide seven programmable output contacts, plus a self-test ALARM 
contact and six optoisolated inputs in a two-rack unit package.  All output contacts are rated to 
make and carry trip coil current per the requirements of IEEE C37.90-1989.  These contacts are 
not rated to interrupt trip coil current. 
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Relay Models SEL-0300G_1H, SEL-0300G_13, SEL-0300G_YH, and SEL-0300G_Y3 
The relays listed above provide 19 programmable output contacts, plus a self-test ALARM 
contact and 14 optoisolated inputs in a three-rack unit package.  All output contacts are rated to 
make and carry trip coil current per the requirements of IEEE C37.90-1989.  Seven of the output 
contacts are not rated to interrupt trip coil current.  Twelve of the output contacts may be 
purchased with high current interruption output contacts for applications requiring up to 10 A 
inductive interrupt capability. 


Note: High current interrupting output contacts are polarity sensitive.  Observe polarity 
markings by connecting even-number screw terminals to the higher voltage potential in 
the circuit.  Do not use high current interrupting output contacts to switch ac control 
signals. 


High Current Interrupting Output Contacts 
SEL-300G purchased with the additional I/O board may be further specified to include high 
current interrupting output contacts.  These contacts use an integrated-gate bipolar junction 
transistor to interrupt contact current in a controlled manner.  This increases the contact interrupt 
rating, prevents contact arcing, and prevents the inductive voltage spike which occurs when an 
inductive current is interrupted by a standard contact. 


Refer to the High current interruption option on page 1-14 for detailed specifications of the high 
current interrupting output contacts. 


Note: High current interrupting output contacts are polarity sensitive.  Observe polarity 
markings by connecting even-number screw terminals to the higher voltage potential in 
the circuit.  Do not use high current interrupting output contacts to switch ac control 
signals. 


Power Supply and Optoisolated Input DC Voltages 
The SEL-300G is available in power supply configurations 125/250 V, 48/125 V,  
or 24/48 V.  


Optoisolated inputs are available with the voltage ratings of 250, 220, 125, 110, 48, or 24 Vdc. 


Both the power supply and the optoisolated input voltage ratings are selected when the relay is 
ordered. Refer to the Optoisolated Inputs on page 1-14 for detailed specifications. 
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SERIAL COMMUNICATION CONNECTIONS (TYPICAL) 


Front Panel
SEL Communications


Processor


Rear Panel
SEL-300G Relay (#2)


Front Panel


Rear Panel


SEL-300G Relay (#1)
Front Panel


SEL-300G Relay
(#1)


Computer


PORT 2


SEL-300G
Relay


SEL-300G
Relay


SEL
Communications


Processor


SEL-300G
Relay


SEL
Communications


Processor


SEL-300G Relay
(#2)


SEL-300G Relay
(#32)


DATA AND TIME-SYNCHRONIZATION CONNECTIONS


PORT 2


Fiber-Optic
Cable


#C273AFZ
or #C273AF0


SEL-2810


Optical Cable ConnectionMetallic Cable Connection


EIA-485 CONNECTIONS


PORT 1 PORT 1 PORT 1


LOCAL CONNECTIONS


Connect to the SEL
Communications Processor
once and communicate with
any connected SEL Relay


PORT 2PORT 2


PORT FPORT F


or . . .
Connect to the SEL-300G
Relays individually via the
Front-Panel Serial Port


DWG:  M300G031a


(METALLIC)
Cable #C273A


 
Figure 1.6:  SEL-300G Relay Communication Connection Examples 
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SEL-5801 Cable Selector Software 
While you can view or modify many relay settings using the front-panel LCD interface, SELOGIC 
control equations to control relay contact outputs must be entered via a relay serial port using a 
PC, terminal emulation software, and appropriate communication cable.  The relay also supports 
communication with other local devices such as modems, port switches, and the 
SEL-2032/SEL-2030/ SEL-2020 Communications Processors. 


Communication with these external devices requires appropriate cable.  Some of the most 
common cables are called out in Figure 1.6.  Use the SEL-5801 Cable Selector Software, 
available free of charge from SEL, to determine the SEL cable part number to connect with other 
specific devices.  You can purchase cables from SEL or refer to the cable pinout provided by the 
software and build your own. 


To obtain your copy of SEL-5801 Cable Selector Software, contact your SEL Representative, or 
download it directly from our website at http://www.selinc.com. 


RELAY SPECIFICATIONS AND OPTIONS 


General 
Terminal Connections: 
Tightening Torque  
Terminal Block: Minimum: 8 in-lb (0.9 Nm) 


Maximum: 12 in-lb (1.4 Nm) 
Connectorized: Minimum: 4.4 in-lb (0.5 Nm) 


Maximum: 8.8 in-lb (1.0 Nm) 
Terminals or stranded copper wire. Ring terminals are 


recommended. Minimum temperature rating of 105°C. 


AC Current Inputs: 
5 A Nominal  
15 A continuous, linear to 100 A symmetrical. 
500 A for 1 second.  
1250 A for 1 cycle.  
Burden: 0.27 VA @ 5 A 
 2.51 VA @ 15 A 
1 A Nominal  
3 A continuous, linear to 20 A symmetrical 
100 A for 1 second.  
250 A for 1 cycle.  
Burden: 0.13 VA @ 1 A 
 1.31 VA @ 3 A 


AC Voltage Inputs: 
80–208 VL-L Nominal, for 4-wire wye voltage input. 
80–140 VL-L Nominal, for 3-wire delta voltage input. 
300 VL-N continuous limit for 3-phase, 4-wire wye-connection.
300 VL-L continuous limit for 3-phase, 3-wire delta-connection.
300 V continuous, VN–NN neutral voltage input. 
300 V continuous, VS–NS synch voltage input. 
365 Vac for 10 seconds. 
Burden: 0.13 VA @ 67 V 
 0.45 VA @ 120 V 
 0.80 VA @ 300 V 


Power Supply: 
125/250 Vdc or Vac
Range: 85–350 Vdc or 85–264 Vac 
Burden: < 25 W 
48/125 Vdc or 125 Vac 
Range: 38–200 Vdc or 85–140 Vac 
Burden: < 25 W 
24/48 Vdc  
Range: 18–60 Vdc polarity dependent 
Burden: < 25 W 


Output Contacts: 
Standard 
Make: 30 A   
Carry: 6 A @ 70°C 


4 A @ 85°C 
1 s Rating: 50 A   
MOV: 270 Vac, 360 Vdc, 40 J  
Pickup Time: < 5 ms   
Dropout Time: < 8 ms, typical  
Breaking Capacity  


(10,000 operations): 
24 V 0.75 A L/R = 40 ms 
48 V 0.50 A L/R = 40 ms 
125 V 0.30 A L/R = 40 ms 
250 V 0.20 A L/R = 40 ms 


Cyclic Capacity  
(2.5 cycles/second): 


24 V 0.75 A L/R = 40 ms 
48 V 0.50 A L/R = 40 ms 
125 V 0.30 A L/R = 40 ms 
250 V 0.20 A L/R = 40 ms 
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High Current Interruption Option: 
Make: 30 A 
Carry: 6 A @ 70°C 


4 A @ 85°C 
MOV: 330 Vdc, 130 J 
Pickup time: < 5 ms 
Dropout time: < 8 ms, typical 
Breaking Capacity  


(10,000 operations): 
24 V 10 A L/R = 40 ms 
48 V 10 A L/R = 40 ms 
125 V 10 A L/R = 40 ms 
250 V 10 A L/R = 20 ms 


Cyclic Capacity  
(4 cycles in 1 second, 
followed by 2 minutes 
idle for thermal 
dissipation): 


24 V 10 A L/R = 40 ms 
48 V 10 A L/R = 40 ms 
125 V 10 A L/R = 40 ms 
250 V 10 A L/R = 20 ms 


Note: Do not use high current interrupting output contacts to 
switch ac control signals.  These outputs are polarity 
dependent. 


Note: Make per IEEE C37.90-1989; Breaking and Cyclic 
Capacity per IEC 60255-23:1994. 


Optoisolated Inputs: 
250 Vdc: Pickup 200–300 Vdc 
 Dropout 150 Vdc 
220 Vdc: Pickup 176–264 Vdc 
 Dropout 132 Vdc 
125 Vdc: Pickup 105–150 Vdc 
 Dropout 75 Vdc 
110 Vdc: Pickup 88–132 Vdc 
 Dropout 66 Vdc 
48 Vdc: Pickup 38.4–60 Vdc 
 Dropout 28.8 Vdc 
24 Vdc: Pickup 15.0–30 Vdc 
Note: 24, 48, 125, 220, and 250 Vdc optoisolated inputs draw 


approximately 5 mA of current and 110 Vdc inputs draw 
approximately 8 mA of current.  All current ratings are at 
nominal input voltages. 


Frequency and Rotation: 
System Frequency: 60 or 50 Hz  
Phase Rotation: ABC or ACB 
Frequency Tracking 


Range: 
 
20–70 Hz 


Note: VA required for frequency tracking. 


Communications Ports: 
EIA-232: 1 front and 2 rear 
EIA-485: 1 rear 
Baud rate: 300–38400 


Time-Code Input: 
Relay accepts demodulated IRIG-B time-code input at Port 2. 
Relay time is synchronized to within ±5 ms of time-source 


input. 


Dimensions: 
See Figure 5.1 for exact relay dimensions. 


Operating Temperature: 
–40° to +85°C (–40° to +185°F) 
Note:  LCD contrast impaired for temperatures below –20°C. 


Weight: 
2U Rack Unit: Minimum: 13.5 lbs (6.2 kg) 


Maximum: 15 lbs (6.8 kg) 
3U Rack Unit: Minimum: 16.5 lbs (7.5 kg) 


Maximum: 18.5 lbs (8.4 kg) 


Certifications: 
ISO: Relay is designed and manufactured using ISO-9001 


certified quality program. 
UL/CSA: UL listed to UL-508 and CSA certified to  


C22.2 No.14-95. 
CE: Mark (available only in screw-terminal block version). 


Type Tests: 
Cold: IEC 60068-2-1:1990  


[EN 60068-2-1:1993],  
Test Ad; 16 hr @ –40°C 


Dry Heat: IEC 60068-2-2:1974  
[EN 60068-2-2:1993],  
Test Bd; 16 hr @ +85°C 


Damp Heat, 
Cyclic: 


IEC 60068-2-30:1980, Test Db; 25° to 
55°C, 6 cycles, 95% humidity 


Dielectric  
Strength: 


IEC 60255-5:2000, IEEE C37.90-1989, 
2500 Vac on analogs, contact inputs, and 
contact outputs; 3100 Vdc on power 
supply; 2200 Vdc on EIA-485 
communications port. Type tested for 1 
minute. 


Impulse:  IEC 60255-5:2000, 0.5 J, 5000 V 
Vibration: IEC 60255-21-1:1988  


[EN 60255-21-1:1995], 
Class 1 Endurance, Class 2 Response 


Shock and Bump: IEC 60255-21-2:1988  
[EN 60255-21-2:1995], Class 1 Shock 
Withstand, Class 2 Shock Response 


Seismic: IEC 60255-21-3:1993  
[EN 60255-21-3:1995], Class 2 


1 MHz Burst 
Disturbance: 


IEC 60255-22-1:1988, Class 3 (2500 V 
common and differential mode) 


Emissions: IEC 60255-25:2000 
Conducted Radio 
Frequency: 


ENV 50141:1993 10 V/m,  
IEC 61000-4-6:1996  
[EN 61000-4-6:1996]  
10 V/m, IEC 60255-22-6:2001 10 V/m 


Digital Radio 
Telephone RF: 


ENV 50204:1995 10 V/m at  
900 MHz and 1.89 GHz 


Electrostatic 
Discharge: 


IEC 60255-22-2:1996  
[EN 60255-22-2:1996],  
IEC 61000-4-2:1995  
[EN 61000-4-2:1995],  
Level 1,2,3,4  
IEEE C37.90.3-2001 Severity: 2, 4, 8 kV 
Contact: 4, 8, 15 kV air 
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Radiated Radio 
Frequency: 


ENV 50140:1993 10 V/m,  
IEC 60255-22-3:2000 10 V/m,  
IEC 61000-4-3:1998 10 V/m,  
IEEE C37.90.2-1995 35 V/m, no keying 
test, frequency elements accurate to 0.1 Hz


Fast Transient 
Disturbance: 


IEC 60255-22-4:1992  
[EN 60255-22-4:1992] 4 kV at 2.5 kHz and
5 kHz, EN 61000-4-4:1995  
[EN 61000-4-4:1995], 4 kV at 2.5 kHZ and 
5 kHz 


Object Penetration 
and Dust Ingress: 


 
 
IEC 60529:1989 [EN 60529:1992] IP30 


 


 


Protection Against 
Splashing Water: 


 
 
IEC 60529:1989 [EN 60529:1992] IP54 
from the front panel using the SEL-9103 


Surge Withstand: IEC 60255-22-1:1998, 2.5 kV peak 
common mode, 2.5 kV peak differential 
mode, IEEE C37.90.1-1989 3.0 kV 
oscillatory, 5.0 kV fast transient, IEEE 
C37.90.1/D6, 2.5 kV peak common mode, 
2.5 kV differential mode oscillatory, 4 kV 
at 2.5 kV and 5 kHz fast transient 


Generic Standard: EN 50082-2:1995 


Processing Specifications 
AC Voltage and Current Inputs: 
16 samples per power system cycle, 3 dB low-pass filter 
cut-off frequency of 560 Hz. 


Digital Filtering: 
 One cycle cosine after low-pass analog filtering. 
 Net filtering (analog plus digital) rejects dc and all 


harmonics greater than the fundamental. 
 Second-harmonic current and third-harmonic voltage 


filters are also included for specific protection functions. 


Protection and Control Processing: 
Four times per power system cycle for all elements except 
out-of-step, loss-of-field, and RTD elements. Loss-of-field 
and out-of-step elements are processed two times per power 
system cycle and the RTD elements once in two seconds. 


Relay Element Setting Ranges and Accuracies 
Phase Distance Element (21): 
5 A Model  
Reach: 0.1–100.0 ohms 
Offset: 0.0–10.0 ohms 
Steady-State  


Impedance Accuracy: ± 5%, ± 0.1 ohm 
Minimum Phase Current:  0.5 A 
1 A Model  
Reach: 0.5–500.0 ohms 
Offset: 0.0–50.0 ohms 
Steady-State  


Impedance Accuracy: ± 5%, ± 0.5 ohm 
Minimum Phase Current:  0.1 A 
Maximum Torque  


Angle Range: 90–45°, 1° step 
Pickup Time: 33 ms at 60 Hz (Max) 
Zone 1 and Zone 2 


Definite-Time Delays: 
0.00–400.00 s 


Maximum Time-Delay 
Accuracy: ± 0.1%, ± 4.2 ms at 60 Hz 


Volts/Hertz Over-Excitation Element (24): 
Definite-Time Element 
Pickup Range:  100–200% 
Steady-State Pickup 


Accuracy:  
 
± 1% 


Pickup Time: 25 ms at 60 Hz (Max) 
Definite-Time  


Pickup Range: 
 
0.00–400.00 s 


Time-Delay Accuracy: ± 0.1%, ± 4.2 ms at 60 Hz (Max) 


Composite-Time Element
Inverse-Time  


Pickup Range: 
 
100–200% 


Inverse-Time Curve: 0.5, 1.0, or 2.0 
Inverse-Time Dial: 0.1–10.0 s 
Inverse-Time Steady-State 


Pickup Accuracy: 
 
± 1% 


Inverse-Time  
Timing Accuracy: 


 
± 4% ± 25 ms at 60 Hz, for V/Hz 


above 1.2 multiples of pickup 
setting, and for operating times 
greater than 4 s. 


Definite-Time  
Pickup Range: 


 
100–200% 


Definite-Time  
Setting Range: 


 
0.00–400.00 s 


Pickup Time: 25 ms at 60 Hz (Max) 
Definite-Time  


Delay Accuracy: 
 
± 0.1%, ± 4.2 ms at 60 Hz 


Linear Reset Time: 0.00–400.00 s 


Optional Synchronism Checking Function (25) 
(Model 0300G2 and Model 0300G3): 
Synch-Check  


Voltage Source: 
 
VA, VB, VC, VAB, or VBC 


Supervisory Voltage  
Setting Range: 


 
20.0–200.0 V 


Steady-State Voltage 
Accuracy: 


 
± 5%, ± 0.1 V 


Maximum Percentage  
Voltage Difference: 


 
1.0–15.0% 
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Supervisory Slip 
Frequency Window 
Element: 


 
 
–1.00 Hz–1.00 Hz 


Steady-State Slip 
Accuracy: 


 
± 0.02 Hz 


Close Acceptance  
Angle 1, 2: 


 
0–80° 


Target Close Angle: –15–15° 
Breaker Close Delay: 0.000–1.000 s 
Close Failure Angle: 3–120° 
Steady-State Angle 


Accuracy: 
 
± 0.5° 


Maximum Transient  
Angle Accuracy: 


 
± 1.8 • slip ± 0.5° 


Directional Power Element (32):  
Two Definite-Time Elements 
Setting Range: ± 0.0015 to ± 3.000 pu 
Steady-State  


Pickup Accuracy: 
± 0.0015 pu ± 2% of setting,  
INOM = 5 A, VNOM = 120 V,  
PF ≥ 0.2 


Pickup Time: 25 ms at 60 Hz (Max) 
Definite-Time Setting 


Range: 
 
0.01–400.00 s 


Maximum Definite-Time  
Delay Accuracy: 


 
± 0.1%, ± 4.2 ms at 60 Hz 


Loss-of-Field Element (40):  
Two Mho Zones  
5 A Model  
Zone 1 Offset: –50.0–0.0 ohms 
Zone 2 Offset: –50.0–50.0 ohms 
Zone 1 and Zone 2 


Diameter: 
 
0.1–100.0 ohms 


Steady-State  
Impedance Accuracy: 


 
± 0.1 ohm, ± 5% of offset + 
diameter 


Minimum  
Pos.-Seq. Signals: 


 
0.25 V V1, 0.25 A I1 


1 A Model  
Zone 1 Offset: –250.0–0.0 ohms 
Zone 2 Offset: –250.0–250.0 ohms 
Zone 1 and Zone 2 


Diameter: 
 
0.5–500.0 ohms 


Steady-State  
Impedance Accuracy: 


 
± 0.5 ohm, ± 5% of offset + 
diameter 


Minimum Pos.-Seq. 
Signals: 


 
0.25 V V1, 0.05 A I1 


Directional Element 
Angle: 


 
–20.0°–0.0° 


Pickup Time: 50 ms at 60 Hz (Max) 
Zone 1 and Zone 2  


Definite-Time Delays: 
 
0.00–400.00 s 


Maximum Definite-Time  
Delay Accuracy: 


 
± 0.1%, ± 8.3 ms at 60 Hz 


Negative-Sequence Overcurrent Elements 
(46):  
Definite-Time and Inverse-


Time  
Neg.-Seq. I2 Pickup: 


 
2%–100% of generator rated 
secondary current 


Generator Rated 
Secondary Current: 


5 A Model: 2.5–10.0 A secondary
1 A Model: 0.5–2.0 A secondary 


Steady-State  
Pickup Accuracy: 


5 A Model: ± 0.025 A, ± 3% 
1 A Model: ± 0.005 A, ± 3%  


Pickup Time:  50 ms at 60 Hz (Max) 
Definite-Time Delay  


Setting Range:  
 
0.02–999.90 s 


Maximum Definite-Time 
Delay Accuracy: 


 
± 0.1%, ± 4.2 ms at 60 Hz 


Inverse-Time Element  
Time Dial:  


 
K = 1 to 100 s 


Linear Reset Time:  240 s fixed 
Inverse-Time Timing 


Accuracy: 
± 4%, ± 50 ms at 60 Hz for |I2| 


above 1.05 multiples of pickup 


Instantaneous/Definite-Time Overcurrent 
Elements (50): 
Phase, Residual Ground, Neutral Protection 
Current Pickup 


(A secondary): 
5 A Model: 0.25–100.00 
1 A Model: 0.05–20.00 


Steady-State  
Pickup Accuracy: 


5 A Model: ± 0.05 A, ± 3% 
1 A Model: ± 0.01 A, ± 3% 


Transient Overreach: ± 5% of pickup 
Pickup Time: 25 ms at 60 Hz (Max) 


Note:  50 ms for 50Q element. 
Time Delay: 0.00–400.00 s 
Timer Accuracy: ± 0.1%, ± 4.2 ms at 60 Hz 


Inverse Time-Overcurrent Elements (51): 
Residual Ground and Neutral Protection 
Current Pickup 


(A secondary): 
5 A Model: 0.5–16.0 
1 A Model: 0.1–3.2 A 


Steady-State Pickup 
Accuracy: 


5 A Model: ± 0.05 A, ± 3% 
1 A Model: ± 0.01 A, ± 3% 


Time Dials: US: 0.5–15.0, 0.01 steps 
IEC: 0.05–1.00, 0.01 steps 


Timing: ± 4%, ± 25 ms at 60 Hz for |I| 
between 2 and 20 multiples of 
pickup 


Voltage Restrained Phase Time-Overcurrent 
Element (51V): 
Phase Pickup 


(A secondary): 
5 A Model: 2.0–16.0 
1 A Model: 0.4–3.2 


Steady-State  
Pickup Accuracy: 


5 A Model: ± 0.05 A, ± 3%  
1 A Model: ± 0.01 A, ± 3% 


Time Dials: US: 0.5–15.0, 0.01 steps 
IEC: 0.05–1.00, 0.01 steps 


Timing: ± 4%, ± 25 ms at 60 Hz for |I| 
between 2 and 20 multiples of 
pickup 


Voltage Restraint Type:  Linear restraint 


Voltage Controlled Phase Time-Overcurrent 
Element (51C): 
Phase Pickup 


(A secondary): 
5 A Model: 0.5–16.0 
1 A Model: 0.1–3.2 


Steady State  
Pickup Accuracy: 


5 A Model: ± 0.05 A, ± 3% 
1 A Model: ± 0.01 A, ± 3%  


Time Dials: US: 0.5–15.0, 0.01 steps 
IEC: 0.05–1.00, 0.01 steps 


Timing: ± 4%, ± 25 ms for |I| between 2 and 
20 multiples of pickup 
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Instantaneous / Definite-Time Under- (27) / 
Overvoltage (59) Elements: 
Phase and Residual 27/59: 0.0–200.0 V 
Phase-to-Phase 27: 0.0–200.0 V 
Phase-to-Phase 59: 0.0–300 V (for 4-wire wye voltage 


input) 
Phase-to-Phase 59: 0.0–200 V (for 3-wire delta 


voltage input) 
Pos.-, Neg.-, and  


Zero-Sequence 59: 
 
0.0–200.0 V 


Steady-State  
Pickup Accuracy: 


 
± 5%, ± 0.1 V 


SELOGIC Control Equation 
Time-Delay Setting 
Range: 


 
 
0.00–3000.00 s 


Desired time delay may be added using SELOGIC Control 
Equation Timers. 


100 Percent Stator Ground Protection (64G): 
Neutral Fundamental 


Overvoltage 64G1: 
 
0.0–150.0 V 


Steady-State Pickup 
Accuracy: 


 
± 5%, ± 0.1 V 


Pickup Time: 25 ms at 60 Hz (Max) 
Definite-Time Delay: 0.00–400.00 s 
Maximum Definite-Time 


Delay Accuracy: 
 
± 0.1%, ± 4.2 ms at 60 Hz 


Third-Harmonic Voltage 
Differential or Third-
Harmonic Neutral 
Undervoltage  
Pickup 64G2: 


 
 
 
 
0.1–20.0 V 


Steady-State Pickup 
Accuracy: 


 
± 5%, ± 0.1 V 


Third-Harmonic Voltage 
Differential Ratio Setting 
Range: 


 
 
0.0 to 5.0 


Pickup Time: 50 ms at 60 Hz (Max) 
Definite-Time Delay: 0.00–400.00 s 
Maximum Definite-Time 


Delay Accuracy:  
 
± 0.1%, ± 4.2 ms at 60 Hz 


Field Ground Protection (64F) (optional—
requires SEL-2664 Field Ground Module): 
Field Ground Protection 


Element: 
 


0.5–200.0 kilohms 
Pickup Accuracy: ± 5% ± 500 Ω for 48 ≤ VF ≤ 825 


Vdc (VF is the generator field 
winding excitation dc voltage) 


± 5% ± 20 kΩ for 825 < VF ≤ 
1500 Vdc (VF is the generator 
field winding excitation dc 
voltage) 


Pickup Time: ≤ 2 s if the injection frequency in 
the SEL-2664 is selected at 1 Hz


≤ 8 s if the injection frequency in 
the SEL-2664 is selected at  
0.25 Hz 


Definite-Time Delay: 0.0–99.0 s 
Maximum Definite-Time 


Delay Accuracy: ± 0.5% ± 5 ms 


Out-of-Step Element (78): 
5 A Model
Forward Reach: 0.1–100.0 ohms 
Reverse Reach: 0.1–100.0 ohms 
Single Blinder 
 Right Blinder: 0.1–50.0 ohms 
 Left Blinder: 0.1–50.0 ohms 
Double Blinder: 
 Outer Resistance Blinder: 0.2–100.0 ohms 
 Inner Resistance Blinder: 0.1–50.0 ohms 
Steady-State Impedance 


Accuracy: 
 
± 0.1 ohm, ± 5% of diameter


Pos.-Seq. Current Supervision: 0.25–30.00 A 
1 A Model
Forward Reach: 0.5–500.0 ohms 
Reverse Reach: 0.5–500.0 ohms 
Single Blinder: 
 Right Blinder: 0.5–250.0 ohms 
 Left Blinder 0.5–250.0 ohms 
Double Blinder: 
 Outer Resistance Blinder: 1.0–500.0 ohms 
 Inner Resistance Blinder: 0.5–250.0 ohms 
Steady-State  


Impedance Accuracy: 
 
± 0.5 ohm, ± 5% of diameter


Pos.-Seq.  
Current Supervision: 


 
0.05–6.00 A 


Pickup Time: 50 ms at 60 Hz (Max) 
Definite-Time Timers:  ± 0.1%, ± 8.3 ms at 60 Hz 


Definite-Time Under/Overfrequency Elements 
(81): 
Frequency: 20–70 Hz, 0.01 Hz steps  
Pickup Time: 60 ms at 60 Hz (Max) 
Time Delays: 0.03–400.00 s 
Maximum Definite-Time 


Delay Accuracy: 
 
±0.1%, ±4.2 ms at 60 Hz 


Supervisory 27: 20–150 V, ± 5%, ± 0.1 V 
Steady-State plus Transient Overshoot: 


(± 0.01 + ∆ fsys) Hz 
Frequency Compensation Over Temperature: 
∆ fsys = fsys • (0.04 • 10-6) (T–25°C)2 


where T = Temperature of relay via STATUS command 


Optional Differential Elements (87) (Model 
0300G1 and Model 0300G3): 
Restrained  


Element Pickup: 
 
0.04–1.0 • TAP 


Steady-State  
Pickup Accuracy: 


5 A Model: ± 0.1 A, ± 5% 
1 A Model: ± 0.02 A, ± 5% 


Slope 1 Range: 5–100% 
Slope 2 Range: OFF, 50–200% 
Slope 1 Limit: 1–16 • TAP 
2nd-Harmonic  


Blocking Percentage: 
 
OFF, 5–100% 


Unrestrained  
Element Pickup: 


 
1.0–20.0 • TAP 


Steady-State  
Pickup Accuracy: 


5 A Model: ± 0.1 A, ± 5% 
1 A Model: ± 0.02 A, ± 5% 


TAP Range: TAPMAX/TAPMIN ≤7.5 
 5 A Model: 0.5–160.0 A secondary 
 1 A Model: 0.1–32.0 A secondary 
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Restrained Element Pickup 
Time: 


 
24/28/38 ms (Min/Typ/Max) 


Unrestrained Element 
Pickup Time: 


 
13/20/32 ms (Min/Typ/Max) 


Note: Pickup time accuracies listed at 60 Hz 


Optional Ground Differential Elements (87N) 
(Model 0300G0 and Model 0300G2): 
Ground  


Differential Pickup: 
5 A Model: 0.10–15.00 A 
1 A Model: 0.02–3.00 A 


Ratio CTR/CTRN: 1.0–40.0 
Steady-State  


Pickup Accuracy: 
5 A Model: ± 0.05, ± 3% 
1 A Model: ± 0.01, ± 3% 


Pickup Time: 25 ms at 60 Hz (Max) 
Time Delays: 0.00–400.00 s 
Maximum Definite-Time 


Delay Accuracy: 
 
± 0.1%, ± 4.2 ms at 60Hz 


Optional RTD Elements (Models Compatible 
with SEL-2600 Series RTD Module): 
12 RTD Inputs via SEL-2600 Series RTD Module and  


SEL-2800 Fiber-Optic Transceiver 
Monitor Winding, Bearing, Ambient, or Other Temperatures 
PT 100, NI 100, NI 120, and CU 10 RTD-Types Supported, 


Field Selectable 
Trip, Alarm, and Ambient/Load-Current Bias Settings 
Up to 500 m fiber-optic cable to SEL-2600 Series RTD 


Module 
Measuring Range: –50° to 250°C 
Accuracy: ± 2°C 


Demand Ammeter Elements: 
Demand Ammeter  


Time Constants: 
 
5, 10, 15, 30, or 60 min 


Demand Ammeter 
Threshold Range: 


5 A Model: 0.5–16.0 A 
1 A Model: 0.1–3.2 A 


Steady-State  
Pickup Accuracy: 


5 A Model: ± 0.05 A, ± 3% 
1 A Model: ± 0.01 A, ± 3% 


Inadvertent Energization Logic: 
Time-Delay Pickup and 


Dropout Timers: 
 
0.00–400.00 s 


Maximum Definite-Time 
Delay Accuracy: 


 
± 0.1%, ± 4.2 ms at 60 Hz 


Breaker Failure Protection: 
Implement using nondedicated overcurrent element and 


SELOGIC Control Equation Variable Timer. 
Phase Overcurrent  


Pickup (A secondary): 
5 A Model: 0.25–100.00 A 
1 A Model: 0.05–20.00 A 


Steady-State  
Pickup Accuracy: 


5 A Model: ± 0.05 A, ± 3% 
1 A Model: ± 0.01 A, ± 3% 


Time-Delay Pickup and 
Dropout Timers: 


 
0.00–3000.00 s 


Maximum Definite-Time 
Delay Accuracy: 


 
± 0.1%, ± 4.2 ms 


SELOGIC Control Equation Variable Timers: 
16 Time-Delay Pickup  


and Dropout Timers: 
 
0.00–3000.00 s 


Maximum Definite-Time 
Delay Accuracy: 


 
± 0.1%, ± 4.2 ms at 60 Hz 


Substation Battery Voltage Monitor: 
Station Battery Voltage 


Monitor Pickup Ranges:
 
20–300 Vdc 


Measuring Accuracy: ± 2 V, ± 2% 


Metering Accuracy: 
Accuracies are specified at 20°C and at nominal system 


frequency unless noted otherwise. 
Voltages VA, VB, VC, VN, 


VS, 3V0, V1, V2, VAB, 
VBC, VCA: 


 
 
± 0.1% (33.5–218.0 V) 


Currents IA, IB, IC: 5 A Nominal: 
 ± 1 mA or ± 0.1% (0.5–10.0 A)  


1 A Nominal: 
 ± 0.2 mA or ± 0.1% (0.1–2.0 A) 


Temperature coefficient: [(0.0002%)/(°C)2] • (__°C–20°C)2 
(see example below) 


Phase Angle Accuracy: ± 0.5° 
Currents IN, IA87, IB87, IC87, 


I1, 3I0, 3I2: 
 
5 A Nominal: 


 ± 0.05 A or ± 3% (0.5–100.0 A) 
1 A Nominal: 


 ± 0.01 A or ± 3% (0.1–20.0 A) 
MW / MVAR (A, B, C, and 3-phase;  


5 A nominal; wye-connected voltages): 
Accuracy  
(MW / MVAR) 


 
at load angle 


for 0.5 A ≤ phase current < 1.0 A: 
0.70% /–  0° or 180° (unity power factor) 
0.75% / 6.50%  ± 8° or ± 172° 
1.00% / 2.00%  ± 30° or ± 150° 
1.50% / 1.50%  ± 45° or ± 135° 
2.00% / 1.00%  ± 60° or ± 120° 
6.50% / 0.75%  ± 82° or ± 98° 
– / 0.70%  ± 90° (power factor = 0) 
for phase current ≥ 1.0 A : 
0.35% /– 0° or 180° unity power factor) 
0.40% / 6.00%  ± 8° or ± 172° 
0.75% / 1.50%  ± 30° or ± 150° 
1.00% / 1.00%  ± 45° or ± 135° 
1.50% / 0.75%  ± 60° or ± 120° 
6.00% / 0.40%  ± 82° or ± 98° 
– / 0.35%  ± 90° (power factor = 0) 
Metering accuracy calculation example for currents IA, IB, and 


IC due to preceding stated temperature coefficient: 
For temperature of 40°C, the additional error for currents IA, 


IB, and IC is: 


[(0.0002%)/(°C)2] • (40°C–20°C)2 = 0.08% 
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SECTION 2:  RELAY ELEMENT SETTINGS 


RELAY FUNCTIONAL OVERVIEW 
In preparation to calculate settings for the various relay functions and elements, it is helpful to 
understand what the relay does with those settings once entered.  The SEL-300G Relay 


• Measures generator voltages and currents 
• Acquires optoisolated control input states 
• Performs protection element algorithms 
• Evaluates built-in and user settable logic conditions 
• Controls output contacts 


Figure 2.1 illustrates this process. 


DWG: M300G039b


Data
 Acquisition & Filtering    


– Sample Low-Pass 
Filtered AC Signals


– Digitally Filter 
Sampled AC Signals
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– Store Event Reports 
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Port and Front-Panel 
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Figure 2.1:  Relay Processing Order 


Data Acquisition and Filtering 
The SEL-300G contains current and voltage transformers that step down the secondary voltage 
and current signals to levels that are safely handled by the internal electronic components.  The 
low-level ac signals pass through analog low-pass filters and a multiplexer to an analog-to-digital 
converter.  The multiplexer and analog-to-digital converter sample the voltage and current signals 
and convert them to digital values used by the microprocessor. 


The SEL-300G tracks the frequency of the ac voltage.  The relay adjusts the sampling rate to the 
present system frequency (in the range from 20 to 70 Hz) and takes 16 digital samples of the 
analog signals every cycle.  When ac voltage is removed from the relay, the sampling clock 
automatically adjusts to the user settable nominal frequency, FNOM, either 50 or 60 Hz. 


The relay digitally filters the latest current and voltage samples to remove unwanted signal 
components.  There are digital filters to extract the fundamental frequency voltages and currents, 
third-harmonic voltages, and second-harmonic currents.  The majority of protection and metering 
functions use fundamental frequency voltages and currents.  The 100 percent stator ground 
protection function uses third-harmonic voltages.  When differential elements are included, the 
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second-harmonic blocking function uses the second-harmonic currents.  At this time, the relay 
also checks the optoisolated inputs to determine if any are asserted. 


Element Processing 
Having acquired and filtered the voltage and current signals, the relay next evaluates the enabled 
protection elements.  Some elements are supervised by a torque-control setting.  In this case, the 
equation result must be a logical 1 for the element to operate.  Element timers are advanced at this 
point. 


The out-of-step and loss-of-field elements are processed twice per power system cycle and the 
RTD elements once in two seconds. Other elements are processed four times per power system 
cycle. 


Relay Word 
As the relay processes the protection element algorithms and evaluates the fixed logic, if an 
element is picked up or a logic condition is true, the relay changes the state of the associated 
Relay Word bit from a logical 0 to a logical 1.  The relay uses these results to evaluate SELOGIC 
control equations defined in the relay settings. 


SELOGIC Control Equations 
After evaluating the fixed logic, the relay evaluates the SELOGIC control equations, and then 
controls the relay output contacts. 


Background Tasks 
By design, there is always processing time left after the relay controls its output contacts and 
before it begins digitally filtering acquired signals again.  During this free time, the relay 
performs background tasks such as: 


• Self testing 
• Event report and SER record storage 
• Responding to serial port and front-panel commands 


RELAY SETTINGS OVERVIEW 
You configure the SEL-300G generator protection and monitoring functions by entering settings 
in three categories, described by Figure 2.2. 
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Figure 2.2:  SEL-300G Relay Setting Categories 


The relay is equipped with two protection element setting groups, Group 1 and Group 2.  Group 1 
and Group 2 contain: 


• Enable settings for specific protection elements 
• Settings to define element pickups and time delays 
• SELOGIC control equation element torque controls 
• SELOGIC control equation event report triggers 
• Nondedicated SELOGIC control equation timers and latches 
• SELOGIC control equations for trip and close signals 
• SELOGIC control equations for relay output contacts 


The relay protects the generator using one setting group at a time.  You control which setting 
group is enabled using serial port commands and settings provided in the Global setting category.  
The relay always uses the Global settings, regardless of which setting group presently is enabled. 
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The Global settings define: 
• SELOGIC control equations for setting group selection 
• Breaker monitor function settings 
• Optoisolated input debounce timer settings 
• Local bit settings 
• Front-panel display settings 
• Display point settings 


Settings configuring the relay Sequential Events Recorder (SER) function are entered using the 
SET R command.  These settings are always active, regardless of whether setting Group 1 or 
setting Group 2 is enabled. 


This section of the instruction manual describes each protection function.  The outputs from each 
function are defined, and setting recommendations or guidelines for their calculation are 
provided.  Where appropriate, logic diagrams and element operating characteristic diagrams also 
are provided. 


Section 3:  Auxiliary Function Settings describes settings for the demand meter, dc monitor, 
setting group selection, breaker monitor, optoisolated input debounce timers, and the SER 
function settings. 


Section 4:  SELOGIC Control Equations describes SELOGIC control equations in general, and the 
trip, close, event trigger, and output contact control equations in particular. 


Refer to Section 6:  Enter Relay Settings for complete relay Settings Sheets showing each of the 
relay settings and their ranges in the order that they are entered. 


PROTECTION ELEMENT SELECTION GUIDELINES 
The SEL-300G provides protection elements suitable for applications protecting many different 
generators.  Use Table 2.1 to help select the protection elements to enable for specific 
applications. 


Table 2.1:  Recommended Protection Elements by Generator Grounding Method 


Element/Function 
High-Impedance 


Grounded 
Resistance 
Grounded 


Solidly 
Grounded 


21 Backup Element Mho Distance (D) 
or Compensator Distance (DC) 


Availablea Availablea Availablea 


24 Volts/Hertz Element Recommended Recommended Recommended 
27 Undervoltage Optional Optional Optional 
32 Reverse/Low-Forward Power Recommended Recommended Recommended 
40 Loss-of-Field  Recommended Recommended Recommended 
46 Negative-Sequence Overcurrent Recommended Recommended Recommended 
50N/51N Neutral Overcurrent Suggestedb Suggestedb Recommended 
50P Phase Overcurrent Not Recommended Not Recommended Recommended 
51C/51V Voltage-Controlled/ 
Voltage-Restrained Time-Overcurrent 


Availablea Availablea Availablea 
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Element/Function 
High-Impedance 


Grounded 
Resistance 
Grounded 


Solidly 
Grounded 


59 Overvoltage Optional Optional Optional 
64G 100% Stator Ground Elements Recommended Suggestedc Not Recommended
78 Out-of-Step Recommended Recommended Recommended 
81 Over-/Underfrequency Elements Recommended Recommended Recommended 
81 AC Abnormal Frequency Scheme Available Available Available 
87 Current Differential Elements 
(Available with Models 0300G1 and 
0300G3) 


Suggested for  
large machines 


Optional Optional 


87N Ground Differential Element 
(Available with Models 0300G0 and 
0300G2) 


Not Recommended Suggestedb Suggestedb 


a Select no more than one of 21D, 21DC, 51C, or 51V elements for backup protection 


b If neutral CT is available 


c If neutral PT is available 


RELAY CONFIGURATION SETTINGS 
The SEL-300G provides several settings that configure the relay for the particular generator being 
protected.  These settings appear in Group settings or in the Global settings. 


Note: All relay settings are made in secondary quantities (amps, volts, ohms, or watts). 


Group 1, Group 2 Configuration Setting Descriptions  
Relay Identifier: (39 Characters) 


RID = GENERATOR 


Terminal Identifier: (59 Characters) 
TID = TERMINAL 


The Relay Identifier and Terminal Identifier settings are text settings that allow you to 
identify this relay application.  The text you enter in these settings appears at the top of the 
serial port command responses sent from the relay.  These identifiers assist you in analyzing 
data collected from individual relays.  Suggested identifier settings include the name, number, 
or position of the generator protected and primary or backup protection designation for the 
relay itself. 


Phase (IA, IB, IC) CT Ratio (1–10000; 5 A models) CTR = 100 
  (1–50000; 1 A models) 


Differential (IA87, IB87, IC87) CT Ratio (1–10000; 5 A models) CTRD = 100 
  (1–50000; 1 A models) 


Neutral (IN) CT Ratio (1–10000) CTRN = 100 
Phase (VA, VB, VC) PT Ratio (1.00–10000.00) PTR = 100.00 
Neutral (VN) PT Ratio (1.00–10000.00) PTRN = 100.00 
Synch-Voltage (VS) PT Ratio (1.00–10000.00) PTRS = 100.00 
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Protection instrument transformer ratio settings allow the relay to display meter and event report 
quantities in primary amperes, kilovolts, megawatts, and megavars.  Enter these settings as a ratio 
to one.  For instance, a 1000:5-phase current transformer ratio yields CTR = 200. 


Figure 2.3 illustrates selection of the CTRN and PTRN settings.  When a neutral current 
transformer is connected directly in the generator neutral circuit, set CTRN equal to the 
current transformer ratio to one. 


In applications where the neutral current transformer is connected in the grounding 
transformer secondary circuit, set CTRN equal to current transformer ratio to one.  The relay 
will report the current in the grounding transformer secondary rather than the generator 
primary neutral current. 


In high-impedance grounded applications, the relay VN input can be directly connected to the 
generator grounding transformer secondary if neutral voltages during ground faults will not 
exceed 300 Vac.  When directly connected, set PTRN equal to the grounding transformer 
voltage ratio to one.  If an auxiliary transformer is connected between the grounding 
transformer secondary and the relay, calculate PTRN by multiplying the grounding 
transformer ratio by the auxiliary transformer ratio to one. 


In resistance grounded applications, calculate PTRN directly using the neutral voltage 
transformer ratio to one. 


The synchronism checking PT may be connected phase-to-phase or phase-to-ground on the 
system side of the generator circuit breaker.  Select a PT ratio so the voltage presented to the 
relay is nominally equal to the phase-to-phase or phase-to-ground voltage presented to the 
relay by the generator PTs.  The relay does not require that the synchronism PT connection 
match the generator PT connection.  For instance, you may elect to use open-delta connected 
generator PTs and a phase-to-ground connected synchronism PT. 


Nominal Machine Voltage (80.0–140.0 V l-l, 3-wire delta voltage input) VNOM = 115.0 
(80.0–208.0 V l-l, 4-wire wye voltage input) 


Calculate VNOM by dividing the generator rated line-to-line voltage by the phase 
transformer ratio, PTR.  In a typical 13.8 kV generator application, when PTR = 120, VNOM 
= 115.  The relay volts/hertz, voltage-restrained overcurrent, and directional power elements 
use the VNOM setting. 


Nominal Machine Current (1.0–10.0 A; 5 A Models) INOM = 5.0  
(0.2–2.0 A; 1 A Models) 


Calculate INOM using the following equation: 


A
CTR


kV•73.1
1000•MVA


INOM
⎥⎦
⎤


⎢⎣
⎡


=  


where 


MVA = generator rated output, MVA 
kV = generator rated phase-to-phase voltage, kV 
CT = phase current transformer ratio to one 


The relay directional power, negative-sequence overcurrent, and differential elements use the 
INOM setting. 
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DWG:  M300G041
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Figure 2.3:  PTRN, CTRN Setting Examples 
 
Phase Rotation (ABC, ACB) PHROT = ABC 


Set PHROT to define the phase labeling standard for the generator being protected.  Set 
PHROT = ABC when B-phase voltage lags A-phase voltage by 120°.  Set PHROT = ACB 
when B-phase voltage leads A-phase voltage by 120°. 
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DWG: M300G042
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Figure 2.4:  Phase Rotation Settings 


 
Enable Backup Protection (N, D, DC, V, C; firmware ≥ R320) EBUP = D 
Enable Backup Protection (N, D, V, C; firmware ≤ R320) EBUP = D 
Enable Load Encroachment (Y, N) ELE = N 


 (firmware ≥ R320) 
Enable Volts/Hertz Protection (Y, N) E24 = Y 
Enable Synchronism Checking Function (Y, N) E25 = Y 


  (0300G2 & 0300G3) 
Enable Undervoltage (U/V) Protection (Y, N) E27 = Y 
Enable Reverse/Low-Forward Power Protection (Y, N) E32 = Y 
Enable Loss-of-Field Protection (Y, N) E40 = Y 
Enable Neg-Seq Overcurrent (O/C) Protection (Y, N) E46 = Y 
Enable O/C Protection (Y, N) E50 = N 
Enable 87-Input O/C Protection (Y, N) E50_87 = N 


 (0300G1 & 0300G3) 
Enable Time-O/C Protection (Y, N) E51 = Y 
Enable Overvoltage (O/V) Protection (Y, N) E59 = Y 
Enable 100% Stator Ground Protection (Y, N) E64 = Y 
Enable Out-of-Step Protection (1B, 2B, N) E78 = 1B 
Enable Frequency Protection (N, 1–6) E81 = 2 
Enable Abnormal Frequency Scheme (N, 1–6) E81AC = 6 
Enable Differential Protection (G, T, N) E87 = G 


  (0300G1 and 0300G3) 
Enable Ground Differential Protection (Y, N) E87N = Y 


  (0300G0 and 0300G2) 
The settings above enable specific protection functions.  These settings are described fully 
elsewhere in this section or in Section 13:  Differential Element Setting. 


Enable SELOGIC control equations (0–16) ESV = 6 
Enable Set/Reset Latch Variables (0–16) ESL = 5 
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The ESV setting enables nondedicated SELOGIC control equation variables.  Each variable is 
equipped with settable time-delay pickup and time-delay dropout timers.  The ESL setting 
enables nondedicated SELOGIC control equation latch variables.  Section 4:  SELOGIC 
Control Equations fully describes these enables and their SELOGIC control equations. 


Enable Demand Metering (THM, ROL)  EDEM = ROL 
The relay demand metering function can use thermal (THM) or rolling average (ROL) 
demand calculation types.  These options and other settings associated with the demand 
metering function are described in Section 3:  Auxiliary Function Settings. 


Global Configuration Setting Descriptions (SET G) 
Length of Event Report (15, 30, 60, 180 cycles; firmware ≥ R320) LER = 15 
Length of Event Report (15, 30 cycles; firmware < R320) LER = 15 
Length of Prefault in Event Report (1 to LER-1 cycles) PRE = 4 


The LER and PRE settings configure the full-length event reports that the SEL-300G saves.  
The LER setting defines the event report length in cycles. 


When you set LER = 15, the relay saves 29 event reports that are each 15 cycles long.  When 
you set LER = 30, the relay saves 15 event reports that are each 30 cycles long. 


When you set LER = 60, the relay saves 8 event reports that are each 60 cycles long.  When 
you set LER = 180, the relay saves 2 event reports that are each 180 cycles long. 


The PRE setting defines the amount of pretrigger data stored with each event report.  Setting 
PRE = 4 causes the relay to save four cycles of pretrigger data with each report.  This 
typically gives a good snapshot of the generator conditions prior to the fault or triggering 
condition. 


Front-Panel Time Out (OFF, 0–30 min) FP_TO = 15 
The front-panel LCD display will return to its default display after FP_TO minutes of no 
activity.  This feature improves the security of the front-panel setting entry interface in the 
event that setting entry is interrupted. 


Date Format (MDY, YMD) DATE_F = MDY 
The DATE_F setting allows you to change the relay date presentation format to either the 
North American standard (Month/Day/Year) or the engineering standard (Year/Month/Day). 


DC Battery Voltage Level 1 (OFF, 20–300 Vdc) DCHIP = OFF 
DC Battery Voltage Level 2 (OFF, 20–300 Vdc) DCLOP = OFF 


The DCHIP and DCLOP settings configure operation of the station dc monitoring function, 
described in detail in Section 3:  Auxiliary Function Settings. 


Note: All relay settings are made in secondary quantities (amps, volts, ohms, or watts). 
Nominal Frequency (50, 60 Hz) FNOM = 60 


Set FNOM equal the generator rated operating frequency.  The relay volts/hertz element and 
frequency tracking function use the FNOM setting. 


Phase Potential Connection (D, Y) DELTA_Y = Y 
Set DELTA_Y to define whether relay ac potentials are supplied by open-delta (DELTA_Y = 
D) or four-wire wye (DELTA_Y = Y) connected generator voltage transformers.  See Section 
5:  Installation for connection examples. 
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Group Change Delay (0–400 sec) TGR = 1 
The TGR setting defines the amount of time that the SS1 and SS2 SELOGIC control equation 
logic results must remain stable before the relay enables a new setting group.  Typically, a 
one second delay is sufficient.  Additional description and examples are provided in 
Section 4:  SELOGIC Control Equations. 


Setting Group Selection 
SS1 = 1 
SS2 = 0 


SS1 and SS2 are SELOGIC control equations that help define when setting Group 1 and setting 
Group 2 are active.  With the settings shown above, SS1 is set equal to logical 1, thus setting 
Group 1 always is active.  Section 3:  Auxiliary Function Settings provides additional discussion 
and examples. 


BKR Monitor 
The settings associated with the breaker monitor function are described in Section 3:  Auxiliary 
Function Settings. 


Optoisolated Input Timers 
Each optoisolated input is equipped with an internal time-delay pickup timer.  These timers serve 
as settable debounce or recognition delay timers.  Application and setting selections for these 
timers is described in Section 3:  Auxiliary Function Settings. 


Local Bit Settings 
The relay is equipped with several nondedicated Relay Word bits whose logical condition is 
controlled by the relay front-panel CONTROL commands.  You can use these Relay Word bits 
to enable or disable protection functions, change tripping logic, close output contacts, etc.  Use of 
this feature is described in Section 4:  SELOGIC Control Equations. 


Display Point Settings 
The relay display point function allows you to display messages, including measured analog 
quantities, on the relay front-panel LCD.  You configure the messages to display the present state 
of the generator or relay by defining the indicating condition and the message to be displayed 
when that condition is true and false.  Section 4:  SELOGIC Control Equations provides 
additional descriptions and setting examples. 


DISTANCE ELEMENTS 


Element Description 


Functional Description 
The SEL-300G provides a two-zone distance element designed for backup distance protection for 
system phase-to-phase and three-phase faults.  Each zone is equipped with independently settable 
forward reach, reverse offset, maximum torque angle, step-up transformer compensation, and 
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definite-time delay. You can select either mho distance or compensator distance as the operating 
principle of the distance elements. 


Compensator distance elements are included for users who desire a different operating principle 
for the system backup distance relaying. Compensator distance elements consist of phase-to-
phase and three-phase elements and are implemented in SEL-300G relays with firmware versions 
R320 and later. 


In typical applications, you may wish to set the Zone 1 element to reach into the generator step-up 
transformer, and with a short time delay, to provide backup protection for low-side transformer 
winding and bushing phase-to-phase faults.  The Zone 2 element may then be set to reach through 
the step-up transformer into the system and with a longer time delay. You can use the load 
encroachment feature to prevent misoperation of the distance elements due to heavy load 
conditions. 


The relay includes a user settable SELOGIC control equation to disable the distance elements, as 
well as supervision by the 60LOP loss-of-potential logic and a simple load encroachment 
function to provide three-phase element security under maximum generator loading conditions. 


Setting Descriptions—Mho Elements 
Enable System Backup Protection (N, D, DC, V, C; firmware ≥ R320) EBUP = D 
Enable Backup Protection (N, D, V, C; firmware < R320) EBUP = D 
21 Mho Elements 


Set EBUP = D to enable phase Mho distance elements.  If system backup protection is not 
required, set EBUP = N. When EBUP ≠ D, the 21P1P, 21P1T, 21P2P, and 21P2T Relay 
Word bits are inactive and the relay hides the following relay settings (Z1R through 21PTC), 
which do not need to be entered. (See Voltage-Controlled/Restrained Time-Overcurrent 
Elements for EBUP = V and C setting descriptions.) 


Zone 1 Phase Distance Reach (OFF, 0.1 to 100.0 ohms) Z1R = 8.0 
Zone 1 Phase Distance Offset (0.0 to 10.0 ohms) Z1O = 0.0 


Set Z1R to define the forward (toward the system) phase distance reach, defined in secondary 
ohms.  Set ELE = Y to include a load encroachment function for distance element security 
under heavy load. This will eliminate load impedance concerns when selecting the Z1R reach 
setting.  Setting Z1R = OFF disables the element and causes the relay to hide the balance of 
the settings associated with Zone 1.   


The Z1O setting defines the element offset.  When an SEL-300G0 or SEL-300G2 Relay is 
applied with current transformers as shown in Figure 5.17 or Figure 5.18, you may wish to 
apply a positive offset equal to the generator impedance as backup generator phase-to-phase 
fault protection. 


Zone 1 Maximum Torque Angle (90 to 45 degrees) MTA1 = 88 
Set MTA1 equal to the angle of the transformer plus system impedance defined by the Zone 1 
reach setting.  The relay places the distance element maximum reach along a line at the angle 
defined by the MTA1 setting. 


Zone 1 Transformer Compensation Angle (0, –30, +30 degrees) Z1CMP = 0 
Use the Z1CMP setting to compensate the phase distance element for the presence of a delta-
wye generator step-up transformer between the generator and system. When the element is 
not set to reach through the step-up transformer, set Z1CMP = 0.  When the element is set to 
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respond to phase faults on the high side of a delta-wye transformer, and the system phase-to-
neutral voltage phase angle leads the generator phase-to-neutral voltage phase angle by 30°, 
set Z1CMP = –30°.  When the system phase-to-neutral voltage phase angle lags the generator 
phase-to-neutral voltage phase angle by 30°, set Z1CMP = +30°. 


Zone 1 Phase Distance Time Delay (0.00 to 400.00 s) Z1D = 0.00 
The Z1D setting defines the Zone 1 element definite-time delay. 


Zone 2 Phase Distance Reach (OFF, 0.1 to 100.0 ohms) Z2R = 16.0 
Zone 2 Phase Distance Offset (0.0 to 10.0 ohms) Z2O = 0.0 


Set Z2R to define the forward (toward the system) phase distance reach, defined in secondary 
ohms.  Set ELE = Y to include a load encroachment function for distance element security 
under heavy load. This will eliminate load impedance concerns when selecting the Z2R reach 
setting.  Setting Z2R = OFF disables the element and causes the relay to hide the balance of 
the settings associated with Zone 2. 


The Z2O setting defines the Zone 2 element offset.  When an SEL-300G0 or SEL-300G2 
Relay is applied with current transformers as shown in Figure 5.17 or Figure 5.18, you may 
wish to apply a positive offset equal to the generator impedance as backup generator fault 
protection. 


Zone 2 Maximum Torque Angle (90 to 45 degrees) MTA2 = 88 
Set MTA2 equal to the angle of the transformer plus system impedance defined by the Zone 2 
reach setting.  The relay places the distance element maximum reach along a line at the angle 
defined by the MTA2 setting. 


Zone 2 Transformer Compensation Angle (0, –30, +30 degrees) Z2CMP = 0 
Use the Z2CMP setting to compensate the phase distance element for the presence of a delta-
wye generator step-up transformer between the generator and system. When the element is 
not set to reach through the step-up transformer, set Z2CMP = 0.  When the element is set to 
respond to phase faults on the high side of a delta-wye transformer, and the system phase-
neutral voltage phase angle leads the generator phase-to-neutral voltage phase angle by 30°, 
set Z2CMP = –30°.  When the system phase-to-neutral voltage phase angle lags the generator 
phase-neutral voltage phase angle by 30°, set Z2CMP = +30°. 


Zone 2 Phase Distance Time Delay (0.00 to 400.00 s) Z2D = 0.00 
The Z2D setting defines the Zone 2 element definite-time delay. 


Minimum Power Factor (OFF, 0.98 to 0.50; firmware < R320) MPF = 0.80 
Maximum Generator Load (0.5 to 3.0 per unit; firmware < R320) MXLD = 1.2 


See Setting Descriptions—Load Encroachment on page 2-14. 


21P Element Torque Control (SELOGIC control equation) 21PTC = !3PO 
The phase distance elements are enabled when the result of 21PTC equals logical 1.  The 
elements are blocked when the 21PTC SELOGIC control equation result equals logical 0.  
Typically, the 21PTC SELOGIC control equation should be set so the elements are enabled 
when the generator main circuit breaker is closed (!3PO).  Other supervisory conditions may 
be added if your application requires. 


Note: Loss-of-potential (60LOP) supervision is built into the element logic so it does not need 
to be added to the 21PTC SELOGIC control equation setting. 
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Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
21P1P Instantaneous Zone 1 Phase Mho Distance 


Element Pickup 
Indication, Testing, SER, 
Event Triggering 


21P1T Time-Delayed Zone 1 Phase Mho Distance 
Element Pickup 


Indication, Testing, Tripping 


21P2P Instantaneous Zone 2 Phase Mho Distance 
Element Pickup 


Indication, Testing, SER, 
Event Triggering 


21P2T Time-Delayed Zone 2 Phase Mho Distance 
Element Pickup 


Indication, Testing, Tripping 


Setting Descriptions—Compensator Elements 
21 Compensator Elements (available in relays with firmware versions R320 and later) 


Set EBUP = DC to enable compensator distance elements. When EBUP ≠ DC, the MPP1P, 
MABC1P, 21C1P, 21C1T, MPP2P, MABC2P, 21C2P, and 21C2T Relay Word bits are 
inactive and the relay hides the following relay settings (Z1C through 21CTC), which do not 
need to be entered. 


Zone 1 Compensator Reach (OFF, 0.1 to 100.0 ohms) Z1C = 8.0 
Zone 1 Compensator Offset (0.0 to 10.0 ohms) Z1CO = 0.0 


Set Z1C to define the forward (toward the system) phase distance reach, defined in secondary 
ohms.  Set ELE = Y to include a load encroachment function for distance element security 
under heavy load. This will eliminate load impedance concerns when selecting the Z1C reach 
setting.  Setting Z1C = OFF disables the element and causes the relay to hide the balance of 
the settings associated with Zone 1.   


The Z1CO setting defines the element offset for the three-phase faults.  When an SEL-300G0 
or SEL-300G2 Relay is applied with current transformers as shown in Figure 5.17 or 
Figure 5.18, you may wish to apply a positive offset equal to the generator impedance as 
backup generator phase fault protection. 


Zone 1 Compensator Time Delay (0.00 to 400.00 s) Z1CD = 0.00 
The Z1CD setting defines the Zone 1 element definite-time delay. 


Zone 1 Phase-Phase Current FD (0.5 to 170.0 A) 50PP1 = 0.5 
Set 50PP1 to its minimum value unless higher value is required by special condition. 


Zone 1 Pos-Seq Impedance Angle (90 to 45 deg) ZANG1 = 88 
Set ZANG1 equal to the angle of the transformer plus system impedance defined by the Zone 
1 reach setting.  The relay places the distance element maximum reach along a line at the 
angle defined by the ZANG1 setting. 


Zone 2 Compensator Reach (OFF, 0.1 to 100.0 ohms) Z2C = 16.0 
Zone 2 Compensator Offset (0.0 to 10.0 ohms) Z2CO = 0.0 


Set Z2C to define the forward (toward the system) phase distance reach, defined in secondary 
ohms.  Set ELE = Y to include a load encroachment function for distance element security 
under heavy load. This will eliminate load impedance concerns when selecting the Z2C reach 
setting.  Setting Z2C = OFF disables the element and causes the relay to hide the balance of 
the settings associated with Zone 2. 







2-14 Relay Element Settings 
 


Date Code 20081231  SEL-300G Instruction Manual 


The Z2CO setting defines the element offset for the three-phase faults.  When an SEL-300G0 
or SEL-300G2 Relay is applied with current transformers as shown in Figure 5.17 or 
Figure 5.18, you may wish to apply a positive offset equal to the generator impedance as 
backup generator three-phase fault protection. 


Zone 2 Compensator Time Delay (0.00 to 400.00 s) Z2CD = 0.00 
The Z2CD setting defines the Zone 2 element definite-time delay. 


Zone 2 Phase-Phase Current FD (0.5 to 170.0 A) 50PP2 = 0.5 
Set 50PP2 to its minimum value unless higher value is required by special condition. 


Zone 2 Pos.-Seq. Impedance Angle (90 to 45 deg) ZANG2 = 85 
Set ZANG2 equal to the angle of the transformer plus system impedance defined by the Zone 
2 reach setting.  The relay places the distance element maximum reach along a line at the 
angle defined by the ZANG2 setting. 


21C Element Torque Control (SELOGIC control equation) 21CTC = !3PO 
The phase distance elements are enabled when the result of 21CTC equals logical 1.  The 
elements are blocked when the 21CTC SELOGIC control equation result equals logical 0.  
Typically, the 21CTC SELOGIC control equation should be set so the elements are enabled 
when the generator main circuit breaker is closed (!3PO).  Other supervisory conditions may 
be added if your application requires. 


Note: Loss-of-potential (60LOP) supervision is built into the element logic so it does not need 
to be added to the 21CTC SELOGIC control equation setting. 


Relay Word Bits  


Relay Word Bit Function Description Typical Applications
MPP1P Instantaneous Zone 1 Phase-Phase 


Compensator Distance Element Pickup 
Indication, Testing, SER, 
Event Triggering 


MABC1P Instantaneous Zone 1 Three-Phase 
Compensator Distance Element Pickup 


Indication, Testing, SER, 
Event Triggering 


21C1P Instantaneous Zone 1 Phase-Phase or Three-
Phase Compensator Distance Element Pickup 


Indication, Testing, SER, 
Event Triggering 


21C1T Time-Delayed Zone 1 Phase-Phase or Three-
Phase Compensator Distance Element Pickup 


Indication, Testing, Tripping 


MPP2P Instantaneous Zone 2 Phase-Phase 
Compensator Distance Element Pickup 


Indication, Testing, SER, 
Event Triggering 


MABC2P Instantaneous Zone 2 Three-Phase 
Compensator Distance Element Pickup 


Indication, Testing, SER, 
Event Triggering 


21C2P Instantaneous Zone 2 Phase-Phase or Three-
Phase Compensator Distance Element Pickup 


Indication, Testing, SER, 
Event Triggering 


21C2T Time-Delayed Zone 2 Phase-Phase or Three-
Phase Compensator Distance Element Pickup 


Indication, Testing, Tripping 


Setting Descriptions—Load Encroachment 
Enable Load Encroachment (Y, N) ELE = N 


The setting ELE is available in relays with firmware ≥ R320 only.  
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Minimum Power Factor (OFF, 0.98 to 0.50) MPF = 0.80 
Maximum Generator Load (0.5 to 3.0 per unit) MXLD = 1.2 


The MPF and MXLD settings define the operation of a simple load encroachment function 
that increases the security of the phase distance elements under heavy load.  If load 
encroachment security is desired, set MPF to the minimum rated generator power factor 
under maximum load conditions.  Set the maximum emergency generator power output in per 
unit of the generator rating.  If load encroachment security is not desired, set MPF = OFF to 
disable the function. Also you can disable the function by setting ELE = N.  When load 
encroachment is disabled, the ZLOAD Relay Word bit is inactive. 


Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
ZLOAD Load encroachment element Inhibit Phase Distance Elements 


Setting Calculation 


Information Needed 
• Zone 1 and Zone 2 reach apparent impedance magnitude and angle 
• Generator Step-Up Transformer Connection (only required if Zone 1 or Zone 2 mho 


element is used and set to reach through the transformer) 
• Zone 1 and Zone 2 coordination time delay 
• Generator Rated Minimum Power Factor and Maximum Emergency Loading 


Recommendations 
The phase distance elements provide backup phase fault protection for the system, step-up 
transformer, and generator.  Zone 2 is typically set to reach far out onto the system.  Usually, a 
fault study is necessary to determine the magnitude and angle of the apparent impedance seen by 
the generator relay during a system fault.  Set the reach (ZnR or ZnC) equal to the apparent 
positive-sequence impedance calculated by fault study for a three-phase fault at the desired reach 
limit point on the system.  All distance element reaches and offsets are set in secondary ohms. 


Note: For firmware versions lower than R320 (or lower than R240 for older hardware), set the 
ZnR equal to three times the apparent impedance when ZnCMP = +30 or –30. 


After determining the minimum reach setting required to obtain desired sensitivity with all 
system breakers closed, you may wish to determine the element sensitivity when one or more 
local bus circuit breakers are open.  This operating contingency review shows with which relays 
the Zone 2 element time delay must coordinate. 


Zone 1 is usually set shorter than Zone 2, with a corresponding shorter time delay. 


The distance element offset required for each zone depends on the location of the relay current 
transformers.  If current transformers are connected near the generator neutral, as in Figure 5.14 
and Figure 5.15, set the distance element offsets equal to the generator dX′ .  If current 
transformers are connected as in Figure 5.17 and Figure 5.18, a nonzero offset can provide some 
backup phase fault protection for the generator.  Offsets for Zone 1 and Zone 2 should be set 
equal, unless some special performance characteristic is desired. 
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The transformer compensation settings, Z1CMP and Z2CMP, instruct the relay to compensate the 
mho distance elements for the influence of the delta-wye connected generator step-up 
transformer.  When an element is not set to reach through the step-up transformer, set ZnCMP = 
0, where n = 1 or 2.  When the element is set to respond to phase faults on the high side of a 
delta-wye transformer and the system phase-to-neutral voltage phase angle leads the generator 
phase-to-neutral voltage phase angle by 30°, set ZnCMP = –30°.  When the system phase-to-
neutral voltage phase angle lags the generator phase-to-neutral voltage phase angle by 30°, set 
ZnCMP = +30°. Note that the compensator distance elements inherently compensate for the 
step-up transformer. 


In order to obtain desired sensitivity, it may be necessary to set the Zone 1 and/or Zone 2 element 
reach very long.  Due to the long reach setting, many phase distance relays would pick up during 
heavy load.  The SEL-300G distance elements are supervised by a simple load encroachment 
function (when enabled) that prevents distance element misoperation under heavy load.  To 
enable load encroachment supervision, set ELE = Y, MPF equal to the generator minimum power 
factor, and MXLD to the maximum emergency load rating of the generator in per unit of 
continuous rating.  The relay uses these settings to define a region in the impedance plane where 
operation of the three-phase elements is prevented.  This allows you to make phase distance 
element reach settings without concern for misoperation under heavy generator load. 


Phase Distance Tripping 
Because the phase distance elements detect system faults of an enduring and potentially serious 
nature, tripping generally is applied to the generator main breaker, the field breaker, the prime 
mover, and the generator lockout relay.  Refer to Section 4:  SELOGIC Control Equations for 
more detail and examples of tripping SELOGIC control equations. 
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Element Operating Characteristics 
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Figure 2.5:  Distance Element Operating Characteristics 
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Figure 2.6:  Zone 1 Mho Element Logic 







2-18 Relay Element Settings 
 


Date Code 20081231  SEL-300G Instruction Manual 


Relay
Word
Bits


60LOP
21PTC


Z2P


Z1P
Z1D


0


21P2T


21P2P


21P1T


21P1P
From above:


DWG:  M300G231a


Relay
Word
Bits


Z2D


0
ZLOAD


 
Figure 2.7:  Mho Distance Element Logic 
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ZLOAD


INOM is CT rating, 1 A or 5 A.
ABC1F and PP1F are values calculated by compensator distance element.
Zone 2 logic is similar to Zone 1.
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Figure 2.9:  Zone 1 Compensator Element Logic 
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VOLTS/HERTZ ELEMENT 


Element Description 


Functional Description 
Overexcitation occurs when a generator or transformer magnetic core becomes saturated.  When 
this happens, stray flux is induced in nonlaminated components, causing overheating.  In the 
SEL-300G Relay, overexcitation is detected by a volts/hertz element.  The SEL-300G provides a 
sensitive definite-time volts/hertz element, plus a tripping element with a composite operating 
time.  The relay calculates the present machine volts/hertz as a percent of nominal, based on the 
present and nominal voltages and frequencies.  The settings VNOM and FNOM define the 
nominal machine voltage and frequency, respectively. 


Figure 2.16 shows the volts/hertz element logic.  If the 24TC SELOGIC control equation is true 
and the present volts/hertz exceed the 24D1P setting, the relay asserts the 24D1 Relay Word bit 
and starts the 24D1D timer.  If the condition remains for 24D1D seconds, the relay asserts the 
24D1T Relay Word bit.  Typically, you should apply this element as an overexcitation alarm. 


For volts/hertz tripping, the relay provides a time-integrating element with a settable operating 
characteristic.  You can set the element to operate as an inverse-time element, a composite 
element with an inverse-time characteristic and a definite-time characteristic, or as a dual-level, 
definite-time element.  In any case, the element provides a linear reset characteristic with a 
settable reset time.  This element also is supervised by the 24TC torque-control setting. 


The volts/hertz tripping element has a percent-travel operating characteristic similar to that 
employed by an induction-disk time-overcurrent element.  This characteristic coincides well with 
the heating effect that overexcitation has on the generator components. 


Setting Descriptions  
Enable Volts/Hertz Protection (Y, N) E24 = Y 


Set E24 = Y to enable volts/hertz protection elements.  If volts/hertz protection is not 
required, set E24 = N.  When E24 = N, the 24TC, 24D1, 24D1T, 24C2, 24C2T, and 24CR 
Relay Word bits are inactive and the following relay settings are hidden and do not need to be 
entered. 


Level 1 Volts/Hertz Pickup (100–200%) 24D1P = 105 
Level 1 Time Delay (0.00–400.00 s) 24D1D = 1.00 


The Level 1 element should be applied as an overexcitation alarm.  The 24D1P setting 
defines the percent volts/hertz alarm pickup.  The 24D1 Relay Word bit asserts without time 
delay when the measured machine volts/hertz exceed the 24D1P setting.  The 24D1T Relay 
Word bit asserts 24D1D seconds after 24D1 asserts if the measured volts/hertz remain above 
the 24D1P setting. 


Level 2 Composite Curve Shape (OFF, DD, ID, I) 24CCS = DD 
The 24CCS setting defines the overexcitation tripping element time-delay characteristic or 
disables the element when set equal to OFF.  Set 24CCS = OFF if you do not require Level 2 
volts/hertz protection.  When 24CCS = OFF, the other Level 2 settings are hidden and do not 
need to be entered.  
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When 24CCS = DD: 
The element operates with a dual-level, definite-time characteristic, illustrated in Figure 2.11. 


Level 2 Pickup One (100–200%) 24D2P1 = 110 
Level 2 Time-Delay One (0.00–400.00 s) 24D2D1 = 60.00 
Level 2 Pickup Two (100–200%) 24D2P2 = 118 
Level 2 Time-Delay Two (0.00–400.00 s) 24D2D2 = 6.00 


The SEL-300G asserts the 24C2 Relay Word bit without time delay when the machine 
volts/hertz exceed either the 24D2P1 or 24D2P2 setting.  If the volts/hertz percentage is 
greater than the 24D2P1 setting, but less than the 24D2P2 setting, the relay asserts the 24C2T 
Relay Word bit in 24D2D1 seconds.  When the volts/hertz percentage is greater than the 
24D2P2 setting, the relay asserts the 24C2T Relay Word bit in 24D2D2 seconds. 24D2P1 
must be set less than 24D2P2.  


When 24CCS = ID: 
The element operates with a composite inverse/definite-time characteristic illustrated in 
Figure 2.12. 


Level 2 Inverse-Time Pickup (100–200%) 24IP = 105 
Level 2 Inverse-Time Curve (0.5, 1.0, 2.0) 24IC = 2 
Level 2 Inverse-Time Factor (0.10–10.0 s) 24ITD = 0.100 
Level 2 Pickup Two (100–200%) 24D2P2 = 175 
Level 2 Time-Delay Two (0.00–400.00 s) 24D2D2 = 0.1 


The 24IP setting defines the pickup point of the inverse-time portion of the operating time 
curve.  The SEL-300G asserts the 24C2 Relay Word bit without time delay when the machine 
volts/hertz exceed the 24IP setting.  The 24IC setting defines the element operating time 
curve shape.  The 24ITD setting defines the inverse element operate time in seconds when the 
machine volts/hertz equals 200 percent.  The 24D2P2 and 24D2D2 settings define the pickup 
and definite operating time of the definite-time portion of the composite curve.  The relay 
asserts the 24C2T Relay Word bit in time defined by the inverse curve when the measured 
volts/hertz are less than the 24D2P2 setting.  The relay asserts the 24C2T Relay Word bit in 
time defined by the 24D2D2 definite-time settings when the measured volts/hertz are greater 
than the 24D2P2 setting.  24IP must be set less than 24D2P2. 


When 24CCS = I: 
The element operates with a simple inverse-time characteristic illustrated in Figure 2.13, 
Figure 2.14, or Figure 2.15, depending on the 24IC setting. 


Level 2 Inverse-Time Pickup (100–200%) 24IP = 105 
Level 2 Inverse-Time Curve (0.5, 1.0, 2.0) 24IC = 2 
Level 2 Inverse-Time Factor (0.10–10.0 s) 24ITD = 0.1 


The 24IP setting defines the pickup point of the inverse-time portion of the operating time 
curve.  The SEL-300G asserts the 24C2 Relay Word bit without time delay when the machine 
volts/hertz exceed the 24IP setting.  The 24IC setting defines the curve shape.  The 24ITD 
setting defines the inverse element operate time in seconds when the machine volts/hertz 
equal 200 percent.  The relay asserts the 24C2T Relay Word bit in time defined by the 
inverse curve when the machine volts/hertz exceed the 24IP setting. 
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When 24CCS = DD, ID, or I: 


Level 2 Reset Time (0.00–400.00 s) 24CR = 240.00 
The 24CR setting defines the composite element reset time.  When the element times out to 
trip, it will fully reset 24CR seconds after the applied volts/hertz drop below the element 
pickup setting.  The element reset characteristic is linear, so if the element times 60 percent 
toward a trip, it will fully reset (0.6 • 24CR) seconds after the applied volts/hertz drop below 
the element pickup setting.  When the element is reset, the relay asserts the 24CR Relay 
Word bit. 


24 Element Torque Control (SELOGIC control equation) 24TC = !60LOP 
Both volts/hertz elements are disabled when the 24TC SELOGIC control equation equals 
logical 0.  The elements are allowed to operate when the 24TC SELOGIC control equation 
equals logical 1.  Typically, the 24TC SELOGIC control equation should be set so the 
volts/hertz elements are allowed to operate when there is no loss-of-potential (60LOP) 
condition detected.  Other supervisory conditions may be added if your application requires. 


Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
24D1 Level 1 Volts/Hertz Instantaneous Pickup Indication, Event Triggering, 


SER Triggering, Testing 
24D1T Level 1 Volts/Hertz With Definite-Time 


Delay 
Indication, Event Triggering, 
SER Triggering 


24C2 Level 2 Volts/Hertz Pickup Indication, Event Triggering, 
SER Triggering, Testing 


24C2T Level 2 Volts/Hertz Trip Tripping, SER Triggering 
24CR Level 2 Volts/Hertz Reset Testing 


Setting Calculation 


Information Needed 
• Generator Manufacturer’s Overexcitation Limit Curve 
• Step-up Transformer Manufacturer’s Overexcitation Limit Curve on Generator 


Voltage Base (if transformer overexcitation protection is desired) 


Recommendations 
Use the Level 1 volts/hertz element as an overexcitation alarm.  Set 24D1P equal to or greater 
than 105 percent, but less than the minimum pickup of the Level 2 element.  Use a 24D1D time 
delay of 1.0 second to allow time for manual correction of an overexcitation condition prior to a 
trip. 


Use the Level 2 volts/hertz element as an overexcitation tripping element.  Select the dual level, 
composite inverse, or simple inverse operating time characteristic to conform with the generator 
manufacturer’s recommendations. 
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Volts/Hertz Tripping 
Volts/Hertz tripping elements are usually used to trip the main generator breaker and the field 
breaker and transfer auxiliaries, if needed.  Refer to Section 4:  SELOGIC Control Equations for 
more detail and examples of tripping SELOGIC control equations. 


Element Operating Characteristics 


Figure 2.11 and Figure 2.12 are similar to IEEE C37.102-1987 IEEE Guide for AC Generator 
Protection Figure 4.5.4-1 and Figure 4.5.4-2. 


.01 0.1 1.0 10 100 1000


100


110


120


130


140


24D2P2=118%
24D2D2=6 s


24D2P1=110%
24D2D1=60 s


Time (Minutes)


Transformer Limit Curve
on Gen. Voltage Base


Mfg-Generator
Limit Curve


V
ol


ts
/H


er
tz


 (
%


)


DWG:  M300G043  
Figure 2.11:  Dual-Level Volts/Hertz Time-Delay Characteristic, 24CCS = DD 
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Figure 2.12:  Composite Inverse/Definite-Time Overexcitation 
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Figure 2.13:  Volts/Hertz Inverse-Time Characteristic, 24IC = 0.5 
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Figure 2.14:  Volts/Hertz Inverse-Time Characteristic, 24IC = 1 
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Figure 2.15:  Volts/Hertz Inverse-Time Characteristics, 24IC = 2 
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Figure 2.16:  Volts/Hertz Element Logic Diagram 


REVERSE/LOW-FORWARD POWER ELEMENT 


Element Description 


Functional Description 
Generator motoring occurs when prime mover input power to the generator is cut off while the 
generator is connected to the system.  When this happens, the generator acts as a synchronous 
motor to drive the prime mover shaft.  In steam turbine prime mover applications, generator 
motoring can quickly damage the turbine by causing overheating.  In applications of other prime 
movers, motoring can cause mechanical damage and/or unsafe operating conditions. 


Antimotoring protection in the SEL-300G is provided by a reverse/low-forward power element.  
This element measures the real-power flow from the generator.  If the generator real-power 
output drops below the element threshold, the relay asserts the Relay Word bit associated with the 
instantaneous threshold and starts the element definite timer. 


Two reverse-power thresholds are provided.  The threshold settings are made in per unit of rated 
generator power.  One per unit generator power is defined by the VNOM and INOM relay 
settings.  If two steps of reverse-power tripping are not required, you may elect to apply one 
threshold as a tripping interlock for sequential generator tripping.  The element setting ranges are 
broad enough to permit application of a threshold as a generator overload element. 


The reverse/low-forward power element is supervised by the 32PTC torque-control setting. 







2-28 Relay Element Settings 
 


Date Code 20081231  SEL-300G Instruction Manual 


Setting Descriptions  
Enable Reverse/Low-Forward Power Protection (Y, N) E32 = Y 


Set E32 = Y to enable reverse/low-forward power protection elements.  If 
reverse/low-forward power protection is not required, set E32 = N.  When E32 = N, the 
32PTC, 32P1, 32P1T, 32P2, and 32P2T Relay Word bits are inactive and the following relay 
settings are hidden and do not need to be entered. 


Level 1 Power Threshold (±0.0015 to ±3.0000 pu ) 32P1P = –0.0500 
Level 1 Power Time Delay (0.01–400.00 s) 32P1D = 20.00 


The Level 1 element should be applied as a tripping function.  The 32P1P setting defines the 
per unit power threshold.  With the example setting above, the 32P1 Relay Word bit asserts 
without time delay when the measured power exceeds 0.05 per unit into the machine.  The 
32P1T Relay Word bit asserts 32P1D seconds after 32P1 asserts.  One per unit power is 
defined by the VNOM and INOM settings. 


Level 2 Power Threshold (OFF, ±0.0015 to ±3.0000 pu) 32P2P = 0.0200 
Level 2 Power Time Delay (0.01–400.00 s) 32P2D = 1.00 


The Level 2 element may be applied as a sequential tripping interlock or as an overload 
function.  The 32P2P defines the per unit power threshold.  As set above, the 32P2 Relay 
Word bit asserts without time delay when the measured power falls below 0.02 per unit out of 
the machine.  The 32P2T Relay Word bit asserts 32P2D seconds after 32P2 asserts.  One per 
unit power is defined by the VNOM and INOM settings.  Set 32P2P = OFF to disable the 
second threshold and hide the 32P2D setting. 


32 Element Torque Control (SELOGIC control equation) 32PTC = !60LOP 
The reverse/low-forward power elements are disabled when the 32PTC SELOGIC control 
equation equals logical 0.  The elements are allowed to operate when the 32PTC SELOGIC 
control equation equals logical 1.  With the example setting, the reverse power function is 
allowed to operate when there is no loss-of-potential condition detected.  You may wish to 
torque control this function with the !3PO condition to disable the reverse power elements 
when the generator breaker is open. 


Relay Word Bits  
Relay Word Bit Function Description Typical Applications 


32P1 Level 1 Reverse/Low-Forward Power Pickup Indication, Event Triggering, 
SER Triggering, Testing 


32P1T Level 1 Reverse/Low-Forward Power Pickup 
With Definite-Time Delay 


Tripping, SER Triggering, 
Pickup Definite-Time Delay 


32P2 Level 2 Reverse/Low-Forward Power Pickup Indication, Event Triggering, 
SER Triggering, Testing 


32P2T Level 2 Reverse/Low-Forward Power Pickup 
With Definite-Time Delay 


Tripping, SER Triggering, 
Pickup Definite-Time Delay 
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Setting Calculation 


Information Needed 


• Prime Mover Manufacturer’s Rated Motoring Power and Motoring  
Withstand Time Limit 


• Generator Rated Power 


Recommendations 
Calculate the prime mover rated motoring power in per unit of generator rated power by dividing 
motoring power by the generator rating. 


PowerRatedGenerator
PowerMotoringRatedPowerMotoringUnitPer −


=  


Motoring power is negative by definition, since it is flowing into rather than out of the generator. 


To ensure that the element securely detects this level of power, the element setting should be 
adjusted to account for measuring errors in the relay, voltage transformers, and current 
transformers.  A 0.7 to 0.5 multiplier will provide secure detection of motoring conditions as low 
as 0.02 per unit, suggesting a 32P1P setting of 0.014 to 0.01 per unit.  Relay measuring error for 
the power element is specified as ±0.0015 per unit, ±2 percent of setting. 


32P1P =  (0.7 to 0.5) • (Per Unit Motor Power) per unit 


Use a 32P1D time delay of 20.0 to 30.0 seconds or as recommended by the prime mover 
manufacturer.  This delay prevents reverse-power tripping during machine paralleling operations. 


Use the Level 2 reverse/low-forward power element as a sequential tripping interlock or an 
overload element. 


When the Level 2 element is applied as a sequential tripping interlock, the 32P2P setting should 
be set using a low-forward power value, 5 to 10 percent of machine rating.  The element only 
should be permitted to cause a generator breaker trip after the prime mover trip has occurred.  The 
SELOGIC control equations used to implement sequential generator tripping are described in 
Section 4:  SELOGIC Control Equations of this instruction manual. 


When the Level 2 element is applied as an overload element, the 32P2P setting should be set in 
the range 1.05 to 1.10 per unit.  Because the element is implemented as a low-forward power 
function, the 32P2 Relay Word bit is asserted under normal loading conditions, but deasserted if 
generator output power exceeds the 32P2P setting.  Use the inverted Level 2 element, !32P2, to 
indicate an overload condition.  A SELOGIC control equation variable and associated pickup timer 
may be used to add desired time delay to the overload indication. 


Reverse-Power Tripping 
For antimotoring protection, reverse and low-forward power elements are used to trip the main 
generator breaker and the field breaker and transfer auxiliaries, if needed.  Refer to Section 4:  
SELOGIC Control Equations for more detail and examples of tripping SELOGIC control 
equations. 
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Element Operating Characteristics 
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Figure 2.17:  Reverse/Low-Forward Power Element Operating Characteristic 


32P1D


0


32P2D


0
32P2T


Switches Closed when
32PTC = Logical 1


DWG:  M300G056b


32P2


32P1T


32P1


32P2P


32P1P


Measured
Real Power


32PTC


SELOGIC
Settings


Settings


Relay
Word
Bits


 
Figure 2.18:  Reverse/Low-Forward Power Element Logic Diagram 
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LOSS-OF-FIELD ELEMENT 


Element Description 


Functional Description 
Loss-of-field current causes the synchronous generator to act as an induction generator.  The rotor 
speed increases, active power output decreases, and the generator pulls vars from system.  High 
currents are induced in the rotor and stator current as high as 2.0 per unit is possible.  These high 
currents cause dangerous overheating in a very short time. 


The SEL-300G detects loss-of-field using a pair of offset mho circles.  Since loss-of-field affects 
all three phases, the condition is a balanced one.  The SEL-300G uses measured positive-
sequence impedance to form the mho circles. 


Typically, Zone 1 and Zone 2 are offset from the impedance plane origin by a value equal to 
one-half the machine transient reactance.  Zone 1 is intended to operate with little time delay in 
the event of a loss-of-field under full load conditions.  Zone 2 reaches further and operates with a 
longer time delay.  Zone 2 is intended to trip for loss-of-field conditions that occur under light 
load conditions. 


For compatibility with some existing electromechanical loss-of-field relays, the SEL-300G 
Zone 2 element may be set with a positive offset. When Zone 2 is used in this manner, the relay 
provides a directional element with a settable angle characteristic.  The Zone 2 element would be 
used together with an undervoltage element to provide faster tripping if system voltage is 
depressed during the loss-of-field condition. 


The loss-of-field elements are supervised by the 40ZTC torque-control setting. 
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Figure 2.19:  Loss-of-Field Logic Diagram 
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Setting Descriptions  
Enable Loss-of-Field Protection (Y, N) E40 = Y 


Set E40 = Y to enable loss-of-field protection elements.  If loss-of-field protection is not 
required, set E40 = N.  When E40 = N, the 40ZTC, 40Z1, 40Z1T, 40Z2, and 40Z2T Relay 
Word bits are inactive and the relay does not require that the following settings be entered. 


Zone 1 Mho Diameter (OFF, 0.1–100.0 Ω, 5 A relay) 40Z1P = 13.4 
(OFF, 0.5–500.0 Ω, 1 A relay) 


Zone 1 Offset Reactance (–50.0–0.0 Ω, 5 A relay) 40XD1 = –2.5 
(–250.0–0.0 Ω, 1 A relay) 


Zone 1 Pickup Time Delay (0.00–400.00 s) 40Z1D = 0.00 
The Zone 1 element typically is applied as a tripping function.  Zone 1 diameter and offset 
setting guidelines are described below.  Set the Zone 1 offset equal to one-half the generator 
transient reactance, dX′ , in secondary ohms.  Zone 1 loss-of-field tripping is typically 
performed with short or zero time delay.  Any desired delay should be added using the 
40Z1D setting. 


The 40Z1 Relay Word bit asserts without time delay when the measured positive-sequence 
impedance falls within the Zone 1 mho circle defined by the offset and diameter settings.  
The 40Z1D Relay Word bit asserts 40Z1D seconds after 40Z1 asserts. 


Zone 2 Mho Diameter (OFF, 0.1–100.0 Ω, 5 A relay) 40Z2P = 13.4  
(OFF, 0.5–500.0 Ω, 1 A relay) 


Zone 2 Offset Reactance (–50.0–50.0 Ω, 5 A relay) 40XD2 = –2.5 
(–250.0–250.0 Ω, 1 A relay) 


Zone 2 Pickup Time Delay (0.00–400.00 s) 40Z2D = 0.50 
Zone 2 Directional Superv. Angle (–20.0°–0.0°) 40DIR = –10.0 


The Zone 2 element typically is applied as a time-delayed tripping function.  Zone 2 diameter 
and offset setting guidelines are described below. 


Zone 2 loss-of-field tripping typically is performed with 0.5 to 0.6 second time delay.  Set 
40Z2D equal to the desired delay. 


The 40DIR setting is hidden when 40XD2 < 0. 


The 40Z2 Relay Word bit asserts without time delay when the measured positive sequence 
impedance falls within the Zone 2 mho circle defined by the offset and diameter settings, and 
below the directional supervision line, if used.  The 40Z2T Relay Word bit asserts 40Z2D 
seconds after 40Z2 asserts. 


40Z Element Torque Control (SELOGIC control equation): 40ZTC = !60LOP 
The loss-of-field elements are disabled when the 40ZTC SELOGIC control equation equals 
logical 0.  The elements are allowed to operate when the 40ZTC SELOGIC control equation 
equals logical 1.  With the example setting, the loss-of-field elements are allowed to operate 
when there is no loss-of-potential condition detected. 


Note: The loss-of-field elements require at least 0.25 volts of positive-sequence voltage and 
0.25 amps of positive-sequence current to operate. 
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Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
40Z1 Zone 1 Loss-of-Field Pickup Indication, Event Triggering, 


SER Triggering, Testing 
40Z1T Zone 1 Loss-of-Field Pickup With Definite-


Time Delay 
Tripping, SER Triggering 


40Z2 Zone 2 Loss-of-Field Pickup Indication, Event Triggering, 
SER Triggering, Testing 


40Z2T Zone 2 Loss-of-Field Pickup With Definite-
Time Delay 


Tripping, SER Triggering 


Setting Calculation 


Information Needed 
• Generator direct axis reactance, dX , in secondary ohms 


• Generator transient reactance, dX′ , in secondary ohms 


• Generator rated line-to-line voltage, in secondary volts (VNOM setting) 
• Generator rated phase current, in secondary amps (INOM setting) 
• When a positive Zone 2 offset is desired, you also need: 


− Step-up transformer reactance XT, and system reactance Xsys, in 
 secondary ohms 


− Generator rated power factor 


Recommendations 
Two methods are available for loss-of-field protection; negative offset Zone 2 and positive offset 
Zone 2. Recommendations for both setting methods are provided. 


Loss-of-Field Protection Using a Negative Offset Zone 2 
When setting Zone 2 with a negative offset, set the Zone 1 diameter equal to 1.0 per unit 
impedance. 


Ω
INOM•1.73


VNOM40Z1P =  


Note: Typically the dX  is greater than 1 per unit impedance, however if dX  ≤ 1 per unit 
impedance, set the 40Z1P shorter such that the worst-case stable power system swing 
does not enter the Zone 1 characteristic. 


Set the Zone 1 offset equal to one-half the generator transient reactance, dX′ , in secondary ohms. 


Ω
2
X40XD1 d′−


=  


Zone 1 loss-of-field tripping is typically performed with short or zero time delay. 
seconds 0.040Z1D =  
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Set the Zone 2 diameter equal to the machine direct axis reactance, dX , in secondary ohms. 


Ω X40Z2P d=  


Set the Zone 2 offset equal to the Zone 1 offset. 


Ω
′−


=
2
X


2XD40 d  


Set the Zone 2 time delay long enough to avoid incorrect operation during a worst-case stable 
power system swing condition, typically, equal to 0.5 to 0.6 seconds or according to the generator 
manufacturer’s recommendations. 


seconds 0.540Z2D =  


In this case, the 40DIR setting is hidden. 


Loss-of-field protection typically trips the main generator breaker and the field breaker.  When 
applying loss-of-field protection with a negative Zone 2 offset, you can use the time-delay Zone 1 
and Zone 2 Relay Word bits, 40Z1T and 40Z2T, directly in the generator breaker and field 
breaker tripping SELOGIC control equations.  See Section 4:  SELOGIC Control Equations of this 
instruction manual for more details and an example. 


Loss-of-Field Protection Using a Positive Offset Zone 2 
When setting Zone 2 with a positive offset, set the Zone 1 diameter: 


Ω
2
X


X•1.140Z1P d
d


′−
+=  


Set the Zone 1 offset equal to one-half the generator transient reactance, dX′ , in secondary ohms. 


Ω
′−


=
2
X


1XD40 d  


Traditionally, the Zone 1 delay for this type of scheme is 0.25 seconds. 
second 0.2540Z1D =  


Set the Zone 2 diameter using the direct axis reactance and XS, the sum of the step-up 
transformer reactance XT and system reactance Xsys. 


Ω+= XSX•1.140Z2P d  


where XS = XT + Xsys 


Set the Zone 2 offset using the total reactance of XS. 
 XS40XD2 Ω=  


Traditionally, the Zone 2 delay for this type of scheme is 1 second. 
second 1.040Z2D =  


A shorter delay traditionally is applied if the Zone 2 element picks up at the same time that an 
undervoltage condition is detected.  This logic is discussed below. 


In this case, the 40DIR setting is required.  Set 40DIR equal to –20° or the arccosine of the 
minimum rated power factor, whichever is smaller. 
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When applying loss-of-field protection with a positive Zone 2 offset, you can use the 
time-delayed Zone 1 Relay Word bit, 40Z1T, and the long-time-delayed Zone 2 Relay Word bit, 
40Z2T, directly in the generator breaker and field breaker tripping SELOGIC control equations. 


The traditional application of this scheme provides accelerated (0.25 second) Zone 2 tripping in 
the event of an undervoltage condition occurring during the loss-of-field.  To achieve this 
accelerated tripping, it is necessary to use a SELOGIC control equation variable and a positive-
sequence undervoltage element, 27V1.  The undervoltage element generally is set 80 percent of 
nominal voltage for single machine buses and 87 percent for multimachine buses. 


To enable and set the undervoltage element, set 


V
1.732


VNOM•0.827V1P


YE27


=


=
 


Use any SELOGIC control equation variable to define a tripping condition for Zone 2 with 
undervoltage: 


seconds 0.00SVDO


seconds 0.25SV1PU


40Z227V1SV1


=


=


∗=


 


The Relay Word bit, SV1T, should be added to the SV4 SELOGIC control equation, along with 
the Zone 1 and Zone 2 conditions discussed above, to cause generator breaker and field breaker 
tripping.  See Section 4:  SELOGIC Control Equations for additional information on relay 
tripping logic and detailed setting examples. 
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Element Operating Characteristics 


X


R


DWG:  M300G047a


Zone 1


Zone 2


dX40Z2P =


pu1.040Z1P =


2
dX′−


 
Figure 2.20:  Loss-of-Field Element Operating Characteristic, 


Negative Zone 2 Offset 
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Figure 2.21:  Loss-of-Field Element Operating Characteristic, 


Positive Zone 2 Offset 


NEGATIVE-SEQUENCE OVERCURRENT ELEMENTS 


Element Description 


Functional Description 
Generator unbalance current causes high rotor heating.  IEEE Standard C50.13-1977 defined the 
ability of generators to withstand unbalance current in terms of negative-sequence current.  The 
standard defines a continuous withstand capability as well as a short-time capability, expressed in 
terms of tI 2


2 . 


The SEL-300G provides a negative-sequence definite-time overcurrent element suitable for 
unbalance alarm application and an tI2


2  time-overcurrent element for unbalance current tripping. 


The negative-sequence overcurrent elements are supervised by the 46QTC torque-control setting. 


Setting Descriptions  
Enable Neg.-Seq. Overcurrent Protection (Y, N) E46 = Y 


Set E46 = Y to enable negative-sequence overcurrent elements.  If negative-sequence 
overcurrent protection is not required, set E46 = N.  When E46 = N, the 46QTC, 46Q1, 
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46Q1T, 46Q2, and 46Q2T Relay Word bits are inactive and the following settings are hidden 
and do not need to be entered. 


Level 1 Neg.-Seq. O/C Pickup (OFF, 2–100%) 46Q1P = 8 
Level 1 Neg.-Seq. O/C Time Delay (0.02–999.90 s) 46Q1D = 5.00 


The Level 1 element is typically applied as an unbalance alarm.  The pickup is defined in 
percent of machine nominal phase current, INOM.  Any desired delay should be added using 
the 46Q1D setting.  Disable the element by setting 46Q1P = OFF. 


The 46Q1 Relay Word bit asserts without time delay when the measured negative-sequence 
current exceeds 46Q1P percent of INOM.  The 46Q1T Relay Word bit asserts 46Q1D 
seconds after 46Q1 asserts if the unbalance condition continues. 


Level 2 Neg.-Seq. Time-O/C Pickup (OFF, 2–100%) 46Q2P = 8 
Level 2 Neg.-Seq. Time-O/C Time-Dial (1–100 s) 46Q2K = 10 


The negative-sequence time-overcurrent element operates with an tI 2
2  time characteristic.  


Set the pickup value equal to the minimum percent of nominal current to which the element 
must respond.  Set the 46Q2K setting equal to the generator rated tI 2


2  short time-current 
capability rating defined by the generator manufacturer. 


The 46Q2 Relay Word bit asserts without time delay when the measured negative-sequence 
current is greater than 46Q2P percent of INOM.  The 46Q2T Relay Word bit asserts in a time 
defined by the time-overcurrent element operating characteristic. 


The negative-sequence time-overcurrent element resets using a fixed linear time equal to 240 
seconds.  The 46Q2R Relay Word bit asserts when the element is fully reset. 


46Q Element Torque Control (SELOGIC control equation)  46QTC = 1 
The negative-sequence overcurrent elements are disabled when the 46QTC SELOGIC control 
equation equals logical 0.  The elements are allowed to operate when the 46QTC SELOGIC 
control equation equals logical 1.  With the example setting, the elements are always allowed 
to operate. 


Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
46Q1 Level 1 Neg.-Seq. O/C Pickup Indication, Testing 
46Q1T Level 1 Neg.-Seq. O/C Pickup With 


Definite-Time Delay 
Indication, Event Triggering, 
SER Triggering 


46Q2 Level 2 Neg.-Seq. Time-O/C Pickup Indication, Event Triggering, 
SER Triggering, Testing 


46Q2T Level 2 Neg.-Seq. Time-O/C Trip Tripping, SER Triggering 
46Q2R Level 2 Neg.-Seq. Time-O/C Reset Testing 
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Setting Calculation 


Information Needed 
• Generator continuous current unbalance withstand capability, percent of rated current 
• Generator negative-sequence current short-time withstand capability, seconds 


Recommendations 
Set the 46Q1P equal to or below the generator continuous unbalance current capability. 


12%–846Q1P =  


Set the 46Q1D time delay greater than the maximum time of normal unbalance current periods, 
including system phase-fault clearing time.  This delay setting will prevent undesired unbalance 
current alarms. 


seconds 5.046Q1D =  


Set the 46Q2P setting equal to or below the generator continuous unbalance current capability. 
12%–846Q2P =  


Set the 46Q2K setting equal to or below the generator short-time negative-sequence current 
capability. 


1046Q2K =  


If there are operating conditions under which you wish to prevent negative-sequence overcurrent 
element operation, define those conditions in the 46QTC torque-control setting.  Normally, the 
negative-sequence overcurrent elements should be enabled all the time. 


146QTC =  


Negative-Sequence Overcurrent Tripping 
Negative-sequence overcurrent tripping generally is applied to the generator main breaker only.  
This permits rapid resynchronization after the system unbalance condition is cleared.  Refer to 
Section 4:  SELOGIC Control Equations for more detail and examples of tripping SELOGIC 
control equations. 







2-40 Relay Element Settings 
 


Date Code 20081231  SEL-300G Instruction Manual 


Element Operating Characteristics 
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Figure 2.22:  Negative-Sequence Overcurrent Element Logic Diagram 
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Figure 2.23:  Negative-Sequence Time-Overcurrent Operating Characteristic 


OVERCURRENT ELEMENTS 


Element Description 


Functional Description 
The SEL-300G offers an assortment of nondedicated overcurrent elements for protection, 
indication, and control functions. 
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Overcurrent Protection, All Relay Models 
All relay models provide the following overcurrent elements: 


• Two levels of phase definite-time overcurrent, 50P1 and 50P2 
• Two levels of neutral definite-time overcurrent, 50N1 and 50N2 
• Two levels of residual ground definite-time overcurrent, 50G1 and 50G2 
• One level of neutral inverse-time overcurrent, 51N  
• One level of residual inverse-time overcurrent, 51G 


Phase overcurrent elements operate using the maximum of the measured phase current 
magnitudes.  The neutral overcurrent elements operate using the magnitude of the neutral current 
input.  Residual ground overcurrent elements operate using the sum of the three-phase current 
inputs. 


Where you use the relay to protect high-impedance grounded or resistance grounded generators, 
the neutral overcurrent elements provide stator ground fault detection for faults in the upper area 
of the winding when connected to a generator neutral current transformer, as shown in Section 5:  
Installation.  The 50P, 50N, and 50G elements may be set sensitively and applied for inadvertent 
energization protection, as described in Section 4:  SELOGIC Control Equations. 


Where you use the relay to protect solidly grounded generators, the phase, neutral, and residual 
overcurrent elements can all respond to stator ground faults in the mid- and upper-winding areas. 


Overcurrent Protection, Relay Models With Differential Protection 
Relay models with differential protection functions add the following overcurrent elements: 


• Two levels of phase definite-time overcurrent, 50H1 and 50H2 
• Two levels of negative-sequence definite-time overcurrent, 50Q1 and 50Q2 
• Two levels of residual ground definite-time overcurrent, 50R1 and 50R2 


The 50H1 phase overcurrent element operates using the maximum of the measured phase current 
inputs from the IA87, IB87, and IC87 phase current inputs.  The 50Q1 and 50Q2 elements 
operate using the magnitude of the negative-sequence current, I2, calculated from the IA87, IB87, 
and IC87 phase current inputs.  The 50R1 and 50R2 residual ground overcurrent elements operate 
using the magnitude of the sum of the IA87, IB87, and IC87 phase current inputs.  In applications 
where the generator is connected directly to a bus, you can use the 50H and 50R elements to 
provide effective breaker failure protection, as described in Section 4:  SELOGIC Control 
Equations. 


The 50H2 phase overcurrent element is three single-phase overcurrent elements with individual 
pickup settings per phase.  When the I_87 inputs are applied with window CTs for self-balancing 
differential protection (see Figure 5.21), you can set the phase overcurrent element pickups 
differently.  This may be necessary to accommodate different levels of winding current unbalance 
among the phases. 


Setting Descriptions 
Enable O/C Protection (Y, N) E50 = Y 


Set E50 = Y to enable the 50P1, 50P2, 50N1, 50N2, 50G1, and 50G2 definite-time 
overcurrent elements.  If none of these overcurrent elements is required, set E50 = N.  When 
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E50 = N, the elements listed above are inactive and their pickup and time-delay settings are 
hidden and do not need to be entered. 


Enable 87-Input O/C Protection (Y, N) E50_87 = Y 


Note: This setting is not offered if the relay model is not equipped with current differential 
protection functions. 


Set E50_87 = Y to enable the 50H1, 50H2, 50Q1, 50Q2, 50R1, and 50R2 definite-time 
overcurrent elements.  If none of these overcurrent elements is required, set E50_87 = N.  
When E50_87 = N, the elements listed above are inactive and their pickup and time-delay 
settings are hidden and do not need to be entered. 


Enable Time-O/C Elements (Y, N) E51 = Y 
Set E51 = Y to enable the 51N and 51G inverse-time overcurrent elements.  If none of these 
overcurrent elements is required, set E51 = N.  When E51 = N, the elements listed above are 
inactive and their settings are hidden and do not need to be entered.  Voltage-controlled and 
voltage-restrained time-overcurrent elements are enabled separately. 


Note: All setting ranges shown below are for 5 A relay models.  Relays equipped for use with  
1 A current transformers provide overcurrent element setting ranges of 0.05 to 20 A 
secondary. 


Definite-Time Overcurrent Settings 
Level 1 Phase O/C Pickup (OFF, 0.25–100.00 A) 50P1P = 8.00 
Level 1 Phase O/C Time Delay (0.00–400.00 s) 50P1D = 30.00 
Level 2 Phase O/C Pickup (OFF, 0.25–100.00 A) 50P2P = 8.00 
Level 2 Phase O/C Time Delay (0.00–400.00 s) 50P2D = 30.00 
Level 1 Neutral Ground O/C Pickup (OFF, 0.25–100.00 A) 50N1P = 2.50 
Level 1 Neutral Ground O/C Time Delay (0.00–400.00 s) 50N1D = 0.10 
Level 2 Neutral Ground O/C Pickup (OFF, 0.25–100.00 A) 50N2P = 8.00 
Level 2 Neutral Ground O/C Time Delay (0.00–400.00 s) 50N2D = 30.00 
Level 1 Residual Ground O/C Pickup (OFF, 0.25–100.00 A) 50G1P = 8.00 
Level 1 Residual Ground O/C Time Delay (0.00–400.00 s) 50G1D = 30.00 
Level 2 Residual Ground O/C Pickup (OFF, 0.25–100.00 A) 50G2P = 8.00 
Level 2 Residual Ground O/C Time Delay (0.00–400.00 s) 50G2D = 30.00 


Definite-Time 50/87 Overcurrent Settings 
Level 1 Phase O/C Pickup (OFF, 0.25–100.00 A) 50H1P = 8.00 
Level 1 Phase O/C Time Delay (0.00–400.00 s) 50H1D = 30.00 
Level 2 Phase-A O/C Pickup (OFF, 0.25–100.00 A) 50H2PA = 8.00 
Level 2 Phase-B O/C Pickup (OFF, 0.25–100.00 A) 50H2PB = 8.00 
Level 2 Phase-C O/C Pickup (OFF, 0.25–100.00 A) 50H2PC = 8.00 
Level 2 Phase O/C Time Delay (0.00–400.00 s) 50H2D = 30.00 
Level 1 Negative-Sequence O/C Pickup (OFF, 0.25–100.00 A) 50Q1P = 8.00 
Level 1 Negative-Sequence O/C Time Delay (0.00–400.00 s) 50Q1D = 30.00 
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Level 2 Negative-Sequence O/C Pickup (OFF, 0.25–100.00 A) 50Q2P = 8.00 
Level 2 Negative-Sequence O/C Time Delay (0.00–400.00 s) 50Q2D = 30.00 
Level 1 Residual Ground O/C Pickup (OFF, 0.25–100.00 A) 50R1P = 8.00 
Level 1 Residual Ground O/C Time Delay (0.00–400.00 s) 50R1D = 30.00 
Level 2 Residual Ground O/C Pickup (OFF, 0.25–100.00 A) 50R2P = 8.00 
Level 2 Residual Ground O/C Time Delay (0.00–400.00 s) 50R2D = 30.00 


Some, none, or all of the available definite-time overcurrent elements may be applied for various 
protection, indication, and control functions, as required by your application.  Relay Word bits for 
these elements are summarized below. 


Note: Overcurrent pickup setting ranges shown below are for 5 A relay models.  Relays 
equipped for use with 1 A current transformers provide overcurrent element setting 
ranges of 0.1 to 3.2 A secondary. 


Neutral Time-Overcurrent Settings 
Neutral Time-O/C Pickup (OFF, 0.5–16.0 A) 51NP = 1.0 
Neutral Time-O/C Curve (U1–U5, C1–C5) 51NC = U2 
Neutral Time-O/C Time-Dial (0.50–15.00, U curves)  51NTD = 3.00 


(0.05–1.00, C curves) 
Neutral Time-O/C EM Reset (Y, N) 51NRS = Y 
51N Torque-Control Setting 51NTC = 1 


Residual Time-Overcurrent Settings 
Residual Time-O/C Pickup (OFF, 0.5–16.0 A) 51GP = 8.0 
Residual Time-O/C Curve (U1–U5, C1–C5) 51GC = U2 
Residual Time-O/C Time-Dial (0.50–15.00, U curves)  51GTD = 3.00 


(0.05–1.00, C curves) 
Residual Time-O/C EM Reset (Y, N) 51GRS = Y 
51G Torque-Control Setting 51GTC = 1 


The SEL-300G provides inverse-time overcurrent elements for neutral and residual current.  
Each of the elements includes a settable pickup, curve shape, and time-dial.  Ten curve 
shapes are available.  Curves U1–U5 emulate the popular North American induction disk 
relays.  Curves C1–C5 emulate popular European analog time-overcurrent relay operation.  
Operating characteristics of the available curves are shown in Figure 2.30 to Figure 2.39. 


When you select Y to enable electromechanical reset emulation, the relay provides a slow 
reset that is dependent on the amount of current measured, similar to an induction disk relay 
reset.  When you select N, the relay fully resets the time-overcurrent element one cycle after 
current drops below the pickup setting, similar to analog and many microprocessor-based 
time-overcurrent relays.  Select Y or N to match the operating characteristic of other 
time-overcurrent protection protecting this generator. 


Each of the inverse-time overcurrent elements is also equipped with a torque-control setting.  
When the equation result is logical 1, the element is permitted to operate.  When the result is 
logical 0, the element is not permitted to operate.  Use other protection elements, logic 
conditions, or control inputs to supervise these elements if desired. 
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Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
50P1 Level 1 Phase O/C Pickup Indication, Control 
50P1T Level 1 Phase O/C With Definite-Time Delay Indication, Control, Event 


Triggering, SER Triggering 
50P2 Level 2 Phase O/C Pickup Indication, Control 
50P2T Level 2 Phase O/C With Definite-Time Delay Indication, Control, Event 


Triggering, SER Triggering 
50N1 Level 1 Neutral O/C Pickup Indication, Control 
50N1T Level 1 Neutral With O/C Definite-Time Delay Indication, Control, Event 


Triggering, SER Triggering 
50N2 Level 2 Neutral O/C Pickup Indication, Control 
50N2T Level 2 Neutral O/C With Definite-Time Delay Indication, Control, Event 


Triggering, SER Triggering 
50G1 Level 1 Residual O/C Pickup Indication, Control 
50G1T Level 1 Residual O/C With Definite-Time 


Delay 
Indication, Control, Event 
Triggering, SER Triggering 


50G2 Level 2 Residual O/C Pickup Indication, Control 
50G2T Level 2 Residual O/C With Definite-Time 


Delay 
Indication, Control, Event 
Triggering, SER Triggering 


50H1 87 Input Level 1 Phase O/C Pickup Indication, Control 
50H1T 87 Input Level 1 Phase O/C With Definite-


Time Delay 
Tripping, Control, SER 
Triggering 


50H2A IA87 Input Level 2 Instantaneous O/C Pickup Indication, Control 
50H2B IB87 Input Level 2 Instantaneous O/C Pickup Indication, Control 
50H2C IC87 Input Level 2 Instantaneous O/C Pickup Indication, Control 
50H2 50H2 = 50H2A + 50H2B + 50H2C Indication, Control 
50H2T 50H2 With Definite-Time Delay Tripping, Control, SER 


Triggering 
50Q1 87 Input Level 1 Neg.-Seq. O/C Indication, Control 
50Q1T 87 Input Level 1 Neg.-Seq. O/C With Definite-


Time Delay 
Tripping, Control, SER 
Triggering 


50Q2 87 Input Level 2 Neg.-Seq. O/C Indication, Control 
50Q2T 87 Input Level 2 Neg.-Seq. O/C With Definite-


Time Delay 
Tripping, Control, SER 
Triggering 


50R1 87 Input Level 1 Residual O/C  Indication, Control 
50R1T 87 Input Level 1 Residual O/C With Definite-


Time Delay 
Tripping, Control, SER 
Triggering 


50R2 87 Input Level 2 Residual O/C  Indication, Control 
50R2T 87 Input Level 2 Residual O/C With Definite-


Time Delay 
Tripping, Control, SER 
Triggering 


51N Neutral Time-Overcurrent Pickup Indication, Event Triggering, 
SER Triggering, Testing 
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Relay Word Bit Function Description Typical Applications 
51NT  Neutral Time-Overcurrent Trip Tripping, SER Triggering 
51NR Neutral Time-Overcurrent Reset Testing 
51G Residual Time-Overcurrent Pickup Indication, Event Triggering, 


SER Triggering, Testing 
51GT  Residual Time-Overcurrent trip Tripping, SER Triggering 
51GR Residual Time-Overcurrent reset Testing 


Neutral Overcurrent Setting Calculation 


Information Needed 
• Generator terminal ground fault current, In, A primary  
• Generator grounding transformer ratio to 1 (in high-impedance grounded protection 


applications) 
• Neutral CT transformer ratio to 1 


Recommendations 
In all applications where a neutral current transformer is connected between the generator neutral 
point and ground or in the secondary of the generator grounding transformer, you can apply the 
neutral overcurrent elements 51N and 50N1 for stator ground fault detection. 


Warning:  Generator neutral overcurrent protection cannot detect stator winding faults at or near 
the generator neutral point, nor is it effective while the generator grounding circuit is opened.  In 
resistance and high-impedance grounded generator applications, use this relay’s 100 percent 
stator ground protection to ensure that all stator winding faults are detected. 


Set the 51NP equal to or just greater than the element minimum pickup setting. 
Α 0.551NP =  


An inverse curve shape (U2) and time-dial of 3.0 provide 6.5 second tripping for 1.0 A secondary 
faults. 


3.051NTD


U251NC


=


=
 


Electromechanical reset emulation is not necessary and this element may be in service 
continuously so the torque-control setting is logical 1. 


151NTC


N51RS


=


=
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You can determine the lower boundary of stator winding coverage provided by this element using 
the equation: 


( ) 100%•


CTRN
N•In


51NP•2x%


⎥
⎥
⎥
⎥


⎦


⎤


⎢
⎢
⎢
⎢


⎣


⎡


⎟
⎠
⎞


⎜
⎝
⎛


=  


where 


In  = generator ground fault current, A primary 
N  = grounding transformer voltage ratio to 1,  


(use 1 in solidly grounded or resistance grounded applications) 
CTRN  = neutral current transformer ratio to 1 


Ground faults occurring above the winding point calculated above are detected and a trip 
generated by the 51N time-overcurrent element in under 6.5 seconds, using the settings above. 


The 50N1P element can provide a definite-time delayed trip for ground faults occurring higher in 
the stator winding, between the generator and the step-up transformer, or within the step-up 
transformer delta windings.  A 50N1P setting of four to five times the 51NP setting will reduce 
the 50N1P element sensitivity to system ground faults, while still providing detection of ground 
faults high in the stator winding. 


 timeclearingfault  ground systemon  depending second, 0.5  to1.1050N1D


51NP  times5  to450N1P


=


=
 


Set the 50N1D delay time greater than the maximum clearing time for system ground faults that 
can be detected by the 50N1P element. 


Neutral Overcurrent Tripping 
Because the neutral overcurrent elements detect generator faults of a serious nature, tripping 
generally is applied to the generator main breaker, the field breaker, and the prime mover.  Refer 
to Section 4:  SELOGIC Control Equations for more detail and examples of tripping SELOGIC 
control equations. 


Other Overcurrent Elements 
Enable and apply those phase, neutral, and residual overcurrent elements that are required for 
your specific control scheme.  Pickup settings and time delays are governed by the requirements 
of the application.  Set the pickup of unused elements to OFF. 


Element Operating Characteristics 


Pickup and Reset Time Curves 
Figure 2.24 and Figure 2.25 show pickup and reset time curves applicable to all instantaneous 
overcurrent elements in the SEL-300G Relay.  These times do not include output contact 
operating time and are accurate for determining element operation time for use in internal 
SELOGIC control equations.  Output contact pickup/dropout time is less than 5 ms. 
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Figure 2.24:  Instantaneous Overcurrent Element Pickup Time Curve 


 
Figure 2.25:  Instantaneous Overcurrent Element Reset Time Curve 
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Figure 2.26:  Definite-Time Overcurrent Element Logic Diagram 
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Figure 2.27:  87-Input Definite-Time Overcurrent Element Logic Diagram 
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Figure 2.29:  Residual Ground Time-Overcurrent Element 51GT 
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Time-Overcurrent Curves 
The following information describes the curve timing for the curve and time-dial settings made 
for the time-overcurrent elements.  The time-overcurrent relay curves in Figure 2.30 through 
Figure 2.34 conform to IEEE C37.11-1996 IEEE Standard Inverse-Time Characteristic 
Equations for Overcurrent Relays. 


tp = operating time in seconds
tr = electromechanical induction-disk emulation reset time in seconds (if 


electromechanical reset setting is made) 
TD = time-dial setting 
M = applied multiples of pickup current [for operating time (tp), M>1; for reset time (tr), 


M≤1].  


 
U.S. Moderately Inverse Curve: U1


( )


( )⎟⎟
⎠


⎞
⎜⎜
⎝


⎛
−


=


⎟⎟
⎠


⎞
⎜⎜
⎝


⎛
−


+=


2


0.02


M1
1.08•TDtr


1M
0.01040.0226•TDtp


 


I.E.C. Class A Curve (Standard Inverse): C1
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U.S. Inverse Curve: U2
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I.E.C. Class B Curve (Very Inverse): C2
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U.S. Very Inverse Curve: U3 
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I.E.C. Class C Curve (Extremely Inverse): C3 
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U.S. Extremely Inverse Curve: U4 
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I.E.C. Long-Time Inverse Curve: C4 
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U.S. Short-Time Inverse Curve: U5 
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I.E.C. Short-Time Inverse Curve: C5 
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Figure 2.30:  U.S. Moderately Inverse Curve: 
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Figure 2.31:  U.S. Inverse Curve: U2 
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Figure 2.32:  U.S. Very Inverse Curve: U3 
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Figure 2.33:  U.S. Extremely Inverse 
Curve: U4 







2-54 Relay Element Settings 
 


Date Code 20081231  SEL-300G Instruction Manual 


10


20


30


40


50
60
70
80
90


100


1


2


3


4


5
6
7
8
9


.1


.2


.3


.4


.5


.6


.7


.8


.9


.01


.02


.03


.04


.05


.06


.07


.08


.09


10
01 2 3 4 5 6 7 8 9.5 .6 .7 .8.9 908070605040302010


Ti
m


e 
in


 S
ec


on
ds


Ti
m


e 
in


 C
yc


le
s 


60
 H


z 
(5


0H
z)


6000 (5000)


3000 (2500)


1500 (1250)


600 (500)


300 (250)


150 (125)


60 (50)


30 (25)


15 (12.5)


6 (5)


3 (2.5)


DWG: M300G197


Multiples of Pickup


0.50


1.00


2.00


3.00


4.00


5.00
6.00


8.00


10.00
12.00


15.00


 
Figure 2.34:  U.S. Short-Time Inverse 


Curve: U5 
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Figure 2.35:  I.E.C. Class A Curve 
(Standard Inverse): C1 
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Figure 2.36:  I.E.C. Class B Curve (Very 
Inverse): C2 
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Figure 2.37:  I.E.C. Class C Curve 
(Extremely Inverse): C3 
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Figure 2.38:  I.E.C. Long-Time Inverse 
Curve: C4 
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Figure 2.39:  I.E.C. Short-Time Inverse 
Curve: C5 


VOLTAGE-CONTROLLED/RESTRAINED TIME-OVERCURRENT ELEMENTS 
Element Description 


Functional Description 
The SEL-300G provides a voltage-restrained phase time-overcurrent element and a 
voltage-controlled phase time-overcurrent element.  One of these elements typically is used for 
system phase fault backup protection to trip the generator in the event of an uncleared phase fault 
on the system side of the step-up transformer. 


The voltage-controlled phase time-overcurrent element, 51C, operates when its torque-control 
setting, 51CTC, is equal to logical 1.  Typically, the torque-control setting should include the 
Relay Word bit for an undervoltage element, such as 27PP1.  This way, the 51C element operates 
only when a phase-to-phase voltage is less than the 27PP1 setting. This element works properly 
regardless of whether a step-up transformer is present or not and regardless of the step-up 
transformer connection—delta/wye, wye/wye, etc. 


The voltage-restrained phase time-overcurrent element, 51V, also includes a torque-control 
setting, 51VTC.  However, the 51V element operation is fundamentally different in that the 
element pickup setting automatically is reduced as the generator phase-phase voltage decreases 
during a fault.  When the generator voltage is 100 percent of the VNOM setting, the 51V element 
operates based on 100 percent of its pickup setting, 51VP.  As the generator phase-phase voltage 
drops, the relay decreases the element pickup by a like amount, down to 12.5 percent of nominal 
phase-phase voltage.  For voltages below 12.5 percent, the relay uses a pickup 12.5 percent of the 
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51VP setting.  The element automatically determines fault type and appropriate phase-phase 
restrain voltage based on the compensation angle setting 51VCA.  This element operates for 
phase-phase and three-phase faults.  Use other elements (e.g., neutral/residual overcurrent 50N, 
51N, 50G, 51G) for the ground overcurrent protection. 


When a step-up transformer is present, the generator phase-phase voltage is compensated for the 
phase shift across the transformer. There is no compensation for the voltage drop across the 
step-up transformer. 


Setting Descriptions  
Enable System Backup Protection (N, D, DC, V, C) EBUP = C 


Set EBUP = C to enable the 51C voltage-controlled phase inverse-time overcurrent element.  
Set EBUP = V to enable the 51V voltage-restrained inverse-time overcurrent element.  When 
EBUP = D, DC, or N, the elements listed above are disabled and the following settings do not 
need to be entered. (See Distance Elements for the EBUP = D and DC setting description.) 


When EBUP = C: 
Voltage-Controlled Time-O/C Pickup 


(OFF, 0.50–16.00 A {5 A Model}; OFF, 0.10–3.20 A {1 A Model}) 51CP = 3.00 
Voltage-Controlled Time-O/C Curve (U1–U5, C1–C5) 51CC = U2 
Voltage-Controlled Time-O/C Time-Dial (0.50–15.00, U curves) 51CTD = 3.00 


(0.05–1.00, C curves) 
Voltage-Controlled Time-O/C EM Reset (Y, N) 51CRS = Y 
51C Torque-Control Setting (SELOGIC control equation) 51CTC = 27PP1*!60LOP 


When EBUP = V: 
Compensation Angle (0, -30, +30 deg) 51VCA = 0 


Use the 51VCA setting to compensate the voltage restrained overcurrent element for the 
presence of a delta-wye generator step-up transformer between the generator and system. 
When the element is not set to reach through the step-up transformer, set 51VCA = 0.  When 
the element is set to respond to phase faults on the high side of a delta-wye transformer, and 
the system phase-to-neutral voltage phase angle leads the generator phase-to-neutral voltage 
phase angle by 30°, set 51VCA = –30°.  When the system phase-to-neutral voltage phase 
angle lags the generator phase-to-neutral voltage phase angle by 30°, set 51VCA = +30°. 


Voltage-Restrained Time-O/C Pickup 
(OFF, 2.00–16.00 A {5 A Model}; OFF, 0.40–3.20 A {1 A Model}) 51VP = 8.00 


Voltage-Restrained Time-O/C Curve (U1–U5, C1–C5) 51VC = U2 
Voltage-Restrained Time-O/C Time-Dial (0.50–15.00, U curves) 51VTD = 3.00 


(0.05–1.00, C curves) 
Voltage-Restrained Time-O/C EM Reset (Y, N) 51VRS = Y 
51V Torque-Control Setting (SELOGIC control equation) 51VTC = !60LOP 


For system backup protection, the SEL-300G provides a choice of voltage-controlled or 
voltage-restrained phase inverse-time overcurrent elements or phase distance elements 
(discussed earlier in this section).  The overcurrent elements include a settable pickup, curve 
shape, and time-dial.  Ten curve shapes are available.  Curves U1–U5 emulate the popular 
North American induction disk relays.  Curves C1–C5 emulate popular European analog 
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time-overcurrent relays.  Operating characteristics of the available curves are shown in 
Figure 2.30 to Figure 2.39. 


When you set 51nRS = Y to enable electromechanical reset emulation, the relay provides a 
slow reset that is dependent on the amount of current measured, similar to an induction disk 
relay reset.  When you select N, the relay fully resets the time-overcurrent element one cycle 
after current drops below the pickup setting, similar to analog and many 
microprocessor-based time-overcurrent relays.  Select Y or N to match the operating 
characteristic of other time-overcurrent protection protecting the system near this generator. 


Each of the elements is also equipped with a torque-control setting.  When the equation result 
is logical 1, the element is permitted to operate.  When the result is logical 0, the element is 
not permitted to operate.  Use other protection elements, logic conditions, or control inputs to 
supervise these elements if desired. 


Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
51C Voltage-Controlled Time-O/C Pickup Indication, Event Triggering, 


SER Triggering, Testing 
51CT Voltage-Controlled Time-O/C Trip Tripping, SER Triggering 
51CR Voltage-Controlled Time-O/C Reset Testing 
51V Voltage-Restrained Time-O/C Pickup Indication, Event Triggering, 


SER Triggering, Testing 
51VT Voltage-Restrained Time-O/C Trip Tripping, SER Triggering 
51VR Voltage-Restrained Time-O/C Reset Testing 


Voltage-Controlled and Voltage-Restrained Time-Overcurrent Setting Calculation 


Information Needed 
• Generator nominal voltage, VNOM 
• Generator current for long duration system phase fault, If, A primary 
• Generator voltage for system phase fault, Vf, V primary 
• Generator voltage and current transformer ratios to 1, PTR and CTR 


Recommendations 
Choose either the voltage-controlled or voltage-restrained time-overcurrent element for system 
phase fault backup protection when overcurrent relays are used for primary system protection.  
Generally, the voltage-controlled element provides adequate backup protection and consistent 
performance.  Use the voltage-restrained element if your protection standards or preferences 
require it. 


Voltage-Controlled Time-Overcurrent Settings 
Set the 51CP pickup setting less than the generator fault duty, calculated using the generator 
steady-state reactance, dX  (transient reactance dX′  may be used if the generator excitation 
system is able to support higher fault voltage and current).  This value may safely be below 
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maximum load, as the element is only enabled during low-voltage fault conditions.  Divide the 
generator fault duty by the phase current transformer ratio, CTR, to find the element pickup 
current in secondary amps. 


CTR
IPCP51 ≤  


Select a curve shape and time-dial that allow this element to coordinate with the system primary 
protection. 


3.0051CTD
U251CC


=


=
 


Electromechanical reset emulation should be applied if the system phase overcurrent relays are 
induction disk relays; otherwise, electromechanical reset emulation is not necessary. 


N51CRS =  


By definition, this element should be torque controlled by an undervoltage element.  To prevent 
misoperation if a potential transformer fuse blows, the element is also torque controlled by the 
!60LOP Relay Word bit. 


!60LOP27PP151CTC ∗=  


To enable and set the phase-to-phase undervoltage element, set 


 voltsVNOM•0.827PP1


YE27


=


=
 


With the settings above, the 51C element is enabled whenever generator phase-to-phase voltage is 
less than 80 percent of nominal, as long as there is not a simultaneous loss-of-potential condition.  
You may wish to use a different undervoltage element pickup setting. 


Voltage-Restrained Time-Overcurrent Settings 
When using the 51V element, set the 51VP pickup setting greater than the maximum generator 
phase current expected under full voltage, nonfault conditions.  Divide this current by the phase 
current transformer ratio, CTR, to find the element pickup current in secondary amps. 


amps
CTR


current loadmax 51VP >  


Select a curve shape and time-dial that allow this element to coordinate with the system primary 
protection. 


3.0051VTD
U251VC


=
=


 


Electromechanical reset emulation should be applied if the system phase overcurrent relays are 
induction disk relays; otherwise, electromechanical reset emulation is not necessary. 


N51VRS =  


Because this element reduces its pickup setting automatically as generator voltage decreases, the 
element should not be permitted to operate if there is a blown potential transformer fuse 
condition.  To prevent misoperation if a potential transformer fuse blows, the element is torque 
controlled by the !60LOP Relay Word bit. 
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LOP60!VTC51 =  


With the settings above, the 51V element is enabled as long as there is not a loss-of-potential 
condition. 


Overcurrent Tripping 
Because these overcurrent elements detect system faults of an enduring and potentially serious 
nature, tripping is generally applied to the generator main breaker, the field breaker, the prime 
mover, and the generator lockout relay.  Refer to Section 4:  SELOGIC Control Equations for 
more detail and examples of tripping SELOGIC control equations. 


Element Operating Characteristics 
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Figure 2.40:  Voltage-Controlled Phase Time-Overcurrent Element 51CT 
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Figure 2.41:  Voltage-Restrained Phase Time-Overcurrent Element 51VT 
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Figure 2.42:  51V Element Voltage Restraint Characteristic 
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OVER/UNDER VOLTAGE ELEMENTS 


Element Description 


Functional Description 
The SEL-300G offers the following over- and undervoltage elements for protection, indication, 
and control functions. 


• Two levels of phase undervoltage, 27P1 and 27P2 
• Two levels of phase-to-phase undervoltage, 27PP1 and 27PP2 
• One level of positive-sequence undervoltage, 27V1 
• Two levels of phase overvoltage, 59P1 and 59P2 
• Two levels of residual overvoltage, 59G1 and 59G2 
• One level of negative-sequence overvoltage, 59Q 
• One level of positive-sequence overvoltage, 59V1 
• Two levels of phase-to-phase overvoltage, 59PP1 and 59PP2 


Phase undervoltage elements operate using the minimum of the measured phase voltage 
magnitudes, operating if any single-phase measurement falls below the set threshold.  The 
phase-to-phase undervoltage element operates using the minimum of the measured 
phase-to-phase voltages.  The positive-sequence undervoltage element operates when the 
measured positive-sequence voltage falls below the set threshold. 


Phase overvoltage elements operate using the maximum of the measured phase voltage 
magnitudes.  Residual overvoltage elements operate using the sum of the three-phase voltage 
measurements.  The positive- and negative-sequence overvoltage elements operate when their 
respective measurement exceeds their set threshold.  The phase-to-phase overvoltage element 
operates when the maximum phase-to-phase voltage exceeds the set threshold. 


Setting Descriptions  
Enable Undervoltage (U/V) Protection (Y, N) E27 = Y 


Set E27 = Y to enable the 27P1, 27P2, 27PP1, 27PP2, and 27V1 undervoltage elements.  If 
none of these elements is required, set E27 = N.  When E27 = N, the elements listed above 
are hidden and the pickup settings do not need to be entered. When DELTA_Y = D, the 27P1 
and 27P2 Relay Word bits are inactive and the relay hides the settings 27P1P and 27P2P, 
which do not need to be entered. 


Enable Overvoltage (O/V) Protection (Y, N) E59 = Y 
Set E59 = Y to enable the 59P1, 59P2, 59G1, 59G2, 59Q, 59V1, and 59PP overvoltage 
elements.  If none of these elements is required, set E59 = N.  When E59 = N, the elements 
listed above are hidden and the pickup settings do not need to be entered. When DELTA_Y = 
D, the 59P1, 59P2, 59G1, and 59G2 Relay Word bits are inactive and the relay hides the 
settings 59P1P, 59P2P, 59G1P, and 59G2P which do not need to be entered. 


Level 1 Phase U/V Pickup (OFF, 0.1–200.0 V) 27P1P = 54.0 
Level 2 Phase U/V Pickup (OFF, 0.1–200.0  V) 27P2P = OFF 
Pos.-Seq. U/V Pickup (OFF, 0.1–200.0  V) 27V1P = OFF 
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Level 1 Phase-to-Phase U/V Pickup (OFF, 0.1–200.0  V) 27PP1 = 93.5 
Level 2 Phase-to-Phase U/V Pickup (OFF, 0.1–200.0  V) 27PP2 = 93.5 
Level 1 Phase O/V Pickup (OFF, 0.0–200.0  V) 59P1P = 74.0 
Level 2 Phase O/V Pickup (OFF, 0.0–200.0  V) 59P2P = OFF 
Level 1 Residual O/V Pickup (OFF, 0.0–200.0  V) 59G1P = 10.0 
Level 2 Residual O/V Pickup (OFF, 0.0–200.0  V) 59G2P = OFF 
Neg.-Seq. O/V Pickup (OFF, 0.0–200.0  V) 59QP = OFF 
Pos.-Seq. U/V Pickup (OFF, 0.0–200.0  V) 59V1P = OFF 
Level 1 Phase-to-Phase O/V Pickup (OFF, 0.0–300.0  V) 59PP1 = OFF 
 (OFF, 0.0–200.0  V; if DELTA_Y = D) 
Level 2 Phase-to-Phase O/V Pickup (OFF, 0.0–300.0  V) 59PP2 = OFF 
 (OFF, 0.0–200.0  V; if DELTA_Y = D) 


None of the elements is equipped with a definite-time delay.  If a definite-time characteristic 
is desired, use a SELOGIC control equation variable and its built-in time-delay pickup and 
dropout timers. 


Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
27P1 Level 1 Phase Undervoltage Pickup Indication, Control 
27P2 Level 2 Phase Undervoltage Pickup Indication, Control 
27V1 Positive-Sequence Undervoltage Pickup Indication, Control 
27PP1 Level 1 Phase-to-Phase Undervoltage Pickup Indication, Control 
27PP2 Level 2 Phase-to-Phase Undervoltage Pickup Indication, Control 
59P1 Level 1 Phase Overvoltage Pickup Indication, Control 
59P2  Level 2 Phase Overvoltage Pickup Indication, Control 
59G1 Level 1 Residual Overvoltage Pickup Indication, Control 
59G2 Level 2 Residual Overvoltage Pickup Indication, Control 
59Q Negative-Sequence Overvoltage Pickup Indication, Control 
59V1 Positive-Sequence Overvoltage Pickup Indication, Control 
59PP1 Level 1 Phase-to-Phase Overvoltage Pickup Indication, Control 
59PP2 Level 2 Phase-to-Phase Overvoltage Pickup Indication, Control 
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Voltage Element Setting Calculation 
Enable and apply those voltage elements that are required for your specific control scheme.  
Pickup settings and time delays are governed by the requirements of the application.  Where 
specific elements typically are applied for torque control, setting guidelines have been provided in 
sections associated with the controlled element.  Set the pickup of unused elements to OFF. 
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Figure 2.43:  Undervoltage Element Logic Diagram 
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LOSS-OF-POTENTIAL (60LOP) PROTECTION 


Element Description 


Functional Description 
The SEL-300G provides an easy method to detect loss of relaying potential caused by blown 
potential fuses or operation of molded case circuit breakers in the potential circuit secondary. The 
relay declares a loss-of-potential if there is a 10 percent drop in the measured positive-sequence 
voltage with no corresponding change in positive-, negative-, or zero-sequence currents.  
If the condition persists for 60 cycles, it latches in.  60LOP resets when V1 returns to greater than 
0.43 • VNOM, and V0 and V2 are both less than 5 V secondary. 


Setting Descriptions 
This function has no settings and is always active. 


Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
60LOP Loss of Relaying Potential Detected Indication, Control 


100% STATOR GROUND PROTECTION ELEMENTS 


Element Description 


Functional Description 
The SEL-300G provides a two-zone function designed to detect stator winding ground faults on 
resistance and high-impedance grounded generators.  The Zone 1 element, 64G1, uses a 
fundamental-frequency neutral overvoltage element that is sensitive to faults in the middle and 
upper portions of the winding.  The Zone 2 element, 64G2, uses a third-harmonic voltage 
differential function to detect faults in the upper and lower portions of the winding.  By using the 
two zones together, the relay provides 100 percent stator ground fault coverage. 


Note:  Most generators produce enough third-harmonic voltage for proper application of the 
64G2 element; however, some generators (e.g., those with 2/3 pitch winding) may not. In 
those cases the element based on the third-harmonic voltage, such as the 64G2, cannot be 
used for 100 percent Stator Ground Protection. 


When a ground fault occurs high in the winding of a resistance or high-impedance grounded 
generator, a voltage appears at the generator neutral.  The neutral voltage magnitude during the 
fault is proportional to the fault location within the winding.  For instance, if a fault occurs 
85 percent up the winding from the neutral point, the neutral voltage is 85 percent of the 
generator rated line-neutral voltage.  The SEL-300G asserts the 64G1 Relay Word bit when 
neutral voltage is greater than the 64G1P setting. 
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This function detects stator ground faults in all but the bottom 5–10 percent of the generator 
winding.  In this area close to the generator neutral, the neutral voltage does not increase 
significantly during a generator ground fault.  The SEL-300G uses the third-harmonic voltage 
differential element to detect faults in this area. 


The 64G2 third-harmonic voltage differential element measures the third-harmonic voltage 
magnitudes at the generator terminals and neutral point, then evaluates the equation: 


64G2PVN3–64RATVP3 >∗  


where 


VP3 = measured generator terminal third-harmonic voltage magnitude 
64RAT = third-harmonic voltage ratio setting 
VN3 = measured generator neutral third-harmonic voltage magnitude 
64G2P = differential sensitivity setting 


If the difference between the measured third-harmonic voltage magnitudes is greater than the 
64G2P setting, the relay asserts the 64G2 Relay Word bit. 


Figure 2.45 illustrates the 64G1 and 64G2 element operating characteristics.  Notice that, while 
the 64G2 element detects faults near the neutral and generator terminals, it has a dead-band near 
the middle of the winding.  The width of this dead-band is governed by the 64G2P setting and the 
amount of third-harmonic voltage that the generator produces.  The 64G1 element detects 
generator winding faults in the 64G2 element dead-band and vice versa. 
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Figure 2.45:  64G Element Operating Characteristic  


Typical generators produce varying amounts of third-harmonic voltage, depending on machine 
construction and loading.  The magnitudes of terminal and neutral third-harmonic voltage may 
not be equal, and their rates of increase with increasing load may be different as well.  Note also 
that the third harmonic characteristics of generators have been observed to change over time, 
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perhaps due to modifications to auxiliary equipment connected to the generator bus. After such 
modifications, repeat the commissioning procedure and adjust the settings of the element.  


The 64RAT setting is calculated to balance the voltage differential element performance over the 
range of machine loading.  To properly set this element for an individual generator, it is necessary 
to operate the generator at full load and no load outputs, use the relay METER command to 
record the measured third-harmonic voltages, then calculate the settings.  Details of this 
procedure are provided below.  More elaborate procedures using the third harmonic 
measurements at several load outputs and varying power factors can be found in the SEL 
application guide Setting 100% Stator Ground Fault Detection Elements in the SEL-300G Relay, 
available on the SEL website. 


The Zone 2 stator ground element also may be applied as a neutral third-harmonic undervoltage 
element.  When you set 64RAT = 0.0, the relay disables the third-harmonic voltage differential 
function.  64G2 acts as a neutral third-harmonic undervoltage element (27N3) with voltage 
pickup defined by 64G2P. 


When open delta generator PTs are applied (DELTA_Y = D), the relay automatically uses neutral 
third-harmonic undervoltage protection. 


Setting Descriptions 
Enable 100% Stator Ground Protection (Y, N) E64 = Y 


Set E64 = Y to enable the 100 percent stator ground protection elements.  If the relay is used 
to protect a solidly grounded machine, these elements are not effective and should be disabled 
by setting E64 = N.  When E64 = N, the 64G1 and 64G2 elements are hidden and their 
settings do not need to be entered. 


64G ELEMENT 
Zone 1 Neutral O/V Pickup (OFF, 0.1–150.0 V) 64G1P = 5.0 
Zone 1 Time Delay (0.00–400.00 s) 64G1D = 0.75 
Zone 2 Differential Voltage (OFF, 0.1–20.0 V) 64G2P = 2.5 
Zone 2 Ratio Setting (0.0–5.0) 64RAT = 1.0 
Zone 2 Time Delay (0.00–400.00 s) 64G2D = 0.08 
64G Element Torque Control (SELOGIC control equation) 64GTC = 1 


The 64G1P setting defines the sensitivity of the relay fundamental frequency neutral 
overvoltage element used to detect stator ground faults in the middle and upper areas of the 
generator winding.  The 64G1D setting defines the Zone 1 element time delay. 


The 64G2P setting defines the sensitivity of the relay third-harmonic voltage differential 
function used to detect stator ground faults in the lower and upper areas of the generator 
winding.  The 64RAT setting defines a balancing ratio used to provide consistent element 
performance over the range of machine operation.  The 64G2D setting defines the Zone 2 
element time delay. 


64RAT is hidden and set to 0.0 when setting DELTA_Y = D. 


The 64GTC torque-control setting disables both zones when its result is logical 0.  Both 
zones are enabled when the 64GTC result is logical 1. 
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Loss-of-Potential and Other Supervision 


When 64G2 is configured as a third-harmonic voltage differential element, the relay must have 
information about the level of third-harmonic voltage at the generator terminal.  If the potential 
transformers are lost, the 64G2 element will operate and cause an unnecessary trip unless the 
element is supervised by the loss-of-potential detection logic of the SEL-300G relay.   


In hydro-generator applications, where overspeed after load rejection events is possible, consider 
using an overfrequency element to disable the third-harmonic elements, as the change in 
generator frequency during overspeed may cause unexpected operation of the third-harmonic 
elements. Other supervision, such as breaker position (52A) or voltage (27PP1), may be required 
in some applications.  This supervision can be implemented as shown below.  See the SEL 
application guide, Setting 100% Stator Ground Fault Detection Elements in the SEL-300G Relay, 
for details. 


Modify equations using 64G2T as shown in this example: 


SV3 = … + (64G2T*52A*!60LOP) + … 


Or,  


SV3 = … + (64G2T*!27PP1*!60LOP) + … 


Note: Use of the torque control equation for loss-of-potential supervision (e.g., 
64GTC = !60LOP) is not recommended because it will unnecessarily block 64G1 as 
well as 64G2 for loss-of-potential condition. 


Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
64G1 Zone 1 Stator Ground Pickup Indication, Event Triggering, 


SER Triggering, Testing 
64G1T Zone 1 Stator Ground Time-Delayed Trip Tripping, SER Triggering 
64G2 Zone 2 Stator Ground Pickup  Testing 
64G2T Zone 2 Stator Ground Time-Delayed Trip Tripping, SER Triggering 
T64G Zone 2 Pickup for Ground Near Generator 


Terminals 
Indication, Testing 


N64G Zone 2 Pickup for Ground Near Neutral Indication, Testing 


100% Stator Ground Protection Setting Calculation 


Information Needed 
• Generator nominal voltage, VNOM 
• Generator grounding transformer ratio to 1 (use 1 if machine is resistance grounded) 
• Generator neutral voltage transformer ratio to 1 (use 1 if relay is connected directly to 


grounding transformer secondary winding) 
• Generator neutral voltage during system ground fault 


(This voltage is caused by capacitive coupling in the generator step-up transformer.  
If this voltage is not known, coordination can be made on a time basis.) 


• Relay settings PTR, PTRN, and DELTA_Y 
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Third-Harmonic Voltage Differential Setting Recommendations (four-wire potentials 
required) 


The setting procedure below assists you in calculating 64G element settings that will offer secure, 
sensitive detection of stator winding faults.  As described above, the 64G2 element characteristic 
has a midwinding dead-band whose width is governed by the 64G2P setting.  The 64G1 neutral 
overvoltage element provides sensitive detection of stator faults in the dead-band when its 
settings are selected according to the following procedure. 


Note: Perform the procedure when the relay is first installed, but after the generator being 
protected is connected to its step-up transformer or bus.  Remove the 64G2T Relay 
Word bit from the relay tripping SELOGIC control equations.  Use 64G1P = 5 V 
during the test.  Set the balance of tripping functions according to the requirements 
of the particular generator.  Leave these tripping functions in service to protect the 
generator in the event that a fault occurs during the test sequence. 


To simplify the calculations below, you may wish to use the Microsoft® Excel spreadsheet, 64G 
Element Setting Worksheet, which is available on the SEL Internet home page at www.selinc.com 
or by contacting the factory. 


1. Operate the generator at no load.  Using the SEL-300G METER command, record the values 
of terminal and neutral third-harmonic voltage. 


secondary V load, no  voltage,neutral harmonic-Third ______VN3_NL
secondary V load, no  voltage, terminalharmonic-d______ThirVP3_NL


=
=


 


2. Increase the generator loading to 100 percent.  Record the values of terminal and neutral 
third-harmonic voltage.  Shut down the generator; the rest of this procedure does not require 
that the generator be in service. 


secondary. V load, full  voltage,neutral harmonic-_____ThirdVN3_FL
secondary. V load, full  voltage, terminalharmonic-_____ThirdVP3_FL


=
=


 


Note: A more elaborate procedure using the third harmonic measurements at several load 
outputs can be found in the SEL application guide Setting 100% Stator Ground Fault 
Detection Elements in the SEL-300G Relay. The steps in this manual are the minimum 
required to set the element. Using additional load and third-harmonic data, as discussed 
in the application guide, will result in a more secure setting and is recommended. 


3. Calculate the 64RAT setting using the following equation: 
( )
( )
__________RAT64


VP3_NLVP3_FL
VN3_NLVN3_FL64RAT


=


+
+


=
 


4. Calculate the minimum secure 64G2P setting using the equation: 


( )
_volts__________64G2P


 voltsVN3x–VP3x•64RAT0.1•1.164G2P


Min


Min


=
+=


 


Calculate 64G2Pmin for each load point that third harmonic voltage data is available, where: 


VP3x = third harmonic terminal voltage, VP3, for the given load point 
VN3x = third harmonic neutral voltage, VN3,  for the given load point 


Select the largest of the calculated values as 64G2Pmin . 
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Select the relay setting 64G2P as a value greater than or equal to 64G2Pmin. Higher values for 
64G2P will generally increase the security of the element. Use Steps 5 and 6 to verify that 
adequate overlap between 64G1 and 64G2 can be maintained with the selected value of 
64G2P. 


This equation accounts for the maximum expected element error, plus adds an additional 
5 percent measuring error to account for possible potential transformer errors. 


5. Calculate the low-winding coverage offered by these settings when the machine is operated at 
no load using the following equation: 


( )


%_______64G2


100


PTR


PTRN
VN3_NLVP3_NL•


PTRN


PTR
64RAT


64G2P


PTRN


PTR
64RAT


64RAT
64G2


Min


Min


=


•


⎟⎟
⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜
⎜


⎝


⎛


•+⎟
⎠


⎞
⎜
⎝


⎛ +
−


+
=


 


This value should be greater than 15 percent for most dependable stator ground protection. 


Note:  The minimum low winding coverage usually occurs at no load; however, this is not 
always the case. Verify coverage at all loads for which VP3 and VN3 are available. 
This calculation is performed automatically by the referenced spreadsheet. 


6. Select the 64G1P setting to detect faults in the top 95–98 percent of the generator winding by 
using the following equation: 


V
PTRN•1.73
1000•kV•


100%
5%9164G1P ⎟


⎠
⎞


⎜
⎝
⎛


⎟
⎠
⎞


⎜
⎝
⎛ −= secondary, assuming 95 percent coverage 


where 


kV = nominal machine line-to-line voltage, kV primary, 
PTRN = Ngt • Nat, 
Ngt = grounding transformer ratio to 1 
Nat = auxiliary transformer ratio to 1, use 1 if relay VN input is connected directly 


 to the grounding transformer secondary. 
64G1P must be greater than 0.5 V secondary.  Zero-sequence voltage can appear across the 
grounding transformer secondary during a system ground fault due to capacitive coupling 
between the windings of the unit transformer.  If 64G1P is less than the zero-sequence 
voltage, then the 64G1D setting must be longer than system ground fault clearing time to 
provide security. 


Ensuring 64G2Min ≥ 15%, and selecting 64G1P for at least 95 percent winding coverage, will 
give an overlap of 10 percent or greater between the elements. 
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7. Select the 64G2D delay setting, keeping in mind that detection of a single stator ground fault 
by this element may not require immediate tripping, because the element will only be used on 
generators where the ground-fault current is limited by the high grounding impedance. At 
minimum, the 64G2D setting must be longer than the time required for faults on the 
transmission system to be cleared, since faults and other disturbances may affect the 
measured harmonic voltages. 


Third-Harmonic Neutral Undervoltage Setting Recommendations (use with open-delta 
potentials) 


The vast majority of generator protection applications will benefit from the improved ground 
fault sensitivity offered by the third-harmonic voltage differential protection scheme described 
above.  In the event that your protection standards require third-harmonic neutral undervoltage 
protection, use the following setting procedure to define the protection settings. 


Note: Perform the procedure when the relay is first installed, but after the generator being 
protected is connected to its step-up transformer or bus.  Remove the 64G2T Relay 
Word bit from the relay tripping SELOGIC control equation.  Use 64G1P = 5 V 
during the test.  Set the balance of tripping functions according to the requirements 
of the particular generator.  Leave these tripping functions in service to protect the 
generator in the event that a fault occurs during the test sequence. 


Typically, the minimum neutral third-harmonic voltage occurs at no-load conditions. 
However, some cases have been observed where the minimum voltage occurs with 
the machine partially loaded, so it is recommended to measure the neutral third-
harmonic voltage at various load conditions to ensure that the minimum voltage is 
found. 


1. Operate the generator at various loads.  Using the SEL-300G METER command, record the 
values of neutral third-harmonic voltage. 


secondary. V  voltageneutral harmonic  thirdmum______MiniVN3_min =  


2. Set the 64RAT setting equal to 0.0 to disable third-harmonic voltage differential protection 
and enable third-harmonic neutral undervoltage protection.  The relay does this automatically 
and hides the 64RAT setting if DELTA_Y = D. 


0.064RAT =  


3. Set the 64G2P setting approximately 50 percent of the generator minimum third-harmonic 
neutral voltage: 


secondary V__________64G2P
secondary VVN3_min •0.564G2P


=
=


 


4. It is not possible to calculate the low-winding coverage offered by this setting because the 
third-harmonic terminal voltages are not available. 


5. Select the 64G1P setting to detect faults in the top 95–98 percent of the generator winding by 
using the following equation: 


⎟
⎠
⎞


⎜
⎝
⎛


⎟
⎠
⎞


⎜
⎝
⎛ −=


PTRN•1.732
1000•kV•


100%
95%164G1P , assuming 95% coverage 
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where 
kV  = nominal machine line-to-line voltage, kV primary 
PTRN  = Ngt • Nat 
Ngt  = grounding transformer ratio to 1 
Nat  = neutral voltage auxiliary transformer ration to 1, use 1 if relay VN 


input is connected directly to the grounding transformer secondary. 
64G1P must be greater than 0.5 V secondary.  Zero-sequence voltage can appear across the 
grounding transformer secondary during a system ground fault due to capacitive coupling 
between the windings of the unit transformer.  If 64G1P is less than the zero-sequence 
voltage, then the 64G1D setting must be longer than system ground fault clearing time to 
provide security. 


100% Stator Ground Fault Tripping 
If company practice is to trip for stator ground fault, the 100 percent stator ground fault elements 
should be used to trip the generator main breaker, the field breaker, the prime mover, and the 
generator lockout relay.  The 64G1T and 64G2T Relay Word bits should be used directly in the 
tripping SELOGIC control equations.  If company practice is to alarm only for stator ground fault, 
use the 64G1T and 64G2T Relay Word bits to control outputs for alarming to an operator.  Refer 
to Section 4:  SELOGIC Control Equations for more detail and examples of tripping SELOGIC 
control equations. 
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Element Operating Characteristics 
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Figure 2.46:  64G Logic Diagram 
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FIELD GROUND PROTECTION 


Element Description 


Functional Description 
The SEL-300G works with the SEL-2664 Field Ground Module to provide protection for the 
generator field winding. 


Connect the SEL-2664 directly to two ends of the generator field winding and the rotor ground 
brush.  The SEL-2664 calculates the insulation resistance value between the field winding and 
ground, and transmits the insulation resistance value to the SEL-300G using a fiber-optic cable 
with ST connectors and a transceiver (SEL-2812MR).  Consult the SEL-2664 Instruction 
Manual for detailed instructions on setting up the SEL-2664.  


Set the EIA-232 port in the SEL-300G to SEL protocol and 9600 baud rate to start receiving the 
insulation resistance value from the SEL-2664. Refer to Figure 1.5 for the connection diagram. 


 The SEL-300G compares the insulation resistance value to the Field Ground Protection element 
(64F) pickup settings (64F1P and 64F2P) to provide indication.  Program two different 64F 
pickup levels to alarm and/or trip when the insulation resistance value causes the 64F elements 
(64F1T or 64F2T) to assert.   


If there is no insulation deterioration, there is no leakage path between the field winding to 
ground; the insulation resistance value is extremely high.  In this situation, however, due to 
sensitivity limits, the SEL-2664 calculates a very large insulation resistance value of 20 
megohms.  As soon as the field winding insulation develops a breakdown to the rotor iron 
(assuming the generator rotor iron is connected to ground through a grounding brush), the  
SEL-2664 detects a sharp drop in insulation resistance. 
The technology used in SEL-2664 does not discriminate between one point of insulation 
breakdown and multiple points of insulation breakdown.  A single point of insulation breakdown 
will not cause any harm to the generator.  Multiple points of insulation breakdown could lead to 
very serious generator damages because the distribution of magnetic flux in the rotor will be 
substantially altered.  When a different device (such as a generator vibration detector for 
example) is used for the detection of multiple points of insulation breakdown, SEL recommends 
using the SEL-2664 to generate an alarm only and to trip with the other device under supervision 
of the SEL-2664.  When an additional device is not used, it is recommended to alarm and trip 
with the SEL-2664. 
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Figure 2.47:  Field Ground Protection (64F) Elements Logic 


If 64FFLT = 1, indicating a non-functional SEL-2664 or fiber-optic connection, then the 64F 
elements are not calculated, the 64F1, 64F1T, 64F2, and 64F2T Relay Word bits are set to zero 
(0), and all accumulated timer values are reset to zero (0). 


Setting Descriptions 


Table 2.2:  SEL-2664 Module Configuration Settings 


Setting Prompt Setting Range Setting Name = Factory 
Default 


64F Input Option EXT, NONE 64FOPT = NONE 


When the SEL-2664 module is not in use, set the 64F Input Option setting equal to NONE.  
When the SEL-2664 is connected to the generator field winding and the SEL-300G, set the 64F 
Input Option setting equal to EXT. 


The relay automatically hides all other settings associated with the Field Ground Protection if you 
set 64FOPT equal to NONE. 
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Table 2.3:  64F Elements Settings 


Setting Prompt Setting Range Setting Name = 
Factory Default 


Hide Rule/ 
Usage Notes 


Level 1 Pickup OFF, 0.5–200.0 
kOhms 


64F1P = 100.0 Hide if 64FOPT = NONE 


Level 1 Delay 0.0–99.0 s 64F1D = 60.0 Hide of 64FOPT = NONE 
or if 64F1P = OFF 


Level 2 Pickup OFF, 0.5–200.0 
kOhms 


64F2P = OFF Hide if 64FOPT = NONE 


Level 2 Delay 0.0–99.0 s 64F2D = 60.0 Hide if 64FOPT = NONE 
or if 64F2P = OFF 


Set 64F element torque control equation (64FTC) to enable or disable the 64F elements.  When 
the 64FTC SELOGIC equation is calculated equal to zero (0), the 64F1, 64F1T, 64F2, and 64F2T 
Relay Word bits are set to zero (0), and all accumulated timer values are reset to zero (0). 


Table 2.4:  64 Elements Torque Control Equation 


Setting Prompt Setting Range Setting Name = 
Factory Default 


Hide Rule/ 
Usage Notes 


64F Element Torque Control 
(SELOGIC Equation) 


SV 1 Hide if 64FOPT = 
NONE 


Relay Word Bits 
 


64FTC Field Ground Protection Torque Control Indication 


64F1 Level 1 Field Ground Protection Element Instantaneous Pickup Control, Indication 


64F1T Level 1 Field Ground Protection Element Timed Out Alarm 


64F2 Level 2 Field Ground Protection Element Instantaneous Pickup Control, Indication 


64F2T Level 2 Field Ground Protection Element Timed Out Tripping 


64FFLT Indicate a non-functional SEL-2664 or fiber-optic connection Indication 


Note:  The above Relay Word bits are not programmed for any action in the factory default 
settings.  They must be added to appropriate SELOGIC control equations and SER settings 
for Tripping, Alarm, SER triggering, etc. 
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OUT-OF-STEP ELEMENT–SINGLE BLINDER SCHEME 


Element Description 


Functional Description 
The SEL-300G contains an out-of-step element to detect out-of-step conditions between two 
electrical sources.  Two interconnected systems can experience an out-of-step condition for 
several reasons.  For example, loss of excitation can cause a generator to lose synchronism with 
the rest of the system.  Similarly, delayed tripping of a generator breaker to isolate a fault can 
cause the generator to go out-of-step with the rest of the system. 


It is imperative to detect and isolate an out-of-step condition as early as possible because the 
resulting high peak currents, winding stresses, and high shaft torques can be very damaging to the 
generator and the associated generator step-up transformer. 


The SEL-300G implements two out-of-step tripping schemes: single blinder and double blinder.  
Users can select whichever scheme suits their application or can disable out-of-step protection. 


The single blinder scheme, shown in Figure 2.48, consists of mho element 78Z1, right blinder 
78R1, and left blinder 78R2. 
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Figure 2.48:  Single Blinder Scheme Operating Characteristics 
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This scheme detects an out-of-step condition by tracking the path of positive-sequence impedance 
trajectories that pass through the protection zone.  If the relay detects an out-of-step condition, it 
asserts the following Relay Word bits: 


• Relay Word bit SWING picks up when the positive-sequence impedance moves from 
the load region into Area A (left blinder 78R2 and mho element 78Z1 assert). 


• Relay Word bit OOS picks up when the impedance trajectory advances further to 
Area B between the two blinders (right blinder 78R1, left blinder 78R2, and mho 
element 78Z1 assert). 


• At the time the impedance trajectory exits the mho circle via Area C, the rising-edge 
triggered timer with 78TD pickup delay and 78TDURD dropout-delay starts timing.  
Relay Word bit OOST remains picked up for 78TDURD seconds after the pickup 
delay time 78TD expires. 


• The above description is only for trajectories traveling from right to left.  Out-of-step 
trajectories traveling from left to right traverse the protection zone in the reverse 
sequence (i.e., from Area C to B to A).  The Relay Word bits assert in the same way 
whether trajectories travel from right to left or from left to right.  


The single blinder scheme distinguishes between short circuit faults and out-of-step conditions by 
tracking the path of the impedance trajectory.  During short circuit faults, the impedance will 
move from the load region to inside the mho element and between the two blinders almost 
instantaneously preventing the out-of-step function from picking up. 


Figure 2.49 shows the logic diagram for the single blinder scheme. In the figure, the states of 
78R1 and 78R2 are latched on the rising edge of SWING to determine if the swing has entered 
the 78Z1 mho circle from the right or the left. (For an OOST to occur, the swing must exit the 
78Z1 mho circle in the opposite direction from which it entered.) The latched states of 78R1 and 
78R2 are retained until the next time SWING asserts, which is the next time a power system 
swing occurs. 
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Figure 2.49:  Single Blinder Scheme Logic Diagram 
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Setting Descriptions 
Enable Out-of-Step Protection (1B, 2B, N) E78 = 1B 


Set E78 = 1B or 2B to enable out-of-step protection elements.  If out-of-step protection is not 
required, set E78 = N.  E78 = 1B requires the following entries: 


Forward Reach Reactance (0.1–100.0 Ohms) 78FWD = 8.0 
Reverse Reach Reactance (0.1–100.0 Ohms) 78REV = 8.0 
Right Blinder (0.1–50.0 Ohms) 78R1 = 6.0 
Left Blinder (0.1–50.0 Ohms) 78R2 = 6.0 
Out-of-Step Trip Delay (0.00–1.00 seconds) 78TD = 0.00 
Out-of-Step Trip Duration (0.00–5.00 seconds) 78TDURD = 3.00 
Pos.-Seq. Current Supervision (0.25–30.00 Amps) 50ABC = 0.25 
78 Element Torque Control (SELOGIC control equation) OOSTC = 1 


Notes: The values indicated above are default settings for a 5 A relay.  For a 1 A relay, multiply 
ohms by five and divide amperes by five. 


 The sum of the forward and reverse reaches (the diameter of the mho circle) has to be 
100 ohms or less for a 5 A relay and 500 ohms or less for a 1 A relay. 
 
The blinder settings must be greater than or equal to five percent of either the forward or 
the reverse reach, whichever is greater. 
 
The 78 Element Torque Control SELOGIC control equation OOSTC has a default setting 
of one.  If this value is left at one, the out-of-step element will not be controlled by any 
other conditions external to the element.  However, users can block the operation of the 
78 element for certain conditions, such as the presence of excessive negative-sequence 
currents, by setting OOSTC to !46Q1.  Refer to Section 4: SELOGIC Control Equations 
for a detailed discussion of SELOGIC control equations. 
 
The trip delay timer also has an adjustable dropout delay 78TDURD (Trip Duration).  
The 78TDURD should be set appropriately if the Relay Word bit OOST is configured to 
operate an output contact directly, instead of being routed through the common trip logic.  
Default setting for the 78TDURD is three seconds. However, if Relay Word bit OOST is 
in SELOGIC trip equations TR1 through TR4, set 78TDURD to zero seconds because the 
common trip logic has an identical timer, TDURD.  Refer to Section 4: SELOGIC 
Control Equations for details regarding trip logic. 
 
The scheme includes positive-sequence current supervision setting 50ABC, which has a 
setting range of 0.25–30.00 A for 5 A relays and 0.05–6.00 A for 1 A relays.  Normally, a 
setting of 0.25 A for 5 A relays is adequate for most applications.  However, a higher 
setting can be applied based on minimum expected swing currents.  Note that the 
positive-sequence current levels below the 50ABC setting will block the out-of-step 
function.  
 
Both 78R1 and 78R2 must be within the mho circle. 
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Relay Word Bits 


Relay 
Word Bit 


Function Description Typical Applications 


78R1 Right Blinder Pickup Event Triggering, SER 
Triggering, Testing 


78R2 Left Blinder Pickup Event Triggering, SER 
Triggering, Testing 


78Z1 Mho Element Pickup Event Triggering, SER 
Triggering, Testing 


SWING Swing Condition Detected Event Triggering, SER 
Triggering, Testing 


OOS Out-of-Step Condition Detected Event Triggering, SER 
Triggering, Testing 


OOST Out-of-Step Tripping Event Triggering, SER 
Triggering, Testing, Tripping 


Settings Calculation 


Information Needed 
• Generator transient reactance, dX′ , in secondary ohms 


• Generator step-up transformer impedance in secondary ohms 
• Impedance of line or lines beyond the generator step-up transformers, if needed 


Convert all impedances to generator base kV. 


Recommendations 
Figure 2.50 shows the elements set per the following recommendations. 


A transient stability study normally provides adequate data for setting the elements and timers 
properly.  The out-of-step protection zone, which is limited by mho element 78Z1, should extend 
from the generator neutral to the high-side bushings of the generator step-up transformer.  
Normally, set forward reach 78FWD at 2–3 times the generator transient reactance dX′  and set 
reverse reach 78REV at 1.5–2.0 times the transformer reactance, XT, to have an adequate 
coverage plus some margins.   


Set the left and right blinders to detect all out-of-step conditions.  To do this, the right and left 
blinders are set so that the equivalent machine angles α and β are approximately 120 degrees, as 
shown in Figure 2.50.  Separation angles of 120 degrees or greater between the two sources 
usually results in loss of synchronism. 


Make sure that the mho element and the blinders do not include the maximum possible generator 
load to avoid assertion of 78Z1, 78R1, and 78R2 under normal system operation.  
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Figure 2.50:  Single Blinder Typical Settings 
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OUT-OF-STEP ELEMENT–DOUBLE BLINDER SCHEME 


Element Description 


Functional Description 
The SEL-300G contains an out-of-step element to detect out-of-step conditions between two 
electrical sources.  Two interconnected systems can experience an out-of-step condition for 
several reasons.  For example, loss of excitation can cause a generator to lose synchronism with 
the rest of the system.  Similarly, delayed tripping of a generator breaker to isolate a fault can 
cause the generator to go out-of-step with the rest of the system. 


It is imperative to detect and isolate an out-of-step condition as early as possible because the 
resulting high peak currents, winding stresses, and high shaft torques can be very damaging to the 
generator and the associated generator step-up transformer. 


The SEL-300G implements two out-of-step tripping schemes:  single blinder and double blinder.  
Users can select whichever scheme suits their application, or can disable out-of-step protection. 
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Figure 2.51:  Double Blinder Scheme Operating Characteristics 


The double blinder scheme, shown in Figure 2.51, consists of mho element 78Z1 and two blinder 
pairs:  outer resistance blinder 78R1 and inner resistance blinder 78R2.  This scheme uses timer 
78D as part of its logic to detect out-of-step conditions.  The scheme declares an out-of-step 
condition if the positive-sequence impedance stays between the two blinders for more than 78D 
seconds and advances further inside the inner blinder.  The logic issues an out-of-step trip once an 
out-of-step condition is established and the positive-sequence impedance exits the mho circle. 
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If the relay detects an out-of-step condition, it asserts the following Relay Word bits: 
• Relay Word bit SWING picks up when the positive-sequence impedance stays 


between the outer and inner blinders for more than 78D seconds (78R1 asserts, mho 
element 78Z1 may or may not assert). 


• Relay Word bit OOS picks up when the impedance trajectory advances further inside 
the inner blinder (78R1, 78R2, and mho element 78Z1 assert). 


• At the time the impedance trajectory exits the mho circle, the rising-edge triggered 
timer with 78TD pickup delay and 78TDURD dropout delay starts timing.  Relay 
Word bit OOST remains picked up for 78TDURD seconds after pickup delay time 
78TD expires. 


The double blinder scheme distinguishes between short circuit faults and out-of-step conditions 
by monitoring the length of time that the impedance trajectory stays between the two blinders.  
During short circuit faults, the impedance either moves inside the inner blinder or goes through 
the two blinders almost instantaneously so the 78D does not time out.  Either case prevents the 
out-of-step element from picking up. 


Figure 2.52 shows the logic diagram for the double blinder scheme. 
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Figure 2.52:  Double Blinder Scheme Logic Diagram 
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Settings Descriptions 
Enable Out-of-Step Protection (1B, 2B, N) E78 = 2B 


Set E78 = either 1B or 2B to enable out-of-step protection elements.  If out-of-step protection 
is not required, set E78 = N.  E78 = 2B requires the following entries: 


Forward Reach Reactance (0.1–100.0 Ohms) 78FWD = 8.0 
Reverse Reach Reactance (0.1–100.0 Ohms) 78REV = 8.0 
Outer Resistance Blinder (0.2–100.0 Ohms) 78R1 = 6.0 
Inner Resistance Blinder (0.1–50.0 Ohms) 78R2 = 6.0 
Out-of-Step Delay (0.00–1.00 second) 78D = 0.05 
Out-of-Step Trip Delay (0.00–1.00 second) 78TD = 0.00 
Out-of-Step Trip Duration (0.00–5.00 second) 78TDURD = 3.00 
Positive-Sequence Current Supervision (0.25–30.00 A) 50ABC = 0.25 
78 Element Torque Control (SELOGIC control equation) OOSTC = 1 


Notes: The values indicated above are default settings for a 5 A relay.  For a 1 A relay multiply 
ohms by five and divide amperes by five. 
 
The sum of the forward and reverse reaches (the diameter of the mho circle) has to be 
100 ohms or less for a 5 A relay and 500 ohms or less for a 1 A relay.   
 
Set the inner blinder (78R2) so that its setting is greater than or equal to five percent of 
either the forward or the reverse reach, whichever is greater. 
 
The 78 Element Torque Control SELOGIC control equation OOSTC has a default setting 
of one.  If this value is left at one, the out-of-step element will not be controlled by any 
other conditions external to the element.  However, users can block operation of the 78 
element for certain conditions, such as the presence of excessive negative-sequence 
currents, by setting OOSTC to !46Q1.  Refer to Section 4:  SELOGIC Control Equations 
for a detailed discussion of SELOGIC control equations. 
 
The scheme includes positive-sequence current supervision setting 50ABC, which has a 
setting range of 0.25–30.00 A for 5 A relays and 0.05–6.00 A for 1 A relays.  Normally, a 
setting of 0.25 A for 5 A relays is adequate for most applications.  However, a higher 
setting can be applied based on minimum expected swing currents.  Note that the 
positive-sequence current levels below the 50ABC setting will block the out-of-step 
function. 
 
The trip delay timer also has an adjustable dropout delay 78TDURD (Trip Duration).  If 
Relay Word bit OOST is configured to operate an output contact directly instead of being 
routed through the common trip logic, set 78TDURD as best fits your application.  The 
default setting for 78TDURD is three seconds, but it can be set at zero seconds if OOST 
is integrated into the overall trip logic used by other elements since the common trip logic 
has TDURD, an identical timer.  Refer to Section 4:  SELOGIC Control Equations for 
details regarding common trip logic. 
 
The inner resistance blinder must be inside the mho circle while the outer resistance 
blinder should be outside the mho circle for the logic to operate correctly. 
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Relay Word Bits 
Relay Word Bit Function Description Typical Applications 


78R1 Outer Resistance Blinder Pickup Event Triggering, SER 
Triggering, Testing 


78R2 Inner Resistance Blinder Pickup Event Triggering, SER 
Triggering, Testing 


78Z1 Mho Element Pickup Event Triggering, SER 
Triggering, Testing 


SWING Swing Condition Detected Event Triggering, SER 
Triggering, Testing 


OOS Out-of-Step Condition Detected Event Triggering, SER 
Triggering, Testing 


OOST Out-of-Step Tripping Event Triggering, SER 
Triggering, Testing, Tripping 


Settings Calculation 


Information Needed 
• Generator transient reactance, dX′  in secondary ohms. 


• Generator step-up transformer impedance in secondary ohms. 
• Impedance of line or lines beyond the generator step-up transformers, if needed. 


Convert all impedances to generator base kV. 


Recommendations 
Figure 2.53 shows the elements set per the following recommendations. 


The out-of-step protection zone, which is limited by mho element 78Z1, should extend from the 
generator neutral to the high-side bushings of the generator step-up transformer.  Normally, the 
forward reach 78FWD of the mho element is set at 2–3 times the generator transient reactance 


dX′  and its reverse reach 78REV at 1.5–2 times the transformer reactance, XT.  These settings for 
the forward and the reverse reach will provide adequate coverage plus some margin.  Refer to 
Figure 2.53 for details. 


Set the inner blinder 78R2 to detect all out-of-step conditions.  To do this, set the inner blinder so 
that the equivalent machine angles α, shown in Figure 2.53, is approximately 120 degrees.  A 
separation angle of 120 degrees or greater between two sources will generally result in loss of 
synchronism. 
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The outer blinder 78R1 and out-of-step timer 78D should be set to satisfy the following: 
• The outer blinder should not assert on maximum load. 
• The outer blinder should lie outside the mho circle to satisfy the relay logic. 
• The outer blinder should separate from the inner blinder far enough to ensure that the 


78D timer accurately times the out-of-step slip cycle. 


The SEL-300G processes the out-of-step logic every one-half cycle of the system frequency.  To 
ensure that the relay times the out-of-step slip frequency accurately, the outer and inner blinders 
must be separated appropriately.  For example, assume that the highest out-of-step frequency 
encountered is five slip cycles per second, which translates to 30 degrees per cycle (60 Hz).  Set 
the blinders with a 70-degree separation.  This separation translates to a positive-sequence 
impedance travel time of 2.3 cycles between the two blinders, which should provide adequate 
timing accuracy.  Set the 78D timer at approximately 0.034 seconds (two cycles), which ensures 
that 78D will pickup for swings traveling at 30 degrees per cycle or less. 


The out-of-step slip frequency is a system-specific value.  A transient stability study normally 
determines this variable and therefore the double blinder settings. 
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78FWD: Forward Reach
78REV: Reverse Reach
X'd: Generator Transient Reactance
XT: Transformer Reactance
Zs: System Impedance
M-N: Total Impedance Between Generator


and System
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System Measured at 78R2
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Figure 2.53:  Double Blinder Typical Settings 
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FREQUENCY PROTECTION 


Element Description 


Functional Description 
The SEL-300G provides six steps of over/underfrequency elements.  Each element can operate as 
an overfrequency or an underfrequency element, depending on its pickup setting.  If the element 
pickup setting is less than the nominal machine frequency setting, FNOM, the element operates as 
an underfrequency element, picking up if measured frequency is less than the setpoint.  If the 
pickup setting is greater than FNOM, the element operates as an overfrequency element, picking 
up if measured frequency is greater than the setpoint. 


The SEL-300G determines system frequency using the A-phase voltage.  All frequency elements 
are disabled if any phase voltage is less than a settable voltage, 27B81P.  Use the relay frequency 
elements for simple abnormal frequency protection.  In turbine prime mover applications, 
consider using the off-nominal frequency operating time accumulator function for additional 
protection. 


Setting Descriptions  
Enable Frequency Elements (N, 1–6) E81 = 2 


Set E81 to enable up to six over/underfrequency elements.  When E81 = N, the frequency 
elements are disabled and their settings are hidden and do not need to be entered. 


81 ELEMENTS 
Phase Undervoltage Block (20.00–150.00 V) 27B81P = 20.00 
Level 1 Pickup (OFF, 20.00–70.00 Hz) 81D1P = 59.10 
Level 1 Time Delay (0.03–400.00 s) 81D1D = 0.03 
Level 2 Pickup (OFF, 20.00–70.00 Hz) 81D2P = 62.00 
Level 2 Time Delay (0.03–400.00 s) 81D2D = 0.03 
Level 3 Pickup (OFF, 20.00–70.00 Hz) 81D3P = OFF 
Level 3 Time Delay (0.03–400.00 s) 81D3D = 0.03 
Level 4 Pickup (OFF, 20.00–70.00 Hz) 81D4P = OFF 
Level 4 Time Delay (0.03–400.00 s) 81D4D = 0.03 
Level 5 Pickup (OFF, 20.00–70.00 Hz) 81D5P = OFF 
Level 5 Time Delay (0.03–400.00 s) 81D5D = 0.03 
Level 6 Pickup (OFF, 20.00–70.00 Hz) 81D6P = OFF 
Level 6 Time Delay (0.03–400.00 s) 81D6D = 0.03 


The frequency elements are disabled while any phase voltage is less than the 27B81P setting.  
In the settings shown above, two frequency elements are enabled.  81D1P is set below the 
nominal system frequency of 60 Hz, so operates as an underfrequency element.  81D2P is set 
above 60 Hz, so operates as an overfrequency element.  Each enabled element also includes a 
settable definite-time pickup delay. 
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Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
81D1 Level 1 Frequency Element Pickup Testing 
81D1T Level 1 Frequency Element With Time Delay Tripping, Indication, SER 


Triggering 
81D2 Level 2 Frequency Element Pickup Testing 
81D2T  Level 2 Frequency Element With Time Delay Tripping, Indication, SER 


Triggering 
81D3 Level 3 Frequency Element Pickup Testing 
81D3T  Level 3 Frequency Element With Time Delay Tripping, Indication, SER 


Triggering 
81D4 Level 4 Frequency Element Pickup Testing 
81D4T  Level 4 Frequency Element With Time Delay Tripping, Indication, SER 


Triggering 
81D5 Level 5 Frequency Element Pickup Testing 
81D5T  Level 5 Frequency Element With Time Delay Tripping, Indication, SER 


Triggering 
81D6 Level 6 Frequency Element Pickup Testing 
81D6T  Level 6 Frequency Element With Time Delay Tripping, Indication, SER 


Triggering 
27B81 Phase Undervoltage for Frequency Element 


Blocking 
Indication, Event 
Triggering, Testing 


Note: Instantaneous frequency element Relay Word bits 81D1–81D6 should not be used for 
applications other than testing. 


Frequency Element Setting Calculation 


Information Needed 
• Required or desired abnormal frequency protection tripping frequencies and delays 
• Generator over/underfrequency shedding frequencies and delays 


Recommendations 
Enable the required number of over/underfrequency elements for your application.  Your 
generator prime mover manufacturer can provide abnormal frequency tripping guidelines to 
protect the generator and prime mover.  Your local system coordinating council may have 
published underfrequency load shedding requirements.  A 20V setting for 27B81P provides 
frequency element operation over the widest range of system and generator voltages. 
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Underfrequency Tripping 


Because frequency-based trips occur due to system phenomena rather than generator problems, 
tripping is generally applied to the generator main breaker only.  In this way, the generator can be 
quickly resynchronized once the system condition causing the frequency disturbance has been 
corrected.  Refer to Section 4:  SELOGIC Control Equations for more detail and examples of 
tripping SELOGIC control equations. 


Element Operating Characteristics 
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Figure 2.54:  Frequency Element Voltage Supervision Logic 
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Figure 2.55:  Frequency Element Logic 
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OFF-FREQUENCY ACCUMULATORS 


Element Description 


Functional Description 
When steam turbine prime movers operate at other than design speed, vibration can cause 
cumulative metal fatigue in the turbine blades.  Eventually, this fatigue can lead to premature and 
catastrophic turbine blade failure.  For steam turbine prime mover applications, the SEL-300G 
records the total time of operation of the generator at off-nominal frequencies in up to six 
frequency bands.  This function satisfies the requirements of the IEEE C37.106: 1987 Guide For 
Abnormal Frequency Protection for Power Generating Plants, Steam Turbine Protection 
Scheme 1. 


When the generator is online (SELOGIC control equation ONLINE = logical 1), if the frequency 
is within a time-accumulator band, the relay asserts an alarm bit and starts the 62ACC timer for 
that band.  If the frequency remains within the band for greater than 62ACC seconds, the relay 
begins adding time to that accumulator band timer.  If the total time of operation within a 
particular accumulator band exceeds the limit setting for that band, the relay asserts a tripping bit. 


The accumulator values are nonvolatile and are retained through relay power-off cycles.  The 
accumulator values may be viewed or reset using the relay serial port PROFILE command. 


Setting Descriptions  
Enable Abnormal Frequency Scheme (N, 1–6) E81AC = 6 


Set E81AC = 1–6 to enable the abnormal frequency operating time-accumulator function.  If 
this function is not required, set E81AC = N.  When E81AC = N, the function is inactive and 
the settings are hidden and do not need to be entered. 


Upper Frequency Limit of Band 1 (20.0–70.0 Hz) UBND1 = 59.5 
Lower Frequency Limit of Band 1 (20.0–70.0 Hz) LBND1 = 58.5 


The UBND1 and LBND1 settings define the upper and lower frequency limits of the first 
accumulator band.  UBND1 is typically less than nominal system frequency.  LBND1 must 
be less than UBND1. 


Band 1 Accumulator Limit Time (0.01–6000.00 s) TBND1 = 5000.00 
Settings TBND1 through TBND6 define the total permissible time of operation of the 
generator and turbine within each frequency band.  Once this limit is exceeded, the relay 
asserts the tripping Relay Word bit for the particular band. 


Lower Frequency Limit of Band 2 (20.0–70.0 Hz) LBND2 = 57.9 
The lower limit of accumulator Band 2 is defined by the LBND2 setting.  The relay 
automatically uses LBND1 as the upper limit of Band 2.  Subsequent accumulator bands are 
defined in the same way. 


Band 2 Accumulator Limit Time (0.01–6000.00 s) TBND2 = 600.00 
Lower Frequency Limit of Band 3 (20.0–70.0 Hz) LBND3 = 57.4 
Band 3 Accumulator Limit Time (0.01–6000.00 s) TBND3 = 120.00 
Lower Frequency Limit of Band 4 (20.0–70.0 Hz) LBND4 = 56.9 
Band 4 Accumulator Limit Time (0.01–6000.00 s) TBND4 = 12.00 
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Lower Frequency Limit of Band 5 (20.0–70.0 Hz) LBND5 = 56.5 
Band 5 Accumulator Limit Time (0.01–6000.00 s) TBND5 = 2.00 
Lower Frequency Limit of Band 6 (20.0–70.0 Hz) LBND6 = 56.0 
Band 6 Accumulator Limit Time (0.01–6000.00 s) TBND6 = 0.65 
Accumulator Time-Delayed Pickup (00.00–400.00 s) 62ACC = 0.16 


System frequency must stabilize within a frequency band for 62ACC seconds before time 
accumulation starts.  Ten cycles or 0.16 seconds is the setting recommended by the IEEE 
standard. 


Abnormal Frequency Element Control Equation 


!3PO!27B81ONLINE ∗=  
Off-frequency operating time is only accumulated when the ONLINE SELOGIC control 
equation result is logical 1.  We do not wish to accumulate time during generator startup or 
when the generator frequency cannot be accurately determined due to low voltage.  With the 
default setting, off-frequency operating time is accumulated when no phase voltage is below 
the 27B81P setting and the generator breaker is not open. 


Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
BND1A Frequency Band 1 Alarm Indication, Event Triggering, SER 


Triggering, Testing 
BND1T Frequency Band 1 Trip  Tripping, Indication, SER Triggering 
BND2A Frequency Band 2 Alarm  Indication, Event Triggering, SER 


Triggering, Testing 
BND2T  Frequency Band 2 Trip  Tripping, Indication, SER Triggering 
BND3A Frequency Band 3 Alarm  Indication, Event Triggering, SER 


Triggering, Testing 
BND3T  Frequency Band 3 Trip  Tripping, Indication, SER Triggering 
BND4A Frequency Band 4 Alarm  Indication, Event Triggering, SER 


Triggering, Testing 
BND4T  Frequency Band 4 Trip  Tripping, Indication, SER Triggering 
BND5A Frequency Band 5 Alarm  Indication, Event Triggering, SER 


Triggering, Testing 
BND5T  Frequency Band 5 Trip  Tripping, Indication, SER Triggering 
BND6A Frequency Band 6 Alarm  Indication, Event Triggering, SER 


Triggering, Testing 
BND6T  Frequency Band 6 Trip  Tripping, Indication, SER Triggering 
BNDA Any Frequency Band Alarm  Indication, Event Triggering, SER 


Triggering, Testing 
BNDT  Any Frequency Band Trip  Tripping, Indication, SER Triggering 
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Abnormal Frequency Protection Setting Calculation 


Information Needed 
Turbine Manufacturer Abnormal Operating Frequency Protection Recommendations 


Recommendations 
Steam turbine manufacturers can provide documentation showing turbine operating time 
limitations during abnormal frequency.  This documentation should show continuous operation at 
nominal frequency, an area of restricted time of operation, and an area of prohibited time of 
operation.  Define accumulator frequency bands and assign times to those bands that prevent the 
generator from operating in the restricted area.  Figure 2.56 shows an example, with settings 
shown. 


Abnormal Frequency Tripping 
Consult the generator and prime mover manufacturers to determine the need or ability to trip the 
generator when the set time accumulation is reached.  Refer to Section 4:  SELOGIC Control 
Equations for more detail and examples of tripping SELOGIC control equations. 
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Element Operating Characteristics 


DWG:  M300G061
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Figure 2.56:  Example Turbine Operating Limitations During Abnormal Frequency 
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RTD-BASED PROTECTION  
(MODELS COMPATIBLE WITH SEL-2600 SERIES RTD MODULE) 


Element Description 


Functional Description 
The SEL-300G1/300G2/300G3 Relays optionally include compatibility with the SEL-2600 Series 
RTD Module (refer to Table 1.2 for Model Number detail).  Up to 12 RTDs can be connected to 
the SEL-2600 series. Use a fiber-optic cable and a transceiver (SEL part number 
C805Z010VVX0003 [3 meters]—refer to the Model Option Table for additional cable choices—
and SEL-2800, respectively) to transmit the RTD data to the SEL-300G (See Figure 1.4 for the 
detail). The EIA-232 port used must be set for SEL protocol and a baud rate of 2400. 


The SEL-300G provides temperature alarms and trips using the RTD temperature measurements 
and the alarm and trip temperature settings. The relay includes RTD voting feature for the 
winding and the bearing trip elements. In addition, the relay provides two ways to bias the trip 
temperature thresholds for the winding RTDs. 


Setting Descriptions 
RTD Configuration Settings 


Setting Prompt Setting Range Setting Name = Factory Default 


RTD Input Option EXT, NONE RTDOPT = NONE 
Temperature Preference Setting C, F TMPREF = F 


When RTDs are not used, set the RTD Input Option setting equal to NONE. When RTDs are 
connected to the inputs of the SEL-2600 series, set the RTD Input Option setting equal to EXT. 


The Temperature Preference Setting allows you to configure the RTD temperature trip and alarm 
settings and temperature reporting functions in your preferred units: 


degrees Celsius or degrees Fahrenheit. 


The relay automatically hides the Temperature Preference setting and all other settings associated 
with the RTD inputs if you set RTDOPT equal to NONE. 


RTD Location Settings 
Setting Prompt Setting Range Setting Name = Factory Default 
RTD Location WDG, BRG, AMB, OTH, NONE RTD1LOC = BRG 
RTD Location WDG, BRG, AMB, OTH, NONE RTD2LOC = BRG 
RTD Location WDG, BRG, AMB, OTH, NONE RTD3LOC = BRG 
RTD Location WDG, BRG, AMB, OTH, NONE RTD4LOC = BRG 
RTD Location WDG, BRG, AMB, OTH, NONE RTD5LOC = WDG 
RTD Location WDG, BRG, AMB, OTH, NONE RTD6LOC = WDG 
RTD Location WDG, BRG, AMB, OTH, NONE RTD7LOC = WDG 
RTD Location WDG, BRG, AMB, OTH, NONE RTD8LOC = WDG 
RTD Location WDG, BRG, AMB, OTH, NONE RTD9LOC = WDG 
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Setting Prompt Setting Range Setting Name = Factory Default 
RTD Location WDG, BRG, AMB, OTH, NONE RTD10LOC = WDG 
RTD Location WDG, BRG, AMB, OTH, NONE RTD11LOC = AMB 
RTD Location WDG, BRG, AMB, OTH, NONE RTD12LOC = OTH 


The relay allows you to define the location of each monitored RTD independently using the RTD 
Location settings. 


Define the RTD Location settings using the following suggestions: 
• If an RTD is not connected to an input or has failed in place and will not be replaced, 


set RTD Location for that input equal to NONE. 
• For RTDs embedded in generator stator windings, set RTD Location equal to WDG. 
• For inputs connected to RTDs measuring bearing race temperature, set RTD Location 


equal to BRG. 
• For the input connected to an RTD measuring ambient generator cooling air 


temperature, set RTD Location equal to AMB. Only one ambient temperature RTD is 
allowed. 


• For inputs connected to monitor temperatures of other apparatus, set RTD Location 
equal to OTH. 


RTD Type Settings 
Setting Prompt Setting Range Setting Name = Factory Default 


RTD Type PT100, NI100, NI120, CU10 RTD1TY = PT100 
RTD Type PT100, NI100, NI120, CU10 RTD2TY = PT100 
RTD Type PT100, NI100, NI120, CU10 RTD3TY = PT100 
RTD Type PT100, NI100, NI120, CU10 RTD4TY = PT100 
RTD Type PT100, NI100, NI120, CU10 RTD5TY = PT100 
RTD Type PT100, NI100, NI120, CU10 RTD6TY = PT100 
RTD Type PT100, NI100, NI120, CU10 RTD7TY = PT100 
RTD Type PT100, NI100, NI120, CU10 RTD8TY = PT100 
RTD Type PT100, NI100, NI120, CU10 RTD9TY = PT100 
RTD Type PT100, NI100, NI120, CU10 RTD10TY = PT100 
RTD Type PT100, NI100, NI120, CU10 RTD11TY = PT100 
RTD Type PT100, NI100, NI120, CU10 RTD12TY = PT100 


The relay allows you to define the type of each monitored RTD independently using the RTD 
Type settings. 


If an RTD Location setting is equal to NONE, the relay does not request that an RTD Type 
setting be entered for that input. 
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The four available RTD types (Table 2.5 lists RTD resistance versus temperature for the RTD) 
are: 


• 100-ohm platinum (PT100) 
• 100-ohm nickel (NI100) 
• 120-ohm nickel (NI120) 
• 10-ohm copper (CU10) 


RTD Alarms & Trip Temperature Settings 


Note: When the Temperature Preference setting TEMPREF equals C, the trip and alarm 
temperature setting ranges below are OFF, 0°–250°C. 


Setting Prompt Setting Range Setting Name = Factory Default 


RTD Trip Temperature OFF, 32°–482°F TRTMP1 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP1 = OFF 
RTD Trip Temperature OFF, 32°–482°F TRTMP2 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP2 = OFF 
RTD Trip Temperature OFF, 32°–482°F TRTMP3 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP3 = OFF 
RTD Trip Temperature OFF, 32°–482°F TRTMP4 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP4 = OFF 
RTD Trip Temperature OFF, 32°–482°F TRTMP5 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP5 = OFF 
RTD Trip Temperature OFF, 32°–482°F TRTMP6 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP6 = OFF 
RTD Trip Temperature OFF, 32°–482°F TRTMP7 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP7 = OFF 
RTD Trip Temperature OFF, 32°–482°F TRTMP8 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP8 = OFF 
RTD Trip Temperature OFF, 32°–482°F TRTMP9 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP9 = OFF 
RTD Trip Temperature OFF, 32°–482°F TRTMP10 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP10 = OFF 
RTD Trip Temperature OFF, 32°–482°F TRTMP11 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP11 = OFF 
RTD Trip Temperature OFF, 32°–482°F TRTMP12 = OFF 
RTD Alarm Temperature OFF, 32°–482°F ALTMP12 = OFF 
Enable Winding Trip Voting Y, N EWDGV = N 
Enable Bearing Trip Voting Y, N EBRGV = N 
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Setting Prompt Setting Range Setting Name = Factory Default 


RTD Biasing AMB, LOAD, NONE RTDBIAS = NONE 
RTD Bias Differential 
Temperature 


0°–45°F (0°–25°C) TMPK = 9°F 


Overload Bias Limit 1.00–2.00 per unit Amp. BLMT = 2.00 


The SEL-300G provides temperature alarms and trips using the RTD temperature measurements 
and the alarm and trip temperature settings. The temperature setting range is dependent on the 
Temperature Preference setting so you can enter your alarm and trip temperatures in degrees 
Celsius or degrees Fahrenheit. 


The relay issues a winding temperature alarm if any of the healthy winding RTDs (RTD Location 
setting equals WDG) indicate a temperature greater than its RTD Alarm Temperature setting. The 
relay issues a winding temperature trip if one or two of the healthy winding RTDs indicate a 
temperature greater than their RTD Trip Temperature settings. Two winding RTDs must indicate 
excessive temperature when the Enable Winding Trip Voting setting equals Y. Only one 
excessive temperature indication is required if the Winding Trip Voting is not enabled.  


The alarm and trip temperature settings for Bearing, Ambient, and Other RTD types function 
similarly except that trip voting is not available for Ambient and Other RTDs. 


To disable any of the temperature alarm or trip functions, set the appropriate temperature setting 
to OFF. 


Only healthy RTDs can contribute temperatures to the alarm and trip functions. The relay 
includes specific logic to indicate if RTD leads are shorted or open. Also, failure of the SEL-2600 
series or the fiber-optic connection results in RTD fault alarm in the SEL-300G relay. 


The relay offers two options to bias the RTD temperature thresholds. 


1. When you have connected an ambient temperature sensing RTD and set the trip and/or alarm 
temperatures for one or more winding (or bearing) RTDs, the relay gives you the option to 
bias the thresholds by the ambient temperature. When you enable RTD biasing by the 
Ambient, the relay automatically reduces the RTD trip and alarm temperature thresholds by 
1°C for each degree rise in ambient temperature above 40°C. 


2. You also have an option to bias the trip and alarm temperature thresholds by generator load 
current. When you enable RTD biasing by the Load, the relay automatically reduces the 
winding RTD trip and alarm thresholds when the load current exceeds Nominal Current of 
the generator.  
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The following equation is used to compute the trip thresholds (alarm thresholds work similarly): 
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Figure 2.58 illustrates the Load Current Biased RTD trip characteristic with BLMT (Overload 
Bias Limit) set to 2.00 pu Amps. 
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Figure 2.58:  Winding RTD Trip Characteristics with BLMT = 2.00 







2-104 Relay Element Settings 
 


Date Code 20081231  SEL-300G Instruction Manual 


Table 2.5:  RTD Resistance vs. Temperature 


Temp 
(°F) 


Temp 
(°C) 


100-Ohm
Platinum 


120-Ohm
Nickel 


100-Ohm
Nickel 


10-Ohm 
Copper 


–58 –50.00 80.31 86.17 74.30 7.10 


–40 –40.00 84.27 92.76 79.10 7.49 


–22 –30.00 88.22 99.41 84.20 7.88 


–4 –20.00 92.16 106.15 89.30 8.26 


14 –10.00 96.09 113.00 94.60 8.65 


32 0.00 100.00 120.00 100.00 9.04 


50 10.00 103.90 127.17 105.60 9.42 


68 20.00 107.79 134.52 111.20 9.81 


86 30.00 111.67 142.06 117.10 10.19 


104 40.00 115.54 149.79 123.00 10.58 


122 50.00 119.39 157.74 129.10 10.97 


140 60.00 123.24 165.90 135.30 11.35 


158 70.00 127.07 174.25 141.70 11.74 


176 80.00 130.89 182.84 148.30 12.12 


194 90.00 134.70 191.64 154.90 12.51 


212 100.00 138.50 200.64 161.80 12.90 


230 110.00 142.29 209.85 168.80 13.28 


248 120.00 146.06 219.29 176.00 13.67 


266 130.00 149.83 228.96 183.30 14.06 


284 140.00 153.58 238.85 190.90 14.44 


302 150.00 157.32 248.95 198.70 14.83 


320 160.00 161.05 259.30 206.60 15.22 


338 170.00 164.77 269.91 214.80 15.61 


356 180.00 168.47 280.77 223.20 16.00 


374 190.00 172.17 291.96 231.80 16.39 


392 200.00 175.85 303.46 240.70 16.78 


410 210.00 179.15 315.31 249.80 17.17 


428 220.00 183.17 327.54 259.20 17.56 


446 230.00 186.82 340.14 268.90 17.95 


464 240.00 190.45 353.14 278.90 18.34 


482 250.00 194.08 366.53 289.10 18.73 
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Relay Word Bits 


Relay Word Bit Function Description Typical Application 


WDGTRIP Winding Temperature Trip (RTD 
voting and/or biasing applies if set) 


Tripping, Indication, SER 
Triggering 


WDGALRM Winding Temperature Alarm (biasing 
applies if set) 


Indication, SER Triggering 


BRGTRIP Bearing Temperature Trip (RTD 
voting and/or biasing applies if set) 


Tripping, Indication, SER 
Triggering 


BRGALRM Bearing Temperature Alarm (biasing 
applies if set) 


Indication, SER Triggering 


AMBTRIP Ambient Temperature Trip Tripping, Indication, SER 
Triggering 


AMBALRM Ambient Temperature Alarm Indication, SER Triggering 


OTHTRIP Other Temperature Trip Tripping, Indication, SER 
Triggering 


OTHALRM Other Temperature Alarm Indication, SER Triggering 


RTDnAL 
(n = 1 to 12) 


RTDn Temperature Alarm Indication, Testing 


RTDnTR 
(n = 1 to 12) 


RTDn Temperature Trip Indication, Testing 


RTDFLT RTD Fault, open/shorted RTD or no 
communication with the SEL-2600 
series 


Indication, SER Triggering 


2600IN Contact Input from the SEL-2600 
series 


General purpose 
control/indication 


Note: The above Relay Word bits are not programmed for any action in the factory default 
settings. They must be added to appropriate SELOGIC control equations and SER 
settings for Tripping, Alarm, SER triggering, etc. 
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POLE OPEN LOGIC 


Element Description 


Functional Description 
The SEL-300G pole open logic output Relay Word bit, 3PO, is logical 1 when the measured 
phase current and breaker auxiliary contact position agree that generator circuit breaker is open.  
The 3PO Relay Word bit is useful in event triggering, SER triggering, and other indication and 
control applications.  Figure 2.59 illustrates the logic. 


3POD


0


Relay
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Bits


SELOGIC
Setting


3PO
52A


Setting/
Currents


50LP


|IA|


|IB|


|IC|


+


-


50L


+


-


+


-
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Figure 2.59:  Pole Open Logic Diagram 


Setting Descriptions 
Load Detection Phase Pickup (OFF, 0.25–100.00 A, 5 A Model) 50LP = 0.25 


(OFF, 0.05–20.00 A, 1 A Model) 
Three-Pole Open Time Delay (0.00–1.00 s) 3POD = 0.00 


The 50LP setting defines the pickup setting for the 50L overcurrent element.  The 3POD 
time-delay dropout setting defines the 3PO dropout delay. 


Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
50L Sensitive Phase Overcurrent   Indication, Testing 
3PO  Breaker Three-Pole Open Condition  Indication, SER Triggering 


Pole Open Logic Setting Calculation 


Recommendations 
Set 50LP to its minimum value.  When the generator current is extremely low, the relay will rely 
on the 52A input status to indicate breaker position.  Set 3POD = 0 cycles unless your application 
requires a specific time-delayed dropout. 
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INADVERTENT ENERGIZATION PROTECTION 
The SEL-300G Inadvertent Energization protection function is provided by the INAD SELOGIC 
control equation.   Refer to Section 4:  SELOGIC Control Equations for complete details and a 
setting example. 


BREAKER FAILURE PROTECTION 
In some protection topologies, the SEL-300G SELOGIC control equations and nondedicated 
overcurrent elements can provide breaker failure protection.  Refer to Section 4:  SELOGIC 
Control Equations for complete details and a setting example. 


DIFFERENTIAL PROTECTION 
Settings for the ground differential (87N) elements provided by relay Models 0300G0 and 
0300G2 and the percentage restrained differential (87) elements provided by relay models 
0300G1 and 0300G3 are described in Section 13:  Differential Element Settings. 


SYNCHRONISM CHECKING 
Settings for the optional synchronism checking function provided by relay models 0300G2 and 
0300G3 are described in Section 4:  SELOGIC Control Equations. 
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SECTION 3:  AUXILIARY FUNCTION SETTINGS 


INTRODUCTION 
This section describes the following functions and their settings. 


• Demand Meter 


• Station DC Monitor 


• Setting Group Selection Function 


• Breaker Monitor Function 


• Optoisolated Input Debounce Timers 


• SER Trigger Settings and Alias Settings 


DEMAND METER 


Functional Description 
The SEL-300G Relay offers the choice between two types of demand metering, settable with the 
enable setting: 


EDEM = THM (Thermal Demand Meter) 
     or 
EDEM = ROL (Rolling Demand Meter) 


The relay provides demand and peak demand metering for the following values: 


Currents 
 IA,B,C,N Input currents (A primary) 
 IG Residual ground current (A primary; IG = 3I0 = IA + IB + IC) 
 3I2 Negative-sequence current (A primary) 


Power 
 MWA,B,C,3P Single (when Delta_Y = Y) and three-phase megawatts 
 MVARA,B,C,3P Single (when Delta_Y = Y) and three-phase megavars 


Depending on enable setting EDEM, these demand and peak demand values are thermal demand 
or rolling demand values.  The differences between thermal and rolling demand metering are 
explained in the following discussion. 


Comparison of Thermal and Rolling Demand Meters 
The example in Figure 3.1 shows the response of thermal and rolling demand meters to a step 
current input.  The current input is at a magnitude of zero and then suddenly goes to a magnitude 
of 1.0 per unit. 
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Figure 3.1: Response of Thermal and Rolling Demand Meters to a Step Input 


(setting DMTC = 15 minutes) 
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Thermal Demand Meter Response (EDEM = THM) 
The response of the thermal demand meter in Figure 3.1 (middle) to the step current input (top) is 
analogous to the series RC circuit in Figure 3.2. 


DWG: M300G125
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VcC


R


Vs


+


-


 
Figure 3.2: Voltage VS Applied to Series RC Circuit 


In the analogy: 


Voltage VS in Figure 3.2 corresponds to the step current input in Figure 3.1 (top). 


Voltage VC across the capacitor in Figure 3.2 corresponds to the response of the thermal demand 
meter in Figure 3.1 (middle). 


If voltage VS in Figure 3.2 has been at zero (VS = 0.0 per unit) for some time, voltage VC across 
the capacitor in Figure 3.2 is also at zero (VC = 0.0 per unit).  If voltage VS is suddenly stepped up 
to some constant value (VS = 1.0 per unit), voltage VC across the capacitor starts to rise toward 
the 1.0 per unit value.  This voltage rise across the capacitor is analogous to the response of the 
thermal demand meter in Figure 3.1 (middle) to the step current input (top). 


In general, as voltage VC across the capacitor in Figure 3.2 cannot change instantaneously, the 
thermal demand meter response is not immediate either for changes in applied current magnitude.  
The thermal demand meter response time is based on the demand meter time constant setting 
DMTC.  Note in Figure 3.1, the thermal demand meter response (middle) is at 90 percent (0.9 per 
unit) of full applied value (1.0 per unit) after a time period equal to setting DMTC = 15 minutes, 
referenced to when the step current input is first applied. 


The SEL-300G updates thermal demand values approximately every 2 seconds. 


Rolling Demand Meter Response (EDEM = ROL) 
The response of the rolling demand meter in Figure 3.1 (bottom) to the step current input (top) is 
calculated with a sliding time-window arithmetic average calculation.  The width of the sliding 
time-window is equal to the demand meter time constant setting DMTC.  Note in Figure 3.1, the 
rolling demand meter response (bottom) is at 100 percent (1.0 per unit) of full applied value (1.0 
per unit) after a time period equal to setting DMTC = 15 minutes, referenced to when the step 
current input is first applied. 
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When EDM = ROL, the rolling demand meter integrates the applied signal input in 5-minute 
intervals.  The integration is performed approximately every 2 seconds.  The average value for an 
integrated 5-minute interval is stored as a 5-minute total.  The rolling demand meter then 
averages a number of the 5-minute totals to produce the rolling demand meter response.  In the 
Figure 3.1 example, the rolling demand meter averages the three latest 5-minute totals because 
setting DMTC = 15 (15/5 = 3).  The rolling demand meter response is updated every 5 minutes, 
after a new 5-minute total is calculated. 


The following is a step-by-step calculation of the rolling demand response example in Figure 3.1 
(bottom). 


Time = 0 Minutes 


Presume that the input current magnitude has been at zero for quite some time before 
“Time = 0 minutes” (or the demand meters were reset).  The three 5-minute intervals in the 
sliding time-window at “Time = 0 minutes” each integrate into the following 5-minute totals: 


5-Minute Totals Corresponding  5-Minute Interval 


0.0 per unit –15 to –10 minutes 
0.0 per unit –10 to –5 minutes 
0.0 per unit –5 to 0 minutes 
0.0 per unit  


Rolling demand meter response at “Time = 0 minutes” = 0.0/3 = 0.0 per unit 


Time = 5 Minutes 


The three 5-minute intervals in the sliding time-window at “Time = 5 minutes” each integrate into 
the following 5-minute totals: 


5-Minute Totals Corresponding  5-Minute Interval 


0.0 per unit –10 to –5 minutes 
0.0 per unit –5 to 0 minutes 
1.0 per unit  0 to 5 minutes 
1.0 per unit  


Rolling demand meter response at “Time = 5 minutes” = 1.0/3 = 0.33 per unit 


Time = 10 Minutes 


The three 5-minute intervals in the sliding time-window at “Time = 10 minutes” each integrate 
into the following 5-minute totals:  


5-Minute Totals Corresponding  5-Minute Interval 


0.0 per unit –5 to 0 minutes 
1.0 per unit  0 to 5 minutes 
1.0 per unit  5 to 10 minutes 
2.0 per unit  


Rolling demand meter response at “Time = 10 minutes” = 2.0/3 = 0.67 per unit 
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Time = 15 Minutes 


The three 5-minute intervals in the sliding time-window at “Time = 15 minutes” each integrate 
into the following 5-minute totals: 


5-Minute Totals Corresponding  5-Minute Interval 


1.0 per unit 0 to 5 minutes 
1.0 per unit 5 to 10 minutes 
1.0 per unit 10 to 15 minutes 
3.0 per unit  


Rolling demand meter response at “Time = 15 minutes” = 3.0/3 = 1.0 per unit 


The examples in this section discuss demand current, but MW and MVAR demand values are 
also available, as stated at the beginning of this subsection. 


Demand Ammeter Thresholds 
After calculating the current and power demand quantities, the relay compares the latest current 
demand magnitudes to settable demand thresholds.  This logic is shown in Figure 3.3. 


Setting Descriptions 
Enable Demand Metering (THM, ROL) EDEM = ROL 


Enable demand metering using a thermal calculation or rolling window average 
calculation. 


Demand Meter Time Constant (5, 10, 15, 30, 60 min) DMTC = 15 


Set the demand meter time constant. 


Phase Demand Pickup (OFF, 0.50–16.00 A secondary, 5 A model) PDEMP = 5.50 
(OFF, 0.10–3.20 A secondary, 1 A model) 


Neutral (IN) Demand Pickup (OFF, 0.50–16.00 A secondary, 5 A model) NDEMP = 1.00 
(OFF, 0.10–3.20 A secondary, 1 A model) 


Residual (3I0) Demand Pickup (OFF, 0.5–16 A secondary, 5 A model) GDEMP = 1.00 
(OFF, 0.10–3.20 A secondary, 1 A model) 


Neg.-Seq. Demand Pickup (OFF, 0.5–16 A secondary, 5 A model) QDEMP = 1.00 
(OFF, 0.10–3.20 A secondary, 1 A model) 


Note: When you change either setting EDEM or DMTC, the relay resets the demand meter 
values to zero.  If you change the active setting group and the new group is set with a 
different EDEM or DMTC setting, the relay also resets the demand meter values to zero.  
Demand current pickup settings PDEMP, NDEMP, GDEMP, and QDEMP can be 
changed without affecting the demand meters.  


The demand current pickup settings are applied to demand current meter outputs as shown in 
Figure 3.3.  For example, when residual ground demand current IG(DEM) goes above corresponding 
demand pickup GDEMP, Relay Word bit GDEM asserts to logical 1.  Use these demand current 
logic outputs (PDEM, NDEM, GDEM, and QDEM) to alarm for high loading or unbalance 
conditions. 
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Relay Word Bits 
Relay Word Bit Function Description Typical Applications 
PDEM Phase Demand Current Exceeds Pickup  Indication, Testing 
NDEM Neutral Demand Current Exceeds Pickup Indication, Testing 
GDEM Residual Demand Current Exceeds Pickup Indication, Testing 
QDEM  Neg.-Seq. Demand Current Exceeds Pickup Indication, Testing 
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Figure 3.3: Demand Current Logic Outputs 
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STATION DC MONITOR 


Element Description 


Functional Description 
The SEL-300G directly measures the dc voltage applied to the + and – power supply input 
terminals, Z25 and Z26.  The relay reports the measured dc voltage in the meter function and in 
the event report data.  The relay also compares the measured voltage magnitude to two settable 
thresholds which generate Relay Word bits for control and indication. 


If the SEL-300G has a 125/250 Vac/Vdc supply, it can be powered by ac voltage (85 to 264 Vac) 
connected to the rear-panel terminals labeled POWER.  When powering the relay with ac voltage, 
the dc voltage elements in Figure 3.4 see the average of the sampled ac voltage powering the 
relay, which is very near zero volts (as displayed in column Vdc in event reports).  Thus, pickup 
settings DCLOP and DCHIP should be set to off (DCLOP = OFF, DCHIP = OFF); they are of no 
real use. 


If an event report is displayed with the EVE R command, column Vdc will display the sampled 
ac voltage waveform, rather than the average. 


Setting Descriptions 
DC Battery Voltage Level 1 (OFF, 20–300 Vdc) DCHIP = OFF 


DC Battery Voltage Level 2 (OFF, 20–300 Vdc) DCLOP = OFF 


The DCHIP and DCLOP setting ranges allow the SEL-300G to monitor nominal battery voltages 
of 24, 48, 125, and 250 V.  When testing the pickup settings DCLOP and DCHIP, do not operate 
the relay outside of its power supply limits.  See Relay Specifications and Options in Section 1:  
Introduction and Specifications for the various power supply specifications.  The power supply 
rating is located on the serial number sticker on the relay rear panel. 
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Figure 3.4: DC Under- and Overvoltage Elements 
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Relay Word Bits 
Relay Word Bit Function Description Typical Applications 
DCHI DC Voltage Greater Than DCHIP Setting  Indication, Event 


Triggering, SER Triggering 
DCLO DC Voltage Less Than DCLOP Setting  Indication, Event 


Triggering, SER Triggering 


Logic outputs DCLO and DCHI in Figure 3.4 operate as follows: 
DCLO =  1 (logical 1), if Vdc ≤ pickup setting DCLOP 
 = 0 (logical 0), if Vdc > pickup setting DCLOP 
DCHI = 1 (logical 1), if Vdc ≥ pickup setting DCHIP 
 = 0 (logical 0), if Vdc < pickup setting DCHIP 


Create Desired Logic for DC Under- and Overvoltage Alarming 
Pickup settings DCLOP and DCHIP are set independently.  Thus, they can be set: 


DCLOP < DCHIP or DCLOP > DCHIP 


Figure 3.5 shows the resultant dc voltage elements that can be created with SELOGIC® control 
equations for these two setting cases.  In these two examples, the resultant dc voltage elements 
are time-qualified by timer SV5T and then routed to output contact OUT106 for alarm purposes. 


DCLO


Vdc


DCHIP


DCLOP<DCHIP
SV5 = DCLO + DCHI


OUT106 = SV5T


DWG: M300G086
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Figure 3.5: Create DC Voltage Elements with SELOGIC Control Equations 
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DCLO < DCHI (Top of Figure 3.5) 
Output contact OUT106 asserts when: 


Vdc ≤ DCLOP or Vdc ≥ DCHIP 


Pickup settings DCLOP and DCHIP are set such that output contact OUT106 asserts when dc 
battery voltage goes below or above allowable limits. 


If the relay loses power entirely (Vdc = 0 Vdc) 


Vdc = < DCLOP 


then output contact OUT106 should logically assert (according to the top of Figure 3.5), but 
cannot because of the total loss of power (all output contacts deassert on total loss of power).  
Thus, the resultant dc voltage element at the bottom of Figure 3.5 would probably be a better 
choice—see the following discussion. 


DCLO > DCHI (Bottom of Figure 3.5) 
Output contact OUT106 asserts when: 


DCHIP ≤ Vdc ≤ DCLOP 


Pickup settings DCLOP and DCHIP are set such that output contact OUT106 asserts when dc 
battery voltage stays between allowable limits. 


If the relay loses power entirely (Vdc = 0 Vdc) 


Vdc = < DCHIP 


then output contact OUT106 should logically deassert (according to the bottom of Figure 3.5), 
and this is surely what happens for a total loss of power (all output contacts deassert on total loss 
of power). 


Output Contact Type Considerations (“a” or “b”) 
Consider the output contact type (“a” or “b”) needed for output contact OUT106 in the bottom of 
Figure 3.5 (dc voltage alarm example). 


If SELOGIC control equation setting OUT106 is asserted (OUT106 = SV5T = logical 1; dc 
voltage OK), the state of output contact OUT106 (according to contact type) is: 


closed (“a” type output contact) 


open (“b” type output contact) 


If SELOGIC control equation setting OUT106 is deasserted (OUT106 = SV5T = logical 0; dc 
voltage not OK), the state of output contact OUT106 (according to contact type) is: 


open (“a” type output contact) 


closed (“b” type output contact) 
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If the relay loses power entirely, all output contacts deassert, and the state of output contact 
OUT106 (according to contact type) is: 


open (“a” type output contact) 


closed (“b” type output contact) 


Note that in this case, the relay ALARM output contact (“b” type output contact) also closed (see 
Figure 4.16). 


SETTING GROUP SELECTION FUNCTION 
The relay has two (2) independent setting groups.  Each setting group has complete relay and 
SELOGIC control equation settings. 


Active Setting Group Indication 
Only one setting group can be active at a time.  Relay Word bits SG1 and SG2 indicate the active 
setting group. 


Table 3.1:  Definitions for Active Setting Group Indication 
Relay Word Bits SG1 and SG2 


Relay Word Bit Definition 
SG1 Indication that setting Group 1 is the active setting group 
SG2 Indication that setting Group 2 is the active setting group 


For example, if setting Group 2 is the active setting group, Relay Word bit SG2 asserts to 
logical 1, and SG1 deasserts to logical 0. 


Selecting the Active Setting Group 
The active setting group is selected with 


• SELOGIC control equation settings SS1 and SS2 


• The serial port GROUP command (see Section 10:  Serial Port Communications 
and Commands) 


• The front-panel GROUP pushbutton (see Section 9:  Front-Panel Operation) 


SELOGIC control equation settings SS1 and SS2 have priority over the serial port GROUP 
command and the front-panel GROUP pushbutton in selecting the active setting group. 


Operation of SELOGIC Control Equation Settings SS1 and SS2 
SELOGIC control equation settings SS1 and SS2 appear in the relay Global Settings. 
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Table 3.2:  Definitions for Active Setting Group Switching 
SELOGIC Control Equation Settings SS1 And SS2 


Setting Definition 
SS1 go to (or remain in) setting Group 1 
SS2 go to (or remain in) setting Group 2 


The operation of these settings is explained with the following example. 


Assume the active setting group starts out as setting Group 1.  Corresponding Relay Word bit 
SG1 is asserted to logical 1 as an indication that setting Group 1 is the active setting group (see 
Table 3.1). 


With setting Group 1 as the active setting group, setting SS1 has priority.  If setting SS1 is 
asserted to logical 1, setting Group 1 remains the active setting group, regardless of the activity of 
setting SS2.  With settings SS1 and SS2 deasserted to logical 0, setting Group 1 still remains the 
active setting group. 


With setting Group 1 as the active setting group, if setting SS1 is deasserted to logical 0 and SS2 
asserts to logical 1, the relay switches from setting Group 1 as the active setting group to Group 2 
as the active setting group, after qualifying time setting TGR.  In this example, TGR qualifies the 
assertion of setting SS2 before it can change the active setting group. 


Having switched to Group 2, as long as SS2 remains asserted, the relay will remain in Group 2 
regardless of the activity of setting SS1. 


Operation of Serial Port GROUP Command and Front-Panel GROUP Pushbutton 
SELOGIC control equation settings SS1 and SS2 have priority over the serial port GROUP 
command and the front-panel GROUP pushbutton in selecting the active setting group.  If either 
one of SS1 or SS2 asserts to logical 1, neither the serial port GROUP command nor the front-
panel GROUP pushbutton can be used to switch the active setting group.  But if SS1 and SS2 
both deassert to logical 0, the serial port GROUP command or the front-panel GROUP 
pushbutton can be used to switch the active setting group. 


See Section 10:  Serial Port Communications and Commands for more information on the serial 
port GROUP command.  See Section 9:  Front-Panel Operation for more information on the 
front-panel GROUP pushbutton. 


Relay Disabled Momentarily During Active Setting Group Change 
The relay is disabled for a few seconds while the relay is in the process of changing active setting 
groups.  Relay elements, timers, and logic are reset, unless indicated otherwise in specific logic 
description.  Local bits LB1 through LB16 and latch bits LT1 through LT16 states are retained 
during an active setting group change. 


Active Setting Group Switching Example 
Use a latch control switch to select setting Group 1 and 2 in the SEL-300G.  In this example, a 
SCADA contact is connected to optoisolated input IN104.  Each pulse of the SCADA contact 
changes the active relay setting group.  The SCADA contact is not maintained, just pulsed to 
switch setting groups. 
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Figure 3.6: SCADA Contact Pulses Input IN104 to 


Switch Active Relay Setting Groups  


If setting Group 1 is active and the SCADA contact is pulsed, the setting Group 2 is then 
activated.  If the SCADA contact is pulsed again, the setting Group 1 is reactivated. 


This logic is implemented in the following SELOGIC control equation settings and displayed in 
Figure 3.7.  (Refer to Section 4:  SELOGIC Control Equations for additional information on 
SELOGIC control equations and the latch control switch function.) 


SET5 = /IN104*!LT5 [= (rising edge of input IN104) AND NOT(LT5)] 
RST5 = /IN104*LT5 [= (rising edge of input IN104) AND LT5] 
SS1 = LT5 [= LT5; activate setting Group 1] 
SS2 = !LT5 [= NOT(LT5); activate setting Group 2] 
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Figure 3.7: Latch Control Switch Controlled by a Single Input 


to Switch Active Setting Group 


Feedback Control 
Note in Figure 3.7 that the latch control switch output (latch bit LT5) is effectively used as 
feedback for SELOGIC control equation settings SET5 and RST5.  The feedback of latch bit LT5 
“guides” input IN104 to the correct latch control switch input. 
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If latch bit LT5 = logical 0, input IN104 is routed to setting SET5 (set latch bit LT5): 
SET5  = /IN104*!LT5 = /IN104*NOT(LT5) = /IN104*NOT(logical 0) 
 = /IN104 = rising edge of input IN104 
RST5  = /IN104*LT5 = /IN104*(logical 0) 
 = logical 0 


If latch bit LT5 = logical 1, input IN104 is routed to setting RST5 (reset latch bit LT5): 
SET5  = /IN104*!LT5 = /IN104*NOT(LT5) = /IN104*NOT(logical 1) 
 = /IN104*(logical 0) 
 = logical 0 
RST5  = /IN104*LT5 = /IN104*(logical 1) 
 = /IN104 = rising edge of input IN104 


Rising-Edge Operators 
Refer to Figure 3.7 and Figure 3.8. 


The rising-edge operator in front of Relay Word bit IN104 (/IN104) sees a logical 0 to logical 1 
transition as a “rising edge,” and /IN104 asserts to logical 1 for one processing interval. 


The rising-edge operator on input IN104 is necessary because any single assertion of optoisolated 
input IN104 by the SCADA contact will last for at least a few cycles, and each individual 
assertion of input IN104 should only change the state of the latch control switch once (e.g., latch 
bit LT5 changes state from logical 0 to logical 1). 


For example in Figure 3.7, if 


LT5 = logical 0 


then input IN104 is routed to setting SET5 (as discussed previously): 


SET5 = /IN104 = rising edge of input IN104 


If input IN104 is then asserted for a few cycles by the SCADA contact (see Pulse 1 in Figure 3.8), 
SET5 is asserted to logical 1 for one processing interval.  This causes latch bit LT5 to change 
state to 


LT5 = logical 1 


the next processing interval. 


With latch bit LT5 now at logical 1 for the next processing interval, input IN104 is routed to 
setting RST5 (as discussed previously): 


RST5 = /IN104 = rising edge of input IN104 


This would then appear to enable the “reset” input (setting RST5) the next processing interval.  
But the “rising edge” condition occurred in the preceding processing interval.  /IN104 is now at 
logical 0, so setting RST5 does not assert, even though input IN104 remains asserted for more 
than a few cycles by the SCADA contact. 
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If the SCADA contact deasserts and then asserts again (new rising edge—see Pulse 2 in 
Figure 3.8), the “reset” input (setting RST5) asserts and latch bit LT5 deasserts back to logical 0 
again.  Thus each individual assertion of input IN104 (Pulse 1, Pulse 2, Pulse 3, and Pulse 4 in 
Figure 3.8) changes the state of latch control switch just once. 


Note: Refer to subsection Optoisolated Input Debounce Timers Figure 3.12.  Relay Word bit 
IN104 shows the state of optoisolated input IN104 after the input pickup/dropout 
debounce timer IN104D.  Thus, when using Relay Word bit IN104 in Figure 3.7 and 
associated SELOGIC control equations, keep in mind any time delay produced by the 
input pickup/dropout debounce timer IN104D. 
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Figure 3.8: Latch Control Switch Operation Time Line 
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Active Setting Group Retained 


Power Loss 
The active setting group is retained if power to the relay is lost and then restored.  If a particular 
setting group is active when power is lost, the relay uses the same active setting group when 
power is restored. 


Settings Change 
If individual settings are changed (for the active setting group or one of the other setting groups), 
the active setting group is retained, much like in the preceding Power Loss explanation. 


If individual settings are changed for a setting group other than the active setting group, there is 
no interruption of the active setting group (the relay is not momentarily disabled). 


If the individual settings change causes a change in one or more SELOGIC control equation 
settings SS1 or SS2, the active setting group can be changed, subject to the newly enabled SS1 
and SS2 settings. 


NOTE:  Make Active Setting Group Switching Settings With Care 


The active setting group is stored in nonvolatile memory so it can be retained during power loss 
or settings change.  The nonvolatile memory is rated for a finite number of “writes” for all setting 
group changes.  Exceeding the limit can result in an EEPROM self-test failure.  An average of 10 
setting groups changes per day can be made for a 25 year relay service life. 


This requires that SELOGIC control equation settings SS1 and SS2 be set with care.  Do not 
use SS1 or SS2 settings that result in continuous cyclical changing of the active setting group.  
Time setting TGR qualifies settings SS1 and SS2 before changing the active setting group.  If 
optoisolated inputs are used in settings SS1 or SS2, the inputs have their own built-in debounce 
timer that can help in providing the necessary time qualification. 


BREAKER MONITOR FUNCTION 
The breaker monitor in the SEL-300G helps in scheduling circuit breaker maintenance. 


The breaker monitor settings in Table 3.4 are available via the SET G command (see Table 6.1 
and the Settings Sheets in Section 6:  Enter Relay Settings).  Also refer to BRE Command 
(Breaker Monitor Data) and BRE n Command (Preload/Reset Breaker Wear) in Section 10:  
Serial Port Communications and Commands). 


The breaker monitor is set with breaker maintenance information provided by circuit breaker 
manufacturers.  This breaker maintenance information lists the number of close/open operations 
that are permitted for a given current interruption level.  The following is an example of breaker 
maintenance information for a 13.8 kV circuit breaker. 
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Table 3.3:  Breaker Maintenance Information 
for a 13.8 kV Circuit Breaker 


Current Interruption 
Level (kA) 


Permissible Number 
of Close/Open Operationsa 


0.0–1.2 10,000 
2.0 3,700 
3.0 1,500 
5.0 400 
8.0 150 
10.0 85 
20.0 12 


a The action of a circuit breaker closing and then later opening is 
counted as one close/open operation. 


The breaker maintenance information in Table 3.3 is plotted in Figure 3.9. 


Connect the plotted points in Figure 3.9 for a breaker maintenance curve.  To estimate this 
breaker maintenance curve in the SEL-300G breaker monitor, three set points are entered: 


Set Point 1 maximum number of close/open operations with corresponding current 
interruption level. 


Set Point 2 number of close/open operations that correspond to some midpoint current 
interruption level. 


Set Point 3 number of close/open operations that correspond to the maximum current 
interruption level. 


These three points are entered with the settings in Table 3.4. 
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Figure 3.9: Plotted Breaker Maintenance Points for a 13.8 kV Circuit Breaker 
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Breaker Monitor Setting Example 


Table 3.4:  Breaker Monitor Settings and Settings Ranges 


Setting Definition Range 
COSP1 Close/Open set point 1—maximum 1–65000 close/open operations 
COSP2 Close/Open set point 2—middle 1–65000 close/open operations 
COSP3 Close/Open set point 3—minimum 1–65000 close/open operations 
KASP1a kA Interrupted set point 1—minimum 0.1–999.0 kA in 0.1 kA steps 
KASP2 kA Interrupted set point 1—middle 0.1–999.0 kA in 0.1 kA steps 
KASP3a kA Interrupted set point 1—maximum 0.1–999.0 kA in 0.1 kA steps 
BKMON SELOGIC control equation breaker monitor 


initiation setting 
Relay Word bits referenced in 
Table 4.6 


a The ratio of settings KASP3/KASP1 must be: 5 ≤ KASP3/KASP1 ≤ 100 


The following settings are made from the breaker maintenance information in Table 3.3 and 
Figure 3.9: 


COSP1 =  10000 
COSP2 =  150 
COSP3 = 12 
KASP1 = 1.2 
KASP2 = 8.0 
KASP3 = 20.0 


Figure 3.10 shows the resultant breaker maintenance curve. 


Breaker Maintenance Curve Details 
In Figure 3.10, note that set points KASP1, COSP1 and KASP3, COSP3 are set with breaker 
maintenance information from the two extremes in Table 3.3 and Figure 3.9. 


In this example, set point KASP2, COSP2 happens to be from an in between breaker maintenance 
point in the breaker maintenance information in Table 3.3 and Figure 3.9, but it doesn’t have to 
be.  Set point KASP2, COSP2 should be set to provide the best “curve-fit” with the plotted 
breaker maintenance points in Figure 3.9. 


Each phase (A, B, and C) has its own breaker maintenance curve (like that in Figure 3.10), 
because the separate circuit breaker interrupting contacts for phases A, B, and C do not 
necessarily interrupt the same magnitude current (depending on fault type and loading). 
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Figure 3.10: SEL-300G Relay Breaker Maintenance Curve  


for a 13.8 kV Circuit Breaker 
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In Figure 3.10 note that the breaker maintenance curve levels off horizontally below set point 
KASP1, COSP1.  This is the close/open operation limit of the circuit breaker (COSP1 = 10000), 
regardless of interrupted current value. 


Also, note that the breaker maintenance curve falls vertically above set point KASP3, COSP3.  
This is the maximum interrupted current limit of the circuit breaker (KASP3 = 20.0 kA).  If the 
interrupted current is greater than setting KASP3, the interrupted current is accumulated as a 
current value equal to setting KASP3. 


Operation of SELOGIC Control Equation Breaker Monitor Initiation Setting BKMON 
The SELOGIC control equation breaker monitor initiation setting BKMON in Table 3.4 
determines when the breaker monitor reads in current values (Phases A, B, and C) for the breaker 
maintenance curve (see Figure 3.10) and the breaker monitor accumulated currents/trips [see 
BRE Command (Breaker Monitor Data) in Section 10:  Serial Port Communications and 
Commands]. 


The BKMON setting looks for a rising edge (logical 0 to logical 1 transition) as the indication to 
read in current values.  The acquired current values are then applied to the breaker maintenance 
curve and the breaker monitor accumulated currents/trips (see references in previous paragraph). 


In the factory default settings, the SELOGIC control equation breaker monitor initiation setting is 
set: 


BKMON = TRIP1 (TRIP1 is the logic output of Figure 4.6) 


Refer to Figure 3.11.  When BKMON asserts (Relay Word bit TRIP1 goes from logical 0 to 
logical 1), the breaker monitor reads in the current values and applies them to the breaker monitor 
maintenance curve and the breaker monitor accumulated currents/trips. 


As detailed in Figure 3.11, the breaker monitor actually reads in the current values 0.75 cycles 
after the assertion of BKMON.  This helps especially if an instantaneous trip occurs.  The 
instantaneous element trips when the fault current reaches its pickup setting level.  The fault 
current may still be “climbing” to its full value and then levels off.  The 0.75-cycle delay on 
reading in the current values allows time for the fault current to level off. 


BKMON
DWG:  M300G129


read in
current values


rising
edge


0.75 cyc
 


Figure 3.11: Operation of SELOGIC Control Equation 
Breaker Monitor Initiation Setting 


Interpretation of the breaker monitor data is discussed in Section 8:  Monitoring and Metering 
Functions. 
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OPTOISOLATED INPUT DEBOUNCE TIMERS 
Figure 3.12 and Figure 3.13 show the resultant Relay Word bits that follow corresponding 
optoisolated inputs for the different SEL-300G models.  The figures show examples of energized 
and de-energized optoisolated inputs and corresponding Relay Word bit states.  To assert an 
input, apply rated control voltage to the appropriate terminal. 


The optoisolated inputs in Figure 3.12 and Figure 3.13 operate similarly. 
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Figure 3.12: Example Operation of Optoisolated Inputs 


IN101 Through IN106 (All Models) 
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Figure 3.13: Example Operation of Optoisolated Inputs IN201 Through IN208–Extra 
I/O Board (Models 0300G_1 and 0300G_Y) 


Input Debounce Timers 
See Figure 3.12 and Figure 3.13. 


Each input has settable pickup/dropout timers (IN101D through IN106D) for input 
energization/de-energization debounce.  Note that a given time setting (e.g., IN101D = 0.50) is 
applied to both the pickup and dropout time for the corresponding input. 


Time settings IN101D through IN106D are settable from 0.00 to 1.00 cycles.  The relay takes the 
entered time setting and internally runs the timer at the nearest 1/16-cycle.  For example, if setting 
IN5D = 0.80, internally the timer runs at the nearest 1/16-cycle:  13/16-cycles (13/16 = 0.8125). 


For most applications, the input pickup/dropout debounce timers should be set in 1/4-cycle 
increments.  For example, in the factory default settings, all the optoisolated input 
pickup/dropout debounce timers are set at 1/2-cycle (e.g., IN104 = 0.50).  See SHO Command 
(Show/View Settings) in Section 10:  Serial Port Communications and Commands for a list of 
the factory default settings. 


The relay processing interval is 1/4-cycle, so Relay Word bits IN101 through IN106 are updated 
every 1/4-cycle.  The optoisolated input status may have made it through the pickup/dropout 
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debounce timer (for settings less than 1/4-cycle) because these timers run each 1/16-cycle, but 
Relay Word bits IN101 through IN106 are updated every 1/4-cycle. 


If more than 1 cycle of debounce is needed, run Relay Word bit INn (n = 101 through 106) 
through a SELOGIC control equation variable timer and use the output of the timer for input 
functions. 


Input Functions 
Optoisolated inputs IN101 through IN106 receive their function by how their corresponding 
Relay Word bits IN101 through IN106 are used in SELOGIC control equations. 


Factory Settings Example 
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Figure 3.14:  Circuit Breaker Auxiliary Contacts Connected to 


Optoisolated Inputs IN101and IN102 


The functions for input IN101 is described in the following discussions. 


Input IN101 
Relay Word bit IN101 is used in the factory settings for the SELOGIC control equation circuit 
breaker status setting: 


52A = IN101 


Connect input IN101 to a 52a circuit breaker auxiliary contact. 


If a 52b circuit breaker auxiliary contact is connected to input IN101, the setting is changed to: 


52A = !IN101 [!IN101 = NOT(IN101)] 


The pickup/dropout timer for input IN1 (IN1D) is set at 


IN1D = 0.5 cycles 


to provide input energization/de-energization debounce. 
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Using Relay Word bit IN101 for the circuit breaker status setting 52A does not prevent using 
Relay Word bit IN101 in other SELOGIC control equation settings. 


SER TRIGGER SETTINGS AND ALIAS SETTINGS 


SER Triggering 
The relay triggers (generates) an entry in the SER report for a change of state of any one of the 
elements listed in the SER1, SER2, SER3, and SER4 trigger settings.  The factory default settings 
are: 


SER1 = 51NT 50N1T 51CT 51VT 64G1T 64G2T SV3 81D1 81D1T 81D2 
81D2T 51N 50N1 51C 51V 64G1 64G2 INAD INADT 


SER2 = DP3 LB1 RB1 LT3 TRGTR BCW IN101 IN102 TRIP1 TRIP2 
TRIP3 TRIP4 BNDT 24C2T 32P1T 24C2 32P1 SV4 SV2T 


SER3 = 24D1 24D1T 46Q1 46Q1T 60LOP BNDA 32P2 32P2T SWING 
OOS OOST 


SER4 = 0 


The elements are Relay Word bits referenced in Table 9.3.  The relay monitors each element in 
the SER lists every 1/4 cycle.  If an element changes state, the relay time-tags the changes in the 
SER.  For example, setting SER1 contains: 


Time-overcurrent element pickups (51N and 51V) 


Instantaneous overcurrent element (50N1) 


Thus, any time one of these overcurrent elements picks up or drops out, the relay time-tags the 
change in the SER. 


The relay adds a message to the SER to indicate power up or settings change (to active setting 
group) conditions: 


Relay newly powered up or settings changed 


Each entry in the SER includes SER row number, date, time, element name or alias, and element 
state. 


Making SER Trigger Settings 
Enter up to 24 element names in each of the SER settings via the SET R command.  See 
Table 4.6 for references to valid relay element (Relay Word bit) names.  See the SET R 
command in Table 6.1 and corresponding Settings Sheets at the end of Section 6:  Enter Relay 
Settings.  Use either spaces or commas to delimit the elements.  For example, if you enter setting 
SER1 as: 


SER1 = 51NT, 50N1T,, 51CT,   51VT  64G1T, 


The relay displays the setting as: 


SER1 = 51NT 50N1T 51CT 51VT 64G1T 


The relay can monitor up to 96 elements in the SER (24 in each of SER1, SER2, SER3, and 
SER4). 
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Alias Settings 
Associated with the relay SER function is a capability called Alias naming.  Using this function, 
you can rename up to 40 Relay Word bits, changing the way they are represented in the SER 
report.  In addition to changing the Relay Word bit name, you can also assign the state names 
used when the Relay Word bit is asserted and deasserted. 


To rename a Relay Word bit with an ALIASn setting, use SET R to access the settings.  For each 
ALIASn setting, enter the Relay Word bit name, a space, then the new name, a space, the text to 
display when the bit asserts, a space, then the text to display when the Relay Word bit deasserts.  
Each of the text strings can be up to 15 characters.  If a space is desired within the text string, use 
an underscore ( _ ) instead.  Do not use the characters ' ? , = " : / ; \ in a text string; they are 
treated as spaces. 


As an example, you could set ALIAS1 as follows: 


ALIAS1 = IN101 GEN_MAIN_BKR CLOSED OPENED 


SER = …IN101… 


With these settings, the SER function would record the date and time of each assertion and 
deassertion of the IN101 Relay Word bit in the SER record.  The record could look like this: 
 


GENERATOR                         Date: 01/30/00    Time: 10:20:45.872 
TERMINAL 
 
FID=SEL-300G-R207-V31H425XX4X-Z001001-D20000217       CID=04B0 
 
#     DATE      TIME           ELEMENT           STATE 
 
2     01/30/00  10:20:24.807   GEN_MAIN_BKR      CLOSED 
1     01/30/00  10:30:30.828   GEN_MAIN_BKR      OPENED 
 
=> 


Figure 3.15:  Example Sequential Events Recorder (SER) Event Report 


For more information regarding the SER reports, see Section 11:  Event Reports and SER 
Functions. 


If you do set an alias, be sure to enter the Relay Word bit name (not the new alias name) in one of 
the SER1–SER4 settings.  If the Relay Word bit name is not entered in an SER1–SER4 setting, 
stated changes for that Relay Word bit will not be recorded, even though the Relay Word bit has 
an alias. 


If you do not wish to use an alias setting, set ALIASn = NA. 
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SECTION 4:  SELOGIC CONTROL EQUATIONS 


INTRODUCTION 
This section describes SELOGIC® control equations and their various applications within the 
SEL-300G Relay.  Specific topics include: 


General Operation of Relay Word Bits 
SELOGIC Control Equations 
SELOGIC Control Equation Latch Function 
SEL-300G Trip Logic 
Generator Tripping With Example Settings 
SEL-300G Close Logic 
Event Triggering 
Output Contact Control 
Local and Remote Control Switch Settings 
Front-Panel Display Configuration Settings 
Inadvertent Energization Logic With Example Settings 
Breaker Failure Protection 
Relay Self-Testing Functions 
Additional SELOGIC Control Equation Application Examples 


Tables at the end of this section summarize all of the Relay Word bits available for making 
SELOGIC control equations. 


Note: Do not AND any of the out-of-step (78) element Relay Word bits with any of the loss-of-
field (40) element Relay Word bits. 


SELOGIC CONTROL EQUATION OVERVIEW 
SELOGIC control equations combine relay protection and control elements with logic operators to 
create custom protection and control schemes.  This section shows how to set the protection and 
control elements (Relay Word bits) in the SELOGIC control equations. 
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RELAY WORD BITS 
Most of the protection and control element logic outputs shown in the various figures in 
Section 2:  Relay Element Settings and Section 3:  Auxiliary Function Settings are Relay Word 
bits (labeled as such in the figures).  Each Relay Word bit has a label name and can be in either of 
the following states: 


1 (logical 1) or 0 (logical 0) 


Logical 1 represents an element being picked up, timed out, or otherwise asserted. 
Logical 0 represents an element being dropped out or otherwise deasserted. 
A complete listing of Relay Word bits and their descriptions are referenced in Table 4.6. 


Relay Word Bit Operation Example—Neutral Time-Overcurrent Element 51NT 
As an example of protection element operation via the logic output of Relay Word bits, consider a 
neutral time-overcurrent element.  Refer to neutral time-overcurrent element 51NT in Figure 2.25 
in Section 2:  Relay Element Settings.  The following Relay Word bits are the logic outputs of 
the neutral time-overcurrent element: 


51N indication that the neutral current magnitude is above the level of the 
neutral time-overcurrent pickup setting 51NP 


51NT indication that the neutral time-overcurrent element has timed out on 
its curve 


51NR indication that the neutral time-overcurrent element is fully reset 


Neutral Time-Overcurrent Element 51NT Pickup Indication 
If the neutral current is below the level of the neutral time-overcurrent pickup setting 51NP, 
Relay Word bit 51N is in the following state: 


51N = 0 (logical 0) 


If the neutral current is at or above the level of the neutral time-overcurrent pickup setting 51NP, 
Relay Word bit 51N is in the following state: 


51N = 1 (logical 1) 


If the neutral current is at or above the level of the neutral time-overcurrent pickup setting 51NP, 
neutral time-overcurrent element 51NT is either timing on its curve or is already timed out. 


Neutral Time-Overcurrent Element 51NT Time Out Indication 
If neutral time-overcurrent element 51NT is not timed out on its curve, Relay Word bit 51NT is 
in the following state: 


51NT = 0 (logical 0) 
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If neutral time-overcurrent element 51NT is timed out on its curve, Relay Word bit 51NT is in 
the following state: 


51NT = 1 (logical 1) 


Neutral Time-Overcurrent Element 51NT Reset Indication 
If neutral time-overcurrent element 51NT is not fully reset, Relay Word bit 51NR is in the 
following state: 


51NR = 0 (logical 0) 


If neutral time-overcurrent element is fully reset, Relay Word bit 51NR is in the following state: 
51NR = 1 (logical 1) 


If neutral time-overcurrent element 51NT is not fully reset, the element is either: 
timing on its curve 
already timed out 
timing to reset (one-cycle reset or electromechanical emulation—see setting 51NRS) 


Relay Word Bit Application Examples—Neutral Time-Overcurrent Element 51NT 
Common uses for Relay Word bits 51N, 51NT, and 51NR: 


51N testing (e.g., assign to an output contact for pickup testing) 
trip unlatch logic 


51NT trip logic 
51NR used in testing (e.g., assign to an output contact for reset 


indication) 


Other Relay Word Bits 
The preceding example was for a neutral time-overcurrent element, demonstrating Relay Word 
bit operation for pickup, time-out, and reset conditions.  Other Relay Word bits (e.g., those for 
definite-time overcurrent elements, voltage elements, frequency elements) behave similarly in 
their assertion or deassertion to logical 1 or logical 0, respectively.  The time-overcurrent 
elements (like the preceding neutral time-overcurrent element example) are unique because they 
have a Relay Word bit (e.g., 51NR) that asserts for the reset state of the element. 


Relay Word bits are used in SELOGIC control equations, which are explained in the following 
subsection. 
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SELOGIC CONTROL EQUATIONS 
Many of the protection and control element logic inputs shown in the various figures in 
Section 2:  Relay Element Settings and Section 3:  Auxiliary Function Settings are SELOGIC 
control equations (labeled “SELOGIC Settings” in most of the figures).  SELOGIC control 
equations are set with combinations of Relay Word bits to accomplish such functions as: 


tripping circuit breakers 
assigning functions to optoisolated inputs 
operating output contacts 
torque-controlling protection elements 
switching active setting groups 


Traditional or advanced custom schemes can be created with SELOGIC control equations. 


Note: Do not AND any of the out-of-step (78) element Relay Word bits with any of the loss-of-
field (40) element Relay Word bits.  The 78 and 40 elements are updated by the relay on 
opposite half power system cycles.  Therefore, the logical AND of the two element types 
may not operate as expected. 


SELOGIC Control Equation Operators 
SELOGIC control equation settings use logic similar to Boolean algebra logic, combining Relay 
Word bits together using one or more of the six SELOGIC control equation operators listed in 
Table 4.1. 


Table 4.1:  SELOGIC Control Equation Operators (listed in processing order) 


Operator Logic Function 
/ rising-edge detect 
\ Falling-edge detect 


( ) parentheses 
! NOT 
* AND 
+ OR 


Operators in a SELOGIC control equation setting are processed in the order shown in Table 4.1. 


SELOGIC Control Equation Rising-Edge Operator, / 
The rising-edge operator, /, is applied to individual Relay Word bits only—not to groups of 
elements within parentheses.  For example, the SELOGIC control equation event report generation 
setting uses rising-edge operators: 


ER = /24C2 + /32P1 + /46Q2 + … 
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The Relay Word bits in this factory setting example are: 
24C2 Measured generator volts/hertz equal to or above the pickup setting for the 


24C2 volts/hertz element (see Figure 2.13). 
32P1 Measured real power less than the pickup setting for the 32P1 reverse/low-


forward power element (see Figure 2.15). 
46Q2 Measured negative-sequence current greater than the pickup setting for the 


46Q2 negative-sequence time-overcurrent element (see Figure 2.19). 


When setting ER sees a logical 0 to logical 1 transition, the relay generates an event report if it is 
not already generating a report that encompasses the new transition.  The rising-edge operators 
cause a logical 0 to logical 1 transition (thus triggering a new report) each time one of the 
protection elements asserts.  Using these settings, the relay triggers a new event report each time 
any of the protection elements assert, if the relay is not already recording an event report. 


SELOGIC Control Equation Falling-Edge Operator, \ 
The falling-edge operator, \, is applied to individual Relay Word bits only—not to groups of 
elements within parentheses.  The falling-edge operator, \, operates similarly to the rising-edge 
operator, but looks for Relay Word bit deassertion (element going from logical 1 to logical 0).  
The falling-edge operator, \, in front of a Relay Word bit sees this logical 1 to logical 0 transition 
as a “falling edge” and asserts to logical 1 for one processing interval. 


For example, suppose the SELOGIC control equation event report generation setting is set with the 
detection of the falling-edge of an underfrequency element: 


ER = ... + \81D1T 


When frequency goes above the corresponding pickup level 81D1P, Relay Word bit 81D1T 
deasserts and an event report is generated (if the relay is not already generating a report that 
encompasses the new transition).  This allows a recovery from an underfrequency condition to be 
observed.  Figure 4.1 demonstrates the action of the falling-edge operator, \, on the 
underfrequency element in setting ER. 


DWG:  M300G160


one processing interval


\81D1T


81D1T


 
Figure 4.1:  Result of Falling-Edge Operator on a 


Deasserting Underfrequency Element 


SELOGIC Control Equation Parentheses Operator, ( ) 
More than one set of parentheses ( ) can be used in a SELOGIC control equation setting.  For 
example, the following SELOGIC control equation setting has two sets of parentheses: 


SV7 = (SV7 + IN103 + TRIP1) * (50H1 + 50R1 + 52A) 


In the above example, the logic within the parentheses is processed first and then the two 
parentheses resultants are ANDed together.  The above example is from Figure 4.28 in this 







4-6 SELOGIC Control Equations 
 


Date Code 20081231  SEL-300G Instruction Manual 


section.  Parentheses cannot be “nested” (parentheses within parentheses) in a SELOGIC control 
equation setting. 


SELOGIC Control Equation NOT Operator, ! 
The NOT operator, !, is applied to a single Relay Word bit and also to multiple elements (within 
parentheses).  Following are examples of both. 


Example of NOT Operator, !, Applied to Single Element 
The internal circuit breaker status logic in the SEL-300G operates on 52a circuit breaker auxiliary 
contact logic.  The SELOGIC control equation circuit breaker status setting is labeled 52A. 


When a circuit breaker is closed, the 52a circuit breaker auxiliary contact is closed.  When a 
circuit breaker is open, the 52a contact is open. 


The opposite is true for a 52b circuit breaker auxiliary contact.  When a circuit breaker is closed, 
the 52b circuit breaker auxiliary contact is open.  When the circuit breaker is open, the 52b 
contact is closed. 


If a 52a contact is connected to optoisolated input IN101, the SELOGIC control equation circuit 
breaker status setting 52A is set: 


52A = IN101 


Conversely, if a 52b contact is connected to optoisolated input IN101, the SELOGIC control 
equation circuit breaker status setting 52A is set: 


52A = !IN101 [= NOT(IN101)] 


With a 52b contact connected, if the circuit breaker is closed, the 52b contact is open and input 
IN101 is de-energized [IN101 = 0 (logical 0)]: 


52A = !IN101 = NOT(IN101) = NOT(0) = 1 


Thus, the SELOGIC control equation circuit breaker status setting 52A sees a closed circuit 
breaker. 


With a 52b contact connected, if the circuit breaker is open, the 52b contact is closed and input 
IN101 is energized [IN101 = 1 (logical 1)]: 


52A = !IN101 = NOT(IN101) = NOT(1) = 0 


Thus, the SELOGIC control equation circuit breaker status setting 52A sees an open circuit 
breaker. 


Example of NOT Operator, !, Applied to Multiple Elements (within parentheses) 
The SELOGIC control equation trip unlatch setting could be set as follows: 


ULTR1 = !(51N + 50L) 


Refer also to Trip Logic in this section. 
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In this setting example, the unlatch condition comes true only when both the 51N (neutral time-
overcurrent element pickup indication) and 50L (lowest phase overcurrent element pickup 
indication) Relay Word bits deassert: 


ULTR1 = !(51N + 50L) = NOT(51N + 50L) 


As stated previously, the logic within the parentheses is performed first.  In this example, the 
states of Relay Word bits 51N and 50L are ORed together.  Then the NOT operator is applied to 
the logic resultant from the parentheses. 


If either one of 51N or 50L is still asserted [e.g., 51N = 1 (logical 1)], the unlatch condition is not 
true: 


ULTR1 = NOT(51N + 50L) = NOT(1 + 0) = NOT(1) = 0 


If both 51N and 50L are deasserted [i.e., 51N = 0 and 50L = 0 (logical 0)], the unlatch condition 
is true: 


ULTR1 = NOT(51N + 50L) = NOT(0 + 0) = NOT(0) = 1 


and the trip condition can unlatch, subject to other conditions in the trip logic (see Figure 4.6). 


All SELOGIC Control Equations Must Be Set 
All SELOGIC control equations must be set one of the following ways (they cannot be “blank”): 


single Relay Word bit (e.g., 52A = IN101) 
combination of Relay Word bits (e.g., TR1 = SV3 + SV4 + 46Q2T + 81D1T + 81D2T) 
directly to logical 1 (e.g., 46QTC = 1) 
directly to logical 0 (e.g., SV6 = 0) 


Set SELOGIC Control Equations Directly to 1 or 0 
SELOGIC control equations can be set directly to: 


1 (logical 1) or 0 (logical 0) 


instead of with Relay Word bits.  If a SELOGIC control equation setting is set directly to 1, it is 
always “asserted/on/enabled.”  If a SELOGIC control equation setting is set equal to 0, it is always 
“deasserted/off/disabled.” 


SELOGIC Control Equation Limitations 
Any single SELOGIC control equation setting is limited to 17 Relay Word bits that can be 
combined together with the SELOGIC control equation operators listed in Table 4.1.  If this limit 
must be exceeded, use a SELOGIC control equation variable (SELOGIC control equation settings 
SV1 through SV12) as an intermediate setting step. 


For example, assume that a trip equation (such as SELOGIC control equation trip setting TR1) 
needs more than 17 Relay Word bits in its equation setting.  Instead of placing all Relay Word 
bits into TR1, program some of them into the SELOGIC control equation setting SV1.  Next use 
the resultant SELOGIC control equation variable output (Relay Word bit SV1) in the SELOGIC 
control equation trip setting TR1. 


Note that the SELOGIC control equation variables (SELOGIC control equation settings SV1 
through SV16) are processed after the trip equation (SELOGIC control equation trip setting TR).  
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Thus, any tripping via Relay Word bits SV1 through SV16 is delayed by 1/4 cycle.  For most 
applications, this is probably of no consequence. 


All the SELOGIC control equation settings have a combined limit of approximately 330 Relay 
Word bits that can be combined together with the SELOGIC control equation operators listed in 
Table 4.1.  SELOGIC control equation settings that are set directly to 1 (logical 1) or 0 (logical 0) 
also have to be included in this combined limit of 330 Relay Word bits—each such setting 
counted as one Relay Word bit. 


As the relay saves its settings, it calculates the percentage of SELOGIC control equation capability 
used by the settings you entered.  The relay reports this percentage as SCEUSE = xx.x as the 
settings are saved and when you execute the SHO 1 or SHO 2 commands.  The SCEUSE value 
provides a measure of the relay control equation capability being used.  The remainder (100 – 
SCEUSE)% is available for future expansion. 


NONDEDICATED SELOGIC CONTROL EQUATION VARIABLE SETTINGS 
In addition to the torque-control equations, tripping, and output contact control equations, each 
relay setting group is equipped with 16 nondedicated SELOGIC control equation variables.  Each 
of these variables is equipped with a time-delay pickup timer, a time-delay dropout timer, and an 
independent definition equation.  The ESV setting allows you to select and set only the SELOGIC 
control equation variables required by your application. 


Enable SELOGIC control equations (0–16) ESV = 7 
Set ESV equal to the total number of SELOGIC control equation variables required by 
your application. 


SELOGIC control equation 
SV1 = 27V1 * 40Z2 


SV1 Pickup Time (0.00–3000.00 s) SV1PU = 0.25 


SV1 Dropout Time (0.00–3000.00 s) SV1DO = 0.03 


The SV1PU setting defines the SV1T Relay Word bit time-delay pickup time.  SV1T asserts 
SV1PU seconds after the SV1 SELOGIC control equation result becomes a logical 1.  The 
SV1DO setting defines the SV1T Relay Word bit time-delay dropout time.  Once SV1T is 
asserted, it remains asserted for SV1DO seconds after the SV1 SELOGIC control equation 
result becomes a logical 0.  The SV1 SELOGIC control equation is the logical definition of 
the SV1 Relay Word bit.  Make the SELOGIC control equation setting by combining Relay 
Word bits and logical operators, as shown in the examples earlier in this section.  Figure 4.2 
illustrates the SELOGIC control equation variable timer logic. 


Settings SV2–SV16 operate similarly when enabled. 
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DWG:  M300G078
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Figure 4.2:  SELOGIC Control Equation Variable Timer Logic 


LATCH CONTROL SWITCH SETTINGS 
The latch control switch feature of this relay replaces latching relays.  Traditional latching relays 
are not dependent on dc voltage to maintain their output contact state.  For example, if a latching 
relay output contact is closed and then dc voltage is lost to the panel, the latching relay output 
contact remains closed. 


The state of a traditional latching relay output contact is changed by pulsing the latching relay 
inputs (see Figure 4.3).  Pulse the set input to close (“set”) the latching relay output contact.  
Pulse the reset input to open (“reset”) the latching relay output contact.  Often the external 
contacts wired to the latching relay inputs are from remote control equipment (e.g., SCADA, 
RTU). 


DWG: M300G069
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Traditional
Latching Relay
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Figure 4.3:  Traditional Latching Relay 


Up to sixteen (16) latch control switches (as enabled by the ESL setting) in the SEL-300G 
provide latching relay type functions. 
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Figure 4.4:  Latch Control Switches Drive Latch Bits LT1 Through LT16 


The output of the latch control switch in Figure 4.4 is a Relay Word bit LTn (n = 1 through 16), 
called a latch bit.  The latch control switch logic in Figure 4.4 repeats for each latch bit LT1 
through LT16.  Use these latch bits in SELOGIC control equations. 


These latch control switches each have the following SELOGIC control equation settings: 
SETn (set latch bit LTn to logical 1) 
RSTn (reset latch bit LTn to logical 0) 


If setting SETn asserts to logical 1, latch bit LTn asserts to logical 1.  If setting RSTn asserts to 
logical 1, latch bit LTn deasserts to logical 0.  If both settings SETn and RSTn assert to logical 1, 
setting RSTn has priority and latch bit LTn deasserts to logical 0. 


Latch Control Switch Application Ideas 
Latch control switches can be applied to almost any control scheme.  The following is an example 
of using a latch control switch to perform local or remote generator shutdown through the 
SEL-300G. 


Local/Remote Generator Shutdown Setting Example 
Latch bit LT1, is set when either local bit LB1 or remote bit RB1 asserts.  LT1 remains asserted 
until it is reset by assertion of the three-pole open, 3PO, Relay Word bit.  This logic is illustrated 
in Figure 4.5.  The 3PO Relay Word bit asserts when the generator main breaker opens, as 
indicated by the 52A and measured current. 


SET1 = LB1 + RB1 
RST1 = 3PO 


DWG:  M300G067
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Figure 4.5:  Latch Control Switch to Shut Down Generator 
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In the factory setting example, the latch bit LT1 is used to initiate a sequential generator 
shutdown.  LT1 assertion causes a prime mover trip.  As the prime mover stops providing 
mechanical power to the generator, the relay detects the low-forward power condition using the 
time-delayed 32P2 element, 32P2T.  After the 32P2D time delay, the relay trips the generator 
main breaker, field breaker, and lockout relay through the SV3 equation: 


SV3 = …+ LT1*32P2T +… 


When the generator main breaker opens, 3PO asserts, resetting LT1. 


Use Local Bit LB1 or Remote Bit RB1 to Shut Down the Generator 
Pulse local bit LB1 using the CNTRL front-panel pushbutton. 


Remote bits (Relay Word bits RB1 through RB16) are operated through the serial port.  See 
Figure 4.23 and Section 10:  Serial Port Communications and Commands for more information 
on remote bits. 


Latch Control Switch States Retained 


Power Loss 
The states of the latch bits (LT1 through LT16) are retained if power to the relay is lost and then 
restored.  If a latch bit is asserted (e.g., LT2 = logical 1) when power is lost, it comes back 
asserted (LT2 = logical 1) when power is restored.  If a latch bit is deasserted (e.g., LT3 = 
logical 0) when power is lost, it comes back deasserted (LT3 = logical 0) when power is restored.  
This feature makes the latch bit feature behave the same as traditional latching relays.  In a 
traditional installation, if power is lost to the panel, the latching relay output contact position 
remains unchanged. 


Settings Change or Active Setting Group Change 
If individual settings are changed (for the active setting group or one of the other setting groups) 
or the active setting group is changed, the states of the latch bits (Relay Word bits LT1 through 
LT16) are retained, much like in the preceding Power Loss explanation. 


If individual settings are changed for a setting group other than the active setting group, there is 
no interruption of the latch bits (the relay is not momentarily disabled). 


If the individual settings change or the active setting group change causes a change in SELOGIC 
control equation settings SETn or RSTn (n = 1 through 16), the retained states of the latch bits 
can be changed subject to the newly enabled settings SETn or RSTn. 


NOTE:  Make Latch Control Switch Settings with Care 
The latch bit states are stored in nonvolatile memory so they can be retained during power loss, 
settings change, or active setting group change.  The nonvolatile memory is rated for a finite 
number of “writes” for all cumulative latch bit state changes.  Exceeding the limit can result in an 
EEPROM self-test failure.  An average of 150 cumulative latch bit state changes per day can 
be made for a 25-year relay service life. 


This requires that SELOGIC control equation settings SETn and RSTn for any given latch 
bit LTn (n = 1 through 16; see Figure 4.4) be set with care.  Settings SETn and RSTn must not 
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result in continuous cyclical operation of latch bit LTn.  Use timers to qualify conditions set in 
settings SETn and RSTn.  If any optoisolated inputs IN101 through IN108 are used in settings 
SETn and RSTn, the inputs have their own debounce timer that can help in providing the 
necessary time qualification (see Section 3:  Auxiliary Function Settings). 


TRIP LOGIC 
The SEL-300G provides tripping logic to operate up to four external devices.  Table 4.2 shows 
the normal association between tripping settings and the apparatus controlled.  Figure 4.6 
illustrates the tripping logic. 
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Figure 4.6:  Trip Logic 
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Table 4.2:  Association Between Tripping Settings 
and Controlled Apparatus  


Tripping Settings Controlled Apparatus  
TR1, ULTR1 Generator Main Circuit Breaker 
TR2, ULTR2 Generator Field Circuit Breaker 
TR3, ULTR3 Prime Mover 
TR4, ULTR4 Generator Lockout Relay 


TDURD Minimum Trip Duration of All Trips 


Set Trip 
Refer to Figure 4.6.  The TR1 SELOGIC control equation asserts Relay Word bit TRIP1 to 
logical 1.  It also is routed into the Minimum Trip Duration Timer (setting TDURD). 


As shown in the time line example in Figure 4.7, the Minimum Trip Duration Timer (with setting 
TDURD) outputs a logical 1 for a time duration of “TDURD” seconds any time it sees a rising 
edge on its input (logical 0 to logical 1 transition) if it is not already timing (timer is reset).  The 
TDURD timer assures that the TRIP1 Relay Word bit remains asserted at logical 1 for a 
minimum of “TDURD” seconds.  If the TR1 SELOGIC control equation result is logical 1 beyond 
the TDURD time, Relay Word bit TRIP1 remains asserted at logical 1 for as long as the output of 
OR-1 gate remains at logical 1. 


Execution of the serial communications port OPEN command causes the TRIP1 Relay Word bit 
to assert to logical 1 via the Minimum Trip Duration Timer. 


DWG:  M300G079
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Figure 4.7:  Minimum Trip Duration Timer Operation (see Figure 4.6) 
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Unlatch Trip 
Once Relay Word bit TRIP is asserted to logical 1, it remains asserted at logical 1 until all the 
following conditions come true: 


Minimum Trip Duration Timer stops timing (logic output of the TDURD timer goes to 
logical 0) 


Output of TR1 gate deasserts to logical 0 
One of the following occurs: 


− SELOGIC control equation setting ULTR1 asserts to logical 1 
− the front-panel TARGET RESET button is pressed 
− the TAR R (Target Reset) command is executed via the serial port 


The front-panel TARGET RESET button or the TAR R (Target Reset) serial port command 
primarily is used during testing.  Use these to force the TRIP1 Relay Word bit to logical 0 if test 
conditions are such that setting ULTR1 does not assert to logical 1 to deassert the TRIP1 Relay 
Word bit automatically. 


TRIP2 through TRIP4 operate similarly to TRIP1, as shown in Figure 4.6.  The Relay Word bit 
TRIP is the OR condition of the four primary TRIP1 bits. 


GENERATOR TRIPPING 


Generator Main Circuit Breaker Trip, TR1 
It is necessary to trip the Generator Main Circuit Breaker to isolate the generator from the system 
in response to many situations.  The SEL-300G elements and logic used to detect each of the 
conditions are summarized in the following table. 


 


Generator Tripping Condition  Indicated or Detected By: 
Generator Manual Shutdown Local or Remote Bit Operation and Low-Forward 


Power Condition Detected 
Generator Fault Neutral Overcurrent Elements, 51NT or 50N1T 


100% Stator Ground Fault Elements, 64G1T or 64G2T 
Current Differential Elements, 87R or 87U 
Ground Current Differential Elements, 87N1T or 
87N2T 


Unbalance Current Tripping Negative-Sequence Overcurrent Element, 46Q2T 
Prolonged System Fault (Backup 
Tripping) 


Voltage controlled Time-Overcurrent Element, 51CT 
Voltage Restrained Time-Overcurrent Element, 51VT 
Mho Phase Distance Elements, Z1P1T, Z1P2T 


Generator Abnormal Operating 
Conditions 


Overexcitation (Volts/Hertz) Element, 24C2T 
Reverse Power Element, 32P1T 
Out-of-Step Element, OOST 
Loss-of-Field Elements, 41Z1T or 40Z2T 


Generator/System Frequency 
Conditions 


Over/Underfrequency Elements, 81DnT 


Generator Inadvertent Energization Inadvertent Energization Detected, INADT 
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Generator Field Breaker Trip, TR2 
It is necessary to trip the Generator Field Breaker if there is a generator fault or when tripping the 
generator manually.  Field breaker tripping also is recommended for most abnormal operating 
conditions, excepting over/underfrequency element operation.  The SEL-300G elements and logic 
used to detect field breaker tripping conditions are summarized in the table below.  The field is 
left energized after over/underfrequency trips and negative-sequence overcurrent trips so if the 
situation can be remedied quickly, the generator can be put back into service quickly. 
 
Field Breaker Tripping Condition  Indicated or Detected By: 


Generator Manual Shutdown Local or Remote Bit Operation and Low-Forward 
Power Condition Detected 


Generator Fault Neutral Overcurrent Elements, 51NT or 50N1T 
100% Stator Ground Fault Elements, 64G1T or 64G2T 
Current Differential Elements, 87R or 87U 
Ground Current Differential Elements, 87N1T or 
87N2T 


Prolonged System Fault (Backup 
Tripping) 


Voltage Controlled Time-Overcurrent Element, 51CT 
Voltage Restrained Time-Overcurrent Element, 51VT 
Mho Phase Distance Elements, Z1P1T, Z1P2T 


Generator Abnormal Operating 
Conditions 


Overexcitation (Volts/Hertz) Element, 24C2T 
Reverse Power Element, 32P1T 
Loss-of-Field Elements, 41Z1T or 40Z2T 


Generator Inadvertent Energization Inadvertent Energization Detected, INADT 


Prime Mover Trip, TR3 
A prime mover trip is performed first during a manual generator shutdown.  The prime mover is 
also tripped in the event of a generator fault.  Typically, the prime mover is not tripped in 
response to abnormal operating conditions.  As with the field breaker trips, this is so that the 
generator can be reconnected quickly if the problem is corrected, avoiding the need for a 
time-consuming prime mover restart. 
 


Prime Mover Tripping Condition  Indicated or Detected By: 
Generator Manual Shutdown Local or Remote Bit Operation  
Generator Fault Neutral Overcurrent Elements, 51NT or 50N1T 


100% Stator Ground Fault Elements, 64G1T or 64G2T 
Current Differential Elements, 87R or 87U 
Ground Current Differential Elements, 87N1T or 
87N2T 


Prolonged System Fault (Backup 
Tripping) 


Voltage Controlled Time-Overcurrent Element, 51CT 
Voltage Restrained Time-Overcurrent Element, 51VT 
Mho Phase Distance Elements, Z1P1T, Z1P2T 


Generator Inadvertent Energization Inadvertent Energization Detected, INADT 
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Generator Lockout Relay Trip, TR4 
The generator lockout relay is tripped in the event of a generator fault.  Typically, the lockout 
relay contacts prevent the generator breaker from being put back in service until the lockout relay 
has been reset.  This would be done after the operation had been reviewed and, if necessary, the 
generator inspected to ensure that it could be returned to service safely. 
 
Lockout Relay Tripping Condition  Indicated or Detected By: 


Generator Fault Neutral Overcurrent Elements, 51NT or 50N1T 
100% Stator Ground Fault Elements, 64G1T or 64G2T 
Current Differential Elements, 87R or 87U 
Ground Current Differential Elements, 87N1T or 87N2T


Prolonged System Fault (Backup 
Tripping) 


Voltage Controlled Time-Overcurrent Element, 51CT 
Voltage Restrained Time-Overcurrent Element, 51VT 
Mho Phase Distance Elements, Z1P1T, Z1P2T 


Generator Inadvertent Energization Inadvertent Energization Detected, INADT 
Generator Manual Shutdown Local or Remote Bit Operation and Low-Forward Power 


Condition Detected 


Factory Default Tripping Logic 
Review of the tables above shows that each of the controlled devices has tripping conditions in 
common.  For instance, all of the devices are tripped in response to a generator fault.  To simplify 
the relay settings, we have assigned nondedicated SELOGIC control equation variables to collect 
conditions that are used in more than one tripping equation.  These settings are summarized and 
described below. 


Generator Fault, Prolonged System Fault, Inadvertent Energization, and Manual Trips 
SELOGIC control equation variable 3 is used to indicate generator faults, prolonged system faults, 
inadvertent generator energization, and manual sequential trips: 


SV3 = 64G1T + 64G2T + 51NT + 50N1T + 51CT + 51VT + INADT + LT1*32P2Ta 
aAdd +87R + 87U to the SV3 variable to obtain percentage restrained differential element tripping. 
 Add +87N1T + 87N2T to the SV3 variable to obtain ground current differential tripping. 
 Add +21P1T + 21P2T + 21C1T + 21C2T to obtain Zone 1 and Zone 2 distance tripping. 
 


SELOGIC Control 
Equation Term 


 
Asserts to Indicate: 


64G1T Generator stator ground fault detected by neutral overvoltage. 
64G2T Generator stator ground fault detected by third-harmonic voltage differential.
51NT + 50N1T Ground fault detected by neutral time-overcurrent element or neutral 


definite-time overcurrent element. 
51CT + 51VT Prolonged system fault detected by voltage controlled phase time-


overcurrent or voltage restrained phase time-overcurrent. 
INADT Inadvertent generator energization detected. 
LT1*32P2T Generator manual trip through latch bit LT1 and low-forward power element 


32P2T. 
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Generator Abnormal Operating Conditions 
SELOGIC control equation variable 4 is used to indicate generator abnormal operating conditions: 


SV4 = 24C2T + 32P1T + 40Z1T + 40Z2T 
 


SELOGIC Control 
Equation Term 


 
Asserts to Indicate: 


24C2T Generator overexcitation detected by composite volts/hertz element. 
32P1T Generator reverse power condition detected. 
40Z1T + 40Z2T  Generator loss-of-field detected by Zone 1 or Zone 2 loss-of-field 


element (SV1T term also may be added if positive offset Zone 2 is 
applied.  See Section 2:  Relay Element Settings.) 


Generator Main Circuit Breaker Tripping Settings 
As described above, TR1 is used to define the generator main circuit breaker tripping conditions: 


TR1 = SV3 + SV4 + 46Q2T + 81D1T + 81D2T + OOST 


If out-of-step tripping is desired via TR2, TR3, or TR4, modify the equations for TR2, TR3, and 
TR4 to include Relay Word bit OOST. 


TR1 SELOGIC Control 
Equation Term 


 
Asserts to Indicate: 


SV3 Generator fault detected by elements set in SV3 control equation, 
defined above. 


SV4 Generator abnormal operating condition detected by elements set in 
SV4 SELOGIC control equation, defined above. 


46Q2T Generator current unbalance trip. 
81D1T + 81D2T  Generator definite-time underfrequency trip through 81D1T or 


81D2T elements. 


The trip signal can be released after the generator main breaker is open, as indicated by the 
three-pole open, 3PO, Relay Word bit. 


ULTR1 = 3PO 


Generator Field Circuit Breaker Tripping Settings 
As described above, TR2 is used to define the generator field circuit breaker tripping conditions: 


TR2 = SV3 + SV4 
 


TR2 SELOGIC Control 
Equation Term 


 
Asserts to Indicate: 


SV3 Generator fault detected by elements set in SV3 SELOGIC control 
equation, defined above. 


SV4 Generator abnormal operating conditions detected by elements set in 
SV4 SELOGIC control equation, defined above. 
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The trip signal can be released after the tripping conditions are no longer present, as indicated by 
the inverse of the TR2 tripping condition: 


ULTR2 = !TR2 


Prime Mover Tripping Settings 
As described above, TR3 is used to define the prime mover tripping conditions: 


TR3 = SV3 + LT1 
 


TR3 SELOGIC Control 
Equation Term 


 
Asserts to Indicate: 


SV3 Generator fault detected by elements set in SV3 SELOGIC control 
equation, defined above. 


LT1 Manual shutdown initiated by local bit LB1 or remote bit RB1. 


The trip signal can be released after the tripping conditions are no longer present, as indicated by 
the inverse of the TR3 tripping condition: 


ULTR3 = !TR3 


Generator Lockout Relay Tripping Settings 
As described above, TR4 is used to define the generator lockout relay tripping conditions: 


TR4 = SV3 
 


TR4 SELOGIC Control 
Equation Term 


 
Asserts to Indicate: 


SV3 Generator fault detected by elements set in SV3 SELOGIC control 
equation, defined above. 


The trip signal can be released after the tripping conditions are no longer present, as indicated by 
the inverse of the TR4 tripping condition: 


ULTR4 = !TR 


Program Output Contacts for Tripping 
In the factory settings, the results of the trip logic in Figure 4.6 are routed to output contact 
OUT101, OUT102, OUT103, and OUT104 with the following SELOGIC control equation 
settings: 


OUT101 = TRIP1 Generator Main Circuit Breaker Tripping Contact 
OUT102 = TRIP2 Generator Field Circuit Breaker Tripping Contact 
OUT103 = TRIP3 Prime Mover Tripping Contact 
OUT104 = TRIP4 Generator Lockout Relay Tripping Contact 
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CLOSE LOGIC 
The close logic in Figure 4.8 provides flexible circuit breaker closing with SELOGIC control 
equation settings: 


52A (breaker status) 
CLEN (CLOSE enable) 
CL (close conditions, other than CLOSE command) 
ULCL (unlatch close conditions, other than circuit breaker status) 


ULCL


CLOSE


Serial
Port


Command
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Figure 4.8:  Close Logic 


Set Close 
If all the following are true: 


The unlatch close condition is not asserted (ULCL = logical 0) 
The circuit breaker is open (52A = logical 0) 
Closing is enabled (CLEN = logical 1) 


Then the CLOSE Relay Word bit can be asserted to logical 1 if any one of the following occurs: 
The serial communications port CLOSE command is executed 
SELOGIC control equation setting CL goes from logical 0 to logical 1 (rising-edge transition) 


If a serial port CLOSE command is executed or CL goes from logical 0 to logical 1 while the 
CLEN SELOGIC control equation is logical 0, the relay waits for CLSD close dwell time seconds 
for CLEN to assert.  If CLEN asserts before CLSD expires, the CLOSE Relay Word bit asserts to 
logical 1.  If CLEN does not assert before CLSD expires, the CLOSE Relay Word bit does not 
assert and the logic is reset.  This logic permits the CLEN SELOGIC control equation to supervise 
relay initiated closes.  See the Settings Example below. 
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Unlatch Close 
If the CLOSE Relay Word bit is asserted at logical 1, it stays asserted at logical 1 until one of the 
following occurs: 


The unlatch close condition asserts (ULCL = logical 1) 
The circuit breaker closes (52A = logical 1) 
The close enable deasserts (CLEN = logical 0) 


Settings Example 
Suggested settings for the close logic SELOGIC control equation settings are: 


52A = IN101  
CL = LB2 Permits front-panel close operations via Local bit LB2, OR 


with INxxx (e.g., IN103) connected to local control switch or 
SCADA close signal as desired. 


CLEN  = !SV6T + CLOSE Prevents a second close for 30 seconds and seals-in CLEN. Use 
!SV6T*25C + CLOSE for synch-check supervised closing. 


ULCL = TRIP + SV5T Unlatches CLOSE if relay trips or if CLOSE is asserted for more 
than 1 second. 


•    
•    
•    


SV5 = CLOSE  
SV5PU = 1.00 SV5DO = 0.00 
SV6 = CLOSE  
SV6PU = 0.00 SV6DO = 30.00 


The factory setting for the Close Dwell Timer setting is: 
CLSD = 0.00 s 


A longer CLSD timer setting would be applied if the close logic should remain armed for a time 
while the generator is synchronized (e.g., synch-check supervised closing). 


See the Settings Sheets at the end of Section 6:  Enter Relay Settings for setting ranges. 


Set Close 
With the suggested settings, SELOGIC control equation setting CL is set with local bit LB2.  
Local bit LB2 closes directly (operates as a manual close switch via the front panel).  See Local 
Control Switches in this section and Front-Panel Local Control in Section 9:  Front-Panel 
Operation for more information on local control. 


Unlatch Close 
With the suggested settings, SELOGIC control equation setting ULCL is set by the TRIP Relay 
Word bit.  This prevents the CLOSE Relay Word bit from being asserted any time the TRIP 
Relay Word bit is asserted (TRIP takes priority).  See Trip Logic in this section. 
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SELOGIC control equation setting 52A is set with optoisolated input IN101.  Input IN101 is 
connected to a 52a circuit breaker auxiliary contact.  When a closed circuit breaker condition is 
detected, the CLOSE Relay Word bit is deasserted to logical 0.  Setting 52A can handle a 52a or 
52b circuit breaker auxiliary contact connected to an optoisolated input. 


Defeat the Close Logic 
If SELOGIC control equation close enable setting CLEN is set with logical 0 (CLEN = 0), then the 
close logic is inoperable. 


Program an Output Contact for Closing 
In the factory settings, the result of the close logic in Figure 4.8 is routed to output contact 
OUT105 with the following SELOGIC control equation: 


OUT105 = CLOSE 


SYNCHRONISM CHECKING FUNCTION (MODELS 0300G2 AND 0300G3) 


Element Description 


Functional Description 
A synchronism checking relay is usually used to verify that the generator frequency, voltage 
magnitude, and phase angle match the system frequency, voltage magnitude, and phase angle 
before allowing the generator breaker to be closed.  The SEL-300G2 and SEL-300G3 Relays 
provide a built-in synchronism checking function.  The relay measures system voltage using the 
VS voltage input, which you should connect to the secondary of a phase-to-ground or 
phase-to-phase connected VT on the system side of the generator circuit breaker.  If a 
phase-to-phase connected VT is applied, it should be connected between A- and B-phase or 
between B- and C-phase.  See Section 5:  Installation for additional connection details. 


The relay measures the system conditions through the VS input.  The relay measures generator 
frequency using the VA or VAB input.  Other generator voltage conditions are determined using 
the voltage selected by the SYNCP setting, set to match the VS input connection.  If the slip 
frequency (frequency difference between the generator and system) is within settable bounds, 
both voltage magnitudes are within settable bounds, and the phase-angle difference is desirable, 
the relay synchronism check function can permit a CLOSE signal to be issued by the SEL-300G 
or can close an output contact to supervise an external close condition. 


The relay takes into account the breaker closing time and the present slip frequency to issue a 
close signal timed to have the system and generator at a settable angle difference when the 
breaker closes.   


If a generator step-up transformer is connected between the generator terminals and the open 
generator breaker, the SEL-300G can account for a ±30° phase shift introduced by the 
transformer connections without using auxiliary transformers. 


In the event that the generator breaker is slow to close, the generator and system voltages might 
drift to a phase angle that is unsafe for closing before the breaker closes.  In this event, the relay 
detects that the phase angle between the generator and system voltages is above a safe closing 
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angle and can issue a breaker close failure signal to perform breaker failure tripping and protect 
the generator. 


Setting Descriptions  
Enable Synchronism Checking (Y, N) E25 = Y 


Set E25 = Y to enable synchronism checking elements.  If synchronism checking is not 
required, set E25 = N.  When E25 = N, the 59VP, 59VS, GENVHI, GENVLO, 
GENFHI, GENFLO, VDIF, 25A1, 25A2, 25C, CFA, and BKRCF Relay Word bits are 
inactive and the following relay settings are hidden and do not need to be entered. 


Synch-Check Phase (VA, VB, VC, VAB, VBC) SYNCP = VA 
Set SYNCP to indicate which phase the synch voltage VT is connected to.  You may 
use phase-to-ground or phase-to-phase connected VT, regardless of whether open-delta 
or four-wire wye VTs are used on the generator. 


Voltage Window, Low Threshold (20.0 to 200.0 V) 25VLO = 58.3 


Voltage Window, High Threshold (20.0 to 200.0 V) 25VHI = 69.7 


Maximum Voltage Difference (OFF, 1.0 to 15.0%) 25VDIF = 3.3 
The 25VLO and 25VHI settings define the acceptable system (VS) voltage magnitude 
window prior to closing the generator breaker.  25VHI must be a higher voltage value 
than 25VLO.  The system and generator voltages must both be greater than 25VLO and 
less than 25VHI for the synch-check outputs to operate.  The 25VDIF setting defines 
the maximum acceptable percentage magnitude difference between the system and 
generator voltages prior to closing the generator breaker. See Figure 4.10 and 
Figure 4.11 for more detail. 


Generator Voltage High Required (Y, N) GENV+ = Y 
If your synchronization practice requires that the generator voltage be higher than the 
system voltage prior to closing the generator breaker, set GENV+ = Y.  If not, set 
GENV+ = N. 


Voltage Ratio Correction Factor (0.500 to 2.00) 25RCF = 1.000 


Use the 25RCF setting to null differences between the system and generator voltage 
transformer ratios.  Normally, the 25RCF setting should be close to 1.000.  Use the 
instructions below to determine whether a non-unity setting should be used in your 
application. 


Minimum Slip Frequency (–1.00 to 0.99 Hz) 25SLO = 0.05 


Maximum Slip Frequency (–0.99 to 1.00 Hz) 25SHI = 0.10 
The 25SLO and 25SHI settings define the acceptable slip frequency between the system 
and the generator prior to closing the generator breaker.  25SHI must be greater than 
25SLO.  The SEL-300G defines slip frequency greater than 0 Hz when the generator 
frequency is greater than the system frequency. 


Transformer Compensation Angle (0, +30°, –30°) COMPA = 0 
Use the COMPA setting to compensate for the phase angle shift introduced by a 
generator step-up transformer connected between the generator terminals and the open 
generator breaker.  When there is no transformer, set COMPA = 0.  When there is a 
transformer and the system phase-neutral voltage phase angle leads the generator phase-
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neutral voltage phase angle by 30°, set COMPA = –30°.  When the system phase-
neutral voltage phase angle lags the generator phase-neutral voltage phase angle by 30°, 
set COMPA = 30°. 


Maximum Angle 1 (0 to 80°) 25ANG1 = 5 
The 25ANG1 setting defines an acceptable generator breaker closing angle.  The relay 
asserts the 25A1 Relay Word bit when the generator voltage is within 25ANG1 degrees 
of the system voltage if the other supervisory conditions also are met.  When the 
breaker close time setting, TCLOSD, is nonzero, the relay accounts for the breaker time 
and present slip frequency to adjust the phase angles where 25A1 is asserted. 


Maximum Angle 2 (0 to 80°) 25ANG2 = 15 
The 25ANG2 setting also defines an acceptable generator breaker closing angle.  The 
relay asserts the 25A2 Relay Word bit when the generator voltage is within 25ANG2 
degrees of the system voltage if the other supervisory conditions also are met.  The 
relay does not account for the breaker time or present slip frequency to adjust the phase 
angles where 25A2 is asserted; it is an absolute phase angle comparison. 


Target Close Angle (–15 to +15°) CANGLE = –3 
The CANGLE setting defines a target closing angle (positive angle indicates VS 
lagging SYNCP voltage).  When the balance of supervisory conditions are satisfied 
(slip, voltage window, voltage difference) the synch-check function accounts for the 
present slip and the set TCLOSD time (if not equal to zero).  The relay asserts the 25C 
Relay Word bit for 1/4 cycle to initiate a close.  25C assertion is timed so that, if the 
slip remains constant and the breaker closes in TCLOSD seconds, the breaker closes 
when the angle difference is equal to CANGLE. 


Breaker Close Time (0.000 to 1.000 s) TCLOSD = 0.150 
The TCLOSD setting predicts the amount of time that it will take for the generator main 
breaker to close, from the instant the SEL-300G CLOSE contact closes, to the instant 
the breaker main contacts close.  Enter a value that is as accurate as possible to obtain 
best performance of the 25C close initiating Relay Word bit. 


Close Fail Angle (OFF, 3 to 120°) CFANGL = 30 
If the relay initiates a closure using the 25C Relay Word bit, and the breaker has not 
closed when the phase angle difference between the generator and system reaches the 
CFANGL setting, the relay asserts the BKRCF breaker close failure Relay Word bit.  
This Relay Word bit typically would be used to close a relay output contact to energize 
the bus lockout relay.  The bus lockout relay would trip all breakers connected to the 
bus, protecting the generator from the out-of-synchronism close. 


Dead-Bus Undervoltage (OFF, 0.1 to 200.0 V)  27VSP = 15.0 
The 27VSP setting defines pickup level of the undervoltage element for the synch 
voltage input. The element is available for general-purpose use as desired; it is not used 
in the default configuration of the SEL-300G. 


Block Synch Check (SELOGIC control equation) BSYNCH = !3PO 
The synch-check function is blocked when the BSYNCH SELOGIC control equation 
result equals logical 1.  The function is allowed to operate when the BSYNCH 
SELOGIC control equation result equals logical 0.  Typically, the BSYNCH SELOGIC 
control equation should be set so the function is blocked when the generator main 







SELOGIC Control Equations 4-25
 


SEL-300G Instruction Manual   Date Code 20081231 


circuit breaker is closed (!3PO).  Other supervisory conditions may be added if your 
application requires. 


Relay Word Bits 
Relay Word Bit Function Description Typical Applications 


59VP Generator Terminal Voltage Within 
Voltage Window 


Indication, Testing 


59VS System Voltage Within Voltage Window Indication, Testing 
GENVHI Generator Voltage Greater Than System 


Voltage 
Indication, Testing 


GENVLO Generator Voltage Less Than System 
Voltage 


Indication, Testing 


VDIF Generator and System Voltage Difference 
Within Acceptable Bounds 


Indication, Testing 


GENFHI Slip Frequency Greater Than 25SHI 
Setting 


Indication, Testing 


GENFLO Slip Frequency Less Than 25SLO Setting Indication, Testing 
SF Slip Frequency Within Acceptable Bounds Indication, Testing 
25A1 Slip/Breaker-Time Compensated Phase 


Angle Within 25ANG1 Setting 
Indication, Testing, 
Control 


25A2 Uncompensated Phase Angle Within 
25ANG2 Setting 


Indication, Testing, 
Control 


25C Initiate CLOSE to Match Target Close 
Angle 


Indication, Testing, 
Control 


CFA Close Failure Angle Condition Testing 
BKRCF Breaker Close Failed Control, Testing 
27VS Synch Undervoltage Pickup Indication, Control 


Setting Calculation 


Information Needed 
 


CAUTION !  
Synchronism checking requirements and practices vary widely for 
different prime mover types.  Be sure to consult your prime mover 
manufacturer’s synchronism checking guidelines as you prepare these 
settings or severe equipment damage or loss of equipment life may 
result. 


Prime Mover Manufacturer Synchronization Guidelines 
Synch VT Connection and Transformer Ratio 
Generator VT Connection and Transformer Ratio 
Generator Breaker Closing Time 
Generator Step-Up Transformer Winding Turns Ratio and Connection (only required if the 


transformer is connected between the generator VTs and the synch VT) 
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Recommendations 
Set the SYNCP setting to indicate the phase(s) to which the synch-check voltage transformer is 
connected on the system side of the generator circuit breaker.  For instance, if the synch VT is 
connected from A-phase to neutral, set SYNCP = VA.  If the synch VT is connect from B-phase 
to C-phase, set SYNCP = VBC.  The relay does not require that the synch VT be connected in the 
same manner that the generator VTs are.  For instance, you can elect to use open-delta connected 
VTs on the generator (setting DELTA_Y = D) and a phase-to-neutral connected VT on the 
system.  If a phase-to-phase connected VT is used on the system side, it must be connected 
B-phase to C-phase or A-phase to B-phase. 


Use the 25VLO, 25VHI, 25VDIF, and GENV+ settings to define the voltage conditions under 
which the generator breaker may be closed safely.  The 25VLO and 25VHI settings define an 
acceptable voltage magnitude window.  A close is not permitted if the generator or system 
voltages are less than 25VLO or greater than 25VHI. 


Make the 25VLO and 25VHI settings based on the secondary magnitude of VS.  For instance, if a 
close is acceptable while the system voltage ranges from 90 percent to 105 percent of nominal, if 
the synch PT is connected phase-to-neutral and the nominal line-to-neutral voltage is 67 V 
secondary, then 


25VLO = 0.9 • 67 V secondary = 60.3 V secondary 
25VHI = 1.05 • 67 V secondary = 70.4 V secondary 


When a phase-to-phase connected synch VT is used, the nominal phase-to-phase voltage would 
probably be approximately 120 V secondary, leading to 


25VLO = 0.9 • 120 V secondary = 108 V secondary 
25VHI = 1.05 • 120 V secondary = 126 V secondary 


The 25VDIF setting defines a maximum acceptable percentage difference between the generator 
and system voltages. GENV+ defines whether the generator voltage must be greater than the 
system voltage.  Setting 25VDIF = OFF disables this supervision and permits a close when both 
voltages are within the voltage window defined by 25VLO and 25VHI. 


For instance, the generator and prime mover manufacturer may recommend that the generator 
voltage be between 0 percent and +3 percent of the system voltage when the generator breaker is 
closed.  In that case, set 25VDIF = 3% and GENV+ = Y.  If a close is permitted when the 
generator voltage is within ±5 percent of the system voltage, set 25VDIF = 5% and GENV+ = N. 


The 25RCF setting compensates magnitude differences between the synch voltage and the 
generator voltage.  Magnitude differences may be introduced by unmatched or slightly erroneous 
voltage transformer or step-up transformer ratios. 


Set 25RCF using the equation below: 


 ( )
PTRS


PTRtvr25RCF •
=  


where 
tvr = step-up transformer voltage ratio (HV/LV) 
tvr = 1 when no step-up transformer is present 
PTR = generator voltage transformer ratio to 1 
PTRS = synch voltage transformer ratio to 1 
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Figure 4.9 shows four possible generator/transformer/VT configurations and the associated 
settings and calculations. 
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Figure 4.9:  Synch-Check Function 25RCF Setting Examples 


After the relay has been placed in service and the generator breaker closed, you may wish to 
refine the 25RCF setting to account for transformer ratio errors.  Use the procedure in the 
Manually Refine the 25RCF Setting While the Generator is in Service section on page 4-29 to 
refine the 25RCF setting manually. 


The 25SLO and 25SHI settings define the minimum and maximum acceptable slip frequency for 
a generator breaker close.  25SLO must be set less than 25SHI.  The SEL-300G defines the slip 
frequency positive when the generator frequency is higher than the system frequency. 


Some large steam turbine generators require that a low, positive slip be present when the 
generator breaker is closed.  Setting 25SLO = 0.05 Hz and 25SHI = 0.25 Hz might satisfy that 
requirement. 


Diesel generators may require that a zero or negative slip be present.  This tends to unload the 
machine shaft and crank briefly when the generator breaker closes.  Setting 25SLO = –0.25 Hz 
and 25SHI = 0.0 Hz might satisfy this requirement. 
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The COMPA setting allows the relay to compensate for a transformer-introduced ±30° phase shift 
between the generator VTs and the synch VT.  In most applications, the VTs will only have the 
open circuit breaker between them and in these cases, COMPA = 0°. 


When a generator step-up transformer resides between the generator VTs and synch VT, examine 
the connections to determine the lead-lag relationship between the generator and system voltages.  
When the system voltage leads the generator voltage by 30°, set COMPA = –30.  When the 
system voltage lags the generator voltage by 30°, set COMPA = 30. 


The SEL-300G synch-check function provides three methods to supervise internal and external 
close signals.  Relay Word bits 25A1, 25A2, and 25C assert for different generator and system 
voltage phase angles, but all are supervised by the voltage magnitude and difference and slip 
frequency limits. 


The relay uses two phase-angle calculations to control the 25A2, 25A1, and 25C Relay Word bits.  
The first phase-angle calculation is the absolute phase-angle difference between the generator and 
system voltages.  The next phase-angle calculation adjusts the absolute phase-angle difference by 
an angle value that is the phase angle the system will travel through in TCLOSD seconds, 
assuming that the present slip frequency remains constant.  This slip compensated phase angle 
predicts the phase-angle difference when the breaker closes if a close were issued at this instant 
and if the breaker closed in TCLOSD seconds. 


The 25A2 Relay Word bit asserts when the absolute phase-angle difference is less than the 
25ANG2 setting. 


Relay Word bit 25A1 asserts when the slip-compensated phase-angle difference is less than the 
25ANG1 setting. 


The 25C Relay Word bit asserts when the slip-compensated phase-angle difference is equal to the 
CANGLE setting.  When you would like to initiate a generator breaker close, timed so the phase-
angle difference will equal the CANGLE setting, supervise the CLOSE initiation with the 25C 
Relay Word bit. 


Settings for 25ANG1, 25ANG2, and CANGLE depend on the requirements of the application. 


Set TCLOSD equal to the circuit breaker closing time in seconds.  This value is used to calculate 
the slip-compensated phase-angle difference between the generator and system voltages, as 
described above.  If there are interposing relays between the SEL-300G CLOSE output and the 
circuit breaker close coil, add the operating time of these components to the breaker’s own 
closing time to calculate the TCLOSD setting. 


Large generators can sustain serious damage if the generator circuit breaker closes while there is 
a large phase-angle difference between the generator voltage and the system voltage.  
Synch-check relays help prevent this occurrence.  However, if the circuit breaker is slow to close, 
the generator slip frequency can cause the generator voltage to rotate away from the system 
voltage, increasing the phase-angle difference to dangerous levels.  At this point it is not possible 
to trip the slowly closing breaker; but if the breaker does close eventually, it could badly damage 
the generator or reduce its life.  To prevent this, a breaker failure lockout signal can be used to 
clear the generator bus.  This removes system voltage from the outboard side of the circuit 
breaker so if the breaker does close, it only energizes a dead bus. 


The SEL-300G synch-check function includes breaker slow close detection logic.  If a circuit 
breaker close is initiated by the relay, the breaker close failure logic is armed.  If the breaker 
closes, the 3PO Relay Word bit deasserts and the logic is disarmed.  If the breaker does not close 
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and the generator voltage rotates to greater than the close failure angle, CFANGL, the relay 
asserts the BKRCF circuit breaker close failure Relay Word bit.  This Relay Word bit would be 
applied to trip the bus lockout relay.  If some type of control failure occurs that prevents the 
generator breaker from closing, the breaker close failure logic is disarmed automatically after 99 
seconds, as long as the generator voltage does not enter the close failure region. 


If breaker close failure protection is not desired, set CFANGL = Off.  If breaker close failure 
protection is desired, first determine the phase angle difference at which generator or prime 
mover damage can occur. 


Damage Angle = ________° 


Next, calculate the phase angle that the generator will rotate through while the generator bus is 
being cleared if a close failure occurs at maximum slip.  Use the equation below: 


Angle Rotation = Bus clearing time • 25Sxx • 360 degrees 
where 


Bus clearing time = time in seconds for all breakers connected to the generator bus to 
open in the event of a breaker failure lockout relay operation 


25Sxx = maximum acceptable slip frequency.  This value will be equal to 
the absolute value of 25SHI or 25SLO, whichever is larger. 


Angle Rotation = _______° 


Set CFANGL less than or equal to: 
CFANGL = Damage Angle° – Angle Rotation° 
CFANGL = _______° 


The BSYNCH SELOGIC control equation should be set to block the synch-check function 
whenever the generator circuit breaker is closed and during other conditions that you select. 


Manually Refine the 25RCF Setting While the Generator is in Service 
Once the generator is in service and the generator breaker is closed, you may wish to refine the 
25RCF setting.  The refinement removes the effect of differences between the actual voltage 
transformer ratios and the nameplate markings.  These differences should be small, but they may 
be additive and therefore significant.  To refine the 25RCF setting, take the following steps: 


Step 1. Using the front-panel interface or a PC connected to a relay serial port, use the 
SHOWSET and SHOWSET G commands to review the relay settings.  Note the 
values of the following settings: 


PTR = _________  
PTRS = _________  
SYNCP = _________  
25RCF = _________  
DELTA_Y = _________ (global setting, review using SHOWSET G) 


Step 2. With the generator running and the generator main circuit breaker closed, reduce the 
generator load current as low as possible.  This is particularly important when a 
step-up transformer is connected between the generator VTs and the synch VT, as in 
Figure 4.9. 
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Step 3. Using the front-panel or serial port METER command, determine the magnitude of 
VS: 


VS = __________ kV primary 


Step 4. Depending on the SYNCP and DELTA_Y settings, note the appropriate generator 
voltage, as shown below: 


When SYNCP = VA, VB, or VC and DELTA_Y = Y, record the phase voltage named 
by the SYNCP setting: 


V__ = _________ kV primary 


When SYNCP = VAB or VBC and DELTA_Y = D, record the phase-to-phase voltage 
named by the SYNCP setting: 


V__ = _________ kV primary 


When SYNCP = VAB or VBC and DELTA_Y = Y, record the magnitude and phase 
angle of the two phase voltages named by the SYNCP setting.  For instance, when 
SYNCP = VAB, record VA and VB: 


V__ = _________ kV primary _______ degrees 


V__ = _________ kV primary _______ degrees 


Using a scientific calculator and accounting for the phase angles, subtract the 
second voltage from the first, then note the magnitude of the phase-to-phase 
voltage: 


V__ = _________ kV primary 


When SYNCP = VA, VB, or VC and DELTA_Y = D, record the magnitude of V1: 


V1 = _________ kV primary 


Step 5. Calculate the secondary magnitude of VS by dividing the primary value noted in 
Step 3 by the PTRS setting noted in Step 2: 


VSs = VS/PTRS = __________ V secondary 


Step 6. Calculate the secondary magnitude of the generator voltage noted in Step 4 by 
dividing that magnitude by the PTR setting: 


VP = V (from Step 4)/PTR = _________ V secondary 


Step 7. Calculate a refined 25RCF setting by dividing VSs by VP: 


25RCF = VSs/VP  = __________ 


Step 8. If the 25RCF value calculated in Step 7 varies from the 25RCF setting noted in Step 1, 
you may wish to enter the new value as a new 25RCF setting to improve the accuracy 
of the synch-check voltage acceptance logic. 
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Synch-Check Supervised Closing 
The 25C, 25A1, and 25A2 Relay Word bits are available to supervise the internal Close Logic or 
external devices.  The most convenient method to apply the synch-check function is to use one of 
the resulting Relay Word bits to enable the SEL-300G CLOSE output by setting the synch-check 
Relay Word bit in the CLEN, CLOSE Enable SELOGIC control equation. The following 
description applies to the Settings Example shown earlier under Close Logic. 


Arm the closing logic by applying dc voltage to input IN103 with a momentary switch.  When CL 
asserts, the relay closing logic is armed.  We will assume that the breaker is open, the synch-
check function is active (BSYNCH = logical 0), and an external automatic or manual 
synchronizer is operating to bring the generator into synchronism.  When the SEL-300G synch-
check function determines that the conditions are acceptable, the 25C Relay Word bit asserts.  
Since !SV6T is already logical 1, !SV6T*25C will assert to initiate the close as long as the CLSD 
timer has not expired.  Thus, the CLSD timer should be set longer than the maximum amount of 
time required to synchronize the generator. 


Refer to Close Logic on page 4-20 of this section for more detail regarding the closing logic and 
settings. 
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Figure 4.10:  Synch-Check Function Voltage Elements 
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Figure 4.11:  Synch-Check Function Voltage Element Characteristic 
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Figure 4.14:  Breaker Close Failure Logic Diagram 
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Figure 4.15:  Synch-Check Function Angle Characteristics 


ER CONTROL EQUATION 
The programmable SELOGIC control equation event report trigger setting ER is set to trigger 
standard event reports for conditions other than trip conditions.  When setting ER sees a logical 0 
to logical 1 transition, it generates an event report (if the SEL-300G is not already generating a 
report that encompasses the new transition).  The factory setting is: 


ER = /24C2 + /32P1 + /46Q2 + /51N + /51C + /51V + /64G1 + /64G2 
 + /60LOP + /81D1 + /81D2 + \81D1 + \81D2 + /BNDA + /BNDT + /INAD 


Note the rising-edge operator, /, in front of each of these elements.  Rising-edge operators are 
especially useful in generating an event report at fault inception and then generating another later 
if a breaker failure condition occurs.  For example, at the inception of a stator ground fault, 
pickup indicator 64G1 asserts and an event report is generated: 


ER = ... + /64G1 + ... = logical 1 (for one processing interval) 


Even though the 64G1 pickup indicator will remain asserted for the duration of the ground fault, 
the rising-edge operator, /, in front of 64G1 (/64G1) causes setting ER to be asserted for only one 
processing interval. 


Falling-edge operators, \, are also used to generate event reports. 
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Note: Continued chattering of the ER can result in loss of some event triggers. Use the 
following SELOGIC when elements used in the ER equation are prone to chatter in your 
application (e.g., 24C2, 32P1): 


SV6 = !SV6T * (24C2 + 32P1) 
SV6PU = 0.00 second 
SV6DO = 7.00 seconds 
ER = /SV6T + . . . . . 
− Replace /24C2 + /32P1 by /SV6T in the ER equation. The example uses SV6 


but any available variable can be used. 
− SV6DO setting determines the period during which chattering of the 


(24C2 + 32P1) will not trigger additional events. 
− Other elements prone to chattering can be ORed with (24C2 + 32P1) in the 


SV6 equation. 


OUTPUT CONTACT CONTROL 
Figure 4.16 and Figure 4.17 show the example operation of output contact Relay Word bits due 
to: 


SELOGIC control equation operation 
 or 
PULSE command execution 


The output contact Relay Word bits in turn control the output contacts. 


Alarm logic/circuitry controls the ALARM output contact. 


Figure 4.16 is used for the following discussion/examples.  The output contacts in Figure 4.16 
and Figure 4.17 operate similarly. 


Factory Settings Example 
In the factory SELOGIC control equation settings, seven output contacts are used: 


OUT101 = TRIP1 Generator Main Circuit Breaker Trip 
OUT102 = TRIP2 Generator Field Circuit Breaker Trip 
OUT103 = TRIP3 Prime Mover Trip 
OUT104 = TRIP4 Generator Lockout Relay Trip 
OUT105 = CLOSE Generator Main Breaker Close 
OUT106 = 60LOP Loss-of-Potential Annunciation 
OUT107 = 24D1T + 46Q1T + 


BCW + BNDT 
+!(DCLO * DCHI) 


Operation alarm contact 


Operation of Output Contacts for Different Output Contact Types 


Output Contacts OUT101 Through OUT107 (All Models) and OUT201 Through OUT212 
Refer to Figure 4.16 and Figure 4.17. 
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The execution of the serial port command PULSE n (n = OUT101 through OUT212) asserts the 
corresponding Relay Word bit (OUT101 through OUT212) to logical 1.  The assertion of 
SELOGIC control equation setting OUTm (m = 101 through 212) to logical 1 also asserts the 
corresponding Relay Word bit OUTm (m = 101 through 212) to logical 1. 


The assertion of Relay Word bit OUTm (m = 101 through 212) to logical 1 causes the 
energization of the corresponding output contact OUTm coil.  Depending on the contact type (a or 
b), the output contact closes or opens as demonstrated in Figure 4.16.  An “a” type output contact 
is open when the output contact coil is de-energized and closed when the output contact coil is 
energized.  A “b” type output contact is closed when the output contact coil is de-energized and 
open when the output contact coil is energized. 


Notice in Figure 4.16 that all four possible combinations of output contact coil states (energized 
or de-energized) and output contact types (a or b) are demonstrated.  See Output Contact 
Jumpers in Section 5:  Installation for output contact type options. 


Output contact pickup/dropout time is 4 ms. 


ALARM Output Contact 
Refer to Figure 4.16 and Relay Self-Test Alarms in this section. 


When the relay is operational, the ALARM output contact coil is energized.  The alarm 
logic/circuitry keeps the ALARM output contact coil energized.  Depending on the ALARM 
output contact type (a or b), the ALARM output contact closes or opens as demonstrated in 
Figure 4.16.  An “a” type output contact is open when the output contact coil is de-energized and 
closed when the output contact coil is energized.  A “b” type output contact is closed when the 
output contact coil is de-energized and open when the output contact coil is energized. 


To verify ALARM output contact mechanical integrity, execute the serial port command PULSE 
ALARM.  Execution of this command momentarily de-energizes the ALARM output contact 
coil. 


The Relay Word bit ALARM is deasserted to logical 0 when the relay is operational.  When the 
serial port command PULSE ALARM is executed, the ALARM Relay Word bit momentarily 
asserts to logical 1.  Also, when the relay enters Access Level 2, the ALARM Relay Word bit 
momentarily asserts to logical 1 (and the ALARM output contact coil is de-energized 
momentarily). 


Notice in Figure 4.16 that all possible combinations of ALARM output contact coil states 
(energized or de-energized) and output contact types (a or b) are demonstrated.  See Output 
Contact Jumpers in Section 5:  Installation for output contact type options. 
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Note 1: PULSE command is also available via the front panel (CNTRL pushbutton, "output contact 
testing" option).  Execution of the PULSE command results in a logical 1 input into the above 
logic (1-second default pulse width).


Note 2: Output contacts OUT101 through ALARM are configurable as "a" or "b" type output contacts.  
See Figure 5.25 in Section 5:  Installation for more information on selecting output contact 
type.


Note 3: Main board jumper JMP23 allows output contact OUT107 to operate as:
-- regular output contact OUT107 (JMP23 in position 2-3)
-- an extra Alarm output contact (JMP23 in position 1-2)
See Figure 5.25 and Table 5.3 in Section 5:  Installation for more information on jumper 
JMP23.
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Figure 4.16:  Logic Flow for Example Output Contact Operation (All Models) 
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Note 1: PULSE command is also available via the front panel (CNTRL pushbutton, "output 
contact tesing" option).  Execution of the PULSE command results in a logical 1 
input into the above logic (1-second default pulse width).


Note 2: See Figure 5.26 and Figure 5.27 in Section 5:  Installation for the location of 
jumpers to configure output contacts. DWG:  M300G082a
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Figure 4.17:  Logic Flow for Example Output Contact Operation— 
Extra I/O Board (Model 0300G_1 and 0300G_Y) 
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LOCAL CONTROL SWITCHES 
The local control switch feature of this relay replaces traditional panel-mounted control switches.  
Operate the sixteen (16) local control switches using the front-panel keyboard/display (see 
Section 9:  Front-Panel Operation). 


OFF position
(maintained logical 0 position)


MOMENTARY position
(logical 1 for one processing interval) DWG:  M300G162


Relay
Word


Bit
LBnLogical 1
(n=1 through 16)


ON position
(maintained logical 1 position)


The switch representation in this figure is derived from the standard:


Graphics Symbols for Electrical and Electronics Diagrams
IEEE Std 315-1975, CSA Z99-1975, ANSI Y32.2-1975,
4.11 Combination Locking and Nonlocking Switch, Item 4.11.1  


Figure 4.18:  Local Control Switches Drive Local Bits LB1 Through LB16 


The output of the local control switch in Figure 4.18 is a Relay Word bit LBn (n = 1 through 16), 
called a local bit.  The local control switch logic in Figure 4.18 repeats for each local bit LB1 
through LB16.  Use these local bits in SELOGIC control equations.  For a given local control 
switch, the local control switch positions are enabled by making corresponding label settings. 
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Table 4.3:  Correspondence Between Local Control 
Switch Positions and Label Settings 


 
Switch Position 


Label 
Setting 


 
Setting Definition 


 
Logic State 


Not applicable NLBn Name of Local Control 
Switch 


not applicable 


ON SLBn “Set” Local bit LBn logical 1 
OFF CLBn “Clear” Local bit LBn logical 0 
MOMENTARY PLBn “Pulse” Local bit LBn logical 1 for one processing 


interval 


Note the first setting in Table 4.3 (NLBn) is the overall switch name setting.  Make each label 
setting through the serial port using the command SET G.  View these settings using the serial 
port command SHO G (see Section 6:  Enter Relay Settings and Section 10:  Serial Port 
Communications and Commands). 


Local Control Switch Types 
Configure any local control switch as one of the following three switch types. 


ON/OFF Switch 
Local bit LBn is in either the ON (LBn = logical 1) or OFF (LBn = logical 0) position. 


OFF position
(logical 0)


ON
position


DWG:  M300G144


Relay
Word


Bit
LBnLogical 1 (n=1 through 16)


 
Figure 4.19:  Local Control Switch Configured as an ON/OFF Switch 


OFF/MOMENTARY Switch 
The local bit LBn is maintained in the OFF (LBn = logical 0) position and pulses to the 
MOMENTARY (LBn = logical 1) position for one processing interval (1/4 cycle). 
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OFF position
(logical 0)


MOMENTARY
position DWG:  M300G143


Relay
Word


Bit
LBnLogical 1 (n=1 through 16)


 
Figure 4.20:  Local Control Switch Configured as an OFF/MOMENTARY Switch 


ON/OFF/MOMENTARY Switch 
The local bit LBn: 


is in either the ON (LBn = logical 1) or OFF (LBn = logical 0) position 
  or 
is in the OFF (LBn = logical 0) position and pulses to the MOMENTARY (LBn = 
logical 1) position for one processing interval (1/4 cycle). 


OFF position
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MOMENTARY
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LBnLogical 1 (n=1 through 16)
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Figure 4.21:  Local Control Switch Configured as an ON/OFF/MOMENTARY Switch 
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Table 4.4:  Correspondence Between Local Control Switch Types 
and Required Label Settings 


Local Switch Type Label NLBn Label CLBn Label SLBn Label PLBn 
ON/OFF X X X  
OFF/MOMENTARY X X  X 
ON/OFF/MOMENTARY X X X X 


Disable local control switches by “nulling out” all the label settings for that switch (see Section 6:  
Enter Relay Settings).  The local bit associated with this disabled local control switch then is 
fixed at logical 0. 


Factory Settings Examples 
Local bit LB1 is used in a few of the factory SELOGIC control equation settings for manual 
generator shutdown.  Its corresponding local control switch position labels are set to configure the 
switches as OFF/MOMENTARY switches: 


Local Bit Label Settings Function 
LB1 NLB1 = GEN 


SHUTDOWN 
trips prime mover and initiates generator main 
circuit breaker and field circuit breaker sequential 
trips 


 CLB1 = RETURN OFF position (“return” from MOMENTARY 
position) 


 SLB1 = ON position—not used (left “blank”) 
 PLB1 = TRIP MOMENTARY position 


The following Figure 4.22 shows local control switches with factory settings. 


RETURN
(logical 0)


TRIP


GEN SHUTDOWN


DWG:  M300G080


Local
Bit


LB1Logical 1


 
Figure 4.22:  Configured GEN SHUTDOWN Switch Drives Local Bit LB1 
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Local bit LB2 is not included in the factory settings, but could be applied as a local generator 
breaker close function using the settings shown below. 


Local Bit Label Settings Function 
LB2 NLB2 = GEN BKR CLOSE initiates generator main circuit breaker close.  


Sequence completes only if CLEN SELOGIC 
control equation result is a logical 1 within 
CLSD seconds of sequence initiation. 


 CLB2 = RETURN OFF position (“return” from MOMENTARY 
position) 


 SLB2 = ON position—not used (left “blank”) 
 PLB2 = CLOSE MOMENTARY position 


Local bit LB1 is used along with remote bit RB1 to set latch bit LT1 which then trips the prime 
mover. 


Additional Local Control Switch Application Ideas 
The preceding factory settings example uses an OFF/MOMENTARY switch.  Local control 
switches configured as ON/OFF switches can be used for such applications as protection element 
enable/disable. 


Local control switches also can be configured as ON/OFF/MOMENTARY switches for 
applications that require them.  Local control switches can be applied to almost any control 
scheme that traditionally requires front-panel switches. 


Local Control Switch States Retained 


Power Loss 
The states of the local bits (Relay Word bits LB1 through LB16) are retained if power to the relay 
is lost and then restored.  If a local control switch is in the ON position (corresponding local bit is 
asserted to logical 1) when power is lost, it comes back in the ON position (corresponding local 
bit is still asserted to logical 1) when power is restored.  If a local control switch is in the OFF 
position (corresponding local bit is deasserted to logical 0) when power is lost, it comes back in 
the OFF position (corresponding local bit is still deasserted to logical 0) when power is restored.  
This feature makes the local bit feature behave the same as a traditional installation with panel-
mounted control switches.  If power is lost to the panel, the front-panel control switch positions 
remain unchanged. 


Settings Change or Active Setting Group Change 
If settings are changed (for the active setting group or the other setting group) or the active setting 
group is changed, the states of the local bits (Relay Word bits LB1 through LB16) are retained, 
much like in the preceding Power Loss explanation. 


If a local control switch is made inoperable because of a settings change (i.e., the corresponding 
label settings are nulled), the corresponding local bit then is fixed at logical 0, regardless of the 
local bit state before the settings change.  If a local control switch is made newly operable 
because of a settings change (i.e., the corresponding label settings are set), the corresponding 
local bit starts out at logical 0. 
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REMOTE CONTROL SWITCHES 
Remote control switches are operated via the serial communications port only (see CON 
Command (Control Remote Bit) in Section 10:  Serial Port Communications and Commands). 


OFF position
(maintained  logical 0 position)


MOMENTARY position
(logical 1 for one processing interval) DWG:  M300G163


Relay
Word


Bit
RBnLogical 1
(n=1 through 16)


ON position
(maintained logical 1 position)


The switch representation in this figure is derived from the standard:


Graphics Symbols for Electrical and Electronics Diagrams
IEEE Std 315-1975, CSA Z99-1975, ANSI Y32.2-1975,
4.11 Combination Locking and Nonlocking Switch, Item 4.11.1  


Figure 4.23:  Remote Control Switches Drive Remote Bits RB1 Through RB16 


The outputs of the remote control switches in Figure 4.23 are Relay Word bits RBn (n = 1 to 16), 
called remote bits.  Use these remote bits in SELOGIC control equations. 


Any given remote control switch can be put in one of the following three positions: 
ON (logical 1) 
OFF (logical 0) 
MOMENTARY (logical 1 for one processing interval) 


Remote Bit Application Ideas 
With SELOGIC control equations, the remote bits can be used in applications similar to those in 
which local bits are used (see preceding local control switch discussion). 


Also, remote bits can be used much as optoisolated inputs are used in operating latch control 
switches.  Pulse (momentarily operate) the remote bits for this application. 


Remote Bit States Not Retained When Power is Lost 
The states of the remote bits (Relay Word bits RB1 through RB16) are not retained if power to 
the relay is lost and then restored.  The remote control switches always come back in the OFF 
position (corresponding remote bit is deasserted to logical 0) when power is restored to the relay. 
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Remote Bit States Retained When Settings Changed or Active Setting Group Changed 
The state of each remote bit (Relay Word bits RB1 through RB16) is retained if relay settings are 
changed (for the active setting group or the other setting group) or the active setting group is 
changed.  If a remote control switch is in the ON position (corresponding remote bit is asserted to 
logical 1) before a setting change or an active setting group change, it comes back in the ON 
position (corresponding remote bit is still asserted to logical 1) after the change.  If a remote 
control switch is in the OFF position (corresponding remote bit is deasserted to logical 0) before a 
settings change or an active setting group change, it comes back in the OFF position 
(corresponding remote bit is still deasserted to logical 0) after the change. 


FRONT-PANEL DISPLAY CONFIGURATION 
The rotating default display on the relay front panel replaces indicating panel meters and lights.  
Traditional panel meters indicate generator electrical quantities such as: 


• phase current 
• phase voltage 
• generator output power 
• generator frequency 


Traditional indicating panel lights are turned on and off by circuit breaker auxiliary contacts, 
front-panel switches, SCADA contacts, etc.  They indicate such conditions as: 


• circuit breaker open/closed 
• protection elements enabled/disabled 


Additionally, the relay displays field insulation resistance Rf and RTD temperatures if supported. 


Traditional Indicating Panel Meters 
Traditional indicating panel meters are wired to ac current and voltage transformers in series or 
parallel with SEL-300G ac inputs.  The panel meters then measure and display desired quantities, 
such as current magnitude, voltage magnitude, generator frequency, generator output power, etc. 


Traditional Indicating Panel Meters Replaced with Rotating Meter Display 
The indicating panel meters are not needed if the rotating default display feature in the SEL-300G 
is applied.  The relay already is measuring the desired quantities to a high degree of accuracy.  
Simply configure the front-panel display settings to enable the automatic display of real-time 
measured quantities. 


To enable real-time display of measured quantities, use the serial port SET G command or 
front-panel SET GLOBAL setting entry functions (see Section 6:  Enter Relay Settings and 
Section 10:  Serial Port Communications and Commands).  Enabled real-time measurements 
are shown along with the text display points on the SEL-300G front-panel display on a 2-second 
rotation (see Rotating Default Display in Section 9:  Front-Panel Operation for more specific 
operation information). 
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The following factory settings examples enable rotating display of phase currents, phase-to-phase 
voltages, generator output power, generator frequency, station dc voltage, field insulation 
resistance, and RTD termperatures. 


Front-Panel Current Display (Y, N) FP_I = Y 
Setting to Y enables rotating display of measured generator phase and neutral currents, 
scaled in primary amperes. 


Front-Panel Phase-to-Phase Voltage Display (Y, N) FP_VPP = Y 
Setting to Y enables rotating display of measured generator phase-to-phase voltages and 
neutral voltage, scaled in primary kilovolts. 


Front-Panel Phase Voltage Display (Y, N) FP_VP = N 
Setting to Y enables rotating display of measured generator phase and neutral voltages, 
scaled in primary kilovolts. 


Front-Panel Power Display (Y, N) FP_MW = Y 
Setting to Y enables rotating display of measured generator real and reactive three-
phase power, scaled in primary megawatts and megavars, and the present generator 
output power factor. 


Front-Panel Frequency Display (Y, N) FP_FR = Y 
Setting to Y enables rotating display of measured generator frequency in hertz and 
measured dc battery voltage in volts. 


Front-Panel Current Differential Display (Y, N) FP_87 = N 
Setting to Y enables rotating display of measured generator differential input phase 
currents, scaled in primary amperes (available only when relay is equipped with 
differential current inputs). 


Front-Panel Field Insulation Rf Display (Y, N)  FP_RF = N 
Setting to Y enables rotating display of measured field insulation resistance Rf in 
Kohms (available only when the relay is set and connected to SEL-2664 Field Ground 
Module). 


Front-Panel RTD Temperature Display (Y, N)  FP_RTD = N 
Setting to Y enables rotating display of up to 12 measured RTD temperatures in degrees 
C or F (depends on the setting). RTD display is only available if the relay is equipped 
with RTD inputs using the SEL-2600 RTD module. 


Additional detailed meter data is also available using the front-panel METER pushbutton or serial 
port METER commands. 


Traditional Indicating Panel Lights 
Figure 4.24 shows traditional indicating panel lights wired in parallel with SEL-300G 
optoisolated inputs.  Input IN101 provides generator main circuit breaker status to the relay, and 
input IN102 indicates generator field circuit breaker status. 
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DWG: M300G072
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Figure 4.24:  Traditional Panel Light Installations 


Circuit Breaker Status Indication 
In Figure 4.24, the GEN MAIN BREAKER CLOSED panel light illuminates when the generator 
main circuit breaker 52a auxiliary contact is closed.  When the 52a circuit breaker auxiliary 
contact is open, the GEN MAIN BREAKER CLOSED panel light extinguishes, and it is 
understood that the breaker is open.  Operation is similar for the field breaker auxiliary contact. 


Traditional Indicating Panel Lights Replaced with Rotating Text Display 
The indicating panel lights are not needed if the rotating text display feature in the SEL-300G is 
used.  Figure 4.25 shows the elimination of the indicating panel lights by using the rotating text 
display. 


DWG: M300G073
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(-)


IN101Gen Breaker Closed
Field Breaker Closed


 
Figure 4.25:  Rotating Text Display Replaces Traditional Panel Light Installations  


There are sixteen (16) of these text displays available in the SEL-300G.  Each text display has 
two complementary screens (e.g., GEN BKR CLOSED and GEN BKR OPEN) available. 


General Operation of Rotating Text Display Settings 
SELOGIC control equation display point setting DPn (n = 1 through 16) controls the display of 
corresponding, complementary text settings: 
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DPn_1 (displayed when DPn = logical 1) 
DPn_0 (displayed when DPn = logical 0) 


Make each text setting through the serial port using the command SET G.  View these text 
settings using the serial port command SHO G (see Section 6:  Enter Relay Settings and 
Section 10:  Serial Port Communications and Commands).  These text settings are displayed on 
the SEL-300G front-panel display on a 2-second rotation (see Rotating Default Display in 
Section 9:  Front-Panel Operation for more specific operation information). 


The following factory settings examples use optoisolated inputs IN101 and IN102 in the display 
point settings.  Local bits (LB1 through LB16), latch bits (LT1 through LT16), remote bits (RB1 
through RB16), setting group indicators (SG1 and SG2), and any other combination of Relay 
Word bits in a SELOGIC control equation setting also can be used in display point setting DPn. 


Factory Settings Examples 
The factory settings provide the replacement solution shown in Figure 4.25 for the traditional 
indicating panel lights in Figure 4.24. 


Main Circuit Breaker Status Indication 
Make SELOGIC control equation display point setting DP1: 


DP1 = IN101 


Make corresponding, complementary text settings: 
DP1_1 = GEN BKR CLOSED 
DP1_0 = GEN BKR OPEN 


Display point setting DP1 controls the display of the text settings. 


Circuit Breaker Closed 
In Figure 4.25, optoisolated input IN101 is energized when the 52a circuit breaker auxiliary 
contact is closed, resulting in: 


DP1 = IN101 = logical 1 


This results in the display of corresponding text setting DP1_1 on the front-panel display: 
 


GEN BKR CLOSED 


Circuit Breaker Open 
In Figure 4.25, optoisolated input IN101 is de-energized when the 52a circuit breaker auxiliary 
contact is open, resulting in: 


DP1 = IN101 = logical 0 


This results in the display of corresponding text setting DP1_0 on the front-panel display: 
 


GEN BKR OPEN 
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Additional Settings Examples 


Display Only One Message 
To display just one screen, but not its complement, set only one of the text settings.  For example, 
to display just the “breaker closed” condition but not the “breaker open” condition, make the 
following settings: 


DP1 = IN101 (52a circuit breaker auxiliary contact connected 
to input IN101—see Figure 4.25) 


DP1_1 = GEN BKR CLOSED (displays when DP1 = logical 1) 
DP1_0 = (blank)  


Circuit Breaker Closed 
In Figure 4.25, optoisolated input IN101 is energized when the 52a circuit breaker auxiliary 
contact is closed, resulting in: 


DP1 = IN101 = logical 1 


This results in the display of corresponding text setting DP1_1 on the front-panel display: 
 


GEN BKR CLOSED 


Circuit Breaker Open 
In Figure 4.25, optoisolated input IN101 is de-energized when the 52a circuit breaker auxiliary 
contact is open, resulting in: 


DP1 = IN101 = logical 0 


Corresponding text setting DP1_0 is not set (it is “blank”), so no message is displayed on the 
front-panel display. 


Continually Display a Message 
To continually display a message in the rotation, set the SELOGIC control equation display point 
setting directly to 0 (logical 0) or 1 (logical 1) and the corresponding text setting.  For example, if 
an SEL-300G is protecting a generator labeled “Unit 1A,” the generator name can be continually 
displayed with the following settings 


DP5 = 1 (set directly to logical 1) 
DP5_1 = UNIT 1A  (displays when DP5 = logical 1) 
DP5_0 =  (“blank”) 


This results in the continual display of text setting DP5_1 on the front-panel display: 
 


UNIT 1A 


This also can be realized with the following settings: 
DP5 = 0 (set directly to logical 0) 
DP5_1 =  (“blank”) 
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DP5_0 = UNIT 1A (displays when DP5 = logical 0) 


This results in the continual display of text setting DP5_0 on the front-panel display: 
 


UNIT 1A 


INADVERTENT ENERGIZATION 
Inadvertent energization occurs when the generator main circuit breaker or auxiliary transformer 
circuit breaker is incorrectly closed to energize the generator while the generator is out of service.  
When this occurs, the generator can act as an induction motor, drawing as much as four to six 
times rated stator current from the system.  These high stator currents induce high currents in the 
rotor, quickly damaging the rotor. 


The SEL-300G INAD SELOGIC control equation is intended for use as dedicated inadvertent 
energization protection.  Two accepted approaches are voltage supervised overcurrent relays and 
auxiliary contact supervised overcurrent relays.  The INAD SELOGIC control equation supports 
both. 


The objective of inadvertent energization protection is to detect that the generator has been 
removed from service, but has suddenly been reenergized.  We can begin to build the INAD 
equation: 


INAD = [Generator was de-energized] * [Generator is now energized] 


If we use an overcurrent element, 50L, to detect that the generator has been reenergized, then the 
INAD equation can be described: 


INAD = [Generator was de-energized] * 50L 


It now remains to define the [Generator was de-energized] conditions. 


Some indicators that the generator is removed from service include: 
Low terminal voltage 
Field circuit breaker is open 
No phase current 


We can require that all these conditions be true to arm Inadvertent Energization tripping by using 
the SELOGIC control equation AND operator: 


Generator is de-energized = !50L * 27V1 * !IN102 
where 


!50L = 50L sensitive phase overcurrent element is not picked up 
27V1 = positive-sequence phase undervoltage element is picked up 
!IN102 = field circuit breaker auxiliary contact is open 


We need to add time-delay pickup and dropout timers to this logic equation.  The time-delay 
pickup timer adds an arming delay so that the inadvertent energization scheme is not armed until 
a few seconds after the generator is removed from service.  The dropout timer ensures that the 
scheme will trip when current is applied during an inadvertent energization.  A SELOGIC control 
equation is used to provide the arming delays: 
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SV2 = !50L * 27V1 * !IN102 
SV2PU =  2.0 seconds 
SV2DO = 1.0 second 


With these settings, the INAD settings become: 
INAD = SV2T * 50L Generator was de-energized and current is now detected 
INADPU = 0.25 second 1/4-second time delay on inadvertent energization trip 
INADDO = 0.13 second One-eighth second time delay on INAD trip dropout 


The INADT Relay Word bit is added to the SV3 SELOGIC control equation to trip the generator 
main circuit breaker, the field breaker, the prime mover, and the generator lockout relay when an 
inadvertent energization occurs.  The logic diagram in Figure 4.26 summarizes the logic. 
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Figure 4.26:  Inadvertent Energization Logic Diagram 


Below are some setting guidelines for the inadvertent energization logic: 
Set 50LP equal to 0.25 A secondary to provide maximum current sensitivity. 
IN102 is shown connected to the generator field breaker auxiliary contact in the example 


settings.  If the field breaker auxiliary contact is connected to another input in your 
application, use the Relay Word bit representing that input in the SV2 SELOGIC control 
equation.  If a field breaker auxiliary contact is not connected to the SEL-300G, remove 
this term from the SV2 SELOGIC control equation. 


The SV2DO timer defines that inadvertent energization protection will remain armed for 1 
second after the 27V1 element deasserts due to reapplication of the generator field.  If 
you can parallel the generator within 1 second of reenergizing the field, shorten the 
SV2DO timer setting. 


INADPU must be set less than SV2DO. 


Note: Because this protection scheme is disabled when generator terminal voltage returns to 
near normal, it does not provide protection for generator energizations due to breaker 
flashover prior to synchronizing.  Use the protection scheme described at the end of this 
section or separate protection to detect breaker flashovers. 
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BREAKER FAILURE PROTECTION  
In SEL-300G1 Relay applications where the 87-input phase current transformers are connected 
on the high side of a single unit breaker, the SEL-300G1 Relay can provide breaker failure 
protection (see Figure 4.27). 


DWG:  M300G077


SEL-300G1
(Partial)


GEN


52


87 Inputs


33


Optional
Step-up


Transformer


 
Figure 4.27:  Generator/Breaker Topology Where SEL-300G1 Relay 


Offers Breaker Failure Protection 


In this topology, the SEL-300G is able to directly measure current flowing in the generator 
breaker.  The SV7 SELOGIC control equation below creates a breaker failure function based on 
circuit breaker current and the breaker auxiliary contact, 52A, state.  The SELOGIC control 
equation logic is shown in Figure 4.28. 


SV7 = (SV7 + IN103 + TRIP1) * (50H1 + 50R1 + 52A) 
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Figure 4.28:  SEL-300G Relay Breaker Failure Logic 


Breaker failure time is defined by the SV7PU time-delay pickup timer setting.  This timer starts 
when the SEL-300G TRIP1 Relay Word bit asserts, or when external protection asserts the IN103 
input if the breaker is closed (52A = logical 1), or if the 87-input phase or residual overcurrent 
element is picked up (50H1 or 50R1 = logical 1).  By including the SV7 Relay Word bit in the 
SV7 SELOGIC control equation, the breaker failure initiate condition is latched in.  The SV7PU 
timer continues to run until the breaker opens (52A = logical 0) and the measured current drops 
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below the pickup setting of both overcurrent elements.  Assign the SV7T Relay Word bit to close 
an output contact which then can be connected to perform breaker failure lockout tripping. 


In multibreaker applications or in applications where only the generator current is measured, 
separate breaker failure protection should be provided for each breaker. 


BREAKER FAILURE PROTECTION WITH BREAKER FLASHOVER DETECTION 
Prior to synchronizing, if the generator terminal voltage is out of phase with the system voltage, 
up to two per unit voltage can appear across the open breaker.  If a breaker pole insulation fails at 
this point, tripping the breaker will not de-energize the generator.  It is useful in this case to 
initiate breaker failure timing. 


The SEL-300G1 Relay can provide breaker flashover detection as an addition to the breaker 
failure protection, if the relay neutral current input is not being applied for generator neutral 
overcurrent protection.  In this case, the neutral current input is connected to the generator step-up 
transformer high-side neutral CT as shown in Figure 4.29. 


DWG:  M300G165


SEL-300G1
(Partial)


GEN


52


87 Inputs


33


Optional
Step-Up


Transformer


IN Input


 
Figure 4.29:  Generator/Breaker Topology Where SEL-300G1 Relay Offers 


Breaker Failure and Breaker Flashover Protection 


In this topology, the SEL-300G is able to measure directly current flowing in the generator 
breaker and step-up transformer neutral circuit.  The SV7 SELOGIC control equation below 
creates a breaker failure plus breaker pole flashover function based on circuit breaker current, 
transformer neutral current, and the breaker auxiliary contact, 52A, state.  The SELOGIC control 
equation logic is shown in Figure 4.30. 


SV6 = 50N1*!52A 
SV6PU = 0.10 s 
SV6DO = 0.00 s 
SV7 = (SV7 + IN103 + TRIP1 + SV6T) * (50H1 + 50R1 + 52A) 


A breaker pole flashover is detected by the SV6 SELOGIC control equation variable.  If a single 
breaker pole flashes over, the 50N1 element picks up and the 52A input remains deasserted.  If 
after 0.10 second the 52A input does not indicate that the breaker has closed, the SV6T Relay 
Word bit asserts and initiates breaker failure timing. 
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Figure 4.30:  SEL-300G Relay Breaker Failure Plus Breaker 


Flashover Protection Logic 


Breaker failure time is defined by the SV7PU time-delay pickup timer setting.  If phase or 
residual current is detected, or if the 52A contact indicates the breaker is closed, the SV7PU timer 
starts when: 


the SEL-300G TRIP1 Relay Word bit asserts 
when external protection asserts the IN103 input 
if transformer neutral current is detected (50N1) while the breaker is open (!52A), indicating 


a breaker pole flashover 


By including the SV7 Relay Word bit in the SV7 SELOGIC control equation, the breaker failure 
initiate condition is latched in.  The SV7PU timer continues to run until the breaker opens 
(52A = logical 0) and the measured current drops below the pickup setting of both overcurrent 
elements.  Assign the SV7T Relay Word bit to close an output contact which can then be 
connected to perform breaker failure lockout tripping. 


In multibreaker applications or in applications where only the generator current is measured, 
separate breaker failure and breaker flashover protection should be provided for each breaker. 


APPLICATION EXAMPLES 


Performance Alarms 
Several protection elements can provide abnormal operation alarms prior to tripping the 
generator.  In some cases, the early alarm may give an operator the opportunity to correct the 
problem before the relay trips the generator.  In addition, the SEL-300G provides several 
monitoring functions that can provide alarms related to loss of relaying potential, relay 
performance, dc battery voltage, and breaker wear.  This section describes application of those 
alarms. 
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Protection Element Alarms 


Volts/Hertz Overexcitation Alarms, 24D1T and 24C2 
The relay provides two options for overexcitation alarms based on volts/hertz measurement.  You 
can use the Level 1 definite-time element, 24D1T, to provide a sensitive, time-delayed indication 
of excessive volts/hertz.  Some protection schemes call for a definite-time limit on volts/hertz 
overexcitation.  In this instance, you may wish to use the 24D1T element for tripping.  In this 
case, the instantaneous pickup elements, 24D1 and 24C2, can be used to indicate that the 
SEL-300G has detected volts/hertz overexcitation and is timing toward a trip.  To obtain this 
indication, include the desired Relay Word bit in the SELOGIC control equation for the indicating 
output contact.  In our factory example, OUT107 is used: 


OUT107 = … + 24D1 + 24C2 +… 


Unbalance Current Alarm, 46Q1T and 46Q2 
As with volts/hertz protection, the relay provides a definite-time and an inverse-time level of 
negative-sequence overcurrent protection.  You may use either the definite-time element, 46Q1T, 
or the instantaneous pickup of the inverse-time element, 46Q2, to generate an alarm: 


OUT107 = … + 46Q1T +… 


Loss-of-Potential, 60LOP 
Because accurate relaying potentials are required by many of the protection elements, the 60LOP 
function is used to supervise these functions.  The volts/hertz element, loss-of-field element, 
directional power element, voltage-restrained and voltage-controlled phase overcurrent elements, 
and Zone 2 stator ground fault element all require accurate relaying potentials for correct 
operation.  It is critical that a loss-of-potential is indicated so the problem may be corrected and 
protection returned to service. 


The factory setting example uses OUT106 to indicate loss-of-potential: 
OUT106 = 60LOP 


Generator Off-Frequency Accumulator Protection 
The Off-Frequency Operating Time Accumulator protection function, described in Section 2:  
Relay Element Settings, can be used to either trip or alarm when the generator exceeds the 
operating time limits entered as relay settings.  To use the output of this function as an 
annunciator, add the BNDT Relay Word bit to the protection alarm annunciator contact.  The 
factory setting example uses OUT107: 


OUT107 = …+ BNDT + … 
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Circuit Breaker Wear Monitor 


The SEL-300G circuit breaker wear monitor function described in Section 3:  Auxiliary 
Function Settings provides an indication, BCW, when the combination of close-to-open 
operations and interrupted current exceeds the breaker manufacturer’s wear recommendation, as 
entered into the relay via the settings.  To provide an annunciator indication that the circuit 
breaker wear rating has been exceeded, add the BCW Relay Word bit to the protection alarm 
annunciator contact SELOGIC control equation: 


OUT107 = … + BCW + … 


DC Voltage Monitor 
Section 3:  Auxiliary Function Settings offers several examples of methods to indicate that the 
dc voltage applied to the relay is outside normal bounds.  To cause OUT107 to close while the dc 
voltage is out of tolerance, but still high enough that the relay is operable, add the following 
statement to the OUT107 SELOGIC control equation: 


OUT107 = …+ !(DCLO * DCHI) + … 


With the setting DCHIP set below normal dc voltage and DCLOP set above normal dc voltage, 
OUT107 will close if the dc voltage rises above DCLOP or falls below DCHIP.  If dc voltage 
fails altogether, the relay ALARM contact will close. 


Relay Self-Test Alarms 
The relay runs a variety of self-tests.  As shown below, many relay problems detected by self-test 
cause a closure of the ALARM output contact.  Monitoring this contact is the single most 
important relay maintenance activity that you can perform. 


The relay takes the following corrective actions for out-of-tolerance conditions (see Table 4.5): 
Protection Disabled:  The relay disables all protection functions and trip/close logic.  All 


output contacts are de-energized.  The EN front-panel LED is extinguished. 
ALARM Output:  The ALARM output contact signals an alarm condition by going to its de-


energized state.  If the ALARM output contact is a “b” contact (normally closed), it 
closes for an alarm condition or if the relay is de-energized.  If the ALARM output 
contact is an “a” contact (normally open), it opens for an alarm condition or if the relay 
is de-energized.  Alarm condition signaling can be a single 5-second pulse (Pulsed) or 
permanent (Latched). 


The relay generates automatic STATUS reports at the serial port for warnings and failures. 
The relay displays messages on the LCD display for failures. 


Use the serial port STATUS command or front-panel STATUS pushbutton to view relay self-test 
status. 
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Table 4.5:  Relay Self-Tests 


Self-Test Condition Limits 
Protection 
Disabled 


ALARM 
Output Description 


IA, IB, IC, 
IN, VA, VB, 
VC, VN, VS 
(optional) 
Offset 


Warning 30 mV No Pulsed Measures the dc offset at 
each of the input channels 
every 10 seconds. 


Master 
Offset 


Warning 20 mV No Pulsed Measures the dc offset at 
the A/D every 10 
seconds. 


 Failure 30 mV Yes Latched  


+5 V PS Warning +4.80 V 
+5.20 V 


No Pulsed Measures the +5 V power 
supply every 10 seconds. 


 Failure +4.65 V 
+5.40 V 


Yes Latched  


+5 V REG Warning +4.75 V 
+5.20, 
–5.25 V 


No Pulsed Measures the regulated 
5 V power supply every 
10 seconds. 


 Failure +4.50 V 
+5.40, 
–5.50 V 


Yes Latched  


+12 V PS Warning +11.50 V 
+12.50 V 


No Pulsed Measures the 12 V power 
supply every 10 seconds. 


 Failure +11.20 V 
+14.00 V 


Yes Latched  


+15 V PS Warning +14.40 V 
+15.60 V 


No Pulsed Measures the 15 V power 
supply every 10 seconds. 


 Failure +14.00 V 
+16.00 V 


Yes Latched  


TEMP Warning –40° C 
+85° C 


No  Measures the temperature 
at the A/D voltage 
reference every 10 
seconds. 


 Failure –50° C 
+100° C 


Yes Latched  


RAM Failure  Yes Latched Performs a read/write test 
on system RAM every 60 
seconds. 
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Self-Test Condition Limits 
Protection 
Disabled 


ALARM 
Output Description 


ROM Failure checksum Yes Latched Performs a checksum test 
on the relay program 
memory every 10 
seconds. 


A/D Failure  Yes Latched Validates proper number 
of conversions each 1/4 
cycle. 


CR_RAM Failure checksum Yes Latched Performs a checksum test 
on the active copy of the 
relay settings every 10 
seconds. 


EEPROM Failure checksum Yes Latched Performs a checksum test 
on the nonvolatile copy of 
the relay settings every 10 
seconds. 


The following self-tests are performed by dedicated circuitry in the microprocessor and the 
SEL-300G main board.  Failures in these tests shut down the microprocessor and are not shown 
in the STATUS report. 


Micro-
processor 
Crystal 


Failure  Yes Latched The relay monitors the 
microprocessor crystal.  If 
the crystal fails, the relay 
displays “CLOCK 
STOPPED” on the LCD 
display.  The test runs 
continuously. 


Micro-
processor  


Failure  Yes Latched The microprocessor 
examines each program 
instruction, memory 
access, and interrupt.  The 
relay displays “VECTOR 
nn” on the LCD upon 
detection of an invalid 
instruction, memory 
access, or spurious 
interrupt.  The test runs 
continuously. 
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RELAY WORD BITS (USED IN SELOGIC CONTROL EQUATIONS) 
Relay Word bits are used in SELOGIC control equation settings.  SELOGIC control equation 
settings also can be set directly to 1 (logical 1) or 0 (logical 0). 


The Relay Word bit row numbers correspond to the row numbers used in the TAR command [see 
TAR Command (Target) in Section 10:  Serial Port Communications and Commands].  Rows 0 
and 1 are reserved for the display of the two front-panel target LED rows. 


Table 4.6:  SEL-300G Relay Word Bits 


Row Relay Word Bits 
  2 24TC 24D1 24D1T 24C2 24C2T 24CR SS1 SS2 
  3 27P1 27P2 27PP1 27V1 59P1 59P2 59G1 59G2 
  4 32PTC 32P1 32P1T 32P2 32P2T 59V1 59Q 59PP1 
  5 40ZTC 40Z1 40Z1T 40Z2 40Z2T SWING SG1 SG2 
  6 46QTC 46Q1 46Q1T 46Q2 46Q2T 46Q2R INAD INADT 
  7 78R1 78R2 78Z1 OOSTC 51CTC 51C 51CT 51CR 
  8 51GTC 51G 51GT 51GR 51NTC 51N 51NT 51NR 
  9 51VTC 51V 51VT 51VR PDEM QDEM GDEM NDEM 
10 50P1  50P1T 50P2 50P2T 50G1 50G1T 50G2 50G2T 
11 50N1 50N1T 50N2 50N2T CC CL CLOSE ULCL 
12 64GTC 64G1 64G1T 64G2 64G2T OOS 60LOP  CLEN 
13 BKMON BCW BCWA BCWB BCWC FAULT DCLO DCHI 
14 81D1 81D2 81D3 81D4 81D5 81D6 3PO 52A 
15 81D1T 81D2T 81D3T 81D4T 81D5T 81D6T 27B81 50L 
16 ONLINE BND1A BND1T BND2A BND2T BND3A BND3T BNDA 
17 TRGTR BND4A BND4T BND5A BND5T BND6A BND6T BNDT 
18 TRIP TRIP1 TRIP2 TRIP3 TRIP4 OC1 OC2 OC3 
19 TR1 TR2 TR3 TR4 ULTR1 ULTR2 ULTR3 ULTR4 
20 LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8 
21 LB9 LB10 LB11 LB12 LB13 LB14 LB15 LB16 
22 RB1 RB2 RB3 RB4 RB5 RB6 RB7 RB8 
23 RB9 RB10 RB11 RB12 RB13 RB14 RB15 RB16 
24 21CTCa 21C1Pa 21C1Ta 21C2Pa 21C2Ta ZLOADa T64G N64G 
25 SV1 SV2 SV3 SV4  SV1T SV2T SV3T SV4T 
26 SV5 SV6 SV7 SV8 SV5T SV6T SV7T SV8T 
27 SV9 SV10 SV11 SV12 SV9T SV10T SV11T SV12T 
28 SV13 SV14 SV15 SV16 SV13T SV14T SV15T SV16T 
29 DP8 DP7 DP6 DP5 DP4 DP3 DP2 DP1 
30 DP16 DP15 DP14 DP13 DP12 DP11 DP10 DP9 
31 ER OOST IN106 IN105 IN104 IN103 IN102 IN101 
32 ALARM OUT107 OUT106 OUT105 OUT104 OUT103 OUT102 OUT101 
33 87Bb 87BL1b 87BL2b 87BL3b 87Rb 87R1b 87R2b 87R3b 
34 87Ub 87U1b 87U2b 87U3b 50H1b 50H1Tb 50H2b 50H2Tb 
35 50Q1b 50Q1Tb 50Q2b 50Q2Tb 50R1b 50R1Tb 50R2b 50R2Tb 
36 59VPc 59VSc CFAc BKRCFc BSYNCHc 25Cc 25A1c 25A2c 
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Row Relay Word Bits 
37 59PP2 27PP2 SFc VDIFc GENVHIc GENVLOc GENFHIc GENFLOc 
38 87NTCd 87N1Pd 87N1Td 87N2Pd 87N2Td MPP1Pa MABC1Pa 27VSa 
39 21PTC 21P1P 21P1T 21P2P 21P2T MPP2Pa MABC2Pa * 
40 IN208e IN207e IN206e IN205e IN204e IN203e IN202e IN201e 
41 64FTCf 64F1f 64F1Tf 64F2f 64F2Tf 64FFLTf * * 
42 OUT201e OUT202e OUT203e OUT204e OUT205e OUT206e OUT207e OUT208e 
43 OUT209e OUT210e OUT211e OUT212e * * * * 
44 50H2Ab 50H2Bb 50H2Cb * * * * * 
45 * * * * * * * * 
46 SET1 SET2 SET3 SET4 SET5 SET6 SET7 SET8 
47 SET9 SET10 SET11 SET12 SET13 SET14 SET15 SET16 
48 RST1 RST2 RST3 RST4 RST5 RST6 RST7 RST8 
49 RST9 RST10 RST11 RST12 RST13 RST14 RST15 RST16 
50 LT1 LT2 LT3 LT4 LT5 LT6 LT7 LT8 
51 LT9 LT10 LT11 LT12 LT13 LT14 LT15 LT16 
52 OTHTRIPg OTHALRMg AMBTRIPg AMBALRMg BRGTRIPg BRGALRMg WDGTRIPg WDGALRMg


53 RTDFLTg * * * * * * 2600INg 
54 RTD4TRg RTD4ALg RTD3TRg RTD3ALg RTD2TRg RTD2ALg RTD1TRg RTD1ALg 
55 RTD8TRg RTD8ALg RTD7TRg RTD7ALg RTD6TRg RTD6ALg RTD5TRg RTD5ALg 
56 RTD12TRg RTD12ALg RTD11TRg RTD11ALg RTD10TRg RTD10ALg RTD9TRg RTD9ALg 


*Not used 


a This Relay Word bit is replaced with “*” in SEL-300G models without compensator distance element. 
b This Relay Word bit is replaced with “*” in SEL-300G models 0300G0 and 0300G2 (no differential). 
c This Relay Word bit is replaced with “*” in SEL-300G models 0300G0 and 0300G1 (no synch check). 
d This Relay Word bit is replaced with “*” in SEL-300G models 0300G1 and 0300G3 (no ground differential). 
e This Relay Word bit is replaced with “*” in SEL-300G models 0300G_0 and 0300G_W (no additional I/O). See Figure 5.26 and 


Figure 5.27 for the location of jumpers to configure output contacts. 
f This Relay Word bit is replaced with “*” in SEL-300G models without SEL-2664 compatibility (firmware version R322 or earlier).
g This Relay Word bit is replaced with “*” in SEL-300G models without SEL-2600 series compatibility. 
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Table 4.7:  Relay Word Bit Definitions for Table 4.6 


Row Bit Definition 
Primary 


Application 
2 24TC Volts/Hertz Element Torque Control 


(see Figure 2.16) 
Indication 


24D1 Level 1 volts/hertz instantaneous element pickup (volts/hertz 
above pickup setting 24D1P; see Figure 2.16) 


Testing, Indication


24D1T Level 1 volts/hertz definite-time element 24D1T timed out 
(derived from 24D1; see Figure 2.16) 


Tripping, Control 


24C2 Level 2 volts/hertz composite element pickup (volts/hertz 
above pickup setting 24IP, 24D2P1, or 24D2P2; see 
Figure 2.16) 


Indication 


24C2T Level 2 volts/hertz composite element 24C2T timed out 
(derived from 24C2; see Figure 2.16) 


Tripping, Control 


24CR Level 2 volts/hertz composite element fully reset (see 
Figure 2.16) 


Testing 


 SS1 Setting Group 1 Selection SELOGIC control equation (see 
Table 3.2) 


Indication 


SS2 Setting Group 2 Selection SELOGIC control equation (see 
Table 3.2) 


3 27P1 Level 1 phase instantaneous undervoltage element (any 
phase-to-neutral voltage below pickup setting 27P1P; see 
Figure 2.43) 


Tripping, Control 


27P2 Level 2 phase instantaneous undervoltage element (any 
phase-to-neutral voltage below pickup setting 27P2P; see 
Figure 2.43) 


27PP1 Level 1 phase-to-phase instantaneous undervoltage element 
(any phase-to-phase voltage below pickup setting 27PP1; see 
Figure 2.43) 


27V1 Positive-sequence undervoltage element (positive-sequence 
voltage (V1) below pickup setting 27V1P; see Figure 2.43) 


59P1 Level 1 phase instantaneous overvoltage element (any phase-
to-neutral voltage above pickup setting 59P1P; see 
Figure 2.44) 


59P2 Level 2 phase instantaneous overvoltage element (any phase-
to-neutral voltage above pickup setting 59P2P; see 
Figure 2.44) 


59G1 Level 1 residual instantaneous overvoltage element [residual 
voltage (3V0) above pickup setting 59G1P; see Figure 2.44] 


59G2 Level 2 residual instantaneous overvoltage element [residual 
voltage (3V0) above pickup setting 59G2P; see Figure 2.44] 
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Row Bit Definition 
Primary 


Application 
4 32PTC Reverse/low-forward power element torque control 


(see Figure 2.18) 
Indication 


32P1 Level 1 reverse/low-forward power instantaneous element 
(measured three-phase real power less than pickup setting 
32P1P; see Figure 2.18) 


Testing, Indication


32P1T Level 1 reverse/low-forward power element time out (derived 
from 32P1; see Figure 2.18) 


Tripping, Control 


32P2 Level 2 reverse/low-forward power instantaneous element 
(measured three-phase real power less than pickup setting 
32P2P; see Figure 2.18) 


Indication 


32P2T Level 2 reverse/low-forward power element time out (derived 
from 32P2; see Figure 2.18) 


Tripping, Control 


59V1 Positive-sequence overvoltage element (positive-sequence 
voltage (V1) above pickup setting 59V1P; see Figure 2.44) 


59Q Negative-sequence instantaneous overvoltage element 
(negative-sequence voltage (V2) above pickup setting 59QP; 
see Figure 2.44) 


 59PP1 Level 1 phase-to-phase instantaneous overvoltage element 
(any phase-to-phase voltage above pickup setting 59PP1; see 
Figure 2.44) 


 


5 40ZTC Loss-of-field element torque control 
(see Figure 2.19) 


Indication 


40Z1 Zone 1 instantaneous loss-of-field mho element 
(see Figure 2.19) 


Testing, Indication


40Z1T Zone 1 time-delayed loss-of-field mho element 
(see Figure 2.19) 


Tripping, Control 


40Z2 Zone 2 instantaneous loss-of-field mho element 
(see Figure 2.19) 


Indication 


40Z2T Zone 2 time-delayed loss-of-field mho element 
(see Figure 2.19) 


Tripping, Control 


SWING Single blinder:  78R1/78R2 and 78Z1 assert 
Double blinder:  78R1 and 78R2 assert or only 78R1 asserts  
(see Figures 2.48 and 2.51) 


Indication 


SG1 Setting Group 1 active (see Table 3.1) Indication 
SG2 Setting Group 2 active (see Table 3.1)  
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Row Bit Definition 
Primary 


Application 
6 46QTC Negative-sequence overcurrent element torque control (see 


Figure 2.22) 
Indication 


46Q1 Negative-sequence instantaneous overcurrent element pickup 
(negative-sequence current above pickup setting 46Q1P; see 
Figure 2.22) 


Testing, Indication


46Q1T Negative-sequence definite-time overcurrent element timed 
out (derived from 46Q1; 
see Figure 2.22) 


Indication, 
Tripping 


46Q2 Negative-sequence overcurrent element pickup (negative-
sequence current above pickup setting 46Q2P; see 
Figure 2.22) 


Testing 


46Q2T Negative-sequence time-overcurrent element timed out 
(derived from 46Q2; see Figure 2.22) 


Tripping, Control 


46Q2R Negative sequence time-overcurrent element 46Q2T fully 
reset (see Figure 2.22) 


Testing 


INAD Inadvertent Energization SELOGIC control equation (see 
Figure 4.26) 


Indication 


INADT Inadvertent Energization SELOGIC control equation timed out 
(see Figure 4.26) 


Tripping 


7 78R1 Out-of-step right blinder or outer resistance blinder (see 
Figures 2.47 and 2.50) 


Indication 


78R2 Out-of-step left blinder or inner resistance blinder (see 
Figures 2.47 and 2.50) 


78Z1 Out-of-step mho element (see Figures 2.47 and 2.50) 
OOSTC Out-of-step torque-control (see Figures 2.48 and 2.51) 
51CTC Voltage controlled phase time-overcurrent torque control (see 


Figure 2.40) 
Indication 


51C Voltage controlled phase time-overcurrent element pickup 
(maximum phase current above pickup setting 51CP; see 
Figure 2.40) 


Testing 


51CT Voltage controlled phase time-overcurrent element 51CT 
timed out (derived from 51C; 
see Figure 2.40) 


Tripping, Control 


51CR Voltage controlled phase time-overcurrent element 51CT 
fully reset (see Figure 2.40) 


Testing 
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Row Bit Definition 
Primary 


Application 
8 51GTC Residual time-overcurrent torque control  


(see Figure 2.29) 
Indication 


51G Residual time-overcurrent element pickup [residual (3IO) 
current above pickup setting 51GP; 
see Figure 2.29] 


Testing 


51GT Residual time-overcurrent element 51GT timed out (derived 
from 51G; see Figure 2.29) 


Tripping, Control 


51GR Residual time-overcurrent element 51GT fully reset (see 
Figure 2.29) 


Testing 


51NTC Neutral time-overcurrent torque control  
(see Figure 2.28) 


Indication 


51N Neutral time-overcurrent element pickup [neutral current 
(IN) above pickup setting 51NP; 
see Figure 2.28] 


Testing 


51NT Neutral time-overcurrent element 51NT timed out (derived 
from 51N; see Figure 2.28) 


Tripping, Control 


51NR Neutral time-overcurrent element 51NT fully reset (see 
Figure 2.28) 


Testing 


9 51VTC Voltage restrained phase time-overcurrent torque control (see 
Figure 2.41) 


Indication 


51V  Voltage restrained phase time-overcurrent element pickup 
(maximum phase current above voltage adjusted pickup 
setting 51VP; see Figure 2.41) 


Testing 


51VT Voltage restrained phase time-overcurrent element 51VT 
timed out (derived from 51V; see Figure 2.41) 


Tripping, Control 


51VR Voltage restrained phase time-overcurrent element 51VT 
fully reset (see Figure 2.41) 


Testing 


PDEM Phase demand current above pickup setting PDEMP (see 
Figure 3.3) 


Indication 


QDEM Negative-sequence demand current above pickup setting 
QDEMP (see Figure 3.3) 


GDEM Residual demand current above pickup setting GDEMP (see 
Figure 3.3) 


NDEM Neutral demand current above pickup setting NDEMP (see 
Figure 3.3) 
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Row Bit Definition 
Primary 


Application 
10 50P1 Level 1 phase instantaneous overcurrent element pickup 


(maximum phase current above 50P1P setting; see 
Figure 2.26) 


Control, Indication


50P1T Level 1 phase definite-time overcurrent element timed out 
(derived from 50P1; see Figure 2.26) 


Tripping, Control, 
Indication 


50P2  Level 2 phase instantaneous overcurrent element pickup 
(maximum phase current above 50P2P setting; see 
Figure 2.26) 


Control, Indication


50P2T Level 2 phase definite-time overcurrent element timed out 
(derived from 50P2; see Figure 2.26) 


Tripping, Control, 
Indication 


50G1 Level 1 residual instantaneous overcurrent element pickup 
(residual current above 50G1P setting; see Figure 2.26) 


Control, Indication


50G1T Level 1 residual definite-time overcurrent element timed out 
(derived from 50G1; see Figure 2.26) 


Tripping, Control, 
Indication 


50G2 Level 2 residual instantaneous overcurrent element pickup 
(residual current above 50G2P setting; see Figure 2.26) 


Control, Indication


50G2T Level 2 residual definite-time overcurrent element timed out 
(derived from 50G2; see Figure 2.26) 


Tripping, Control, 
Indication 


11 50N1 Level 1 neutral instantaneous overcurrent element pickup 
(neutral current above 50N1P setting; see Figure 2.26) 


Control, Indication


50N1T Level 1 neutral definite-time overcurrent element timed out 
(derived from 50N1; see Figure 2.26) 


Tripping, Control, 
Indication 


50N2 Level 2 neutral instantaneous overcurrent element pickup 
(neutral current above 50N2P setting; see Figure 2.26) 


Control, Indication


50N2T Level 2 neutral definite-time overcurrent element timed out 
(derived from 50N2; see Figure 2.26) 


Tripping, Control, 
Indication 


CC** Asserts 1/4 cycle for Close Command execution (see 
Figure 4.8) 


Testing 


CL Close Initiating SELOGIC control equation (see Figure 4.8) 
CLOSE Close logic output asserted (see Figure 4.8) Output contact 


assignment 
ULCL Unlatch close SELOGIC control equation (see Figure 4.8) Testing 
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Row Bit Definition 
Primary 


Application 
12 64GTC 100 percent stator ground element torque control 


(see Figure 2.46) 
Indication 


64G1 Zone 1 neutral overvoltage stator ground fault element 
(neutral voltage above pickup setting 64G1P; see 
Figure 2.46) 


Testing, Indication


64G1T Zone 1 stator ground fault element timed out (derived from 
64G1; see Figure 2.46) 


Tripping, Control 


64G2 Zone 2 third-harmonic voltage stator ground fault element 
(third-harmonic voltage differential above or third-harmonic 
neutral voltage below pickup setting 64G2P; see Figure 2.46) 


Testing, Indication


64G2T Zone 2 stator ground fault element timed out (derived from 
64G2; see Figure 2.46) 


Tripping, Control 


OOS Out-of-step element (see Figures 2.48 and 2.51) Indication 
60LOP Loss of relaying potential Indication, Control
CLEN Close Enable SELOGIC control equation (see Figure 4.8) Indication 


13 BKMON Breaker Monitor initiating control equation (see Figure 3.11) Testing 
BCW BCW = BCWA + BCWB + BCWC Indication 
BCWA A-phase breaker contact wear has reached 100 percent wear 


level (see Breaker Monitor in Section 3:  Auxiliary 
Function Settings) 


BCWB B-phase breaker contact wear has reached 100 percent wear 
level (see Breaker Monitor in Section 3:  Auxiliary 
Function Settings) 


BCWC C-phase breaker contact wear has reached 100 percent wear 
level (see Breaker Monitor in Section 3:  Auxiliary 
Function Settings) 


FAULT Generator fault indication (halts Max/Min METER 
recording) 


DCLO Station dc battery instantaneous undervoltage element (see 
Figure 3.4) 


DCHI Station dc battery instantaneous overvoltage element (see 
Figure 3.4) 
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Primary 


Application 
14 81D1 Level 1 instantaneous frequency element (with corresponding 


pickup setting 81D1P; see Figure 2.54) 
Testing 


81D2 Level 2 instantaneous frequency element (with corresponding 
pickup setting 81D2P; see Figure 2.54) 


81D3 Level 3 instantaneous frequency element (with corresponding 
pickup setting 81D3P; see Figure 2.54) 


81D4 Level 4 instantaneous frequency element (with corresponding 
pickup setting 81D4P; see Figure 2.54) 


81D5 Level 5 instantaneous frequency element (with corresponding 
pickup setting 81D5P; see Figure 2.54) 


81D6 Level 6 instantaneous frequency element (with corresponding 
pickup setting 81D6P; see Figure 2.54) 


3PO Generator breaker three-pole open (indicated by 52A and 
relay current; see Figure 2.58) 


Indication, Control


52A Generator Breaker Auxiliary Contact SELOGIC control 
equation (see Figure 2.58) 


15 81D1T Level 1 definite-time frequency element 81D1T timed out 
(derived from 81D1; see Figure 2.54) 


Tripping, Control 


81D2T Level 2 definite-time frequency element 81D2T timed out 
(derived from 81D2; see Figure 2.54) 


81D3T Level 3 definite-time frequency element 81D3T timed out 
(derived from 81D3; see Figure 2.54) 


81D4T Level 4 definite-time frequency element 81D4T timed out 
(derived from 81D4; see Figure 2.54) 


81D5T Level 5 definite-time frequency element 81D5T timed out 
(derived from 81D5; see Figure 2.54) 


81D6T Level 6 definite-time frequency element 81D6T timed out 
(derived from 81D6; see Figure 2.54) 


27B81 Undervoltage element for frequency element blocking (any 
phase voltage below pickup setting 27B81P; see Figure 2.53) 


Indication, Control


50L Phase instantaneous overcurrent element for load detection 
(maximum phase current above pickup setting 50LP; see 
Figure 2.58) 
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Row Bit Definition 
Primary 


Application 
16 ONLINE Generator Online SELOGIC control equation (supervises 


abnormal frequency protection scheme; see Figure 2.56) 
Indication 


BND1A  Abnormal frequency band 1 alarm (measured frequency 
between UBND1 and LBND1 settings; see Figure 2.56) 


Testing, Indication


BND1T Abnormal frequency band 1 trip (accumulated off-frequency 
operating time in band 1 exceeds TBND1 setting; see 
Figure 2.56) 


Tripping, 
Indication 


BND2A Abnormal frequency band 2 alarm (measured frequency 
between LBND1 and LBND2 settings; see Figure 2.56) 


Testing, Indication


BND2T Abnormal frequency band 2 trip (accumulated off-frequency 
operating time in band 2 exceeds TBND2 setting; see 
Figure 2.56) 


Indication, 
Tripping 


BND3A  Abnormal frequency band 3 alarm (measured frequency 
between LBND2 and LBND3 settings; see Figure 2.56) 


Testing, Indication


BND3T Abnormal frequency band 3 trip (accumulated off-frequency 
operating time in band 3 exceeds TBND3 setting; see 
Figure 2.56) 


Indication, 
Tripping 


BNDA BNDA = BND1A + BND2A + BND3A + BND4A + 
BND5A + BND6A 


Testing, Indication


17 TRGTR Target Reset front-panel button pressed Control 
BND4A Abnormal frequency band 4 alarm (measured frequency 


between LBND3 and LBND4 settings; see Figure 2.56) 
Testing, Indication


BND4T Abnormal frequency band 4 trip (accumulated off-frequency 
operating time in band 4 exceeds TBND4 setting; see 
Figure 2.56) 


Indication, 
Tripping 


BND5A Abnormal frequency band 5 alarm (measured frequency 
between LBND4 and LBND5 settings; see Figure 2.56) 


Testing, Indication


BND5T Abnormal frequency band 5 trip (accumulated off-frequency 
operating time in band 5 exceeds TBND5 setting; see 
Figure 2.56) 


Indication, 
Tripping 


BND6A Abnormal frequency band 6 alarm (measured frequency 
between LBND5 and LBND6 settings; see Figure 2.56) 


Testing, Indication


BND6T Abnormal frequency band 6 trip (accumulated off-frequency 
operating time in band 6 exceeds TBND6 setting; see 
Figure 2.56) 


Indication, 
Tripping 


BNDT BNDT = BND1T + BND2T + BND3T + BND4T + BND5T 
+ BND6T 
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Row Bit Definition 
Primary 


Application 
18 TRIP TRIP = TRIP1 + TRIP2 + TRIP3 + TRIP4 Indication 


TRIP1 TRIP1 logic output asserted (see Figure 4.6) Output contact  
assignment TRIP2 TRIP2 logic output asserted (see Figure 4.6) 


TRIP3 TRIP3 logic output asserted (see Figure 4.6) 
TRIP4 TRIP4 logic output asserted (see Figure 4.6) 
OC1** Asserts 1/4 cycle for OPEN 1 Command execution  


(see Figure 4.6) 
Testing 


OC2** Asserts 1/4 cycle for OPEN 2 Command execution  
(see Figure 4.6) 


OC3** Asserts 1/4 cycle for OPEN 3 Command execution  
(see Figure 4.6) 


19 TR1 SELOGIC control equation to initiate TRIP1 
(see Figure 4.6) 


Testing 


TR2 SELOGIC control equation to initiate TRIP2  
(see Figure 4.6) 


TR3 SELOGIC control equation to initiate TRIP3  
(see Figure 4.6) 


TR4 SELOGIC control equation to initiate TRIP4  
(see Figure 4.6) 


ULTR1 SELOGIC control equation to unlatch TRIP1  
(see Figure 4.6) 


ULTR2 SELOGIC control equation to unlatch TRIP2  
(see Figure 4.6) 


ULTR3 SELOGIC control equation to unlatch TRIP3  
(see Figure 4.6) 


ULTR4 SELOGIC control equation to unlatch TRIP4  
(see Figure 4.6) 


20 LB1 
LB2 
LB3 
LB4 
LB5 
LB6 
LB7 
LB8 


Local Bit 1 asserted (see Figure 4.18) 
Local Bit 2 asserted (see Figure 4.18) 
Local Bit 3 asserted (see Figure 4.18) 
Local Bit 4 asserted (see Figure 4.18) 
Local Bit 5 asserted (see Figure 4.18) 
Local Bit 6 asserted (see Figure 4.18) 
Local Bit 7 asserted (see Figure 4.18) 
Local Bit 8 asserted (see Figure 4.18) 


Control via 
front panel—
replacing 
traditional panel-
mounted control 
switches 
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Row Bit Definition 
Primary 


Application 
21 LB9 


LB10 
LB11 
LB12 
LB13 
LB14 
LB15 
LB16 


Local Bit 9 asserted (see Figure 4.18) 
Local Bit 10 asserted (see Figure 4.18) 
Local Bit 11 asserted (see Figure 4.18) 
Local Bit 12 asserted (see Figure 4.18) 
Local Bit 13 asserted (see Figure 4.18) 
Local Bit 14 asserted (see Figure 4.18) 
Local Bit 15 asserted (see Figure 4.18) 
Local Bit 16 asserted (see Figure 4.18) 


Control via front 
panel—replacing 
traditional panel-
mounted control 
switches 


22 RB1 
RB2 
RB3 
RB4 
RB5 
RB6 
RB7 
RB8 


Remote Bit 1 asserted (see Figure 4.23) 
Remote Bit 2 asserted (see Figure 4.23) 
Remote Bit 3 asserted (see Figure 4.23) 
Remote Bit 4 asserted (see Figure 4.23) 
Remote Bit 5 asserted (see Figure 4.23) 
Remote Bit 6 asserted (see Figure 4.23) 
Remote Bit 7 asserted (see Figure 4.23) 
Remote Bit 8 asserted (see Figure 4.23) 


Control via serial 
port 


23 RB9 
RB10 
RB11 
RB12 
RB13 
RB14 
RB15 
RB16 


Remote Bit 9 asserted (see Figure 4.23) 
Remote Bit 10 asserted (see Figure 4.23) 
Remote Bit 11 asserted (see Figure 4.23) 
Remote Bit 12 asserted (see Figure 4.23) 
Remote Bit 13 asserted (see Figure 4.23) 
Remote Bit 14 asserted (see Figure 4.23) 
Remote Bit 15 asserted (see Figure 4.23) 
Remote Bit 16 asserted (see Figure 4.23) 


Control via serial 
port 


24 21CTC Compensator distance element torque control (see 
Figure 2.10) 


Indication 


21C1P Zone 1 compensator distance element instantaneous pickup 
(see Figure 2.10) 


Control, Indication


21C1T Zone 1 compensator distance element timed out (see 
Figure 2.10) 


Tripping 


21C2P Zone 2 compensator distance element instantaneous pickup 
(see Figure 2.10) 


Control, Indication


21C2T Zone 2 compensator distance element timed out (see 
Figure 2.10) 


Tripping 


ZLOAD Load encroachment element pickup(see Figure 2.8) Control 
T64G 64G2T Pickup for Ground Near Generator Terminals (see 


Figure 2.46) 
Indication 


N64G 64G2T Pickup for Ground Near Neutral (see Figure 2.46)  
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Row Bit Definition 
Primary 


Application 
25 SV1 SELOGIC control equation variable timer input SV1 asserted 


(see Figure 4.2) 
Testing, seal-in 
functions, etc. 


SV2 SELOGIC control equation variable timer input SV2 asserted 
(see Figure 4.2) 


SV3 SELOGIC control equation variable timer input SV3 asserted 
(see Figure 4.2) 


SV4 SELOGIC control equation variable timer input SV4 asserted 
(see Figure 4.2) 


SV1T SELOGIC control equation variable timer output SV1T 
asserted (see Figure 4.2) 


Control 


SV2T SELOGIC control equation variable timer output SV2T 
asserted (see Figure 4.2) 


SV3T SELOGIC control equation variable timer output SV3T 
asserted (see Figure 4.2) 


SV4T SELOGIC control equation variable timer output SV4T 
asserted (see Figure 4.2) 


26 SV5 SELOGIC control equation variable timer input SV5 asserted 
(see Figure 4.2) 


Testing, seal-in 
functions, etc. 


SV6 SELOGIC control equation variable timer input SV6 asserted 
(see Figure 4.2) 


SV7 SELOGIC control equation variable timer input SV7 asserted 
(see Figure 4.2) 


SV8 SELOGIC control equation variable timer input SV8 asserted 
(see Figure 4.2) 


SV5T SELOGIC control equation variable timer output SV5T 
asserted (see Figure 4.2) 


Control 


SV6T SELOGIC control equation variable timer output SV6T 
asserted (see Figure 4.2) 


SV7T SELOGIC control equation variable timer output SV7T 
asserted (see Figure 4.2) 


SV8T SELOGIC control equation variable timer output SV8T 
asserted (see Figure 4.2) 
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Row Bit Definition 
Primary 


Application 
27 SV9 SELOGIC control equation variable timer input SV9 asserted 


(see Figure 4.2) 
Testing, seal-in 
functions, etc. 


SV10 SELOGIC control equation variable timer input SV10 asserted 
(see Figure 4.2) 


SV11 SELOGIC control equation variable timer input SV11 asserted 
(see Figure 4.2) 


SV12 SELOGIC control equation variable timer input SV12 asserted 
(see Figure 4.2) 


SV9T SELOGIC control equation variable timer output SV9T 
asserted (see Figure 4.2) 


Control 


SV10T SELOGIC control equation variable timer output SV10T 
asserted (see Figure 4.2) 


SV11T SELOGIC control equation variable timer output SV11T 
asserted (see Figure 4.2) 


SV12T SELOGIC control equation variable timer output SV12T 
asserted (see Figure 4.2) 


28 SV13 SELOGIC control equation variable timer input SV13 asserted 
(see Figure 4.2) 


Testing, seal-in 
functions, etc. 


SV14 SELOGIC control equation variable timer input SV14 asserted 
(see Figure 4.2) 


SV15 SELOGIC control equation variable timer input SV15 asserted 
(see Figure 4.2) 


SV16 SELOGIC control equation variable timer input SV16 asserted 
(see Figure 4.2) 


SV13T SELOGIC control equation variable timer output SV13T 
asserted (see Figure 4.2) 


Control 


SV14T SELOGIC control equation variable timer output SV14T 
asserted (see Figure 4.2) 


SV15T SELOGIC control equation variable timer output SV15T 
asserted (see Figure 4.2) 


SV16T SELOGIC control equation variable timer output SV16T 
asserted (see Figure 4.2) 


29 DP8 Display Point 8 asserted  Front-panel text 
display DP7 Display Point 7 asserted  


DP6 Display Point 6 asserted 
DP5 Display Point 5 asserted  
DP4 Display Point 4 asserted  
DP3 Display Point 3 asserted  
DP2 Display Point 2 asserted  
DP1 Display Point 1 asserted  
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30 DP16 Display Point 16 asserted Front-panel text 


display DP15 Display Point 15 asserted 
DP14 Display Point 14 asserted 
DP13 Display Point 13 asserted 
DP12 Display Point 12 asserted 
DP11 Display Point 11 asserted 
DP10 Display Point 10 asserted 
DP9 Display Point 9 asserted 


31 ER Event Report Trigger SELOGIC control equation Testing 
OOST Out-of-step trip Tripping 
IN106 
IN105 
IN104 
IN103 
IN102 
IN101 


Optoisolated input IN106 asserted (see Figure 3.12) 
Optoisolated input IN105 asserted (see Figure 3.12) 
Optoisolated input IN104 asserted (see Figure 3.12) 
Optoisolated input IN103 asserted (see Figure 3.12) 
Optoisolated input IN102 asserted (see Figure 3.12) 
Optoisolated input IN101 asserted (see Figure 3.12) 


Circuit breaker 
status, control via 
optoisolated inputs


32 ALARM ALARM output contact indicating that relay failed or 
PULSE ALARM command executed  
(see Figure 4.16 and Figure 4.17) 


Indication 


OUT107 Output contact OUT107 asserted (see Figure 4.16) 
OUT106 Output contact OUT106 asserted (see Figure 4.16) 
OUT105 Output contact OUT105 asserted (see Figure 4.16) 
OUT104 Output contact OUT104 asserted (see Figure 4.16) 
OUT103 Output contact OUT103 asserted (see Figure 4.16) 
OUT102 Output contact OUT102 asserted (see Figure 4.16) 
OUT101 Output contact OUT101 asserted (see Figure 4.16) 


33 87B SELOGIC control equation to block restrained differential 
elements (see Figures 13.5, 13.6, 13.7) 


Testing 


87BL1 1 Second-Harmonic Block (see Figure 13.4) 
87BL2 2 Second-Harmonic Block (see Figure 13.4) 
87BL3 3 Second-Harmonic Block (see Figure 13.4) 
87R When IHBL = Y: 


87R = (87R1*!87BL1*!87B) + (87R2*!87BL2*!87B) + 
(87R3*!87BL3*!87B) 
When IHBL = N: 
87R = (87R1 + 87R2 + 87R3) * 
!(87BL1+87BL2+87BL3+87B) (see Figures 13.5, 13.6, 13.7) 


Tripping, Control 


87R1 1 restrained differential element (see Figure 13.4) Testing, Indication
87R2 2 restrained differential element (see Figure 13.4) 
87R3 2 restrained differential element (see Figure 13.4) 
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34 87U 87U = 87U1 + 87U2 + 87U3 (see Figure 13.4) Tripping 


87U1 1 unrestrained differential element (see Figure 13.4) Testing, Indication
87U2 2 unrestrained differential element (see Figure 13.4) 
87U3 3 unrestrained differential element (see Figure 13.4) 
50H1 Level 1 87-input phase instantaneous overcurrent element 


pickup (maximum phase current above 50H1P setting; see 
Figure 2.27) 


Control, Indication


50H1T Level 1 87-input phase definite-time overcurrent element 
timed out (derived from 50H1; 
see Figure 2.27) 


Tripping, Control, 
Indication 


50H2 Level 2 87-input phase instantaneous overcurrent element 
pickup (maximum phase current above 50H2P setting; see 
Figure 2.27) 


Control, Indication


50H2T Level 2 87-input phase definite-time overcurrent element 
timed out (derived from 50H2; 
see Figure 2.27) 


Tripping, Control, 
Indication 


35 50Q1 Level 1 87-input negative-sequence instantaneous 
overcurrent element pickup (negative-sequence current above 
50Q1P setting; see Figure 2.27) 


Control, Indication


50Q1T Level 1 87-input negative-sequence definite-time overcurrent 
element timed out (derived from 50Q1; see Figure 2.27) 


Tripping, Control, 
Indication 


50Q2 Level 2 87-input negative-sequence instantaneous 
overcurrent element pickup (negative-sequence current above 
50Q2P setting; see Figure 2.27) 


Control, Indication


50Q2T Level 2 87-input negative-sequence definite-time overcurrent 
element timed out (derived from 50Q2; see Figure 2.27) 


Tripping, Control, 
Indication 


50R1 Level 1 87-input residual instantaneous overcurrent element 
pickup (negative-sequence current above 50R1P setting; see 
Figure 2.27) 


Control, Indication


50R1T Level 1 87-input residual definite-time overcurrent element 
timed out (derived from 50R1; see Figure 2.27) 


Tripping, Control, 
Indication 


50R2 Level 2 87-input residual instantaneous overcurrent element 
pickup (residual current above 50R2P setting; see  
Figure 2.27) 


Control, Indication


50R2T Level 2 87-input residual definite-time overcurrent element 
timed out (derived from 50R2; see Figure 2.27) 


Tripping, Control, 
Indication 
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36 59VP Generator terminal voltage within voltage window (see 


Figure 4.10) 
Control, Testing 


59VS System voltage within voltage window (see Figure 4.10) Testing, Indication
CFA Close Failure Angle Condition (see Figure 4.13, Figure 4.15) Testing 
BKRCF Breaker close failed (see Figure 4.14) Control, Testing 
BSYNCH SELOGIC control equation to block synch-check (see 


Figure 4.12) 
Testing 


25C Initiate CLOSE to match target close angle (see Figure 4.13) Control, Testing 
25A1 Slip/Breaker-time compensated phase angle less than 


25ANG1 setting (see Figure 4.13) 
Control, 
Indication, Testing


25A2 Uncompensated phase angle less than 25ANG2 setting (see 
Figure 4.13) 


Control, 
Indication, Testing


37 59PP2 Level 2 phase-to-phase instantaneous overvoltage element 
(any phase-to-phase voltage above pickup setting 59PP2; see 
Figure 2.44) 


Control, Indication


27PP2 Level 2 phase-to-phase instantaneous undervoltage element 
(any phase-to-phase voltage below pickup setting 27PP2; see 
Figure 2.43) 


SF Slip frequency within acceptable bounds (see Figure 4.12) 
VDIF Generator and system voltage difference within acceptable 


bounds (see Figure 4.10) 
Indication, Testing


GENVHI Generator voltage greater than system voltage (see 
Figure 4.10) 


GENVLO Generator voltage less than system voltage (see Figure 4.10) 
GENFHI Slip frequency greater than 25SHI setting (see Figure 4.12) 
GENFLO Slip frequency less than 25SLO setting (see Figure 4.12) 


38 87NTC Ground differential torque control (see Figure 13.1) Indication 
87N1P Level 1 ground differential instantaneous element pickup (see 


Figure 13.1) 
Control, Indication


87N1T Level 1 ground differential element timed out (see 
Figure 13.1) 


Tripping 


87N2P Level 2 ground differential instantaneous element pickup (see 
Figure 13.1) 


Control, Indication


87N2T Level 2 ground differential element timed out (see 
Figure 13.1) 


Tripping 


MPP1P Zone 1 phase-phase compensator distance element pickup 
(see Figure 2.10) 


Indication 


MABC1P Zone 1 three-phase compensator distance element pickup 
(see Figure 2.10) 


 


27VS Synch voltage input (VS) undervoltage (see Figure 4.10) Indication, Control
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39 21PTC Phase distance element torque control (see Figure 2.7) Indication 


21P1P Zone 1 phase distance element instantaneous pickup (see 
Figure 2.7) 


Control, Indication


21P1T Zone 1 phase distance element timed out (see Figure 2.7) Tripping 
21P2P Zone 2 phase distance element instantaneous pickup (see 


Figure 2.7) 
Control, Indication


21P2T Zone 2 phase distance element timed out (see Figure 2.7) Tripping 
MPP2P Zone 2 phase-phase compensator distance element pickup 


(see Figure 2.10) 
Indication 


MABC2P Zone 2 three-phase compensator distance element pickup 
(see Figure 2.10) 


 


* Not used  
40 IN208 


IN207  
IN206  
IN205  
IN204  
IN203  
IN202  
IN201 


Optoisolated input IN208 asserted (see Figure 3.13) 
Optoisolated input IN207 asserted (see Figure 3.13) 
Optoisolated input IN206 asserted (see Figure 3.13) 
Optoisolated input IN205 asserted (see Figure 3.13) 
Optoisolated input IN204 asserted (see Figure 3.13) 
Optoisolated input IN203 asserted (see Figure 3.13) 
Optoisolated input IN202 asserted (see Figure 3.13) 
Optoisolated input IN201 asserted (see Figure 3.13) 


Control via 
optional 
optoisolated inputs


41 64FTC Field Ground Protection Torque Control (see Figure 2.47) Indication 
64F1 Level 1 Field Ground Protection Element Instantaneous 


Pickup 
Control, Indication


64F1T Level 1 Field Ground Protection Element Timed Out (see 
Figure 2.47) 


Alarm 


64F2 Level 2 Field Ground Protection Element Instantaneous 
Pickup 


Control, Indication


64F2T Level 2 Field Ground Protection Element Timed Out (see 
Figure 2.47) 


Tripping 


64FFLT Indicate a non-functional SEL-2664 or fiber optic connection Indication 
* Not used  
* Not used  


42 OUT201 Output contact OUT201 asserted (see Figure 4.17) Indication 
OUT202 Output contact OUT202 asserted (see Figure 4.17) 
OUT203 Output contact OUT203 asserted (see Figure 4.17) 
OUT204 Output contact OUT204 asserted (see Figure 4.17) 
OUT205 Output contact OUT205 asserted (see Figure 4.17) 
OUT206 Output contact OUT206 asserted (see Figure 4.17) 
OUT207 Output contact OUT207 asserted (see Figure 4.17) 
OUT208 Output contact OUT208 asserted (see Figure 4.17) 
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43 OUT209 Output contact OUT209 asserted (see Figure 4.17) Indication 


OUT210 Output contact OUT210 asserted (see Figure 4.17) 
OUT211 Output contact OUT211 asserted (see Figure 4.17) 
OUT212 Output contact OUT212 asserted (see Figure 4.17) 
* Not used 
* Not used 
* Not used 
* Not used 


44 50H2A IA87 phase instantaneous overcurrent element pickup (see 
Figure 2.27) 


Control 


50H2B IB87 phase instantaneous overcurrent element pickup (see 
Figure 2.27) 


50H2C IC87 phase instantaneous overcurrent element pickup (see 
Figure 2.27) 


 * Not used  
 * Not used  
 * Not used  
 * Not used  
 * Not used  
45 * Not used  


* Not used 
* Not used 
* Not used 
* Not used 
* Not used 
* Not used 
* Not used 


46 SET1 
SET2 
SET3 
SET4 
SET5 
SET6 
SET7 
SET8 


Set Latch Bit 1 (see Figure 4.4) 
Set Latch Bit 2 (see Figure 4.4) 
Set Latch Bit 3 (see Figure 4.4) 
Set Latch Bit 4 (see Figure 4.4) 
Set Latch Bit 5 (see Figure 4.4) 
Set Latch Bit 6 (see Figure 4.4) 
Set Latch Bit 7 (see Figure 4.4) 
Set Latch Bit 8 (see Figure 4.4) 


Control Latch Bits
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47 SET9 


SET10 
SET11 
SET12 
SET13 
SET14 
SET15 
SET16 


Set Latch Bit 9 (see Figure 4.4) 
Set Latch Bit 10 (see Figure 4.4) 
Set Latch Bit 11 (see Figure 4.4) 
Set Latch Bit 12 (see Figure 4.4) 
Set Latch Bit 13 (see Figure 4.4) 
Set Latch Bit 14 (see Figure 4.4) 
Set Latch Bit 15 (see Figure 4.4) 
Set Latch Bit 16 (see Figure 4.4) 


Control Latch Bits


48 RST1 
RST2 
RST3 
RST4 
RST5 
RST6 
RST7 
RST8 


Reset Latch Bit 1 (see Figure 4.4) 
Reset Latch Bit 2 (see Figure 4.4) 
Reset Latch Bit 3 (see Figure 4.4) 
Reset Latch Bit 4 (see Figure 4.4) 
Reset Latch Bit 5 (see Figure 4.4) 
Reset Latch Bit 6 (see Figure 4.4) 
Reset Latch Bit 7 (see Figure 4.4) 
Reset Latch Bit 8 (see Figure 4.4) 


Control Latch Bits


49 RST9 
RST10 
RST11 
RST12 
RST13 
RST14 
RST15 
RST16 


Reset Latch Bit 9 (see Figure 4.4) 
Reset Latch Bit 10 (see Figure 4.4) 
Reset Latch Bit 11 (see Figure 4.4) 
Reset Latch Bit 12 (see Figure 4.4) 
Reset Latch Bit 13 (see Figure 4.4) 
Reset Latch Bit 14 (see Figure 4.4) 
Reset Latch Bit 15 (see Figure 4.4) 
Reset Latch Bit 16 (see Figure 4.4) 


Control Latch Bits


50 LT1 
LT2 
LT3 
LT4 
LT5 
LT6 
LT7 
LT8 


Latch Bit 1 asserted (see Figure 4.4) 
Latch Bit 2 asserted (see Figure 4.4) 
Latch Bit 3 asserted (see Figure 4.4) 
Latch Bit 4 asserted (see Figure 4.4) 
Latch Bit 5 asserted (see Figure 4.4) 
Latch Bit 6 asserted (see Figure 4.4) 
Latch Bit 7 asserted (see Figure 4.4) 
Latch Bit 8 asserted (see Figure 4.4) 


Control via 
SELOGIC control 
equation—
replacing 
traditional panel-
mounted latching 
relays  


51 LT9 
LT10 
LT11 
LT12 
LT13 
LT14 
LT15 
LT16 


Latch Bit 9 asserted (see Figure 4.4) 
Latch Bit 10 asserted (see Figure 4.4) 
Latch Bit 11 asserted (see Figure 4.4) 
Latch Bit 12 asserted (see Figure 4.4) 
Latch Bit 13 asserted (see Figure 4.4) 
Latch Bit 14 asserted (see Figure 4.4) 
Latch Bit 15 asserted (see Figure 4.4) 
Latch Bit 16 asserted (see Figure 4.4) 


Control via 
SELOGIC control 
equation—
replacing 
traditional panel-
mounted latching 
relays  
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Row Bit Definition 
Primary 


Application 
52 OTHTRIP 


OTHALRM 
Other Temperature Trip and Alarm. OTHTRIP asserts when 
any healthy other RTD temperature exceeds its trip setpoint. 
OTHALRM asserts when any healthy other RTD temperature 
exceeds its alarm setpoint. 


Tripping, 
Indication, SER 
Triggering 
 


AMBTRIP 
AMBALRM 


Ambient Temperature Trip and Alarm. AMBTRIP asserts 
when the healthy ambient RTD temperature exceeds its trip 
setpoint. AMBALRM asserts when the healthy ambient RTD 
temperature exceeds its alarm setpoint. 


BRGTRIP 
BRGALRM 


Bearing Temperature Trip and Alarm. BRGTRIP asserts 
when one or two (when EBRGV = Y) healthy winding RTD 
temperatures exceed their trip or biased trip (when RTDBIAS 
≠ NONE) setpoints. BRGALRM asserts when any healthy 
bearing RTD temperature exceeds its alarm setpoint, or 
biased alarm setpoint. 


WDGTRIP  
WDGALRM 


Winding Temperature Trip and Alarm. WDGTRIP asserts 
when one or two (when EWDGV = Y) healthy winding RTD 
temperatures exceed their trip or biased trip (when RTDBIAS 
≠ NONE) setpoints. WDGALRM asserts when any healthy 
winding RTD temperature exceeds its alarm setpoint, or 
biased alarm setpoint. 


53 RTDFLT Asserts when an open or short circuit condition is detected on 
any enabled RTD input, or communication with the 
SEL-2600 Series RTD Module has been interrupted. 


Indication, SER 
Triggering 


* Not used  
 * Not used  
 * Not used  
 * Not used  
 * Not used  
 * Not used  
 2600IN Contact input 2600IN from the SEL-2600 Series RTD 


Module. 
Control, Indication
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Row Bit Definition 
Primary 


Application 
54 RTD4TR 


RTD4AL 
RTD4 Trip 
RTD4 Alarm 


Tripping, 
Indication 


RTD3TR 
RTD3AL 


RTD3 Trip 
RTD3 Alarm 


RTD2TR 
RTD2AL 


RTD2 Trip 
RTD2 Alarm 


RTD1TR 
RTD1AL 


RTD1 Trip 
RTD1 Alarm 


55 RTD8TR 
RTD8AL 


RTD8 Trip 
RTD8 Alarm 


RTD7TR 
RTD7AL 


RTD7 Trip 
RTD7 Alarm 


RTD6TR 
RTD6AL 


RTD6 Trip 
RTD6 Alarm 


RTD5TR 
RTD5AL 


RTD5 Trip 
RTD5 Alarm 


56 RTD12TR 
RTD12AL 


RTD12 Trip 
RTD12 Alarm 


RTD11TR 
RTD11AL 


RTD11 Trip 
RTD11 Alarm 


RTD10TR 
RTD10AL 


RTD10 Trip 
RTD10 Alarm 


RTD9TR 
RTD9AL 


RTD9 Trip 
RTD9 Alarm 


** The Open Command (Relay Word bit OCn) and Close Command (Relay Word bit CC) are already 
embedded in the Trip Logic (see Figure 4.6) and Close Logic (see Figure 4.8), respectively.  Thus, they 
are not used in SELOGIC control equations.  They are in the Relay Word for embedded event report 
information functions. 
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SECTION 5:  INSTALLATION 
Design your installation using the mounting and connection information in this section.  Options 
include rack or panel mounting and terminal block or plug-in connector (Connectorized®) wiring.  
This section also includes information on configuring the relay for your application. 


RELAY MOUNTING 


Rack Mount 
We offer the SEL-300G Relay in a rack-mount version that bolts easily into a standard 19-inch 
rack (see Figure 5.1).  From the front of the relay, insert four rack screws (two on each side) 
through the holes on the relay mounting flanges. 


Reverse the relay mounting flanges to cause the relay to project 2.75 inches (69.9 mm) from the 
front of your mounting rack and provide additional space at the rear of the relay for applications 
where the relay might otherwise be too deep to fit. 


Panel Mount 
We also offer the SEL-300G in a panel-mount version for a clean look.  Panel-mount relays have 
sculpted front-panel molding that covers all installation holes (see Figure 5.1).  Cut your panel 
and drill mounting holes according to the dimensions in Figure 5.1.  Insert the relay into the 
cutout, aligning four relay mounting studs on the rear of the relay front panel with the drilled 
holes in your panel, and use nuts to secure the relay to your panel. 


The projection panel-mount option covers all installation holes and maintains the sculpted look of 
the panel-mount option; the relay projects 2.75 inches (69.9 mm) from the front of your panel.  
This ordering option increases space at the rear of the relay for applications where the relay 
would ordinarily be too deep to fit your cabinet. 
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Figure 5.1: SEL-300G Relay Dimensions and Panel Mount Cut-Out 


To better use Figure 5.1, refer to Table 1.3 for rack unit height information on the SEL-300G 
models (2U or 3U, screw-terminal block or Connectorized option). 
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Figure 5.2: SEL-300G Relay Front-Panel Drawings for Rack-Mount Relays 
(2U and 3U), Screw-Terminal Block, and Connectorized Versions 
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Figure 5.3: SEL-300G Relay Front-Panel Drawings for Panel-Mount Relays 
(2U and 3U), Screw-Terminal Block, and Connectorized Versions 
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Figure 5.4: SEL-300G0 Relay Rear-Panel Drawings for Rack- and 
Panel-Mount Relays (2U and 3U), Screw-Terminal Block Version 
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Figure 5.5: SEL-300G1 Relay Rear-Panel Drawings for Rack- and 
Panel-Mount Relays (2U and 3U), Screw-Terminal Block Version 
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Figure 5.6: SEL-300G2 Relay Rear-Panel Drawings for Rack- and 
Panel-Mount Relays (2U and 3U), Screw-Terminal Block Version 
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Figure 5.7: SEL-300G3 Relay Rear-Panel Drawings for Rack- and 
Panel-Mount Relays (2U and 3U), Screw-Terminal Block Version 
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Figure 5.8: SEL-300G0 Relay Rear-Panel Drawings for Rack- and Panel-Mount 
Relays (2U and 3U), Connectorized Version 
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Figure 5.9: SEL-300G1 Relay Rear-Panel Drawings for Rack- and 
Panel-Mount Relays (2U and 3U), Connectorized Version 
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Figure 5.10: SEL-300G2 Relay Rear-Panel Drawings for Rack- and 
Panel-Mount Relays (2U and 3U), Connectorized Version 
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Figure 5.11: SEL-300G3 Relay Rear-Panel Drawings for Rack- and 
Panel-Mount Relays (2U and 3U), Connectorized Version 







Installation 5-13
 


SEL-300G Instruction Manual  Date Code 20081231 


MAKING REAR-PANEL CONNECTIONS 
Refer to Figure 5.14 through Figure 5.24 for wiring examples of typical applications. 


Guard against accidental contact with rear terminals by using approved enclosures or any of the 
following methods: 


• Location in a room, vault, or similar enclosure that is accessible only to qualified 
persons. 


• Suitable permanent, substantial partitions or screens which are arranged so only 
qualified persons will have access to the space within reach of the live parts. Any 
openings in partitions or screens shall be located and sized so persons are not likely to 
come in accidental contact with the live parts or bring conducting objects into contact 
with them. 


• Location on a suitable balcony, gallery, or platform so elevated and arranged as to 
exclude unqualified persons. 


• Elevation of 8 ft (2.44 m) or more above the floor or other working surface. 


Required Equipment and General Connect Information 


Models 0300G_W and 0300G_Y (Connectorized) 


Tools: small slotted tip screwdriver, wire strippers 


Parts: SEL-WA0300G_W or SEL-WA0300G_Y Wiring Harness 


Wiring Harness 


The SEL-WA0300G_W and SEL-WA0300G_Y Wiring Harnesses include all connectors 
necessary for relay installation. All connectors requiring special termination come prewired from 
the factory. Refer to the SEL-WA0300G_W, SEL-WA0300G_Y Model Option Table, which is 
available from the factory. 


The SEL-WA0300G_W Wiring Harness includes the following connectors (not prewired): 
• (2) 8-position female plug-in connectors for output contacts OUT101 through ALARM. 
• (2) 6-position female plug-in connectors for optoisolated inputs IN101 through IN106. 
• (1) 8-position female plug-in connector for EIA-485/IRIG-B Serial Port 1. 


The SEL-WA0300G_Y Wiring Harness includes the following connectors (not prewired): 
• (2) 8-position female plug-in connectors for output contacts OUT101 through ALARM. 
• (2) 6-position female plug-in connectors for optoisolated inputs IN101 through IN106. 
• (1) 8-position female plug-in connector for EIA-485/IRIG-B Serial Port 1. 
• (4) 6-position female plug-in connectors for output contacts OUT201 through OUT212 
• (2) 8-position female plug-in connectors for optoisolated inputs IN201 through IN208. 
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These connectors accept wire size AWG 24 to 12. Strip the wires 0.31 inches (8 mm) and install 
with a small slotted-tip screwdriver. Secure each connector to the relay chassis with the screws 
located on either end of the connector. The connectors are coded at the factory to prevent 
swapping connectors during installation. Refer to Figure 5.12 for the standard input/output 
connector coding. 


Both wiring harnesses include the following prewired connectors for all Connectorized  
SEL-300Gs: 


• (1) CT shorting connector for current inputs IA, IB, IC, and IN. 
• (1) connector for voltage inputs VA, VB, VC, and VN. 
• (1) connector for POWER inputs (+ and -). 
• (1) spade connector for GROUND connection (chassis ground). 


In addition, the wiring harness package also contains the following prewired connectors for 
specific models: 


• (1) CT shorting connector for current inputs IA87, IB87, and IC87 (SEL-0300G1 and 
SEL-0300G3). 


• (1) connector for voltage input VS (SEL-0300G2 and SEL-0300G3). 


These prewired connectors (and the serial port connector) are unique and may only be installed in 
one orientation. 
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Figure 5.12: SEL-300G Relay Connectorized Coding 


(Top View; Models 0300G_W and 0300G_Y) 
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Models 0300G_0 and 000G_1 (screw-terminal blocks) 


Tools: Phillips or slotted-tip screwdriver. 


Parts: All screws are size #6-32. Locking screws can be requested from the factory. 


Chassis Ground 


Models 0300G_W and 000G_Y 
Ground the relay chassis at terminal Z27 with the spade connector provided in the previously 
discussed wiring harness (tab size 0.250 inches x 0.032 inches). If the tab on the chassis is 
removed, the chassis ground connection can be made with the size #6-32 screw. 


Models 0300G_0 and 0300G_1 


Ground the relay chassis at terminal Z27. 


Power Supply 


Models 0300G_W and 0300G_Y 
The power supply wiring harness includes a 2-position connector and factory-installed wire. Note 
the polarity indicators on terminals Z25 (+) and Z26 (-). Control power passes through these 
terminals to a fuse and to the switching power supply. The control power circuitry is isolated 
from the relay chassis ground. 


Plug the power supply connector into terminals Z25 and Z26. The connector locks in place upon 
insertion. 


Refer to Section 1: Introduction and Specifications for power supply ratings. The relay power 
supply rating is listed on the serial number sticker on the relay rear panel. 


Models 0300G_0 and 000G_1 
Connect control voltage to the POWER terminals. Note the polarity indicators on terminals Z25 
(+) and Z26 (-). Control power passes through these terminals to a fuse and to the switching 
power supply. The control power circuitry is isolated from the relay chassis ground. 


Refer to Section 1: Introduction and Specifications for power supply ratings. The relay power 
supply rating is listed on the serial number sticker on the relay rear panel. 


Output Contacts 


Models 0300G_0H, 0300G_03, 0300G_WH, and 0300G_W3 
Models 0300G_0H, 0300G_03, 0300G_WH, and 0300G_W3 can be ordered with standard output 
contacts only. Refer to General Specifications in Section 1: Introduction and Specifications for 
output contact ratings. 


Standard output contacts are not polarity dependent. 
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Models 0300G_1H, 0300G_13, 0300G_YH, and 0300G_Y3 
Models 0300G_1H, 0300G_13, 0300G_YH, and 0300G_Y3 have output contacts on the: 


main board OUT101 through ALARM (ordered as standard output contacts 
only) 


extra I/O board OUT201 through OUT212 [ordered as standard or high current 
interrupting output contacts (all of one type or the other)] 


Refer to General Specifications in Section 1: Introduction and Specifications for output contact 
ratings. To determine the type of output contacts on the extra I/O board of your Model 0300G_1 
and 0300G_Y relays, refer to the part number on the serial number sticker on the relay rear panel. 


Standard Output Contacts 
Model 0300G_1 or 0300G_Y part numbers with a numeral "2" in bold below (sample part 
number) indicate standard output contacts on the extra I/O board (OUT201 through OUT212): 


0 3 0 0 G _ Y _ _ _ _ 2 X _ X (Connectorized models) 


0 3 0 0 G _ 1 _ _ _ _ 2 X _ X (screw-terminal block models) 


Standard Output contacts are not polarity dependent. 


High Current Interrupting Output Contacts 
Model 0300G_1 part numbers with a numeral "6" in bold below (sample part number) indicate 
high current interrupting output contacts on the extra I/O board (OUT201 through OUT212): 


0 3 0 0 G _ Y _ _ _ _ 6 X _ X (Connectorized models) 


0 3 0 0 G _ 1 _ _ _ _ 6 X _ X (screw-terminal block models) 


High current interrupting output contacts are polarity dependent. When high current interrupting 
output contacts are ordered, the positive polarity terminal is indicated with a "+" polarity marking 
above even-numbered terminals B02, B04, B06, . . ., B24. The extra I/O board of the relays 
shown in Figure 5.4 through Figure 5.11 do not show these "+" polarity markings because these 
drawings show the rear panel for an extra I/O board with standard output contacts. 


As an example, consider the connection of terminals B01 and B02 (high current interrupting 
output contact OUT201) in a circuit: 


Terminal B02 (+) has to be at a higher voltage potential than terminal B01 in the circuit. 


The same holds true for output contacts OUT202 through OUT212 (if they are also high current 
interrupting output contacts). 


Note: Do not use the high current interrupting output contacts to switch ac control signals. 


Optoisolated Inputs 
The optoisolated inputs in any of the SEL-300G models (e.g., IN102, IN207) are not polarity 
dependent. With nominal control voltage applied, each optoisolated input draws approximately 5 
mA of current. Refer to General Specifications in Section 1: Introduction and Specifications for 
optoisolated input ratings. 
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Refer to the serial number sticker on the relay rear panel for the optoisolated input voltage rating 
(listed under label: LOGIC INPUT). 


Current Transformer Inputs (screw-terminal block models) 


Models 0300G0, 0300G1, 0300G2, and 0300G3 
Note the polarity dots above terminals Z01, Z03, Z05, and Z07. Refer to Figure 5.14 through 
Figure 5.24 for typical CT wiring examples. 


Refer to the serial number sticker on the relay rear panel for the nominal current ratings (5 A or 
1 A) for the phase (IA, IB, IC) and neutral (IN) current inputs (listed under label: AMPS AC). 


Models 0300G1 and 0300G3 
Note the polarity dots above terminals Z19, Z21, and Z23. Refer to Figure 5.14, Figure 5.16, 
Figure 5.19, Figure 5.20, Figure 5.22, and Figure 5.24 for typical CT wiring examples. 


Refer to the serial number sticker on the relay rear panel for the nominal current ratings (5 A or 
1 A) for the phase (IA87, IB87, IC87) and current inputs (listed under label: AMPS AC). 


Current Transformer Inputs (Connectorized models) 


Models 0300G0, 0300G1, 0300G2, and 0300G3 
Note the polarity dots above terminals Z01, Z03, Z05, and Z07. Refer to Figure 5.14 through 
Figure 5.24 for typical CT wiring examples. 


Refer to the serial number sticker on the relay rear panel for the nominal current ratings (5 A or 
1 A) for the phase (IA, IB, IC) and neutral (IN) current inputs (listed under label: AMPS AC). 


The wiring harness includes a prewired 8-position CT shorting connector. 


Plug the CT shorting connector into terminals Z01 through Z08. Secure the connector to the relay 
chassis with the two screws located on either end of the connector. When removing the CT 
shorting connector, pull it straight out away from the rear panel. With the CT shorting connector 
removed from the rear panel, internal mechanisms in the connector separately short out each 
individual power system current transformer. 


The connector accepts wire size AWG 16 to 10. A special tool is used to attach the wire to the 
connector at the factory. 


Models 0300G1 and 0300G3 
Note the polarity dots above terminals Z19, Z21, and Z23. Refer to Figure 5.14, Figure 5.16, 
Figure 5.19, Figure 5.20, Figure 5.22, and Figure 5.24 for typical CT wiring examples. 


Refer to the serial number sticker on the relay rear panel for the nominal current ratings (5 A or 
1 A) for the phase (IA87, IB87, IC87) and current inputs (listed under label: AMPS AC). 


The wiring harness includes a prewired 6-position CT shorting connector. 
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Plug the CT shorting connector into terminals Z19 through Z24. Secure the connector to the relay 
chassis with the two screws located on either end of the connector. When removing the CT 
shorting connector, pull it straight out away from the rear panel. With the CT shorting connector 
removed from the rear panel, internal mechanisms in the connector separately short out each 
individual power system current transformer. 


The connectors accept wire size AWG 16 to 10. A special tool is used to attach the wire to the 
connector at the factory. 


Potential Transformer Inputs 
Any of the phase voltage inputs can be connected to voltages up to 200 V continuous. The neutral 
voltage input VN – NN can be connected to voltages up to 300 V continuous. The synch voltage 
input VS – NS can be connected to voltages up to 200 V continuous. Figure 5.14 through 
Figure 5.24 show examples of typical voltage connections. Generator frequency is determined 
from the voltage connected to terminals VA – N. System frequency (for the optional synch-check 
element) is determined from the voltage connected to the terminals VS – NS. 


Serial Communications Ports 


Refer to Table 10.1 for information on the serial ports available on the different SEL-300G 
models. 


Serial Port 1 on all the SEL-300G models is an EIA-485 port (4-wire). The Serial Port 1 
Connectorized connector accepts wire size AWG 24 to 12. Strip the wires 0.31 inches (8 mm) and 
install with a small slotted-tip screwdriver. Serial Port 1 connector has extra positions for IRIG-B 
time-code signal input (see Table 10.3; see following discussion on IRIG-B time-code input).  
Also, Serial Port 1 can be configured as shown in Figure 5.13 for two-wire, EIA-485 Modbus 
communications. 
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Master


+


–


1 3


2
TX


4
RX


Other
Devices


120 Ω 1nF


120 Ω Characteristic
Twisted, Shielded Pair


Connect Shield to
Ground at One Point


Only


5


Serial Port 1


 
Figure 5.13 Rear-Panel EIA-485 Serial Port #1  


Connections (2-wire Modbus Example) 


All EIA-232 ports accept 9-pin D-subminiature male connectors. Port 2 on all the SEL-300G 
models includes the IRIG-B time-code signal input (see Table 10.2; see following discussion on 
IRIG-B time-code input). 


The pin definitions for all the ports are given on the relay rear panel and detailed in Table 10.2 
through Table 10.4 in Section 10: Serial Port Communications and Commands. 
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Refer to  for a list of cables available from SEL for various communication applications. Refer to 
Section 10: Serial Port Communications and Commands for detailed cable diagrams for 
selected cables (cable diagrams precede Table 10.4). 


Note: Listing of devices not manufactured by SEL in Table 5.1 is for the convenience of our 
customers. SEL does not specifically endorse or recommend such products, nor does SEL 
guarantee proper operation of those products or the correctness of connections over 
which SEL has no control. 


For example, to connect any EIA-232 port to the 9-pin male connector on a laptop computer, 
order cable number C234A and specify the length needed (standard length is 8 feet). To connect 
the SEL-300G Port 2 to the SEL-2020 or SEL-2030 Communications Processor that supplies the 
communication link and the IRIG-B time synchronization signal, order cable number C273A. For 
connecting devices at distances over 100 feet, SEL offers fiber-optic transceivers. The SEL-2800 
family of transceivers provides fiber-optic links between devices for electrical isolation and long 
distance signal transmission. Contact SEL for further information on these products. 


Table 5.1:  Communication Cables to Connect the SEL-300G Relay to Other Devices 


SEL-300G EIA-232 
Serial Ports 


Connect to Device 
(gender refers to the device) SEL Cable # 


all EIA-232 ports PC, 25-Pin Male (DTEb) C227A 


all EIA-232 ports Laptop PC, 9-Pin Male (DTEb) C234A 


all EIA-232 ports SEL Communications 
Processors without IRIG-B 


C272A 


2 SEL Communications 
Processors with IRIG-B 


C273A 


all EIA-232 ports SEL-PRTU C231 


2 SEL-IDM, Ports 2 through 11 C254 + C257 


2a 
3a  


StarComm Modem, 5 Vdc 
Powered 


C220 


all EIA-232 ports Standard Modem, 25-Pin Female 
(DCEc) 


C222 
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SEL-300G EIA-232 
Serial Ports 


Connect to Device 
(gender refers to the device) SEL Cable # 


all EIA-232 ports RFL-9660 C245A 


All EIA-232 ports (with 
SEL-2800 transceiver) 


SEL-2600 Series RTD Module C805Z010VVX0003 (3 meters)d 


All EIA-232 ports 
(with SEL-2812MR 
transceiver) 


SEL-2664 Field Ground Module SEL C805 Multimode 200 μm core 
diameter fiber-optic cable with ST 
connectors, or  
SEL C807 Multimode 62.5 μm core 
diameter fiber-optic cable with ST 
connectors 


a
A corresponding main board jumper must be installed to power the StarComm Modem with +5 Vdc (0.5 A 


limit) from the SEL-300G. See Figure 5.26 and Table 5.7. 
b Data Terminal Equipment 
cData Communication Equipment 
dRefer to Model Option Table for additional cable choices.


IRIG-B Time-Code Input 
The SEL-300G accepts a demodulated IRIG-B time signal to synchronize the relay internal clock 
with some external source. For example, the demodulated IRIG-B time signal can come from the 
SEL-2020 Communications Processor or the SEL-IDM listed in Table 5.1. A demodulated 
IRIG-B time code can be input into Serial Port 2 on any of the SEL-300G models. This is handled 
adeptly by connecting Serial Port 2 of the SEL-300G to an SEL-2020 with Cable C273A. Port 2 
also can be connected to the SEL-IDM with Cable 254 plus Cable 257. 


A demodulated IRIG-B time code can be input into the connector for Serial Port 1 (see 
Table 10.3). If demodulated IRIG-B time code is input into this connector, it should not be input 
into Serial Port 2 and vice versa. 
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EXAMPLE AC AND DC CONNECTION DIAGRAMS 
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Figure 5.14: SEL-300G1 Relay AC Connection Example—High-Impedance 


Grounded Generator With Current Differential Protection 
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Figure 5.15: SEL-300G0 Relay AC Connection Example—High-Impedance 


Grounded Generator Without Current Differential Protection 
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Figure 5.16: SEL-300G1 Relay AC Connection Example—High-Impedance 


Grounded Generator With Step-Up Transformer Included in Differential Zone 
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Figure 5.17: SEL-300G0 Relay AC Connection Example—Resistance Grounded 


Generator With Ground Differential Protection (87N) 
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Figure 5.18: SEL-300G0 Relay AC Connection Example—Solidly Grounded 


Generator With Ground Differential Protection (87N) 
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Figure 5.19: SEL-300G1 Relay AC Connection Example—High-Impedance 


Grounded Generator With Split-Phase Current Differential Protection 
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Figure 5.20: SEL-300G1 Relay Applied Using Open-Delta Potentials 
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Figure 5.21: SEL-300G2 Relay High-Impedance Grounded Generator With Synch-


Check and Without Current Differential Protection 







5-26 Installation 
 


Date Code 20081231  SEL-300G Instruction Manual 


Z12


Z11


Z10


Z09


V
C


V
A


V
B


N


Z05


Z04


Z03


Z02


Z01


Z06


DWG: M300G206


Generator


IC IB IA


Z23


Z24
IC


87


Z22


Z21
IB


87


Z20


Z19
IA


87


A


B


C


Z14


Z13


Z08


Z07


VN IN


Window CT


 
Figure 5.22: SEL-300G1 Relay High-Impedance Grounded Generator With Split-


Phase, Self-Balancing Differential Protection 
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Figure 5.23: SEL-300G2 Relay Solidly Grounded Generator With Ground 


Differential (87N) and Synch-Check 
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Figure 5.24: SEL-300G3 Relay AC Connection Example—High-Impedance 


Grounded Generator With Open-Delta PTs, Step-Up Transformer Included in 
Differential Zone, and Synch-Check 
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Figure 5.25: SEL-300G Relay DC Connection Example 
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CIRCUIT BOARD JUMPERS AND BATTERY 


Accessing the Relay Main Board (All Models) and Extra I/O Board 
(Models 0300G_1 and 0300G_Y) 


To change circuit board jumpers or replace the clock battery on the relay main board (or change 
output contact jumpers on the extra I/O board), refer to Figure 5.26, Figure 5.27, and Figure 5.28 
and take the following steps: 


1. De-energize the relay. On Connectorized versions this can be accomplished easily by 
removing the connector at rear-panel terminals Z25 and Z26. 


2. Remove any cables connected to serial ports on the front and rear panels. 


3. Loosen the six front-panel screws (they remain attached to the front panel), and remove the 
relay front panel. 


 


The relay contains devices sensitive to electrostatic discharge 
(ESD). When working on the relay with front or top cover 
removed, work surfaces and personnel must be properly grounded 
or equipment damage may result. 


4. Identify which drawout board needs to be changed. All SEL-300G models have a main board 
in the top guides, and Models 0300G_1 and 0300G_Y have an extra I/O board below the main 
board. Each board corresponds to a row of rear-panel screw-terminal blocks. 


5. On Connectorized versions, remove the rear-panel connectors that correspond to the circuit 
board you wish to remove by loosening the screws on either end of each connector. Removal 
of the extra I/O board also requires removal of the main board (because the LCD on the main 
board is in the way). 


6. On screw-terminal block models, disconnect the ribbon cables from the board(s). Grasp the 
drawout assembly of the board, and pull the assembly from the relay chassis. In 
Models 0300G_1 and 0300G_Y, the extra I/O board directly below the main board requires 
removal of the main board first (because the LCD on the main board is in the way). 


7. Locate the jumper(s) or battery to be changed (refer to Figure 5.26, Figure 5.27, and 
Figure 5.28). Change the jumper position(s). Note that the output contact jumpers are soldered 
in place. 


8. Slide the drawout assemblies into the relay chassis (main board last). Reconnect the ribbon 
cables. Replace the relay front panel and reenergize the relay. On Connectorized versions, 
replace the power connector at rear-panel terminals Z25 and Z26. 


CAUTION!
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Figure 5.26: Jumper, Connector, and Major Component Locations on the  


SEL-300G Relay Main Board (All Models) 
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Figure 5.27: Jumper, Connector, and Major Component Locations on the  


SEL-300G Relay Extra I/O Board (Model 0300G_1, Screw Terminal Block Version) 
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Figure 5.28: Jumper, Connector, and Major Component Locations on the  


SEL-300G Relay Extra I/O Board (Model 0300G_Y, Plug-In Connector Version) 
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Output Contact Jumpers 
Table 5.2 shows the correspondence between output contact jumpers and the output contacts they 
control. The referenced figures show the exact location and correspondence. With a jumper in the 
A position, the corresponding output contact is an “a” type output contact. An “a” type output 
contact is open when the output contact coil is de-energized and closed when the output contact 
coil is energized. With a jumper in the B position, the corresponding output contact is a “b” type 
output contact. A “b” type output contact is closed when the output contact coil is de-energized 
and open when the output contact coil is energized. These jumpers are soldered in place. 


In the figures referenced in Table 5.2, note that the ALARM output contacts are “b” type output 
contacts and the other output contacts are all “a” type output contacts. This is how these jumpers 
are configured in a standard relay shipment. Refer to corresponding Figure 4.16 and 
Figure 4.17 for examples of output contact operation for different output contact types. 


Table 5.2:  Output Contact Jumpers and Corresponding Output Contacts  


SEL-300G Relay 
Model Number 


Output Contact 
Jumpers 


Corresponding 
Output Contacts 


Reference 
Figures 


All Models JMP21–JMP29 
(but not JMP23) 


ALARM–OUT101 Figure 5.26 


0300G_1 JMP17–JMP28 OUT212–OUT201 Figure 5.27 


0300G_Y JMP17–JMP20 OUT212–OUT209 Figure 5.28 


“Extra Alarm” Output Contact Control Jumper 
All the SEL-300G models have dedicated alarm output contacts (labeled ALARM—see 
Figure 5.4 through Figure 5.11). Often more than one alarm output contact is needed for such 
applications as local or remote annunciation, backup schemes, etc. An extra alarm output contact 
can be had for all the SEL-300G models without the addition of any external hardware. 


The output contact next to the dedicated ALARM output contact can be converted to operate as 
an “extra alarm” output contact by moving a jumper on the main board (see Table 5.3). 


Table 5.3:  “Extra Alarm” Output Contacts and Corresponding Controlling Jumpers 


SEL-300G Relay 
Model Number 


“Extra Alarm” 
Output Contact 


Controlling 
Jumper Reference Figures 


All Models OUT107 JMP23 Figure 5.26, Figure 4.16 


The position of the jumper controls the operation of the output contact OUT107. With the jumper 
in one position, the output contact operates regularly. With the jumper in the other position, the 
output contact is driven by the same signal that operates the dedicated ALARM output contact 
(see Table 5.4). 
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Table 5.4: Required Position of Jumper JMP23 for Desired Output Contact OUT107 
Operation (Models 0300G_0 and 0300G_1) 


Position Output Contact OUT107 Operation 
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Regular output contact OUT107 (operated by Relay Word bit 
OUT107). Jumper JMP23 comes in this position in a standard relay 
shipment (see Figure 4.16). 
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JM
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“Extra Alarm” output contact (operated by alarm logic/circuitry). Relay 
Word bit OUT107 does not have any effect on output contact OUT107 
when jumper JMP23 is in this position (see Figure 4.16). 


If an output contact is operating as an “extra alarm” (driven by the same signal that operates the 
dedicated ALARM output contact), it will be in the opposite state of the dedicated ALARM 
output contact in a standard relay shipment. In a standard relay shipment, the dedicated 
ALARM output contact comes as a “b” type output contact and all the other output contacts 
(including the “extra alarm”) come as “a” type output contacts. 


The output contact type for any output contact can be changed (see preceding subsection Output 
Contact Jumpers). Thus, the dedicated ALARM output contact and the “extra alarm” output 
contact can be configured as the same output contact type if desired (e.g., both can be configured 
as “b” type output contacts). 


Password and Breaker Jumpers 


Table 5.5:  Password and Breaker Jumper Positions 
for Standard Relay Shipments  


SEL-300G Relay 
Model Number 


Password Jumper/Position
(standard relay shipments) 


Breaker Jumper/Position 
(standard relay shipments) 


Reference 
Figures 


All Models JMP6-A = OFF JMP6-B = ON Figure 5.26
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Table 5.6:  Password and Breaker Jumper Operation  


Jumper Type Jumper Position  Function 


Password ON 
(in place) 


disable password protectiona for serial ports and front 
panel 


 OFF 
(removed/not in place)


enable password protectiona for serial ports and front 
panel 


Breaker ON 
(in place) 


enable serial port commands OPEN, CLOSE, and 
PULSEb 


 OFF 
(removed/not in place) 


disable serial port commands OPEN, CLOSE, and 
PULSEb 


a
View or set the passwords with the PASSWORD command (see Section 10: Serial Port 
Communications and Commands). 


b
The OPEN, CLOSE, and PULSE commands are used primarily to assert output contacts for circuit 
breaker control or testing purposes (see Section 10: Serial Port Communications and Commands). 


Note that jumper JMP6 in Figure 5.26 has C and D jumper positions, too. Jumpers should not be 
installed in the C and D jumper positions. 


EIA-232 Serial Port Voltage Jumpers 


The jumpers listed in Table 5.7 connect or disconnect +5 Vdc to Pin 1 on the corresponding 
EIA-232 serial ports. The +5 Vdc is rated at 0.5 A maximum for each port. See Table 10.2 in 
Section 10: Serial Port Communications and Commands for EIA-232 serial port pin functions. 


In a standard relay shipment, the jumpers are “OFF” (removed/not in place) so that the +5 Vdc 
is not connected to Pin 1 on the corresponding EIA-232 serial ports. Put the jumpers “ON” (in 
place) so that the +5 Vdc is connected to Pin 1 on the corresponding EIA-232 serial ports. 


Condition of Acceptability for North American Product Safety Compliance 
To meet product safety compliance for end-use applications in North America, use an external 
fuse rated 3 A or less in-line with the +5 Vdc source on Pin 1. SEL fiber-optic transceivers 
include a fuse that meets this requirement. 


Table 5.7:  EIA-232 Serial Port Voltage Jumper Positions 
for Standard Relay Shipments 


SEL-300G Relay 
Model Number 


EIA-232 Serial 
Port 2 (rear panel) 


EIA-232 Serial 
Port 3 (rear panel) Reference Figure 


All Models JMP2 = OFF JMP1 = OFF Figure 5.26 
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Clock Battery 
Refer to Figure 5.26 for clock battery location (front of main board). A lithium battery powers the 
relay clock (date and time) if the external dc source is lost or removed. The battery is a 3 V 
lithium coin cell. At room temperature (25°C), the battery will operate nominally for 10 years at 
rated load. 


If the dc source is lost or disconnected, the battery discharges to power the clock. When the relay 
is powered from an external source, the battery only experiences a low self-discharge rate. Thus, 
battery life can extend well beyond the nominal 10 years because the battery rarely has to 
discharge after the relay is installed. The battery cannot be recharged. 
 


 


There is danger of explosion if the battery is incorrectly replaced. 
Replace only with Ray-O-Vac® no. BR2335 or equivalent 
recommended by manufacturer. Dispose of used batteries according 
to the manufacturer’s instructions. 


If the relay does not maintain the date and time after power loss, replace the battery. Follow the 
instructions in the previous subsection Accessing the Relay Main Board (All Models) and Extra 
I/O Board (Models 0300G_1 and 0300G_Y) to remove the relay main board. Remove the battery 
from beneath the clip and install a new one. The positive side (+) of the battery faces up. 
Reassemble the relay as described in Accessing the Relay Main Board (All Models) and Extra 
I/O Board (Models 0300G_1 and 0300G_Y). Set the relay date and time via serial 
communications port or front panel (see Section 10: Serial Port Communications and 
Commands or Section 9: Front-Panel Operation, respectively). 


CAUTION!
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SECTION 6:  ENTER RELAY SETTINGS 


INTRODUCTION 
The SEL-300G Relay stores settings you enter in nonvolatile memory. Settings are divided into 
the following four setting classes: 


1. Group 
2. Global 
3. Port p (where p = F, 1, 2, or 3) 
4. Report 


Some setting classes have multiple instances. In the above list, there are four port setting 
instances, one for each serial port. 


Settings may be viewed or set in several ways, as shown in Table 6.1. 


Table 6.1:  Methods of Accessing Settings 


 Serial Port 
Commandsa  


Front Panel HMI 
Set Menub  


ACSELERATOR® QuickSet 
SEL-5030 (PC software)c  


Display 
Settings 


All settings 
(SHO Command) 


All settings  All settings 


Change 
Settings 


All settings 
(SET Command) 


All settings  All settings 


aView settings with the respective serial port SHOWSET commands (SHO, SHO G, SHO R, SHO P).  
See SHO Command (Show View Settings) in Section 10:  Serial Port Communications and 
Commands. 


b Refer to Section 9:  Front-Panel Operation for detailed information on the front-panel menus and 
screens and operator control pushbuttons. 


cRefer to Appendix G:  ACSELERATOR QuickSet SEL-5030 Software for detailed information. 


SETTINGS CHANGES VIA THE SERIAL PORT 


Introduction 
All available relay settings may be viewed or modified using the relay serial ports, via the SET 
and SHOWSET commands described above.  To view or modify relay settings through a serial 
port, you must connect a PC to the serial port, establish serial communication at the appropriate 
access level, then use the relay commands appropriate to the particular task.  These steps are 
described in more detail in the following paragraphs. 
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Communication Setup 
Typically, it is easiest to connect the EIA-232 serial port of a PC to one of the relay EIA-232 
serial ports directly using a metallic or fiber-optic cable.  Section 10:  Serial Port 
Communications and Commands describes the cable necessary to make these connections.  The 
SEL-5801 Cable Selector software is also helpful to determine the correct cabling for relay 
communications.  This software is available free of charge from the factory or may be 
downloaded from our website at www.selinc.com. 


Terminal Emulation 
As described in Section 10:  Serial Port Communications and Commands, SEL relays respond 
to ASCII text commands entered on the relay serial port.  PC terminal emulation packages such 
as Microsoft® Windows® Terminal, Procomm Plus®, SmartCOM®, CROSSTALK®, and many 
other packages allow ASCII commands to be sent from the PC serial port and relay responses 
displayed. 


Configure the terminal emulation package you select to operate the PC COM port (COM1, 
COM2, etc.) at the relay baud rate (factory default 2400 bd), using 8 data bits, 1 stop bit, no parity 
bit, and XON/XOFF flow control.  Refer to the terminal emulation package documentation for 
assistance in making these PC communication port configuration settings. 


Establish Communication 


Note: In this manual, commands you type appear in bold/uppercase: SET.  Computer keys you 
press appear in bold/brackets:  <Enter>. 


Prepare to enter relay settings by connecting the PC (equipped with serial port and terminal 
emulation software) to the relay serial port using the correct communication cable. 


Apply power to the relay, turn on the PC, and start the terminal emulation software package. 


If necessary, configure the terminal emulation software for communication with the relay (see 
above for basic guidelines; Section 10:  Serial Port Communications and Commands contains 
additional details). 


With the terminal emulation software active at the terminal screen, you should see an = prompt 
appear on the screen after you press the <Enter> or <Return> key on the PC keyboard. 


The = prompt is the indication that the relay is communicating at Access Level 0.  Relay settings 
are entered at Access Level 2. 


Setting Entry 


See Section 10:  Serial Port Communications and Commands for information on serial port 
communications and relay access levels.  The SET commands in Table 6.1 operate at Access 
Level 2 (screen prompt:  =>>). 


When you issue the SET command, the relay presents a list of settings, one at a time.  Enter a 
new setting, or press <Enter> to accept the existing setting.  Editing keystrokes are shown in 
Table 6.2. 
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Table 6.2:  SET Command Editing Keystrokes 


Press Key(s) Results 


<Enter> Retains setting and moves to the next setting. 


^ <Enter> Returns to previous setting. 


< <Enter> Returns to previous setting category. 


> <Enter> Moves to next setting category. 


End <Enter> Exits editing session, then prompts you to save the settings. 


<Ctrl> X Aborts editing session without saving changes. 


The relay checks each entry to ensure that it is within the setting range.  If it is not, an “Out of 
Range” message is generated, and the relay prompts for the setting again. 


When all the settings are entered, the relay displays the new settings and prompts for approval to 
enable them.  Answer Y <Enter> to enable the new settings.  If changes are made to Global, 
SER, or Port settings (see Table 6.1), the relay is disabled while it saves the new settings.  If 
changes are made to the Group settings for the active setting group (see Table 6.1), the relay is 
disabled while it saves the new settings.  The ALARM contact closes momentarily for “b” contact 
(opens for an “a”; see Figure 4.16), and the EN LED extinguishes while the relay is disabled.  
The relay is disabled for as long as 15 seconds. 


If changes are made to the Group settings for the inactive setting group (see Table 6.1), the relay 
is not disabled while it saves the new settings.  The ALARM contact closes momentarily for “b” 
contact (opens for an “a”; see Figure 4.16), but the EN LED remains on while the new settings 
are saved. 


To change a specific setting, enter the command: 


 SET n m s TERSE 


where  
n = G, R, or P (parameter “n” is not entered for the Group settings). 
m = group (1 or 2) or port (1, 2, 3, or F).  The relay selects the active group or 


port if “m” is not specified. 
s = the name of the specific setting you wish to jump to and begin setting.  If “s” 


is not entered, the relay starts at the first setting. 
TERSE = instructs the relay to skip the SHOWSET display after the last setting.  Use 


this parameter to speed up the SET command.  If you wish to review the 
settings before saving, do not use the TERSE option. 


Setting Entry Error Messages 
As you enter relay settings, the relay checks the setting entered against the setting’s own range, as 
published on the relay setting sheet.  If any setting entered falls outside its range, the relay 
immediately responds ‘Out of Range’ and prompts you to reenter the setting. 
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In addition to the immediate range check, several of the settings have interdependency checks 
with other settings.  The relay checks setting interdependencies after you answer ‘Y’ to the ‘Save 
Settings?’ prompt, but before the settings are stored.  If any of these checks fail, the relay issues 
one of the error messages shown in Table 6.3, and returns you to the settings list for a correction. 


Table 6.3:  Setting Interdependency Error Messages 


Error Message Settings or Function To Correct the Condition: 


24D2P2 must be > 24IP 
24D2P2 must be > 24D2P1 


Volts/Hertz Element Increase the 24D2P2 setting to satisfy 
the requirement shown in the error 
message. 


25VHI must be > 25VLO 
25SHI must be > 25SLO 
CFANGL must be > than 25ANG1, 
25ANG2, and CANGLE 


Synch-Check Function Modify the 25VHI, 25SHI, or 
CFANGL setting to satisfy the 
requirement shown in the error 
message. 


Warning: 
(25SHI*TCLOSD*360 must be < 120) 
and 
(25SLO*TCLOSD*360 must be > –120) 
Reduce 25SHI or increase 25SLO to 
bring within safe bounds.  


Synch-Check Function To eliminate the possibility of a badly 
out-of-synch close, reduce the 25SHI 
setting or increase the 25SLO setting.  
This narrows the range of acceptable 
slip frequency and reduces the lead 
angle of the CLOSE signal under 120 
degrees. 


Zone 2 must fully encompass Zone 1 Loss-of-Field Function Increase the 40Z2P and/or 40XD2 
setting to make the Zone 2 element 
larger than the Zone 1 element. 


Time dial setting out of range for 
selected curve family. 


51xTD Change the affected time-dial setting.  
The acceptable time-dial setting range 
is different for the U and C curve 
families. 


59PP1 and 2 must be ≤ 200 V for 
DELTA_Y = D in both setting groups 


Overvoltage Function Modify the 59PP1 and/or 59PP2 
settings to satisfy the requirement 
shown in the error message. 


UBND1 must be > LBND1 
LBND1 must be > LBND2 
LBND2 must be > LBND3 
LBND3 must be > LBND4 
LBND4 must be > LBND5 
LBND5 must be > LBND6 


81AC Function Correct the frequency band settings so 
that lower numbered bands are closer 
to the nominal generator frequency. 


CTR/CTRN must be ≥ 1 
CTR/CTRN must be ≤ 40 


Ground Differential 
Function 


Select a different neutral CT tap or 
install an auxiliary CT in the neutral 
current path to bring the ratio of CT 
ratios within the range 1 to 40. 


87N1P must be ≥ 0.02*In*CTR/CTRN 
87N2P must be ≥ 0.02*In*CTR/CTRN 


Ground Differential 
Function 


Increase the referenced settings to 
satisfy the requirement shown in the 
error message. (In = Nominal 
Secondary Input Current, 1 or 5 A.) 
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Error Message Settings or Function To Correct the Condition: 


CTCON out of range for selected 
TRCON 


Current Differential 
Function 


Verify that the CT connection 
selected is compatible with the 
transformer connection selected.  
Review the combinations available, as 
shown in Appendix H:  Differential 
Connection Diagrams. 


TAP quantities must be in the range 
(0.5–160.0) 
TAP quantities must be in the range 
(0.1–32.0) 
TAPmax/TAPmin must be ≤ 7.5 


Current Differential 
Function 


Verify the TAP settings, or select a 
different transformer high-side CT 
ratio (CTRD) to bring TAP values 
into an acceptable range. 


(O87P*TAPmin) & (O87P*TAPmax) must 
be in the range (0.2–160.0) 
(O87P*TAPmin) & (O87P*TAPmax) must 
be in the range (0.04–32.0) 
(U87P*TAPmin) & (U87P*TAPmax) must 
be in the range (0.5–160.0) 
(U87P*TAPmin) & (U87P*TAPmax) must 
be in the range (0.1–32.0) 
(IRS1*TAPmin) & (IRS1*TAPmax) must 
be in the range (0.5–160.0) 
(IRS1*TAPmin) & (IRS1*TAPmax) must 
be in the range (0.1–32.0) 


Current Differential 
Function 


Modify the O87P, U87P, or IRS1 
setting to satisfy the requirement 
shown in the error message. 


Overall SELOGIC® setting size too large.  
Try simplifying equations. 


SELOGIC control 
equations  


Reduce the total amount of SELOGIC 
control equation space used by 
collecting terms or using single sets of 
parentheses. 


PRE must be less than LER Event Length Global 
Settings 


Set the event prefault length, PRE, 
less than the event length, LER. 


KASP1 must be < KASP2 
KASP1 must be > KASP3/100 
KASP2 must be ≤ KASP3 
KASP3 must be ≥ 5 times KASP1 
COSP1 must be > COSP2 
COSP2 must be > COSP3 
If KASP2 = KASP3, 
COSP2 must = COSP3. 


Breaker Monitor 
Function 


Modify the referenced settings to 
satisfy the requirement shown in the 
error message. 


Invalid alias format 
Element already aliased 


SER alias name function Verify the format of the setting 
entered and ensure that you have not 
previously aliased this element. 


The sum of 78FWD and 78REV must be 
≤ 100.1 Ohms 


Out-of-Step Function 
Single and Double 
Blinder Schemes (5 A 
relays) 


Adjust the Forward and the Reverse 
Reach so that the sum of the two is 
either equal to or less than 100.1 
Ohms. 







6-6 Enter Relay Settings 
 


Date Code 20081231  SEL-300G Instruction Manual 


Error Message Settings or Function To Correct the Condition: 


The sum of 78FWD and 78REV must be 
≤ 500.5 Ohms 


Out-of-Step Function 
Single and Double 
Blinder Schemes (1 A 
relays) 


Adjust the Forward and the Reverse 
Reach so that the sum of the two is 
either equal to or less than 500.5 
Ohms. 


Radius of 78Z1 must be < 78R1 Out-of-Step Function 
Double Blinder Scheme 


Increase the setting of 78R1 (Outer 
Resistance Blinder). 


Radius of 78Z1 must be ≥ 78R2 Out-of-Step Function 
Double Blinder Scheme 


Decrease the setting of 78R2 
(Inner Resistance Blinder). 


78R2 must be ≥ 5% and ≤ 100% of 
78FWD or 78REV, whichever is greater 


Out-of-Step Function 
Double Blinder Scheme 


Increase the setting of 78R2. 


Radius of 78Z1 must be > 78R1 Out-of-Step Function 
Single Blinder Scheme 


Decrease the setting of 78R1. 


Radius of 78Z1 must be > 78R2 Out-of-Step Function 
Single Blinder Scheme 


Decrease the setting of 78R2. 


78R1 must be ≥ 5% and ≤ 100% of 
78FWD or 78REV, whichever is greater 


Out-of-Step Function 
Single Blinder Scheme 


Increase the setting of 78R1. 


78R2 must be ≥ 5% and ≤ 100% of 
78FWD or 78REV, whichever is greater 


Out-of-Step Function 
Single Blinder Scheme 


Increase the setting of 78R2. 


Need one ambient RTD to be AMB 
biased 


RTD Configuration Set one RTDnLOC = AMB 


Only one ambient RTD allowed RTD Configuration Set RTDnLOC to something other 
than AMB 


VNOM must be ≤ 140 V for 
DELTA_Y = D in both setting groups 


Nominal Voltage  Modify the VNOM settings to satisfy 
the requirement shown in the error 
message. 


Settings permitted settings combinations 
NLB_ label label label null 
CLB_ label label label null 
SLB_ label null label null 
PLB_ null label label null
 


Local Control Switch Modify Local Bit Label settings to 
satisfy the requirement shown in the 
error message (see Table 4.4 for the 
Required Label Settings).  


MODIFY SETTINGS VIA THE FRONT PANEL 
You may view or modify many relay settings using the front-panel SET pushbutton.  Because 
some settings are not available through the front panel, we do not recommend that initial relay 
settings be entered in this manner.  However, modifications to element pickup and time-delay 
settings may be made quickly and easily using the front panel. 


When you press the front-panel SET button, the front-panel LCD displays the following options: 


GROUP        GLOBAL 


PORT            PASS 
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The underlined G in GROUP identifies that, if you press the SELECT pushbutton, you will be 
presented with options associated with the relay element group settings.  Move the underline to 
select the other options by pressing the Up, Down, Left, and Right arrow pushbuttons.  Figure 6.1 
summarizes the SET pushbutton options. 


To terminate settings viewing or modification at any point in the process, press the EXIT 
pushbutton.  The relay will return to the default display without saving any setting modifications. 


Within the settings lists, the relay displays the setting category name.  Press the SELECT 
pushbutton to view or modify settings within that category.  Use the Up and Down arrow 
pushbuttons to maneuver within the settings list. 


After finding the setting you wish to modify, press the SELECT pushbutton. 


Modify numeric settings by using the Left, Right arrow pushbuttons to underline single digits, 
then the Up, Down arrow pushbuttons to change the digit, similar to moving a thumbwheel. 


Modify Y/N enable settings by using the Up, Down arrow pushbuttons to change the setting from 
Y to N and back. 


To learn more about a setting and its range, press the Target Reset/Lamp Test pushbutton while 
the setting is displayed. 


After modifying a setting, press the SELECT pushbutton to proceed to the next setting. 


After finishing all setting modifications, press the Down arrow pushbutton several times to 
proceed to the bottom of the settings list.  The relay will display the message: 


Save Changes       


Yes  No 


To save your modifications and enable the relay with your new settings, press the SELECT 
pushbutton with underscore beneath the Y in Yes. 


To exit without saving, press the Right arrow pushbutton to move the underscore beneath the N in 
No, then press the SELECT pushbutton. 







6-8 Enter Relay Settings 
 


Date Code 20081231  SEL-300G Instruction Manual 


 
Figure 6.1:  Front-Panel SET Pushbutton Options Setting Sheets
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RELAY SETTINGS (SERIAL PORT COMMAND SET AND FRONT PANEL)


Identifier Labels 
Relay Identifier (39 characters) RID = 
Terminal Identifier (59 characters) TID = 


Current and Potential Transformer Configuration 
Phase (IA, IB, IC) Current Transformer Ratio
 (1–10000 {5 A model}; 1–50000 {1 A model}) CTR =  
Differential (IA87, IB87, IC87) Current Transformer Ratio 
(1–10000 {5 A model}; 1–50000 {1 A model}) 
(hidden if relay is not equipped with differential current inputs) 


 
CTRD =  


Neutral (IN) Current Transformer Ratio (1–10000) CTRN =  
Phase (VA, VB, VC) Potential Transformer Ratio (1.00–10000.00) PTR =  
Neutral (VN) Potential Transformer Ratio (1.00–10000.00) PTRN =  
Synch Voltage (VS) Potential Transformer Ratio (1.00–10000.00)
(hidden if relay is not equipped with synch-check function) 


 
PTRS =  


Nominal Voltage 
(80.0–140.0 V {DELTA_Y = D}; 
 80.0–208.0 V {DELTA_Y = Y} line-to-line) VNOM =  
Nominal Current (1.0–10.0 A {5 A model}; 0.2–2.0 A {1 A model}) INOM =  
Phase Rotation (ABC, ACB) PHROT =  


Protection Element Enables 
Enable Backup System Protection (N, D, DC, V, C {firmware R320 and 
higher}; N, D, V, C {firmware < R320}) EBUP =  
Enable Load Encroachment (Y, N) [Applies to firmware R320 and higher]
(hidden when EBUP = N, V, or C) ELE = 
Enable Volts/Hertz Protection (Y, N) E24 =  
Enable Synchronism Checking (Y, N) [Model 300G2, 300G3] E25 =  
Enable Undervoltage (U/V) Protection (Y, N) E27 =  
Enable Reverse/Low-Forward Power Protection (Y, N) E32 =  
Enable Loss-of-Field Protection (Y, N) E40 =  
Enable Negative-Sequence Overcurrent (O/C) Protection (Y, N) E46 =  
Enable O/C Protection (Y, N) E50 =  
Enable 87-Input O/C Protection (Y, N) [Model 300G1, 300G3] E50_87 =  
Enable Time-O/C Protection (Y, N) E51 =  
Enable Overvoltage (O/V) Protection (Y, N) E59 =  
Enable 100% Stator Ground Protection (Y, N) E64 =  
Enable Out-of-Step Protection (1B, 2B, N) E78 =  
Enable Frequency Protection (N, 1–6) E81 =  
Enable Abnormal Frequency Scheme (N, 1–6) E81AC =  
Enable Differential Protection (G, T, N) [Model 300G1, 300G3] E87 =  
Enable Ground Differential Protection (Y, N) [Model 300G0, 300G2] E87N =  
Enable SELOGIC® Control Equation Variables (0–16) ESV =  
Enable Set/Reset Latch Variables (0–16) ESL =  
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RELAY SETTINGS (SERIAL PORT COMMAND SET AND FRONT PANEL)


Enable Demand Metering (THM, ROL) EDEM =  


21 MHO Elements (hidden when EBUP ≠ D) 
Zone 1 Phase Distance Reach  
(OFF, 0.1–100.0 Ohms {5 A model}; OFF, 0.5–500.0 Ohms {1 A model}) Z1R = 
Zone 1 Phase Distance Offset  
(0.0–10.0 Ohms {5 A model}; 0.0–50.0 Ohms {1 A model}) 
(hidden when Z1R = OFF) Z1O = 
Zone 1 Maximum Torque Angle (90–45 degrees) 
(hidden when Z1R = OFF) MTA1 = 
Zone 1 Transformer Compensation (0, –30, 30 degrees) 
(hidden when Z1R = OFF) Z1CMP = 
Zone 1 Phase Distance Time Delay (0.00 to 400.00 seconds) 
(hidden when Z1R = OFF) Z1D = 
Zone 2 Phase Distance Reach  
(OFF, 0.1–100.0 Ohms {5 A model}; OFF, 0.5–500.0 Ohms {1 A model}) Z2R = 
Zone 2 Phase Distance Offset  
(0.0–10.0 Ohms {5 A model}; 0.0–50.0 Ohms {1 A model}) 
(hidden when Z2R = OFF) Z2O = 
Zone 2 Maximum Torque Angle (90–45 degrees) 
(hidden when Z2R = OFF) MTA2 = 
Zone 2 Transformer Compensation (0, –30, 30 degrees) 
(hidden when Z2R = OFF) Z2CMP = 
Zone 2 Phase Distance Time-Delay (0.00 to 400.00 seconds) 
(hidden when Z2R = OFF) Z2D = 
Minimum Power Factor (OFF, 0.98–0.50) [Applies to firmware < R320] MPF = 
Maximum Generator Load (0.5–3.0 per unit) [Applies to firmware < R320]
(hidden when MPF = OFF) MXLD = 
21P Element Torque Control (SELOGIC control equation)  


21PTC = 


21 Compensator Elements (hidden when EBUP ≠ DC) [Requires firmware R320 or higher] 
Zone 1 Compensator Reach  
(OFF, 0.1–100.0 Ohms {5 A model}; OFF, 0.5–500.0 Ohms {1 A model}) Z1C = 
Zone 1 Compensator Offset  
(0.0–10.0 Ohms {5 A model}; 0.0–50.0 Ohms {1 A model}) 
(hidden when Z1C = OFF) Z1CO = 
Zone 1 Compensator Time Delay (0.00 to 400.00 seconds) 
(hidden when Z1C = OFF) Z1CD = 
Zone 1 Phase-Phase Current FD (0.5–170.0 A)
(hidden when Z1C = OFF) 50PP1 = 
Zone 1 Pos-Seq Impedance Angle (90–45 degrees)
(hidden when Z1C = OFF) ZANG1 = 
Zone 2 Compensator Reach  
(OFF, 0.1–100.0 Ohms {5 A model}; OFF, 0.5–500.0 Ohms {1 A model}) Z2C = 
Zone 2 Compensator Offset  
(0.0–10.0 Ohms {5 A model}; 0.0–50.0 Ohms {1 A model})  
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RELAY SETTINGS (SERIAL PORT COMMAND SET AND FRONT PANEL)


(hidden when Z2C = OFF) Z2CO =
Zone 2 Compensator Time Delay (0.00 to 400.00 seconds) 
(hidden when Z2C = OFF) Z2CD = 
Zone 2 Phase-Phase Current FD (0.5–170.0 A)
(hidden when Z2C = OFF) 50PP2 = 
Zone 2 Pos-Seq Impedance Angle (90–45 degrees)
(hidden when Z2C = OFF) ZANG2 = 
21C Element Torque Control (SELOGIC control equation)  


21CTC =  


Load Encroachment (hidden when ELE = N) [Applies to firmware R320 and higher] 
Minimum Power Factor (OFF, 0.98–0.50) MPF = 
Maximum Generator Load (0.5–3.0 per unit)
(hidden when MPF = OFF) MXLD = 


24 Elements (hidden when E24 = N)  
Level 1 Volts/Hertz Pickup (100–200%) 24D1P =  
Level 1 Time Delay (0.00–400.00 s) 24D1D =  
Level 2 Composite Curve Shape (OFF, DD, ID, I) 24CCS = 
Level 2 Inverse-Time Pickup (100–200%)
(hidden when 24CCS =  OFF, DD) 24IP = 
Level 2 Inverse-Time Curve (0.5, 1, 2) 
(hidden when 24CCS = OFF, DD) 24IC = 
Level 2 Inverse-Time Factor (0.1–10.0 s) 
(hidden when 24CCS = OFF, DD) 24ITD = 
Level 2 Pickup One (100–200%)  
(hidden when 24CCS = OFF, ID, I) 24D2P1 = 
Level 2 Time-Delay One (0.00–400.00 s) 
(hidden when 24CCS = OFF, ID, I) 24D2D1 = 
Level 2 Pickup Two (101–200%)  
(hidden when 24CCS = OFF, I) 24D2P2 = 
Level 2 Time-Delay Two (0.00–400.00 s) 
(hidden when 24CCS = OFF, I) 24D2D2 = 
Level 2 Reset Time (0.00–400.00 s) (hidden when 24CCS = OFF) 24CR = 
24 Element Torque Control (SELOGIC control equation)  


24TC =  


25 Elements for Model 300G2, 300G3 (hidden when E25 = N) 
Synch-Check Phase (VA, VB, VC, VAB, VBC) SYNCP = 
Voltage Window, Low Threshold (20.0–200.0 V) 25VLO = 
Voltage Window, High Threshold (20.0–200.0 V) 25VHI = 
Maximum Voltage Difference (OFF, 1.0–15.0%) 25VDIF = 
Voltage Ratio Correction Factor (0.500–2.000) 25RCF = 
Generator Voltage High Required (Y, N)
(hidden when 25VDIF = OFF) GENV+ = 
Minimum Slip Frequency (–1.00 to 0.99 Hz) 25SLO = 
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RELAY SETTINGS (SERIAL PORT COMMAND SET AND FRONT PANEL)


Maximum Slip Frequency (–0.99 to 1.00 Hz) 25SHI = 
Transformer Compensation Angle (0, 30, –30 degrees) COMPA = 
Maximum Angle 1 (0–80 degrees) 25ANG1 = 
Maximum Angle 2 (0–80 degrees) 25ANG2 = 
Target Close Angle (–15 to 15 degrees) CANGLE = 
Breaker Close Time (0.000 to 1.000 s) TCLOSD = 
Close Fail Angle (OFF, 3–120 degrees) CFANGL = 
Dead-Bus Undervoltage (OFF, 0.1–200.0 V) 27VSP =
Block Synch-Check (SELOGIC control equation)  


BSYNCH =  


27 Elements (hidden when E27 = N) 
Level 1 Phase U/V Pickup (OFF, 0.1–200.0 V)
(hidden when DELTA_Y = D) 27P1P =  
Level 2 Phase U/V Pickup (OFF, 0.1–200.0 V)
(hidden when DELTA_Y = D) 27P2P =  
Positive-Sequence U/V Pickup (OFF, 0.1–200.0 V) 27V1P =
Level 1 Phase-to-Phase U/V Pickup (OFF, 0.1–200.0 V) 27PP1 =
Level 2 Phase-to-Phase U/V Pickup (OFF, 0.1–200.0 V) 27PP2 =


32 Elements (hidden when E32 = N) 
Level 1 Power Threshold (±0.0015 to ±3.0000 pu) 32P1P =  
Level 1 Power Time Delay (0.01–400.00 s) 32P1D =
Level 2 Power Threshold (OFF, ±0.0015 to ±3.0000 pu) 32P2P =  
Level 2 Power Time Delay (0.01–400.00 s) 
(hidden when 32P2P = OFF) 32P2D =  
32 Element Torque Control (SELOGIC control equation)  


32PTC =  


40 Elements (hidden when E40 = N) 
Zone 1 Mho Diameter 
(OFF, 0.1–100.0 Ohms {5 A model}; OFF, 0.5–500.0 Ohms {1 A model}) 40Z1P =  
Zone 1 Offset Reactance 
(-50.0–0.0 Ohms {5 A model}; –250.0–0.0 Ohms {1 A model}) 40XD1 =  
Zone 1 Pickup Time Delay (0.00–400.00 s) 40Z1D =  
Zone 2 Mho Diameter 
(OFF, 0.1–100.0 Ohms {5 A model}; OFF, 0.5–500.0 Ohms {1 A model}) 40Z2P =  
Zone 2 Offset Reactance (–50.0–50.0 Ohms {5 A model}; –250.0–250.0 
Ohms {1 A model} (hidden when 40Z2P = OFF) 40XD2 =  
Zone 2 Pickup Time Delay (0.00–400.00 s) (hidden when 40Z2P = OFF) 40Z2D =  
Zone 2 Directional Superv. Angle (–20.0°–0.0°) (hidden when 40Z2P = OFF 
or 40XD2 < 0) 40DIR =  
40 Element Torque Control (SELOGIC control equation)  


40ZTC =  
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46 Elements (hidden when E46 = N) 
Level 1 Negative-Sequence O/C Pickup (OFF, 2–100%) 46Q1P = 
Level 1 Negative-Sequence O/C Time Delay (0.02–999.90 s)
(hidden when 46Q1P = OFF) 46Q1D = 
Level 2 Negative-Sequence Time-O/C Pickup (OFF, 2–100%) 46Q2P = 
Level 2 Negative-Sequence Time-O/C Time Dial (1–100 s)
(hidden when 46Q2P = OFF) 46Q2K = 
46Q Element Torque Control (SELOGIC control equation)  


46QTC =  


50 Elements (hidden when E50 = N) 
Level 1 Phase O/C Pickup  
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50P1P =  
Level 1 Phase O/C Time Delay (0.00–400.00 s)
(hidden when 50P1P = OFF) 50P1D =  
Level 2 Phase O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50P2P =  
Level 2 Phase O/C Time Delay (0.00–400.00 s) 
(hidden when 50P2P = OFF) 50P2D =  
Level 1 Neutral O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50N1P =  
Level 1 Neutral O/C Time Delay (0.00–400.00 s) 
(hidden when 50N1P = OFF) 50N1D =  
Level 2 Neutral O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50N2P =  
Level 2 Neutral O/C Time Delay (0.00–400.00 s) 
(hidden when 50N2P = OFF) 50N2D =  
Level 1 Residual O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50G1P =  
Level 1 Residual O/C Time Delay (0.00–400.00 s) 
(hidden when 50G1P = OFF) 50G1D =  
Level 2 Residual O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50G2P =  
Level 2 Residual O/C Time Delay (0.00–400.00 s) 
(hidden when 50G2P = OFF) 50G2D =  


50_87 Elements for Models 300G1 and 300G3 (hidden when E50_87 = N) 
Level 1 Phase O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50H1P =  
Level 1 Phase O/C Time Delay (0.00–400.00 s) 
(hidden when 50H1P = OFF) 50H1D =  
Level 2 A-Phase O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50H2PA =  
Level 2 B-Phase O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model}) 
(hidden when 50H2PA = OFF) 50H2PB = 
Level 2 C-Phase O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model}) 
(hidden when 50H2PA = OFF) 50H2PC =  
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RELAY SETTINGS (SERIAL PORT COMMAND SET AND FRONT PANEL)


Level 2 Phase O/C Time Delay (0.00–400.00 s) 
(hidden when 50H2PA = OFF) 50H2D =  
Level 1 Negative-Sequence O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50Q1P =  
Level 1 Negative-Sequence O/C Time Delay (0.00–400.00 s) 
(hidden when 50Q1P = OFF) 50Q1D =  
Level 2 Negative-Sequence O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50Q2P =  
Level 2 Negative-Sequence O/C Time Delay (0.00–400.00 s) 
(hidden when 50Q2P = OFF) 50Q2D =  
Level 1 Residual O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50R1P =  
Level 1 Residual O/C Time Delay (0.00–400.00 s) 
(hidden when 50R1P = OFF) 50R1D =  
Level 2 Residual O/C Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model})  50R2P =  
Level 2 Residual O/C Time Delay (0.00–400.00 s) 
(hidden when 50R2P = OFF) 50R2D =  


51N Element (hidden when E51 = N)  
Neutral Time-O/C Pickup 
(OFF, 0.50–16.00 A {5 A model}; OFF, 0.10–3.20 A {1 A model}) 51NP =  
Neutral Time-O/C Curve (U1–U5, C1–C5) 
(hidden when 51NP = OFF) 51NC =  
Neutral Time-O/C Time Dial (0.50–15.00, U curves; 0.05–1.00, C curves) 
(hidden when 51NP = OFF) 51NTD =  
Neutral Time-O/C EM Reset (Y, N)  
(hidden when 51NP = OFF) 51NRS =  
51N Element Torque Control (SELOGIC control equation) 
(hidden when 51NP = OFF)   


51NTC = 


51G Element (hidden when E51 = N)  
Residual Time-O/C Pickup 
(OFF, 0.50–16.00 A {5 A model}; OFF, 0.10–3.20 A {1 A model}) 51GP =  
Residual Time-O/C Curve (U1–U5, C1–C5) 
(hidden when 51GP = OFF) 51GC =  
Residual Time-O/C Time Dial (0.50–15.00, U curves; 0.05–1.00, C curves) 
(hidden when 51GP = OFF) 51GTD =  
Residual Time-O/C EM Reset (Y, N)  
(hidden when 51GP = OFF) 51GRS =  
51G Element Torque Control (SELOGIC control equation) (hidden when 51GP = OFF) 


51GTC =  
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51C Element (hidden when EBUP ≠ C)  
Volt Controlled Time-O/C Pickup 
(0.50–16.00 A {5 A model}; 0.10–3.20 A {1 A model}) 51CP =  
Volt Controlled Time-O/C Curve (U1–U5, C1–C5) 51CC =
Volt Controlled Time-O/C Time Dial  
(0.50–15.00, U curves; 0.05–1.00, C curves)  51CTD =  
Volt Controlled Time-O/C EM Reset (Y, N) 51CRS =
51C Element Torque Control (SELOGIC control equation)  


51CTC =  


51V Element (hidden when EBUP ≠ V) 
Compensation Angle (0, –30, +30 deg) 51VCA =
Volt Restrained Time-O/C Pickup 
(2.00–16.00 A {5 A model}; 0.40–3.20 A {1 A model}) 51VP =  
Volt Restrained Time-O/C Curve (U1–U5, C1–C5) 51VC =
Volt Restrained Time-O/C Time Dial  
(0.50–15.00, U curves; 0.05–1.00, C curves) 51VTD =  
Volt Restrained Time-O/C EM Reset (Y, N) 51VRS =
51V Element Torque Control (SELOGIC control equation)  


51VTC =  


Open Pole Element  
Three-Pole Open Time Delay (0.00–1.00 s) 3POD = 
Load Detection Phase Pickup 
(OFF, 0.25–100.00 A {5 A model}; OFF, 0.05–20.00 A {1 A model}) 50LP =  
Generator Breaker Auxiliary (SELOGIC control equation)  


52A =  


59 Elements (hidden when E59 = N)  
Level 1 Phase O/V Pickup (OFF, 0.0–200.0 V)
(hidden when DELTA_Y = D) 59P1P = 
Level 2 Phase O/V Pickup (OFF, 0.0–200.0 V)
(hidden when DELTA_Y = D) 59P2P = 
Level 1 Residual O/V Pickup (OFF, 0.0–200.0 V)
(hidden when DELTA_Y = D) 59G1P = 
Level 2 Residual O/V Pickup (OFF, 0.0–200.0 V)
(hidden when DELTA_Y = D) 59G2P = 
Negative-Sequence (V2) O/V Pickup (OFF, 0.0–200.0 V) 59QP = 
Positive-Sequence (V1) O/V Pickup (OFF, 0.0–200.0 V) 59V1P = 
Level 1 Phase-to-Phase O/V Pickup 
(OFF, 0.0–200.0 V {DELTA_Y = D}; 
 OFF, 0.0–300.0 V {DELTA_Y = Y} line-to-line) 59PP1 = 
Level 2 Phase-to-Phase O/V Pickup 
(OFF, 0.0–200.0 V {DELTA_Y = D}; 
 OFF, 0.0–300.0 V {DELTA_Y = Y} line-to-line) 59PP2 = 
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64G Elements (hidden when E64 = N)  
Zone 1 Neutral O/V Pickup (OFF, 0.1–150.0 V) 64G1P =
Zone 1 Time Delay (0.00–400.00 s) (hidden when 64G1P = OFF) 64G1D =
Zone 2 Differential Voltage (OFF, 0.1–20.0 V) 64G2P =
Zone 2 Ratio Setting (0.0–5.0) (hidden when 64G2P = OFF or when 
DELTA_Y = D) 64RAT =  
Zone 2 Time Delay (0.00–400.00 s) (hidden when 64G2P = OFF) 64G2D =
64G Element Torque Control (SELOGIC control equation)  


64GTC =  


64F Elements (requires the SEL-2664 to provide Insulation Resistance 
Measurement)  
64F Input Option (EXT, NONE) 64FOPT = 
Level 1 Pickup (OFF, 0.5–200.0 kOhms) (hidden when 64FOPT = NONE) 64F1P = 
Level 1 Delay (0.0–99.0 s) (hidden when 64FOPT = NONE or when 
64F1P = OFF) 64F1D = 
Level 2 Pickup (OFF, 0.5–200.0 kOhms) (hidden when 64FOPT = NONE) 64F2P = 
Level 2 Delay (0.0–99.0 s) (hidden when 64FOPT = NONE or when 
64F2P = OFF) 64F2D = 
64F Element Torque Control (SELOGIC control equation) (hidden when 
64FOPT = NONE)   


64FTC = 


78 Elements (hidden when E78 = N)  
If E78 = 1B, the following settings will apply:  
Forward Reach Reactance 
(0.1–100.0 Ohms {5 A model}; 0.5–500.0 Ohms {1 A model}) 78FWD = 
Reverse Reach Reactance 
(0.1–100.0 Ohms {5 A model}; 0.5–500.0 Ohms {1 A model}) 78REV = 
Right-Hand Blinder 
(0.1–50.0 Ohms {5 A model}; 0.5–250.0 Ohms {1 A model}) 78R1 =  
Left-Hand Blinder 
(0.1–50.0 Ohms {5 A model}; 0.5–250.0 Ohms {1 A model}) 78R2 =  
Out-of-Step Trip Delay (0.00–1.00 s) 78TD = 
Out-of-Step Trip Duration (0.00–5.00 s) 78TDURD =  
Positive-Sequence Current Supervision 
(0.25–30.00 A {5 A model}; 0.05–6.00 A {1 A model}) 50ABC = 
78 Element Torque Control (SELOGIC control equation)  


OOSTC =  
If E78 = 2B, the following settings will apply:  
Forward Reach Reactance 
(0.1–100.0 Ohms {5 A model}; 0.5–500.0 Ohms {1 A model}) 78FWD = 
Reverse Reach Reactance 
(0.1–100.0 Ohms {5 A model}; 0.5–500.0 Ohms {1 A model}) 78REV = 
Outer Resistance Blinder 
(0.2–100.0 Ohms {5 A model}; 1.0–500.0 Ohms {1 A model}) 78R1 =  
Inner Resistance Blinder 
(0.1–50 Ohms {5 A model}; 0.5–250 Ohms {1 A model}) 78R2 =  
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RELAY SETTINGS (SERIAL PORT COMMAND SET AND FRONT PANEL)


Out-of-Step Delay (0.00–1.00 s) 78D =  
Out-of-Step Trip Delay (0.00–1.00 s) 78TD = 
Out-of-Step Trip Duration (0.00–5.00 s) 78TDURD =  
Positive-Sequence Current Supervision 
(0.25–30.00 A {5 A model}; 0.05–6.00 A {1 A model}) 50ABC = 
78 Element Torque Control (SELOGIC control equation)  


OOSTC =  
81 Elements (hidden when E81 = N)  
Undervoltage Block (20.0–150.0 V) 27B81P =
Level 1 Pickup (OFF, 20.00–70.00 Hz) 81D1P =
Level 1 Time Delay (0.03–400.00 s) (hidden when 81D1P = OFF) 81D1D =
Level 2 Pickup (OFF, 20.00–70.00 Hz) (hidden when E81 < 2) 81D2P =
Level 2 Time Delay (0.03–400.00 s) 
(hidden when E81 < 2 or 81D2P = OFF) 81D2D = 
Level 3 Pickup (OFF, 20.00–70.00 Hz) (hidden when E81 < 3) 81D3P = 
Level 3 Time Delay (0.03–400.00 s) 
(hidden when E81 < 3 or 81D3P = OFF) 81D3D = 
Level 4 Pickup (OFF, 20.00–70.00 Hz) (hidden when E81 < 4) 81D4P = 
Level 4 Time Delay (0.03–400.00 s) 
(hidden when E81 < 4 or 81D4P = OFF) 81D4D = 
Level 5 Pickup (OFF, 20.00–70.00 Hz) (hidden when E81 < 5) 81D5P = 
Level 5 Time Delay (0.03–400.00 s) 
(hidden when E81 < 5 or 81D5P = OFF) 81D5D = 
Level 6 Pickup (OFF, 20.00–70.00 Hz) (hidden when E81 < 6) 81D6P = 
Level 6 Time Delay (0.03–400.00 s) 
(hidden when E81 < 6 or 81D6P = OFF) 81D6D = 


81AC Elements (hidden when E81AC = N) 
Upper Frequency Limit of Band 1 (20.0–70.0 Hz) UBND1 = 
Lower Frequency Limit of Band 1 (20.0–70.0 Hz) LBND1 = 
Band 1 Accumulator Limit Time (0.01–6000.00 s) TBND1 = 
Lower Frequency Limit of Band 2 (20.0–70.0 Hz)
(hidden when E81AC < 2) LBND2 = 
Band 2 Accumulator Limit Time (0.01–6000.00 s) 
(hidden when E81AC < 2) TBND2 = 
Lower Frequency Limit of Band 3 (20.0–70.0 Hz) 
(hidden when E81AC < 3) LBND3 = 
Band 3 Accumulator Limit Time (0.01–6000.00 s) 
(hidden when E81AC < 3) TBND3 = 
Lower Frequency Limit of Band 4 (20.0–70.0 Hz) 
(hidden when E81AC < 4) LBND4 = 
Band 4 Accumulator Limit Time (0.01–6000.00 s) 
(hidden when E81AC < 4) TBND4 = 
Lower Frequency Limit of Band 5 (20.0–70.0 Hz) 
(hidden when E81AC < 5) LBND5 = 
Band 5 Accumulator Limit Time (0.01–6000.00 s) 
(hidden when E81AC < 5) TBND5 = 
Lower Frequency Limit of Band 6 (20.0–70.0 Hz) 
(hidden when E81AC < 6) LBND6 = 
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RELAY SETTINGS (SERIAL PORT COMMAND SET AND FRONT PANEL)
Band 6 Accumulator Limit Time (0.01–6000.00 s) 
(hidden when E81AC < 6) TBND6 =  
Accumulator Time-Delayed Pickup (0.00–400.00 s) 62ACC =  
Abnormal Frequency Element Control (SELOGIC control equation)  
ONLINE =  


87N Elements for Model 0300G0, 0300G2 (hidden when E87N = N)  
Level 1 Ground Differential Pickup 
(0.1 • CTR/CTRN to 15.0 A {5 A model};  
0.02 • CTR/CTRN to 3.00 A {1 A model}) 87N1P =  
Level 1 Ground Differential Time Delay (0.00 to 400.00 s) 87N1D =  
Level 2 Ground Differential Pickup 
(OFF, 0.1*CTR/CTRN to 15.0 A {5 A model}; 
 OFF, 0.02*CTR/CTRN to 3.00 A {1 A model}) 87N2P =  
Level 2 Ground Differential Time Delay (0.00 to 400.00 s)
(hidden when 87N2P = OFF) 87N2D =  
87N Element Torque Control (SELOGIC control equation)  


87NTC =  


87 Elements for Model 0300G1, 0300G3 (hidden when E87 = N)  
XFMR High-Side Winding L-L Voltage (OFF, 1.0–1000.0 kV) 
(hidden when E87 = G) VWDGD = 
XFMR (GEN, YY, YDAC, YDAB, DACDAC, DABDAB, DABY, DACY)
(hidden when E87 = G) TRCON = 
87-Input CT Connection (Y, DAB, DAC) (hidden when E87 = G)
(Range depends on TRCON Setting) CTCON = 
Phase Input TAP Value  
(0.50–160.00 A {5 A model}; 0.10–32.00 A{1 A model}) TAP1 =  
87-Input TAP Value  
(0.50–160.00 A {5 A model}; 0.10–32.00 A{1 A model}) 
Note: Relay calculates TAP values when E87= G, or when E87 = T and VWDGD ≠


OFF.  You must enter TAP settings if E87 = T and VWDGD = OFF.  
TAPMAX/TAPMIN must be less than or equal to 7.5 TAPD =  


Unrestrained Element Pickup, multiple of TAP (1.0–20.0)
Note: TAPMAX ⋅ U87P ≤ 160.0 A {5 A model} 


TAPMAX ⋅ U87P ≤ 32.0 A {1 A model} U87P =  
Restrained Element Pickup, multiple of TAP (0.04–1.00) 
Note: TAPMIN ⋅ O87P ≥ 0.2 A {5 A model} 


TAPMIN ⋅ O87P ≥ 0.04 A {1 A model} O87P =  
Restraint Slope 1 Percentage (5–100%) SLP1 =
Restraint Slope 2 Percentage (OFF, 50–200%)
(hidden and set equal to 100% when E87 = G) SLP2 = 
Restraint Slope 1 Limit, multiple of TAP (1.0–16.0)
(hidden and set equal to 3 when E87 = G) 
Note: TAPMAX • IRS1 ≤ 160.0 A {5 A model} 


TAPMAX • IRS1 ≤ 32.0 A {1 A model} IRS1 =  
Second-Harmonic Blocking Percent (OFF, 5–100%) 
(hidden and set equal to OFF when E87 = G) PCT2 = 
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RELAY SETTINGS (SERIAL PORT COMMAND SET AND FRONT PANEL)


Independent Harmonic Blocking (Y, N) 
(hidden when E87 = G or when PCT2 = OFF) IHBL = 
Restrained Element Block (SELOGIC control equation)  


87B =  


RTD Based Protection for Models Compatible With the SEL-2600 Series Module 
RTD Input Option (EXT, NONE) RTDOPT =  
(Following Settings are hidden when RTDOPT=NONE)
Temperature Preference Setting (C, F) TMPREF = 


 


RTD Location (WDG, BRG, AMB, OTH, NONE) RTD1LOC =  
RTD Location (WDG, BRG, AMB, OTH, NONE) RTD2LOC =  
RTD Location (WDG, BRG, AMB, OTH, NONE) RTD3LOC =  
RTD Location (WDG, BRG, AMB, OTH, NONE) RTD4LOC =  
RTD Location (WDG, BRG, AMB, OTH, NONE) RTD5LOC =  
RTD Location (WDG, BRG, AMB, OTH, NONE) RTD6LOC =  
RTD Location (WDG, BRG, AMB, OTH, NONE) RTD7LOC =  
RTD Location (WDG, BRG, AMB, OTH, NONE) RTD8LOC =  
RTD Location (WDG, BRG, AMB, OTH, NONE) RTD9LOC =  
RTD Location (WDG, BRG, AMB, OTH, NONE) RTD10LOC =  
RTD Location (WDG, BRG, AMB, OTH, NONE) RTD11LOC =  
RTD Location (WDG, BRG, AMB, OTH, NONE) RTD12LOC =  
RTD Type (PT100, NI100, NI120, CU10) RTD1TY =  
RTD Type (PT100, NI100, NI120, CU10) RTD2TY =  
RTD Type (PT100, NI100, NI120, CU10) RTD3TY =  
RTD Type (PT100, NI100, NI120, CU10) RTD4TY =  
RTD Type (PT100, NI100, NI120, CU10) RTD5TY =  
RTD Type (PT100, NI100, NI120, CU10) RTD6TY =  
RTD Type (PT100, NI100, NI120, CU10) RTD7TY =  
RTD Type (PT100, NI100, NI120, CU10) RTD8TY =  
RTD Type (PT100, NI100, NI120, CU10) RTD9TY =  
RTD Type (PT100, NI100, NI120, CU10) RTD10TY =  
RTD Type (PT100, NI100, NI120, CU10) RTD11TY =  
RTD Type (PT100, NI100, NI120, CU10) RTD12TY =  
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP1 = 
RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP1 = 
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP2 = 
RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP2 = 
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP3 = 
RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP3 = 
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP4 = 
RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP4 = 
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP5 = 
RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP5 = 
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP6 = 
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RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP6 = 
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP7  = 
RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP7 = 
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP8 = 
RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP8 = 
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP9 = 
RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP9 = 
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP10 = 
RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP10 = 
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP11 = 
RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP11 = 
RTD Trip Temperature (OFF, 32° to 482°F or 0° to 250°C) TRTMP12 = 
RTD Alarm Temperature (OFF, 32° to 482°F or 0° to 250°C) ALTMP12 = 
Enable Winding Trip Voting (Y, N) EWDGV = 
Enable Bearing Trip Voting (Y, N) EBRGV = 
RTD Biasing (AMB, LOAD, NONE)  
 (RTDBIAS=AMB requires one RTDnLOC=AMB) RTDBIAS = 
RTD Bias Differential Temperature (0° to 45°F or 0° to 25°C) TMPK = 
Overload Bias Limit (1.00–2.00 per unit Amps)  
 (Settings TMPK and BLMT are hidden when RTDBIAS ≠ LOAD) BLMT = 


Demand Ammeter 
Demand Meter Time Constant (5, 10, 15, 30, 60 min) DMTC = 
Phase Pickup 
(OFF, 0.50–16.00 A {5 A model}; OFF, 0.10–3.20 A {1 A model}) PDEMP = 
Neutral Ground Pickup 
(OFF, 0.50–16.00 A {5 A model}; OFF, 0.10–3.20 A {1 A model}) NDEMP = 
Residual Ground Pickup 
(OFF, 0.50–16.00 A {5 A model}; OFF, 0.10–3.20 A {1 A model}) GDEMP = 
Negative-Sequence Pickup 
(OFF, 0.50–16.00 A {5 A model}; OFF, 0.10–3.20 A {1 A model}) QDEMP = 
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Inadvertent Energization Logic 
Inadvertent Energization (SELOGIC control equation)  


INAD =  
Inadvertent Energization PU Time (0.00–400.00 s) INADPU = 
Inadvertent Energization DO Time (0.00–400.00 s) INADDO = 


SELOGIC Control Equation Variable Timers  
(only set those variables and timers enabled by ESV) 
SELOGIC Control Equation Variable SV1  


SV1 =  
SV1 Pickup Time (0.00–3000.00 s) SV1PU =  
SV1 Dropout Time (0.00–3000.00 s) SV1DO =  
SELOGIC Control Equation Variable SV2  


SV2 =  
SV2 Pickup Time (0.00–3000.00 s) SV2PU =  
SV2 Dropout Time (0.00–3000.00 s) SV2DO =  
SELOGIC Control Equation Variable SV3


SV3 =  
SV3 Pickup Time (0.00–3000.00 s) SV3PU =  
SV3 Dropout Time (0.00–3000.00 s) SV3DO =  
SELOGIC Control Equation Variable SV4  


SV4 =  
SV4 Pickup Time (0.00–3000.00 s) SV4PU =  
SV4 Dropout Time (0.00–3000.00 s) SV4DO =  
SELOGIC Control Equation Variable SV5  


SV5 =  
SV5 Pickup Time (0.00–3000.00 s) SV5PU =  
SV5 Dropout Time (0.00–3000.00 s) SV5DO =  
SELOGIC Control Equation Variable SV6  


SV6 =  
SV6 Pickup Time (0.00–3000.00 s) SV6PU =  
SV6 Dropout Time (0.00–3000.00 s) SV6DO =  
SELOGIC Control Equation Variable SV7  


SV7 =  
SV7 Pickup Time (0.00–3000.00 s) SV7PU =  
SV7 Dropout Time (0.00–3000.00 s) SV7DO =  
SELOGIC Control Equation Variable SV8  


SV8 =  
SV8 Pickup Time (0.00–3000.00 s) SV8PU =  
SV8 Dropout Time (0.00–3000.00 s) SV8DO =  
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RELAY SETTINGS (SERIAL PORT COMMAND SET AND FRONT PANEL)


SELOGIC Control Equation Variable SV9  
SV9 =  


SV9 Pickup Time (0.00–3000.00 s) SV9PU =  
SV9 Dropout Time (0.00–3000.00 s) SV9DO =  
SELOGIC Control Equation Variable SV10  


SV10 =  
SV10 Pickup Time (0.00–3000.00 s) SV10PU =  
SV10 Dropout Time (0.00–3000.00 s) SV10DO =  
SELOGIC Control Equation Variable SV11


SV11 =  
SV11 Pickup Time (0.00–3000.00 s) SV11PU = 
SV11 Dropout Time (0.00–3000.00 s) SV11DO =  
SELOGIC Control Equation Variable SV12  


SV12 =  
SV12 Pickup Time (0.00–3000.00 s) SV12PU = 
SV12 Dropout Time (0.00–3000.00 s) SV12DO =  
SELOGIC Control Equation Variable SV13  


SV13 =  
SV13 Pickup Time (0.00–3000.00 s) SV13PU = 
SV13 Dropout Time (0.00–3000.00 s) SV13DO =  
SELOGIC Control Equation Variable SV14  


SV14 =  
SV14 Pickup Time (0.00–3000.00 s) SV14PU = 
SV14 Dropout Time (0.00–3000.00 s) SV14DO =  
SELOGIC Control Equation Variable SV15  


SV15 =  
SV15 Pickup Time (0.00–3000.00 s) SV15PU = 
SV15 Dropout Time (0.00–3000.00 s) SV15DO =  
SELOGIC Control Equation Variable SV16  


SV16 =  
SV16 Pickup Time (0.00–3000.00 s) SV16PU = 
SV16 Dropout Time (0.00–3000.00 s) SV16DO =  


Latch Bits Set/Reset Equations (only set those variables enabled by ESL) 
Set Latch Bit LT1 (SELOGIC control equation)
SET1 =   
Reset Latch Bit LT1 (SELOGIC control equation)
RST1 =   
Set Latch Bit LT2 (SELOGIC control equation)
SET2 =   
Reset Latch Bit LT2 (SELOGIC control equation)
RST2 =   
Set Latch Bit LT3 (SELOGIC control equation)
SET3 =   
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RELAY SETTINGS (SERIAL PORT COMMAND SET AND FRONT PANEL)


Reset Latch Bit LT3 (SELOGIC control equation)
RST3 =   
Set Latch Bit LT4 (SELOGIC control equation)
SET4 =   
Reset Latch Bit LT4 (SELOGIC control equation)
RST4 =   
Set Latch Bit LT5 (SELOGIC control equation)
SET5 =   
Reset Latch Bit LT5 (SELOGIC control equation)
RST5 =   
Set Latch Bit LT6 (SELOGIC control equation)
SET6 =   
Reset Latch Bit LT6 (SELOGIC control equation)
RST6 =   
Set Latch Bit LT7 (SELOGIC control equation)
SET7 =   
Reset Latch Bit LT7 (SELOGIC control equation)
RST7 =   
Set Latch Bit LT8 (SELOGIC control equation)
SET8 =   
Reset Latch Bit LT8 (SELOGIC control equation)
RST8 =   
Set Latch Bit LT9 (SELOGIC control equation)
SET9 =   
Reset Latch Bit LT9 (SELOGIC control equation)
RST9 =   
Set Latch Bit LT10 (SELOGIC control equation)
SET10 =   
Reset Latch Bit LT10 (SELOGIC control equation)
RST10 =   
Set Latch Bit LT11 (SELOGIC control equation)
SET11 =   
Reset Latch Bit LT11 (SELOGIC control equation)


RST11 =  
Set Latch Bit LT12 (SELOGIC control equation)


SET12 =  
Reset Latch Bit LT12 (SELOGIC control equation)


RST12 =  
Set Latch Bit LT13 (SELOGIC control equation)


SET13 =  
Reset Latch Bit LT13 (SELOGIC control equation)


RST13 =  
Set Latch Bit LT14 (SELOGIC control equation)


SET14 =  
Reset Latch Bit LT14 (SELOGIC control equation)


RST14 =  
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Set Latch Bit LT15 (SELOGIC control equation)
SET15 =  


Reset Latch Bit LT15 (SELOGIC control equation)
RST15 =  


Set Latch Bit LT16 (SELOGIC control equation)
SET16 =  


Reset Latch Bit LT16 (SELOGIC control equation)
RST16 =  


TRIP, CLOSE, ER, OUTPUT Elements 
Minimum Trip Duration Time (0.00–400.00 s) TDURD = 
Trip Equation 1 (SELOGIC control equation)
TR1 =   
Unlatch Trip Equation 1 (SELOGIC control equation)
ULTR1 =   
Trip Equation 2 (SELOGIC control equation)
TR2 =   
Unlatch Trip Equation 2 (SELOGIC control equation)
ULTR2 =   
Trip Equation 3 (SELOGIC control equation)  
TR3 =   
Unlatch Trip Equation 3 (SELOGIC control equation)  
ULTR3 =   
Trip Equation 4 (SELOGIC control equation)  
TR4 =   
Unlatch Trip Equation 4 (SELOGIC control equation)  
ULTR4 =   
Close Enable Equation (SELOGIC control equation)  
CLEN =   
Close Initiate Equation (SELOGIC control equation)  
CL =   
Unlatch Close Equation   
ULCL =   
Close Dwell Timer (0.00–1.00 s) 
CLSD =  
Event Trigger Equation  
ER =   
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Output Contact Equations 
Output Contact OUT101 (SELOGIC control equation)
OUT101 =    
Output Contact OUT102 (SELOGIC control equation)
OUT102 =   
Output Contact OUT103 (SELOGIC control equation)
OUT103 =   
Output Contact OUT104 (SELOGIC control equation)
OUT104 =   
Output Contact OUT105 (SELOGIC control equation)  
OUT105 =   
Output Contact OUT106 (SELOGIC control equation)  
OUT106 =   
Output Contact OUT107 (SELOGIC control equation)  
OUT107 =   


Output Contact Equations for Model 0300G_1-extra I/O board 
Output Contact OUT201 (SELOGIC control equation)
OUT201 =    
Output Contact OUT202 (SELOGIC control equation)
OUT202 =   
Output Contact OUT203 (SELOGIC control equation)
OUT203 =   
Output Contact OUT204 (SELOGIC control equation)
OUT204 =   
Output Contact OUT205 (SELOGIC control equation)  
OUT205 =   
Output Contact OUT206 (SELOGIC control equation)  
OUT206 =   
Output Contact OUT207 (SELOGIC control equation)  
OUT207 =   
Output Contact OUT208 (SELOGIC control equation)
OUT208 =   
Output Contact OUT209 (SELOGIC control equation)
OUT209 =   
Output Contact OUT210 (SELOGIC control equation)
OUT210 =   
Output Contact OUT211 (SELOGIC control equation)
OUT211 =   
Output Contact OUT212 (SELOGIC control equation)


OUT212 =  
 







 Page 18 of 26 SETTINGS SHEET  
 Date _______ FOR THE SEL-300G RELAY  


 


SEL-300G Instruction Manual   Date Code 20081231 


GLOBAL SETTINGS (SERIAL PORT COMMAND SET G AND FRONT PANEL)


Event Report Parameters 
Length of Event Report (15, 30, 60, 180 cycles {firmware R320 and 
higher}; 15, 30 cycles {firmware <R320}) LER = 


 


Length of Prefault in Event Report (1 through LER-1 cycles) PRE =  


Front-Panel Display Time-Out 
Front-Panel Display Time-Out (OFF, 0–30 min) FP_TO =  


Date Format 
Date Format (MDY, YMD) DATE_F =  


Station DC Battery Monitor 
DC Battery Instantaneous Undervoltage Pickup (OFF, 20–300 Vdc) DCLOP =  
DC Battery Instantaneous Overvoltage Pickup (OFF, 20–300 Vdc) DCHIP =  


Power System Configuration 
Nominal Frequency (50 Hz, 60 Hz) FNOM =  
Phase Potential Transformer Connection (D, Y) DELTA_Y =  


Settings Group Change Delay 
Group Change Delay (0–400 s) TGR =  
Group 1 Select Input (SELOGIC control equation)  


SS1 =  
Group 2 Select Input (SELOGIC control equation)  


SS2 =  


Breaker Monitor Settings 
Breaker Monitor Input (SELOGIC control equation)  


BKMON =  
Close/Open Set Point 1–max. (1–65000 operations) COSP1 =  
Close/Open Set Point 2–mid. (1–65000 operations) COSP2 =  
Close/Open Set Point 3–min. (1–65000 operations) COSP3 =  
kA Interrupted Set Point 1–min. (0.1–999.0 kA primary) KASP1 =  
kA Interrupted Set Point 2–mid. (0.1–999.0 kA primary) KASP2 =  
kA Interrupted Set Point 3–max. (0.1–999.0 kA primary) KASP3 =  


Optoisolated Input Timers 
Input Debounce Time (0.00–1.00 cycle in 0.25-cycle steps) IN101D =  
Input Debounce Time (0.00–1.00 cycle in 0.25-cycle steps) IN102D =  
Input Debounce Time (0.00–1.00 cycle in 0.25-cycle steps) IN103D =  
Input Debounce Time (0.00–1.00 cycle in 0.25-cycle steps) IN104D =  
Input Debounce Time (0.00–1.00 cycle in 0.25-cycle steps) IN105D =  
Input Debounce Time (0.00–1.00 cycle in 0.25-cycle steps) IN106D =  
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Optoisolated Input Timers for Model 0300G_1 
Input IN201 Debounce Time (0.00–1.00 cycles in 0.25-cycle steps) IN201D =  
Input IN202 Debounce Time (0.00–1.00 cycles in 0.25-cycle steps) IN202D =  
Input IN203 Debounce Time (0.00–1.00 cycles in 0.25-cycle steps) IN203D =  
Input IN204 Debounce Time (0.00–1.00 cycles in 0.25-cycle steps) IN204D =  
Input IN205 Debounce Time (0.00–1.00 cycles in 0.25-cycle steps) IN205D =  
Input IN206 Debounce Time (0.00–1.00 cycles in 0.25-cycle steps) IN206D =  
Input IN207 Debounce Time (0.00–1.00 cycles in 0.25-cycle steps) IN207D =  
Input IN208 Debounce Time (0.00–1.00 cycles in 0.25-cycle steps) IN208D =  


Local Bit Labels  
Enter the following characters:0–9, A–Z, -, /, ., space
for each text label setting, subject to the specified character limit.  Enter NA to null a label. 
Local Bit LB1 Name (14 characters) NLB1 = 
Clear Local Bit LB1 Label (7 characters)
(setting hidden if NLB1 = NA) CLB1 =  
Set Local Bit LB1 Label (7 characters)  
(setting hidden if NLB1 = NA) SLB1 =  
Pulse Local Bit LB1 Label (7 characters) 
(setting hidden if NLB1 = NA) PLB1 =  
Local Bit LB2 Name (14 characters) NLB2 = 
Clear Local Bit LB2 Label (7 characters) 
(setting hidden if NLB2 = NA) CLB2 =  
Set Local Bit LB2 Label (7 characters)  
(setting hidden if NLB2 = NA) SLB2 =  
Pulse Local Bit LB2 Label (7 characters) 
(setting hidden if NLB2 = NA) PLB2 =  
Local Bit LB3 Name (14 characters) NLB3 = 
Clear Local Bit LB3 Label (7 characters) 
(setting hidden if NLB3 = NA) CLB3 =  
Set Local Bit LB3 Label (7 characters)  
(setting hidden if NLB3 = NA) SLB3 =  
Pulse Local Bit LB3 Label (7 characters) 
(setting hidden if NLB3 = NA) PLB3 =  
Local Bit LB4 Name (14 characters) NLB4 = 
Clear Local Bit LB4 Label (7 characters) 
(setting hidden if NLB4 = NA) CLB4 =  
Set Local Bit LB4 Label (7 characters)  
(setting hidden if NLB4 = NA) SLB4 =  
Pulse Local Bit LB4 Label (7 characters) 
(setting hidden if NLB4 = NA) PLB4 =  
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GLOBAL SETTINGS (SERIAL PORT COMMAND SET G AND FRONT PANEL)


Local Bit LB5 Name (14 characters) NLB5 = 
Clear Local Bit LB5 Label (7 characters) 
(setting hidden if NLB5 = NA) CLB5 =  
Set Local Bit LB5 Label (7 characters)  
(setting hidden if NLB5 = NA) SLB5 =  
Pulse Local Bit LB5 Label (7 characters) 
(setting hidden if NLB5 = NA) PLB5 =  
Local Bit LB6 Name (14 characters) NLB6 =
Clear Local Bit LB6 Label (7 characters) 
(setting hidden if NLB6 = NA) CLB6 =  
Set Local Bit LB6 Label (7 characters)  
(setting hidden if NLB6 = NA) SLB6 =  
Pulse Local Bit LB6 Label (7 characters) 
(setting hidden if NLB6 = NA) PLB6 =  
Local Bit LB7 Name (14 characters) NLB7 = 
Clear Local Bit LB7 Label (7 characters) 
(setting hidden if NLB7 = NA) CLB7 =  
Set Local Bit LB7 Label (7 characters)  
(setting hidden if NLB7 = NA) SLB7 =  
Pulse Local Bit LB7 Label (7 characters) 
(setting hidden if NLB7 = NA) PLB7 =  
Local Bit LB8 Name (14 characters) NLB8 = 
Clear Local Bit LB8 Label (7 characters) 
(setting hidden if NLB8 = NA) CLB8 =  
Set Local Bit LB8 Label (7 characters)  
(setting hidden if NLB8 = NA) SLB8 =  
Pulse Local Bit LB8 Label (7 characters) 
(setting hidden if NLB8 = NA) PLB8 =  
Local Bit LB9 Name (14 characters) NLB9 = 
Clear Local Bit LB9 Label (7 characters) 
(setting hidden if NLB9 = NA) CLB9 =  
Set Local Bit LB9 Label (7 characters)  
(setting hidden if NLB9 = NA) SLB9 =  
Pulse Local Bit LB9 Label (7 characters) 
(setting hidden if NLB9 = NA) PLB9 =  
Local Bit LB10 Name (14 characters) NLB10 = 
Clear Local Bit LB10 Label (7 characters) 
(setting hidden if NLB10 = NA) CLB10 =  
Set Local Bit LB10 Label (7 characters)  
(setting hidden if NLB10 = NA) SLB10 =  
Pulse Local Bit LB10 Label (7 characters) 
(setting hidden if NLB10 = NA) PLB10 =  
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Local Bit LB11 Name (14 characters) NLB11 = 
Clear Local Bit LB11 Label (7 characters) 
(setting hidden if NLB11 = NA) CLB11 =  
Set Local Bit LB11 Label (7 characters)
(setting hidden if NLB11 = NA) SLB11 =  
Pulse Local Bit LB11 Label (7 characters) 
(setting hidden if NLB11 = NA) PLB11 =  
Local Bit LB12 Name (14 characters) NLB12 = 
Clear Local Bit LB12 Label (7 characters) 
(setting hidden if NLB12 = NA) CLB12 =  
Set Local Bit LB12 Label (7 characters) 
(setting hidden if NLB12 = NA) SLB12 =  
Pulse Local Bit LB12 Label (7 characters) 
(setting hidden if NLB12 = NA) PLB12 =  
Local Bit LB13 Name (14 characters) NLB13 = 
Clear Local Bit LB13 Label (7 characters) 
(setting hidden if NLB13 = NA) CLB13 =  
Set Local Bit LB13 Label (7 characters) 
(setting hidden if NLB13 = NA) SLB13 =  
Pulse Local Bit LB13 Label (7 characters) 
(setting hidden if NLB13 = NA) PLB13 =  
Local Bit LB14 Name (14 characters) NLB14 =
Clear Local Bit LB14 Label (7 characters) 
(setting hidden if NLB14 = NA) CLB14 = 
Set Local Bit LB14 Label (7 characters) 
(setting hidden if NLB14 = NA) SLB14 = 
Pulse Local Bit LB14 Label (7 characters) 
(setting hidden if NLB14 = NA) PLB14 = 
Local Bit LB15 Name (14 characters) NLB15 =
Clear Local Bit LB15 Label (7 characters) 
(setting hidden if NLB15 = NA) CLB15 = 
Set Local Bit LB15 Label (7 characters) 
(setting hidden if NLB15 = NA) SLB15 = 
Pulse Local Bit LB15 Label (7 characters) 
(setting hidden if NLB15 = NA) PLB15 = 
Local Bit LB16 Name (14 characters) NLB16 =
Clear Local Bit LB16 Label (7 characters) 
(setting hidden if NLB16 = NA) CLB16 = 
Set Local Bit LB16 Label (7 characters) 
(setting hidden if NLB16 = NA) SLB16 = 
Pulse Local Bit LB16 Label (7 characters) 
(setting hidden if NLB16 = NA) PLB16 = 
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Front-Panel Display 
Front-Panel Current Display (Y, N) FP_I = 
Front-Panel Phase-to-Phase Voltage Display (Y, N) FP_VPP = 
Front-Panel Phase Voltage Display (Y, N)
(hidden when DELTA_Y = D) FP_VP =  
Front-Panel Power Display (Y, N) FP_MW = 
Front-Panel Frequency Display (Y, N) FP_FR = 
Front-Panel Current Differential Display (Y, N) FP_87 = 
Front-Panel Field Insulation Rf Display (Y, N) FP_RF = 
Front-Panel RTD Temperature Display (Y, N) FP_RTD = 


Display Points  
Display Point DP1 (SELOGIC control equation)


DP1 =  
Display if DP1 = logical 1 (16 characters) DP1_1 =  
Display if DP1 = logical 0 (16 characters) DP1_0 =  
Display Point DP2 (SELOGIC control equation)  


DP2 =  
Display if DP2 = logical 1 (16 characters) DP2_1 =  
Display if DP2 = logical 0 (16 characters) DP2_0 =  
Display Point DP3 (SELOGIC control equation)  


DP3 =  
Display if DP3 = logical 1 (16 characters) DP3_1 =  
Display if DP3 = logical 0 (16 characters) DP3_0 =  
Display Point DP4 (SELOGIC control equation)  


DP4 =  
Display if DP4 = logical 1 (16 characters) DP4_1 =  
Display if DP4 = logical 0 (16 characters) DP4_0 =  
Display Point DP5 (SELOGIC control equation)  


DP5 =  
Display if DP5 = logical 1 (16 characters) DP5_1 =  
Display if DP5 = logical 0 (16 characters) DP5_0 =  
Display Point DP6 (SELOGIC control equation)  


DP6 =  
Display if DP6 = logical 1 (16 characters) DP6_1 =  
Display if DP6 = logical 0 (16 characters) DP6_0 =  
Display Point DP7 (SELOGIC control equation)  


DP7 =  
Display if DP7 = logical 1 (16 characters) DP7_1 =  
Display if DP7 = logical 0 (16 characters) DP7_0 =  
Display Point DP8 (SELOGIC control equation)  


DP8 =  
Display if DP8 = logical 1 (16 characters) DP8_1 =  
Display if DP8 = logical 0 (16 characters) DP8_0 =  
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Display Point DP9 (SELOGIC control equation)  
DP9 =  


Display if DP9 = logical 1 (16 characters) DP9_1 =  
Display if DP9 = logical 0 (16 characters) DP9_0 =  
Display Point DP10 (SELOGIC control equation)  


DP10 =  
Display if DP10 = logical 1 (16 characters) DP10_1 =  
Display if DP10 = logical 0 (16 characters) DP10_0 =  
Display Point DP11 (SELOGIC control equation)  


DP11 =  
Display if DP11 = logical 1 (16 characters) DP11_1 =  
Display if DP11 = logical 0 (16 characters) DP11_0 =  
Display Point DP12 (SELOGIC control equation)  


DP12 =  
Display if DP12 = logical 1 (16 characters) DP12_1 =  
Display if DP12 = logical 0 (16 characters) DP12_0 =  
Display Point DP13 (SELOGIC control equation)  


DP13 =  
Display if DP13 = logical 1 (16 characters) DP13_1 =  
Display if DP13 = logical 0 (16 characters) DP13_0 =  
Display Point DP14 (SELOGIC control equation)  


DP14 =  
Display if DP14 = logical 1 (16 characters) DP14_1 =  
Display if DP14 = logical 0 (16 characters) DP14_0 =  
Display Point DP15 (SELOGIC control equation)  


DP15 =  
Display if DP15 = logical 1 (16 characters) DP15_1 =  
Display if DP15 = logical 0 (16 characters) DP15_0 =  
Display Point DP16 (SELOGIC control equation)  


DP16 =  
Display if DP16 = logical 1 (16 characters) DP16_1 =  
Display if DP16 = logical 0 (16 characters) DP16_0 =  
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SEQUENTIAL EVENTS RECORDER SETTINGS (SERIAL PORT COMMAND SET R)
 
Sequential Events Recorder settings are comprised of three trigger lists.  Each trigger list can include up to 24 Relay 
Word bits delimited by spaces or commas.  See Sequential Events Recorder (SER) Report in Section 11:  Event Reports 
and SER Functions. 


SER Trigger List 1 SER1 = 


SER Trigger List 2 SER2 = 


SER Trigger List 3 SER3 = 


SER Trigger List 4 SER4 = 


Relay Word Bit Aliases (ALIAS# > EALIAS setting are hidden) 
(See Alias Settings in Section 3:  Auxiliary Function Settings.) 


Enable ALIAS Settings (0, 10, 20, 30, 40) EALIAS = 


ALIAS1 =   


ALIAS2 =   


ALIAS3 =   


ALIAS4 =   


ALIAS5 =   


ALIAS6 =   


ALIAS7 =   


ALIAS8 =   


ALIAS9 =   


ALIAS10 =   


ALIAS11 =   


ALIAS12 =   


ALIAS13 =   


ALIAS14 =   


ALIAS15 =   


ALIAS16 =   


ALIAS17 =   


ALIAS18 =   


ALIAS19 =   
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ALIAS20 =   


ALIAS21 =   


ALIAS22 =   


ALIAS23 =   


ALIAS24 =   


ALIAS25 =   


ALIAS26 =   


ALIAS27 =   


ALIAS28 =   


ALIAS29 =   


ALIAS30 =   


ALIAS31 =   


ALIAS32 =   


ALIAS33 =   


ALIAS34 =   


ALIAS35 =   


ALIAS36 =   


ALIAS37 =   


ALIAS38 =   


ALIAS39 =   


ALIAS40 =   
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PORT SETTINGS (SERIAL PORT COMMAND SET P AND FRONT PANEL)


Protocol Settings 
Protocol (SEL, LMD, MOD {Standard plus Modbus® Models}; 
SEL, LMD {Standard Models}) PROTO = 


 


LMD Prefix (@, #, $, %, &) (hidden when PROTO ≠ LMD) PREFIX =  
LMD Address (01–99) (hidden when PROTO ≠ LMD) ADDR =  
LMD Settling Time (0–30 seconds) (hidden when PROTO ≠ LMD) SETTLE =  
Enable Hardware Handshaking1 (Y, N, H {when PROTO = MOD}; 
Y, N {when PROTO = SEL}) (hidden when PROTO = LMD)  RTSCTS = 


 


Modbus Slave ID (1–247) (hidden when PROTO ≠ MOD) SLAVEID =  
Protocol Settings:  Refer to Section 10:  Serial Port Communications and Commands for details.


Communications Settings 
Baud Rate (300, 1200, 2400, 4800, 9600, 19200, 38400) SPEED = 


Note: The highest baud rate for Modbus RTU protocol is 19200.  
Data Bits (7, 8) BITS =  
Parity (0, E, N) {Odd, Even, None} PARITY =  
Stop Bits (1, 2) STOP =  


Other Port Settings 
Time-Out (0–30 minutes) T_OUT =  
Send Auto Messages to Port (Y, N) AUTO =  
Fast Operate Enable (Y, N) FASTOP =  


 
Other Port Settings.  Set T_OUT to the number of minutes of serial port inactivity for an automatic 
log out.  Set T_OUT = 0 for no port time-out.  If the event report length setting LER = 180 cycles, 
set the port time-out setting T_OUT > 2 minutes. 
Set AUTO = Y to allow automatic messages at the serial port. Set RTSCTS = Y to enable hardware 
handshaking.  With RTSCTS = Y, the relay will not send characters until the CTS input is asserted.  
Also, if the relay is unable to receive characters, it deasserts the RTS line.  
Set FASTOP = Y to enable binary Fast Operate messages at the serial port.  Set FASTOP = N to 
block binary Fast Operate messages.  Refer to Appendix D:  Configuration, Fast Meter, and Fast 
Operate Commands for the description of the SEL-300G Relay Fast Operate commands. 


 
                                                        


1 RTSCTS setting is hidden for Port 1 (EIA-485) and the default value is N. 
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SECTION 7:   RELAY COMMISSIONING 


INTRODUCTION 
This section provides guidelines for commissioning and testing the SEL-300G Relay.  Included 
are discussions on testing philosophies, methods, and tools, plus detailed test procedures for 
selected protection functions. 


COMMISSIONING TESTING PHILOSOPHY 
Commissioning testing is performed when a protective relay is installed to: 


a) Ensure that all system ac and dc connections are correct. 


b) Ensure that the relay functions as intended using your settings. 


c) Ensure that all auxiliary equipment operates as intended. 


To satisfy these requirements, check all connected or monitored inputs and outputs, verify 
polarity and phase rotation of ac connections, and perform a simple check of protection elements. 


SEL performs a complete functional check and calibration of each relay before it is shipped.  This 
helps ensure that you receive a relay that operates correctly and accurately.  Commissioning tests 
should verify that the relay is properly connected to the power system and all auxiliary 
equipment.  Verify control signal inputs and outputs.  Check breaker auxiliary inputs, SCADA 
control inputs, and monitoring outputs.  Use an ac connection check to verify that the relay 
current and voltage inputs are of the proper magnitude and phase rotation. 


Brief fault tests ensure that the relay settings are correct.  It is not necessary to test every relay 
element, timer, and function in these tests. 


At commissioning time, use the relay METER command to verify the ac current and voltage 
magnitude and phase rotation.  Use the PULSE command to verify relay output contact 
operation.  Use the TARGET command to verify optoisolated input operation. 


TESTING METHODS AND TOOLS 


Test Features Provided by the Relay 
The following features assist you during relay testing. 


METER 
Command 


The METER command shows the ac currents and voltages (magnitude and 
phase angle) presented to the relay in primary values.  In addition, the 
command shows power system frequency (FREQ) and the voltage input to 
the relay power supply terminals (VDC).  Compare these quantities against 
other devices of known accuracy.  The METER command is available at the 
serial ports and front-panel display.  See Section 9:  Front-Panel Operation 
and Section 10:  Serial Port Communications and Commands. 
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EVENT  
Command 


The relay generates a 15- or 30-cycle event report in response to faults or 
disturbances.  Each report contains current and voltage information, relay 
element states, and input/output contact information.  If you question the 
relay response or your test method, use the event report for more 
information.  The EVENT command is available at the serial ports.  See 
Section 11:  Event Reports and SER Functions. 


SER 
Command 


The relay provides a Sequential Events Recorder (SER) event report that 
time-tags changes in relay element and input/output contact states.  The SER 
provides a convenient means to verify the pickup/dropout of any element in 
the relay.  The SER command is available at the serial ports.  See 
Section 11: Event Reports and SER Functions. 


TARGET 
Command 


Use the TARGET command to view the state of relay control inputs, relay 
outputs, and relay elements during a test.  The TARGET command is 
available at the serial ports and the front panel.  See Section 10: Serial Port 
Communications and Commands and Section 9: Front-Panel Operation. 


PULSE 
Command 


Use the PULSE command to test the contact output circuits.  The PULSE 
command is available at the serial ports and the front panel.  See Section 10:  
Serial Port Communications and Commands and Section 9: Front-Panel 
Operation. 


Low-Level Test Interface 
The SEL-300G has a low-level test interface between the calibrated input module and the 
separately calibrated processing module.  You may test the relay in either of two ways:  
conventionally, by applying ac current and voltage signals to the relay inputs or by applying low 
magnitude ac voltage signals to the low-level test interface.  Access the test interface by removing 
the relay front panel. 


Figure 7.1 through Figure 7.4 show the low-level interface connections.  Remove the ribbon cable 
between the two modules to access the outputs of the input module and the inputs to the 
processing module (relay main board). 


You can test the relay-processing module using signals from the SEL-RTS Low-Level Relay Test 
System.  Never apply voltage signals greater than 9 volts peak-to-peak to the low-level test 
interface.  Figure 7.1 through Figure 7.4 show the signal scaling factors. 


 
CAUTION ! 


 


The relay contains devices sensitive to Electrostatic Discharge 
(ESD).  When working on the relay with front or top cover 
removed, work surfaces and personnel must be properly grounded 
or equipment damage may result. 


You can test the input module two different ways: 


1. Measure the outputs from the input module with an accurate voltmeter (measure signal 
pin to GND pin), and compare the readings to accurate instruments in the relay input 
circuits, or 


2. Replace the ribbon cable, press the front-panel <METER> button, and compare the relay 
readings to other accurate instruments in the relay input circuits. 
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Figure 7.1:  Low-Level Test Interface, 0300G0 


 


Figure 7.2:  Low-Level Test Interface, 0300G1 


 


Figure 7.3:  Low-Level Test Interface, 0300G2 


 


Figure 7.4:  Low-Level Test Interface, 0300G3 


Test Methods 
Test the pickup and dropout of relay elements using one of three methods:  target command 
indication, output contact closure, or Sequential Events Recorder (SER). 


The examples below show the settings necessary to route the phase time-overcurrent element 
51PT to the output contacts and the SER.  The 51PT element, like many in the SEL-300G, is 
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controlled by enable settings and/or torque-control settings.  To enable the 51PT element, set the 
E51 enable setting and 51PTC torque-control setting to the following: 


E51 = Y (via the SET command) 


51PTC = 1 (set directly to logical 1, via the SET command) 


Testing Via Front-Panel Indicators 
Display the state of relay elements, inputs, and outputs using the front-panel or serial port TAR 
commands.  Use this method to verify the pickup settings of protection elements. 


Access the front-panel TAR command from the front-panel OTHER pushbutton menu.  To 
display the state of the 51PT element on the front-panel display, press the OTHER pushbutton, 
cursor to the TAR option, and press SELECT.  Press the Down arrow pushbutton until TAR 7 is 
displayed on the top row of the LCD.  The bottom row of the LCD displays all elements asserted 
in Relay Word Row 7.  The relay maps the state of the elements in Relay Word Row 7 on the 
bottom row of LEDs.  The 51PT element state is reflected on the LED labeled 32.  See Table 4.6 
for the correspondence between the Relay Word elements and the TAR command. 


To view the 51PT element status from the serial port, issue the TAR 51PT command.  The relay 
will display the state of all elements in the Relay Word row containing the 51PT element. 


Review TAR command descriptions in Section 10:  Serial Port Communications and 
Commands and Section 9: Front-Panel Operation for further details on displaying element 
status via the TAR commands. 


Testing Via Output Contacts 
You can set the relay to operate an output contact for testing a single element.  Use the SET 
command to set an output contact to close when the element under test asserts.  The available 
elements are the Relay Word bits referenced in Table 4.6. 


This method is useful for testing inverse-time elements like the 24C2T, 46Q2T, and 51VT 
elements.   


For instance, the Access Level 2 command sequence below causes the relay to close output 
contact OUT106 when the 24C2T element asserts: 


=>>SET OUT106 TERSE <Enter> 
Group 1 
 
 
TRIP, ER, OUTPUT ELEMENTS 
Output Control (Selogic Equation)                  
OUT106  =0 
 
 ? 24C2T <Enter> 
Output Control (Selogic Equation)                  
OUT107  =0 
 
 ? END <Enter> 
Save Changes(Y/N)? Y <Enter> 
Settings saved 
=>> 


Do not forget to reenter the correct relay settings when you are ready to place the relay in service. 
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Testing Via Sequential Events Recorder 
The relay SER function reports the time of assertion and deassertion of monitored relay elements.  
You can use the recorded times to determine that elements operated with correct time delays. 


To use this method, include the instantaneous and time-delayed Relay Word bits for the element 
under test in one of the SER triggering settings, SER1–SER4 using the SET R command.  For 
instance: 


SER4 = 24D1 24D1T 


ensures that the SER function records the times of all assertions and deassertions of the 
instantaneous element 24D1 and the time-delayed element 24D1T.  It is not required that these 
two Relay Word bits reside in the same SERn setting, nor is it necessary that they be alone in the 
SERn setting. 


Following the test, simply execute the serial port SER command to review the sequential events 
record.  The relay will have recorded the assertion time of the 24D1 Relay Word bit, then later the 
assertion time of the 24D1T Relay Word bit.  Subtract the 24D1 assertion time from the 24D1T 
assertion time to calculate the operate time of the delayed Relay Word bit.   


Use this method to verify timing associated with time-overcurrent elements, definite-time delays, 
etc.  Do not forget to reenter the correct relay settings when you are ready to place the relay in 
service. 


See Section 11:  Event Reports and SER Functions for more information regarding the SER 
function and associated serial port commands. 


RELAY COMMISSIONING PROCEDURE 


Introduction 
The procedure below is intended to help you enter settings into an SEL-300G Relay and verify 
that the SEL-300G is properly connected.  Steps later in the procedure call for operation of the 
protected generator at no load, light load, and full load to verify ac connections and take 
measurements for calculation of 100 percent stator ground fault protection elements.   


 
CAUTION ! 


 


Be sure to follow the generator and prime mover manufacturers’ 
guidelines with respect to generator operation and commissioning. 


This procedure is intended for use at initial relay installation and should not need to be repeated 
in the life of the relay unless major changes are made to the relay electrical connections.   


This procedure is intended as a guideline.  Modify this procedure as necessary to conform with 
your standard practices and the operating and commissioning guidelines published by the 
generator and prime mover manufacturers. 


Required Equipment 
• SEL-300G, installed and connected according to your protection design. 
• PC with serial port, terminal emulation software, and serial communication cable (for 


relay setting entry). 
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• SEL-300G Settings Sheets, filled out with settings appropriate to your generator 
protection application and protection cabinet design. 


• AC and DC elementary schematics and wiring diagrams for this relay installation. 
• Continuity tester. 
• DC voltmeter. 
• Protective relay ac test source: 


Minimum: Single-phase voltage plus single-phase current with ability to control phase 
angle between signals. 


Preferred: Two- or three-phase voltage plus three-phase current with ability to control 
phase angle between signals. 
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Commissioning Procedure 


DWG:  M300G211


Correct Voltage
Connections


STEP 17
Connect Relay for


Tripping Duty


STEP 18
Operate Generator


at No Load


STEP 19
Operate Generator


at 10% Load


Are Voltage
 Signals Correct?


Record No Load
Third-Harmonic


Voltages


Are Current
 Signals Correct?


Correct Current
Connections


STEP 8
Connect PC to


Relay


STEP 14
Verify Contact


Output Operation


STEP 15
Perform Protection


Element Tests


STEP 16
Confirm Tripping


Settings


STEP 1
Remove DC


Power


Start


STEP 2
AC & DC


Continuity Checks


STEP 4
Power Supply DC
Polarity Checks


(See Fig 7.6)


STEP 5
Contact Output DC


Polarity Checks


STEP 6
Remove AC


Signals


STEP 7
Energize Relay


Shut Down
Generator


STEP 20
Operate Generator


 at Full Load. Record
Third-Harmonic


Voltages


STEP 21
Shut Down
Generator


STEP 22
Calculate and


Enter 64G
Element Settings


STEP 23
Clear Relay
Data Buffers


Are 64G Element
Settings Final?


End


Yes


No


Yes


No


Yes


No


STEP 3
Modify Circuit


Board Jumpers


STEP 9
Run Emulation


Software


STEP 10
Configure
Emulation
Software


STEP 13
Verify Contact


Input Operation


STEP 12
Verify AC Wiring


(See Fig 7.7 & 7.8)


STEP 11
Enter Relay


Settings


 


Figure 7.5:  Relay Commissioning Flowchart 
(refer to text for detailed instructions) 
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Step 1. Ensure that dc power is removed from the SEL-300G dc circuits by opening the 
appropriate dc breaker or removing dc fuses. 


Step 2. Verify the accuracy and correctness of the ac and dc connections by performing 
point-to-point continuity checks on the circuits associated with the SEL-300G. 


Step 3. Make any necessary modifications to the relay output contact jumper positions, 
password or breaker command jumper positions.  Refer to Circuit Board Jumpers 
and Battery in Section 5:  Installation for additional details and instructions on how 
to access and modify these jumpers. 


Step 4. Using a voltmeter, check the polarity of dc voltage on the energized side of the dc 
circuit breaker or fuse block that isolates the SEL-300G dc power supply inputs, 
terminals Z25 and Z26.  Refer to Figure 7.6.  Verify continuity between the positive, 
low-side terminal of the breaker or fuse block, and terminal Z25, marked “+”.  Verify 
continuity between the negative, low-side terminal of the breaker or fuse block and 
terminal Z26, marked “-”.  This step is important because the SEL-300G 24/48 Vdc 
power supply is polarity sensitive. 


 
CAUTION ! 


 


Do not apply reverse polarity dc voltage or ac voltage 
to terminals Z25 and Z26 of SEL-300G Relays rated 
for 24/48 Vdc applications.  Relay failure and 
permanent power supply damage will result from 
application of reverse polarity dc voltage to relays rated 
for 24/48 Vdc applications. 


DWG: M300G103


SEL-300G Relay
(Partial)


ohms


com


0.0 ohms


To Battery
Bank


+ DC


com


+Vdc


DC fuse block
(or DC circuit
breaker) with
fuses removed.


1


2 3


1 Verify correct
DC polarity at
fuse block input.


2 Verify continuity
from fuse block
+dc to relay +dc
power supply
terminal Z25.


3 Verify continuity
from fuse block
-dc to relay -dc
power supply
terminal Z26.


Z26Z25


 


Figure 7.6:  DC Supply Polarity, Continuity Checks 
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Step 5. Select models of the SEL-300G_1 and SEL-300G_Y Relays are equipped with 
polarity sensitive, high-current interrupting output contacts.  When the relay is so 
equipped, it will have + polarity marks above even-numbered terminals in the  
B-series, such as B02, B04, etc.  If your relay output contacts include polarity marks, 
review your dc wiring diagrams to ensure that even-numbered terminals are applied at 
a higher potential than odd-numbered terminals in their dc circuits. 


Note: If an output contact is polarity marked, do not use it to switch ac control 
signals.  If an output contact is not polarity marked, it is not polarity sensitive 
and can be connected with either terminal at the higher potential. 


Step 6. In preparation to energize and set the relay, remove ac signals from the relay and 
isolate its tripping contacts. 


Step 7. Energize the relay by closing the dc breaker or installing the dc fuses.  Within a 
moment of energizing the relay, the green enable LED (EN) on the front panel should 
illuminate, and the relay self-test ALARM contact (A15, A16) should open (type “b” 
contact, see Figure 4.16). 


Step 8. Connect the PC to the relay using the appropriate serial cable.  Refer to Table 7.1 for 
typical cable numbers.  These cables are available directly from SEL or you can build 
your own cable using the cable pinout shown in the SEL-5801 Cable Selector 
Software.  This software is available from SEL, or can be downloaded free of charge 
from the SEL world wide web site at http://www.selinc.com.  


Serial Port 1 on all the SEL-300G models is an EIA-485 port (4-wire).  The Serial 
Port 1 plug-in connector accepts wire size AWG 24 to 12.  Strip the wires 0.31 inches 
(8 mm) and install with a small slotted-tip screwdriver.  Serial Port 1 connector has 
extra positions for IRIG-B time-code signal input. 


All EIA-232 ports accept 9-pin D-subminiature male connectors.  Port 2 on all the 
SEL-300G models also accepts demodulated IRIG-B time-code signal input. 


Refer to Table 7.1 for a list of cables available from SEL for various communication 
applications.   


Note: Listing of devices not manufactured by SEL in Table 7.1 is for the 
convenience of our customers.  SEL does not specifically endorse or 
recommend such products, nor does SEL guarantee proper operation of those 
products, or the correctness of connections, over which SEL has no control. 


For example, to connect any EIA-232 port to the 9-pin male connector on a laptop 
computer, order cable number C234A and specify the length needed (standard length 
is eight feet).  For connecting devices at distances over 100 feet, SEL offers 
fiber-optic transceivers.  The SEL-2800 family of transceivers provides fiber-optic 
links between devices for electrical isolation and long distance signal transmission.  
Contact SEL for further information on these products. 
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Table 7.1:  Communication Cables to Connect the SEL-300G Relay 
to Other Devices 


SEL-300G EIA-232 
Serial Ports 


Connect to Device 
(gender refers to the device) SEL Cable # 


all EIA-232 ports PC, 25-Pin Male (DTEb) C227A 
all EIA-232 ports Laptop PC, 9-Pin Male (DTEb) C234A 
all EIA-232 ports SEL Communications Processors without 


IRIG-B 
C272A 


2 SEL Communications Processors with 
IRIG-B 


C273A 


all EIA-232 ports SEL-PRTU C231 
2 SEL-IDM, Ports 2 through 11 C254 + C257 
2a 
3a 


StarComm Modem, 5 Vdc Powered C220 


all EIA-232 ports Standard Modem, 25-Pin Female (DCEc) C222 
all EIA-232 ports RFL-9660 C245A 
All EIA-232 ports 
(with SEL-2800 


transceiver) 


SEL-2600 Series RTD Module C805d 


All EIA-232 ports 
(with SEL-2812MR 


transceiver) 


SEL-2664 Field Ground Module SEL C805 Multimode 
200 μm core diameter 
fiber-optic cable with ST 
connectors, or SEL C807 
Multimode 62.5 μm core 
diameter fiber-optic cable 
with ST connectors 


a A corresponding main board jumper must be installed to power the StarComm Modem with +5 Vdc 
(0.5 A limit) from the SEL-300G.  See Figure 5.25 and Table 5.7. 


b Data Terminal Equipment 
c Data Communication Equipment 
d SEL part number C805Z010VVX0003 (3 meters).  Refer to the Model Option Table for additional 


cable choices. 
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SEL-300G to Computer 


GND 5
TXD 3
RXD 2
GND 9
CTS 8


7 GND
3 RXD
2 TXD
1 RTS
4 CTS
5 GND
6
8
20


SEL-300G Relay
9-Pin Male


“D” Subconnector


9-Pin DTE Device
25-Pin Female


“D” Subconnector


Cable C227A


 


RXD 2
TXD 3
GND 5
CTS 8


3 TXD
2 RXD
5 GND
8 CTS
7 RTS
1 DCD
4 DTR
6 DSR


SEL-300G Relay
9-Pin Male


“D” Subconnector


9-Pin DTE Device
9-Pin Female


“D” Subconnector


Cable C234A


Step 9. SEL relays respond to ASCII text commands entered on the relay serial port.  PC 
terminal emulation packages such as Microsoft® Windows® HyperTerminal®, 
ProComm Plus®, SmartCOM®, CROSSTALK®, and many other packages allow 
ASCII commands to be sent from the PC serial port and relay responses displayed.  
Start your PC and run the appropriate terminal emulation software. 


Step 10. Configure the terminal emulation software to operate the PC-COM port (COM1, 
COM2, etc.) at the relay baud rate (factory default 2400 baud), using 8 data bits, 1 
stop bit, no parity bit, and XON/XOFF flow control.  Refer to the terminal emulation 
package documentation or HELP function for assistance in making these PC 
communication port configuration settings. 


Note: Commands you type appear in bold/uppercase: SET. Computer keys you 
press appear in bold/brackets: <Enter>. 


With the terminal emulation software active at the terminal screen, you should see an 
= prompt appear on the screen after you press the <Enter> or <Return> key on the 
PC keyboard. 


The = prompt is the relay indication that it is communicating at Access Level 0.  
Relay settings are entered at Access Level 2. 
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Commands can be issued to the relay via the serial port to view metering values, 
change relay settings, etc.  The available serial port commands are listed in 
Table 10.6.  The commands can be accessed only from the corresponding access level 
as shown in Table 10.6.  The access levels are: 


Access Level 0 (the lowest access level) 
Access Level 1 
Access Level B 
Access Level 2 (the highest access level) 


For more information on a particular command, type HELP cmd <Enter>, where 
cmd is the name of the command you are interested in. 


Passwords are required to move up in access levels if the main board Password 
jumper is not in place (Password jumper = OFF).  Passwords are not required if the 
main board Password jumper is in place (Password jumper = ON).  Refer to Table 5.5 
and Table 5.6 for Password jumper information.   


The factory default passwords for Access Levels 1, B, and 2 are shown in the table 
under the PAS command in Section 10 of this manual. 


At the Access Level 0 prompt, enter the ACC command: 


=ACC <Enter> 


If the Password jumper is not in place, the relay asks for the Access Level 1 password 
to be entered: 


Password: ? @@@@@@ 


The relay is shipped with the default Access Level 1 password shown in the table 
under the PAS command. At the above prompt enter the default password and press 
the <Enter> key. 


The “=>” prompt indicates the relay is now in Access Level 1. 


If the entered password is incorrect, the relay asks for the password again 
(Password:  ?).  The relay will ask up to three times.  If the requested password is 
incorrectly entered three times, the relay closes the ALARM contact for one second 
and remains at Access Level 0 (“=” prompt). 


If the Password jumper is in place, the relay does not ask for a password; it goes 
directly to Access Level 1.  


The above two examples demonstrate how to go from Access Level 0 to Access 
Level 1.  The procedure to go from Access Level 1 to Access Level B, Access Level 1 
to Access Level 2, or Access Level B to Access Level 2 is much the same, with 
command BAC or 2AC entered at the access level screen prompt.  The relay closes 
the ALARM contact for one second after a successful Level B or Level 2 access.  If 
access is denied, the ALARM contact closes for one second. 


Enter the 2AC command at the Access Level 1 prompt: 


=>2AC <Enter> 
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If the password jumper is in place, enter the factory default Access Level 2 password, 
TAIL. 


Using the SET 1, SET 2, SET G, SET R, and SET P commands, enter relay settings 
according to the Settings Sheets for your application.  


When you issue the SET command, the relay presents a list of settings, one at a time.  
Enter a new setting, or press <Enter> to accept the existing setting.  Editing 
keystrokes are shown in Table 7.2. 


Table 7.2:  SET Command Editing Keystrokes 


Press Key(s) Results 


<Enter> Retains setting and moves to the next setting. 


^ <Enter> Returns to previous setting. 


< <Enter> Returns to previous setting category. 


> <Enter> Moves to next setting category. 


End <Enter> Exits editing session, then prompts you to save the settings. 


<Ctrl> X Aborts editing session without saving changes. 


The relay checks each entry to ensure that it is within the setting range.  If it is not, an 
“Out of Range” message is generated, and the relay prompts for the setting again. 


When all the settings are entered, the relay displays the new settings and prompts for 
approval to enable them.  Answer Y <Enter> to enable the new settings.  If changes 
are made to Global, SER, or Port settings, the relay is disabled while it saves the new 
settings.  If changes are made to the Group settings for the active setting group, the 
relay is disabled while it saves the new settings.  The ALARM contact closes 
momentarily and the EN LED extinguishes while the relay is disabled.  The relay is 
disabled for as long as 15 seconds. 


 If changes are made to the Group settings for the inactive setting group, the relay is 
not disabled while it saves the new settings.  The ALARM contact closes 
momentarily, but the EN LED remains on while the new settings are saved. 


If pickup settings for 100 percent stator ground element 64G2 have not been 
calculated, leave Relay Word bit 64G2T out of tripping control equations.  Set the 
Breaker Monitor function SELOGIC control equation enable BKMON = 0 in the 
Global relay settings.  This disables the Breaker Monitor function while the relay is 
being tested. 


Step 11. Verify relay ac connections.  Connect the protective relay ac test signal source to the 
SEL-300G through the ac protection cabinet wiring.  (You may connect directly to the 
relay, however this does not verify the accuracy of the wiring in the protection 
cabinet.)  Apply rated ac voltage (67 Vln, 120 Vll) and current (1 A or 5 A) to the 
relay phase voltage and current inputs.   
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If a three-phase test source is used, set the source phase angles as shown in Figure 7.7: 


When setting PHROT = ABC,  
set angle Va = angle Ia = 0° 
set angle Vb = angle Ib = –120° 
set angle Vc = angle Ic = 120° 


When setting PHROT = ACB,  
set angle Va = angle Ia = 0° 
set angle Vb = angle Ib = 120° 
set angle Vc = angle Ic = –120° 


+120°


-120°


VC


VB


VA


PHROT = ABC


+120°


-120°


PHROT = ACB


DWG:  M300G104


VB


VC


VA


Figure 7.7:  Three-Phase AC Connection Test Voltage Signals 


If open-delta potentials are used, set the test source phase angles as shown in 
Figure 7.8: 


When setting PHROT = ABC,  
set angle Ia =0° 
set angle Ib = –120° 
set angle Ic = 120° 
set angle Vab = +30° 
set angle Vcb = +90° 


When setting PHROT = ACB, 
set angle Ia = 0° 
set angle Ib = 120° 
set angle Ic = –120° 
set angle Vab = –30° 
set angle Vcb = –90° 


DWG:  M300G200


60° VAB


VCB


PHROT = ABC


60°


VAB


VCB


PHROT = ACB


Figure 7.8:  Open-Delta AC Potential Connection Test Voltage Signals 
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If a single-phase source is used, set the source phase angles to zero and apply the 
voltage and current to phases A, B, and C in turn.   


Use the front-panel or serial port METER function to verify that the relay is 
measuring voltage and current magnitudes and phase angles correctly, taking into 
account the relay PTR and CTR settings and the fact that the quantities are displayed 
in primary units.  This step verifies the signal polarity and per-phase ac connections to 
the relay. 


Apply rated ac voltage (67V) to the relay VS and VN inputs if provided and used.  
Apply rated ac current (1 A or 5 A) to the relay IN input if used.  Use the front-panel 
or serial port METER function to verify that the relay is measuring voltage and 
current magnitudes and phase angles correctly, taking into account the relay PTRN, 
PTRS, and CTRN settings and the fact that the quantities are displayed in primary 
units. 


Step 12. Verify optoisolated input connections.  Use the front-panel OTHER pushbutton and 
the TAR function to cause the relay to display Relay Word Row 31 on the relay 
front-panel LEDs (see Section 9:  Front-Panel Operation and Section 10:  Serial 
Port Communications and Commands for more details regarding the front-panel 
TARGET command).  Apply rated dc voltage to the individual relay optoisolated 
input circuits.  As you apply dc voltage to each input, its label will appear in the LCD 
display and its LED will illuminate.   


Execution of the TAR command via the front-panel display remaps the bottom row of 
the front-panel target LEDs (see Figure 9.3, pushbutton OTHER). 


For instance, the TAR 31 command associates the front-panel 87 LED with input 
IN101.  When rated dc voltage is applied to IN101, the 87 LED illuminates.  Verify 
inputs IN201 through IN208 of SEL-300G_1 and SEL-300G_Y Relays using 
TAR 40.  When input verification is complete, press the TARGET RESET or EXIT 
pushbutton to reset the front-panel target LEDs. 


Table 7.3:  SEL-300G Relay Contact I/O Viewed by the TAR Command 


TAR 0  
(Front-Panel 
LEDs) 


EN BKR 
CLOSED


LOP 60 TRIP 21/51V 50 51 N 


TAR 1 
(Front-Panel 
LEDs) 


24 27/59 32 40 46 64G 81 87 


TAR 31 ER OOST IN106 1IN105 IN104 IN103 IN102 IN101 


TAR 32 ALARM OUT107 OUT106 OUT105 OUT104 OUT103 OUT102 OUT101


TAR 40 IN208 IN207 IN206 IN205 IN204 IN203 IN202 IN201 


TAR 42 OUT201 OUT202 OUT203 OUT204 OUT205 OUT206 OUT207 OUT208


TAR 43 OUT209 OUT210 OUT211 OUT212 * * * * 


Step 13. Verify relay contact output electrical performance.  Use the front-panel or serial port 
PULSE command to close individual relay output contacts (see Section 9:  
Front-Panel Operation and Section 10:  Serial Port Communication and 







7-16 Relay Commissioning 
 


Date Code 20081231  SEL-300G Instruction Manual 


Commands for more details regarding the PULSE command).  Ensure that each 
contact operates properly in its designated annunciation, control, or tripping circuit.  


 
CAUTION ! 


 


Standard SEL relay output contacts are rated to make 
and carry trip coil current, but are not rated to interrupt 
trip coil current.  Do not exceed the contact interrupt 
ratings shown in Relay Specifications and Options. 


Note: Later steps call for the operation of the generator to collect data.  Be sure to 
verify trip circuit operation before the generator is run. This helps ensure the 
relay can operate in the unlikely event that the relay detects a generator fault 
during initial generator operation. 


Step 14. Perform any desired protection element tests using the individual element test 
procedures later in this section.  It is only necessary to perform tests sufficient to 
prove that the relay operation is as intended for the installation.  Exhaustive element 
performance characterizations are not necessary for commissioning. 


Step 15. Execute the serial port Access Level 1 SHOWSET TR1 command.  (This command 
instructs the relay to display active settings for tripping, event triggering, and output 
contact control starting with the TR1 setting.)  Confirm that trip initiation settings 
TR1 through TR4 are set according to your Settings Sheets.  Confirm that output 
contacts used in tripping circuits are set to close when TRIP1, TRIP2, TRIP3, or 
TRIP4 assert.  These tripping bits typically are used individually, one TRIPn bit per 
output contact (see the tripping application examples in Section 4:  SELOGIC Control 
Equations).  If any relay settings were modified during Step 14, confirm that they 
have been returned to their correct settings. 


Step 16. Connect the relay for tripping duty.  If the relay is an SEL-300G0 model and 100 
percent stator ground element settings have been finalized, perform Step 17 and Step 
18 to verify ac voltage and current connections, then shut down the generator and skip 
to Step 22. To finalize the settings for the relay 100 percent stator ground elements, it 
is necessary to operate the generator at no load and at full load to measure the terminal 
and neutral third-harmonic voltage magnitudes (see Section 2:  Relay Element 
Settings for additional details).  If 100 percent stator ground element settings have not 
been finalized, perform Step 17 through Step 22. 


Step 17. Following the prime mover and generator manufacturers’ guidelines, operate the 
generator at no load.   


 
CAUTION ! 


 


Be sure to follow the generator and prime mover 
manufacturers’ guidelines with respect to generator 
operation and commissioning. 


Use the relay front-panel or serial port METER command to display the ac quantities 
measured by the relay.  Note the phase voltage magnitudes and phase angles.  Phase 
voltage magnitudes should be nearly equal.  Phase voltage phase angles should be 
balanced and have proper phase rotation.  The positive-sequence voltage magnitude, 
V1, should be nearly equal to VA, VB, and VC.  The negative-sequence voltage 
magnitude, V2, and zero-sequence voltage magnitude, 3V0, should both be nearly 
zero.   
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Note: If the relay reports V1 near zero and V2 nearly equal to VA, VB, and VC, 
there is a phase rotation problem.  Verify the relay ac voltage connections and 
the relay Global phase rotation setting, PHROT.  A nonzero 3V0 meter value 
typically indicates a single-phase voltage connection problem. 


After correcting any problems indicated by the phase and sequence voltage 
measurements, record the VN3 and VP3 third-harmonic voltage magnitudes.   


Step 18. Increase generator loading to approximately 10 percent of full load.  Use the relay 
front-panel or serial port METER command to display the ac quantities measured by 
the relay.  Note the phase current magnitudes and phase angles.  Phase current 
magnitudes should be nearly equal.  Phase current phase angles should be balanced, 
have proper phase rotation, and appropriate phase relationship to their phase voltages.  
The positive-sequence current magnitude, I1, should be nearly equal to IA, IB, and IC.  
The negative-sequence current magnitude, I2, and residual current magnitude should 
both be nearly zero. 


Note: If the relay reports I1 near zero and I2 nearly equal to IA, IB, and IC, there is 
a phase rotation problem.  Verify the relay ac current connections and the 
relay Global phase rotation setting, PHROT.  A nonzero 3I0 meter value 
indicates a phase current polarity connection problem. 


If the relay is an SEL-300G1 model, use the front-panel or serial port METER DIFF 
command to check differential protection quantities.  Differential operate current 
quantities IOP1, IOP2, and IOP3 should be near zero. 


Note: If the SEL-300G1 Relay METER DIFF function reports nonzero differential 
operate currents, there is likely a differential current transformer connection 
problem or a problem with the TRCON or CTCON settings.  Use the 
Differential Element Commissioning Worksheet later in this section to 
determine the nature of the connection problem. 


Step 19. Operate the generator at full load.  Use the front-panel or serial port METER 
command to display the ac quantities measured by the relay.  Note the ac voltage and 
current magnitude and phase angle measurements, using the same criteria as in Step 
18.  Having made any necessary corrections during early steps, the measurements 
should now be correct.  Record the terminal and neutral third-harmonic voltage 
magnitudes VP3 and VN3.   


Step 20. Shut down the generator. 


Step 21. Calculate settings for the 64G2 element using the measurements taken above and the 
guidelines shown in Section 2:  Relay Element Settings.  Using the serial port SET 
command, enter the newly calculated 64G element settings and add 64G2T to tripping 
SELOGIC control equations.  If desired, perform 64G protection element tests to verify 
the element performance with the new settings. 


Step 22. To prepare the relay for operation, it is helpful to clear the relay data buffers.  This 
prevents data generated during installation testing from being confused with 
operational data collected later.  Execute the relay commands in Table 7.4 to clear 
specific data. 
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Table 7.4:  Serial Port Commands That Clear Relay Data Buffers 


Serial Port 
Command Task Performed: 


MET RD Resets Demand Meter Data 


MET RP Resets Peak Demand Meter Data 


MET RE Resets Energy Meter Data 


MET RM Resets Max/Min Data 


HIS C Clears Event Report and History Command Buffers 


PRO R Resets Selected Generator Operating Statistic Buffers 


SER C Clears Sequential Events Record Buffer 


Note: The PRO R and SER C commands should only be used at initial installation.  
Do not reset the generator operating profiles or SER buffer following routine 
maintenance unless you are very familiar with the use of the data contained in 
these buffers. 


Step 23. Set the Breaker Monitor function SELOGIC control equation enable BKMON back to 
the setting specified by your Settings Sheets.  If desired, use the SHO 1, SHO 2, 
SHO G, and SHO R commands to record the relay settings.  The relay is now ready 
for operation. 


PROTECTION ELEMENT TESTS 


Introduction 


This section describes detailed test procedures for individual protection elements.  While it is not 
necessary to test every protection function provided by the relay at commissioning time, you may 
wish to test selected elements to verify correct element operation. 


Note: Many of the protection functions include torque-control settings, as described in 
Section 2:  Relay Element Settings.  To test these elements, either set the torque-control 
setting directly to logical 1 or ensure that the torque-controlling conditions are satisfied 
by the test signals.  If an element under test does not respond to test signals, verify that 
the torque-control condition is asserted before proceeding with further troubleshooting. 


Three Voltage Source and Three Current Source Connections 


Figure 7.9 shows connections to use when three voltage sources and three current sources are 
available.  Figure 7.10 shows connections to use when two voltage sources and three current 
sources are available.  
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DWG:  M300G113


+ -
VA IA


+ -
VB IB


+ -
VC IC


Three-Phase Voltage and Current Sources


Z01
IA


Z02 Z03 Z04 Z05 Z06 Z07 Z08 Z09 Z10 Z11 Z12
IB IC IN


VA


Z13 Z14


VB VC N VN NN


Relay Rear-Panel Voltage and Current Inputs (DELTA_Y=Y)


Z15 Z16


VS NS


+ -
VS *


* VS Source only needed for 25 Element Tests


 


Figure 7.9:  Three Voltage Source and Three Current 
Source Test Connections 


DWG:  M300G220


+ -
VAB IA


+ -
VCB IB


+ -
V IC


Two Voltage and Three Current Sources


Z01
IA


Z02 Z03 Z04 Z05 Z06 Z07 Z08 Z09 Z10 Z11 Z12
IB IC IN


VA


Z13 Z14


VB VC N VN NN


Relay Rear-Panel Voltage and Current Inputs (DELTA_Y=D)


Z15 Z16


VS NS


+ -
VS *


* VS Source only needed for 25 Element Tests


 


Figure 7.10:  Two Voltage Source and Three Current  
Source Test Connections 


Distance (21) Element 


Equipment Needed 
• SEL-300G Relay under test. 
• Two- or Three-Phase AC Voltage and Current Test Source with adjustable magnitude 


and phase angle.   
• PC with terminal emulation software and appropriate serial cable to connect the 


PC-COM port to the relay. 
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Test Source Connections 
Connect the voltage and current sources according to Figure 7.9 or Figure 7.10.  


Basic Element Operation 
The SEL-300G distance elements are designed to provide backup protection for phase-to-phase 
and three-phase faults on the power system external to the generator.  The relay provides two 
independent protection zones.  Each zone is equipped with settings that define: 


• Forward reach in secondary ohms. 
• Offset (or reverse reach) in secondary ohms. 
• Maximum Torque Angle in degrees. 
• Definite-time delay in seconds. 
• Delta-wye step-up transformer compensation. 


The voltage and current phase shift introduced by a delta-wye step-up transformer changes the 
voltage and current signals presented to the SEL-300G Relay during a phase-phase fault on the 
system.  The effect is illustrated by Figure 7.11 and Figure 7.12. 


Generator Voltages and Currents
During System B-C Fault


System Voltages and Currents
During System B-C Fault


Generator and System Prefault Voltages


Vc


Va


Vb


DWG:  M300G222


VC VA


VB


Vc Ic Va


Vb


Ia, Ib IB
VC VB


IC


VA


a


c b


A


C
B


G
B-C Fault


 


Figure 7.11:  Generator Voltage and Current Relationships 
During a System Phase-to-Phase Fault 
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G


a


c b


A


C
B


3-Phase Fault


Generator and System Prefault Voltages


Vc


Va


Vb


Vc


Ic


Va


Vb


Ib


Generator Voltages and Currents
During System 3-Phase Fault


System Voltages and Currents
During System 3-Phase Fault


Ia
VB


IA


IC


IB


VA
VC


DWG:  M300G223


VC VA


VB


 


Figure 7.12:  Generator Voltage and Current Relationships 
During a System Three-Phase Fault 


The Z1CMP and Z2CMP settings instruct the SEL-300G to compensate for the effects of the 
delta-wye step-up transformer when the mho distance element is used.  Compensator distance 
elements inherently compensate for the step-up transformer. The element pickup accuracy test 
below describes a mho distance three-phase test. 


The compensator distance three-phase test is similar. 


Element Pickup Accuracy Test 


Step 1. Make test source connections according to Figure 7.9 or Figure 7.10. 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the relay phase distance elements: 
VNOM =  ________  volts (nominal phase-to-phase voltage) 


INOM =  _________  amps (nominal phase current) 


EBUP = D (setting enables the phase distance elements) 
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Z1R =  __________  ohm secondary (Zone 1 reach pickup setting) 


Z1O =  __________  ohm secondary (Zone 1 offset setting) 


MTA1 =  ________  degrees (Zone 1 Maximum Torque Angle) 


Z1CMP =  _______  (step-up transformer compensation) 


Z1D =  __________  seconds (Zone 1 element definite-time delay) 


Z2R =  __________  ohm secondary (Zone 2 reach pickup setting) 


Z2O =  __________  ohm secondary (Zone 2 offset setting) 


MTA2 =  ________  degrees (Zone 2 Maximum Torque Angle) 


Z2CMP =  _______  (step-up transformer compensation) 


Z2D =  __________  seconds (Zone 2 element definite-time delay) 


MPF =  __________  (minimum generator power factor) 


MXLD =  ________  per unit (maximum generator load) 


21PTC = ___________________________________________________ 
  Torque-Control Setting (elements are enabled when 21PTC = logical 1) 


Using the front-panel or serial port SHO G command, note the global PHROT and 
DELTA_Y settings: 


PHROT = ________ ABC or ACB (generator phase rotation)  
DELTA_Y = ________ Y or D (generator phase pt connection)  


Step 3. This element is easiest to test by simulating a three-phase fault, increasing the test 
currents while holding the test voltages constant.  Set the test source voltage 
magnitudes greater than or equal to 0.45 • VNOM (when DELTA_Y = Y) or 
0.75 • VNOM (when DELTA_Y = D).  Set the test source voltage phase angles as 
shown in Figure 7.7 or Figure 7.8.   


Note: Lower test voltage magnitudes may be necessary if the element reach setting 
is less than 10 ohms secondary.   


Step 4. Set the test source current phase angles as shown below: 


When setting PHROT = ABC,  set angle Ia =  –MTAn° 
set angle Ib = –120 – MTAn° 
set angle Ic = 120 – MTAn° 


When setting PHROT = ACB,  set angle Ia = –MTAn° 
set angle Ib = 120 – MTAn° 
set angle Ic = –120 – MTAn° 


To predict the test current magnitude where the element will operate, use one of the 
following equations: 


When DELTA_Y = Y: 


R1Z
VaIop =  A secondary 
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When DELTA_Y = D: 


R1Z73.1
VabIop ⋅


=  A secondary 


This calculation assumes that you will increase the magnitude of all three phase 
currents together, while holding the test voltage constant.  When performing the 
calculation for the Zone 2 pickup, substitute the value of the Z2R setting in place of 
the Z1R setting. 


Note: If the calculated test current exceeds your test set capabilities, you need to 
perform a two-stage test.  In the first stage, the test set should apply balanced, 
three-phase voltage as calculated in Step 3 on the previous page.  In the 
second stage, switch the test set to apply a lower test voltage and a test current 
that the test set is capable of producing.  This approach prevents the loss-of-
potential element, 60LOP, from blocking element operation due to low 
voltage. 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button twice to display Relay Word Row 
39, which contains the distance element indications as shown in Table 7.5. 


Table 7.5:  Relay Word Row 39 Shows Relay Word Bits 
for Distance Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 39 
Command 
causes these 
LEDs to 
represent: 


 
 
 
 
21PTC 


 
 
 
 
21P1P 


 
 
 
 
21P1T 


 
 
 
 
21P2P 


 
 
 
 
21P2T 


 
 
 
 
MPP2P MABC2P 


 
 
 
 


* 


With balanced, three-phase voltage applied to the relay and standard settings for the 
21PTC torque-control setting, the relay should display the 21PTC Relay Word bit 
name in the LCD display and illuminate the 24 LED as shown in Table 7.5.   


During the manual test, as you change test current magnitudes, you can see the 21P1P 
and 21P2P Relay Word bits assert and deassert to indicate pickup and dropout of the 
respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  


Step 5. Gradually increase the magnitude of all three phase currents.  Record the current 
magnitude applied to the relay when the instantaneous element under test asserts. 


21P1P asserted when phase current magnitude equaled: ________ A secondary (Itest). 
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Use the equation below to calculate the element error (DELTA_Y = Y, Z1CMP = 0, 
+30, or –30): 


100•
R1Z


R1Z
Itest
Va


error %
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛ −
=  


% error = _________  


Use the equation below to calculate the element error (DELTA_Y = D, Z1CMP = 0, 
+30, or –30): 


100•
R1Z


R1Z
Itest732.1


Vab


error %
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛ −
⋅=  


% error = _________  


Step 6. Repeat Steps 3, 4, and 5 for the Zone 2 element. 


Element Timing Accuracy Test 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation. These methods are described in Test 
Methods beginning on page 7-3. 


21P1D Time-Delay Accuracy Test 


The 21P1T Relay Word bit asserts Z1D seconds after the 21P1P element picks up. The Element 
Pickup Accuracy Test verified the accuracy of the 21P1P setting.  This test applies current signals 
greater than the pickup values found above and measures the element definite operating time. 


Step 1. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the voltage test source to apply balanced, three-phase 
voltages with magnitudes and phase angles as used in the element accuracy test.  
Configure the current test sources to apply balanced, three-phase currents with 
magnitudes equal to 1.1 • Itest, as measured by the 21P1P accuracy test performed 
above. 


Step 2. Expect 21P1T to assert Z1D seconds after the test signals are applied. 
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Step 3. Apply the test voltages calculated in Step 1.  Next, apply the test currents and record 
the element operating time, Ttest.  Remove the test voltages and currents. 


Ttest = _________ seconds 


Step 4. Calculate the relay timing error using the equation: 


100•
D1Z


D1ZTtesterror % ⎟
⎠
⎞


⎜
⎝
⎛ −


=  


% error = _________  


Repeat the test for Zone 2, if desired. 


Volts/Hertz (24) Element 


Equipment Needed 
• SEL-300G Relay under test. 
• Two- or Three-Phase AC Voltage Test Source with adjustable magnitude and phase 


angle.   
• PC with terminal emulation software and appropriate serial cable to connect the 


PC-COM port to the relay. 


Test Source Connections 
When DELTA_Y = Y, connect the voltage sources according to Figure 7.9.  When 
DELTA_Y = D, connect the voltage sources according to Figure 7.10.  Current sources are not 
needed for this test. 


Basic Element Operation 
The SEL-300G volts/hertz element is designed to detect generator overexcitation that occurs when 
the generator terminal voltage is increased or operating frequency is decreased.  The relay 
measures the generator phase-to-phase voltages and the generator frequency, then calculates the 
volts/hertz using the following equation: 


100•
VNOM
FNOM•


Freq
VppV/Hz % =  


where: 
Vpp = measured generator phase-to-phase voltage, largest of the VAB, VBC, 


and VCA 
Freq = measured generator frequency 
FNOM = nominal generator frequency (Relay Global Setting) 
VNOM = nominal generator phase-to-phase voltage 


When the measured phase-to-phase voltage and generator frequency are equal to the nominal 
settings FNOM and VNOM, the result of the equation above is 100 percent.  If the phase-to-phase 
voltage increases or the operating frequency decreases, the equation result exceeds 100 percent 
and, depending on settings, the relay overexcitation elements can pick up. 
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The 24D1 element is a definite-time volts/hertz element that typically is applied as an 
overexcitation alarm.  If measured volts/hertz exceed the 24D1P setting, the relay asserts the 
24D1 Relay Word bit to logical 1.  If this condition continues for 24D1D seconds, the relay 
asserts the 24D1T Relay Word bit to logical 1.  After the excessive volts/hertz condition vanishes, 
the relay deasserts both Relay Word bits to logical 0. 


The 24C2 element is a composite time-delayed element.  You can enable this element with a 
dual-level definite-time characteristic (24CCS = DD), a simple inverse-time characteristic 
(24CCS = I), or a composite characteristic with inverse-time and definite-time operating areas 
(24CCS = ID). (See Section 2:  Relay Element Settings for a complete description of the 
element). 


Definite Time Element Pickup Accuracy Test 


Step 1. Using the front-panel or serial port SHO G command, note the global FNOM, 
PHROT, and DELTA_Y settings: 


FNOM  = ________ Hz (nominal generator frequency) 
PHROT = ________ ABC or ACB (generator phase rotation) 
DELTA_Y = ________ Y or D (phase potential connection) 


Make test source connections according to Figure 7.9 or Figure 7.10.  Current sources 
are not required for this test and may be left disconnected. 


Step 5. Using the front-panel or serial port SHO command, note the settings associated with 
the relay volts/hertz element: 
VNOM =  ________  volts (nominal phase-to-phase voltage) 


E24 = Y (setting enables the volts/hertz elements) 


24D1P =  ________ % volts/hertz (alarm element pickup setting) 


24D1D =  ________ seconds (alarm element definite-time delay) 


24CCS =  ________ (OFF, I, DD, ID; overexcitation element operating time curve 
shape) 


24IP =  __________ % volts/hertz (inverse-time element pickup; shown if 
24CCS = I or ID) 


24IC =  __________ (inverse-time element curve shape; shown if 24CCS = I or ID) 


24ITD =  _________ (inverse-time element time-dial; shown if 24CCS = I or ID) 


24D2P1 =  _______ % volts/hertz (definite-time pickup 1; shown if 24CCS = DD) 


24D2D1 =  _______ seconds (definite-time delay 1; shown if 24CCS = DD) 


24D2P2 =  _______ % volts/hertz (definite-time pickup 2; shown if 24CCS = DD 
or ID) 


24D2D2 =  _______ seconds (definite-time delay 2; shown if 24CCS = DD or ID) 


24CR =  _________ seconds (24C2 element linear reset time) 


24TC = __________________________________________________________ 
Torque-Control Setting (elements are enabled when 24TC = logical 1) 
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Step 2. This element is easiest to test by increasing the test voltage while holding the signal 
frequency equal to FNOM.  Set the test source frequency equal to FNOM.  Set the 
test source voltage phase angles as shown in Figure 7.7 or Figure 7.8. 


When DELTA_Y = Y, predict the test voltage magnitude where the element will 
operate using the following equation: 


100•3
VNOM•24D1PVop =  V secondary 


When DELTA_Y = D, predict the test voltage magnitude where the element will 
operate using the following equation: 


100
VNOM•24D1PVop =  V secondary 


This calculation assumes that you will increase the magnitude of all three phase 
voltages together, while holding the test frequency constant.  When performing the 
calculation for the 24C2 definite time pickup, substitute the value of the 24D2P1 or 
24D2P2 setting in place of the 24D1P setting. 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button twice to display Relay Word Row 2, 
which contains the volts/hertz element indications as shown in Table 7.6. 


Table 7.6:  Relay Word Row 2 Shows Relay Word Bits 
for Volts/Hertz Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 2 
Command 
causes these 
LEDs to 
represent: 


 
 
 
 


24TC 


 
 
 
 


24D1 


 
 
 
 


24D1T 


 
 
 
 


24C2 


 
 
 
 


24C2T 


 
 
 
 


24CR 


 
 
 
 


SS1 


 
 
 
 


SS2 


With balanced voltages applied to the relay and standard settings for the 24TC torque-
control setting, the relay should display the 24TC and 24CR Relay Word bit names in 
the LCD display and illuminate the 24 and 64G LEDs as shown in Table 7.6. 


During the manual test, as you change test voltage magnitudes, you can see the 24D1 
and 24C2 Relay Word bits assert and deassert to indicate pickup and dropout of the 
respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  
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Step 3. Gradually increase the magnitude of all phase voltages.  Record the voltage 
magnitude applied to the relay when the instantaneous element under test asserts.   


24D1 asserted when phase voltage magnitude equaled: ________ V secondary 
(Vtest). 


Use the equation below to calculate the element error when DELTA_Y = Y: 


100
24D1P


24D1P100
VNOM


Vtest3


error % ⋅


⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛
−⋅


⋅


=  


Use the equation below to calculate the element error when DELTA_Y = D: 


100
24D1P


24D1P100
VNOM
Vtest


error % ⋅
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛ −⋅
=  


% error = _________  


Step 4. Repeat Steps 3 and 4 for the 24C2 element. 


Element Timing Accuracy Test 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation. These methods are described in Test 
Methods beginning on page 7-3. 


24D1D Time-Delay Accuracy Test 
The 24D1T Relay Word bit asserts 24D1D seconds after the measured volts/hertz exceed the 
24D1P setting.  The Element Pickup Accuracy Test verified the accuracy of the 24D1P setting.  
This test applies signals greater than the 24D1P setting and measures the element definite 
operating time. 


Step 1. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the voltage test source to apply balanced voltages 
with magnitudes equal to 1.1 • Vtest, as measured by the 24D1P test performed above. 


Step 2. Expect 24D1T to assert 24D1D seconds after the test signals are applied. 
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Step 3. Apply the test voltages calculated in Step 1 and record the element operating time, 
Ttest.  Remove the test voltages. 


Ttest = _________ seconds 


Step 4. Calculate the relay timing error using the equation: 


100•
D1D24


D1D24Ttesterror % ⎟
⎠
⎞


⎜
⎝
⎛ −


=  


% error = _________  


24C2 Time-Delay Accuracy Test, 24CCS = DD 


When 24CCS = DD, the 24C2 element operates as a definite-time delayed element with two 
independent time delays, each associated with an independent pickup setting, as shown in 
Figure 7.13.  This test procedure uses up to four test points to verify that the definite-time delays 
are operating properly. 


t


24
D


2D
2


24D2P1


Test 1


Test 3 (opt)


Test 2


Test 4 (opt)


V
/H


z


24D2P2


24
D


2D
1


DWG: M300G105a
 


Figure 7.13:  24C2 Time-Delay Test Points, 24CCS = DD 







7-30 Relay Commissioning 
 


Date Code 20081231  SEL-300G Instruction Manual 


Step 1. When DELTA_Y = Y, use the equations below to calculate the test voltage 
magnitudes for Test Point 1, Test Point 2, and the optional Test Points 3 and 4, if 
desired, using the equations below. 


Select TestPoint1 such that: 


24D2P1 < TestPoint1 < 24D2P2 


100•3
VNOM•TestPoint1Vtest1=  V secondary 


Vtest1 = ___________ V secondary 


Select optional TestPoint3 such that  


TestPoint1 < TestPoint3 < 24D2P2 


100•3
VNOM•TestPoint3Vtest3 =  V secondary 


Vtest3 = ___________ V secondary 


Select TestPoint2 such that: 


TestPoint2 > 24D2P2 


100•3
VNOM•TestPoint2Vtest2 =  V secondary 


Vtest2 = ___________ V secondary 


Select optional Test Point 4 such that  


TestPoint4 > TestPoint2 


100•3
VNOM•TestPoint4Vtest4 =  V secondary 


Vtest4 = ___________ V secondary 


When DELTA_Y = D, use the equations below to calculate the test voltage 
magnitudes for Test Point 1, Test Point 2, and the optional Test Points 3 and 4, if 
desired, using the equations below. 


Select TestPoint1 such that: 


24D2P1 < TestPoint1 < 24D2P2 


100
VNOM•TestPoint1Vtest1=  V secondary 


Vtest1 = ___________ V secondary 
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Select optional TestPoint3 such that:  


TestPoint1 < TestPoint3 < 24D2P2 


100
VNOM•TestPoint3Vtest3=  V secondary 


Vtest3 = ___________ V secondary  


Select TestPoint2 such that: 


TestPoint2 > 24D2P2 


100
VNOM•TestPoint2Vtest2 =  V secondary 


Vtest2 = ___________ V secondary 


Select optional TestPoint4 such that:  


TestPoint4 > TestPoint2 


100
VNOM•TestPoint4Vtest4 =  V secondary 


Vtest4 = ___________ V secondary 


Step 2. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the voltage test source to apply balanced, three-phase 
voltages with magnitudes equal to Vtest1. 


Step 3. Apply the test voltages and record the element operating time, Ttest1.  Remove the 
test voltages for at least 24CR seconds to permit the element to fully reset.  Repeat 
using Vtest2, Vtest3, and Vtest4. 


Ttest1 = _________ seconds 


Ttest2 = _________ seconds 


Ttest3 = _________ seconds 


Ttest4 = _________ seconds 


Step 4. Calculate the relay timing errors at each test point using the equation: 


% error1 and error3 = 100•
24D2D1


24D2D1Ttestn
⎟
⎠
⎞


⎜
⎝
⎛ −  


% error2 and error4 = 100•
24D2D2


24D2D2Ttestn
⎟
⎠
⎞


⎜
⎝
⎛ −  


% error1 = _________  


% error2 = _________  
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% error3 = _________  


% error4 = _________  


24C2 Time-Delay Accuracy Test, 24CCS = I 


When 24CCS = I, the 24C2 element operates as an inverse-time delayed element, as shown in 
Figure 7.14.  This test procedure uses three test points to verify that the element is operating 
properly. 


time (seconds)


vo
lts


/h
er


tz
 (%


)


Test 1


Test 2


Test 3


24IP


DWG: M300G106a
 


Figure 7.14:  24C2 Time-Delay Test Points, 24CCS = I 


Step 1. When DELTA_Y = Y, calculate the test voltage magnitudes for Test Point 1, Test 
Point 2, and Test Point 3 using the equations below. 


100•3
VNOM•24IP•1.1Vtest1=  V secondary 


Vtest1 = ___________ V secondary 


100•3
VNOM•24IP•1.3Vtest2 =  V secondary 


Vtest2 = ___________ V secondary 


100•3
VNOM•24IP•1.5Vtest3 =  V secondary 


Vtest3 = ___________ V secondary 
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Calculate the expected operate time at each test point using the equation: 


24IC


1


100
24IP


VNOM
3•Vtestn


24ITDTopn


⎟⎟
⎟
⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜
⎜
⎜


⎝


⎛


−
⎟
⎟
⎠


⎞
⎜
⎜
⎝


⎛
=  seconds 


Top1 = _____________ seconds 
Top2 = _____________ seconds 
Top3 = _____________ seconds 


Note: The Topn equation above assumes that the test voltage frequency is equal to 
FNOM. 


When DELTA_Y = D, calculate the test voltage magnitudes for Test Point 1, Test 
Point 2, and Test Point 3 using the equations below. 


100
VNOM•24IP•1.1Vtest1=  V secondary 


Vtest1 = ___________ V secondary 


100
VNOM•24IP•1.3Vtest2 =  V secondary 


Vtest2 = ___________ V secondary 


100
VNOM•24IP•1.5Vtest3=  V secondary 


Vtest3 = ___________ V secondary 


Calculate the expected operate time at each test point using the equation: 


24IC


1


100
24IP


VNOM
Vtestn


24ITDTopn


⎟⎟
⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜
⎜


⎝


⎛


−
⎟
⎠
⎞


⎜
⎝
⎛


=  seconds 


Top1 = _____________ seconds 
Top2 = _____________ seconds 
Top3 = _____________ seconds 


Note: The Topn equation above assumes that the test voltage frequency is equal to 
FNOM. 


Step 2. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
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support the selection.  Configure the voltage test source to apply balanced, three-phase 
voltages with magnitudes equal to Vtest1. 


Step 3. Apply the test voltages and record the element operating time, Ttest1.  Remove the 
test voltages for at least 24CR seconds to permit the element to fully reset.  Repeat 
using Vtest2 and Vtest3. 


Ttest1 = _________ seconds 
Ttest2 = _________ seconds 
Ttest3 = _________ seconds 


Step 4. Calculate the relay timing errors at each test point using the equation: 


100•
Topn


TopnTtestnerrorn% ⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


% error1 = _________  
% error2 = _________  
% error3 = _________  


24C2 Time-Delay Accuracy Test, 24CCS = ID 


When 24CCS = ID, the 24C2 element operates as a composite element having an inverse-time 
and a definite-time characteristic, as shown in Figure 7.15.  This test procedure uses four test 
points to verify that the element is operating properly. 


time (seconds)


vo
lts


/h
er


tz
 (%


)


24IP
Test 1


Test 2


Test 3


Test 4


DWG: M300G107A


24
D


2D
2


24D2P2


 


Figure 7.15:  24C2 Time-Delay Test Points, 24CCS = ID 


Step 1. When DELTA_Y = Y, calculate the test voltage magnitudes for TestPoint1, 
TestPoint2, and TestPoint3 using the equations below.  TestPoints 1, 2, and 3 should 
be selected such that they are on the inverse-time curve as shown in Figure 7.15. 
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TestPoint1 = 1.1 • (24IP) 


100•3
VNOM•TestPoint1Vtest1=  V secondary 


Vtest1 = ___________ V secondary 


TestPoint1 < TestPoint2 < 24D2P2 


100•3
VNOM•TestPoint2Vtest2 =  V secondary 


Vtest2 = ___________ V secondary 


TestPoint2 < TestPoint3 < 24D2P2  


100•3
VNOM•TestPoint3Vtest3 =  V secondary 


Vtest3 = ___________ V secondary 


Select Test Point 4 such that  


TestPoint4 > 1.1 • (24D2P2) 


100•3
VNOM•TestPoint4Vtest4 =  V secondary 


Vtest4 = ___________ V secondary 


Calculate the expected operate time at TestPoints 1, 2, and 3 using the following 
equation: 


IC24


1


100
IP24


VNOM
3Vtestn


ITD24Topn


⎟⎟
⎟
⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜
⎜
⎜


⎝


⎛


−
⎟
⎟
⎠


⎞
⎜
⎜
⎝


⎛ ⋅
=  seconds 


Top1 = _____________ seconds 
Top2 = _____________ seconds 
Top3 = _____________ seconds 
Top4 = 24D2D2 seconds = _________ seconds 


Note: The Topn equation above assumes that the test voltage is applied at a 
frequency equal to FNOM. 


When DELTA_Y = D, calculate the test voltage magnitudes for Test Point 1, Test 
Point 2, and Test Point 3 using the equations below.  TestPoints 1, 2, and 3 should be 
selected such that they are on the inverse-time curve as shown in Figure 7.15. 


TestPoint1 = 1.1 • (24IP) 
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100
VNOM•TestPoint1Vtest1=  V secondary 


Vtest1 = ___________ V secondary 


TestPoint1 < TestPoint2 < 24D2P2 


100
VNOM•TestPoint2Vtest2 =  V secondary 


Vtest2 = ___________ V secondary 


TestPoint2 < TestPoint3 < 24D2P2 


100
VNOM•TestPoint3Vtest3 =  V secondary 


Vtest3 = ___________ V secondary 


Select Test Point 4 such that  


TestPoint4 > 1.1 • (24D2P2) 


%100
VNOM•4intTestPo4Vtest = V secondary 


Vtest4 = ___________ V secondary 


Calculate the expected operate time at Test Points 1, 2, and 3 using the 
following equation: 


24IC


1


100
24IP


VNOM
Vtestn


24ITDTopn


⎟⎟
⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜
⎜


⎝


⎛


−
⎟
⎠
⎞


⎜
⎝
⎛


=  seconds 


Top1 = _____________ seconds 
Top2 = _____________ seconds 
Top3 = _____________ seconds 
Top4 = 24D2D2 seconds = _________ seconds 


Note: The Topn equation above assumes that the test voltage is applied at a 
frequency equal to FNOM. 


Step 2. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the voltage test source to apply balanced, three-phase 
voltages with magnitudes equal to Vtest1. 
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Step 3. Apply the test voltages and record the element operating time, Ttest1.  Remove the 
test voltages for at least 24CR seconds to permit the element to fully reset.  Repeat 
using Vtest2, Vtest3, and Vtest4. 


Ttest1 = _________ seconds 
Ttest2 = _________ seconds 
Ttest3 = _________ seconds 
Ttest4 = _________ seconds 


Step 4. Calculate the relay timing errors at each test point using the equation: 


100•
Topn


TopnTtestnerrorn % ⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


% error1 = _________  
% error2 = _________  
% error3 = _________  
% error4 = _________  


Synchronism Checking (25) Function 


Equipment Needed 
• SEL-300G Relay under test. 
• Three- or Four-Phase AC Voltage Test Source with adjustable magnitude, phase angle, 


and frequency.   
• PC with terminal emulation software and appropriate serial cable to connect the 


PC-COM port to the relay. 


Test Source Connections 
Connect the voltage sources according to Figure 7.9 or Figure 7.10.   


Basic Element Operation 
The SEL-300G synchronism checking function is designed to ensure that the generator and system 
voltage magnitudes, phase angles, and frequencies are matched within settable limits before the 
generator breaker can be closed.  Individually, the limit checks are simple to test.   


First, the relay compares the magnitude of the VS input voltage to the 25VHI and 25VLO settings 
to ensure that the system voltage magnitude is within an acceptable window.   


Next, the relay calculates the magnitude and phase angle of the generator voltage designated by 
the SYNCP setting.  The magnitude is multiplied by the 25RCF setting and the phase angle is 
adjusted by the COMPA setting.  We refer to the result as VP. 


The relay compares the magnitude of VP to the 25VHI and 25VLO settings, to ensure the 
generator voltage is within the acceptable window.  If the 25VDIF setting is not OFF, the relay 
compares the magnitudes of VP and VS to ensure they are within 25VDIF percent of each other. 
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Next, the relay calculates slip frequency using the frequency of the VS signal and the frequency 
measured on the VA or VAB input.  By definition, the VA/VAB frequency is the same as the VP 
frequency, as all three generator phases turn together.  The relay compares the slip frequency to 
the 25SHI and 25SLO settings to ensure the slip is within the window defined by those settings. 


Finally, the relay calculates two phase angle differences between VS and VP.  The first difference 
is the absolute (uncompensated) difference.  The second difference is compensated by  
SLIP • TCLOSD • 360°.  The compensated phase angle difference is a predictive value.  It 
predicts the phase angle difference that will be present between VP and VS in TCLOSD seconds, 
assuming that the SLIP is constant between now and then.  The relay uses the uncompensated 
phase angle difference to create the 25A2 and CFA elements.  It uses the compensated differences 
to create the 25A1 and 25C elements. 


Voltage Element Accuracy Test 
Use the following steps to test accuracies of the voltage signals used in the synchronism checking 
function. 


Step 1. Make test source connections according to Figure 7.9 or Figure 7.10. 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the relay synch-check function: 
E25 = Y (setting enables the synch check function) 


25VLO =  ________  volts secondary (minimum acceptable system voltage) 


25VHI =  ________  volts secondary (maximum acceptable system voltage) 


25VDIF =  _______  percent (maximum voltage difference) 


25RCF =  ________  (voltage ratio correction factor) 


25SLO =  ________  Hz (minimum acceptable slip frequency) 


25SHI =  _________  Hz (maximum acceptable slip frequency) 


COMPA =  _______  degrees (transformer compensation angle) 


25ANG1 =  _______  degrees (maximum angle 1) 


25ANG2 =  _______  degrees (maximum angle 2) 


CANGLE =  ______  degrees (target breaker close angle) 


TCLOSD =  ______  seconds (breaker closing time) 


CFANGL =  ______  degrees (breaker close failure angle) 


27VSP =  ________  volts secondary (dead-bus undervoltage pickup) 


BSYNCH = __________________________________________________ 
  Block Synch Check (function is blocked when BSYNCH = logical 1) 
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Using the front-panel or serial port SHO G command, note the global FNOM, 
PHROT and DELTA_Y settings: 


FNOM = ________ Hz (nominal system frequency)  
PHROT = ________ ABC or ACB (generator phase rotation)  
DELTA_Y = ________ Y or D (generator phase pt connection)  


Step 3. The voltage elements are easiest to test by applying all three phase voltages and VS, 
then adjusting the applied voltage magnitudes to cause the elements under test to pick 
up and drop out.  A combination of relay settings determine the voltage phase angles 
you should apply to test the synch-check elements.  Refer to Table 7.7 and make the 
test source settings suggested for your combination of SYNCP, COMPA, DELTA_Y, 
and PHROT settings.  


Table 7.7:  Synch-Check Element Test Voltage Phase Angles 


 
VS 


Generator Voltages  
When Angle = 0° 


 
Relay Settings 


 
VP and Error Calculation 


0o


VS


 


VA


0o


-120o
VB (VC)


120o
VC (VB)


 


SYNCP = VA 
COMPA = 0 
DELTA_Y = Y 
PHROT = B(C) 


RCF25VAVP ⋅=  
( ) %100


VLO25
VLO25RCF25VTestPerrorP ⋅⎟


⎠
⎞


⎜
⎝
⎛ −⋅


=


 


0o


VS


 


VB


0o


-120o
VC (VA)


120o
VA (VC)


 


SYNCP = VB 
COMPA = 0 
DELTA_Y = Y 
PHROT = B(C) 


RCF25VBVP ⋅=  
( )


%100
VLO25


VLO25RCF25VTestPerrorP ⋅⎟
⎠
⎞


⎜
⎝
⎛ −⋅


=
 


0o


VS


 


VC


0o


-120o
VA (VB)


120o
VB (VA)


 


SYNCP = VC 
COMPA = 0 
DELTA_Y = Y 
PHROT = B(C) 


RCF25VCVP ⋅=  
( ) %100


VLO25
VLO25RCF25VTestPerrorP ⋅⎟


⎠
⎞


⎜
⎝
⎛ −⋅


=
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VS 


Generator Voltages  
When Angle = 0° 


 
Relay Settings 


 
VP and Error Calculation 


0o


VS


 


VC
90o


VB


-150o


-30o


VA


 


SYNCP = VAB 
COMPA = 0 
DELTA_Y = Y 
PHROT = B 


RCF25732.1VAVP ⋅⋅=  
( ) %100


VLO25
VLO25RCF25732.1VTestPerrorP ⋅⎟


⎠
⎞


⎜
⎝
⎛ −⋅⋅


=


 


0o


VS


 


VA
90o


VC


-150o


-30o


VB


 


SYNCP = VBC 
COMPA = 0 
DELTA_Y = Y 
PHROT = B 


RCF25732.1VBVP ⋅⋅=  
( ) %100


VLO25
VLO25RCF25732.1VTestPerrorP ⋅⎟


⎠
⎞


⎜
⎝
⎛ −⋅⋅


=


 


0o


VS


 


VA


-90o


VC


150o


30o


VB


 


SYNCP = VAB 
COMPA = 0 
DELTA_Y = Y 
PHROT = C 


RCF25732.1VAVP ⋅⋅=  
( ) %100


VLO25
VLO25RCF25732.1VTestPerrorP ⋅⎟


⎠
⎞


⎜
⎝
⎛ −⋅⋅


=


 


0o


VS


 


VB


-90o


VA


150o


30o


VC


 


SYNCP = VBC 
COMPA = 0 
DELTA_Y = Y 
PHROT = C 


RCF25732.1VBVP ⋅⋅=  
( ) %100


VLO25
VLO25RCF25732.1VTestPerrorP ⋅⎟


⎠
⎞


⎜
⎝
⎛ −⋅⋅


=
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VS 


Generator Voltages  
When Angle = 0° 


 
Relay Settings 


 
VP and Error Calculation 


0o


VS


 VCB 90o


30o


VAB


 


SYNCP = VA 
COMPA = 0 
DELTA_Y = D 
PHROT = B 


RCF25
732.1


VAB
VP ⋅=  


%100
VLO25


VLO25RCF25
732.1


VTestP


errorP ⋅
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛
−⎟


⎠
⎞


⎜
⎝
⎛ ⋅


=


 


0o


VS


 
VCB


150o -150o


VAB


 


SYNCP = VB 
COMPA = 0 
DELTA_Y = D 
PHROT = B 


RCF25
732.1


VAB
VP ⋅=  


%100
VLO25


VLO25RCF25
732.1


VTestP


errorP ⋅
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛
−⎟


⎠
⎞


⎜
⎝
⎛ ⋅


=


 


0o


VS


 VAB


-30o


-90o


VCB


 


SYNCP = VC 
COMPA = 0 
DELTA_Y = D 
PHROT = B 


RCF25
732.1


VAB
VP ⋅=  


%100
VLO25


VLO25RCF25
732.1


VTestP


errorP ⋅
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛
−⎟


⎠
⎞


⎜
⎝
⎛ ⋅


=


 


0o


VS


 


VAB


60o


0o
VCB


 


SYNCP = VAB 
COMPA = 0 
DELTA_Y = D 
PHROT = B 


RCF25VABVP ⋅=  
( )


%100
VLO25


VLO25RCF25VTestPerrorP ⋅⎟
⎠
⎞


⎜
⎝
⎛ −⋅


=


 


0o


VS


 


VAB
150o


-120o


VCB  


SYNCP = VBC 
COMPA = 0 
DELTA_Y = D 
PHROT = B 


RCF25VBCVP ⋅=  
( )


%100
VLO25


VLO25RCF25VTestPerrorP ⋅⎟
⎠
⎞


⎜
⎝
⎛ −⋅


=


 


0o


VS


 


VAB
-30o


-90o VCB  


SYNCP = VC 
COMPA = 0 
DELTA_Y = D 
PHROT = B 


RCF25
732.1


VAB
VP ⋅=  


%100
VLO25


VLO25RCF25
732.1


VTestP


errorP ⋅
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛
−⎟


⎠
⎞


⎜
⎝
⎛ ⋅


=
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VS 


Generator Voltages  
When Angle = 0° 


 
Relay Settings 


 
VP and Error Calculation 


0o


VS


 VAB


90o


30o


VCB


 


SYNCP = VC 
COMPA = 0 
DELTA_Y = D 
PHROT = B 


RCF25
732.1


VCB
VP ⋅=  


%100
VLO25


VLO25RCF25
732.1


VTestP


errorP ⋅
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛
−⎟


⎠
⎞


⎜
⎝
⎛ ⋅


=


 


0o


VS


 


VAB
150o -150o


VCB


 


SYNCP = VB 
COMPA = 0 
DELTA_Y = D 
PHROT = B 


RCF25
732.1


VAB
VP ⋅=  


%100
VLO25


VLO25RCF25
732.1


VTestP


errorP ⋅
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛
−⎟


⎠
⎞


⎜
⎝
⎛ ⋅


=


 


0o


VS


 


VAB


0o


-60o


VCB


 


SYNCP = VB 
COMPA = 0 
DELTA_Y = D 
PHROT = B 


RCF25VABVP ⋅=  
( )


%100
VLO25


VLO25RCF25VTestPerrorP ⋅⎟
⎠
⎞


⎜
⎝
⎛ −⋅


=


 


0o


VS


 


VAB
120o


-180o


VCB


 


SYNCP = VB 
COMPA = 0 
DELTA_Y = D 
PHROT = B 


RCF25VCBVP ⋅=  
( )


%100
VLO25


VLO25RCF25VTestPerrorP ⋅⎟
⎠
⎞


⎜
⎝
⎛ −⋅


=


 


• When COMPA = –30, Set ∠VS = +30° • When COMPA = +30, Set ∠VS = –30° 


Step 4. The 59VS element asserts when 25VLO < |VS| < 25VHI.  To predict the test voltage 
magnitude where the 59VP element will pick up, use the equations for |VP| shown in 
Table 7.7 for your combination of relay settings. 


This calculation assumes that you will increase the magnitude of phase voltages 
together, while holding the phase angles constant.   


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 36, which contains the synch-check voltage element indications as shown in 
Table 7.8. 
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Table 7.8:  Relay Word Row 36 Shows Relay Word Bits 
for Synch-Check Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 36 
Command 
causes these 
LEDs to 
represent: 


 
 
 
 


59VP 


 
 
 
 


59VS 


 
 
 
 


CFA 


 
 
 
 


BKRCF 


 
 
 
 


BSYNCH 


 
 
 
 


25C 


 
 
 
 


25A1 


 
 
 
 


25A2 


During the manual test, as you change test voltage magnitudes, you can see the 59VP 
and 59VS Relay Word bits assert and deassert to indicate pickup and dropout of the 
respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  


Step 5. Gradually increase the magnitude of the phase voltages.  Record the voltage 
magnitude applied to the relay when the 59VP element asserts.   


59VP asserted when phase voltage magnitude equaled: ________ V secondary 
(VTestP). 


Step 6. Gradually increase the magnitude of the synch voltage.  Record the voltage magnitude 
applied to the relay when the 59VS element asserts.   


59VS asserted when synch voltage magnitude equaled: ________ V secondary 
(VTestS). 


Use the equation shown in the appropriate area of Table 7.7 to calculate the 59VP 
element error. 


errorP = _________ % 


Use the equation below to calculate the 59VS element error: 


%100•
VLO25


VLO25VtestSerrorS ⎟
⎠
⎞


⎜
⎝
⎛ −


=  


errorS = _________ % 


Slip Frequency Accuracy Test 


Note: This procedure uses the setup from the voltage element accuracy test.  Perform the 
voltage element accuracy test before proceeding with the slip frequency accuracy test.  


Step 1. Configure the voltage test sources to apply balanced, three-phase voltages and synch 
voltage with magnitudes and phase angles as used in the voltage element accuracy 
test. 
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Step 2. Set the synch voltage source frequency equal to the FNOM nominal frequency setting.  
The SEL-300G Relay defines slip frequency positive when the generator frequency is 
greater than system frequency.  The slip frequency element, SF, asserts when: 


25SLO < (Generator Frequency) – (System Frequency) < 25SHI  Hz 


When performing this test manually, it is easy to determine when the slip frequency 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 37, which contains the slip frequency element indications as shown in Table 7.9. 


Table 7.9:  Relay Word Row 37 Shows Relay Word Bits 
for Slip Frequency Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 37 
Command 
causes these 
LEDs to 
represent: 


 
 
 
 


59PP2 


 
 
 
 


27PP2 


 
 
 
 


SF 


 
 
 
 


VDIF 


 
 
 
 


GENVHI 


 
 
 
 


GENVLO 


 
 
 
 


GENFHI 


 
 
 
 


GENFLO


During the manual test, as you change test voltage frequencies, you can see the SF, 
GENFHI, and GENFLO Relay Word bits assert and deassert to indicate pickup and 
dropout of the respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  


Step 3. Gradually change the frequency of the three phase voltages.  Record the phase voltage 
frequency applied to the relay when the SF element asserts and deasserts.   


Note: You may need to either increase or decrease the applied frequency to reach 
the element boundaries.  


SF asserted/deasserted when phase voltage frequency equaled: ________ Hz (FtestL, 
low boundary). 


SF asserted/deasserted when phase voltage frequency equaled: ________ Hz (FtestH, 
high boundary). 


Step 4. Use the equations below to calculate the 25SLO and 25SHI errors: 


%100•
SLO25


SLO25)FNOMFtestL(errorL ⎟
⎠
⎞


⎜
⎝
⎛ −−


=  


errorL = _________ % 
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%100•
SHI25


SHI25)FNOMFtestH(errorH ⎟
⎠
⎞


⎜
⎝
⎛ −−


=  


errorH = _________ % 


Static Phase Angle Accuracy Test 


Note: This procedure uses the setup from the voltage element accuracy test.  Perform the 
Voltage Element Accuracy Test before proceeding with the Static Phase Angle Accuracy 
Test.  


Step 1. Configure the voltage test sources to apply balanced, three-phase voltages and synch 
voltage with magnitudes and phase angles as used in the voltage element accuracy 
test.  Set the voltage source frequencies equal to the FNOM nominal frequency 
setting. 


Step 2. The SEL-300G Relay defines voltage phase angle difference positive when VP leads 
VS.  The 25A1, 25A2 angle elements use the magnitude of the phase angle difference 
rather than the absolute phase angle difference.  That is, setting 25ANG2 = 10° 
defines a window ±10° from VS.  The CFA element asserts when the magnitude of 
the phase angle difference is greater than the CFANGLE setting.  When SLIP equals 
0, the 25C element asserts when the absolute phase angle difference equals the 
CANGLE setting. 


When performing this test manually, it is easy to determine when the angle elements 
pick up by viewing the element states directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 36, which contains the angle element indications as shown in Table 7.10. 


Table 7.10:  Relay Word Row 36 Shows Relay Word Bits 
for Angle Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 36 
Command 
causes these 
LEDs to 
represent: 


 
 
 
 


59VP 


 
 
 
 


59VS 


 
 
 
 


CFA 


 
 
 
 


BKRCF 


 
 
 
 


BSYNCH 


 
 
 
 


25C 


 
 
 
 


25A1 


 
 
 
 


25A2 


During the manual test, as you change test voltage phase angles, you can see the CFA, 
25C, 25A1, and 25A2 Relay Word bits assert and deassert to indicate pickup and 
dropout of the respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  
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Step 3. Gradually change the VS voltage phase angle.  Reverse the sign of the phase angle 
and record the result when the CFA, 25C, 25A1, and 25A2 elements assert and 
deassert.  For instance, if 25C asserts when the VS phase angle is –10°, VP is leading 
VS by 10°, so the recorded result should be +10° rather than –10°.  


25C asserted when voltage phase angle equaled: ________ (25Ctest). 
25A1 asserted when voltage phase angle equaled: ________ (25A1test1). 
25A1 deasserted when voltage phase angle equaled: ________ (25A1test2). 
25A2 asserted when voltage phase angle equaled: ________ (25A2test1). 
25A2 deasserted when voltage phase angle equaled: ________ (25A2test2). 
CFA asserted when voltage phase angle equaled: ________ (CFAtest1). 
CFA deasserted when voltage phase angle equaled: ________ (CFAtest2). 


Step 4. Calculate the phase angle error by adding the COMPA setting to the test result, then 
subtract the expected test phase angle (element setting).   


Undervoltage (27) Elements 


Equipment Needed 
• SEL-300G Relay under test. 
• Two- or Three-Phase AC Voltage Test Source with adjustable magnitude and phase 


angle.   
• PC with terminal emulation software and appropriate serial cable to connect the  


PC-COM port to the relay. 


Test Source Connections 
When DELTA_Y = Y, connect the voltage sources according to Figure 7.9.  When 
DELTA_Y = D, connect the voltage sources according to Figure 7.10.  Current sources are not 
needed for this test. 


Basic Element Operation 
The SEL-300G offers a variety of phase, positive-sequence, and phase-to-phase undervoltage 
elements. 


See Section 2:  Relay Element Settings for complete descriptions of the available under- and 
overvoltage elements. 


Element Pickup Accuracy Test 


Step 1. Connect the voltage source(s) to the VA, VB, and VC voltage inputs referring to 
Figure 7.9 or Figure 7.10. 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the voltage element under test. 
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Step 3. These element pickup settings are made directly in secondary volts, so they will pick 
up when the applied voltage magnitude is equal to the pickup setting. 


Vop = ________ V secondary 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display the Relay 
Word row which contains the pickup indication for the voltage element under test.  
See TARGET Command in Section 10:  Serial Port Communications and 
Commands for additional details. 


During the manual test, as you change the test voltage magnitude, you can see Relay 
Word bits assert and deassert to indicate pickup and dropout of the respective 
elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.   


Step 4. When DELTA_Y = Y, test the 27Pn elements, apply nominal (VNOM/1.73), balanced 
voltages to all three phases.  Gradually decrease the magnitude of one-phase voltage.  
Record the voltage magnitude applied to the relay when the undervoltage element 
under test picks up. 


To test the 27V1 or 27PPn elements, apply nominal, balanced voltages to all three 
phases.  Gradually decrease the magnitudes of all three voltages.  Record the voltage 
magnitude applied to the relay when the undervoltage element under test picks up. 


Vtest =  ________ V secondary 


When DELTA_Y = Y, use the equation below to calculate the 27Pn and 27V1 
element error: 


%100
Vop


VopVtesterror ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


When DELTA_Y = D, use the equation below to calculate the 27V1 element error: 


%100
Vop


Vop
732.1


Vtest


error ⋅
⎟⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜


⎝


⎛ −
=  


error = _________ % 
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When DELTA_Y = Y, use the equation below to calculate the 27PPn element error: 


%100
Vop


Vop732.1Vtesterror ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −⋅
=  


When DELTA_Y = D, use the equation below to calculate the 27PPn element error: 


%100
Vop


VopVtesterror ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


error = _________ % 


Reverse/Low-Forward Power (32) Element 


Equipment Needed 
• SEL-300G Relay under test. 
• Two- or Three-Phase AC Voltage and Current Test Source, with adjustable magnitude 


and phase angle.   
• PC with terminal emulation software and appropriate serial cable to connect the  


PC-COM port to the relay. 


Test Source Connections 
When DELTA_Y = Y, connect the voltage sources according to Figure 7.9.  When 
DELTA Y= D, connect the voltage sources according to Figure 7.10.   


Basic Element Operation 
The SEL-300G reverse/low-forward power element is designed to detect generator motoring 
conditions and provide an alarm or trip.  The relay measures the generator phase voltages and 
currents, then calculates the three-phase power in per unit of the generator nominal power using 
the equation: 


)cos(
INOMVNOM732.1


IpVp3
Power Θ⋅


⋅⋅
⋅⋅


=  per unit 


Where: 
|Vp| = measured generator phase voltage magnitude 
|Ip| = measured generator phase current magnitude 
VNOM = nominal generator phase-to-phase voltage (Relay Global Setting) 
INOM = nominal generator phase current (Relay Global Setting) 
Θ = phase angle between phase voltage and phase current (positive when 


current lags voltage) 


The 32P1 and 32P2 elements are definite-time, reverse/low-forward power elements.  If the 
measured three-phase power is less than the element setting, the relay asserts the 32P1 or 32P2 
Relay Word bit to logical 1.  If this condition continues for the associated definite-time delay, the 
relay asserts the 32P1T or 32P2T Relay Word bit to logical 1 (see Section 2:  Relay Element 
Settings for a complete description of the elements). 
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Element Operating Accuracy Test, DELTA_Y = Y 


Step 1. Make the test source connections according to Figure 7.9.  


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the relay reverse power elements: 
VNOM =  ________  volts (nominal phase-to-phase voltage) 


INOM =  _________  amps (nominal generator phase current) 


E32 = Y (setting enables the reverse/low-forward power elements) 


32P1P =  _________  per unit reverse power (element pickup setting) 


32P1D =  ________  seconds (element definite-time delay) 


32P2P =  _________  per unit reverse power (element pickup setting) 


32P2D =  ________  seconds (element definite-time delay) 


32PTC = __________________________________________________________ 
Torque-Control Setting (elements are enabled when 32PTC = logical 1) 


Using the front-panel or serial port SHO G command, note the global PHROT setting: 


PHROT = ________ ABC or ACB (generator phase rotation)  


Step 3. This element is easiest to test by changing the test current while holding the phase-to-
phase test voltage equal to VNOM.  Set the test source voltage magnitudes equal to 
VNOM/1.732.  Set the test source voltage phase angles as shown in Figure 7.7. 


Set the test source current phase angles depending on the sign of the power setting for 
the element under test as follows: 


When setting 32PnP > 0.0,  set angle Ia = angle Va° 
set angle Ib = angle Vb° 
set angle Ic = angle Vc° 


When setting 32PnP < 0.0, set angle Ia = angle Va – 180° 
set angle Ib = angle Vb – 180° 
set angle Ic = angle Vc – 180° 


Use the following equation to predict the current magnitude where the element will 
operate. 


INOM•PnP32Iopn =  A secondary 
Iop1 = ________ A secondary 
Iop2 = ________ A secondary 


Table 7.11 summarizes the phase angle and operate relationships represented in 
Figure 7.16. 







7-50 Relay Commissioning 
 


Date Code 20081231  SEL-300G Instruction Manual 


Table 7.11:  Reverse Power Element Test Signal Summary 


When 32PnP < 0: When 32PnP > 0: 


Set the phase angle of Ip equal to 
the phase angle of Vp – 180° 


Set the phase angle of Ip equal to 
the phase angle of Vp 


Relay Word bit 32Pn is logical 1 
when |Ip| > |Iopn| 


Relay Word bit 32Pn is logical 1 
when |Ip| < |Iopn| 


32Pn Relay Word
bit = logical 1 for


|IP| < |IOP|


32Pn Relay Word
bit = logical 0 for


|IP| < |IOP|


Q


32Pn Relay Word
bit = logical 0 for


|IP| > |IOP|


32Pn Relay Word
bit = logical 1 for


|IP| > |IOP|


32PnP > 032PnP < 0


P


DWG:  M300G108


OperateOperate


 


Figure 7.16:  32Pn Element Operate Region Depends 
on the Sign of the 32Pn Setting 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button four times to display Relay Word 
Row 4, which contains the reverse/low-forward power element indications, as shown 
in Table 7.12. 
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Table 7.12:  Relay Word Row 4 Shows Relay Word Bits for 
Reverse/Low-Forward Power Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 4 
Command 
causes these 
LEDs to 
represent: 32PTC 32P1 32P1T 32P2 32P2T 59V1 59Q 59PP1 


With balanced, three-phase voltage applied to the relay and standard settings for the 
32PTC torque-control setting, the relay should display the 32PTC Relay Word bit 
name in the LCD display and illuminate the 24 LED, which the TAR command 
reassigns to display the 32PTC Relay Word bit state, as shown in Table 7.12.  Other 
Relay Word bits may be asserted, depending on relay settings. 


During the manual test, as you change test current magnitudes, you can see the 32P1 
and 32P2 Relay Word bits assert and deassert to indicate pickup and dropout of the 
respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  


Step 4. Set the test source current phase angles appropriately to test the 32P1 pickup, based on 
the relay settings and the information above.  Turn on the current test sources and 
gradually increase the magnitude of all three-phase currents.  Record the current 
magnitude applied to the relay when the instantaneous element under test 
asserts/deasserts.  Record the current magnitude and turn off the current test sources. 


Itest1= _______ A secondary 


If necessary, change the test source current phase angles to test the 32P2 pickup.  Turn 
on the current test sources and gradually increase the magnitude of all three-phase 
currents.  Record the current magnitude applied to the relay when the instantaneous 
element under test asserts/deasserts.  Record the current magnitude and turn off the 
current test sources. 


Itest2= _______ A secondary 


Step 5. Use the equation below to calculate the element error: 


%100•
PnP32


PnP32
INOM
Itestn


errorn
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛ −
=  


error1 = _________ % 
error2 = _________ % 
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Element Operating Accuracy Test, DELTA_Y = D 


Step 1. Make the test source connections according to Figure 7.10.  


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the relay reverse power elements: 
VNOM =  ________  volts (nominal phase-to-phase voltage) 


INOM =  _________  amps (nominal generator phase current) 


E32 = Y (setting enables the reverse/low-forward power elements) 


32P1P =  _________  per unit reverse power (element pickup setting) 


32P1D =  ________  seconds (element definite-time delay) 


32P2P =  _________  per unit reverse power (element pickup setting) 


32P2D =  ________  seconds (element definite-time delay) 


32PTC = __________________________________________________________ 
Torque-Control Setting (elements are enabled when 32PTC = logical 1) 


Using the front-panel or serial port SHO G command, note the global PHROT setting: 


PHROT = ________ ABC or ACB (generator phase rotation)  


Step 3. This element is easiest to test by changing the test current while holding the phase-to-
phase test voltages equal to VNOM.  Set the test source voltage magnitudes equal to 
VNOM.  Set the test source voltage phase angles as shown in Figure 7.8. 


Set the test source current phase angles depending on the sign of the power setting for 
the element under test as follows: 


When setting 32PnP > 0.0,  set angle Ia = angle 0° 
set angle Ib = angle –120° (120° if PHROT = C) 
set angle Ic = angle 120° (–120° if PHROT = C) 


When setting 32PnP < 0.0, set angle Ia = angle 180° 
set angle Ib = angle 60° (–60° if PHROT = C) 
set angle Ic = angle –60° (60° if PHROT = C) 


Use the following equation to predict the current magnitude where the element will 
operate. 


Iopn = 32PnP INOM A secondary 
Iop1 = ___________ A secondary 
Iop2 = ___________ A secondary 


Table 7.11 summarizes the phase angle and operate relationships represented in 
Figure 7.16. 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button four times to display Relay Word 
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Row 4, which contains the reverse/low-forward power element indications, as shown 
in Table 7.12. 


With balanced voltage applied to the relay and standard settings for the 32PTC torque-
control setting, the relay should display the 32PTC Relay Word bit name in the LCD 
display and illuminate the 24 LED, which the TAR command reassigns to display the 
32PTC Relay Word bit state, as shown in Table 7.12.  Other Relay Word bits may be 
asserted, depending on relay settings. 


During the manual test, as you change test current magnitudes, you can see the 32P1 
and 32P2 Relay Word bits assert and deassert to indicate pickup and dropout of the 
respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  


Step 4. Set the test source current phase angles appropriately to test the 32P1 pickup, based on 
the relay settings and the information above.  Turn on the current test sources and 
gradually increase the magnitude of all three-phase currents.  Record the current 
magnitude applied to the relay when the instantaneous element under test 
asserts/deasserts.  Record the current magnitude and turn off the current test sources. 


Itest1= _______ A secondary 


If necessary, change the test source current phase angles to test the 32P2 pickup.  Turn 
on the current test sources and gradually increase the magnitude of all three-phase 
currents.  Record the current magnitude applied to the relay when the instantaneous 
element under test asserts/deasserts.  Record the current magnitude and turn off the 
current test sources. 


Itest2= _______ A secondary 


Step 5. Use the equation below to calculate the element error: 


%100
PnP32


PnP32
INOM
Itestn


errorn ⋅
⎟⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜


⎝


⎛ −
=  


error1 = _________ % 
error2 = _________ % 


Element Timing Accuracy Test 


Note: This procedure uses the setup from the element pickup accuracy tests above.  Perform the 
element pickup accuracy test before proceeding with the element timing accuracy test.  


The object of the element timing accuracy test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation. These methods are described in Test 
Methods beginning on page 7-3. 
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32 Element Definite-Time Delay Accuracy Test 


The 32P1T Relay Word bit asserts 32P1D seconds after the 32P1 element asserts.  The element 
pickup accuracy test verified the accuracy of the 32P1P and 32P2P settings.  This test applies 
signals within the 32P1 and 32P2 element operate regions and measures the element definite 
operating time. 


Step 1. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the voltage test sources to apply balanced voltages 
with magnitudes and phase angles as used for the element accuracy tests above (go to 
Step 2 or Step 3).  Set the current phase angles as you did in the element accuracy 
tests. 


Step 2. For 32PnP < 0: 


Configure the current test sources to apply balanced, three-phase currents with 
magnitudes equal to 1.1 • Iopn, as determined by the test above.  The element time is 
calculated from the instant current signals are applied to the relay until the 32PnT 
Relay Word bit asserts.  Record the element operating time, Ttestn. 


Step 3. For 32PnP > 0: 


Configure the current test sources to apply balanced, three-phase currents with 
magnitudes equal to 1.1 • Iopn, as determined by the element accuracy test above, and 
turn on the current test sources.  The element time is calculated from the instant 
current signals are removed from the relay until the 32PnT Relay Word bit asserts.  
Record the element operating time, Ttestn. 


Step 4. Calculate the relay timing error using the equation: 


%100
PnD32


PnD32Ttestnerrorn ⋅⎟
⎠
⎞


⎜
⎝
⎛ −


=  


error1 = _________ % 
error2 = _________ % 


Loss-of-Field (40) Element 


Equipment Needed 
• SEL-300G Relay under test. 
• Two- or Three-Phase AC Voltage and Current Test Source, with adjustable magnitude 


and phase angle.   
• PC with terminal emulation software and appropriate serial cable to connect the  


PC-COM port to the relay. 


Test Source Connections 
When DELTA_Y = Y, connect the voltage and current sources according to Figure 7.9.  When 
DELTA_Y = D, connect the voltage and current sources according to Figure 7.10. 
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Basic Element Operation 
The SEL-300G loss-of-field element consists of two offset phase mho zones that operate on the 
basis of positive-sequence impedance.  


The 40Z1 and 40Z2 elements are definite-time, offset mho elements that operate using positive-
sequence impedance.  If the measured positive-sequence impedance falls within the mho element 
zone, the relay asserts the 40Z1 or 40Z2 Relay Word bit to logical 1.  If this condition continues 
for the associated definite-time delay, the relay asserts the 40Z1T or 40Z2T Relay Word bit to 
logical 1 (see Section 2:  Relay Element Settings for a complete element description). 


Element Operating Accuracy Test 


Step 1. Make test source connections according to Figure 7.9 or Figure 7.10.  


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the relay loss-of-field elements: 
VNOM =  ________  volts (nominal phase-to-phase voltage) 


E40 = Y (setting enables the loss-of-field elements) 


40Z1P =  _________  Ω secondary (Zone 1 Mho Element diameter setting) 


40XD1 =  ________  Ω secondary (Zone 1 Mho Element offset setting) 


40Z1D =  ________  seconds (Zone 1 element definite-time delay) 


40Z2P =  _________  Ω secondary (Zone 2 Mho Element diameter setting) 


40XD2 =  ________  Ω secondary (Zone 2 Mho Element offset setting) 


40Z2D =  ________  seconds (Zone 2 element definite-time delay) 


40DIR =  ________  degrees (Zone 2 directional supervision, only appears if 
40XD2 > 0.0) 


40ZTC = __________________________________________________________ 
Torque-Control Setting (elements are enabled when 40ZTC = logical 1) 


Using the front-panel or serial port SHO G command, note the global PHROT and 
DELTA_Y setting: 


PHROT = ________ ABC or ACB (generator phase rotation)  
DELTA_Y = ________ Y or D (generator pt connection) 


Step 3. This element is easiest to test by changing the test current while holding the phase-to-
phase test voltage equal to VNOM.  Set the test source voltage magnitudes equal to 
VNOM/1.732 (DELTA_Y = Y) or VNOM (DELTA_Y = D).  Set the test source 
voltage phase angles as shown in Figure 7.7 or Figure 7.8.  


Set the test source current phase angles as follows: 


When setting PHROT = ABC,  set angle Ia =  90° 
set angle Ib = –30° 
set angle Ic = –150° 
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When setting PHROT = ACB,  set angle Ia = 90° 
set angle Ib = –150° 
set angle Ic = –30° 


Refer to Figure 7.17 and Figure 7.18.  In these figures, the phase current necessary to 
apply the test at the point indicated by the vector TestXAn is calculated using the 
following equation: 


DWG:  M300G109a


Test XAn


Test XBn


40Zn
Relay


Word bit
Asserted


40ZnP


40XDn


X


R


 


Figure 7.17:  Loss-of-Field Element Diameter and Offset 
Tests, 40XD2 < 0 
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DWG:  M300G110a


Test XA2


40Z2
Relay


Word bit
Asserted


40XD2


X


R


40Z2P


 


Figure 7.18:  Loss-of-Field Element Diameter 
Test, 40XDn > 0 


( )XDn40ZnP40
VaIopXAn
−


=  A secondary (DELTA_Y = Y) 


( )XDn40ZnP403
VaIopXAn
−⋅


=  A secondary (DELTA_Y = D) 


IopXA1 = ________ A secondary 
IopXA2 = ________ A secondary 


In Figure 7.17 you can calculate the phase current necessary to apply the test at the 
point indicated by the vector TestXBn using the equation: 


( )XDn40
VaIopXBn =  A secondary (DELTA_Y = Y) 


( )XDn403
VaIopXBn


⋅
=  A secondary (DELTA_Y = D) 


IopXB1 = ________ A secondary 
IopXB2 = ________ A secondary 


When 40XD2 is positive, this second point on the mho circle is not available to test. 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button five times to display Relay Word 
Row 5, which contains the loss-of-field element indications, as shown in Table 7.13. 
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Table 7.13:  Relay Word Row 5 Shows Relay Word Bits for 
Loss-of-Field Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 5 
Command 
causes these 
LEDs to 
represent: 40ZTC 40Z1 40Z1T 40Z2 40Z2T SWING SG1 SG2 


With balanced, three-phase voltage applied to the relay and standard settings for the 
40ZTC torque-control setting, the relay should display the 40ZTC Relay Word bit 
name in the LCD display and illuminate the 24 LED, which the TAR command 
reassigns to display the 40ZTC Relay Word bit state, as shown in Table 7.13.  Either 
SG1 or SG2 will be asserted, depending on which relay setting group is active.  


During the manual test, as you change test current magnitudes, you can see the 40Z1 
and 40Z2 Relay Word bits assert and deassert to indicate pickup and dropout of the 
respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.   


Step 4. Turn on the current test sources and gradually increase the magnitude of all three-
phase currents.  Record the applied current magnitude when the Zone 1 and Zone 2 
instantaneous elements assert.   


ItestXA1 = ________ A secondary 
ItestXA2 = ________ A secondary 


Continue to increase the phase current magnitudes until the 40Z1 Relay Word bit 
deasserts.  This point corresponds to the TestXB1 in Figure 7.17.  Record the 
magnitude of the test currents at this point. 


ItestXB1 = ________ A secondary 


When 40XD2 is negative, also record the phase current magnitudes when the 40Z2 
Relay Word bit deasserts. 


ItestXB2 = ________ A secondary 


When 40XD2 is positive, this second point on the mho circle is not available to test. 


Step 5. Use the equations below to calculate the element error: 


%100
XDn40ZnP40


)XDn40ZnP40(
ItestXAn


Va


errorXAn ⋅
⎟⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜


⎝


⎛


−


−−
=  (DELTA_Y = Y) 
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%100
XDn40ZnP40


)XDn40ZnP40(
3ItestXAn


Va


errorXAn ⋅


⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛


−


−−
⋅=  (DELTA_Y = D) 


errorXA1 = _________ % 
errorXA2 = _________ % 


%100
XDn40


XDn40
ItestXBn


Va


errorXBn ⋅
⎟⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜


⎝


⎛ −
=  (DELTA_Y = Y) 


%100
XDn40


XDn40
3ItestXBn


Va


errorXBn ⋅


⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛ −
⋅=  (DELTA_Y = D) 


errorXB1 = _________ % 
errorXB2 = _________ %       (applicable when 40XD2 < 0) 


Step 6. OPTIONAL.  Loss-of-Field Element Off-Diameter Test, 40XDn < 0.  To prove the 
loss-of-field element mho circle characteristic, you may wish to rotate the test current 
phase angles a few degrees each way from 90° and retest the element pickup points.  
Many programmable relay test systems can be set up to take additional test points 
automatically.  You can also perform the test manually.  The calculations below 
require the use of a scientific calculator having square root and arcsine functions. 


Referring to Figure 7.19, the first step is to calculate a test current phase angle 
adjustment, Θ. 


Select an angle δ to define a point on the circle (δ = 30° is a good start). 


δ = _________ degrees 


Calculate x and y: 


)2sin(
2
ZnP40x δ⋅=  


x = _________ ohms 


)2cos(
2
ZnP40y δ⋅=  


y = _________ ohms 
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Calculate the magnitude of the impedance vector Z1: 


2
2 XDn40


2
ZnP40yx1Z ⎥⎦


⎤
⎢⎣
⎡ +++=  


Z1 = _________ ohms 


DWG:  M300G111a


40ZnP


40XDn


X


R


Θ


Z1


x


δ°


y


 


Figure 7.19:  Loss-of-Field Element Off-Diameter 
Test, 40XDn < 0 


⎟
⎠
⎞


⎜
⎝
⎛=


Z1
xarcsinΘn  degrees 


Θ = ________ degrees 


Set the test source current phase angles as follows: 


When setting PHROT = ABC,  set angle Ia =  90° + Θ° 
set angle Ib = –30° + Θ° 
set angle Ic = –150 ° + Θ° 


When setting PHROT = ACB,  set angle Ia = 90° + Θ° 
set angle Ib = –150° + Θ° 
set angle Ic = –30° + Θ° 
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Next, calculate the expected pickup current magnitude: 


1Z
VaIopXA =  A secondary (DELTA_Y = Y) 


1Z3
VaIopXA
⋅


=  A secondary (DELTA_Y = D) 


IopXA = ________ A secondary 


For each test phase angle, increase the three-phase current magnitudes together until 
the element under test picks up.  Record the test current magnitude. 


ItestXA = ________ A secondary 


You can use these equations to test Zone 1 and Zone 2 elements having negative 
offsets. 


Use the equations below to calculate the element error: 


%100
1Z


1Z
ItestXAn


Va


errorXA ⋅
⎟⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜


⎝


⎛ −
=  (DELTA_Y = Y) 


%100
1Z


1Z
3ItestXAn


Va


errorXA ⋅


⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛ −
⋅=  (DELTA_Y = D) 


errorXA = _________ % 


If you wish, you may repeat the test, rotating the test current phase angles by (–Θn°). 


Element Timing Accuracy Test 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation. These methods are described in Test 
Methods beginning on page 7-3. 


40 Element Definite-Time Delay Accuracy Test 
The 40Z1T Relay Word bit asserts 40Z1D seconds after the 40Z1 element asserts.  The Element 
Pickup Accuracy Test verified the accuracy of the loss-of-field element offset and diameter 
settings.  This test applies signals within each zone and measures the element definite operating 
time. 
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Step 1. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the voltage test sources to apply balanced, 
three-phase voltages with magnitudes from the previous tests. 


Step 2. Set the current source phase angles as in Step 3 of the Element Accuracy Test. 


Configure the current test sources to apply balanced, three-phase currents with 
magnitudes greater than 1.1 • ItestXAn, as determined by the previous test.  The 
element time is calculated from the instant current signals are applied until the 40ZnT 
Relay Word bit asserts.  Record the element operating time, Ttestn. 


Step 3. Calculate the relay timing error using the equation: 


%100
ZnD40


ZnD40Ttestnerrorn ⋅⎟
⎠
⎞


⎜
⎝
⎛ −


=  


error1 = _________ % 
error2 = _________ % 


Negative-Sequence Overcurrent (46) Element 


Equipment Needed 
• SEL-300G Relay under test. 
• Single-Phase AC Current Test Source, with adjustable magnitude.   
• PC with terminal emulation software and appropriate serial cable to connect the 


PC-COM port to the relay. 


Test Source Connections 


Connect the current source according to Figure 7.20.  


DWG:  M300G114


IA


Single-Phase Current Source


Z01
IA


Z02 Z03 Z04 Z05 Z06 Z07 Z08 Z09 Z10 Z11 Z12
IB IC IN


VA


Z13 Z14


VB VC N VN NN


Relay Rear-Panel Voltage and Current Inputs


 


Figure 7.20:  Single Current Source Test Connection 
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Basic Element Operation 


The SEL-300G negative-sequence overcurrent element is designed to detect current unbalance in 
the generator.  The relay measures the generator phase currents, calculates the negative-sequence 
current, then operates definite-time and inverse-time protection elements.   


The 46Q1 element is a definite-time, negative-sequence overcurrent element typically applied as 
an alarm.  If the measured negative-sequence current is above the 46Q1P setting, the relay asserts 
the 46Q1 Relay Word bit to logical 1.  If this condition continues for 46Q1D seconds, the relay 
asserts the 46Q1T Relay Word bit to logical 1.  When the unbalance condition vanishes, the relay 
deasserts both Relay Word bits to logical 0. 


The 46Q2 element is an inverse-time negative-sequence overcurrent element with an I2
2t 


operating characteristic.  See Section 2:  Relay Element Settings for a complete description of the 
element. 


Element Pickup Accuracy Test 


Step 1. Connect the current source to the IA, IB, or IC phase current input. 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the relay negative-sequence overcurrent element: 
INOM =  _________ amps (nominal phase current) 


E46 = Y (setting enables the negative-sequence overcurrent elements) 


46Q1P =  ________ % negative-sequence current (alarm element pickup setting) 


46Q1D =  ________ seconds (alarm element definite-time delay) 


46Q2P =  ________ % negative-sequence current (inverse-time element pickup) 


46Q2K =  ________ (inverse-time element time-dial) 


46QTC = ___________________________________________________________ 
Torque-Control Setting (elements are enabled when 46QTC = logical 1) 


Step 3. To predict the test current magnitude where each element will operate, use equation: 


%100
INOMQnP463Iopn ⋅⋅


=  A secondary 


Iop1 = ________ A secondary 
Iop2 = ________ A secondary 


Note: With single-phase current applied, measured |I2| = |IA/3|.  That is why the 
applied current, Iopn, is three times the set I2 pickup value. 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 6, which contains the negative-sequence overcurrent element indications, as 
shown in Table 7.14. 
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Table 7.14:  Relay Word Row 6 Shows Relay Word Bits for 
Negative-Sequence Overcurrent Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 6 
Command 
causes these 
LEDs to 
represent: 


46QTC 
78R1 


46Q1 
78$2 


46Q1T 
78Z1 


46Q2 
OOSTC 46Q2T 46Q2R INAD INADT 


With standard settings for the 46QTC torque-control setting, the relay should display 
the 46QTC and 46Q2R Relay Word bit names in the LCD display and illuminate the 
24 and 64G LEDs, which the TAR command reassigns to display the 46QTC and 
46Q2R Relay Word bit states, respectively, as shown in Table 7.14.   


During the manual test, as you change the test current magnitude, you can see the 
46Q1 and 46Q2 Relay Word bits assert and deassert to indicate pickup and dropout of 
the respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  


Step 4. Gradually increase the magnitude of the test current.  Record the current magnitude 
applied to the relay when the instantaneous element under test asserts.   


Itest1 =  ________ A secondary 


Itest2 =  ________ A secondary 


Use the equation below to calculate the element error: 


%100
QnP46


QnP46%100
INOM3


Itestn


errorn ⋅
⎟⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜


⎝


⎛ −⋅
⋅=  


error1 = _________ % 
error2 = _________ % 


Element Timing Accuracy Test 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation. These methods are described in Test 
Methods beginning on page 7-3. 
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46Q1D Time-Delay Accuracy Test 


The 46Q1T Relay Word bit asserts 46Q1D seconds after the measured negative-sequence current 
exceeds the 46Q1P setting.  The Element Pickup Accuracy Test verified the accuracy of the 
46Q1P setting.  This test applies signals greater than the 46Q1P setting and measures the element 
definite operating time. 


Step 1. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the current test source to apply single-phase current 
with magnitude equal to 1.1 • Itest1, as measured by the 46Q1P test performed above. 


Step 2. Expect 46Q1T to assert 46Q1D seconds after the test signals are applied. 


Step 3. Apply the test current calculated in Step 1 and record the element operating time, 
Ttest1.  Remove the test current. 


Ttest1 = _________ seconds 


Step 4. Calculate the relay timing error using the equation: 


%100
D1Q46


D1Q461Ttesterror ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


error = _________ % 


46Q2 Inverse-Time Accuracy Test 
The 46Q2 negative-sequence overcurrent element operates as an inverse-time delayed element, as 
shown in Figure 7.21.  This test procedure uses three test points to verify that the element is 
operating properly. 
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Figure 7.21:  46Q2 Inverse-Time Element Test 


Step 1. Use the equations below to calculate the test current magnitudes for Test Point 1, Test 
Point 2, and Test Point 3. 


INOM25.031Itest ⋅⋅=  A secondary 
Itest1 = ___________ A secondary 


INOM5.032Itest ⋅⋅=  A secondary 
Itest2 = ___________ A secondary 


INOM0.133Itest ⋅⋅=  A secondary 
Itest3 = ___________ A secondary 


Calculate the expected operate time at each test point using the equation: 


2


INOM3
Itestn


K2Q46Topn


⎟
⎠
⎞


⎜
⎝
⎛


⋅


=  seconds 


Top1 = _____________ seconds 
Top2 = _____________ seconds 
Top3 = _____________ seconds 


Step 2. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the current test source to apply single-phase current 
with a magnitude equal to Itest1. 
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Step 3. Apply the test current and record the element operating time, Ttest1.  Remove the test 
current for at least 4 minutes to permit the element to fully reset.  Repeat using Itest2 
and Itest3. 


Ttest1 = _________ seconds 
Ttest2 = _________ seconds 
Ttest3 = _________ seconds 


Step 4. Calculate the relay timing errors at each test point using the equation: 


%100
Topn


TopnTtestnerrorn ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


error1 = _________ % 
error2 = _________ % 
error3 = _________ % 


Overcurrent (50/51) Elements 


Equipment Needed 
• SEL-300G Relay under test. 
• Single-Phase AC Current Test Source, with adjustable magnitude.   
• PC with terminal emulation software and appropriate serial cable to connect the  


PC-COM port to the relay. 


Test Source Connections 
Connect the current source according to Figure 7.20.  


Basic Element Operation 
The SEL-300G offers a variety of phase, residual, and neutral overcurrent elements.  These 
elements offer instantaneous, definite-time, and inverse-time operating characteristics.  You can 
test any of the elements using a single-phase current source. 


See Section 2:  Relay Element Settings for complete descriptions of the available overcurrent 
elements. 


Element Pickup Accuracy Test 


Step 1. Connect the current source to the IA, IB, or IC current input to test phase or residual 
overcurrent elements.  Connect the current source to the IN current input to test 
neutral overcurrent elements. 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the overcurrent element under test. 
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Step 3. These overcurrent element pickup settings are made directly in secondary amps, so 
they will pick up when the applied current magnitude is equal to the pickup setting. 


Iop = ________ A secondary 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display the Relay 
Word Row which contains the pickup indication for the overcurrent element under 
test.  See TARGET Command in Section 10:  Serial Port Communications and 
Commands for additional details. 


During the manual test, as you change the test current magnitude, you can see the 
Relay Word bits assert and deassert to indicate pickup and dropout of the respective 
elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  


Step 4. Gradually increase the magnitude of the test current.  Record the current magnitude 
applied to the relay when the instantaneous element under test asserts.   


Itest =  ________ A secondary 


Use the equation below to calculate the element error: 


%100
Iop


IopItesterror ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


error = _________ % 


Element Timing Accuracy Test 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation.  These methods are described in Test 
Methods on page 7-3.  


Definite Time-Delay Accuracy Test 


The definite-time delayed overcurrent element Relay Word bit asserts a settable time after the 
measured current exceeds the pickup setting.  The Element Pickup Accuracy Test verified the 
accuracy of the pickup setting.  This test applies signals greater than the pickup and measures the 
element definite operating time. 
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Step 1. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the current test source to apply single-phase current 
with magnitude equal to 1.1 • Itest, as measured by the previous test. 


Step 2. Expect the time delayed Relay Word bit to assert after the test signals are applied. The 
delay should equal the element definite-time delay setting. 


Step 3. Apply the test current calculated in Step 1 and record the element operating time, 
Ttest.  Remove the test current. 


Ttest = _________ seconds 


Step 4. Calculate the relay timing error using the equation: 


%100
Setting_Delay


)Setting_Delay(Ttesterror ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


error = _________ % 


Inverse-Time Accuracy Test 


To test overcurrent elements having an inverse-time characteristic, this test defines three test 
points in the element timing characteristic. 


Step 1. Use the equations below to calculate the test current magnitudes for Test Point 1, Test 
Point 2, and Test Point 3. 


Ipickup31Itest ⋅=  A secondary 
Itest1 = ___________ A secondary 


Ipickup52Itest ⋅=  A secondary 
Itest2 = ___________ A secondary 


Ipickup73Itest ⋅=  A secondary 
Itest3 = ___________ A secondary 


Calculate the expected operate time at each test point using the equation defined by 
the element settings (see Overcurrent Elements in Section 2:  Relay Element 
Settings), and using M = 3, 5, and 7, as defined above. 


Top1 = _____________ seconds 
Top2 = _____________ seconds 
Top3 = _____________ seconds 


Step 2. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the current test source to apply single-phase current 
with a magnitude equal to Itest1. 


Step 3. Apply the test current and record the element operating time, Ttest1.  Remove the test 
current for a few minutes to permit the element to fully reset if electromechanical 
reset is enabled for the element under test.  Repeat using Itest2 and Itest3. 
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Ttest1 = _________ seconds 
Ttest2 = _________ seconds 
Ttest3 = _________ seconds 


Step 4. Calculate the relay timing errors at each test point using the equation: 


%100
Topn


TopnTtestnerrorn ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


error1 = _________ % 
error2 = _________ % 
error3 = _________ % 


Voltage Controlled Time-Overcurrent (51C) Element 


Equipment Needed 
• SEL-300G Relay under test. 
• Two- or Three-Phase Voltage plus a Single-Phase Current AC Test Source with 


adjustable magnitude and phase angle between the signals.   
• PC with terminal emulation software and appropriate serial cable to connect the PC-


COM port to the relay. 


Test Source Connections 
Connect the voltage and current sources according to Figure 7.22 or Figure 7.23.  


DWG:  M300G116


+ -
VA IA


+ -
VB IB


+ -
VC IC


Three-Phase Voltage and Current Sources


Z01
IA


Z02 Z03 Z04 Z05 Z07 Z08 Z09 Z10 Z11 Z12
IB IC IN


VA


Z13 Z14


VB VC N VN NN


Relay Rear-Panel Voltage and Current Inputs (DELTA_Y = Y)


Z06


 


Figure 7.22:  Three Voltage Sources and One Current Source 
Test Connections (DELTA_Y = Y) 
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DWG:  M300G228


+ -
VAB IA


+ -
VCB IB


+ -
V IC


Two Voltage and One Current Sources


Z01
IA


Z02 Z03 Z04 Z05 Z06 Z07 Z08 Z09 Z10 Z11 Z12
IB IC IN


VA


Z13 Z14


VB VC N VN NN


Relay Rear-Panel Voltage and Current Inputs (DELTA_Y=D)


 


Figure 7.23:  Two Voltage Sources and One Current Source 
Test Connections (DELTA_Y = D) 


Basic Element Operation 
The 51C voltage controlled phase time-overcurrent element is a phase time-overcurrent element 
that is typically torque-controlled by an undervoltage element, such as 27P1. 


This element requires that the 51CTC torque-controlling equation result be logical 1 before the 
element can operate.  You will use the voltage sources to satisfy the element torque-control 
condition, then use the current source to test the element as if it were any other time-overcurrent 
element. 


See Section 2:  Relay Element Settings for complete descriptions of the 51C voltage-controlled 
phase time-overcurrent element and the undervoltage elements typically used to control the 51C 
element. 


Element Pickup Accuracy Test 


Step 1. Connect the voltage and current sources according to Figure 7.22 or Figure 7.23. 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the 51C overcurrent element. 
EBUP = C (setting enables the voltage-controlled time-overcurrent 


elements) 


51CP =  _________  A secondary (element pickup setting) 


51CC =  _________  (element curve selection) 


51CTD =  ________ (element time-dial selection) 


51CRS =  ________ (electromechanical reset selection) 


51CTC =      27PP1 • !60LOP 
Torque-Control Setting (element is enabled when 51CTC = logical 1; typical setting shown)







7-72 Relay Commissioning 
 


Date Code 20081231  SEL-300G Instruction Manual 


Using the front-panel or serial port SHO command, note the pickup setting for the 
torque controlling undervoltage element: 


27PP1 = ________ volts  


Using the front-panel or serial port SHO G command, note the global PHROT and 
DELTA_Y setting: 


PHROT = _______ ABC or ACB (generator phase rotation)  
DELTA_Y = _______ Y or D (generator pt connection) 


Step 3. Set the test source voltage magnitudes less than 27PP1.  Set the test source voltage 
phase angles as shown in Figure 7.7.  


The 51CP pickup setting is made directly in secondary amps, so the element will pick 
up when the applied current magnitude is equal to the pickup setting. 


Iop = ________ A secondary 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 7, which contains the voltage controlled phase time-overcurrent element 
indications, as shown in Table 7.15. 


Table 7.15:  Relay Word Row 7 Shows Relay Word Bits for 
Voltage Controlled Time-Overcurrent Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 7 
Command 
causes these 
LEDs to 
represent: * * * * 51CTC 51C 51CT 51CR 


With voltage applied as described above, the relay should display the 51CTC and 
51CR Relay Word bit names in the LCD display and illuminate the 46 and 87 LEDs, 
which the TAR command reassigns to display the 51CTC and 51CR Relay Word bit 
states, respectively, as shown in Table 7.15.   


During the manual test, as you change the test current magnitude, you can see the 51C 
Relay Word bit asserts and deasserts to indicate pickup and dropout of the element. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  


Step 4. Gradually increase the magnitude of the test current.  Record the current magnitude 
applied to the relay when the instantaneous element under test asserts.   
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Itest =  ________ A secondary 


Use the equation below to calculate the element error: 


%100
Iop


IopItesterror ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


error = _________ % 


Element Timing Accuracy Test 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation.  These methods are described in Test 
Methods on page 7-3. 


Inverse-Time Accuracy Test 


To test 51C overcurrent element inverse-time characteristic, this test procedure uses three test 
points to verify that the element is operating properly. 


Step 1. Use the equations below to calculate the test current magnitudes for Test Point 1, Test 
Point 2, and Test Point 3. 


CP5131Itest ⋅=  A secondary 
Itest1 = ___________ A secondary 


CP5152Itest ⋅=  A secondary 
Itest2 = ___________ A secondary 


CP5173Itest ⋅=  A secondary 
Itest3 = ___________ A secondary 


Calculate the expected operate time at each test point using the equation defined by 
the element settings (see Overcurrent Elements in Section 2:  Relay Element 
Settings), and using M = 3, 5, and 7 as defined above. 


Top1 = _____________ seconds 
Top2 = _____________ seconds 
Top3 = _____________ seconds 


Step 2. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the current test source to apply single-phase current 
with magnitude equal to Itest1.  Apply balanced voltages as in Step 3 of the element 
pickup accuracy test. 
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Step 3. Apply the test current and record the element operating time, Ttest1.  Remove the test 
current for a few minutes to permit the element to fully reset if electromechanical 
reset is enabled (51CRS = Y).  Repeat using Itest2 and Itest3. 


Ttest1 = _________ seconds 
Ttest2 = _________ seconds 
Ttest3 = _________ seconds 


Step 4. Calculate the relay timing errors at each test point using the equation: 


%100
Topn


TopnTtestnerrorn ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


error1 = _________ % 
error2 = _________ % 
error3 = _________ % 


Voltage Restrained Time-Overcurrent (51V) Element 


Equipment Needed 
• SEL-300G Relay under test. 
• Two- or Three-Phase AC Voltage and Current Test Source with adjustable magnitude 


and phase angle.   
• PC with terminal emulation software and appropriate serial cable to connect the  


PC-COM port to the relay. 


Test Source Connections 
Connect the voltage and current sources according to Figure 7.9 or Figure 7.10. 


Basic Element Operation 
The 51V voltage restrained phase time-overcurrent element’s pickup setting (51VP) is reduced 
depending on the magnitude of the applied phase-phase voltage.  The relationship between 
element pickup current and phase-phase voltage is linear.  If the phase-phase voltage magnitude 
is 50 percent of VNOM, the actual 51V element pickup current is 50 percent of the set 51VP 
value. 


See Section 2:  Relay Element Settings for a complete description of the 51V voltage-restrained 
phase time-overcurrent element. 


Element Pickup Accuracy Test 


Step 1. Connect the voltage and current sources according to Figure 7.9 or Figure 7.10. 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the 51V overcurrent element. 


VNOM =  ________  volts (generator nominal phase-to-phase voltage) 


EBUP = V (setting enables the voltage restrained time-overcurrent 
elements) 
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51VCA =  ________  Compensation Angle (0, −30, +30 deg) 


51VP =  _________   A secondary (element pickup setting) 


51VC =  _________   (element curve selection) 


51VTD =  ________  (element time-dial selection) 


51VRS =  ________  (electromechanical reset selection) 


51VTC =      !60LOP 
Torque-Control Setting (element is enabled when 51VTC = logical 1; typical setting 
shown) 


Using the front-panel or serial port SHO G command, note the global PHROT and 
DELTA_Y setting: 


PHROT = _______ ABC or ACB (generator phase rotation)  
DELTA_Y = _______ Y or D (generator pt connection) 


Step 3. Set the test source voltage magnitudes equal to VNOM/1.732 when DELTA_Y = Y or 
equal to VNOM when DELTA_Y = D.  Set the test source voltage phase angles as 
shown in Figure 7.7 or Figure 7.8.  Note that balanced 3-phase voltage and current test 
values are used for the following tests.  The phase angle between IA and VA (or 
VAB) may be any value. 


The 51VP pickup setting is made directly in secondary amps.  However, the actual 
pickup is adjusted by the ratio of the applied voltage to the nominal voltage, as shown 
in the equation below.  To verify the linear nature of the element voltage restraint 
characteristic, test the pickup at three different voltage levels. 


VP511Iop =  A secondary 


732.1
VNOM1Vop =  V secondary (DELTA_Y = Y) 


VNOM1Vop =  V secondary (DELTA_Y = D) 


Iop1 = ________ A secondary 


Vop1 = _______ V secondary 


75.0VP512Iop ⋅=  A secondary 


732.1
VNOM75.02Vop ⋅=  V secondary (DELTA_Y = Y) 


VNOM75.02Vop ⋅=  V secondary (DELTA_Y = D) 


Iop2 = ________ A secondary 


Vop2 = _______ V secondary 


5.0VP513Iop ⋅=  A secondary 
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732.1
VNOM5.03Vop ⋅=  V secondary (DELTA_Y = Y) 


VNOM5.03Vop ⋅=  V secondary (DELTA_Y = D) 


Iop3 = ________ A secondary 


Vop3 = _______ V secondary 


When performing this test manually, it is easy to determine when 51V function picks 
up (51V Relay Word bit asserts) by using the front-panel TARGET function.  Press 
the front-panel OTHER pushbutton, use the Down arrow button to underline the word 
TAR in the LCD display, then press SELECT.  This command sequence causes the 
LCD display and lower deck of target LEDs to display individual Relay Word rows.  
Press the Down arrow button several times to display Relay Word Row 9, which 
contains the voltage restrained phase time-overcurrent element indications, as shown 
in Table 7.16. 


Table 7.16:  Relay Word Row 9 Shows Relay Word Bits for the 
Voltage Restrained Time-Overcurrent Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 9 
Command causes
these LEDs to 
represent: 


 
 
 


51VTC 


 
 
 


51V 


 
 
 


51VT 


 
 
 


51VR 


 
 
 


PDEM 


 
 
 


QDEM 


 
 
 


GDEM


 
 
 


NDEM


With voltage applied as described above, the relay should display the 51VTC and 
51VR Relay Word bit names in the LCD display, and illuminate the 24 and 40 LEDs, 
which the TAR command reassigns to display the 51VTC and 51VR Relay Word bit 
states, respectively, as shown in Table 7.16. 


During the manual test, as you change the test current magnitude, you can see that the 
51V Relay Word bit asserts and deasserts to indicate pickup and dropout of the 
element. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.   


Step 4. Apply balanced 3-phase voltage with magnitude Vop1.  Gradually increase the 
magnitude of the balanced 3-phase test current.  Record the current magnitude applied 
to the relay when the 51V element asserts.   


Itest1 =  ________ A secondary 







Relay Commissioning 7-77
 


SEL-300G Instruction Manual  Date Code 20081231 


Repeat for Vop2 and Vop3. 


Itest2 =  ________ A secondary 
Itest3 =  ________ A secondary 


Use the equation below to calculate the element error: 


%100
Iopn


IopnItestnerrorn ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


error1 = _________ % 
error2 = _________ % 
error3 = _________ % 


Element Timing Accuracy Test 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation. These methods are described in Test 
Methods on page 7-3. 


Inverse-Time Accuracy Test 


To test 51V overcurrent element inverse-time characteristic, this test procedure uses three test 
points to verify that the element is operating properly. 


Step 1. Use the equations below to calculate the test current magnitudes for Test Point 1, Test 
Point 2, and Test Point 3. 


VP5131Itest ⋅=  A secondary 
Itest1 = ___________ A secondary 


VP5152Itest ⋅=  A secondary 
Itest2 = ___________ A secondary 


VP5173Itest ⋅=  A secondary 
Itest3 = ___________ A secondary 


Calculate the expected operate time at each test point using the equation associated 
with the 51VC setting (see Overcurrent Elements in Section 2:  Relay Element 
Settings), and using M = 3, 5, and 7, as defined above. 


Top1 = _____________ seconds 
Top2 = _____________ seconds 
Top3 = _____________ seconds 


Step 2. Choose one of the two timing test methods (SER or output contact driving an external 
timer), and make the settings and connections necessary to support the selection.  
Apply balanced 3-phase currents with magnitudes equal to Itest1.  Apply balanced  
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3-phase voltages magnitudes set equal to VNOM/1.732 volts (DELTA_Y = Y) or 
VNOM (DELTA_Y = D). 


Step 3. Apply the test current Itest1 and record the element operating time, Ttest1.  Remove 
the test current long enough to permit the element to fully reset if electromechanical 
reset is enabled (51VRS = Y).  Repeat using Itest2 and Itest3. 


Ttest1 = _________ seconds 
Ttest2 = _________ seconds 
Ttest3 = _________ seconds 


Step 4. Calculate the relay timing errors at each test point using the equation: 


%100
Topn


TopnTtestnerrorn ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


error1 = _________ % 
error2 = _________ % 
error3 = _________ % 


Step 5. To verify the element-timing characteristic under reduced voltage conditions, select 
one reduced voltage. 


Vr = ________ phase-phase V secondary 0.125 < (Vr/VNOM) < 1.0 


Calculate new Itest quantity using the equations: 


VP
VNOM


VrItest 513732.11 ⋅⋅⎟
⎠
⎞


⎜
⎝
⎛ ⋅


=  A secondary (DELTA_Y = Y) 


VP
VNOM


VrItest 5131 ⋅⋅⎟
⎠
⎞


⎜
⎝
⎛=  A secondary (DELTA_Y = D) 


Itest1 = ___________ A secondary 


VP
VNOM


VrItest 515732.12 ⋅⋅⎟
⎠
⎞


⎜
⎝
⎛ ⋅


=  A secondary (DELTA_Y = Y) 


VP
VNOM


VrItest 5152 ⋅⋅⎟
⎠
⎞


⎜
⎝
⎛=  A secondary (DELTA_Y = D) 


Itest2 = ___________ A secondary 


VP
VNOM


VrItest 517732.13 ⋅⋅⎟
⎠
⎞


⎜
⎝
⎛ ⋅


=  A secondary (DELTA_Y = Y) 


VP
VNOM


VrItest 5173 ⋅⋅⎟
⎠
⎞


⎜
⎝
⎛=  A secondary (DELTA_Y = D) 


Itest3 = ___________ A secondary 
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Apply balanced 3-phase currents with magnitudes equal to Itest1(2,3).  Apply 
balanced 3-phase voltages magnitudes set equal to Vr/1.732 volts (DELTA_Y = Y) or 
Vr (DELTA_Y = D).  These test values will result in the same expected operate times 
calculated in Step 1 above. 


 


Overvoltage (59) Elements 


Equipment Needed 
• SEL-300G Relay under test. 
• Single-Phase AC Voltage Test Source with adjustable magnitude.   
• PC with terminal emulation software and appropriate serial cable to connect the 


PC-COM port to the relay. 


Test Source Connections 
Connect the voltage source according to Figure 7.24 (DELTA_Y = Y) or Figure 7.25 
(DELTA_Y = D).  


DWG:  M300G119


+ -
VA IA


Single-Phase Voltage Sources


Z01
IA


Z02 Z03 Z04 Z05 Z06 Z07 Z08 Z09 Z10 Z11 Z12
IB IC IN


VA


Z13 Z14


VB VC N VN NN


Relay Rear-Panel Voltage and Current Inputs


 


Figure 7.24:  One Voltage Source Test Connection (DELTA_Y = Y) 
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DWG:  M300G229


+ -
VAB IA


Single-Phase Voltage Sources


Z01
IA


Z02 Z03 Z04 Z05 Z06 Z07 Z08 Z09 Z10 Z11 Z12
IB IC IN


VA


Z13 Z14


VB VC N VN NN


Relay Rear-Panel Voltage and Current Inputs (DELTA_Y = D)


 


Figure 7.25:  One Voltage Source Test Connection (DELTA_Y = D) 


Basic Element Operation 
The SEL-300G offers a variety of phase, phase-to-phase, positive-sequence, negative-sequence, 
and residual overvoltage elements.  You can test any of the elements using a single-phase voltage 
source. 


See Section 2:  Relay Element Settings for a complete description of the available overvoltage 
elements. 


Element Pickup Accuracy Test 


Step 1. Connect the voltage source to the VA, VB, VC, VAB, or VBC voltage input. 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the voltage element under test. 


Step 3. These element pickup settings are made directly in secondary volts.  59P1, 59P2, 
59G1, 59G2, 59PP1, and 59PP2 will pick up when the applied voltage magnitude is 
equal to the pickup setting.  59Q and 59V1 operate for applied single-phase voltage 
equal to three times their settings. 


Vop = ________ V secondary 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display the Relay 
Word row which contains the pickup indication for the voltage element under test.  
See TARGET Command in Section 10:  Serial Port Communications and 
Commands for additional details. 
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During the manual test, as you change the test voltage magnitude, you can see Relay 
Word bits assert and deassert to indicate pickup and dropout of the respective 
elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.   


Step 4. Gradually increase the magnitude of the test voltage.  Record the voltage magnitude 
applied to the relay when the overvoltage element under test picks up.   


Vtest =  ________ V secondary 


Use the equation below to calculate the element error: 


%100
Vop


VopVtesterror ⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛ −
=  


error = _________ % 


100% Stator Ground (64) Element 


Equipment Needed 
• SEL-300G Relay under test. 
• Single-Phase AC Voltage Test Source with adjustable magnitude for 64G1 element test.   
• Two Single-Phase AC Voltage Test Sources with adjustable magnitude and frequency 


for 64G2 element test (64RAT ≠ 0).   
• Four Single-Phase AC Voltage Test Sources with adjustable magnitude, phase angles, 


and frequency for 64G2 element test (64RAT = 0).   
• PC with terminal emulation software and appropriate serial cable to connect the  


PC-COM port to the relay. 


Basic Element Operation 


64G1 Element Operation 
The 64G1 element is a fundamental frequency neutral overvoltage element with a definite-time 
delay.   


64G2 Element Operation, 64RAT ≠ 0 
In the standard application, the 64G2 element 64RAT setting is set to a nonzero value.  In this 
case, the element acts as a third-harmonic voltage differential element.  The relay measures the 
third-harmonic voltage at the phase voltage inputs and the neutral voltage input.  The relay then 
multiplies the phase measurement third-harmonic magnitude by the 64RAT setting and takes the 
difference between the result and the neutral measurement.  The relay asserts the 64G2 Relay 
Word bit if the difference is greater than the 64G2P setting.  This element also includes a definite-
time delay. 
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64G2 Element Operation, 64RAT = 0 


In some applications, particularly when DELTA_Y = D, the 64RAT setting is set to zero.  In this 
case, the 64G2 element operates as a neutral third-harmonic undervoltage element supervised by 
positive-sequence voltage measured at the phase voltage inputs.  


See Section 2:  Relay Element Settings for additional details on the operation of the 100% Stator 
Ground Protection Elements. 


64G1 Element Operating Accuracy Test 


Step 1. Connect the voltage sources according to Figure 7.26.  


DWG:  M300G120


Neutral Voltage Source


Z01
IA


Z02 Z03 Z04 Z05 Z06 Z07 Z08 Z09 Z10 Z11 Z12
IB IC IN


VA


Z13 Z14


VB VC N VN NN


Relay Rear-Panel Voltage and Current Inputs


+ -
VN


 


Figure 7.26:  Neutral Voltage Test Connection, 64G1 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the 64G1 elements: 
E64 = Y (setting enables the 100% Stator Ground Elements) 


64G1P =  ________  V secondary (neutral overvoltage element setting) 


64G1D =  ________  seconds (neutral overvoltage time delay) 


•  
•  


•  


64GTC = ___________________________________________________________ 
Torque-Control Setting (element is enabled when 64GTC = logical 1) 


Using the front-panel or serial port SHO G command, note the global FNOM setting: 


FNOM = ________ Hz (nominal generator frequency)  


Step 3. The 64G1 element picks up when the neutral voltage exceeds the 64G1P setting. 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
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function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 12, which contains the 64G element indications, as shown in Table 7.16. 


Table 7.16:  Relay Word Row 12 Shows Relay Word Bits 
for 64G Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 12 
Command 
causes these 
LEDs to 
represent: 


 
 
 
 


64GTC 


 
 
 
 


64G1 


 
 
 
 


64G1T


 
 
 
 


64G2 


 
 
 
 


64G2T


 
 
 
 


OOS 


 
 
 
 


60LOP 


 
 
 
 


CLEN 


During the manual test, as you change the test voltage, you can see the Relay Word 
bits assert and deassert to indicate pickup and dropout of the respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.   


Step 4. Set the test source frequency equal to FNOM.  Gradually increase the test voltage 
magnitude to approach the pickup setting of the 64G1 element.  Record the test 
voltage applied to the relay when the 64G1 Relay Word bit asserts.   


Vtest =  ________ volts  


Use the equation below to calculate the element error: 


%100
P1G64


P1G64Vtesterror ⋅⎟
⎠
⎞


⎜
⎝
⎛ −


=  


error = _________ % 


64G1 Element Timing Accuracy Test 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation. These methods are described in Test 
Methods on page 7-3. 


The 64G1T Relay Word bit asserts 64G1D seconds after the measured neutral voltage exceeds 
the 64G1P pickup setting.  The Element Pickup Accuracy Test verified the accuracy of the pickup 
settings.  This test only measures the element definite operating time. 
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Step 1. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the voltage test source to apply voltage with 
magnitude equal to 1.1 • Vtest volts. 


Step 2. Expect 64G1T to assert 64G1D seconds after the test signal is applied. 


Step 3. Apply the test voltage calculated in Step 1 and record the element operating time, 
Ttest.  Remove the test voltage. 


Ttest = _________ seconds 


Step 4. Calculate the relay timing error using the equation: 


%100
D1G64


D1G64Ttesterror ⋅⎟
⎠
⎞


⎜
⎝
⎛ −


=  


error = _________ % 


64G2 Element Operating Accuracy Test, 64RAT ≠ 0 


Step 1. Connect the voltage sources according to Figure 7.27.  


DWG:  M300G122


+ -
VB


Two-Phase Voltage Sources


Z01
IA


Z02 Z03 Z04 Z05 Z06 Z07 Z08 Z09 Z10 Z11 Z12
IB IC IN


VA


Z13 Z14


VB VC N VN NN


Relay Rear-Panel Voltage and Current Inputs


+ -
VN


Note: Perform this test with VB or VC phase voltage
input. The relay uses VA for frequency measurement
and tracking. To use VA, a composite source made up
of rated fundamental frequency voltage and third-
harmonic frequency voltage is recommended.


 


Figure 7.27:  64G2 Element Test Connections, 64RAT ≠ 0 
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Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the 64G2 elements: 
E64 = Y (setting enables the 100% Stator Ground Elements) 


64G2P =  ________   V secondary (third-harmonic voltage differential element 
setting) 


64RAT =  ________   (third-harmonic voltage ratio setting) 


64G2D =  ________   seconds (third-harmonic voltage differential time delay) 


64GTC = ___________________________________________________________ 
Torque-Control Setting (element is enabled when 64GTC = logical 1) 


Using the front-panel or serial port SHO G command, note the global FNOM setting: 


FNOM = ________ Hz (nominal generator frequency) 


Step 3. The 64G2 element picks up when the third-harmonic voltage difference, VDIFF, 
exceeds the 64G2P setting, as defined by the following equation: 


3VN3VPRAT64Vdiff −⋅=  


Set the frequency of both voltage sources equal to 3 • FNOM.  Set the magnitude of 
the test source connected to the VN input equal to (2 • 64G2P) volts.  Set the 
magnitude of the test source connected to the phase voltage input equal to (2 • 
64G2P)/64RAT. 


Calculate the expected VN magnitudes at which the element should operate. Use the 
equations: 


ondarysecV__________________VN
P2G640.3VNandP2G64VN


=
⋅≥≤


 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 12, which contains the 64G element indications, as shown in Table 7.16. 


During the manual test, as you change the test voltage, you can see the Relay Word 
bits assert and deassert to indicate pickup and dropout of the respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.   


Step 4. Gradually decrease the neutral voltage magnitude.  Record the test voltage applied to 
the relay when the 64G2 Relay Word bit asserts.   


VNtest =  ________ volts  
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Use the equation below to calculate the element error: 


100
64G2P


VNtest)(64G2Perror % ⋅
−


=  


% error = _________  


64G2 Element Timing Accuracy Test, 64RAT ≠ 0 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation.  These methods are described in Test 
Methods beginning on page 7-3. 


The 64G2T Relay Word bit asserts 64G2D seconds after the measured third-harmonic differential 
voltage exceeds the 64G2P pickup setting.  The Element Pickup Accuracy Test verified the 
accuracy of the pickup settings.  This test measures the element definite operating time. 


Step 1. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the voltage test sources to apply neutral and phase 
voltages with magnitudes as calculated in Step 3 above.  Configure the neutral voltage 
test source to switch from 5 volts to a voltage magnitude equal to 0.9 • Vtest volts, as 
determined in Step 4, above. 


Step 2. Expect 64G2T to assert 64G2D seconds after the test signal is applied. 


Step 3. Apply the test voltage calculated in Step 1 and record the element operating time, 
Ttest.  Remove the test voltages. 


Ttest = _________ seconds 


Step 4. Calculate the relay timing error using the equation: 


%100
D2G64


D2G64Ttesterror ⋅⎟
⎠
⎞


⎜
⎝
⎛ −


=  


error = _________ % 


64G2 Element Operating Accuracy Test, 64RAT = 0 


Step 1. Connect the voltage sources according to Figure 7.28.  
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DWG:  M300G121


+ -
VAB


+ -
VBC


Two-Phase Voltage and Neutral Voltage Sources


Z01
IA


Z02 Z03 Z04 Z05 Z06 Z07 Z08 Z09 Z10 Z11 Z12
IB IC IN


VA


Z13 Z14


VB VC N VN NN


Relay Rear-Panel Voltage and Current Inputs


+ -
VN


 


Figure 7.28:  64G2 Element Test Connections, 64RAT = 0 
(DELTA_Y = D) 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the 64G2 elements: 
VNOM =  ________ volts (nominal generator phase-to-phase voltage) 


E64 = Y (setting enables the 100% Stator Ground Elements) 


64G2P =  ________ V secondary (third-harmonic voltage differential element 
setting) 


64RAT = 0 (third-harmonic voltage ratio setting) 


64G2D =  ________ seconds (third-harmonic voltage differential time delay) 


64GTC = __________________________________________________________ 
Torque-Control Setting (element is enabled when 64GTC = logical 1) 


Using the front-panel or serial port SHO G command, note the global FNOM, 
PHROT, and DELTA_Y settings: 


FNOM  = ________ Hz (nominal generator frequency) 
PHROT = ________ ABC or ACB (generator phase rotation) 
DELTA_Y = ________ Y or D (generator pt connections) 


Step 3. The 64G2 element picks up when the neutral third-harmonic voltage falls below the 
64G2P setting. 


Set the frequency of the phase voltage sources equal to FNOM.  Set the magnitudes of 
the phase voltage sources equal to VNOM.  Set the phase test source phase angles as 
shown in Figure 7.7 or Figure 7.8, DELTA_Y = D. 


Set the neutral voltage test source frequency equal to 3 • FNOM.  Set the magnitude 
of the test source connected to the VN input greater than the 64G2P setting.  
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Calculate the expected element operate voltage using the equation: 


P2G64Vop =  
Vop = ________ V secondary 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 12, which contains the 64G element indications, as shown in Table 7.16. 


During the manual test, as you change the test voltage, you can see the Relay Word 
bits assert and deassert to indicate pickup and dropout of the respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.   


Step 4. Gradually decrease the neutral voltage magnitude.  Record the test voltage applied to 
the relay when the 64G2 Relay Word bit asserts.   


Vtest =  ________ volts  


Use the equation below to calculate the element error: 


%100
P2G64


P2G64Vtesterror ⋅⎟
⎠
⎞


⎜
⎝
⎛ −


=  


error = _________ % 


64G2 Element Timing Accuracy Test, 64RAT = 0 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation. These methods are described in Test 
Methods beginning on page 7-3.  


The 64G2T Relay Word bit asserts 64G2D seconds after the measured neutral third-harmonic 
voltage falls below the 64G2P pickup setting.  The Element Pickup Accuracy Test verified the 
accuracy of the pickup settings.  This test measures the element definite operating time. 


Step 1. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the voltage test sources to apply neutral and phase 
voltages with magnitudes as calculated in Step 3 above.  Configure the neutral voltage 
test source to switch from the original magnitude to a voltage magnitude equal to 0.9 •  
Vtest volts, as determined in Step 4, above. 
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Step 2. Expect 64G2T to assert 64G2D seconds after the test signal is applied. 


Step 3. Apply the test voltage calculated in Step 1 and record the element operating time, 
Ttest.  Remove the test voltages. 


Ttest = _________ seconds 


Step 4. Calculate the relay timing error using the equation: 


%100
D2G64


D2G64Ttesterror ⋅⎟
⎠
⎞


⎜
⎝
⎛ −


=  


error = _________ % 


Out-of-Step (78) Element—Single Blinder 


Equipment Needed 
• SEL-300G Relay under test. 
• Two- or Three-Phase AC Voltage and Current Test Source, with adjustable magnitude. 
• PC with terminal emulation software and appropriate serial cable to connect the  


PC-COM port to the relay. 


Test Source Connections 
When DELTA_Y = Y, connect the voltage and current sources according to Figure 7.9.  When 
DELTA_Y = D, connect the voltage and current sources according to Figure 7.10. 


Basic Element Operation 
The single blinder scheme, shown in Figure 7.29, consists of mho element 78Z1, right blinder 
78R1, and left blinder 78R2.  This scheme detects an out-of-step condition by tracking the path of 
positive-sequence impedance trajectories that pass through the protection zone.  If the relay 
detects an out-of-step condition, it asserts the following Relay Word bits: 


Relay Word bit SWING picks up when the positive-sequence impedance moves from 
the load region into Area A (left blinder 78R2 and mho element 78Z1 assert). 


Relay Word bit OOS picks up when the impedance trajectory advances further to Area 
B between the two blinders (right blinder 78R1, left blinder 78R2, and mho element 
78Z1 assert). 


At the time the impedance trajectory exits the mho circle via Area C, the rising-edge 
triggered timer with 78TD pickup delay and 78TDURD dropout-delay starts timing.  
Relay Word bit OOST remains picked up for 78TDURD seconds after the pickup delay 
time 78TD expires. 


The above description is only for trajectories traveling from right to left.  Out-of-step 
trajectories traveling from left to right traverse the protection zone in the reverse 
sequence (i.e., from Area C to B to A).  The Relay Word bits assert in the same way 
whether trajectories travel from right to left or from left to right.  


See Section 2: Relay Element Settings for a complete element description. 
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78Z1 Element Operating Accuracy Test 


Step 1. Make test source connections according to Figure 7.9 or Figure 7.10. 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the out-of-step elements: 
VNOM =  ________  volts (nominal phase-to-phase voltage) 


E78 = 1B (setting enables the out-of-step elements) 


78FWD =  _______  Ω secondary (forward reach setting) 


78REV =  ________  Ω secondary (reverse reach setting)) 


78R1 =  __________  Ω secondary (right blinder setting) 


78R2 =  __________  Ω secondary (left blinder setting) 


Using the front-panel or serial port SHO G command, note the global PHROT and 
DELTA_Y setting: 
PHROT =  _______  ABC or ACB (generator phase rotation) 


DELTA_Y =  _____  Y or D (generator PT connection) 


Step 3. This element is easiest to test by changing the test current while holding test voltage 
equal to VNOM.  Set the test source voltage magnitudes equal to VNOM/1.732 
(DELTA_Y) or VNOM (DELTA_Y = D).  Set the test source voltage phase angles as 
shown in Figure 7.7 or Figure 7.8. 


Set the test source current phase angles as follows: 
When setting PHROT = ABC, set angle Ia = 90° 


 set angle Ib = –30° 


 set angle Ic = –150° 


When setting PHROT = ACB, set angle Ia = 90° 


 set angle Ib = –150° 


 set angle Ic = –30° 
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B


X


R


78REV


78FWD


78Z1


78R2
Left  Blinder


DWG:  M300G245


78R2 78R1


78R1
Right  Blinder


AC


78R2
Pickup


78R1
Pickup


 


Figure 7.29:  Out-of-Step Single Blinder Element, Diameter and Blinder Tests 


Refer to Figure 7.29.  With these current angle settings, 78Z1 element picks up 
if the ratio of voltage to current is less than or equal to the forward reach 
78FWD (ohms) of the mho circle. 


Expected value: 


 
setting 78FWD


Va1Z78Iop =  (DELTA_Y = Y) 


 
setting 78FWD3


Va1Z78Iop
⋅


=  (DELTA_Y = D) 


Expected Iop78Z1 = ______________ A secondary 


Step 4. Turn on the current test sources and gradually increase the magnitude of all three 
phase currents.  Record the applied current magnitude when the 78Z1 element asserts. 


Itest78Z1 = ____________________ A secondary 


Step 5. Use the equations below to calculate the element error: 


error78Z1 = 100%
setting78FWD


setting78FWD
Itest78Z1


Va


⋅
⎥⎦
⎤


⎢⎣
⎡ −


 (DELTA_Y = Y) 
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( )
100%


setting78FWD


setting78FWD
3Itest78Z1


Va


error78Z1 ⋅
⎥
⎦


⎤
⎢
⎣


⎡
−


⋅
=  (DELTA_Y = D) 


error78Z1 = ___________________% 


78R1 Element (Right Blinder) Operating Accuracy Test 


Step 1. Make test source connections according to Figure 7.9 or Figure 7.10. 


Step 2. Using the front-panel or serial port SHO command note the settings associated with 
the out-of-step single blinder element.  Using the front-panel or serial port SHO G 
command note the global PHROT and DELTA_Y setting. 


PHROT =  _______  ABC or ACB (generator phase rotation) 


DELTA_Y =  _____  Y or D (generator PT connection) 


Step 3. This element is easiest to test by changing the test current while holding the test 
voltage equal to VNOM.  Set the test source voltage magnitude equal to VNOM\1.732 
(DELTA_Y = Y) or VNOM (DELTA_Y = D). 


Set the test source voltage phase angles as shown in Figure 7.7 or Figure 7.8. 


Set the test source current phase angles as follows: 


When setting PHROT = ABC, set angle Ia = 0° 


 set angle Ib = –120° 


 set angle Ic = 120° 


When setting PHROT = ACB, set angle Ia = 0° 


 set angle Ib = 120° 


 set angle Ic = –120° 


Refer to Figure 7.29.  In this figure 78R1 element will pick up if the ratio of 
voltage and current applied is equal to or less than the ohmic value of 78R1. 


Expected value: 


 Iop78R1 = 
ohms1R78


Va
 (DELTA_Y = Y) 


 Iop78R1 = 
ohms1R783


Va
⋅


 (DELTA_Y = D) 


Expected Iop78R1 =  ______  A secondary 
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Step 4. Turn on the current test source and gradually increase the magnitude of all three-phase 
currents.  Record the applied current magnitude when the 78R1 element asserts. 


Itest78R1 = _______  A secondary 


Step 5. Use the equations below to calculate the element error: 


100%
setting78R1


setting78R1
Itest78R1


Va


error78R1 ⋅
⎥⎦
⎤


⎢⎣
⎡ −


=  (DELTA_Y = Y) 


( )
100%


setting78R1


setting78R1
3Itest78R1


Va


error78R1 ⋅
⎥
⎦


⎤
⎢
⎣


⎡
−


⋅
=  (DELTA_Y = D) 


error78R1 = ___________________% 


78R2 Element (Left Blinder) Operating Accuracy Test 
To test 78R2, the test current should be displaced by 180° from the test current used in the 78R1 
Operating Accuracy Test.  For example, if the injected current Ia used for testing 78R1 was in 
phase with Va, the Ia used for testing 78R2 should be displaced by 180°. 


Follow Steps 1 through 3 from the 78R1 Element Operating Accuracy Test on the preceding 
page.  Follow Steps 4 and 5 below to complete the 78R2 element test. 


Step 1. Turn on the current test source and gradually increase the magnitude of all three-phase 
currents.  Record the applied current magnitude when the 78R2 element asserts. 


Itest78R2 =  ______  A secondary 


Step 2. Use the equation below to calculate the element error: 


error78R2 = 100%
setting78R2


setting78R2
Itest78R2


Va


⋅
⎥⎦
⎤


⎢⎣
⎡ −


 (DELTA_Y = Y) 


error78R2 = 
( )


100%
setting78R2


setting78R2
3Itest78R2


Va


⋅
⎥
⎦


⎤
⎢
⎣


⎡
−


⋅
 (DELTA_Y = D) 


error78R2 = ___________________% 


Note that during the accuracy test for the 78R1 other elements such as 78R2 and 78Z1 will assert 
prior to the assertion of 78R1.  For purposes of accuracy testing for 78R1, ignore assertions of 
other elements.  Similarly, during the accuracy test for the 78R2 other elements such as 78R1 and 
78Z1 will assert prior to the assertion of 78R2. 
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Out-of-Step (78) Element—Double Blinder 


Equipment Needed 
• SEL-300G Relay under test. 
• Two- or Three-Phase AC Voltage and Current Test Source, with adjustable magnitude. 
• PC with terminal emulation software and appropriate serial cable to connect the 


PC-COM port to the relay. 


Test Source Connections 
When DELTA_Y = Y, connect the voltage and current sources according to Figure 7.9.  When 
DELTA_Y = D, connect the voltage and current sources according to Figure 7.10. 


Basic Element Operation 
The double blinder scheme, shown in Figure 7.30, consists of mho element 78Z1 and two blinder 
pairs:  outer resistance blinder 78R1 and inner resistance blinder 78R2.  This scheme uses timer 
78D as part of its logic to detect out-of-step conditions.  The scheme declares an out-of-step 
condition if the positive-sequence impedance stays between the two blinders for more than 78D 
seconds and advances further inside the inner blinder.  The logic issues an out-of-step trip once an 
out-of-step condition is established and the positive-sequence impedance exits the mho circle. 


If the relay detects an out-of-step condition, it asserts the following Relay Word bits: 


Relay Word bit SWING picks up when the positive-sequence impedance stays between 
the outer and inner blinders for more than 78D seconds (78R1 asserts, mho element 
78Z1 may or may not assert). 


Relay Word bit OOS picks up when the impedance trajectory advances further inside 
the inner blinder (78R1, 78R2, and mho element 78Z1 assert). 


At the time the impedance trajectory exits the mho circle, the rising-edge triggered 
timer with 78TD pickup delay and 78TDURD dropout delay starts timing.  Relay Word 
bit OOST remains picked up for 78TDURD seconds after pickup delay time 78TD 
expires. 


See Section 2:  Relay Element Settings for a complete element description. 
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78R1–78R2 78R2


X


R


78Z1


–78R1


DWG: M300G246


78REV


78FWD


78R2


78R1


78R1
Pickup


78R2
Pickup


–78R2
Pickup


–78R1
Pickup


 


Figure 7.30:  Out-of-Step Double Blinder Element, Diameter and Blinder Tests 


The 78Z1 Element Operating Accuracy Test, 78R1, and 78R2 follows the same steps and 
procedure as listed in Out-of-Step (78) Element—Single Blinder on page 7-89. 


Over/underfrequency (81) Elements 


Equipment Needed 
• SEL-300G Relay under test. 
• Three-Phase AC Voltage Test Source with adjustable magnitude, phase angles, and 


frequency.   
• PC with terminal emulation software and appropriate serial cable to connect the 


PC-COM port to the relay. 


Test Source Connections 
Connect the voltage sources according to Figure 7.9 or Figure 7.10.  Current sources are not 
required for this test. 


Basic Element Operation 
The SEL-300G over/underfrequency elements measure the frequency of the voltage applied to the 
relay.  Underfrequency operation is defined when an element pickup setting is less than the 
nominal generator frequency setting, FNOM.  Overfrequency operation is defined when the 
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pickup setting is greater than FNOM.  Frequency element operation is blocked when any phase 
voltage is less than the 27B81P undervoltage element setting. 


Element Pickup Accuracy Test 


Step 1. Connect the voltage sources according to Figure 7.9 or Figure 7.10.  Current sources 
are not required for this test. 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the frequency elements: 
VNOM = ________   volts (nominal phase-to-phase voltage) 


E81 = 1–6 (setting enables a number of frequency elements) 


27B81P =  _______  V secondary (undervoltage element setting) 


81D1P =  ________  hertz (Level 1 pickup frequency) 


81D1D =  ________  seconds (Level 1 time delay) 


81D2P =  ________  hertz (Level 1 pickup frequency) 


81D2D =  ________  seconds (Level 1 time delay) 


81D3P =  ________  hertz (Level 1 pickup frequency) 


81D3D =  ________  seconds (Level 1 time delay) 


81D4P =  ________  hertz (Level 1 pickup frequency) 


81D4D =  ________  seconds (Level 1 time delay) 


81D5P =  ________  hertz (Level 1 pickup frequency) 


81D5D =  ________  seconds (Level 1 time delay) 


81D6P =  ________  hertz (Level 1 pickup frequency) 


81D6D =  ________  seconds (Level 1 time delay) 


Using the front-panel or serial port SHO G command, note the global FNOM, 
PHROT, and DELTA_Y settings: 


FNOM = ________ Hz (nominal generator frequency)  
PHROT = ________ ABC or ACB (generator phase rotation)  
DELTA_Y = ________ Y or D (generator pt connection) 


Set the test source voltage magnitudes equal to VNOM/1.732 (DELTA_Y = Y) or 
VNOM (DELTA_Y = D).  Set the test source voltage phase angles as shown in 
Figure 7.7 or Figure 7.8. 


Step 3. To predict the test frequency where each element will operate, simply note the 81DnP 
pickup setting. 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
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Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 14, which contains the frequency element indications, as shown in Table 7.17. 


Table 7.17:  Relay Word Row 14 Shows Relay Word Bits 
for Frequency Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 14 
Command 
causes these 
LEDs to 
represent: 81D1 81D2 81D3 81D4 81D5 81D6 3PO 52A 


During the manual test, as you change the test frequency, you can see the Relay Word 
bits assert and deassert to indicate pickup and dropout of the respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  


Step 4. Gradually change the voltage source frequency to approach the pickup setting of the 
element under test.  Record the test frequency applied to the relay when the 
instantaneous element under test asserts.   


Ftest =  ________ hertz  


Use the equation below to calculate the element error: 


DnP81Ftesterror −=  
error = _________ hertz 


Element Timing Accuracy Test 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation. These methods are described in Test 
Methods beginning on page 7-3.  


81DnD Time-Delay Accuracy Test 


The 81DnT Relay Word bit asserts 81DnD seconds after the measured frequency falls below the 
element underfrequency setting or climbs above the element overfrequency setting.  The Element 
Pickup Accuracy Test verified the accuracy of the pickup settings.  This test measures the 
element definite operating time. 


Step 1. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
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support the selection.  Configure the voltage test sources to apply phase voltage with 
magnitude equal to VNOM/1.732 volts (DELTA_Y = Y) or VNOM volts 
(DELTA_Y = D) and frequency equal to: 


1.1 • Ftest for an overfrequency element under test 


or 


0.9 • Ftest for an underfrequency element under test 


Step 2. Expect 81DnT to assert 81DnD seconds after the test signals are applied. 


Step 3. Apply the test voltages calculated in Step 1 and record the element operating time, 
Ttest.  Remove the test voltages. 


Ttest = _________ seconds 


Step 4. Calculate the relay timing error using the equation: 


%100
DnD81


DnD81Ttesterror ⋅⎟
⎠
⎞


⎜
⎝
⎛ −


=  


error = _________ % 


Ground Differential (87N) Element 


Equipment Needed 
• SEL-300G Relay under test. 
• Two AC Current Test Sources with adjustable magnitude.   
• PC with terminal emulation software and appropriate serial cable to connect the 


PC-COM port to the relay. 


Test Source Connections 


Connect the current sources according to Figure 7.31. 
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Figure 7.31:  87N Test Connections 


Basic Element Operation 
The SEL-300G ground differential element detects generator ground faults on solidly or low-
impedance grounded generators by calculating the difference between the neutral current and the 
residual current. When a generator ground fault occurs between the phase current transformers 
and the neutral current transformer, the difference current will be nonzero.  When an external 
ground fault occurs, the difference current is zero.  Thus, the relay does not trip for external 
ground faults, but can sensitively detect most internal ground faults.  The relay ground differential 
element picks up when I87N, the ground difference current, is greater than the 87N element 
pickup setting.  The relay calculates I87N using the equation: 


 ondarysecAIN
CTRN


CTRIGN87I −
⋅


=   


where: 
I87N = round difference current 
IG = Measured residual current (IA + IB + IC) 
IN = Measured neutral current 
CTR = Phase CT Ratio 
CTRN = Neutral CT Ratio 


The 87N1T and 87N2T are definite-time ground differential elements.  If measured difference 
current exceeds the 87N1P setting, the relay asserts the 87N1P Relay Word bit to logical 1.  If 
this condition continues for 87N1D seconds, the relay asserts the 87N11T Relay Word bit to 
logical 1.  After the excessive current condition vanishes, the relay deasserts both Relay Word 
bits to logical 0.  The 87N2P and 87N2T Relay Word bits operate similarly (see Section 13:  
Differential Element Settings for a complete description of the element). 
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Element Pickup Accuracy Test 


Step 1. Make test source connections according to Figure 7.31.  Voltage sources are not 
required for this test and may be left disconnected.   


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the relay volts/hertz element: 
CTR =  __________  phase current transformer ratio to 1 


CTRN =  _________   neutral current transformer ratio to 1 


E87N = Y (setting enables the ground differential elements) 


87N1P =  ________  amps secondary (element pickup setting) 


87N1D =  ________  seconds (element definite-time delay) 


87N2P =  ________  amps secondary (element pickup setting) 


87N2D =  ________  seconds (element definite-time delay) 


87NTC = ____________________________________________________ 
  Torque-Control Setting (elements are enabled when 87NTC = logical 1) 


Step 3. This element is easiest to test by increasing neutral current until the element picks up.  
To prove differential operation, you can then increase the phase current while holding 
the neutral current constant until the element drops out.   


To predict the test neutral current magnitude where the element will operate, use 
equation: 


NnP87INop =  A secondary 


This calculation assumes that applied phase current is zero. 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button twice to display Relay Word Row 
38, which contains the volts/hertz ground differential element indications as shown in 
Table 7.18. 
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Table 7.18:  Relay Word Row 38 Shows Relay Word Bits 
for Ground Differential Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 38 
Command 
causes these 
LEDs to 
represent: 87NTC 87N1P 87N1T 87N2P 87N2T MPP1P MABC1P 27VS 


With standard settings for the 87NTC torque-control setting, the relay should display 
the 87NTC Relay Word bit names in the LCD display and illuminate the 24 LED as 
shown in Table 7.18.   


During the manual test, as you change test current magnitudes, you can see the 
87N1P, 87N2P, 87N1T, and 87N2T Relay Word bits assert and deassert to indicate 
pickup and dropout of the respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.  


Step 4. Gradually increase the magnitude of applied neutral current.  Record the current 
magnitude applied to the relay when the instantaneous element under test asserts.   


87N1P asserted when neutral current magnitude equaled: ________ A secondary 
(Atest1). 


Next, gradually increase the magnitude of applied phase current.  Make sure that the 
phase angle settings for the phase and neutral current are equal.  Record the phase 
current magnitude applied to the relay when the instantaneous element under test 
deasserts. 


87N1P deasserted when phase current magnitude equaled: ________ A secondary 
(Atest2). 


Use the equation below to calculate the element error using Atest1: 


%100
NnP87


NnP871Atesterror ⋅⎟
⎠
⎞


⎜
⎝
⎛ −


=  


error = _________ % 


Use the equation below to calculate the element error using Atest2 and the applied 
neutral current, IN: 


%100
NnP87


NnP87
CTRN
CTR2AtestIN


error ⋅
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛
−⎟


⎠
⎞


⎜
⎝
⎛ ⋅−


=  


error = _________ % 


Step 5. Repeat Steps 3 and 4 for the 87N2P element. 
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Element Timing Accuracy Test 


Note: This procedure uses the setup from the Element Pickup Accuracy Test.  Perform the 
Element Pickup Accuracy Test before proceeding with the Element Timing Accuracy 
Test.  


The object of the Element Timing Accuracy Test is to apply predefined signals to the relay and 
measure the element response time.  There are two methods available to measure the element 
response time, SER review and output contact operation. These methods are described in Test 
Methods beginning on page 7-3. 


87N1D Time-Delay Accuracy Test 
The 87N1T Relay Word bit asserts 87N1D seconds after the measured difference exceeds the 
87N1P setting.  The Element Pickup Accuracy Test verified the accuracy of the 87N1P setting.  
This test applies signals greater than the 87N1P setting and measures the element definite 
operating time. 


Step 1. Based on the two timing test descriptions above (SER or output contact driving an 
external timer), select one method and make the settings and connections necessary to 
support the selection.  Configure the current test sources to IN and Atest2, as 
determined in the element accuracy test.  87N1P should be deasserted.  Remove IN. 


Step 2. Expect 87N1T to assert 87N1D seconds after the IN test signal is removed. 


Step 3. Record the element operating time, Ttest.  Remove the test currentss. 


Ttest = _________ seconds 


Step 4. Calculate the relay timing error using the equation: 


%100
D1N87


D1N87Ttesterror ⋅⎟
⎠
⎞


⎜
⎝
⎛ −


=  


error = _________ % 


You may wish to test the 87N2D timer using the same procedure. 


Current Differential (87) Elements 


Equipment Needed 
• SEL-300G Relay under test. 
• Two Single-Phase AC Current Test Sources with adjustable magnitude. 
• PC with terminal emulation software and appropriate serial cable to connect the PC-


COM port to the relay. 


Basic Element Operation 
The SEL-300G has several components to its differential element.  Figure 7.32 gives a 
representation of the differential characteristic and the plot of each test.   
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Figure 7.32:  Percentage Restraint Differential Characteristic 


See Section 13:  Differential Element Settings for additional details on the operation of the 
Current Differential Elements. 


U87P Unrestrained Element Operating Accuracy Test 


Step 1. Connect a single current source to the IA or IA87 current input.  


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the 87U element: 
E87 = G or T (setting enables the Current Differential Elements) 


TRCON =  _______  (transformer connection setting, hidden when E87 = G) 


CTCON =  _______  (ct connection setting, hidden when E87 = G) 


TAP1 =  _________  A (phase current input tap quantity) 


TAPD =  _________  A (87-input tap quantity) 


U87P =  _________  multiple of TAP (unrestrained element pickup setting) 


Step 3. The 87U element picks up when the differential operate current exceeds the U87P 
setting. 


Calculate the expected element operate current using the equation: 


Iop = U87P • TAP1 • A 
Iop = ________ A secondary 


where A is selected from Table 7.19 when test current is applied to IA, IB, or 
IC.  Replace A with B and TAP1 with TAPD in the Iop equation above if test 
current is applied to IA87, IB87, or IC87. 
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Table 7.19:  Test Current Adjustment Factors For Testing 


TRCON Setting CTCON Setting A B 


YY Y 3  3  
YDAC Y 3  1 


YDAB Y 3  1 


DABY Y 1 3  
DACY Y 1 3  


E87 = G, and All Other E87 = T Connection Combinations 1 1 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 34, which contains the 87U element indications, as shown in Table 7.20. 


Table 7.20:  Relay Word Row 34 Shows Relay Word Bits for 87U 
Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 34 
Command 
causes these 
LEDs to 
represent: 87U 87U1 87U2 87U3 50H1 50H1T 50H2 50H2T 


During the manual test, as you change the test current, you can see the Relay Word 
bits assert and deassert to indicate pickup and dropout of the respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.   


Step 4. Gradually increase the current magnitude.  Record the test current applied to the relay 
when the 87U Relay Word bit asserts.   


Itest =  ________ amps  
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Use the equation below to calculate the element error: 


%100
P87U


P87U
A1TAP


Itest


error ⋅
⎟⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜


⎝


⎛ −
⋅=  


error = _________ % 


Replace TAP1 and A with TAPD and B if the test was performed with current applied 
to IA87, IB87, or IC87. 


O87P Restrained Element Pickup Accuracy Test 


Step 1. Connect a single current source to the IA or IA87 current input.  


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the 87R element: 


E87 = G or T (setting enables the Current Differential Elements) 
TRCON =  _______  (transformer connection setting, hidden when E87 = G) 


CTCON =  _______  (ct connection setting, hidden when E87 = G) 


TAP1 =  _________  A (phase current input tap quantity) 


TAPD =  _________  A (87-input tap quantity) 


O87P =  _________  multiple of TAP (restrained element pickup setting) 


Step 3. The 87R element picks up when the differential operate current exceeds the O87P 
setting if the test current is low enough to not move the test into the percentage 
restrained characteristic of the element. 


Calculate the expected element operate current using the equation: 


Iop = O87P • TAP1 • A 
Iop = ________ A secondary 


where A is selected from Table 7.19 when test current is applied to IA, IB, or 
IC.  Replace A with B and TAP1 with TAPD in the Iop equation above if test 
current is applied to IA87, IB87, or IC87. 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 33, which contains the 87R element indications, as shown in Table 7.21. 
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Table 7.21:  Relay Word Row 33 Shows Relay Word Bits 
for 87R Elements 


Target • • • • • • • • 


LED 24 27/59 32 40 46 64G 81 87 


TAR 33 
Command 
causes these 
LEDs to 
represent: 87B 87BL1 87BL2 87BL3 87R 87R1 87R2 87R3 


During the manual test, as you change the test current, you can see the Relay Word 
bits assert and deassert to indicate pickup and dropout of the respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.   


Step 4. Gradually increase the current magnitude.  Record the test current applied to the relay 
when the 87R Relay Word bit asserts.   


Itest =  ________ amps  


Use the equation below to calculate the element error: 


%100
P87O


P87O
A1TAP


Itest


error ⋅
⎟⎟
⎟
⎟


⎠


⎞


⎜⎜
⎜
⎜


⎝


⎛ −
⋅=  


error = _________ % 


Replace TAP1 and A with TAPD and B if the test was performed with current applied 
to IA87, IB87, or IC87. 


SLP1 Restrained Element Accuracy Test 


Step 1. Connect current sources to the IA and IA87 current inputs.  


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the 87R element: 


E87 = G or T (setting enables the Current Differential Elements) 
TRCON =  _______  (transformer connection setting, hidden when E87 = G) 


CTCON =  _______  (ct connection setting, hidden when E87 = G) 


TAP1 =  _________  A (phase current input tap quantity) 


TAPD =  _________  A (87-input tap quantity) 


O87P =  _________  multiple of TAP (restrained element pickup setting) 
SLP1 =  _________  % (restrained element slope 1 percentage) 
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SLP2 =  _________  % (restrained element slope 2 percentage, hidden and fixed 
at 100% if E87 = G) 


IRS1 =  __________  multiple of TAP (restrained element slope 1 limit, hidden 
and fixed at 3 if E87 = G) 


Step 3. Select a test point on the percentage restraint slope 1 characteristic (see Figure 7.32).  
This test point is represented by a restraint current, IRT, in multiples of TAP, and 
should be in the range: 


O87P • 100/SLP1 < IRT < IRS1 
IRT = __________ multiples of TAP 


The value of IOP corresponding to the selected IRT equals the following: 


IRT
100


1SLPIOP ⋅=  


IOP = __________ multiples of TAP 


Calculate the expected current for IA and IA87 at the restrained differential element 
SLP1 threshold for the test point selected above using the following formula: 


A1TAP
200


1SLP+1IRT=IA ⋅⋅⎟
⎠
⎞


⎜
⎝
⎛⋅  


IA = ____________ amps 


Calculate the IA87 current expected operate value for the test using the following 
formula: 


BTAPD
200


SLP1-1IRT=IA87f ⋅⋅⎟
⎠
⎞


⎜
⎝
⎛⋅  


IA87f = ____________ amps 


The A and B connection compensation constants are found in Table 7.19.  


Calculate the initial value for the IA87 current using the equation: 


IA87i = IA • TAPD/TAP1 
IA87i = ____________ amps 


This initial value of current, when applied to the relay with IA, will result in IOP = 0. 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 33, which contains the 87R element indications, as shown in Table 7.21. 


During the manual test, as you change the test current, you can see the Relay Word 
bits assert and deassert to indicate pickup and dropout of the respective elements. 
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If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.   


Step 4. Set the IA current test source to apply current at phase angle = 0° and with a 
magnitude equal to IA calculated in Step 3.  Set the IA87 current test source to apply 
current at phase angle = 180° and magnitude equal to IA87i, calculated in Step 3.  
Gradually decrease the IA87 current magnitude.  Record the test current applied to the 
relay when the 87R Relay Word bit asserts.  The test current should closely equal the 
IA87f value calculated in Step 3. 


Itest =  ________ amps  


SLP2 Restrained Element Accuracy Test 


Step 1. Connect current sources to the IA and IA87 current inputs.  


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the 87R element: 


E87 = G or T (setting enables the Current Differential Elements) 
TRCON = ________ (transformer connection setting, hidden when E87 = G) 
CTCON = ________ (ct connection setting, hidden when E87 = G) 
TAP1 = ________  A (phase current input tap quantity) 
TAPD = ________  A (87-input tap quantity) 
O87P = ________ multiple of TAP (restrained element pickup setting) 
SLP1 = ________ % (restrained element slope 1 percentage) 
SLP2 = ________ % (restrained element slope 2 percentage, hidden and fixed 


at 100% if E87 = G) 
IRS1 = _________ multiple of TAP (restrained element slope 1 limit, hidden 


and fixed at 3 if E87 = G) 


Step 3. Select a test point on the percentage restraint slope 2 characteristic (see Figure 7.32).  
This test point is represented by a restraint current, IRT, in multiples of TAP, and 
should be in the range: 


IRT > IRS1 
IRT = __________ multiples of TAP 


The value of IOP corresponding to the selected IRT equals the following: 


⎟
⎠
⎞


⎜
⎝
⎛ −
⋅+⋅=


100
2SLP1SLP1IRSIRT


100
2SLPIOP  


IOP = __________ multiples of TAP 
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Calculate the expected current for IA and IA87 at the restrained differential element 
SLP1 threshold for the test point selected above using the following formula: 


ATAP1
200


SLP2SLP1IRS1
200


SLP21IRTIA ⋅⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛
⎟
⎠
⎞


⎜
⎝
⎛ −
⋅+⎟


⎠
⎞


⎜
⎝
⎛ +⋅=  


IA = ____________ amps 


Calculate the IA87 current expected operate value for the test using the following 
formula: 


BTAPD
200


SLP2SLP1IRS1
200


SLP21IRTIA87f ⋅⋅⎟⎟
⎠


⎞
⎜⎜
⎝


⎛
⎟
⎠
⎞


⎜
⎝
⎛ −
⋅−⎟


⎠
⎞


⎜
⎝
⎛ −⋅=  


IA87f = ____________ amps 


The A and B connection compensation constants are found in Table 7.19.  


Calculate the initial value for the IA87 current using the equation: 


IA87i = 1.1 • IA87f 
IA87i = ____________ amps 


When performing this test manually, it is easy to determine when an instantaneous 
element picks up by viewing the element state directly using the front-panel TARGET 
function.  Press the front-panel OTHER pushbutton, use the Down arrow button to 
underline the word TAR in the LCD display, then press SELECT.  This command 
sequence causes the LCD display and lower deck of target LEDs to display individual 
Relay Word rows.  Press the Down arrow button several times to display Relay Word 
Row 33, which contains the 87R element indications, as shown in Table 7.21. 


During the manual test, as you change the test current, you can see the Relay Word 
bits assert and deassert to indicate pickup and dropout of the respective elements. 


If you prefer to monitor a contact closure to indicate element pickup, use the Access 
Level 2 SET command to program an output contact to close when the element under 
test picks up.   


Step 4. Set the IA current test source to apply current at phase angle = 0° and with a 
magnitude equal to IA calculated in Step 3.  Set the IA87 current test source to apply 
current at phase angle = 180° and magnitude equal to IA87i, calculated in Step 3.  
Gradually decrease the IA87 current magnitude.  Record the test current applied to the 
relay when the 87R Relay Word bit asserts.  The test current should closely equal the 
IA87f value calculated in Step 3. 


Itest =  ________ amps  


PCT2 Second-Harmonic Blocking Accuracy Test 


Note: This test requires a current source capable of generating second-harmonic currents.  This 
test verifies operation of the second-harmonic blocking function which is disabled when 
E87 = G or when E87 = T and PCT2 = OFF. 
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Step 1. Connect current sources to the IA current inputs, as shown in Figure 7.33.  
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Figure 7.33:  Test Connections for Parallel Current Sources 


Step 2. Using the front-panel or serial port SHO command, note the settings associated with 
the 87R element: 


E87 = T (setting enables the Current Differential Elements) 
PCT2 = _________ % (second-harmonic blocking percentage, hidden and fixed 


at OFF if E87 = G) 


Set Current Source 1 to apply fundamental frequency current.  Press the front-panel 
OTHER pushbutton, use the Down arrow button to underline the word TAR in the 
LCD display, then press SELECT.  This command sequence causes the LCD display 
and lower deck of target LEDs to display individual Relay Word rows.  Press the 
Down arrow button several times to display Relay Word Row 33, which contains the 
87R element indications, as shown in Table 7.21. 


Increase the magnitude of applied current until 87R asserts.  Note this value of 
current. 


IA1 = _________ amps 


Step 3. Calculate the value of second-harmonic current necessary to block the restrained 
element using the equation below: 


IA2 = (PCT2/100) • IA1 amps 
IA2 = _____________ amps 


Step 4. Set the Current Source 2 to apply second-harmonic current. Gradually increase the 
Current Source 2 magnitude.  Record the test current applied to the relay when the 
87R Relay Word bit deasserts.  The test current should closely equal the IA2 value 
calculated in Step 3. 


Itest =  ________ amps  
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DIFFERENTIAL ELEMENT COMMISSIONING WORKSHEET 
 


Date:  Installer:    


RELAY ID 
(RID):  


 TERMINAL 
ID (TID): 


   


CTR =   CTRD =  E87 =  


TRCON =  CTCON =    


With load applied to the relay, use the front panel METER Inst function to find the current 
quantities (magnitude and phase angle) and the three-phase power quantities: 
 


IA =  IA87 =  


IB =  IB87 =  


IC =  IC87 =  


Next, use the METER DIF function to find the differential operate, in percent of restraint: 
 
IOP1 =  % of restraint 


IOP2 =  % of restraint 


IOP3 =  % of restraint 


If all three operate quantities are less than 10 percent of restraint, then the relay is installed 
correctly. 


If IOP1, IOP2 or IOP3 is greater than 10 percent, there may be a connection, CT ratio, or setting 
error.  Perform the following additional checks: 


1. Plot the six measured currents in the chart on the following Check List.  Verify correct phase 
rotation for both sets of three currents.  Correct any problems found and recheck the operate 
quantities to determine if they are less than 10 percent.  


2. Based on the relay settings and the chart notations, verify the desired phase angle difference 
between the phase current inputs and the differential current inputs.  Correct any problems 
found and recheck the operate quantities to determine if they are less than 10 percent.  


3. Steps 1 and 2 address possible CT connection errors.  If IOP > 10 percent remains on a single 
phase, check the CT tap connections of the affected phase to verify that the relay is connected 
to the appropriate CT tap, per the CTR and CTRD settings.  If mismatch remains on all three 
phases, check the CTR and CTRD settings to ensure that they are correct, per the actual CT 
ratio.  
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Check List 


1. Phasor rotation is as expected. 


2. Circle your transformer and CT connection: 
 


If E87 = G, OR  
If E87 = T AND  


 


TRCON = GEN, CTCON = Y 
TRCON = DABY, CTCON = DAB 
TRCON = YDAB, CTCON = Y 
TRCON = DACY, CTCON = DAC 
TRCON = YDAC, CTCON = Y 
TRCON = DABDAB, CTCON = Y 
TRCON = DACDAC, CTCON = Y 
TRCON = YY, CTCON = Y  


Then, phase angles should be 180° apart. 


Plot Phasors 


135


90


45


180/-180


-135


-90


-45


0


DWG: MAPP-E


 


If E87 = T AND 


TRCON = GEN, CTCON = DAC 
TRCON = DABY, CTCON = Y 
TRCON = YDAC, CTCON = Y 


Then, I87 should lead IW1 by 150°.  


If E87 = T AND  


TRCON = GEN, CTCON = DAB 
TRCON = DACY, CTCON = Y 
TRCON = YDAB, CTCON = Y 


Then, I87 should lag IW1 by 150°. 
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SECTION 8:  MONITORING AND METERING FUNCTIONS 


INTRODUCTION 
The SEL-300G Relay monitoring functions include: 


• Generator Operating Statistics 
• Breaker Monitor 
• Station DC Battery Monitor 


In addition to instantaneous and demand metering, the SEL-300G metering functions include: 
• Differential Metering 
• Energy Metering 
• Maximum/Minimum Metering 


This section explains these functions in detail. 


GENERATOR OPERATING STATISTICS 
The SEL-300G helps track the performance and utilization of the protected generator by tracking 
several generator operating statistics such as: 


• Total Generator Running Hours 
• Total Generator Stopped Hours 
• Generator Full Load Hours 
• Percent of time running 
• Accumulated generator I2


2t 
• Average real and reactive power outputs 
• Average power factor 


In addition, the relay records the time-of-operation in each 0.1 Hz frequency band between 40 
and 70 Hz.  This data is updated each second, then stored in nonvolatile memory on a daily basis 
at 23:50 hours.  All the data listed above, plus the present 81AC Off-Frequency Time 
Accumulator values can be viewed or reset using the serial port PROFILE command. 


Generator Hour Meters 
The relay provides three hour meters plus a Time Running percentage to help record generator 
utilization.  The relay considers the generator stopped any time the three-pole open (3PO) Relay 
Word bit is asserted (logical 1).  As shown in Section 2:  Relay Element Settings, 3PO asserts 
when all three phase current magnitudes are below the 50L setting and the 52A Relay Word bit is 
deasserted (logical 0).  The relay considers the generator running any time the 3PO Relay Word 
bit is deasserted. 


The Full Load Hours hour meter is similar to the Running Hours hour meter, except that the time 
advances more slowly when the generator is operated at less than full load.  For instance, one 
hour of generator operation at phase current equal to 0.5 times INOM would result in 60 minutes 
added to the Running Hours meter but only 30 minutes added to the Full Load Hours meter. 
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The relay calculates the Time Running percentage by dividing the Running Hours by the sum of 
Running and Stopped hours, then multiplying by 100 percent. 


Generator Accumulated I22t 
Because the detrimental mechanical effects of unbalance current on the generator are cumulative, 
the SEL-300G Relay records the accumulated I2


2t experienced by the generator over time.  The 
relay advances this time whenever the negative-sequence time-overcurrent element is picked up, 
as indicated by Relay Word bit 46Q2.  This time is incremented regardless of whether the relay 
trips in response to the unbalance condition.  This value carries units of secondary amperes 
squared-seconds. 


Generator Average Output Power 
While the generator is running, as defined above, the relay averages the three-phase real power 
output in megawatts.  It also records the average input and output reactive three-phase power in 
megavars.  Positive VARs are defined as generator output reactive power; negative VARs are 
defined as input reactive power. 


From the real and reactive averages, the relay calculates the average power factor.  Leading 
average power factor is defined when average MVAR in is greater than the average MVAR out.  
Lagging average power factor is defined when the average MVAR in is less than the average 
MVAR out. 


Off-Frequency Operating Time Accumulators 
The relay tracks operating time by frequency in two manners, both represented in the generator 
operating statistics record.  The first report is associated with the 81AC Off-Frequency Time 
Accumulator Protection function.  When this function is enabled, the relay PROFILE command 
response reports the present accumulated time in each of the defined protection bands.  The 
accumulated time is reported in seconds and percentage of the limit setting.  The relay 81AC 
Off-Frequency Time Accumulator function accumulates up to 6553 seconds and can report 
percentages as high as 9999 percent.  If the accumulated time percentage of the limit time 
exceeds 9999 percent, the relay reports $$$$$ percent in that band. 


The final section of the PROFILE command response reports the accumulated operating time 
overfrequency in 0.1 Hz bands from 40 Hz to 70 Hz.  This report is independent of the 81AC 
protection function. 


Example PROFILE Command Response 
Section 10:  Serial Port Communications and Commands includes an example response to the 
PROFILE command. 


Resetting the Averages and Accumulators  
From serial port Access Level 2, you can reset the PROFILE averages and accumulators.  You 
may find it useful to reset the Operating History and Average Power quantities following 
generator or prime mover turn-arounds or overhauls.  The Off-Frequency and Operating 
Frequency accumulators should be reset only following major generator overhauls. 
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BREAKER MONITOR 
Section 3:  Auxiliary Function Settings describes the Breaker Monitor settings. 


The operation of the breaker monitor maintenance curve, when new current values are read in, is 
explained in the following example. 


Breaker Monitor Operation Example 
As stated earlier, each phase (A, B, and C) has its own breaker maintenance curve.  For this 
example, presume that the interrupted current values occur on a single phase in Figure 8.1 
through Figure 8.4.  Also, presume that the circuit breaker interrupting contacts have no wear at 
first (brand new or recent maintenance performed). 


Note in the following four figures (Figure 8.1 through Figure 8.4) that the interrupted current in a 
given figure is the same magnitude for all the interruptions (e.g., in Figure 8.2, 2.5 kA is 
interrupted 290 times).  This is not realistic, but helps in demonstrating the operation of the 
breaker maintenance curve and how it integrates for varying current levels. 


0 Percent to 10 Percent Breaker Wear 
Refer to Figure 8.1.  7.0 kA is interrupted 20 times (20 close/open operations = 20 – 0), pushing 
the breaker maintenance curve from the 0 percent wear level to the 10 percent wear level. 


Compare the 100 percent and 10 percent curves and note that for a given current value, the 10 
percent curve has only 1/10 of the close/open operations of the 100 percent curve. 


10 Percent to 25 Percent Breaker Wear 
Refer to Figure 8.2.  The current value changes from 7.0 kA to 2.5 kA.  2.5 kA is interrupted 290 
times (290 close/open operations = 480 – 190), pushing the breaker maintenance curve from the 
10 percent wear level to the 25 percent wear level. 


Compare the 100 percent and 25 percent curves and note that for a given current value, the 25 
percent curve has only 1/4 of the close/open operations of the 100 percent curve. 


25 Percent to 50 Percent Breaker Wear 
Refer to Figure 8.3.  The current value changes from 2.5 kA to 12.0 kA.  12.0 kA is interrupted 
11 times (11 close/open operations = 24 – 13), pushing the breaker maintenance curve from the 
25 percent wear level to the 50 percent wear level. 


Compare the 100 percent and 50 percent curves and note that for a given current value, the 50 
percent curve has only 1/2 of the close/open operations of the 100 percent curve. 


50 Percent to 100 Percent Breaker Wear 
Refer to Figure 8.4.  The current value changes from 12.0 kA to 1.5 kA.  1.5 kA is interrupted 
3000 times (3000 close/open operations = 6000 – 3000), pushing the breaker maintenance curve 
from the 50 percent wear level to the 100 percent wear level. 


When the breaker maintenance curve reaches 100 percent for a particular phase, the percentage 
wear remains at 100 percent (even if additional current is interrupted), until reset by the BRE R 
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command (see View or Reset Breaker Monitor Information that follows later).  The current and 
trip counts continue to be accumulated, until reset by the BRE R command. 


Additionally, logic outputs assert for alarm or other control applications—see the following 
discussion. 


Breaker Monitor Output 
When the breaker maintenance curve for a particular phase (A, B, or C) reaches the 100 percent 
wear level (see Figure 8.4), a corresponding Relay Word bit (BCWA, BCWB, or BCWC) asserts. 


Relay Word bit Definition 


BCWA A-phase breaker contact wear has reached the 100 percent wear level 


BCWB B-phase breaker contact wear has reached the 100 percent wear level 


BCWC C-phase breaker contact wear has reached the 100 percent wear level 


BCW BCWA + BCWB + BCWC 


Example Applications 


These logic outputs can be used to alarm: 


OUT107 = …+ BCW +… 


View or Reset Breaker Monitor Information 
Accumulated breaker wear/operations data is retained if the relay loses power.  The accumulated 
data can be reset only if the BRE R command is executed (see the following discussion on the 
BRE R command). 


Via Serial Port 


See BRE Command (Breaker Monitor Data) in Section 10:  Serial Port Communications and 
Commands.  The BRE command displays the following information: 


• Accumulated number of relay initiated trips 
• Accumulated interrupted current from relay initiated trips 
• Accumulated number of externally initiated trips 
• Accumulated interrupted current from externally initiated trips 
• Percent circuit breaker contact wear for each phase 
• Date when the preceding items were last reset (via the BRE R command) 


See BRE n Command (Preload/Reset Breaker Wear) in Section 10:  Serial Port 
Communications and Commands.  The BRE W command allows the percent breaker wear to be 
preloaded for each individual phase. 


The BRE R command resets the accumulated values and the percent wear for all three phases.  
For example, if breaker contact wear has reached the 100 percent wear level for A-phase, the 
corresponding Relay Word bit BCWA asserts (BCWA = logical 1).  Execution of the BRE R 
command resets the wear levels for all three phases back to 0 percent and consequently causes 
Relay Word bit BCWA to deassert (BCWA = logical 0). 
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Via Front Panel 
The information and reset functions available via the previously discussed serial port commands 
BRE and BRE R are also available via the front-panel OTHER pushbutton.  See Figure 9.3 in 
Section 9:  Front-Panel Operation. 


Determination of Relay Initiated Trips and Externally Initiated Trips 
See BRE Command (Breaker Monitor Data) in Section 10:  Serial Port Communications and 
Commands.  Note in the BRE command response that the accumulated number of trips and 
accumulated interrupted current are separated into two groups of data:  that generated by relay 
initiated trips (Int Trips) and that generated by externally initiated trips (Ext Trips).  The 
categorization of this data is determined by the status of the TRIP Relay Word bit when the 
SELOGIC® control equation breaker monitor initiation setting BKMON operates. 


Refer to Figure 3.11 and accompanying explanation in Section 3:  Auxiliary Function Settings.  
If BKMON newly asserts (logical 0 to logical 1 transition), the relay reads in the current values 
(Phases A, B, and C).  Now the decision has to be made:  where is this current and trip count 
information accumulated?  Is it under relay initiated trips or externally initiated trips? 


To make this determination, the status of the TRIP Relay Word bit is checked at the instant 
BKMON newly asserts (TRIP is the logic output of Figure 4.6).  If TRIP is asserted 
(TRIP = logical 1), the current and trip count information is accumulated under relay initiated 
trips (Int Trips).  If TRIP is deasserted (TRIP = logical 0), the current and trip count information 
is accumulated under externally initiated trips (Ext Trips). 


Regardless of whether the current and trip count information is accumulated under relay initiated 
trips or externally initiated trips, this same information is routed to the breaker maintenance curve 
for continued breaker wear integration (see Figure 8.1 through Figure 8.4). 


Factory Default Setting Example 
As discussed previously, the SELOGIC control equation breaker monitor initiation factory default 
setting is: 


BKMON = TRIP1 


Thus, any new assertion of BKMON will be deemed a relay trip, and the current and trip count 
information is accumulated under relay initiated trips (Int Trips). 
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Figure 8.1:  Breaker Monitor Accumulates 10% Wear 
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Figure 8.2:  Breaker Monitor Accumulates 25% Wear 







8-8 Monitoring and Metering Functions
 


Date Code 20081231  SEL-300G Instruction Manual 


DWG:  M300G134


100%
10,000


1000


2


3


4


5


6
7
8
9


100


2


3


4


5


6
7
8
9


10


2


3


4


5


6
7
8
9


1 2 3 4 5 6 7 8 9 5040302010


N
um


be
r 


of
 C


lo
se


/O
pe


n
O


pe
ra


tio
ns


kA Interrupted per
Operation


.5


25%


50%


 
Figure 8.3:  Breaker Monitor Accumulates 50% Wear 
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Figure 8.4:  Breaker Monitor Accumulates 100% Wear 
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STATION DC BATTERY MONITOR 
The station dc battery monitor in the SEL-300G can alarm for under- or overvoltage dc battery 
conditions and give a view of how much the station dc battery voltage dips when tripping, 
closing, and other dc control functions take place.  The monitor measures the station dc battery 
voltage applied to the rear-panel terminals labeled POWER, Z25, and Z26.  Applications of the 
DCHIP and DCLOP settings and DCHI and DCLO Relay Word bits are discussed in detail in 
Section 3:  Auxiliary Function Settings. 


View Station DC Battery Voltage 


Via Serial Port 
See MET Command (Metering Data)—Instantaneous Metering in Section 10:  Serial Port 
Communications and Commands.  The MET command displays the station dc battery voltage 
(labeled VDC). 


Via Front Panel 
The information available via the previously discussed MET serial port command is also 
available via the front-panel MET pushbutton.  See Figure 9.2 in Section 9:  Front-Panel 
Operation. 


Analyze Station DC Battery Voltage 
See Standard Event Reports in Section 11:  Event Reports and SER Functions.  The station dc 
battery voltage is displayed in column Vdc in the example event report in Figure 11.2.  Changes 
in station dc battery voltage for an event (e.g., circuit breaker tripping) can be observed.  Use the 
EVE command to retrieve event reports as discussed in Section 12:  Maintain and Troubleshoot 
Relay. 


Station DC Battery Voltage Dips During Circuit Breaker Tripping 
Event reports are generated automatically when the TRIP1 through TRIP4 Relay Word bits 
assert.  For example, output contact OUT101 is set to trip: 


OUT101 = TRIP1 


Anytime output contact OUT101 closes and energizes the circuit breaker trip coil, any dip in 
station dc battery voltage can be observed in column Vdc in the event report. 


Station DC Battery Voltage Dips During Circuit Breaker Closing 
To generate an event report when the SEL-300G closes the circuit breaker, make the SELOGIC 
control equation event report generation setting: 


ER = /OUT105 + ... 


In this example, output contact OUT105 is set to close: 


OUT105 = CLOSE (CLOSE is the logic output of Figure 4.8) 


Anytime output contact OUT105 closes and energizes the circuit breaker close coil, any dip in 
station dc battery voltage can be observed in column Vdc in the event report. 
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This event report generation setting (ER = /OUT105 + ...) might be made just as a testing setting.  
Generate several event reports when doing circuit breaker close testing and observe the 
“signature” of the station dc battery voltage in column Vdc in the event reports. 


Operation of Station DC Battery Monitor When AC Voltage is Powering the Relay 
If the SEL-300G has a 125/250 Vac/Vdc supply, it can be powered by ac voltage (85 to 264 Vac) 
connected to the rear-panel terminals labeled POWER.  When powering the relay with ac voltage, 
the dc voltage elements in Figure 3.4 see the average of the sampled ac voltage powering the 
relay—which is very near zero volts (as displayed in column Vdc in event reports).  Thus, pickup 
settings DCLOP and DCHIP should be set off (DCLOP = OFF, DCHIP = OFF)—they are of no 
real use. 


If a “raw” event report is displayed (with the EVE R command), column Vdc will display the 
sampled ac voltage waveform rather than the average. 


DIFFERENTIAL METERING 


View Differential Metering Information 


Via Serial Port 
See MET Command (Metering Data), MET DIF—Differential Metering (Model 0300G1 and 
Model 0300G3) in Section 10:  Serial Port Communications and Commands.  The MET DIF 
command displays the following values: 


Operate Currents Winding 1, Winding 2, and Winding 3 in multiples of TAP 
and percent (serial port) or per unit (front-panel IMM) of 
their respective restraint quantities. 


Restraint Currents Winding 1, Winding 2, and Winding 3 in multiples of TAP. 


Second-Harmonic Currents Winding 1, Winding 2, and Winding 3 in multiples of TAP 
and percent of their respective operate quantities. 


Via Front Panel 
The meter function is also available via the front-panel METER pushbutton.  See Figure 9.2 in 
Section 9:  Front-Panel Operation. 


ENERGY METERING 


View or Reset Energy Metering Information 


Via Serial Port 
See MET Command (Metering Data), MET E—Energy Metering in Section 10:  Serial Port 
Communications and Commands.  The MET E command displays accumulated single- and 
three-phase megawatt and megavar hours.  The MET RE command resets the accumulated 
single- and three-phase megawatt and megavar hours. 
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Note: When open-delta PTs are applied, (DELTA_Y = D), the relay displays three-phase 
energy quantities only. 


Via Front Panel 
The information and reset functions available via the previously discussed serial port commands 
MET E and MET RE are also available via the front-panel METER pushbutton.  See Figure 9.2 
in Section 9:  Front-Panel Operation. 


Energy Metering Updating and Storage 
The SEL-300G updates energy values approximately every two seconds. 


The relay stores energy values to nonvolatile storage once per day (it overwrites the previous 
stored value).  Should the relay lose control power, it will restore the energy values saved by the 
relay at 23:50 hours on the previous day. 


Accumulated energy metering values in the relay function like those in an electromechanical 
energy meter. When the energy meter reaches 999999 MWh or 999999 MVARh, it starts over at 
zero.  


Note: If you are using Modbus® RTU Communications Protocol to retrieve energy metering 
data from the SEL-300G, you are limited to a maximum of 65535 MWh or 65535 
MVARh. The energy meter values do not reset automatically, but they can be reset, either 
locally (front panel or serial port) or from a Modbus master location when they reach the 
maximum value mentioned above. 


MAXIMUM/MINIMUM METERING 


View or Reset Maximum/Minimum Metering Information 


Via Serial Port 
See MET Command (Metering Data), MET M—Maximum/Minimum Metering in Section 10:  
Serial Port Communications and Commands.  The MET M command displays 
maximum/minimum metering for the following values: 


Currents IA,B,C,N Input currents (A primary) 
IG Residual ground current (A primary; IG = 3I0 = 


IA + IB + IC) 
IA87,B87,C87 87-Input currents (A primary, Models 0300G1, 


and 0300G3) 


Voltages VA,B,C,N Input voltages (kV primary, DELTA_Y = Y) 
VAB,BC,CA,N Input voltages (kV primary, DELTA_Y = D) 
Vs Input voltage (kV primary, Models 0300G2 and 


0300G3) 
VP3, VN3 Terminal (DELTA_Y = Y) and neutral third-


harmonic voltages (V secondary) 
VN1 Neutral fundamental voltage (V secondary) 
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Power MW3P Three-phase megawatts 
MVAR3P Three-phase megavars


The MET RM command resets the maximum/minimum metering values. 


Via Front Panel 
The information and reset functions available via the previously discussed serial port commands 
MET M and MET RM are also available via the front-panel METER pushbutton.  See 
Figure 9.2 in Section 9:  Front-Panel Operation. 


Maximum/Minimum Metering Updating and Storage 
The SEL-300G Relay updates maximum/minimum values, if the following conditions are met: 


• A generator fault is not detected. 
• The metering value is above the previous maximum or below the previous minimum for 


2 cycles. 
• For phase voltage values, the voltage is above 13 V secondary. 
• For neutral voltage values, the voltage is above 0.05 V secondary. 
• For third-harmonic voltage values, the voltage is above 0.05 V secondary. 
• For current values, the currents are above: 


 0.05 A secondary {5 A nominal} 
 A secondary {1 A nominal} 


• Megawatt and megavar values are subject to the above voltage and current thresholds. 


The SEL-300G stores maximum/minimum values to nonvolatile storage once per day (it 
overwrites the previous stored value if it is exceeded).  Should the relay lose control power, it will 
restore the maximum/minimum values saved by the relay at 23:50 hours on the previous day. 


Max/min recording is suspended and the FAULT Relay Word bit asserted if any of the following 
protection elements pick up:  21P1P, 21P2P, 21C1P, 21C2P, 51N, 50N1, 50N2, 50P1, 50P2, 
51G, 50G1, 50G2, 50H1, 50H2, 50Q1, 50Q2, 50R1, 50R2, 51C, 51V, 46Q1, 46Q2, 64G1, 64G2, 
INAD, 60LOP, 87R, 87U, 87N1P, or 87N2P. 
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SECTION 9:  FRONT-PANEL OPERATIONS 


INTRODUCTION 
This section describes how to get information, make settings, and execute control operations from 
the relay front panel.  It also describes the default displays. 


FRONT-PANEL TARGET LEDS 


Table 9.1:  SEL-300G Relay Front-Panel Target LED Definitions 


LED 
Number 


LED Label Definition 


1 EN Relay Enabled—see subsection Relay Self-Test Alarms in Section 4:  
SELOGIC Control Equations. 


2 BKR 
CLOSED 


Indication that the 52A SELOGIC control equation result is a logical 1; the 
generator main breaker is closed. 


3 LOP 60 A blown relaying potential fuse condition is detected. 


4 TRIP TR1, TR2, TR3, or TR4 has asserted. 


5 21/51V A distance element, voltage controlled (51CT) time-overcurrent, or 
voltage restrained (51VT) time-overcurrent element trip was picked up 
when the last trip occurred. 


6 50 A definite-time overcurrent element was timed out when the last trip 
occurred. 


7 51 A time-overcurrent element was timed out when the last trip occurred. 


8 N 
 


A neutral overcurrent element was timed out when the last trip occurred. 
(occurs with 50 or 51) 


9 24 A volts/hertz element was timed out when the last trip occurred. 


10 27/59 An under- or overvoltage element was picked up when the last trip 
occurred. 


11 32 A reverse/low-forward power element was timed out when the last trip 
occurred. 


12 40 A loss-of-field element was timed out when the last trip occurred. 


13 46 A negative-sequence overcurrent element was timed out when the last trip 
occurred. 


14 64G A 100 percent stator ground element was timed out when the last trip 
occurred. 


15 81 An over/underfrequency element was timed out when the last trip 
occurred. 


16 87 A current differential or ground differential element was picked up when 
the last trip occurred. 
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Target LEDs numbered 4 through 16 in Table 9.1 are updated and then latched for every new 
assertion (rising edge) of the TRIP1, TRIP2, TRIP3, and TRIP4 Relay Word bits.  The Relay 
Word bits are outputs of the trip logic (see Table 4.6). 


Target Reset/Lamp Test Front-Panel Pushbutton 
When the Target Reset/Lamp Test front-panel pushbutton is pressed: 


• All front-panel LEDs illuminate for one (1) second. 
• All latched target LEDs (target LEDs numbered 4 through 16 in Table 9.1) are 


extinguished (unlatched) if the trip condition has vanished. 
• Relay Word bit TRGTR asserts for one processing interval. 


FRONT-PANEL PUSHBUTTON OPERATION 


Overview 
Note in Figure 9.1 that most of the pushbuttons have dual functions (primary/secondary). 


A primary function is selected first (e.g., METER pushbutton). 


After a primary function is selected, the pushbuttons revert to operating on their secondary 
functions (CANCEL, SELECT, left/right arrows, up/down arrows, EXIT).  For example, after the 
METER pushbutton is pressed, the up/down arrows are used to scroll through the front-panel 
metering screens.  The primary functions are activated again when the present selected function 
(metering) is exited (press EXIT pushbutton) or the display goes back to the default display after 
no front-panel activity for a settable time period (see global setting FP_TO in Settings Sheets at 
the end of Section 6:  Enter Relay Settings; relay shipped with FP_TO = 15 minutes). 


TARGET
RESET


LAMP
TEST


EVENTSMETER STATUS SET GROUPOTHER CNTRL


CANCEL SELECT EXI T


Also has
Secondary Function


(see Figure 9.4)


(Dual Function
Primary


Secondary) DWG:  M300G136a


 
Figure 9.1:  SEL-300G Relay Front-Panel Pushbuttons—Overview 
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Primary Functions 
Note in Figure 9.2 and Figure 9.3 that the front-panel pushbutton primary functions correspond to 
serial port commands—both retrieve the same information or perform the same function.  To get 
more detail on the information provided by the front-panel pushbutton primary functions, refer to 
the corresponding serial port commands in Table 10.6 in Section 10:  Serial Port 
Communications and Commands. 


The Local Control front-panel primary functions do not have a serial port command equivalent.  
These are discussed in subsection Front-Panel Local Control in this section. 


TARGET
RESET


LAMP
TEST


METER EVENTS STATUS


DWG: M300G137


View Instantaneous,
Energy, Max./Min.,


and Demand
Metering Values,


Reset Energy,
Max./Min., Differential,


and
Demand Metering


Values


View
Event


Summaries


View
Self-Test


Status


HIS STA


Function
Description


Corresponding
Serial Port
Commands at:


Access Level 1*


* Front-panel pushbutton functions that correspond to Access Level 1 serial port commands
do not require the entry of the Access Level 1 password through the front panel.


MET
MET D
MET E
MET M


MET RD
MET RE
MET RM


MET RP
MET DIF
MET T


 
Figure 9.2:  SEL-300G Relay Front-Panel Pushbuttons—Primary Functions 


Front-Panel Password Security 


Refer to the comments at the bottom of Figure 9.3 concerning Access Level B and Access 
Level 2 passwords.  See PAS Command (View/Change Passwords) in Section 10: Serial Port 
Communications and Commands for the list of default passwords and for more information on 
changing passwords. 


To enter the Access Level B and Access Level 2 passwords from the front panel (if required), use 
the left/right arrow pushbuttons to underscore a password digit position.  Then use the up/down 
arrow pushbuttons to change the digit.  Press the SELECT pushbutton once the correct Access 
Level B or Access Level 2 password is ready to enter. 
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OTHER SET CNTRL GROUP


DWG: M300G138a


Display Active
Setting Group


Number; Change
Active Setting


Group


Function
Description


Corresponding
Serial Port
Commands at:


Access Level 11


1 Front-panel pushbutton functions that correspond to Access Level 1 serial port commands do not require
the entry of the Access Level 1 password through the front panel.


2 Front-panel pushbutton functions that correspond to Access Level B serial port commands do require
the entry of the Access Level B or Access Level 2 passwords through the front panel if the main board
Password jumper is not in place (see Tables 5.5 and 5.6).


3 Front-panel pushbutton functions that correspond to Access Level 2 serial port commands do require the
entry of the Access Level 2 passwords through the front panel if the main board Password jumper is not
in place (see Tables 5.5 and 5.6).


4 Output contacts are pulsed for only 1 second from the front panel.
5 Local control is not available through the serial port and does not require the entry of a password.


Access Level B 2


Access Level 2 3


View or Reset Breaker
Monitor Data; View or
Change Date or Time;
View Asserted Relay


Word Bits


BRE
DAT
TIM
TAR


BRE R


View or Change
Group, Global, or


Serial Port Settings;
Change Passwords


SHO n
SHO G
SHO P


SET n
SET G
SET P
PAS


Pulse Output
Contacts 4


View or Operate
Local Control 5


PUL


GRO


GRO n


 
Figure 9.3:  SEL-300G Relay Front-Panel Pushbuttons—Primary Functions 


(continued) 


Secondary Functions 


After a primary function is selected (see Figure 9.2 and Figure 9.3), the pushbuttons revert to 
operating on their secondary functions (see Figure 9.4). 


Use the left/right arrows to underscore a desired function.  Then press the SELECT pushbutton to 
select the function. 


Use left/right arrows to underscore a desired setting digit.  Then use the up/down arrows to 
change the digit.  After the setting changes are complete, press the SELECT pushbutton to 
select/enable the setting. 


Press the CANCEL pushbutton to abort a setting change procedure and return to the previous 
display.  Press the EXIT pushbutton to return to the default display and activate the primary 
pushbutton functions again (see Figure 9.2 and Figure 9.3). 
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CANCEL


DWG:  M300G139a


Cancel Setting
Edit or


Escape to Upper
Setting Level


TARGET
RESET


LAMP
TEST


Provides Help
Screen


Information When
Viewing or Changing


Settings with
Pushbutton SET


Function
Description


Scroll Left on
Display to
Underline
Desired


Function or
Setting Digit


Scroll Right on
Display to
Underline
Desired


Function or
Setting Digit


Scroll Up on
Display; Increment


Setting Value


Scroll Down on
Display; Decrement


Setting Value


Function
Description


Select Displayed Option
or Setting


SELECT


Exit Entirely and
Return to


Default Display


EXIT


The front-panel display gives indication of the arrow button to use
(Displays symbols:  ←  → ↑↓)


QUI


Function
Description


Corresponding Serial
Port Commands at:


Access Level 1*


*Front-panel pushbutton functions that correspond to Access Level 1 serial port commands do not require
the entry of the Access Level 1 password through the front panel.


 
Figure 9.4:  SEL-300G Relay Front-Panel Pushbuttons—Secondary Functions 
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FRONT-PANEL LOCAL CONTROL 


Local Control Function Description 
Use local control to enable/disable schemes, trip/close breakers, etc., via the front panel. 


In more specific terms, local control asserts (sets to logical 1) or deasserts (sets to logical 0) what 
are called local bits LB1 through LB16.  These local bits are available as Relay Word bits and are 
used in SELOGIC® control equations (see Table 4.6). 


Local control can emulate the following switch types in Figure 9.5 through Figure 9.7. 


OFF
position


(logical 0)


ON
position


DWG:  M300G144


Relay
Word


Bit
LBnLogical 1 (n=1 through 16)


 
Figure 9.5:  Local Control Switch Configured as an ON/OFF Switch 


OFF position
(logical 0)


MOMENTARY
position DWG:  M300G143


Relay
Word


Bit
LBnLogical 1 (n=1 through 16)


 
Figure 9.6:  Local Control Switch Configured as an OFF/MOMENTARY Switch 


OFF position
(logical 0)


MOMENTARY
position DWG:  M300G145


Relay
Word


Bit
LBnLogical 1 (n=1 through 16)


ON
position


 
Figure 9.7:  Local Control Switch Configured as an ON/OFF/MOMENTARY Switch 
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Local control switches are created by making corresponding switch position label settings.  These 
text label settings are set with the SET G command or viewed with the SHO G command via the 
serial port [see Section 6:  Enter Relay Settings and SHO Command (Show/View Settings) in 
Section 10:  Serial Port Communications and Commands].  See Local Control Switches in 
Section 4:  SELOGIC Control Equations for more information on local control. 


View Local Control (with factory settings) 
Access local control via the CNTRL pushbutton.  If local control switches exist (i.e., 
corresponding switch position label settings were made), the following message displays with the 
rotating default display messages. 


Press CNTRL for 
Local Control 


Press the CNTRL pushbutton, and the first set local control switch displays (shown here with 
factory default settings): 


GEN SHUTDOWN   ←→ 
Position:  RETURN 


RETURN
(logical 0)


TRIP


GEN SHUTDOWN


DWG:  M300G141


Local
Bit
LB1Logical 1


The GEN SHUTDOWN:  RETURN/TRIP switch is an OFF/MOMENTARY switch (see 
Figure 9.6). 


There are no more local control switches in the factory default settings.  Press the right arrow 
pushbutton, and scroll to the “output contact testing” function: 


Output Contact    ←→ 
Testing 


This front-panel function provides the same function as the serial port PUL command (see 
Figure 9.3). 


Operate Local Control (with factory settings) 
Press the right arrow pushbutton, and scroll back to the first set local control switch in the factory 
default settings: 


GEN SHUTDOWN ←→ 
Position:  RETURN 


 


RETURN
(logical 0)


TRIP


GEN SHUTDOWN


DWG:  M300G080


Local
Bit
LB1Logical 1
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Press the SELECT pushbutton, and the operate option for the displayed local control switch 
displays: 


GEN SHUTDOWN    
TRIP ? Yes No     ←→ 


 


RETURN
(logical 0)


TRIP


GEN SHUTDOWN


DWG:  M300G080


Local
Bit
LB1Logical 1


Scroll left with the left arrow button and then select “Yes”.  The display then shows the new local 
control switch position: 


GEN SHUTDOWN    
Position:  TRIP 


 


RETURN
(logical 0)


TRIP


GEN SHUTDOWN


DWG:  M300G140


Local
Bit
LB1Logical 1


Because this is an OFF/MOMENTARY type switch, the GEN SHUTDOWN switch returns to 
the RETURN position after momentarily being in the TRIP position.  Technically, the GEN 
SHUTDOWN switch (being an OFF/MOMENTARY type switch) is in the: 


TRIP position for one processing interval (1/4 cycle; long enough to assert the 
corresponding local bit LB1 to logical 1) 


and then returns to the: 


RETURN position (local bit LB1 deasserts to logical 0 again). 


On the display, the GEN SHUTDOWN switch is shown to be in the TRIP position for 2 seconds 
(long enough to be seen), and then it returns to the RETURN position: 


GEN SHUTDOWN   ←→ 
Position:  RETURN 


 


RETURN
(logical 0)


TRIP


GEN SHUTDOWN


DWG:  M300G080


Local
Bit
LB1Logical 1


See Local Control Switches in Section 4:  SELOGIC Control Equations for details on how local 
bit outputs LB1 and LB2 are set in SELOGIC control equation settings to respectively trip and 
close a circuit breaker. 
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Local Control State Retained When Relay De-energized 
Local bit states are stored in nonvolatile memory, so when power to the relay is turned off, the 
local bit states are retained. 


If a local bit such as LB1 initially is at logical 1 when power to the relay is turned off and then 
turned on again, local bit LB1 remains at logical 1.  This is similar to a traditional panel, where 
enabling/disabling of functions is accomplished by panel-mounted switches.  If dc control voltage 
to the panel is lost and then restored again, the switch positions are still in place. 


ROTATING DEFAULT DISPLAY 
 
The relay name, “SEL-300G”, displays if no 
local control is operational (i.e., no 
corresponding switch position label settings 
were made) and no display point labels or 
metering quantities are enabled for display. 


 


The “Press CNTRL for Local Control” 
message displays if at least one local control 
switch is operational.  It is a reminder of how 
to access the local control function.  See the 
preceding discussion in this section and 
Local Control Switches in Section 4:  
SELOGIC Control Equations for more 
information on local control.  


If display point labels and/or rotating meter 
values also are enabled for display, the 
“Press CNTRL for Local Control” displays 
for 2 seconds and is followed by enabled 
meter quantities and display point labels in 
subsequent 2-second rotations. 


 


Display point label settings are set with the SET G command or viewed with the SHO G 
command via the serial port [see Section 6:  Enter Relay Settings and SHO Command 
(Show/View Settings) in Section 10:  Serial Port Communications and Commands]. 


For more detailed information on the logic behind the rotating default display, see General 
Operation of Rotating Text Display Settings in Section 4:  SELOGIC Control Equations. 
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SECTION 10:  SERIAL PORT COMMUNICATIONS AND 
COMMANDS 


INTRODUCTION 
Various serial ports are available in the following SEL-300G Relay models: 


Table 10.1:  SEL-300G Relay Available Serial Ports 


Rear Panel Front Panel 
Serial Port 1 
(EIA-485, 4-wire) 


Serial Port 2 
(EIA–232) 


Serial Port 3 
(EIA–232) 


Serial Port F 
(EIA–232) 


Connect the serial port to a computer serial port for local communications or to a modem for 
remote communications.  Other devices useful for communications include the SEL-PRTU, the 
SEL-2032/SEL-2030/SEL-2020 Communications Processors, the SEL–2600 Series, and the 
SEL-2800. You can use a variety of terminal emulation programs on your personal computer to 
communicate with the relay.  Examples of PC-based terminal emulation programs include:  
ACSELERATOR® QuickSet™ SEL-5030 software (see Appendix G for detail), ProComm Plus®, 
Relay Gold®, Microsoft® Windows® HyperTerminal®, SmartCOM®, and CROSSTALK®.  For the 
best display, use VT-100 terminal emulation or the closest variation. 


The default settings for all serial ports are: 


Baud Rate = 2400 


Data Bits = 8 


Parity = N 


Stop Bits = 1 


To change the port settings, use the SET P command (see Section 6:  Enter Relay Settings) or 
the front-panel SET pushbutton. 


PORT CONNECTOR AND COMMUNICATIONS CABLES 


 


Figure 10.1:  DB-9 Connector Pinout for EIA-232 Serial Ports 


(female chassis 
connector, as viewed 
from outside panel) 
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IRIG-B 
You can input the demodulated IRIG-B time code into Serial Port 2 on any of the SEL-300G 
models. This is handled adeptly by connecting Serial Port 2 of the SEL-300G to an SEL 
communications processor with Cable C273A (see cable diagrams that follow in this section). 


The demodulated IRIG-B time code can be input into the connector for Serial Port 1 on these two 
models.  If demodulated IRIG-B time code is input into this connector, it should not be input into 
Serial Port 2 and vice versa. 


Table 10.2:  Pinout Functions for EIA-232 Serial Ports 2, 3, and F 


Pin Port 2 Port 3 Port F 


1 N/C or +5 Vdca N/C or +5 Vdca N/C 


2 RXD RXD RXD 


3 TXD TXD TXD 


4 +IRIG-B N/C N/C 


5, 9 GND GND GND 


6 –IRIG-B N/C N/C 


7 RTS RTS RTS 


8 CTS CTS CTS 
aRefer to EIA-232 Serial Port Voltage Jumpers on page 5-34 in 
Section 5: Installation. 


Table 10.3:  Terminal Functions for EIA-485 Serial Port 1 


Terminal Function 


1 +TX 


2 –TX 


3 +RX 


4 –RX 


5 SHIELD 


6 N/C 


7 +IRIG-B 


8 –IRIG-B 


The following cable diagrams show several types of EIA-232 serial communications cables that 
connect the SEL-300G to other devices.  These and other cables are available from SEL.  Contact 
the factory for more information. 
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SEL-300G to Computer 


RXD 2
TXD 3
GND 5
CTS 8


3 TXD
2 RXD
5 GND
8 CTS
7 RTS
1 DCD
4 DTR
6 DSR


SEL-300G Relay
9-Pin Male


“D” Subconnector


9-Pin DTE* Device
9-Pin Female


“D” Subconnector


Cable C234A


GND 5
TXD 3
RXD 2
GND 9
CTS 8


7 GND
3 RXD
2 TXD
1 RTS
4 CTS
5 GND
6
8
20


SEL-300G Relay
9-Pin Male


“D” Subconnector


9-Pin DTE* Device
25-Pin Female


“D” Subconnector


Cable C227A


 


SEL-300G to Modem 


GND 5
TXD 3
RTS 7
RXD 2
GND 9
CTS 8


7 GND
2 TXD (IN)
20 DTDR (IN)
3 RXD (OUT)
1 GND
8 CD (OUT)


SEL-300G Relay
9-Pin Male


“D” Subconnector


DCE** Device
25-Pin Female


“D” Subconnector


Cable C222


 
* DTE = Data Terminal Equipment (Computer, Terminal, Printer, etc.) 


** DCE = Data Communications Equipment (Modem, etc.)  
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SEL-300G to SEL-PRTU 


GND 1
TXD 2
RXD 4
CTS 5
+12 7
GND 9


5 GND
2 RXD
3 TXD
7 RTS
8 CTS
9 GND


SEL-PRTU
9-Pin Male


Round Conxall


SEL-300G Relay
9-Pin Male


“D” Subconnector


Cable C231


 
 


SEL-300G to SEL Communications Processors 


RXD 2
TXD 3
IRIG+ 4
GND 5
IRIG- 6
RTS 7
CTS 8


3 TXD
2 RXD
4 IRIG+
5 GND
6 IRIG-
8 CTS
7 RTS


SEL Communications Processor
9-Pin Male


Round Conxall


SEL-300G Relay
9-Pin Male


“D” Subconnector


Cable C273A
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Table 10.4:  Serial Communications Port Pin/Terminal Function Definitions 


Pin Function Definition 


N/C No Connection 


+5 Vdc (0.5 A limit) 5 Vdc Power Connection 


RXD, RX Receive Data 


TXD, TX Transmit Data 


IRIG-B IRIG-B Time-Code Input 


GND Ground 


SHIELD Shielded Ground 


RTS Request To Send 


CTS Clear To Send 


DCD Data Carrier Detect 


DTR Data Terminal Ready 


DSR Data Set Ready 


For long-distance communications up to 500 meters and for electrical isolation of 
communications ports, use the SEL-2800 family of Fiber-Optic Transceivers.  Contact SEL for 
more details on these devices.  


COMMUNICATIONS PROTOCOL 


Hardware Protocol 
All EIA-232 serial ports support RTS/CTS hardware handshaking.  RTS/CTS handshaking is not 
supported on the EIA-485 Serial Port 1. 


To enable hardware handshaking, use the SET P command (or front-panel SET push) to set 
RTSCTS = Y.  Disable hardware handshaking by setting RTSCTS = N. 


If RTSCTS = N, the relay permanently asserts the RTS line until the buffer is full (for 
SEL PROTO). 


If RTSCTS = Y the relay deasserts RTS when it is unable to receive characters. 


If RTSCTS = Y the relay does not send characters until the CTS input is asserted. 


If RTSCTS = H the relay permanently asserts the RTS line (for MOD PROTO) 


When PROTO = LMD the RTSCTS setting is hidden and hardware handshaking is 
disabled. 
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Software Protocols 
The SEL-300G provides standard SEL ASCII, SEL Distributed Port Switch Protocol (LMD), 
SEL Fast Meter, SEL Fast SER, SEL Compressed ASCII, and Modbus® RTU protocols.  Only 
one port at a time can be set for the Modbus RTU protocol.  The relay activates protocols on a 
per-port basis. 


To select SEL ASCII protocol, set the port PROTO setting to SEL.  To select SEL Distributed 
Port Switch Protocol (LMD), set PROTO = LMD. To select Modbus RTU Protocol, set 
PROTO = MOD. 


SEL Fast Meter and SEL Compressed ASCII commands are active when PROTO is set to either 
SEL or LMD. SEL Fast SER protocol is active when PROTO is set to SEL. 


SEL ASCII Protocol 
SEL ASCII protocol is designed for manual and automatic communications. 


1. All commands received by the relay must be of the form: 


<command><CR>    or    <command><CRLF> 


A command transmitted to the relay should consist of the command followed by either a CR 
(carriage return) or a CRLF (carriage return and line feed).  You may truncate commands to 
the first three characters.  For example, EVENT 1 <Enter> would become EVE 1 <Enter>.  
Upper and lower case characters may be used without distinction, except in passwords. 


Note: The ENTER key on most keyboards is configured to send the ASCII character 13 (^M) 
for a carriage return.  This manual instructs you to press the ENTER key after 
commands, which should send the proper ASCII code to the relay. 


2. The relay transmits all messages in the following format: 


<STX><MESSAGE LINE 1><CRLF> 
<MESSAGE LINE 2><CRLF> 
• 
• 
• 
<LAST MESSAGE LINE><CRLF>< ETX> 


Each message begins with the start-of-transmission character (ASCII 02) and ends with the 
end-of-transmission character (ASCII 03).  Each line of the message ends with a carriage 
return and line feed. 


3. The relay implements XON/XOFF flow control. 


The relay transmits XON (ASCII hex 11) and asserts the RTS output (if hardware 
hand-shaking enabled) when the relay input buffer is empty. 


The relay transmits XOFF (ASCII hex 13) when the buffer is mostly full.  If hardware 
handshaking is enabled, the relay deasserts the RTS output when the buffer is nearly full.  
Automatic transmission sources should monitor for the XOFF character so they do not 
overwrite the buffer.  Transmission should terminate at the end of the message in progress 
when XOFF is received and may resume when the relay sends XON. 
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4. You can use the XON/XOFF protocol to control the relay during data transmission.  When 
the relay receives XOFF during transmission, it pauses until it receives an XON character.  If 
there is no message in progress when the relay receives XOFF, it blocks transmission of any 
message presented to its buffer.  Messages will be accepted after the relay receives XON. 


The CAN character (ASCII hex 18) aborts a pending transmission.  This is useful in 
terminating an unwanted transmission. 


Control characters can be sent from most keyboards with the following keystrokes: 


XON: <Ctrl> Q (hold down the Control key and press Q) 
XOFF: <Ctrl> S  (hold down the Control key and press S) 
CAN: <Ctrl> X   (hold down the Control key and press X) 


SEL Distributed Port Switch Protocol (LMD) 
The SEL Distributed Port Switch Protocol (LMD) permits multiple SEL relays to share a 
common communications channel.  The protocol is selected by setting the port setting 
PROTO = LMD.  See Appendix C:  SEL Distributed Port Switch Protocol for more information 
on SEL Distributed Port Switch Protocol (LMD). 


SEL Fast Meter Protocol 
SEL Fast Meter protocol supports binary messages to transfer metering and control messages.  
The protocol is described in Appendix D:  Configuration, Fast Meter, and Fast Operate 
Commands. 


SEL Compressed ASCII Protocol 
SEL Compressed ASCII protocol provides compressed versions of some of the relay ASCII 
commands.  The protocol is described in Appendix E:  Compressed ASCII Commands. 


SEL Fast Sequential Events Recorder (SER) Protocol 
SEL Fast Sequential Events Recorder (SER) Protocol, also known as SEL Unsolicited Sequential 
Events Recorder, provides SER events to an automated data collection system. SEL Fast SER 
Protocol is available on any serial port. The protocol is described in Appendix I: Unsolicited Fast 
SER Protocol. 


Modbus RTU Protocol 
Modbus RTU protocol provides binary multidrop communication with the SEL-300G. The 
protocol is described in Appendix F:  Modbus RTU Communications Protocol. 


SERIAL PORT AUTOMATIC MESSAGES 
When the serial port AUTO setting is Y, the relay sends automatic messages to indicate specific 
conditions.  The automatic messages are described in Table 10.5.  
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Table 10.5:  Serial Port Automatic Messages 


Condition Description 


Power Up The relay sends a message containing the present date and time, 
relay and terminal identifiers, and the Access Level 0 prompt 
when the relay is turned on. 


Event Trigger The relay sends an event summary each time an event report is 
triggered.  See Section 11:  Event Reports and SER 
Functions. 


Group Switch The relay displays the active settings group after a group switch 
occurs.  See GRO n Command (Change Active Settings 
Group) in this section. 


Self-Test Warning or Failure The relay sends a status report each time a self-test warning or 
failure condition is detected.  See STA Command (Relay Self-
Test Status) in this section. 


SERIAL PORT ACCESS LEVELS 
Commands can be issued to the relay via the serial port to view metering values, change relay 
settings, etc.  The available serial port commands are listed in Table 10.6.  The commands can be 
accessed only from the corresponding access level as shown in Table 10.6. The access levels are: 


Access Level 0 (the lowest access level) 


Access Level 1 


Access Level B 


Access Level 2 (the highest access level) 


Note: In this manual, commands you type appear in bold/uppercase:  OTTER.   
Computer keys you press appear in bold/ brackets:  <Enter>. 


Access Level 0 
Once serial port communications are established with the relay, the relay sends the following 
prompt: 


= 


This is referred to as Access Level 0.  The only commands available at Access Level 0 are the 
ACC, CAS and HELP commands.  Enter the ACC command at the Access Level 0 prompt: 


=ACC <Enter> 


The ACC command takes the relay to Access Level 1 [see ACC, BAC, and 2AC Commands (Go 
to Access Level 1, B, or 2) in the Command Explanations subsection for more detail]. 
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Access Level 1 
When the relay is in Access Level 1, the relay sends the following prompt: 


=> 


Commands ACC through TRI in Table 10.6 are available from Access Level 1.  For example, 
enter the MET command at the Access Level 1 prompt to view metering data: 


=>MET <Enter> 


The 2AC command allows the relay to go to Access Level 2 [see ACC, BAC, and 2AC 
Commands (Go to Access Level 1, B, or 2) in the Command Explanations subsection for more 
detail].  Enter the 2AC command at the Access Level 1 prompt: 


=>2AC <Enter> 


The BAC command allows the relay to go to Access Level B [see ACC, BAC, and 2AC 
Commands (Go to Access Level 1, B, or 2) in the Command Explanations subsection for more 
detail].  Enter the BAC command at the Access Level 1 prompt: 


=>BAC <Enter> 


Access Level B 
When the relay is in Access Level B, the relay sends the prompt: 


==> 


Commands ACC through PUL in Table 10.6 are available from Access Level B.  For example, 
enter the CLO command at the Access Level B prompt to close the circuit breaker: 


==>CLO <Enter> 


The 2AC command allows the relay to go to Access Level 2 [see ACC, BAC, and 2AC 
Commands (Go to Access Level 1, B, or 2) in the Command Explanations subsection for more 
detail].  Enter the 2AC command at the Access Level B prompt: 


==>2AC <Enter> 


Access Level 2 
When the relay is in Access Level 2, the relay sends the prompt: 


=>> 


Commands ACC through STA C in Table 10.6 are available from Access Level 2.  For example, 
enter the SET command at the Access Level 2 prompt to make relay settings: 


=>>SET <Enter> 
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COMMAND SUMMARY 
Table 10.6 alphabetically lists the serial port commands within a given access level.  Much of the 
information available from the serial port commands is also available via the front-panel 
pushbuttons.  The correspondence between the serial port commands and the front-panel 
pushbuttons also is given in Table 10.6.  See Section 9:  Front-Panel Operation for more 
information on the front-panel pushbuttons. 


The serial port commands at the different access levels offer varying levels of control: 


• The Access Level 1 commands primarily allow the user to look at information only 
(settings, metering, etc.), not change it. 


• The Access Level B commands primarily allow the user to operate output contacts or 
change the active setting group. 


• The Access Level 2 commands primarily allow the user to change relay settings. 


Again, a higher access level can access the serial port commands in a lower access level.  The 
commands are shown in uppercase letters, but they can also be entered with lowercase letters. 


Table 10.6:  Serial Port Command Summary 


Access 
Level Prompt 


Serial Port 
Command Command Description 


Corresponding 
Front-Panel 
Pushbutton 


0 = ACC Go to Access Level 1  
0 = CAS Compressed ASCII configuration data  
0 = HELP Display available commands  
1 => 2AC Go to Access Level 2  
1 => BAC Go to Breaker Access Level  
1 => BRE Breaker monitor data OTHER
1 => CEV Compressed event report  
1 => CHIS Compressed history  
1 => CST Compressed status report  
1 => DAT View/change date OTHER
1 => EVE Event reports  
1 => GRO Display active setting group number GROUP
1 => HIS Event summaries/histories EVENTS
1 => IRI Synchronize to IRIG-B  
1 => MET Metering data METER
1 => MET D Demand and peak demand data  
1 => MET DIF Differential meter quantities [300G1, 


300G3] 
 


1 => MET E Energy metering data  
1 => MET M Max/min metering data  
1 => MET RD Reset demand ammeter  
1 => MET RE Reset energy metering  
1 => MET RM Reset max/min metering  
1 => MET RP Reset peak demand ammeter  
1 => MET T Thermal Metering Data  
1 => PRO Display generator operation profile  
1 => QUI Quit access level  
1 => SER Sequential Events Recorder  
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Access 
Level Prompt 


Serial Port 
Command Command Description 


Corresponding 
Front-Panel 
Pushbutton 


1 => SHO Show/view settings SET
1 => STA Relay self-test status STATUS
1 => SYN View latest synch-check reports [300G2, 


300G3] 
 


1 => TAR Display relay element status OTHER
1 => TIM View/change time OTHER
1 => TRI Trigger an event report  
B ==> CLO Close breaker  
B ==> GRO n Change active setting group GROUP
B ==> OPE Open breaker  
B ==> PUL Pulse output contact CNTRL
2 =>> BRE n Preload/reset breaker wear OTHER
2 =>> CON Control remote bit  
2 =>> COP Copy setting group  
2 =>> HIS C Clear event history buffer  
2 =>> PAS View/change passwords SET
2 =>> PRO R Reset generator operating profile  
2 =>> SET Change settings SET
2 =>> STA C Clear self-test status and restart relay  
2 =>> SYN R Clear synch-check reports and reset 


breaker close time average [300G2, 
300G3] 


 


The relay responds with “Invalid Access Level” if a command is entered from an access level 
lower than the specified access level for the command.  The relay responds: 


Invalid Command 


to commands not listed above or entered incorrectly. 


Many of the command responses display the following header at the beginning: 


GENERATOR Date: 03/05/97    Time: 17:03:26.484 
TERMINAL 


The definitions are: 


GENERATOR: This is the RID setting (the relay is shipped with the default setting 
RID = UNIT 1; see Identifier Labels in Section 6:  Enter Relay 
Settings). 


TERMINAL: This is the TID setting (the relay is shipped with the default setting 
TID = STATION A; see Identifier Labels in Section 6:  Enter Relay 
Settings). 


Date: This is the date the command response was given [except for relay 
response to the EVE command (Event), where it is the date the event 
occurred].  You can modify the date display format (Month/Day/Year 
or Year/Month/Day) by changing the DATE_F relay setting. 


Time: This is the time the command response was given (except for relay 
response to the EVE command, where it is the time the event occurred). 
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The serial port command explanations that follow in the Command Explanations subsection are 
in the same order as the commands listed in Table 10.6. 


COMMAND EXPLANATIONS 


Access Level 0 Commands 


HELP Command (Display Available Serial Port Commands) 
Use the HELP command to display the serial port commands available at each access level.  The 
command displays only the available commands for the active access level. 


For more details regarding a particular command, type HELP CMD, where CMD is the name of 
the command you are interested in. 


ACC, BAC, and 2AC Commands (Go to Access Level 1, B, or 2) 
The ACC, BAC, and 2AC commands provide entry to the multiple access levels.  Different 
commands are available at the different access levels as shown in Table 10.6.  Commands ACC, 
BAC, and 2AC are explained together because they operate similarly. 


ACC moves from Access Level 0 to Access Level 1. 


BAC moves from Access Level 1 to Access Level B. 


2AC moves from Access Level 1 or B to Access Level 2. 


Password Requirements and Default Passwords 
Passwords are required if the main board Password jumper is not in place (Password jumper = 
OFF).  Passwords are not required if the main board Password jumper is in place (Password 
jumper = ON).  Refer to Table 5.5 and Table 5.6 for Password jumper information.  See PAS 
Command (View/Change Passwords) explanation later in this section for the list of default 
passwords and for more information on changing passwords. 


Access Level Attempt (Password Required) 


Assume the following conditions:  Password jumper = OFF (not in place), Access Level = 0. 


At the Access Level 0 prompt, enter the ACC command: 


=ACC <Enter> 


Because the Password jumper is not in place, the relay asks for the Access Level 1 password to be 
entered: 


Password: ? @@@@@@ 


The relay is shipped with the default Access Level 1 password shown in the table under the PAS 
command later in this section. At the above prompt enter the default password and press the 
<Enter> key. 
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The relay responds: 


GENERATOR   Date: 01/17/98 Time:  09:46:47.237 
TERMINAL 


Level 1 
=> 


The “=>” prompt indicates the relay is now in Access Level 1. 


If the entered password is incorrect, the relay asks for the password again (Password: ?).  The 
relay will ask up to three times.  If the requested password is entered incorrectly three times, the 
relay closes the ALARM contact for one second and remains at Access Level 0 (“=” prompt). 


Access Level Attempt (Password not Required) 


Assume the following conditions:  Password jumper = ON (in place), Access Level = 0. 


At the Access Level 0 prompt, enter the ACC command: 


=ACC <Enter> 


Because the Password jumper is in place, the relay does not ask for a password; it goes directly to 
Access Level 1.  The relay responds: 


GENERATOR                         Date: 01/17/98    Time: 09:46:47.237 
TERMINAL 


Level 1 
=> 


The “=>” prompt indicates the relay is now in Access Level 1. 


The above two examples demonstrate how to go from Access Level 0 to Access Level 1.  The 
procedure to go from Access Level 1 to Access Level B, Access Level 1 to Access Level 2, or 
Access Level B to Access Level 2 is much the same, with command BAC or 2AC entered at the 
access level screen prompt.  The relay closes the ALARM contact for one second after a 
successful Level B or Level 2 access.  If access is denied, the ALARM contact closes for one 
second. 


CAS Command 
The Compressed ASCII configuration provides data for an external computer to extract data from 
other Compressed ASCII commands. For details on this and other Compressed ASCII commands 
see Appendix E: Compressed ASCII Commands. 


Access Level 1 Commands 


BRE Command (Breaker Monitor Data) 
Use the BRE command to view the breaker monitor report. 
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=>BRE <Enter> 


GENERATOR                         Date: 01/17/98    Time: 09:46:51.613 
TERMINAL 


Int Trips= 0 
 IA=  0.0 IB= 0.0 IC= 0.0 kA 


Ext Trips=      0 
 IA= 0.0 IB= 0.0 IC= 0.0 kA 


Percent wear: A= 0 B= 0 C= 0 


LAST RESET 01/17/98 09:45:35 


=> 


See the BRE n command in Access Level 2 Commands that follows in this section and Breaker 
Monitor in Section 8:  Monitoring and Metering Functions for further details on the breaker 
monitor. 


CEV Command 
Displays event report in Compressed ASCII format. For details on this and other Compressed 
ASCII commands see Appendix E: Compressed ASCII Commands. 


CHIS Command 
Displays history in Compressed ASCII format. For details on this and other Compressed ASCII 
commands see Appendix E: Compressed ASCII Commands. 


DAT Command (View/Change Date) 
DAT displays the date stored by the internal calendar/clock.  If the date format setting DATE_F 
is set to MDY, the date is displayed as month/day/year.  If the date format setting DATE_F is set 
to YMD, the date is displayed as year/month/day. 


To set the date, type DATE mm/dd/yy <Enter> if the DATE_F setting is MDY.  If the DATE_F 
is set to YMD, enter DATE yy/mm/dd <Enter>.  To set the date to February 1, 1998, enter: 


=>DATE 2/1/98 <Enter> 


2/1/98 


=> 


You can separate the month, day, and year parameters with spaces, commas, slashes, colons, and 
semicolons. 


EVE Command (Event Reports) 
Use the EVE command to view event reports.  See Section 11:  Event Reports and SER 
Functions for further details on retrieving event reports. 
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GRO Command (Display Active Setting Group Number) 
Use the GRO command to display the active settings group number.  See the GRO n Command 
(Change Active Setting Group) in Access Level B Commands that follows in this section and 
Section 3:  Auxiliary Function Settings for further details on settings groups. 


HIS Command (Event Summaries/History) 
HIS x displays event summaries or allows you to clear event summaries (see HIS C Command 
(Clear Event Summaries/History) on page 10-38) from nonvolatile memory. 


If no parameters are specified with the HIS command: 


= HIS <Enter> 


the relay displays the most recent event summaries in reverse chronological order. 


If x is a number (e.g., 6): 


= HIS 6 <Enter> 


the relay displays the x most recent event summaries.  The maximum number of available event 
summaries is a function of the LER (length of event report) setting.  The relay saves up to twenty-
nine 15-cycle, fifteen 30-cycle, eight 60-cycle, or two 180-cycle reports if the setting LER is 15, 
30, 60, and 180, respectively.  


The event summaries include the date and time the event was triggered, the type of event, the 
maximum phase current in the event, the power system frequency, the number of the active 
setting group, and the front-panel targets. 


To display the relay event summaries, enter the following command: 


=>HIS <Enter> 
GENERATOR                         Date: 01/21/98    Time: 14:51:21.370 
TERMINAL 


#     DATE      TIME     EVENT   CURR  FREQ  GRP TARGETS 


1  01/20/98 09:09:58.814 ER         4  60.01  2   
2  01/20/98 09:09:58.615 TRIP    1470  60.16  2  50 N 27/59 
3  01/20/98 09:09:55.614 ER      1008  60.01  2   


=> 


The event type listed in the EVENT column is one of the following: 


TRIP: event report generated by assertion of Relay Word bit TRIP 


ER: event report generated by assertion of SELOGIC® control 
equation event report trigger condition setting ER 


PULSE: event report generated by execution of the PUL (Pulse) 
command 


TRIG: event report generated by execution of the TRI (Trigger) 
command 
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The TARGETS column will display any of the following illuminated front-panel target LEDs if 
the event report is generated by a trip (assertion of a TRIPn Relay Word bit). 


For more information on front-panel target LEDs, see Section 9:  Front-Panel Operation.  For 
more information on event reports, see Section 11:  Event Reports and SER Functions. 


IRI Command (Synchronize to IRIG-B Time Code) 
IRI directs the relay to read the demodulated IRIG-B time code at the serial port input. 


To force the relay to synchronize to IRIG-B, enter the following command: 


=>IRI <Enter> 


If the relay successfully synchronizes to IRIG-B, it sends the following header and access level 
prompt: 


GENERATOR                              Date: 03/05/97    Time: 10:15:09.609 
TERMINAL 


=> 


If no IRIG-B code is present at the serial port input or if the code cannot be read successfully, the 
relay responds: 


IRIG-B DATA ERROR 


=> 


If an IRIG-B signal is present, the relay synchronizes its internal clock with IRIG-B.  It is not 
necessary to issue the IRI command to synchronize the relay clock with IRIG-B.  Use the IRI 
command to determine if the relay is properly reading the IRIG-B signal. 


MET Command (Metering Data) 
The MET commands provide access to the relay metering data.  Metering quantities include 
phase voltages and currents, sequence component voltages and currents, power, frequency, 
substation battery voltage, energy, demand, field insulation resistance (if there is an external  
SEL-2664 module connected, and 64FOPT is set to EXT), and maximum/minimum logging of 
selected quantities.  To make the extensive amount of meter information manageable, the relay 
divides the displayed information into four groups:  Instantaneous, Demand, Energy, and 
Maximum/Minimum. 


MET k – Instantaneous Metering 


The MET k command displays instantaneous magnitudes (and angles if applicable) of the 
following quantities: 


Currents IA,B,C,N Input currents (A primary) 


IG Residual ground current (A primary; IG =3I0 = IA + IB + IC) 


IA87,B87,C87 Input Currents (A primary, Models 0300G1 and 0300G3) 
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Voltages VA,B,C,N Wye-connected voltage inputs (kV primary) 


VAB,BC,CA,N Delta-connected voltage inputs (kV primary) 


VS Synch voltage input (kV primary, Models 0300G2 and 0300G3) 


VP3 Third-harmonic terminal voltage (V secondary, DELTA_Y=Y) 


VN3, VN1 Third-harmonic and fundamental neutral voltages (V secondary) 


Power MWA,B,C Single-phase megawatts (DELTA_Y = Y) 


MW3P Three-phase megawatts 


MVARA,B,C Single-phase megavars (DELTA_Y = Y) 


MVAR3P Three-phase megavars 


Power 
Factor 


PFA,B,C,3P Single- (DELTA_Y = Y) and three-phase power factor; leading or 
lagging 


Sequence I1, 3I2, 3I0 Positive-, negative-, and zero-sequence currents (A primary) 


V1, V2 Positive- and negative-sequence voltages (kV primary) 


3V0 Zero-sequence voltage (kV primary) 


Frequency FREQ 
(Hz) 


Instantaneous power system frequency measured on voltage channel 
VA. When the channel VA voltage is below 13 V, the relay will 
display Nominal Frequency (setting FNOM) with an asterisk (e.g., 
FRQ = 60* on front panel). 


Station DC VDC (V) Voltage at POWER terminals (input into station battery monitor) 


Volts/Hertz V/Hz (%) Generator volts/hertz (percent of nominal voltage/frequency) 


Field 
Insulation 


Rf 
(kOhms) 


Generator field winding insulation resistance.  If 64FOPT = EXT 
and 64FFLT Relay Word bit equals zero, the insulation resistance 
value is displayed.  If 64FOPT = EXT and 64FFLT Relay Word bit 
equals one, the message “FIELD INSULATION Rf (kOhms) Fail” 
is displayed.  If 64FOPT = NONE, nothing is displayed. 


The angles are referenced to the A-phase or AB-phase voltage (depending on the setting 
DELTA_Y = Y or D respectively) if the voltage is greater than 13 V secondary; otherwise, the 
angles are referenced to A-phase current.  The angles range from –179.99 to 180.00 degrees. 


To view instantaneous metering values, enter the command: 


=>MET k <Enter> 


where k is an optional parameter to specify the number of times (1–32767) to repeat the meter 
display.  If k is not specified, the meter report is displayed once.  The output from an SEL-300G 
is shown: 
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=>MET <Enter> 


GENERATOR                         Date: 02/20/04    Time: 07:58:54.990 
TERMINAL 


                 A         B         C         N         G 
I MAG (A)      904.052   903.011   908.535     0.034     4.286 
I ANG (DEG)     -4.96   -124.88    115.02     56.40     90.93 


                 A         B         C         N 
V MAG (KV)       7.910     7.905     7.917     0.000 
V ANG (DEG)      0.00   -119.89    120.09      8.22 


                VP3       VN3       VN1 
V MAG (sV)       0.003     0.001     0.001 


                 A         B         C         3P 
MW               7.125     7.111     7.165    21.401 
MVAR             0.619     0.622     0.635     1.875 
PF               0.996     0.996     0.996     0.996 
                 LAG       LAG       LAG       LAG       


                 I1       3I2       3I0        V1        V2       3V0 
MAG            905.199     6.096     4.286     7.911     0.008     0.004 
ANG   (DEG)     -4.94   -124.45     90.93      0.07    -99.02    -48.37 


FREQ (Hz)       60.01                VDC (V) 122.5 
V/Hz (percent)  99.60 


FIELD INSULATION Rf (kOhms)   16666.6 


=> 


MET D – Demand Metering 


The MET D command displays the demand and peak demand values of the following quantities: 


Currents IA,B,C,N 


IG 


3I2 


Input currents (A primary) 
Residual ground current (A primary; IG =3I0 = IA + IB + IC) 
Negative-sequence current (A primary) 


Power MWA,B,C 


MW3P 


MVARA,B,C 


MVAR3P 


Single-phase megawatts (DELTA_Y = Y) 
Three-phase megawatts 
Single-phase megavars (DELTA_Y = Y) 
Three-phase megavars  


Reset Time Demand, Peak Last time the demands and peak demands were reset 


To view demand metering values, enter the command: 


=>MET D <Enter> 
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The output from an SEL-300G is shown: 


=>MET D <Enter> 


GENERATOR                         Date: 01/20/98    Time: 07:59:03.241 
TERMINAL 


            IA        IB        IC        IN        IG        3I2 
DEMAND     948.3     949.7     952.4       0.0       4.7       4.0 
PEAK       964.0     965.4     968.1       0.7       9.2       4.3 


              MWA     MWB     MWC     MW3P    MVARA   MVARB   MVARC   MVAR3P 
DEMAND IN      0.0     0.0     0.0     0.0     0.1     0.1     0.1     0.3 
PEAK IN        0.0     0.0     0.0     0.0     0.1     0.1     0.1     0.4 
DEMAND OUT     7.5     7.5     7.5    22.5     0.4     0.4     0.4     1.1 
PEAK OUT       7.6     7.6     7.6    22.9     0.4     0.4     0.4     1.1 
LAST DEMAND RESET 01/19/98 16:49:52.998   LAST PEAK RESET 01/19/98 16:49:48.744 


=> 


For more information on demand metering, see Demand Metering in Section 3:  Auxiliary 
Function Settings. 


MET DIF – Differential Metering (Models 0300G1 and 0300G3) 
The MET DIF command displays the following differential element quantities: 


Operate Currents A-, B-, and C-phase (IOP1, IOP2, and IOP3, respectively) in 
multiples of TAP and percent of their respective restraint quantities. 


Restraint Currents A-, B-, and C-phase (IRT1, IRT2, and IRT3, respectively) in 
multiples of TAP. 


Second-Harmonic 
Currents 


A-, B-, and C-phase (I1F2, I2F2, and I3F2, respectively) in 
multiples of TAP and percent of their respective operate quantities. 


To view differential meter quantities, enter the command: 


=>MET DIF <Enter> 


The output from an SEL-300G is shown below: 


=>MET DIF <Enter> 


GENERATOR                         Date: 03/06/98    Time: 08:21:19.744 
TERMINAL 


                         Operate Currents             Restraint Currents 
                     IOP1      IOP2      IOP3      IRT1      IRT2      IRT3 
I (Mult. of Tap)      0.00      0.00      0.00      0.00      0.00      0.00 
  (% of IRTn)       999.99    999.99    200.00 


                     Second Harmonic Currents 
                     I1F2      I2F2      I3F2 
I (Mult. of Tap)      0.00      0.00      0.00 
  (% of IOPn)        50.00    100.00    100.00 


=> 
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MET E – Energy Metering 


The MET E command displays the following quantities: 


Energy MWhA,B,C Single-phase megawatt hours (in and out) (DELTA_Y = Y) 


 MWh3P Three-phase megawatt hours (in and out) 


 MVARhA,B,C Single-phase megavar hours (in and out) (DELTA_Y = Y) 


 MVARh3P Three-phase megavar hours (in and out) 


Reset Time  Last time the energy meter was reset 


To view energy metering values, enter the command: 


=>MET E <Enter> 


The output from an SEL-300G is shown: 


=>MET E <Enter> 


GENERATOR                         Date: 01/20/98    Time: 07:59:18.992 
TERMINAL 


        MWhA     MWhB     MWhC    MWh3P   MVARhA   MVARhB   MVARhC   MVARh3P 
IN       0.0      0.0      0.0      0.0      1.8      1.7      1.8      5.2 
OUT    113.3    113.5    113.9    340.7      4.7      4.7      4.7     14.1 
LAST RESET 01/19/98 16:50:09.245 


=> 


For more information on energy metering, see Energy Metering in Section 8:  Monitoring and 
Metering Functions. 


MET M – Maximum/Minimum Metering 


The MET M command displays the maximum and minimum values of the following quantities: 


Currents IA,B,C,N Input currents (A primary) 


 IG Residual ground current (A primary; IG =3I0 = IA + IB + IC) 


 IA87,B87,C87 Input currents (A primary, Models 0300G1 and 0300G3) 


Voltages VA,B,C,N Wye-connected voltage inputs (kV primary) 


 VAB,BC,CA,N Delta-connected voltage inputs (kV primary) 


 VP3 Third-harmonic terminal voltage (V secondary, DELTA_Y = Y) 


 VN3, VN1 Third-harmonic and fundamental neutral voltages (V secondary) 


 VS Input voltage (kV primary, Models 0300G2 and 0300G3) 


Power MW3P Three-phase megawatts 


 MVAR3P Three-phase megavars 


Reset Time  Last time the maximum/minimum meter was reset 
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To view maximum/minimum metering values, enter the command: 


=>MET M <Enter> 


The output from an SEL-300G is shown: 


=>MET M <Enter> 


GENERATOR                         Date: 01/20/98    Time: 07:59:23.617 
TERMINAL 


            Max    Date      Time             Min    Date      Time 
IA(A)      1006.0  01/19/98  17:02:44.279     902.0  01/19/98  16:58:30.636 
IB(A)      1006.0  01/19/98  16:54:48.507     900.0  01/19/98  17:10:14.856 
IC(A)      1010.0  01/19/98  17:31:37.065     902.0  01/19/98  16:57:53.967 
IN(A)     RESET                             RESET 
IG(A)     RESET                             RESET 
VA(kV)        7.9  01/19/98  16:54:47.067       7.8  01/19/98  16:59:49.284 
VB(kV)        7.9  01/19/98  16:55:29.712       7.7  01/19/98  17:34:47.067 
VC(kV)        7.9  01/19/98  16:56:16.796       7.7  01/19/98  17:34:47.067 


VN(kV)    RESET                             RESET 
VP3(sV)   RESET                             RESET 
VN3(sV)   RESET                             RESET 
VN1(sV)   RESET                             RESET 
MW3P         23.9  01/20/98  02:14:08.726      21.4  01/19/98  16:58:15.446 
MVAR3P       -2.1  01/19/98  20:07:20.752       0.0  01/19/98  16:55:37.509 
LAST RESET 01/19/98 16:49:41.243 


=> 


All values will display RESET until new maximum/minimum values are recorded.  For more 
information on maximum/minimum metering, see Maximum/Minimum Metering in Section 8:  
Monitoring and Metering Functions. 


MET RD 
Reset the accumulated demand values using the MET RD command. 


MET RE 
Reset the measured energy values using the MET RE command. 


MET RM 
Reset the max/min meter values using the MET RM command. 


MET RP 
Reset the peak demand values using the MET RP command. 


MET T – Thermal Metering 
The METER T command displays the temperatures of any connected RTDs to the SEL-2600 
Module. The command will display the temperature values –0– for all the connected RTDs if 
either the SEL-2600 RTD Module or its communications to the SEL-300G fails. 
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To view the thermal metering values, enter the command: 


=>MET T <Enter> 


The output from an SEL-300G is shown: 


=> METER T <Enter> 


GENERATOR Date: 11/14/00    Time: 16:08:12.450 
TERMINAL 


Input Temperature Data (deg. F) 
 1 BRG = 96 
 2 BRG = 91 
 3 BRG = 94 
 4 NONE 
 5 WDG = 140 
 6 WDG = 137 
 7 WDG = 136 
 8 NONE 
 9 WDG = 142 
10 NONE 
11 AMB = 78 
12 OTH = 105 


=> 


PRO Command (Display Generator Operation Profile) 
The PRO command displays the generator operation profile, which includes: 


• Present accumulated time in 81AC Off-Frequency Time Accumulators, if enabled 


• Total generator running hours, stopped hours, full load hours, and percent running time 


• Accumulated I2
2t 


• Three-phase power output averages 


• Generator time of operation in 0.1 Hz frequency bands from 40.0 to 69.9 Hz 


To view the generator operation profile, enter the command: 


=>PRO <Enter>  


The output from an SEL-300G is shown: 


=>PRO <Enter> 


GENERATOR                         Date: 01/17/98    Time: 09:47:45.114 
TERMINAL 


81AC Off-Frequency Time Accumulators                      Since: 01/17/98 09:46 
Frequency Band 1, 59.5 to 58.8:     0.0s or    0.0% of limit setting 
Frequency Band 2, 58.8 to 58.0:     0.0s or    0.0% of limit setting 
Frequency Band 3, 58.0 to 57.5:     0.0s or    0.0% of limit setting 
Frequency Band 4, 57.5 to 57.0:     0.0s or    0.0% of limit setting 
Frequency Band 5, 57.0 to 56.5:     0.0s or    0.0% of limit setting 
Frequency Band 6, 56.5 to 40.0:     0.0s or    0.0% of limit setting 


Operating History, elapsed time in dd:hh:mm:ss            Since: 01/17/98 09:46 
Running hours:       0:00:00:00 
Stopped hours:  >    0:00:01:18 
Full load hours:     0:00:00:00 
Time running:         0.0% 
Accumulated I2*I2*t (A*A*s):        0.0 
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Average power                                             Since: 01/17/98 09:46 
MW out:           0.00 
MVAR out:         0.00 
MVAR in:          0.00 
Power factor:     0.00 LEAD 


Press RETURN to continue 
Operating Freq (Hz), elapsed time in dd:hh:mm:ss          Since: 01/17/98 09:46 
40.0           40.1           40.2           40.3           40.4 
0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00 
40.5           40.6           40.7           40.8           40.9 
0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00 
. 
. 
. 
67.5           67.6           67.7           67.8           67.9 
0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00 


68.0           68.1           68.2           68.3           68.4 
0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00 
68.5           68.6           68.7           68.8           68.9 
0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00 
69.0           69.1           69.2           69.3           69.4 
0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00 
69.5           69.6           69.7           69.8           69.9 
0:00:00:00     0:00:00:00     0:00:00:00     0:00:00:00     0:00:56:56 


=> 


Section 8:  Monitoring and Metering Functions provides additional information on the 
SEL-300G generator operating profile function. 


QUI Command (Quit Access Level) 
The QUI command returns the relay to Access Level 0. 


 To return to Access Level 0, enter the command: 


=>QUI <Enter> 


The relay sets the port access level to 0 and responds: 


GENERATOR                              Date: 03/05/97    Time: 08:55:33.986 
TERMINAL 


= 


The “=” prompt indicates the relay is back in Access Level 0. 


The QUI command terminates the SEL Distributed Port Switch Protocol (LMD) connection if it 
is established (see Appendix C:  SEL Distributed Port Switch Protocl for details on SEL 
Distributed Port Switch Protocol [LMD]). 
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SER Command (Sequential Events Recorder Report) 
Use the SER command to view the Sequential Events Recorder (SER) report.  For more 
information on SER reports, see Section 11:  Event Reports and SER Functions. 


SHO Command (Show/View Settings) 
Use the SHO command to view relay settings, SELOGIC control equations, global settings, serial 
port settings, SER settings, and text label settings.  Below are the SHO command options. 


SHO n Show relay settings.  n specifies the setting group (1 or 2); n 
defaults to the active setting group if not listed. 


SHO G Show global settings. 


SHO P n Show serial port settings.  n specifies the port (1, 2, 3, or F); n 
defaults to the active port if not listed. 


SHO R Show SER settings. 


You may append a setting name to each of the commands to specify the first setting to display 
(e.g., SHO 1 E50P displays the setting Group 1 relay settings starting with setting E50P).  The 
default is the first setting. 


The SHO commands display only the enabled settings.  To display all settings, including 
disabled/hidden settings, append an A to the SHO command (e.g., SHO 1 A). 


Following are sample SHOWSET commands for the SEL-300G model 0300G10, showing all 
the setting categories.  The settings for the other SEL-300G models are similar. 


=>SHO <Enter> 
Group 1 


RID     =GENERATOR 
TID     =TERMINAL 
CTR     = 100       CTRD    = 100       CTRN    = 100       PTR     = 100.00 
PTRN    = 100.00    PTRS    = 100.00 
VNOM    = 115.0     INOM    = 5.0       EBUP    = D         ELE     = N 
E24     = Y         E25     = Y         E27     = Y         E32     = Y 
E40     = Y         E46     = Y         E50     = Y         E50_87  = N 
E51     = Y         E59     = N         E64     = Y         E78     = 1B 
E81     = 1         E81AC   = 6         E87     = G         ESV     = 6 
ESL     = 5         EDEM    = ROL 


Z1R     = 8.0       Z1O     = 0.0       MTA1    = 88        Z1CMP   = 0 
Z1D     = 0.00      Z2R     = 16.0      Z2O     = 0.0       MTA2    = 85 
Z2CMP   = 0         Z2D     = 0.00      21PTC   =!3PO 


24D1P   = 105       24D1D   = 1.00      24CCS   = ID        24IP    = 105 
24IC    = 2.0       24ITD   = 0.1       24D2P2  = 176       24D2D2  = 3.00 
24CR    = 240.00 
24TC    =!60LOP 


Press RETURN to continue 
SYNCP   = VA        25VLO   = 58.3      25VHI   = 69.7      25VDIF  = 3.3 
25RCF   = 1.000     GENV+   = Y         25SLO   = 0.05      25SHI   = 0.10 
COMPA   = 0         25ANG1  = 5         25ANG2  = 15        CANGLE  =-3 
TCLOSD  = 0.150     CFANGL  = 30        27VSP   = 15.0 
BSYNCH  =!3PO 


27P1P   = 54.0      27P2P   = OFF       27V1P   = OFF       27PP1   = 93.5 
27PP2   = 93.5 
32P1P   =-0.0500    32P1D   = 20.00     32P2P   =-0.1000    32P2D   = 5.00 
32PTC   =!60LOP 
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40Z1P   = 13.4      40XD1   =-2.5       40Z1D   = 0.00      40Z2P   = 25.0 
40XD2   =-2.5       40Z2D   = 0.50 
40ZTC   =!60LOP 
46Q1P   = 8         46Q1D   = 30.00     46Q2P   = 8         46Q2K   = 10 
46QTC   =1 


Press RETURN to continue 
50P1P   = OFF       50P2P   = OFF       50N1P   = 2.50      50N1D   = 0.10 
50N2P   = OFF       50G1P   = OFF       50G2P   = OFF 


51NP    = 0.50      51NC    = U2        51NTD   = 3.00      51NRS   = Y 
51NTC   =1 
51GP    = OFF 
3POD    = 0.00      50LP    = 0.25 
52A     =IN101 


64G1P   = 5.0       64G1D   = 0.75      64G2P   = 2.5       64RAT   = 1.0 
64G2D   = 0.08 
64GTC   =1 


64FOPT  = EXT       64F1P   = 50        64F1D   = 5 
64F2P   = 5         64F2D   = 2         64FTC   = 1 


78FWD   = 8.0       78REV   = 8.0       78R1    = 6.0       78R2    = 6.0 
78TD    = 0.00      78TDURD = 3.00      50ABC   = 0.25      OOSTC   =1 


27B81P  = 20.00     81D1P   = 59.10     81D1D   = 0.03 


Press RETURN to continue 
UBND1   = 59.5      LBND1   = 58.8      TBND1   = 3000.00 
LBND2   = 58.0      TBND2   = 540.00 
LBND3   = 57.5      TBND3   = 100.00 
LBND4   = 57.0      TBND4   = 14.00 
LBND5   = 56.5      TBND5   = 2.40 
LBND6   = 40.0      TBND6   = 1.00 
62ACC   = 0.16 
ONLINE  =!27B81 * !3PO 


TAP1    = 5.00      TAPD    = 5.00      U87P    = 10.0      O87P    = 0.30 
SLP1    = 40 
87B     =0 


RTDOPT  = NONE 
DMTC    = 15        PDEMP   = 5.50      NDEMP   = 1.00      GDEMP   = 1.00 
QDEMP   = 2.50 
INAD    =SV2T * 50L 
INADPU  = 0.25      INADDO  = 0.13 
SV1     =27V1 * 40Z2 


Press RETURN to continue 
SV1PU   = 0.25      SV1DO   = 0.00 
SV2     =!50L * 27P1 * !IN102 
SV2PU   = 2.00      SV2DO   = 1.00 
SV3     =51NT + 50N1T + 51CT + 51VT + 64G1T + 64G2T + INADT + LT1 
          * 32P2T 
SV3PU   = 0.00      SV3DO   = 0.00 


SV4     =24C2T + 32P1T + 40Z1T + 40Z2T 
SV4PU   = 0.00      SV4DO   = 0.00 
SV5     =0 
SV5PU   = 0.00      SV5DO   = 0.00 
SV6     =0SV6PU   = 0.00      SV6DO   = 0.00 
SET1    =LB1 + RB1 
RST1    =3PO 
SET2    =INADT 
RST2    =TRGTR 
SET3    =!(DCLO * DCHI) 
RST3    =TRGTR 
SET4    =0 
RST4    =1 


Press RETURN to continue 







10-26 Serial Port Communications and Commands
 


Date Code 20081231  SEL-300G Instruction Manual 


SET5    =SV4 
RST5    =TRGTR 
TDURD   = 0.16 
TR1     =SV3 + SV4 + 46Q2T + 81D1T + 81D2T 
ULTR1   =3PO 
TR2     =SV3 + SV4 
ULTR2   =!TR2 
TR3     =SV3 + LT1 
ULTR3   =!TR3 
TR4     =SV3 
ULTR4   =!TR4 
CLEN    =1 
CL      =0 
ULCL    =1 
CLSD    = 0.00 
ER      =/24C2 + /32P1 + /46Q2 + /51N + /51C + /51V + /64G1 + /64G2 
          + /60LOP + /81D1 + /81D2 + \81D1 + \81D2 + /BNDA 


          + /BNDT + /INAD 


OUT101  =TRIP1 


Press RETURN to continue 
OUT102  =TRIP2 
OUT103  =TRIP3 
OUT104  =TRIP4 
OUT105  =CLOSE 
OUT106  =60LOP 
OUT107  =24D1T + 46Q1T + BCW + BNDA + BNDT + !(DCLO * DCHI) 
OUT201  =0 
OUT202  =0 
OUT203  =0 
OUT204  =0 
OUT205  =0 
OUT206  =0 
OUT207  =0 
OUT208  =0 
OUT209  =0 
OUT210  =0 
OUT211  =0 
OUT212  =0 


SCEUSE     56.4 
GR1CHK     514A 


=> 
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=>SHO G <Enter> 


LER     = 15        PRE     = 4         FP_TO   = 15        DATE_F  = MDY        
DCLOP   = OFF       DCHIP   = OFF       FNOM    = 60        PHROT   = ABC        
DELTA_Y = Y          
TGR     = 3          
SS1     =0 
SS2     =0 
BKMON   =TRIP 
COSP1   = 10000     COSP2   = 150       COSP3   = 12         
KASP1   = 1.2       KASP2   = 8.0       KASP3   = 20.0       
IN101D  = 0.50      IN102D  = 0.50      IN103D  = 0.50      IN104D  = 0.50       
IN105D  = 0.50      IN106D  = 0.50       
NLB1    =GEN SHUTDOWN   CLB1    =RETURN  SLB1    =        PLB1    =TRIP     
NLB2    =                
NLB3    =                
NLB4    =                
NLB5    =                
NLB6    =                
Press RETURN to continue 
NLB7    =                
NLB8    =                
NLB9    =                
NLB10   =                
NLB11   =                
NLB12   =                
NLB13   =                
NLB14   =                
NLB15   =                
NLB16   =                
FP_I    = Y         FP_VPP  = Y         FP_VP   = N         FP_MW   = Y          
FP_FR   = Y         FP_87   = N          
DP1     =IN101 
DP1_1   =GEN BKR CLOSED   DP1_0   =GEN BKR OPEN      
 DP2     =IN102 
DP2_1   =FIELD BKR CLOSED DP2_0   =FIELD BKR OPEN    
DP3     =SG1 
DP3_1   =GROUP 1 ACTIVE   DP3_0   =GROUP 2 ACTIVE    
DP4     =SV2T 
Press RETURN to continue 
DP4_1   =INAD ARMED       DP4_0   =                  
DP5     =LT2 
DP5_1   =INAD TRIP        DP5_0   =                  
DP6     =LT1 
DP6_1   =SHUTDOWN TRIP    DP6_0   =                  
DP7     =LT5 
DP7_1   =AB OP TRIP       DP7_0   =                  
DP8     =0 
DP8_1   =                 DP8_0   =                  
DP9     =0 
DP9_1   =                 DP9_0   =                  
DP10    =0 
DP10_1  =                 DP10_0  =                  
DP11    =0 
DP11_1  =                 DP11_0  =                  
DP12    =0 
DP12_1  =                 DP12_0  =    
DP13    =0 
DP13_1  =                 DP13_0  =                  
DP14    =0 
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Press RETURN to continue 
DP14_1  =                 DP14_0  =                  
DP15    =0 
DP15_1  =                 DP15_0  =                  
DP16    =0 
DP16_1  =                 DP16_0  =                  
SCEUSE     42.9 
GBLCHK     5290 


=> 


 


=> SHO R <Enter> 


SER1    =51NT 50N1T 51CT 51VT 64G1T 64G2T SV3 81D1 81D1T 81D2 81D2T 51N 50N1  
51C 51V 64G1 64G2 INAD INADT  
SER2    =DP3 LB1 RB1 LT3 TRGTR BCW IN101 IN102 TRIP1 TRIP2 TRIP3 TRIP4 BNDT  
24C2T 32P1T 24C2 32P1 SV4 SV2T  
SER3    =24D1 24D1T 46Q1 46Q1T 60LOP BNDA 32P2 32P2T SWING OOS OOST 
SER4    =0  


EALIAS  = 20         
ALIAS1  =SV3 FAULT_TRIP TRIPPED RESET 
ALIAS2  =SV4 AB_OP_TRIP TRIPPED RESET 
ALIAS3  =81D1T FREQ_TR_1 TRIPPED RESET 
ALIAS4  =81D2T FREQ_TR_2 TRIPPED RESET 
ALIAS5  =TRIP1 GEN_MAIN_TR TRIPPED RESET 
ALIAS6  =TRIP2 FIELD_BKR_TR TRIPPED RESET 
ALIAS7  =TRIP3 PRIME_MVR_TR TRIPPED RESET 
ALIAS8  =TRIP4 86_TRIP TRIPPED RESET 
ALIAS9  =BNDA FREQ_AC_AL ALARM RESET 
ALIAS10 =BNDT FREQ_AC_TR TRIPPED RESET 


Press RETURN to continue 
ALIAS11 =LB1 LCL_SHUTDOWN TRIP RESET 
ALIAS12 =RB1 REM_SHUTDOWN TRIP RESET 
ALIAS13 =LT3 DC_FAULT FAULT RESET 
ALIAS14 =DP3 GROUP_CHANGE GROUP_1_ACTIVE GROUP_2_ACTIVE 
ALIAS15 =TRGTR TARGET_RESET PRESSED RELEASED 
ALIAS16 =SV2T INAV_ENR_SCHM ARMED RESET 
ALIAS17 =INADT INAV_ENR_SCHM TRIPPED TR_RESET 
ALIAS18 =IN101 GEN_MAIN_BKR CLOSED OPENED 
ALIAS19 =IN102 FIELD_BKR CLOSED OPENED 
ALIAS20 =NA  _ 


=> 


STA Command (Relay Self-Test Status) 
The STA command displays the status report, showing the relay self-test information. 


To view a status report, enter the command: 


=>STA n <Enter> 


where n is an optional parameter to specify the number of times (1–32767) to repeat the status 
display.  If n is not specified, the status report is displayed once.  The output of an SEL-300G is 
shown: 
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=>STA <Enter> 


GENERATOR                         Date: 01/20/00    Time: 10:20:19.544 
TERMINAL 


FID=SEL-300G-X207-V31H425XX4X-Z001001-D20000217       CID=04B0 
SELF TESTS 
W=Warn    F=Fail 
       IA      IB      IC      IN      VA      VB      VC      VN      MOF      
OS     0       1       0       1       1       0       0       1       0       
       +5V_PS  +5V_REG -5V_REG +12V_PS -12V_PS +15V_PS -15V_PS  
PS      4.95    5.01   -4.99    11.96  -12.05   14.90  -14.93  
       TEMP    RAM     ROM     A/D     CR_RAM  EEPROM  IO_BRD   
        42.5   OK      OK      OK      OK      OK      OK       


FGM    COMM    MODULE 
       OK      OK 
Relay Enabled 


STA Command Row and Column Definitions 


FID FID is the firmware identifier string.  It identifies the firmware revision. 


CID CID is the firmware checksum identifier. 


OS OS = Offset; displays measured dc offset voltages in millivolts for the current 
and voltage channels.  The MOF (master) status is the dc offset in the A/D 
circuit when a grounded input is selected. 


PS PS = Power Supply; displays power supply voltages in Vdc for the power 
supply outputs. 


TEMP Displays the internal relay temperature in degrees Celsius. 


RAM, ROM, 
CR_RAM  
(critical RAM),  
and EEPROM 


These tests verify the relay memory components.  The columns display OK if 
memory is functioning properly; the columns display FAIL if the memory area 
has failed. 


A/D Analog to Digital convert status. 


IO_BRD Extra I/O board status. 


W (Warning) or F (Failure) is appended to the values to indicate an out-of-tolerance condition. 


FGM Communication and Field Ground Module (SEL-2664) status values: 
 


 COMM MODULE Description 


 OK OK Receiving valid communications. 


 OK FAIL Receiving communications from device with a status 
word indicating a remote failure. 
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 COMM MODULE Description 


 FAIL N/A Lost communications. 


 FAIL FAIL Lost communications, but last communication from 
device contained a status word indicating a remote 
failure. 


The relay latches all self-test warnings and failures in order to capture transient out-of-tolerance 
conditions. 


Refer to Table 4.5 in Section 4:  SELOGIC Control Equations for self-test thresholds and 
corrective actions. 


SYN Command (Synch-Check Function Report) (Models 0300G2 and 0300G3) 
The SYN command displays the latest of three reports stored by the relay synch-check function in 
nonvolatile memory.  For more information on SYN reports, see Section 11:  Event Reports and 
SER Functions. 


TAR Command (Display Relay Element Status) 
The TAR command displays the status of front-panel target LEDs or relay elements, whether 
they are asserted or deasserted.  The elements are represented as Relay Word bits and are listed in 
rows of eight, called Relay Word rows.  For additional information on individual Relay Word 
bits, refer to Section 4:  SELOGIC Control Equations. 


A Relay Word bit is either at a logical 1 (asserted) or a logical 0 (deasserted).  Relay Word bits 
are used in SELOGIC control equations.  See Section 6:  Enter Relay Settings and Section 4:  
SELOGIC Control Equations. 


The serial port TAR command does not remap the front-panel target LEDs.  But the execution of 
the equivalent TAR command via the front-panel display does remap the bottom row of the front-
panel target LEDs (see Figure 9.3, pushbutton <OTHER>). 


The TAR command options are: 


TAR n k Shows Relay Word row number n (0–43).  k is an optional parameter to 
specify the number of times (1–32767) to repeat the Relay Word row 
display.  If k is not specified, the Relay Word row is displayed once. 


TAR name k Shows Relay Word row containing Relay Word bit name (e.g., TAR 40Z1 
displays Relay Word Row 5).  Valid names are shown in Table 10.7.  k is an 
optional parameter to specify the number of times (1–32767) to repeat the 
Relay Word row display.  If k is not specified, the Relay Word row is 
displayed once. 
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TAR F n k X The TAR F command works like the TAR command, but it also remaps the 
second row of target LEDs on the front panel to follow the default row. This 
may be useful, for example, in testing situations where a display on the 
relay front-panel LEDs of element pickup or operation may be desired. 


n specifies a new default Relay Word row by entering the 
number or the specific Relay Word bit name. If n is not 
specified, the last default row is displayed. 


k specifies a repeat count of the command for the serial port 
display. The default is 1. 


X allows remapping of the LEDs to a Relay Word row 
without changing the default row.  


The default row number returns to 0 when the serial port times out, the QUI
command is executed, or the TAR R command is executed. 
The front-panel LEDs remain remapped until the front panel times out, the 
TAR R command is executed, or the TARGET RESET pushbutton is 
pushed. 


TAR R Clears front-panel tripping target LEDs.  Unlatches the trip logic for testing 
purposes (see Figure 4.6).  Shows Relay Word Row 0. 
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Table 10.7:  SEL-300G Relay Word and Its Correspondence to TAR Command 


TAR 0 
(Front-Panel 
LEDs) 


EN BKR  
CLOSED 


LOP 60 TRIP 21/51V 50 51 N 


TAR 1 
(Front-Panel 
LEDs) 


24 27/59 32 40 46 64G 81 87 


TAR 2 24TC 24D1 24D1T 24C2 24C2T 24CR SS1 SS2 


TAR 3 27P1 27P2 27PP1 27V1 59P1 59P2 59G1 59G2 


TAR 4 32PTC 32P1 32P1T 32P2 32P2T 59V1 59Q 59PP1 


TAR 5 40ZTC 40Z1 40Z1T 40Z2 40Z2T SWING SG1 SG2 


TAR 6 46QTC 46Q1 46Q1T 46Q2 46Q2T 46Q2R INAD INADT 


TAR 7 78R1 78R2 78Z1 OOSTC 51CTC 51C 51CT 51CR 


TAR 8 51GTC 51G 51GT 51GR 51NTC 51N 51NT 51NR 


TAR 9 51VTC 51V 51VT 51VR PDEM QDEM GDEM NDEM 


TAR 10 50P1 50P1T 50P2 50P2T 50G1 50G1T 50G2 50G2T 


TAR 11 50N1 50N1T 50N2 50N2T CC CL CLOSE ULCL 


TAR 12 64GTC 64G1 64G1T 64G2 64G2T OOS 60LOP CLEN 


TAR 13 BKMON BCW BCWA BCWB BCWC FAULT DCLO DCHI 


TAR 14 81D1 81D2 81D3 81D4 81D5 81D6 3PO 52A 


TAR 15 81D1T 81D2T 81D3T 81D4T 81D5T 81D6T 27B81 50L 


TAR 16 ONLINE BND1A BND1T BND2A BND2T BND3A BND3T BNDA 


TAR 17 TRGTR BND4A BND4T BND5A BND5T BND6A BND6T BNDT 


TAR 18 TRIP TRIP1 TRIP2 TRIP3 TRIP4 OC1 OC2 OC3 


TAR 19 TR1 TR2 TR3 TR4 ULTR1 ULTR2 ULTR3 ULTR4 


TAR 20 LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8 


TAR 21 LB9 LB10 LB11 LB12 LB13 LB14 LB15 LB16 


TAR 22 RB1 RB2 RB3 RB4 RB5 RB6 RB7 RB8 


TAR 23 RB9 RB10 RB11 RB12 RB13 RB14 RB15 RB16 


TAR 24 21CTC 21C1P 21C1T 21C2P 21C2T ZLOAD T64G N64G 


TAR 25 SV1 SV2 SV3 SV4  SV1T SV2T SV3T SV4T 


TAR 26 SV5 SV6 SV7 SV8 SV5T SV6T SV7T SV8T 


TAR 27 SV9 SV10 SV11 SV12 SV9T SV10T SV11T SV12T 


TAR 28 SV13 SV14 SV15 SV16 SV13T SV14T SV15T SV16T 


TAR 29 DP8 DP7 DP6 DP5 DP4 DP3 DP2 DP1 


TAR 30 DP16 DP15 DP14 DP13 DP12 DP11 DP10 DP9 


TAR 31 ER OOST IN106 IN105 IN104 IN103 IN102 IN101 


TAR 32 ALARM OUT107 OUT106 OUT105 OUT104 OUT103 OUT102 OUT101 


TAR 33 87B 87BL1 87BL2 87BL3 87R 87R1 87R2 87R3 
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TAR 34 87U 87U1 87U2 87U3 50H1 50H1T 50H2 50H2T 


TAR 35 50Q1 50Q1T 50Q2 50Q2T 50R1 50R1T 50R2 50R2T 


TAR 36 59VP 59VS CFA BKRCF BSYNCH 25C 25A1 25A2 


TAR 37 59PP2 27PP2 SF VDIF GENVHI GENVLO GENFHI GENFLO 


TAR 38 87NTC 87N1P 87N1T 87N2P 87N2T MPP1P  MABC1P  27VS 


TAR 39 21PTC 21P1P 21P1T 21P2P 21P2T MPP2P  MABC2P  * 


TAR 40 IN208 IN207 IN206 IN205 IN204 IN203 IN202 IN201 


TAR 41 64FTC 64F1 64F1T 64F2 64F2T 64FFLT * * 


TAR 42 OUT201 OUT202 OUT203 OUT204 OUT205 OUT206 OUT207 OUT208 


TAR 43 OUT209 OUT210 OUT211 OUT212 * * * * 


TAR 44 50H2A 50H2B 50H2C * * * * * 


TAR 45 * * * * * * * * 


TAR 46 SET1 SET2 SET3 SET4 SET5 SET6 SET7 SET8 


TAR 47 SET9 SET10 SET11 SET12 SET13 SET14 SET15 SET16 


TAR 48 RST1 RST2 RST3 RST4 RST5 RST6 RST7 RST8 


TAR 49 RST9 RST10 RST11 RST12 RST13 RST14 RST15 RST16 


TAR 50 LT1 LT2 LT3 LT4 LT5 LT6 LT7 LT8 


TAR 51 LT9 LT10 LT11 LT12 LT13 LT14 LT15 LT16 


TAR 52 OTHTRIP OTHALRM AMBTRIP AMBALRM BRGTRIP BRGALRM WDGTRIP WDGALRM 


TAR 53 RTDFLT * * * * * * 2600IN 


TAR 54 RTD4TR RTD4AL RTD3TR RTD3AL RTD2TR RTD2AL RTD1TR RTD1AL 


TAR 55 RTD8TR RTD8AL RTD7TR RTD7AL RTD6TR RTD6AL RTD5TR RTD5AL 


TAR 56 RTD12TR RTD12AL RTD11TR RTD11AL RTD10TR RTD10AL RTD9TR RTD9AL 


Command TAR 60LOP 10 is executed in the following example: 


=>TAR 60LOP 10 <Enter> 


64GTC 64G1   64G1T  64G2   64G2T   *     60LOP  CLEN 
1      0      0      0      0      0      0      0 
1      0      0      0      0      0      0      0 
1      0      0      0      0      0      0      0 
1      0      0      0      0      0      0      0 
1      0      0      0      0      0      0      0 
1      0      0      0      0      0      0      0 
1      0      0      0      0      0      0      0 
1      0      0      0      0      0      0      0 


64GTC 64G1   64G1T  64G2   64G2T   *     60LOP  CLEN 
1      0      0      0      0      0      0      0 
1      0      0      0      0      0      0      0 


=> 


Note that Relay Word row containing the 60LOP bit is repeated 10 times.  In this example, the 
100 percent stator ground protection elements are enabled (64GTC = logical 1) and 60LOP is 
deasserted (60LOP = logical 0).  Command TAR 12 will report the same data since the 60LOP 
bit is in Row 12 of the Relay Word. 
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TIM Command (View/Change Time) 
TIM displays the relay clock.  To set the clock, type TIM and the desired setting, then press 
<Enter>.  Separate the hours, minutes, and seconds with colons, semicolons, spaces, commas, or 
slashes.  To set the clock to 23:30:00, enter: 


=>TIM 23:30:00 <Enter> 
23:30:00 
=> 


TRI Command (Trigger Event Report) 
Issue the TRI command to generate an event report: 


=>TRI <Enter> 
Triggered 


=> 


If the serial port AUTO setting = Y, the relay sends the summary event report: 


GENERATOR                         Date: 01/17/98    Time: 09:48:37.989 
TERMINAL 


Event: TRIG  Frequency:  60.00 
Targets:  
Currents (A Pri), ABCNGQ:      1     1     1     1     2     1 
=> 


See Section 11:  Event Reports and SER Functions for more information on event reports. 


Access Level B Commands 


CLO Command (Close Breaker) 
The CLO (Close) command asserts the CLOSE Relay Word bit (if CLEN = logical 1), which can 
be programmed to an output contact (e.g., OUT105 = CLOSE) to close circuit breakers.  See 
Figure 4.8. 


To issue the CLO command, enter the following: 


=>>CLO <Enter> 
Close Breaker  (Y/N) ? Y <Enter> 
Are you sure (Y/N) ? Y <Enter> 
=>> 


Typing N <Enter> after either of the above prompts will abort the command. 


The CLO command is supervised by the main board Breaker jumper (see Table 5.6).  If the 
Breaker jumper is not in place (Breaker jumper = OFF), the relay does not execute the CLO 
command and responds: 


Aborted: No Breaker Jumper 
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GRO n Command (Change Active Setting Group) 
The GRO n command changes the active setting group to setting Group n.  To change to settings 
Group 2, enter the following: 


==>GRO 2 <Enter> 
Change to Group 2 
Are you sure (Y/N) ? Y <Enter> 
Active Group = 2 


==> 


The relay switches to Group 2 and pulses the ALARM contact.  If the serial port AUTO 
setting = Y, the relay sends the group switch report: 


==> 


GENERATOR                              Date: 02/02/97    Time: 09:40:34.611 
TERMINAL 


Active Group = 2 
==> 


If either SELOGIC control equation setting SS1 or SS2 asserts to logical 1, the active setting group 
may not be changed with the GRO command—SELOGIC control equations settings SS1 and SS2 
have priority over the GRO command in active setting group control. 


For example, assume setting Group 1 is the active setting group and the SS1 setting is asserted to 
logical 1 (e.g., SS1 = IN104 and optoisolated input IN104 is asserted).  An attempt to change to 
setting Group 2 with the GRO 2 command will not be accepted: 


==>GRO 2 <Enter> 
No group change (see manual) 
Active Group = 1 
==> 


For more information on setting group selection, see Section 4:  SELOGIC Control Equations. 


OPE n Command (Open Breaker) 
The OPE n (Open) command asserts the TRIPn Relay Word bit, which can be programmed to an 
output contact (e.g., OUT101 = TRIP1) to trip circuit breakers.  See Figure 4.6. 


To issue the OPE 1 command, enter the following: 


=>>OPE 1 <Enter> 
Open Breaker  (Y/N) ? Y <Enter> 
Are you sure (Y/N) ? Y <Enter> 
=>> 


Typing N <Enter> after either of the above prompts will abort the command. 
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The OPE n command is supervised by the main board Breaker jumper (see Table 5.6).  If 
the Breaker jumper is not in place (Breaker jumper = OFF), the relay does not execute the 
OPE command and responds: 


Aborted: No Breaker Jumper 


PUL Command (Pulse Output Contact) 
The PUL command allows you to pulse any of the output contacts for a specified length of time.  
The command format is: 


PUL x y 


where: 


x is the output name (e.g., OUT107, ALARM, OUT211—see Figure 4.16 and 
Figure 4.17). 


y is the pulse duration (1–30) in seconds.  If y is not specified, the pulse duration 
defaults to 1 second. 


To pulse OUT101 for 5 seconds: 


=>>PUL OUT101 5 <Enter> 
Are you sure (Y/N) ? Y <Enter> 
=>> 


If the response to the “Are you sure (Y/N) ?” prompt is “N” or “n”, the command is aborted. 


The PUL command is supervised by the main board Breaker jumper (see Table 5.6).  If the 
Breaker is not in place (Breaker jumper = OFF), the relay does not execute the PUL command 
and responds: 


Aborted:  No Breaker Jumper 


The relay generates an event report if any of the OUT101 through OUT107 contacts are pulsed.  
The PUL command is used primarily for testing purposes. 


Access Level 2 Commands 


BRE n Command (Preload/Reset Breaker Wear) 
Use the BRE W command to preload breaker wear.  For example, to preload the breaker wear to 
25 percent, 28 percent, and 24 percent for the respective phases, issue the following command. 
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==>BRE W <Enter> 
Breaker Wear Percent Preload 


A-phase % = 0 ? 10 
B-phase % = 0 ? 12 
C-phase % = 0 ? 10 
Are you sure (Y/N) ? Y <Enter> 


GENERATOR                         Date: 01/17/98    Time: 10:04:11.330 
TERMINAL 


Int Trips=      0 
 IA=      0.0 IB=      0.0 IC=      0.0 kA 


Ext Trips=      0 
 IA=      0.0 IB=      0.0 IC=      0.0 kA 


Percent wear: A=  10 B=  12 C=  10 


LAST RESET 01/17/98 09:45:35 


==> 


Use the BRE R command to reset the breaker monitor: 


==>BRE R <Enter> 


Reset Trip Counters and Accumulated Currents/Wear 
Are you sure (Y/N) ? Y <Enter> 


GENERATOR                         Date: 01/17/98    Time: 10:04:28.007 
TERMINAL 


Int Trips=      0 
 IA=      0.0 IB=      0.0 IC=      0.0 kA 


Ext Trips=      0 
 IA=      0.0 IB=      0.0 IC=      0.0 kA 


Percent wear: A=   0 B=   0 C=   0 


LAST RESET 01/17/98 10:04:27 


==> 


See Breaker Monitor in Section 8:  Monitoring and Metering Functions for further details on 
the breaker monitor. 


CON Command (Control Remote Bit) 
The CON command is a two-step command that allows you to control Relay Word bits RB1 
through RB16.  At the Access Level 2 prompt, type CON, a space, and the number of the remote 
bit you wish to control (1–16).  The relay responds by repeating your command followed by a 
colon.  At the colon, type the Control subcommand you wish to perform (see Table 10.8). 


The following example shows the steps necessary to pulse Remote Bit 5 (RB5): 


=>>CON 5 <Enter> 
CONTROL RB5: PRB 5 <Enter> 
=>> 


You must enter the same remote bit number in both steps in the command.  If the bit numbers do 
not match, the relay responds “Invalid Command.” 
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Table 10.8:  SEL-300G Relay Control Subcommands 


Subcommand Description 


SRB n Set Remote Bit n (“ON” position) 


CRB n Clear Remote Bit n (“OFF” position) 


PRB n Pulse Remote Bit n for 1/4 cycle (“MOMENTARY” position) 
See Remote Control Switches in Section 4:  SELOGIC Control Equations for more information.


COP m n Command (Copy Setting Group) 
Copy relay and SELOGIC control equation settings from setting Group m to setting Group n with 
the COP m n command.  Available setting group numbers are 1 and 2.  After entering settings 
into one setting group with the SET and SET L commands, copy them to the other groups with 
the COP command.  Use the SET and SET L commands to modify the copied settings.  The 
ALARM output pulses if you copy settings into the active group. 


For example, to copy settings from Group 1 to Group 2 issue the following command: 


=>>COP 1 2 <Enter> 
Copy 1 to 2 
Are you sure (Y/N) ? Y <Enter> 


Please wait... 
Settings copied 
=>> 


HIS C Command (Clear Event Summaries/History) 
HIS C clears the event summaries and all corresponding event reports from nonvolatile memory. 


PRO R 
Reset the generator operating profile data using the PRO R command.  The relay permits you to 
reset individually the various operating profile data accumulators. 


PAS Command (View/Change Passwords) 
PAS allows you to inspect or change existing passwords. The factory default passwords for 
Access Levels 1, B, and 2 are: 


Access Level Factory Default Password 


1 OTTER 


B EDITH 


2 TAIL 
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To inspect passwords, type: 


=>>PAS <Enter> 
1:OTTER 
B:EDITH 
2:TAIL 
=>> 


 
WARNING ! 


 


This device is shipped with default passwords.  Default passwords 
should be changed to private passwords at installation.  Failure to 
change each default password to a private password may allow 
unauthorized access.  SEL shall not be responsible for any damage 
resulting from unauthorized access. 


To change the password for Access Level 1 to Ot3579, enter the following: 


=>>PAS 1 Ot3579 <Enter> 
Set 
=>> 


Similarly, PAS B and PAS 2 can be used to change the Level B and Level 2 passwords, 
respectively. 


Passwords may include up to six characters.  Valid characters consist of:  ‘A–Z’, ‘a–z’, ‘0–9’, ‘-’, 
and ‘.’.  Upper- and lowercase letters are treated as different characters. 


Strong passwords consist of six characters, with at least one special character or digit and mixed 
case sensitivity, but do not form a name, date, acronym, or word.  Passwords formed in this 
manner are less susceptible to password guessing and automated attacks.  Examples of valid, 
distinct strong passwords include: 
 Ot3579 A24.68 Ih2dcs 4u-Iwg .351r. 
After entering new passwords, type PAS <Enter> to inspect them.  Make sure they are what you 
intended, and record the new passwords. If the passwords are lost or you wish to operate the relay 
without password protection, put the main board Password jumper in place (Password jumper = 
ON).  Refer to Table 5.6 for Password jumper information. 


If you wish to disable password protection for a specific access level [even if Password jumper is 
not in place (Password jumper = OFF)], simply set the password to DISABLE.  For example 
PAS 1 DISABLE disables password protection for Level 1. 


SET Command (Change Settings) 
The SET command allows the user to view or change the relay settings (see Table 6.1 in 
Section 6:  Enter Relay Settings). 


STA C 
To reset the self-test statuses, use the STA C command from Access Level 2: 


=>>STA C <Enter> 
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The relay responds: 


Reboot the relay and clear status 
Are you sure (Y/N) ? 


If you select “N” or “n”, the relay displays: 


Canceled 


and aborts the command. 


If you select “Y”, the relay displays: 


Rebooting the relay 


The relay then restarts (just like powering down, then powering up relay), and all diagnostics are 
rerun before the relay is enabled. 


SYN R (Models 0300G2, 0300G3) 
The SYN R command allows the operator to reset the synchronization function breaker’s average 
close time and close counter.  Use the SYN R command from Access Level 2. 


SERIAL PORT ERROR MESSAGES 
The relay will generate error messages in response to serial port commands or arguments that it 
does not recognize.  The following table lists the error messages and their causes and suggests 
corrections. 


Table 10.9:  SEL-300G Error Messages 


Error Message 
Command 
Executed 


This Message Occurs 
When: To Correct: 


Aborted.  No 
Breaker Jumper 


CLOSE, 
OPEN, PULSE 


Breaker jumper on main 
board is not installed. 


Install main board jumper JMP6-B before 
executing breaker control commands. 


Command Aborted, 
Relay Disabled 


Any Command The relay is disabled. Check ALARM contact, STATUS 
command to determine if and why relay is 
disabled. 


Did not trigger TRIGGER Another event is in progress. Wait a moment for event in progress to 
complete and save, then try again. 


Did not trigger TRIGGER The event buffer is full. Wait a moment for the event in progress to 
complete and save, then try again. 


Did not trigger TRIGGER The relay is disabled. Check ALARM Contact, STATUS 
command to determine if and why relay is 
disabled. 


Invalid Access Level Any Command Serial port is not at the 
proper access level to 
execute the command. 


Move to the correct Access Level using the 
ACC, BAC, and 2AC commands and 
associated passwords.  


Invalid Command Any Command Command was not 
recognized by the relay. 


Use the HELP command to find the 
commands available at the present Access 
Level. 
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Error Message 
Command 
Executed 


This Message Occurs 
When: To Correct: 


Invalid Command COPY Copy source or destination is 
unknown. 


Use COPY 1 2 to copy from Group 1 
settings to Group 2 or COPY 2 1 to copy 
from Group 2 settings to Group 1. 


Invalid Command GROUP ‘n’ Relay setting group ‘n’ is not 
a valid group. 


Use GROUP 1 or GROUP 2. 


Invalid Command SET ‘n’ 
SHO ‘n’ 


Relay setting name ‘n’ was 
not recognized as a valid 
setting name. 


Use the Settings Sheets in Section 6:  Enter 
Relay Settings to determine the correct 
name of the desired setting. 


Invalid Data SYN No synch-check report data 
available. 


Execute the command again after a 
generator paralleling operation when data 
will be available. 


Invalid Date DATE Date entered is not in a valid 
format. 


Use the HELP DAT command to view 
acceptable formats and then key the 
command using an acceptable date and 
format. 


Invalid Event EVE n Fewer than ‘n’ event reports 
presently are stored. 


Use the HISTORY command to learn how 
many events are presently stored. 


Invalid Password ACC, BAC, 
2AC 


Password entered is incorrect 
for the attempted Access 
Level.  


Rekey command to correct typographical 
error, or obtain correct password. 


Invalid Target TARGET ‘n’ Relay Word Bit name ‘n’ 
was not recognized as a valid 
name. 


Use the tables in Section 4:  SELOGIC 
Control Equations to determine the correct 
name of the desired Relay Word bit. 


Invalid Time TIME Time entered is not in a valid 
format. 


Use the HELP TIM command to view 
acceptable formats and then rekey the 
command. 


IRIG-B DATA 
ERROR 


IRIG Demodulated IRIG-B signal 
is not connected or detected 
by relay. 


Verify cabling and connections, then retry 
the command. 


No group change 
(see manual) 


GROUP SS1 or SS2 asserted during 
group change.  SS1 and SS2 
control equations have 
precedence over serial port 
command group selection. 


Verify that SS1 or SS2 should be asserted at 
this time, based on your application. 


No SER Data SER The SER data buffer is 
empty. 


Execute the SER command again after one 
or more SER triggering transitions have 
occurred. 


Requested option 
not ordered in this 
relay 


EVE DIF The relay is not equipped 
with current differential 
elements and so does not 
create this type of event 
report. 


 


Synch-check option 
not ordered in this 
relay 


SYN Relay is not equipped with 
synch-check elements and so 
does not create this type of 
event report. 
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Access  
Level 0 
Commands 


The only significant thing that can be done at Access level 0 is to go to Access Level 1 or 
use the HELP command.  The screen prompt is:  = 


ACC Enter Access Level 1.  If the main board password jumper is not in place, the relay prompts 
for the entry of the Access Level 1 password in order to enter Access Level 1. 


CAS Compressed ASCII configuration data. 
HELP Get command help.  Use alone to learn commands available at this access level.  Use with a 


command name (such as HELP DAT), to get more information about the command.  
 


Access  
Level 1 
Commands 


The Access Level 1 commands primarily allow the user to look at information (e.g., settings, 
metering), not change it.  The screen prompt is:  => 


2AC Enter Access Level 2.  If the main board password jumper is not in place, the relay prompts 
for the entry of the Access Level 2 password in order to enter Access Level 2. 


BAC Enter Breaker Access Level (Access Level B).  If the main board password jumper is not in 
place, the relay prompts for the entry of the Access Level B password.  


BRE Display breaker monitor data (trips, interrupted current, wear). 
CEV n Show compressed event report number n with 1/4-cycle resolution. You can use parameters 


Ly, SEC, Sx, R, C, and DIF with CEV similar to EVE commands described later. Use CEV 
commands to save event reports for SEL-5601 Analytic Assistant. 


CHIS Show compressed history. 
CST Show compressed status report. 
DAT Show date. 
DAT m/d/y Enter date in this manner if Date Format setting DATE_F = MDY. 
DAT y/m/d Enter date in this manner if Date Format setting DATE_F = YMD. 
EVE n Show event report number n with 1/4-cycle resolution.  
EVE A n Show the analog data for event report number n. 
EVE C n Show 15-cycle event report number n with 1/16-cycle resolution. 
EVE D n Show the digital data for event report number n. 
EVE DIF Show differential format event report. 
EVE GND Show special report for Stator Ground element 64G. This report shows RMS secondary 


magnitudes of third-harmonic neutral, third-harmonic terminal, and fundamental neutral 
voltages with 1/4-cycle resolution. It also includes status of related elements. 


EVE Ly n Show y cycles of event report number n. 
EVE R n Show unfiltered event report number n, displaying 16 samples per cycle. 
EVE SEC n Show event report number n with sampled values in secondary amperes and volts instead of 


primary amperes and kV. 
EVE Sx n Show event report number n, displaying x samples per cycle (x = 4 or 16). 
GRO Display active group number. 
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Access  
Level 1 
Commands 
(continued) 


The Access Level 1 commands primarily allow the user to look at information (e.g., settings, 
metering), not change it.  The screen prompt is:  => 


HIS n Show a brief summary of the n latest event reports. 
IRI Force synchronization attempt of internal relay clock to IRIG-B time-code input.  
MET k Display instantaneous metering data.  Enter k for repeat count. 
MET D Display demand and peak demand data.  Select MET RD or MET RP to reset. 
MET DIF Display differential meter data. 
MET E Display energy metering data.  Select MET RE to reset. 
MET M Display maximum/minimum metering data.  Select MET RM to reset. 
MET RD Reset demand ammeter. 
MET RE Reset energy metering. 
MET RM Reset max/min metering. 
MET RP Reset peak demand ammeter. 
MET T Show thermal meter data. 
PRO Display generator operating profile. 
QUI Return to Access Level 0.  Terminate Distributed Port Switch Protocol connection. 
SER m n  Show rows m through n in the Sequential Events Recorder (SER) event report. 
SER n Show the latest n rows in the Sequential Events Recorder (SER) event report. 
SER d1 Show rows in the Sequential Events Recorder (SER) event report from date d1. 
SER d1 d2 Show rows in the Sequential Events Recorder (SER) event report from date d1 to d2.  Entry 


of dates is dependent on the Date Format setting DATE_F (= MDY or YMD). 
SHO n Show relay element and logic settings for Group n. 
SHO G Show global settings. 
SHO P n Show Port n settings. 
SHO R Show Sequential Events Recorder (SER) settings. 
STA Show relay self-test status. 
SYN n View Synch-Check report n (Models 0300G2 and 0300G3) 
TAR R Reset the front-panel tripping targets. 
TAR n k Display Relay Word row.  If n = 0 through 44, display row n.  If n is an element name (e.g., 


50P1) display the row containing element n.  Enter k for repeat count. 
TIM Show or set time (24-hour time).  Show time presently in the relay by entering just TIM.  


Example time 22:47:36 is entered with command TIM 22:47:36. 
TRI Trigger an event report. 
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Access  
Level B 
Commands 


Access Level B commands primarily allow the user to operate relay parameters and output 
contacts.  You can execute all Access Level 1 commands from Access Level B.  The 
screen prompt is:  = => 


CLO Assert the CLOSE Relay Word bit.  If CLOSE is assigned to an output contact, the output 
contact asserts if command CLO is executed and the circuit breaker is open. 


GRO n Change active group to group n. 
OPE n Assert the TRIPn Relay Word bit.  If TRIPn is assigned to an output contact 


(e.g., OUT101 = TRIP1), the output contact asserts if command OPE 1 is executed. 
PUL n k Pulse output contact n (ALARM, OUT101–OUT107, OUT201-OUT212) for k (1–30) 


seconds.  Parameter n must be specified;  k defaults to 1 if not specified. 
 


Access  
Level 2 
Commands 


The Access Level 2 commands allow unlimited access to relay settings, parameters, and 
output contacts.  All Access Level 1 and Access Level B commands are available from 
Access Level 2.  The screen prompt is:  =>> 


BRE n Enter BRE W to preload breaker wear.  Enter BRE R to reset breaker monitor data. 
CON n Control Relay Word bit RBn (Remote Bit n; n = 1 through 8).  Execute CON n and the 


relay responds:  CONTROL RBn.  Then reply with one of the following: 
 SRB n set Remote Bit n (assert RBn). 
 CRB n clear Remote Bit n (deassert RBn). 
 PRB n pulse Remote Bit n (assert RBn for 1/4 cycle). 


 


COP m n Copy relay and logic settings from group m to group n. 
HIS C Clear the brief summary and corresponding event reports. 
PAS Show existing Access Level 1, B, and 2 passwords. 
PAS 1 xxxxxx Change Access Level 1 password to xxxxxx. 
PAS B xxxxxx Change Access Level B password to xxxxxx. 
PAS 2 xxxxxx Change Access Level 2 password to xxxxxx. 
PRO R Reset generator operating profile. 
SET n Change relay and logic settings for group n. 
SET G Change global settings. 
SET P n Change Port n settings. 
SET R Change Sequential Events Recorder (SER) settings. 
STA C Reset self-test warnings/failures, clear data buffers and restart relay. 
SYN R Reset Synch-Check function breaker close time average. 
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SECTION 11:  EVENT REPORTS AND SER FUNCTIONS 


INTRODUCTION 
The SEL-300G Relay offers two styles of event reports: 


• Standard 15-, 30-, 60-, 180-cycle event reports 
• Sequential Events Recorder (SER) report 


Resolution: 1 ms 
Accuracy: +1/4 cycle 


These event reports contain date, time, current, voltage, frequency, relay element, optoisolated 
input, and output contact information.  Event reports generated by SEL-300G_1 Relays also 
include data describing the operation of the differential measurements and elements. 


The relay generates (triggers) standard 15-, 30-, 60-, or 180-cycle event reports by fixed and 
programmable conditions.  These reports show information for 15, 30, 60, or 180 continuous 
cycles.  The relay stores the event report data in nonvolatile memory.  Up to twenty-nine 
15-cycle, fifteen 30-cycle, eight 60-cycle, or two 180-cycle reports are maintained; if more 
reports are triggered, the latest event report overwrites the oldest event report.  See Figure 11.2 
for an example standard 15-cycle event report. 


The relay adds lines in the SER report for a change of state of a programmable condition.  The 
SER lists date and time-stamped lines of information each time a programmed condition changes 
state.  The relay stores the latest 512 lines of the SER report in nonvolatile memory.  If the report 
fills up, newer rows overwrite the oldest rows in the report.  See Figure 11.6 for an example SER 
report. 


Relays equipped with synchronism checking also generate reports showing relay and breaker 
performance during synch-check supervised closes. 


STANDARD EVENT REPORTS 
See Figure 11.2 for an example event report (Note:  Figure 11.2 is on multiple pages). 


Event Report Length (Settings LER and PRE) 
The SEL-300G provides user-programmable event report length and prefault length.  Event report 
length is 15, 30, 60, or 180 cycles.  Prefault length ranges from 1 to LER-1 cycles.  Prefault 
length is the first part of the event report that precedes the event report triggering point. 


Set the event report length with the LER setting.  Set the prefault length with the PRE setting.   


Changing the LER setting will erase all events stored in nonvolatile memory.  Changing the PRE 
setting has no effect on the nonvolatile reports. 
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Standard Event Report Triggering 
The relay triggers (generates) a standard event report when any of the following occur: 


• Relay Word bit TRIP1 through TRIP4 assert 
• Programmable SELOGIC® control equation setting ER asserts to logical 1 
• TRI (Trigger Event Reports) serial port command executed 
• Output contacts OUT101 through OUT107 (All models) pulsed via the serial port or 


front-panel PUL (Pulse Output Contact) command 


Relay Word Bit TRIP1 through TRIP4 
Refer to Figure 4.6.  If any of Relay Word bits TRIP1 through TRIP4 assert to logical 1, an event 
report is automatically generated.  Thus, any condition that causes a trip does not have to be 
entered in SELOGIC control equation setting ER. 


Relay Word bits TRIP1 through TRIP4 (in Figure 4.6) are usually assigned to output contacts for 
tripping circuit breakers, etc. 


Programmable SELOGIC Control Equation Setting ER 
The programmable SELOGIC control equation event report trigger setting ER is set to trigger 
standard event reports for conditions other than trip conditions.  When setting ER sees a logical 0 
to logical 1 transition, it generates an event report (if the SEL-300G is not already generating a 
report that encompasses the new transition).  The factory setting is: 


ER = /24C2 + /32P1 + /46Q2 + /51N + /51C + /51V + /64G1 + /64G2 
 + /60LOP + /81D1 + /81D2 + \81D1 + \81D2 + /BNDA + /BNDT + /INAD 


Note the rising edge operator, /, in front of some of these elements.  Rising edge operators are 
especially useful in generating an event report at fault inception and then generating another later 
if a breaker failure condition occurs.  For example, at the inception of a stator ground fault, 
pickup indicator 64G1 asserts and an event report is generated: 


ER = ... + /64G1 + ... = logical 1 (for one processing interval) 


Even though the 64G1 pickup indicator will remain asserted for the duration of the ground fault, 
the rising edge operator, /, in front of 64G1 (/64G1) causes setting ER to be asserted for only one 
processing interval. 


Falling edge operators, \, are also used to generate event reports as in the case of 
…\81D1 + \81D2 +...  See Section 4:  SELOGIC Control Equations for more information on 
falling edge operators. 


TRI (Trigger Event Report) and PUL (Pulse Output Contact) Commands 
The sole function of the TRI serial port command is to generate standard event reports, primarily 
for testing purposes. 


The PUL command asserts the output contacts for testing purposes or for remote control.  If 
output contact OUT101 through OUT107 (all models) asserts via the PUL command, the relay 
triggers a standard event report.  The PUL command to OUT 201 through OUT 212 does not 
trigger an event report.  The PUL command is available at the serial port and the relay front-panel 
CNTRL pushbutton. 
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See Section 10:  Serial Port Communications and Commands and Section 9:  Front-Panel 
Operation (Figure 9.3) for more information on the TRI (Trigger Event Report) and PUL (Pulse 
Output Contact) commands. 


Standard Event Report Summary 
Each time the relay generates a standard event report, it also generates a corresponding event 
summary (see Figure 11.1).  Event summaries contain the following information: 


• Relay and terminal identifiers (settings RID and TID) 
• Date and time when the event was triggered 
• Event type 
• System frequency at the time the event was triggered 
• Front-panel targets at the time of trip 
• Phase (IA, IB, IC), neutral (IN), calculated residual (IG = 3I0), and negative-sequence 


(IQ = 3I2) currents 


The relay includes the event summary in the standard event report.  The identifiers, date, and time 
appear at the top of the standard event report, and the other information follows.  See Figure 11.2. 


The example event summary in Figure 11.1 corresponds to the full-length standard 15-cycle event 
report in Figure 11.2  (Note:  Figure 11.2 is on multiple pages). 


GENERATOR                          Date: 01/30/00    Time: 10:20:24.811 
TERMINAL 
 
Event: TRIP  Frequency:  60.16 
Targets: 50 N 27/59 
Currents (A Pri), ABCNGQ:      1470     424     1342     183     1872     76 


Figure 11.1:  Example Event Summary 
The relay sends event summaries to all serial ports with setting AUTO = Y each time an event 
triggers. 


The latest twenty-nine 15-cycle, fifteen 30-cycle, eight 60-cycle, two 180-cycle event summaries 
are stored in nonvolatile memory and are accessed by the HIS (Event Summaries/History) 
command. See Section 10:  Serial Port Communications and Commands for more detail.  


Event Type 
The “Event:” field shows the event type.  The possible event types and their descriptions are 
shown in the table below.  Note the correspondence to the preceding event report triggering 
conditions (see Standard Event Report Triggering in this section). 
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Table 11.1:  Event Types 


Event Type Description
TRIP Assertion of Relay Word bits TRIP1 through TRIP4 


ER SELOGIC control equation setting ER 


TRIG Execution of TRIGGER command 


PULSE Execution of PULSE command 


Targets 
The relay reports the targets at the rising edge of TRIP1, TRIP2, TRIP3, or TRIP4.  If there is no 
rising edge of TRIP in the report, the Targets field is blank.  See Front-Panel Target LEDs in 
Section 9:  Front-Panel Operation. 


Currents 
The “Currents (A pri), ABCNGQ:” field shows the currents present in the event report row 
containing the maximum phase current.  The listed currents are: 


Phase (A = channel IA, B = channel IB, C = channel IC) 


Neutral (N = channel IN) 


Calculated residual (IG = 3I0; calculated from channels IA, IB, and IC) 


Negative-sequence (Q = 3I2; calculated from channels IA, IB, and IC) 


Retrieving Full-Length Standard Event Reports 
The latest event reports are stored in nonvolatile memory.  Each event report includes four 
sections: 


• Current, voltage, station battery, frequency, contact outputs, optoisolated inputs 
• Protection and control elements (different for various relay models) 
• Event summary 
• Group and global settings 


Use the EVE command to retrieve the reports.  There are several options to customize the report 
format.  The general command format is: 


EVE [n DIF Sx SEC Ly[-[w]] R A D C GND] 


where: 
n Event number (1–29) if LER = 15, (1–15) if LER = 30, (1–8) if LER = 60, 


or (1–2) if LER = 180.  Defaults to 1 if not listed, where 1 is the most 
recent event. 


DIF Display differential element event report. 


Sx Display x samples per cycle (4 or 16); defaults to 4 if not listed. 


SEC Displays sampled values in secondary amperes and volts instead of 
primary amperes and kV. 
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Ly Display y cycles of data (1–LER).  Defaults to LER value if not listed.  
Unfiltered reports (R parameter) display an extra cycle of data. 


Ly- Display event data from cycle y to the end of the report. 


Ly-w Display event data from cycle y to cycle w. 


R Specifies the unfiltered (raw) event report.  Defaults to 16 samples per 
cycle unless overridden with the Sx parameter. 


A Specifies that only the analog section of the event is displayed (current, 
voltage, station battery, frequency, contact outputs, optoisolated inputs). 


D Specifies that only the digital section (Protection and Control Elements) 
of the event is displayed. 


C Displays a 15-cycle report with 1/16-cycle resolution and primary scaling. 
This report includes analog, digital, and settings information. You must 
use CEVENT command when a Compressed Event report is desired (see 
Appendix E:  Compressed ASCII Commands for detail). 


GND Specifies a special report for Stator Ground element 64G. This report 
shows rms secondary magnitudes of third-harmonic neutral, third-
harmonic terminal, and fundamental neutral voltages at quarter-cycle 
intervals. It also includes status of related elements. See Figure 11.3 for a 
typical EVE GND report. 


Below are example EVE commands. 


Serial Port 
Command Description 


EVE Display the most recent event report at 1/4-cycle resolution. 
EVE 2 Display the second event report at 1/4-cycle resolution. 
EVE SEC Display the most recent event report at 1/4-cycle resolution with 


sampled values in secondary. 
EVE GND Display the most recent event report in a ground format showing rms 


secondary magnitudes (of select voltages) instead of sampled primary 
values. 


EVE S16 L10 Display 10 cycles of the most recent report at 1/16-cycle resolution. 
EVE C 2 Display 15 cycles of the second event report at 1/16-cycle resolution. 
EVE R Display most recent report at 1/16-cycle resolution; analog data are 


unfiltered (raw). 
EVE 2 D L10 Display 10 cycles of the protection and control elements section of the 


second event report at 1/4-cycle resolution. 
EVE 2 A R S4 Display the unfiltered analog section of the second event report at 


1/4-cycle resolution. 


If an event report is requested that does not exist, the relay responds: 


“Invalid Event” 
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Compressed ASCII Event Reports 
The SEL-300G provides Compressed ASCII event reports to facilitate event report storage and 
display.  It also includes additional information (e.g., status of all Relay Word Bits) not available 
in the reports retrieved using the EVE command.  The SEL-2032, SEL-2030,  and SEL-2020 
Communications Processors and the SEL-5601 Analytic Assistant software take advantage of the 
Compressed ASCII format.  Use the CEVENT command to display Compressed ASCII event 
reports.  See the CEVENT command discussion in Appendix E:  Compressed ASCII 
Commands for further information. 


Filtered and Unfiltered Event Reports 
The SEL-300G samples the basic power system measurands (ac voltage, ac current, station 
battery, and optoisolated inputs) 16 times per power system cycle.  The relay filters the 
measurands to remove transient signals.  The relay operates on the filtered values and reports 
them in the event report. 


To view the raw inputs to the relay, select the unfiltered event report (e.g., EVE R).  Use the 
unfiltered event reports to observe: 


• Power system harmonics on channels IA, IB, IC, IN, VA, VB, VC, VN 
• Decaying dc offset during fault conditions on IA, IB, IC 
• Optoisolated input contact bounce on IN101 through IN106  
• Transients on the station dc battery channel Vdc (power input terminals Z25 and Z26) 


The filters for ac current, voltage, and station battery are fixed.  You can adjust the optoisolated 
input debounce via debounce settings (see Figures 3.12 and 3.13 in Section 3:  Auxiliary 
Function Settings). 


Raw event reports display one extra cycle of data at the beginning of the report. 


Clearing Standard Event Report Buffer 
The HIS C command clears the event summaries and corresponding standard event reports from 
nonvolatile memory.  See Section 10:  Serial Port Communications and Commands for more 
information on the HIS (Event Summaries/History) command. 


Standard Event Report Column Definitions 
Refer to the example event report (Figure 11.2) to view event report columns (Note: Figure 11.2 
is on multiple pages).  This example event report displays rows of information each 1/4 cycle and 
was retrieved with the EVE command. 


The columns contain ac current, ac voltage, station dc battery voltage, frequency, output, input, 
and protection and control element information. 


Current, Voltage, and Frequency Columns 
Table 11.2 summarizes the event report current, voltage, and frequency columns. 
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Table 11.2:  Standard Event Report Current, Voltage, and Frequency 
Columns 


Column Heading Definition
IA Current measured by channel IA (primary A) 


IB Current measured by channel IB (primary A) 


IC Current measured by channel IC (primary A) 


IN Current measured by channel IN (primary A) 


IG Calculated residual current IG = 3I0 = IA + IB + IC (primary A) 


VA or VAB Voltage measured by channel VA or VAB (primary kV) 


VB or VBC Voltage measured by channel VB or VBC (primary kV) 


VC or VCA Voltage measured by channel VC or calculated from VAB and VBC 
(primary kV) 


VN Voltage measured by channel VN (primary kV) 


VS Voltage measured by channel VS (primary kV) 


Vdc Voltage measured at power input terminals Z25 and Z26 (Vdc) 


Freq Frequency of channel VA (Hz) 


Note that the ac values change from plus to minus (-) values in Figure 11.2, indicating the 
sinusoidal nature of the waveforms. 


Other figures help in understanding the information available in the event report current columns: 


Figure 11.4 shows how event report current column data relates to the actual sampled 
current waveform and rms current values. 


Figure 11.5 shows how event report current column data can be converted to phasor 
rms current values. 


Output, Input, Protection and Control Columns 
Table 11.3 summarizes the event report output, input, protection and control columns.  Not all 
relays include all the element types.  See Tables 4.6 and 4.8 in Section 4:  SELOGIC Control 
Equations for more information on Relay Word bits shown in Table 11.3. 


Note: The event report does not show the output contacts or optoisolated inputs for the extra 
I/O board on model 0300G_1. 
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Table 11.3:  Output, Input, and Protection and Control Element Event 
Report Columns 


Column 
Heading 


Corresponding Elements
(Relay Word Bits) Symbol Definition 


All columns  . Element/input/output not picked up or 
not asserted, unless otherwise stated. 


Out 12 OUT101, OUT102 1 Output contact OUT101 asserted. 
 2 Output contact OUT102 asserted. 
 b Both OUT101 and OUT102 asserted. 


Out 34 OUT103, OUT104  3 Output contact OUT103 asserted. 
 4 Output contact OUT104 asserted. 
 b Both OUT103 and OUT104 asserted. 


Out 56 OUT105, OUT106 5 Output contact OUT105 asserted. 
 6 Output contact OUT106 asserted. 
 b Both OUT105 and OUT106 asserted. 


Out 7A OUT107, ALARM   7 Output contact OUT107 asserted. 
 A Output contact ALARM asserted. 
 b Both OUT107 and ALARM asserted. 


In 12 IN101, IN102 1 Optoisolated input IN101 asserted. 
 2 Optoisolated input IN102 asserted. 
 b Both IN101 and IN102 asserted. 


In 34 IN103, IN104 3 Optoisolated input IN103 asserted. 
 4 Optoisolated input IN104 asserted. 
 b Both IN103 and IN104 asserted. 


In 56 IN105, IN106 5 Optoisolated input IN105 asserted. 
 6 Optoisolated input IN106 asserted. 
 b Both IN105 and IN106 asserted. 


21Z1 21P1P, 21P1T m 21P1P element picked up. 
 M 21P1P element picked up; timer 


expired; timer output 21P1T asserted. 
21C1P, 21C1T c 21C1P element picked up. 
 C 21C1P element picked up; timer 


expired; timer output 21C1T asserted. 
21Z2 21P2P, 21P2T m 21P2P element picked up. 


 M 21P2P element picked up; timer 
expired; timer output 21P2T asserted. 


21C2P, 21C2T c 21C2P element picked up. 
 C 21C2P element picked up; timer 


expired; timer output 21C2T asserted. 
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Column 
Heading 


Corresponding Elements
(Relay Word Bits) Symbol Definition 


24C2 24C2, 24C2T, 24C2R 2 
C 


24C2 element picked up and timing. 
24C2 element timed out. 


r 24C2 element fully reset. 
24D1 24D1, 24D1T 1 24D1 element picked up. 


 D 24D1 element picked up; timer timed 
out on pickup time; timer output 24D1T 
asserted. 


25SF SF * 25SLO setting < Slip Frequency < 
25SHI setting. 


25A 25A1, 25A2, 25C 1 Compensated phase angle magnitude < 
25ANG1 setting. 


 2 Uncompensated phase angle magnitude 
< 25ANG2 setting. 


 b Both 25A1 and 25A2 are picked up. 
 C 25C picked up. 


GENV GENVHI, GENVLO + GENVHI picked up, indicating 
generator voltage is higher than system 
voltage. 


 - GENVLO picked up, indicating 
generator voltage is lower than system 
voltage. 


GENF GENFHI, GENFLO + GENFHI picked up, indicating slip 
frequency greater than 25SHI setting. 


 - GENFLO picked up, indicating slip 
frequency less than 25SLO setting. 


27PV 27P1, 27P2, 27V1 1 Level 1 (27P1) instantaneous phase 
undervoltage element picked up. 


 2 Level 2 (27P2) instantaneous phase 
undervoltage element picked up. 


 b Both Level 1 and Level 2 phase 
undervoltage elements picked up. 


 V 27V1 positive-sequence undervoltage 
element picked up. 


 B 27V1 and 27P1 picked up. 
 P 27V1 and 27P2 picked up. 
 3 27P1, 27P2, and 27V1 picked up. 


27PP 27PP1, 27PP2 1 Level 1 phase-to-phase undervoltage 
element picked up. 


 2 Level 2 phase-to-phase undervoltage 
element picked up. 


 b Both Level 1 and Level 2 
phase-to-phase undervoltage elements 
picked up. 
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Column 
Heading 


Corresponding Elements
(Relay Word Bits) Symbol Definition 


27VS 27VS S Synch-check (VS) input undervoltage 
element picked up. 


32P1 32P1, 32P1T 1 Level 1 reverse/low-forward power 
instantaneous element picked up. 


 P 32P1 picked up, 32P1T timed out. 
32P2 32P2, 32P2T 2 Level 2 reverse/low-forward power 


instantaneous element picked up. 
 P 32P2 picked up, 32P2T timed out. 


40Z1 40Z1, 40Z1T 1 Zone 1 loss-of-field element picked up. 
 Z 40Z1 picked up, 40Z1T timed out. 


40Z2 40Z2, 40Z2T 2 Zone 2 loss-of-field element picked up. 
 Z 40Z2 picked up, 40Z2T timed out. 


46Q1 46Q1, 46Q1T 1 Negative-sequence definite-time 
overcurrent element 46Q1 picked up. 


 Q 46Q1 picked up, 46Q1T timed out. 
46Q2 46Q2, 46Q2T, 46Q2R 2 Negative-sequence inverse-time 


overcurrent element 46Q2 picked up. 
 Q 46Q2 picked up, 46Q2T timed out. 
 r 46Q2 fully reset. 


50P 50P1, 50P2 1 Level 1 instantaneous phase overcurrent 
element picked up. 


 2 Level 2 instantaneous phase overcurrent 
element picked up. 


 P Both Level 1 and Level 2 elements 
picked up. 


50G 50G1, 50G2 1 Level 1 instantaneous residual 
overcurrent element picked up. 


 2 Level 2 instantaneous residual 
overcurrent element picked up. 


 G Both Level 1 and Level 2 elements 
picked up. 


50N 50N1, 50N2 1 Level 1 instantaneous neutral 
overcurrent element picked up. 


 2 Level 2 instantaneous neutral 
overcurrent element picked up. 


 N Both Level 1 and Level 2 elements 
picked up. 


50H1 50H1 1 Level 1 instantaneous 87-input phase 
overcurrent element picked up. 


 H Level 1 87-input phase overcurrent 
element picked up and time delay 
expired. 
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Column 
Heading 


Corresponding Elements
(Relay Word Bits) Symbol Definition 


50H2 50H2A, 50H2B, 50H2C, 
50H2T 


a A-Phase Level 2 instantaneous 87-input 
phase overcurrent element picked up. 


 b B-Phase Level 2 instantaneous 87-input 
phase overcurrent element picked up. 


 c C-Phase Level 2 instantaneous 87-input 
phase overcurrent element picked up. 


 * Two or more Level 2 instantaneous 
87-input phase overcurrent elements 
picked up. 


 H Level 2 87-input phase overcurrent 
element picked up and time delay 
expired. 


50Q 50Q1, 50Q2 1 Level 1 instantaneous 87-input 
negative-sequence overcurrent element 
picked up. 


 2 Level 2 instantaneous 87-input 
negative-sequence overcurrent element 
picked up. 


 Q Both Level 1 and Level 2 elements 
picked up. 


50R 50R1, 50R2 1 Level 1 instantaneous 87-input 
residential overcurrent element picked 
up. 


2 Level 2 instantaneous 87-input residual 
overcurrent element picked up. 


R Both Level 1 and Level 2 elements 
picked up. 


51G 51G, 51GT, 51GR g Residual time-overcurrent element 
picked up and timing. 


 G Residual time-overcurrent element 
timed out. 


 r Time-overcurrent element reset. 
51N 51N, 51NT, 51NR n Neutral time-overcurrent element 


picked up and timing. 
 N Neutral time-overcurrent element timed 


out. 
 r Time-overcurrent element reset. 


51C 51C, 51CT, 51CR c Voltage controlled phase time-
overcurrent element picked up and 
timing. 


 C Voltage controlled phase time-
overcurrent element timed out. 


 r Time-overcurrent element reset. 
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Column 
Heading 


Corresponding Elements
(Relay Word Bits) Symbol Definition 


51V 51V, 51VT, 51VR v Voltage restrained time-overcurrent 
element picked up and timing. 


 V Voltage restrained time-overcurrent 
element timed out. 


 r Time-overcurrent element reset. 
59P  59P1, 59P2 1 Level 1 instantaneous phase overvoltage 


element picked up. 
 2 Level 2 instantaneous phase overvoltage 


element picked up. 
 b Both Level 1 and Level 2 phase 


overvoltage elements picked up. 
59V1 59V1 V Positive-sequence instantaneous 


overvoltage element 59V1 picked up. 
59S 59VP, 59VS V Generator synch-check voltage window 


element picked up. 
 S System synch-check (VS) voltage 


window element picked up. 
 b Both synch-check voltage window 


elements picked up. 
59PP 59PP1, 59PP2 1 Level 1 phase-to-phase instantaneous 


overvoltage element picked up. 
 2 Level 2 phase-to-phase instantaneous 


overvoltage element picked up. 
 b Both phase-to-phase instantaneous 


overvoltage elements picked up. 
59G 59G1, 59G2 1 Level 1 instantaneous residual 


overvoltage element picked up. 
 2 Level 2 instantaneous residual 


overvoltage element picked up. 
 b Both Level 1 and Level 2 residual 


overvoltage elements picked up. 
59Q 59Q Q Negative-sequence instantaneous 


overvoltage element 59Q picked up. 
60 60LOP L Loss-of-potential detected. 
64G1 64G1, 64G1T 1 64G1 picked up. 


 G 64G1 definite-time delay timed out. 
64G2 64G2, 64G2T 2 64G2 picked up. 


 G 64G2 definite-time delay timed out. 
T64G T64G T Relay Word T64G asserted. 
N64G N64G N Relay Word N64G asserted. 
78 SWING S The Relay Word bit SWING picked up. 


OOS O The Relay Word bit OOS picked up. 
OOST T The Relay Word bit OOST picked up. 
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Column 
Heading 


Corresponding Elements
(Relay Word Bits) Symbol Definition 


81 81D1, 81D2, 81D3  1 Frequency element 81D1 asserted. 
81D4, 81D5, 81D6 2 Frequency element 81D2 asserted. 
 3 Frequency element 81D3 asserted. 
 4 Frequency element 81D4 asserted. 
 5 Frequency element 81D5 asserted. 
 6 Frequency element 81D6 asserted. 
 b Any two or more frequency elements 


asserted. 
87N1 87N1P, 87N1T 1 Level 1 instantaneous ground 


differential element picked up. 
 T Level 1 instantaneous ground 


differential element picked up and time 
delay expired. 


87N2 87N2P, 87N2T 2 Level 2 instantaneous ground 
differential element picked up. 


 T Level 2 instantaneous ground 
differential element picked up and time 
delay expired. 


87UR 87R, 87U R Restrained current differential 87R 
picked up. 


 U Unrestrained current differential 87U 
picked up. 


 b Both 87R and 87U picked up. 
87BL 87BL * 87BL asserted. 
VDC DCHI, DCLO V Station battery instantaneous 


overvoltage element DCHI picked up. 
 v Station battery instantaneous 


undervoltage element DCLO picked up.
LCL12 LB1, LB2 1 Local bit LB1 asserted. 


 2 Local bit LB2 asserted. 
 b Both LB1 and LB2 asserted. 


LCL34 LB3, LB4 3 Local bit LB3 asserted. 
 4 Local bit LB4 asserted. 
 b Both LB3 and LB4 asserted. 


LCL56 LB5, LB6 5 Local bit LB5 asserted. 
 6 Local bit LB6 asserted. 
 b Both LB5 and LB6 asserted. 


LCL78 LB7, LB8 7 Local bit LB7 asserted. 
 8 Local bit LB8 asserted. 
 b Both LB7 and LB8 asserted. 
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Column 
Heading 


Corresponding Elements
(Relay Word Bits) Symbol Definition 


REM12 RB1, RB2 1 Remote bit RB1 asserted. 
 2 Remote bit RB2 asserted. 
 b Both RB1 and RB2 asserted. 


REM34 RB3, RB4 3 Remote bit RB3 asserted. 
 4 Remote bit RB4 asserted. 
 b Both RB3 and RB4 asserted. 


REM56 RB5, RB6 5 Remote bit RB5 asserted. 
 6 Remote bit RB6 asserted. 
 b Both RB5 and RB6 asserted. 


REM78 RB7, RB8 7 Remote bit RB7 asserted. 
 8 Remote bit RB8 asserted. 
 b Both RB7 and RB8 asserted. 


LCH12 LT1, LT2 1 Latch bit LT1 asserted. 
 2 Latch bit LT2 asserted. 
 b Both LT1 and LT2 asserted. 


LCH34 LT3, LT4 3 Latch bit LT3 asserted. 
 4 Latch bit LT4 asserted. 
 b Both LT3 and LT4 asserted. 


LCH56 LT5, LT6 5 Latch bit LT5 asserted. 
 6 Latch bit LT6 asserted. 
 b Both LT5 and LT6 asserted. 


LCH78 LT7, LT8 7 
8 
b 


Latch bit LT7 asserted. 
Latch bit LT8 asserted. 
Both LT7 and LT8 asserted. 


DEMPQ PDEM, QDEM P Phase demand ammeter element PDEM 
picked up. 


Q Negative-sequence demand ammeter 
element QDEM picked up. 


b Both PDEM and QDEM picked up. 
DEMNG NDEM, GDEM N Neutral ground demand ammeter 


element NDEM picked up. 
 G Residual ground demand ammeter 


element GDEM picked up. 
 b Both NDEM and GDEM picked up. 


TR12 TR1, TR2 1 Trip bit TRIP1 asserted. 
 2 Trip bit TRIP2 asserted. 
 b Both TRIP1 and TRIP2 asserted. 


TR34 TR3, TR4 3 Trip bit TRIP3 asserted. 
 4 Trip bit TRIP4 asserted. 
 b Both TRIP3 and TRIP4 asserted. 
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Column 
Heading 


Corresponding Elements
(Relay Word Bits) Symbol Definition 


FRQ BND1T, BND2T, BND3T, 
BND4T, BND5T, BND6T 


1 
2 
3 
4 
5 
6 


Any one 81AC Off-Frequency 
Accumulator band trip bit asserted. 


 * Any two or more 81AC Off-Frequency 
Accumulator band trip bits asserted. 


OC OC1, OC2, OC3, CC 1 
2 
3 
C 


Open Command bit OC1, OC2, or OC3 
asserted. 
 
Close Command bit CC asserted. 


INAD INAD, INADT I Inadvertent Energization bit INAD 
asserted. 


 T Inadvertent Energization trip bit INADT 
asserted. 


SELOGIC Var 
n 


SVn, SVnT n 
 
 
 


T 


SELOGIC control equation variable 
timer input SV_ asserted; timer timing 
on pickup time; timer output SV_T not 
asserted. 
SELOGIC control equation variable 
timer input SV_ asserted; timer timed 
out on pickup time; timer output SV_T 
asserted. 


(n = 1–8) 


*Output contacts can be a or b type contacts (see Figures 4.16 and 4.17).
 


Differential Event Report Column Definitions (Models 0300G1 and 0300G3) 
Refer to Figure 11.7 to view event report columns.  This example event report displays rows of 
information each 1/4 cycle and was retrieved with the EVE DIF command. 


The columns contain ac current, differential element, output, input, and operate, restraint, and 
second-harmonic current magnitude information. 
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Current Columns 
Table 11.4 summarizes the differential event report current columns. 


Table 11.4:  Differential Event Report Current Columns 


Column Heading Definition 


IA Current measured by channel IA (primary A) 


IB Current measured by channel IB (primary A) 


IC Current measured by channel IC (primary A) 


IA87 Current measured by channel IA87 (primary A) 


IB87 Current measured by channel IB87 (primary A) 


IC87 Current measured by channel IC87 (primary A) 
Note that the ac values change from plus to minus (-) values in Figure 11.2, indicating the sinusoidal 
nature of the waveforms. 


Differential Element, Output, and Input Columns 
Table 11.5 summarizes the event report differential element, output, and input columns.  See 
Table 4.6 and Table 4.8 in Section 4:  SELOGIC Control Equations for more information on 
Relay Word bits shown in Table 11.5. 


Note: The event report does not show the output contacts or optoisolated inputs for the extra 
I/O board on model 0300G_1. 


Table 11.5:  Differential Element, Output, and Input Event Report Columns  


Column 
Heading 


Corresponding Elements
(Relay Word Bits) Symbol Definition 


All columns  . Element/input/output not picked up or 
not asserted, unless otherwise stated. 


Out 12 OUT101, OUT102 1 Output contact OUT101 asserted. 
  2 Output contact OUT102 asserted. 
  b Both OUT101 and OUT102 asserted. 
Out 34 OUT103, OUT104  3 Output contact OUT103 asserted. 
  4 Output contact OUT104 asserted. 
  b Both OUT103 and OUT104 asserted. 
Out 56 OUT105, OUT106 5 Output contact OUT105 asserted. 
  6 Output contact OUT106 asserted. 
  b Both OUT105 and OUT106 asserted. 
Out 7A OUT107, ALARM   7 Output contact OUT107 asserted. 
  A Output contact ALARM asserted. 
  b Both OUT107 and ALARM asserted. 
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Column 
Heading 


Corresponding Elements
(Relay Word Bits) Symbol Definition 


In 12 IN101, IN102 1 Optoisolated input IN101 asserted. 
  2 Optoisolated input IN102 asserted. 
  b Both IN101 and IN102 asserted. 
In 34 IN103, IN104 3 Optoisolated input IN103 asserted. 
  4 Optoisolated input IN104 asserted. 
  b Both IN103 and IN104 asserted. 
In 56 IN105, IN106 5 Optoisolated input IN105 asserted. 
  6 Optoisolated input IN106 asserted. 
  b Both IN105 and IN106 asserted. 
87UR 87U, 87R U 87U element picked up. 
  R 87R element picked up. 
  b Both 87U and 87R elements picked 


up. 
87BL 87BL * 87BL picked up. 
*Output contacts can be “a” or “b” type contacts (see Figures 4.16 and 4.17).


Differential Current Magnitudes and Control Elements  
The second section of the differential event report includes columns showing the magnitudes of 
the individual operate, restraint, and second harmonic currents.  These current magnitudes are 
scaled in multiples of TAP.  Because these quantities are magnitudes, no phase angle information 
can be inferred or calculated, as with the other event report analog data. 


Columns for the individual unrestrained elements (87U1, 87U2, 87U3), restrained elements 
(87R1, 87R2, 87R3), second-harmonic blocking condition and 87B SELOGIC control equation 
result are also shown, with an * appearing in the column if the element is asserted. 


SEQUENTIAL EVENTS RECORDER (SER) REPORT 
See Figure 11.6 for an example SER report. 


SER Triggering 
The relay triggers (generates) an entry in the SER report for a change of state of any one of the 
elements listed in the SER1, SER2, SER3, and SER4 trigger settings.  The factory default settings 
are: 


SER1 = 51NT 50N1T 51CT 51VT 64G1T 64G2T SV3 81D1 81D1T 81D2 81D2T 
 51N 50N1 51C 51V 64G1 64G2 INAD INADT 


SER2 = DP3 LB1 RB1 LT3 TRGTR BCW IN101 IN102 TRIP1 TRIP2 TRIP3 TRIP4 
 BNDT 24C2T 32P1T 24C2 32P1 SV4 SV2T 


SER3 = 24D1 24D1T 46Q1 46Q1T 60LOP BNDA 32P2 32P2T SWING OOS OOST 


SER4 = 0 
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The elements are Relay Word bits referenced in Table 4.6.  The relay monitors each element in 
the SER lists every 1/4 cycle.  If an element changes state, the relay time-tags the changes in the 
SER.  For example, setting SER1 contains: 


time-overcurrent element pickups (51N and 51C) 


instantaneous overcurrent element (50N1) 


Thus, any time one of these overcurrent elements picks up or drops out, the relay time-tags the 
change in the SER. 


The relay adds a message to the SER to indicate power up or settings change (to active setting 
group) conditions: 


relay newly powered up or settings changed 


Each entry in the SER includes SER row number, date, time, element name or defined alias, and 
element state. 


Making SER Trigger Settings 
Enter up to 24 element names in each of the SER settings via the SET R command.  See 
Table 4.8 for references to valid relay element (Relay Word bit) names.  See the SET R 
command in Table 6.1 and corresponding Settings Sheets at the end of Section 6:  Enter Relay 
Settings.  Use either spaces or commas to delimit the elements. 


The relay can monitor up to 96 elements in the SER (24 in each of SER1, SER2, SER3, and 
SER4). 


Retrieving SER Reports 
The relay saves the latest 512 rows of the SER in nonvolatile memory.  Row 1 is the most 
recently triggered row and Row 512 is the oldest.  View the SER report by date or SER row 
number as outlined in the examples below. Refer to Appendix I for Fast SER protocol in the 
SEL-300G. 


Example SER 
Serial Port 
Commands Format 


SER If SER is entered with no numbers following it, all available rows are displayed 
(up to row number 512).  They display with the oldest row at the beginning 
(top) of the report and the latest row (Row 1) at the end (bottom) of the report.  
Chronological progression through the report is down the page and in 
descending row number. 


SER 17 If SER is entered with a single number following it (17 in this example), the 
first 17 rows are displayed, if they exist.  They display with the oldest row (Row 
17) at the beginning (top) of the report and the latest row (Row 1) at the end 
(bottom) of the report.  Chronological progression through the report is down 
the page and in descending row number. 


SER 10  33 If SER is entered with two numbers following it (10 and 33 in this example; 10 
< 33), all the rows between (and including) Rows 10 and 33 are displayed, if 
they exist.  They display with the oldest row (Row 33) at the beginning (top) of 
the report and the latest row (Row 10) at the end (bottom) of the report.  
Chronological progression through the report is down the page and in 
descending row number. 
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Example SER 
Serial Port 
Commands Format 


SER 47  22 If SER is entered with two numbers following it (47 and 22 in this example; 47 
> 22), all the rows between (and including) Rows 47 and 22 are displayed, if 
they exist.  They display with the row (Row 22) at the beginning (top) of the 
report and the oldest row (Row 47) at the end (bottom) of the report.  Reverse 
chronological progression through the report is down the page and in ascending 
row number. 


SER 3/30/97 If SER is entered with one date following it (date 3/30/97 in this example), all 
the rows on that date are displayed, if they exist.  They display with the oldest 
row at the beginning (top) of the report and the latest row at the end (bottom) of 
the report, for the given date.  Chronological progression through the report is 
down the page and in descending row number. 


SER 2/17/97  3/23/97 If SER is entered with two dates following it (date 2/17/97 chronologically 
precedes date 3/23/97 in this example), all the rows between (and including) 
dates 2/17/97 and 3/23/97 are displayed, if they exist.  They display with the 
oldest row (date 2/17/97) at the beginning (top) of the report and the latest row 
(date 3/23/97) at the end (bottom) of the report.  Chronological progression 
through the report is down the page and in descending row number. 


SER 3/16/97  1/5/97 If SER is entered with two dates following it (date 3/16/97 chronologically 
follows date 1/5/97 in this example), all the rows between (and including) dates 
1/5/97 and 3/16/97 are displayed, if they exist.  They display with the latest row 
(date 3/16/97) at the beginning (top) of the report and the oldest row (date 
1/5/97) at the end (bottom) of the report.  Reverse chronological progression 
through the report is down the page and in ascending row number. 


The date entries in the above example SER commands are dependent on the Date Format setting 
DATE_F.  If setting DATE_F = MDY, then the dates are entered as in the above examples 
(Month/Day/Year).  If setting DATE_F = YMD, then the dates are entered Year/Month/Day. 


If the requested SER event report rows do not exist, the relay responds: 


No SER Data 


Clearing SER Report 
Clear the SER report from nonvolatile memory with the SER C command as shown in the 
following example: 


=>SER C <Enter> 
Clear the SER 
Are you sure (Y/N) ? Y <Enter> 
Clearing Complete 


SYNCHRONISM CHECKING REPORT (MODELS 0300G2, 0300G3) 
SEL-300G Relays equipped with synchronism checking generate a report each time the relay 
initiates a synch-check supervised generator breaker close.  The report contains information about 
the system and generator at the time the close was performed.  The relay stores the three latest 
reports in nonvolatile relay memory.  View the report data using the SYN n (n is the report 
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number, n defaults to 1 which is the latest report) command from Access Level 1, B, or 2.  An 
example of the SYN report is shown below. Note that the relay selects phase for the Generator 
Voltage based on the SYNCP setting and reports its magnitude after compensating for the 25RCF 
factor (see VPc in Figure 4.10). 
 


=>>SYN <Enter> 
 
GENERATOR                         Date: 06/23/98    Time: 13:35:12.975 
TERMINAL 
 
CLOSE*(25C+25A1+25A2) Asserted At:06/23/98 13:08:09.609 
Synch Check Conditions when CLOSE Asserted: 
Slip Freq.    =   0.12Hz Generator Freq.   =  60.11Hz System Freq.   =  59.99Hz 
Voltage Diff. =    1.96% Generator Voltage =  14.05kV System Voltage =  13.78kV 
Slip-Compensated Phase Angle Difference =  -1.00 degrees 
Uncompensated Phase Angle Difference    =  -9.64 degrees 
 
3PO Deasserted At  : 13:08:09.809  
Breaker Close Time : 0.200 
Average Breaker Close Time =  0.204 
Close Operations           =  6 
Last Reset                 =  06/08/98 14:32:13.485 
 
=>> 


SYN Report Triggering 
The relay starts a SYN report when a synch-check supervised generator breaker close is initiated.  
The relay defines a synch-check supervised close initiation as the rising edge of CLOSE * (25C + 
25A1 + 25A2).  The relay triggers a SYN report for every synch-check supervised close, 
regardless of which synch-check outputs (25C, 25A1 or 25A2) you used to supervise CLOSE 
assertion. 


The relay starts the report by recording the time of initiation. 


Conditions When CLOSE Asserted 
The SYN report shows the generator and system conditions at the time the CLOSE was initiated.  
Conditions displayed include present slip frequency, actual generator and system frequencies, 
percent voltage difference, and actual generator and system voltages. 


Next, the slip-compensated and uncompensated phase angle differences are shown.  The 
uncompensated phase angle difference is simply the phase angle between the system and 
generator voltages when CLOSE was inititiated.  The relay calculates the slip-compensated phase 
angle difference using the equation: 


Slip-Compensated Angle = Ang(VP) – Ang(VS) + (SLIP • TCLOSD • 360) – COMPA  


where 
Ang(VP) = the generator voltage phase-angle, degrees 
Ang(VS)  = the system voltage phase-angle, degrees 
SLIP  = Present slip frequency, Hz 
TCLOSD  = breaker close time-delay setting, seconds 
COMPA  = delta-wye transformer compensation angle setting, degrees 


The result of SLIP • TCLOSD • 360°/cycle is the number of degrees that the generator voltage 
will travel with respect to the system voltage during the time that it takes the breaker to close 
(TCLOSD), assuming a constant slip frequency equal to SLIP. 
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When you supervise CLOSE initiation with the 25C Relay Word bit, the relay asserts 25C when 
the slip-compensated phase angle is approximately equal to the CANGLE setting.  Thus, when 
you review a SYN report from a 25C supervised CLOSE, the slip-compensated angle should 
closely equal the CANGLE setting.  The slip-compensated angle tells us what the relay expects 
the phase angle to be when the breaker actually closes TCLOSD seconds after CLOSE initiation. 


SYN Report Closure 
For the vast majority of breaker close operations, the breaker will close and the three-pole-open 
condition, 3PO, will deassert.  If this occurs within about 99 seconds of CLOSE initiation, the 
relay records the time 3PO deasserted, calculates and displays the breaker close time, advances 
the close operation counter, and accounts for the new close time in the breaker close time 
average. 


If the breaker does not close and slip is not close to 0 Hz, the generator voltage will rotate away 
from the system voltage until the phase angle exceeds the close-failure angle, CFANGL, setting.  
If this occurs within about 99 seconds of CLOSE initiation, the relay reports the message ‘Close 
Failed’ in the place of the breaker close time and stores the SYN report. 


If 3PO does not deassert and the uncompensated phase angle difference does not exceed the 
CFANGL setting within about 99 seconds of CLOSE initiation, the relay reports the message 
‘Close Failed’ in the place of the breaker close time and stores the SYN report. 


Use the Breaker Close Time Average 
You can use the breaker close time average to refine the TCLOSD setting.  By setting TCLOSD 
closer to the actual breaker closing time, the synch-check function performs better to cause a 
breaker close exactly when the generator voltage phase angle difference equals CANGLE. 


Reset the Breaker Close Time Average  
Use the Access Level 2 SYN R command to reset the Breaker Close Time Average and breaker 
close operations counter.  The relay records the date and time of the last reset for inclusion in the 
SYN report. 


EXAMPLE STANDARD 15-CYCLE EVENT REPORT 
The following example standard 15-cycle event report in Figure 11.2 (from a Model 0300G0 
Relay) also corresponds to the example Sequential Events Recorder (SER) report in Figure 11.6.  
The circled numbers in Figure 11.2 correspond to the SER row numbers in Figure 11.6.  The row 
explanations follow Figure 11.6. 


In Figure 11.2, the arrow (>) in the column following the Freq column identifies the “trigger” 
row.  This is the row that corresponds to the Date and Time values at the top of the event report. 


The asterisk (*) in the column following the Freq column identifies the row with the maximum 
phase current.  The maximum phase current is calculated from the row identified with the asterisk 
and the row one quarter-cycle previous (see Figure 11.4 and Figure 11.5).  These currents are 
listed at the end of the event report in the event summary.  If the “trigger” row (>) and the 
maximum phase current row (*) are the same row, the * symbol takes precedence. 
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GENERATOR                         Date: 01/30/00    Time: 10:20:24.811 
 
FID=SEL-300G-X207-V01H425XX4X-Z001001-D20000217     CID=04BO 
 
                                                                  Out  In 
      Currents (Amps Pri)            Voltages (kV Pri)            1357 135 
   IA    IB    IC    IN    IG    VA    VB    VC    VN   Vdc Freq  246A 246 
[1] 
  -844   -50   890     0    -4   -6.5  -0.4   6.9   0.0 123 60.01 .... b.. 
   540 -1004   454    -0   -10    4.2  -7.8   3.5  -0.0 123 60.01 .... b.. 
   844    44  -890    -0    -2    6.5   0.4  -6.9  -0.0 123 60.01 .... b.. 
  -540  1002  -458     0     4   -4.2   7.8  -3.5   0.0 123 60.01 .... b.. 
 
  [Two cycles of data not shown in this example] 
 [4] 
  -854   -34   882     0    -6   -6.6  -0.3   6.8   0.0 123 60.01 .... b.. 
   528 -1002   470    -0    -4    4.1  -7.7   3.7  -0.0 123 60.01 .... b.. 
   940   124  -770   -61   294    7.3   1.0  -6.0  -0.7 123 60.01 .... b.. 
  -842   706  -788     4  -924   -6.5   5.5  -6.1   2.2 123 60.01>.... b.. 
[5] 
  -906  -114   746   181  -274   -7.0  -0.9   5.8   0.6 123 60.01 .... b.. 
  1160  -408  1108    -7  1860    9.0  -3.2   8.6  -4.5 123 60.01*.... b.. 
   784     8  -840  -239   -48    6.1   0.1  -6.5   0.1 123 60.01 .... b.. 
 -1164   402 -1120     6 -1882   -9.0   3.1  -8.7   4.6 123 60.01 .... b.. 
 
  [Four and a half cycles of data not shown in this example] 
 
   952   -54  -656  -237   242    7.4  -0.4  -5.1  -0.6 123 60.01 .... b.. 
 -1016   396 -1238   -33 -1858   -7.9   3.1  -9.6   4.6 123 60.01 .... b.. 
[11] 
  -974    60   628   236  -286   -7.5   0.5   4.9   0.7 123 60.01 bb.. b.. 
   996  -398  1250    38  1848    7.7  -3.1   9.7  -4.6 123 60.01 bb.. b.. 
   994   -68  -606  -235   320    7.7  -0.5  -4.7  -0.8 123 60.01 bb.. b.. 
  -980   394 -1264   -42 -1850   -7.6   3.0  -9.8   4.5 123 60.01 bb.. b.. 
[12] 
 -1014    72   580   235  -362   -7.8   0.6   4.5   0.8 123 60.01 bb.. b.. 
   960  -394  1270    46  1836    7.5  -3.0   9.9  -4.5 123 60.01 bb.. b.. 
   620     0  -626  -234    -6    7.9  -0.6  -4.4  -0.9 123 60.01 bb.. b.. 
  -520   212  -690   -50  -998   -7.3   3.0  -9.9   4.5 123 60.01 bb.. b.. 
 
  [Two cycles of data not shown in this example] 
 [15] 
     0    -0     1   230     0   -8.5   0.8   3.7   1.2 123 60.01 bb.. 2.. 
 
    -2    -1    -2    66    -5    6.8  -3.0  10.2  -4.4 123 60.01 bb.. 2.. 
    -0     0    -1  -230    -1    8.5  -0.9  -3.6  -1.3 123 60.01 bb.. 2.. 
     1     1     2   -68     4   -6.7   3.0 -10.2   4.4 123 60.01 bb.. 2.. 
 
Protection and Control Elements 
 
                                     V L   R    L   D    F I 
2 2  2 3 4 4  5  5    5     66 78  8 D C   E    C   E  T RON SELogic 
1 4  7 2 0 6  0  1    9     04 81  7 C L   M    H   M  R ECA Variable 
ZZDC PPPPZZQQ PGNGNCV PVPGQ  GG 135NN  13571357 1357PN 13Q D 
1212 VP121212          1P    12 24612  24682468 2468QG 24    12345678 
[1] 
...r .......r ....rrr ..... .........V ........ .3.... ..... ........ 
...r .......r ....rrr ..... .........v ........ .3.... ..... ........ 
...r .......r ....rrr ..... .........v ........ .3.... ..... ........ 
...r .......r ....rrr ..... .........v ........ .3.... ..... ........ 
 


(continued on next page) 
 
 


See Figure 11.1 


Firmware 
Checksum Identifier


One cycle of data 


See Figure 11.3 and 11.4 
for details on this 
example one cycle of 
Phase A (input IA) 
current. 


17 18 1516


13
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  [Two cycles of data not shown in this example] 
[4] 
...r .......r ....rrr ..... ........V ........ .3.... ..... ........ 
...r .......r ....rrr ..... ........V ........ .3.... ..... ........ 
...r .......r ..1.nrr ..... .1......V ........ .3.... ..... ........ 
...r .......r ..1.nrr ..... .1......V ........ .3.... ..... ........> 
[5] 
...r 1......r ..1.nrr ..... .1......V ........ .3.... ..... ........ 
...r 1......r ..1.nrr ..... .1......V ........ .3.... ..... ........ 
...r 1......r ..1.nrr ..... .1......V ........ .3.... ..... ........ 
...r 1......r ..1.nrr ..... .1......V ........ .3.... ..... ........ 
 
  [Four and a half cycles of data not shown in this example] 
 
...r 1......r ..1.nrr ..... .1......V ........ .3.... ..... ........ 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
[11] 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
[12] 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
 
  [Two cycles of data not shown in this example] 
[15] 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
...r 1......r ..1.nrr ..... .1......V ........ .3.... bb... ..T..... 
 
Event: TRIG  Frequency:  60.01 
Targets:  
Currents (A Pri), ABCNGQ:   1471   424  1336   181  1880   112 
 
Group 1 Settings: 
 
RID     =GENERATOR                                
TID     =TERMINAL                                                     
CTR     = 100       CTRN    = 100       PTR     = 100       PTRN    = 100        
VNOM    = 115.0     INOM    = 5.0       EBUP    = D         E24     = Y          
E27     = Y         E32     = Y         E40     = Y         E46     = Y          
E50     = Y         E51     = Y         E59     = N         E64     = Y          
E78     = 1B        E81     = 1         E81AC   = 6         E87N    = Y          
ESV     = 6         ESL     = 5         EDEM    = ROL 
 
Z1R     = 8.0       Z1O     = 0.0       MTA1    = 88.0      Z1CMP   = 0          
Z1D     = 0.00      Z2R     = 16.0      Z2O     = 0.0       MTA2    = 85.0       
Z2CMP   = 0         Z2D     = 0.00      MPF     = 0.80      MXLD    = 1.2        
21PTC   =!3PO 
 
24D1P   = 105       24D1D   = 1.00      24CCS   = ID        24IP    = 105        
24IC    = 2.0       24ITD   = 0.1       24D2P2  = 176       24D2D2  = 3.00       
24CR    = 240.00     
24TC    =!60LOP 
 


(continued on next page) 
 


2022 21 


See Figure 11.1 


1416 17 18 15
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27P1P   = 54.0      27P2P   = OFF       27V1P   = OFF       27PP1   = 93.5       
27PP2   = 93.5       
 
 
32P1P   =-0.0500    32P1D   = 20.00     32P2P   =-0.1000    32P2D   = 5.00       
32PTC   =!60LOP 
 
 
40Z1P   = 13.4      40XD1   =-2.5       40Z1D   = 0.00      40Z2P   = 25.0       
40XD2   =-2.5       40Z2D   = 0.50       
40ZTC   =!60LOP 
 
 
46Q1P   = 8         46Q1D   = 30.00     46Q2P   = 8         46Q2K   = 10         
46QTC   =1 
 
50P1P   = OFF       50P2P   = OFF       50N1P   = 2.50      50N1D   = 0.10       
50N2P   = OFF       50G1P   = OFF       50G2P   = OFF        
 
51NP    = 0.50      51NC    = U2        51NTD   = 3.00      51NRS   = Y          
51NTC   =1 
51GP    = OFF        
3POD    = 0.00      50LP    = 0.25       
52A     =IN101 
 
64G1P   = 5.0       64G1D   = 0.75      64G2P   = 2.5       64RAT   = 1.0        
64G2D   = 0.08       
64GTC   =1 
 
 
78FWD   = 8.0       78REV   = 8.0       78R1    = 6.0       78R2    = 6.0 
78TD    = 0.00      78TDURD = 3.00      50ABC   = 0.25      OOSTC   =1 
 
27B81P  = 20.00     81D1P   = 59.10     81D1D   = 0.03       
 
UBND1   = 59.5      LBND1   = 58.8      TBND1   = 3000.00    
LBND2   = 58.0      TBND2   = 540.00     
LBND3   = 57.5      TBND3   = 100.00     
LBND4   = 57.0      TBND4   = 14.00      
LBND5   = 56.5      TBND5   = 2.40       
LBND6   = 40.0      TNBD6   = 1.00       
62ACC   = 0.16       
ONLINE  =!27B81 * !3PO 
 
 
87N1P   = 0.50      87N1D   = 0.10      87N2P   = 1.50      87N2D   = 0.00       
87NTC   =1 
 
DMTC    = 15        PDEMP   = 5.50      NDEMP   = 1.00      GDEMP   = 1.00       
QDEMP   = 2.50       
INAD    =SV2T * 50L 
INADPU  = 0.25      INADDO  = 0.13       
SV1     =27V1 * 40Z2 
SV1PU   = 0.25      SV1DO   = 0.00       
SV2     =!50L * 27P1 * !IN102 
SV2PU   = 2.00      SV2DO   = 1.00       
SV3     =51NT + 50N1T + 51CT + 51VT + 64G1T + 64G2T + INADT + LT1 
          * 32P2T 
SV3PU   = 0.00      SV3DO   = 0.00       
SV4     =24C2T + 32P1T + 40Z1T + 40Z2T 
SV4PU   = 0.00      SV4DO   = 0.00       
 


(continued on next page) 
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SV5     =0 
SV5PU   = 0.00      SV5DO   = 0.00       
SV6     =0 
SV6PU   = 0.00      SV6DO   = 0.00       
SET1    =LB1 + RB1 
RST1    =3PO 
SET2    =INADT 
RST2    =TRGTR 
SET3    =!(DCLO * DCHI) 
RST3    =TRGTR 
 
SET4    =0 
RST4    =1 
SET5    =SV4 
RST5    =TRGTR 
 
TDURD   = 0.16       
TR1     =SV3 + SV4 + 46Q2T + 81D1T + 81D2T+OOST 
ULTR1   =3PO 
TR2     =SV3 + SV4 
ULTR2   =!TR2 
TR3     =SV3 + LT1 
ULTR3   =!TR3 
TR4     =SV3 
ULTR4   =!TR4 
CLEN    =1 
CL      =0 
ULCL    =1 
CLSD    = 0.00       
ER      =/24C2 + /32P1 + /46Q2 + /51N + /51C + /51V + /64G1 + /64G2 
          + /60LOP + /81D1 + /81D2 + \81D1 + \81D2 + /BNDA 
          + /BNDT + /INAD 
OUT101  =TRIP1 
OUT102  =TRIP2 
OUT103  =TRIP3 
OUT104  =TRIP4 
OUT105  =CLOSE 
OUT106  =60LOP 
OUT107  =24D1T + 46Q1T + BCW + BNDA + BNDT + !(DCLO * DCHI) 
OUT201  =0 
OUT202  =0 
OUT203  =0 
OUT204  =0 
OUT205  =0 
OUT206  =0 
OUT207  =0 
OUT208  =0 
OUT209  =0 
OUT210  =0 
OUT211  =0 
OUT212  =0 
 
 
Global Settings: 
 
LER     = 15        PRE     = 4         FP_TO   = 15        DATE_F  = MDY        
DCLOP   = OFF       DCHIP   = OFF       FNOM    = 60        PHROT   = ABC        
DELTA_Y = Y          
TGR     = 3          
SS1     =0 
SS2     =0 
 


(continued on next page) 
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BKMON   =TRIP 
COSP1   = 10000     COSP2   = 150       COSP3   = 12         
KASP1   = 1.2       KASP2   = 8.0       KASP3   = 20.0       
IN101D  = 0.50      IN102D  = 0.50      IN103D  = 0.50      IN104D  = 0.50       
IN105D  = 0.50      IN106D  = 0.50       
IN201D  = 0.50      IN202D  = 0.50      IN203D  = 0.50      IN204D  = 0.50 
IN205D  = 0.50      IN206D 
NLB1    =GEN SHUTDOWN   CLB1    =RETURN  SLB1    =        PLB1    =TRIP     
NLB2    =                
NLB3    =                
NLB4    =                
NLB5    =                
NLB6    =                
NLB7    =                
NLB8    =                
NLB9    = 
NLB10   = 
NLB11   = 
NLB12   = 
NLB13   = 
NLB14   = 
NLB15   = 
NLB16   = 
FP_I    = Y         FP_VPP  = Y         FP_VP   = N         FP_MW   = Y          
FP_FR   = Y          
 
DP1     =IN101 
DP1_1   =GEN BKR CLOSED   DP1_0   =GEN BKR OPEN      
DP2     =IN102 
DP2_1   =FIELD BKR CLOSED DP2_0   =FIELD BKR OPEN    
DP3     =SG1 
DP3_1   =GROUP 1 ACTIVE   DP3_0   =GROUP 2 ACTIVE    
DP4     =SV2T 
DP4_1   =INAD ARMED       DP4_0   =                  
DP5     =LT2 
DP5_1   =INAD TRIP        DP5_0   =                  
DP6     =LT1 
DP6_1   =SHUTDOWN TRIP    DP6_0   =                  
DP7     =LT5 
DP7_1   =AB OP TRIP       DP7_0   =                  
DP8     =0 
DP8_1   =                 DP8_0   =                  
DP9     =0 
DP9_1   =                 DP9_0   =                  
DP10    =0 
DP10_1  =                 DP10_0  =                  
DP11    =0 
DP11_1  =                 DP11_0  =                  
DP12    =0 
DP12_1  =                 DP12_0  =                  
DP13    =0 
DP13_1  =                 DP13_0  =                  
DP14    =0 
DP14_1  =                 DP14_0  =                  
DP15    =0 
DP15_1  =                 DP15_0  =                  
DP16    =0 
DP16_1  =                 DP16_0  =                  
=> 
=> 


Figure 11.2:  Example Standard 15-Cycle Event Report 1/4-Cycle Resolution 
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=>EVE GND <Enter> 


GENERATOR                          Date: 03/01/04   Time: 11:07:41.502 
TERMINAL 
 
FID=SEL-300G-X322-V30H425X142-Z005004-D20040224       CID=1946 
 
   Voltage Magnitudes and Related Elements 
                        6 TN 
                        4 66 Out  In 
   Voltages (Volts Sec) GG44 1357 135 
     VP3    VN3    VN1  12GG 246A 246 
[1] 
    2.03   2.51   0.01  .... .... ... 
    2.03   2.51   0.01 *.... .... ... 
    2.05   2.52   0.01  .... .... ... 
    2.05   2.52   0.00  .... .... ... 


  [Thirteen cycles of data not shown in this example] 


 [15] 
    4.04   0.65   0.09  .2.N .... ... 
    4.03   0.65   0.09  .2.N .... ... 
    4.05   0.75   0.08  .2.N .... ... 
    4.04   0.75   0.08  .2.N .... ... 
=> 


Figure 11.3:  Example EVE GND Command Report 


Figure 11.4 and Figure 11.5 look in detail at 1 cycle of A-phase current (channel IA) identified in 
Figure 11.2.  Figure 11.4 shows how the event report ac current column data relates to the actual 
sampled waveform and rms values.  Figure 11.5 shows how the event report current column data 
can be converted to phasor rms values.  Voltages are processed similarly. 
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Figure 11.4:  Derivation of Event Report Current Values and RMS Current Values 


From Sampled Current Waveform 
In Figure 11.4, note that any two rows of current data from the event report in Figure 11.2, 
1/4 cycle apart, can be used to calculate rms current values. 
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Figure 11.5:  Derivation of Phasor RMS Current Values 


From Event Report Current Values 
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In Figure 11.5, note that two rows of current data from the event report in Figure 11.2, 1/4 cycle 
apart, can be used to calculate phasor rms current values.  In Figure 11.5, at the present sample, 
the phasor rms current value is: 


IA = 1472 A ∠–38.0° 


The present sample (IA = 1160 A) is a real rms current value that relates to the phasor rms current 
value: 


1472 A * cos(–38.0°) = 1160 A 


EXAMPLE SEQUENTIAL EVENTS RECORDER (SER) REPORT 
The following example SER report in Figure 11.6 (from a Model 0300G0 relay) also corresponds 
to the example standard 15-cycle event report in Figure 11.2. 


GENERATOR                         Date: 01/30/00    Time: 10:20:45.872 
TERMINAL 
 
FID=SEL-300G-X207-V31H425XX4X-Z001001-D200000217       CID=04B0 
 
#     DATE      TIME           ELEMENT           STATE 
 
22    01/20/98  09:09:58.611   51N               Asserted 
21    01/20/98  09:09:58.611   64G1              Asserted 
20    01/20/98  09:09:58.611   50N1              Asserted 
19    01/20/98  09:09:58.714   50N1T             Asserted 
18    01/20/98  09:09:58.714   86_TRIP           TRIPPED 
17    01/20/98  09:09:58.714   PRIME_MVR_TR      TRIPPED 
16    01/20/98  09:09:58.714   FIELD_BKR_TR      TRIPPED 
15    01/20/98  09:09:58.714   GEN_MAIN_TR       TRIPPED 
14    01/20/98  09:09:58.714   FAULT_TRIP        TRIPPED 
13    01/20/98  09:09:58.760   GEN_MAIN_BKR      OPENED 
12    01/20/98  09:09:58.810   60LOP             Asserted 
11    01/20/98  09:09:58.826   51N               Deasserted 
10    01/20/98  09:09:58.826   50N1T             Deasserted 
9     01/20/98  09:09:58.826   50N1              Deasserted 
8     01/20/98  09:09:58.826   FAULT_TRIP        RESET 
7     01/20/98  09:09:58.826   FIELD_BKR         OPENED 
6     01/20/98  09:09:58.830   64G1              Deasserted 
5     01/20/98  09:09:58.876   86_TRIP           RESET 
4     01/20/98  09:09:58.876   PRIME_MVR_TR      RESET 
3     01/20/98  09:09:58.876   FIELD_BKR_TR      RESET 
2     01/20/98  09:09:58.876   GEN_MAIN_TR       RESET 
1     01/20/98  09:10:00.828   INAV_ENR_SCHM     ARMED 


Figure 11.6:  Example Sequential Events Recorder (SER) Event Report 
The SER event report rows in Figure 11.6 are explained in the following text, numbered in 
correspondence to the # column.  The circled, numbered comments in Figure 11.2 also 
correspond to the # column numbers in Figure 11.6.  The SER event report in Figure 11.6 
contains records of events that occurred after the standard event report in Figure 11.2. 
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Item # Explanation 
22, 21, 20 Neutral time-overcurrent element, 51N, 100% stator ground element, 64G1, and 


neutral definite-time overcurrent element, 50N1, pick up and start timing at fault 
inception. 


19 50N1D definite time-delay expires and 50N1T Relay Word bit asserts.
 Related settings: 50N1D = 0.10 seconds 
 Time difference: 09:09:58.714 – 09:09:58.611 = 0.103 seconds  


18, 17, 16,  
15, 14 


At the same instant, the relay asserts TRIP4, TRIP3, TRIP2, TRIP1, and SV3, 
aliased in the SER report as: 


86_TRIP 
PRIME_MVR_TR 
FIELD_BKR_TR 
GEN_MAIN_TR 
FAULT_TRIP 


13 The generator main circuit breaker opens, opening its 52a contact and 
deasserting optoisolated input IN101.  The relay settings set 52A = IN101, and 
the alias settings define the message: 


GEN_MAIN_BKR OPENED 
when the 52A Relay Word bit (input IN101) deasserts. 


12 Following the end of the example event report, 60LOP asserts due to declining 
generator phase voltages. 


11, 10, 9,  
8, 7 


Declining neutral current allows the 51N, 50N1, and 50N1T neutral overcurrent
elements to deassert.  This allows the SV3 variable (FAULT_TRIP) to deassert.
The field circuit breaker auxiliary contact connected to IN102 opens, deasserting 
the input, and causing the message: 


FIELD_BKR OPENED 


6 Declining neutral voltage allows the 64G1 element to deassert. 


5, 4, 3, 2 TRIP4, TRIP3, TRIP2, and TRIP1, aliased as 86_TRIP, PRIME_MVR_TR, 
FIELD_BKR_TR, GEN_MAIN_TR, deassert after having been closed a 
minimum of 0.16 seconds. 
 Related settings: TDURD = 0.16 seconds 
 Time difference: 09:09:58.876 – 09:09:58.714 = 0.162 seconds  


1 Two seconds after IN102 deasserted, SV2T asserts, arming the inadvertent 
energization protection scheme. 


DIFFERENTIAL EVENT REPORT HEADERS 
The differential event report headers in Figure 11.7 (from a Model 0300G1 Relay) correspond to 
the descriptions above. 


Like standard format event reports, in differential event reports the arrow (>) in the column 
following the IC87 column identifies the “trigger” row.  This is the row that corresponds to the 
Date and Time values at the top of the event report. 
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The asterisk (*) in the column following the IC87 column identifies the row with the maximum 
phase current.  The maximum phase current is calculated from the row identified with the asterisk 
and the row 1 quarter-cycle previous.  These currents are listed at the end of the event report in 
the event summary.  If the “trigger” row (>) and the maximum phase current row (*) are the same 
row, the * symbol takes precedence. 


GENERATOR                         Date: 01/30/00    Time: 10:20:01.350 
TERMINAL 
 
FID=SEL-300G-X207-V31H425XX4X-Z001001-D20000217        CID=04B0 
 
                                             8 
                                             7  Out  In 
            Currents (Amps Pri)              UB 1357 135 
   IA     IB     IC     IA87   IB87   IC87   RL 246A 246 
[1] 
   488  -1824   1332     -486   1823  -1333  .. ...7 ... 
  1820   -488  -1333    -1816    488   1334 *.. ...7 ... 
  -488   1824  -1332      487  -1823   1334  .. ...7 ... 
 -1821    488   1333     1816   -488  -1334  .. ...7 ... 
[2] 
. 
. 
. 
Differential Current Magnitudes and Control Elements 
                                                               8   8   8 
       Operate             Restraint            2nd Harm       7   7   7   8 
                      (Multiples of TAP)                       U   R   B   7 
  I1     I2     I3     I1     I2     I3     I1     I2     I3   123 123 123 B 
[1] 
  0.00   0.00   0.00   0.94   0.95   0.94   0.01   0.00   0.00 ... ... ... . 
  0.00   0.01   0.00   0.94   0.95   0.94   0.00   0.00   0.00*... ... ... . 
  0.00   0.00   0.00   0.94   0.95   0.94   0.00   0.00   0.00 ... ... ... . 
  0.00   0.00   0.00   0.94   0.95   0.94   0.00   0.00   0.00 ... ... ... . 
[2] 
 
Event: TRIG  Frequency:  60.00 
Targets:  
Currents (A Pri), ABCNGQ:   1885  1888  1884     1     1     0 
 
Group 1 Settings: 
 
RID     =GENERATOR                                
TID     =TERMINAL                                                     
. 
. 
.  


Figure 11.7:  Example Differential Event Report 1/4-Cycle Resolution 
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SECTION 12:   MAINTAIN AND TROUBLESHOOT RELAY 


RELAY MAINTENANCE TESTING 
The maintenance testing philosophy for SEL relays is very simple.  Our recommendations are 
summarized below: 


a. Monitor the relay self-test ALARM contact to ensure that relay problems detected by 
the relay itself are quickly noticed and corrected. 


b. Review relay generated event reports and SER records following each operation to 
ensure that relay and connection equipment performance is nominal. 


c. Periodically check relay METER data for sensibility. 


d. Periodically perform relay I/O operation checks. 


SEL relays use extensive self-testing capabilities that detect and indicate relay problems when 
they occur.  By monitoring the relay ALARM contact, you are immediately notified when the 
relay is out of service and can take appropriate steps to diagnose and correct the problem.  Relay 
functions such as the dc monitor function and loss-of-potential function should also be used to 
alarm for abnormal conditions and failures that can be detrimental to the protection system 
performance if not immediately corrected. 


SEL relay reporting functions such as event reports and SER records can quickly indicate 
problems with the relay and other connected equipment.  Using the event report current, voltage, 
and relay element data, you can determine that the relay protection elements are operating 
properly.  Using the event report input and output data, you can determine that the relay is 
asserting outputs at the correct instants and that auxiliary equipment is operating properly.  We 
recommend you review all relay event reports and perform detailed reviews of reports for 
operations that are not nominal. 


Periodically verify that the relay is making correct and accurate current and voltage 
measurements by comparing the relay METER output to other meter readings on the protected 
generator.  Often, simple sensibility checks are sufficient to indicate a serious problem.  Relay 
calibration can be verified by comparing the relay METER readings to the readings of a 
calibrated meter in the same circuit.  Due to the hardware design of this relay, typically, the relay 
accuracy will not drift gradually, but rather will be obviously erroneous if there is a problem with 
the relay data acquisition system. 


To verify correct operation of relay output contacts, perform the following steps: 


Isolate the relay output contacts from their dc circuits. 


Using the Access Level B PULSE command or the front-panel CNTRL function, close the 
relay output contacts individually (see Section 9:  Front-Panel Operation and Section 
10:  Serial Port Communications and Commands for more detailed information 
regarding use of the contact control functions). 


Use a continuity tester to verify that the relay contact closes when commanded. 


Return the relay contacts to service in their individual circuits.  Perform any additional 
desired tests to verify the circuit performance. 
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To verify correct operation of relay optoisolated inputs, perform the following steps: 


1. Isolate the relay optoisolated inputs from their dc circuits. 


Using the Access Level 1 TAR command or the front-panel TAR function, monitor the state 
of the optoisolated inputs individually while you apply rated dc control voltage to the 
rear-panel terminals for each input (see Section 9:  Front-Panel Operation and Section 
10:  Serial Port Communications and Commands for more detailed information 
regarding use of the contact control functions). 


Return the relay optoisolated inputs to service in their individual circuits.  Perform any 
additional desired tests to verify the circuit performance. 


These tests do not need to be performed more frequently than your present protection 
maintenance interval.  Two- to five-year intervals are acceptable, particularly if relay event 
reports are reviewed as suggested above. 


RELAY MISOPERATION 
In the unlikely event of a relay misoperation, perform the following steps as soon as it is safe and 
practical to do so: 


1. Do not remove dc power from the relay.  If desired, you may isolate the relay contact 
outputs. 


On a sheet of paper, record the state of the front-panel target LEDs.  Also record the contents 
of rotating display messages from the front-panel LCD display. 


Press the front-panel STATUS pushbutton.  If the relay STATUS is OK, continue with Step 
4.  If STATUS indicates a WARN or FAIL condition, use the Up and Down arrow 
pushbuttons and note the failed self-test condition.  Contact the factory or your local 
Technical Service Center for assistance. 


Using a PC, establish Access Level 1 communication with the relay.  Using your terminal 
emulation software text capture facility, open an ASCII text file on your PC disk drive to 
record relay data. 


With the text file open, execute the relay HISTORY command.  With the relay response on 
the PC screen, note the relay event report numbers associated with the date and time of 
the misoperation.  If the operation involves optional current differential elements, record 
the differential formal event report using EVE DIF n.  Use the EVE n command to view 
and store the event reports of interest.  Use the SER command to view and store the relay 
sequence of events record for the misoperation.  Use the SHO R command to record the 
active SER settings.  Close the text file.  Section 10:  Serial Port Communications and 
Commands contains information on establishing serial communications with the relay 
and more details on the commands above. 


You can view the stored ASCII text file containing the event information using most standard 
word processing packages.  It is usually helpful to select an 8 or 9 point Courier font to 
view or print the event data, as this helps line up the data rows vertically on a page. 
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Review the event and SER information to determine the cause of the misoperation.  Section 
11:  Event Reports and SER Functions contains information and examples to assist with 
event and SER report review. 


SEL Application Engineers are available to assist with this review, if necessary.  You may be 
asked to describe, fax, or e-mail the relay information you collected in the steps above as 
part of this review. 


RELAY TROUBLESHOOTING 


Inspection Procedure 


Complete the following procedure before disturbing the relay.  After you finish the inspection, 
proceed to the Troubleshooting Procedure. 


1. Measure and record the power supply voltage at the power input terminals. 


Check to see that the power is on.  Do not turn the relay off. 


Measure and record the voltage at all control inputs. 


Measure and record the state of all output relays. 


Troubleshooting Procedure 


All Front-Panel LEDs Dark 
1. Input power not present or fuse is blown. 


Self-test failure. 


Cannot See Characters on Relay LCD Screen 
1. Relay is de-energized.  Check to see if the ALARM contact is closed. 


LCD contrast is out of adjustment.  Use the steps below to adjust the contrast. 


a. Remove the relay front panel by removing the six front-panel screws. 


b. Press any front-panel button.  The relay should turn on the LCD back lighting. 


c. Locate the contrast adjust potentiometer adjacent to the serial port connector. 


d. Use a small screwdriver to adjust the potentiometer. 


e. Replace the relay front panel. 


Relay Does Not Respond to Commands From Device Connected to Serial Port 
1. Communications device not connected to relay. 


Relay or communications device at incorrect baud rate or other communication parameter 
incompatibility, including cabling error. 


Relay serial port has received an XOFF, halting communications.  Type <Ctrl>Q to send the 
relay an XON and restart communications. 
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Relay Does Not Respond to Faults 
1. Relay improperly set. 


Improper test source settings. 


CT or PT input wiring error. 


Analog input cable between transformer secondary and main board loose or defective. 


Failed relay self-test. 


RELAY CALIBRATION 
The SEL-300G Relay is factory-calibrated.  If you suspect that the relay is out of calibration, 
please contact the factory. 


FACTORY ASSISTANCE 
We appreciate your interest in SEL products and services.  If you have questions or comments, 
please contact us at: 


Schweitzer Engineering Laboratories, Inc. 
2350 NE Hopkins Court 
Pullman, WA  USA  99163-5603 
Tel:  +1.509.332.1890 
Fax: +1.509.332.7990 
Internet:  www.selinc.com 
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SECTION 13:  DIFFERENTIAL ELEMENT SETTINGS 


INTRODUCTION 
The SEL-300G1/300G3 Relays are equipped with differential current inputs.  These relays use 
these current inputs to operate nondedicated phase, negative-sequence, and residual overcurrent 
elements, described in Section 2:  Relay Element Settings.  These relays also use these inputs to 
develop percentage restrained phase current differential elements, whose operation and settings 
are described in this section. 


The SEL-300G0/300G2 Relays are not equipped with differential current inputs, but provide a 
ground current differential element (87N) that operates based on the difference between the 
measured neutral current and the sum of the three phase current inputs.  The 87N element 
provides sensitive ground fault detection on resistance-grounded and solidly grounded generators, 
particularly where multiple generators are connected directly to a load bus.  This element should 
not be applied to protect high-impedance grounded generators. 


GROUND DIFFERENTIAL ELEMENT (MODELS 0300G0 AND 0300G2) 


Element Description 


Functional Description 
The SEL-300G0/300G2 Relays provide two definite-time delayed ground current differential 
elements designed to detect ground faults on resistance grounded and solidly grounded 
generators.  Because these elements are current-based, they cannot provide ground fault coverage 
for 100 percent of the stator windings.  They do, however, offer selective ground fault protection 
because they do not respond to ground faults beyond the generator phase current transformers.  
This quality makes the element well suited to protect generators connected to multiple-unit buses, 
or for generators connected to a load-bus, such as might be found in an industrial installation.  


The relay measures the generator neutral current using the neutral CT connected to the relay IN 
input.  It then calculates the residual current, which is the sum of the three phase current inputs.  
The residual current is adjusted by the ratio of the CTR and CTRN settings to scale the residual 
current in terms of the secondary neutral current, then the difference is calculated.  Normally, 
under balanced load or external ground fault conditions, the difference current should be zero.  In 
the event of an internal ground fault, the difference current will be nonzero.  If the difference 
current magnitude is greater than the element pickup setting, the element picks up and begins to 
operate the definite time-delay.  If the difference current remains above the pickup setting for the 
duration of the definite time-delay, the time-delayed element Relay Word bit asserts. 


Note: The 87N elements are applicable only when the generator and relay are connected as 
shown in Figures 5.16 or 5.17.  Do not attempt to use this element with high-impedance 
grounded generators, as the primary residual current they supply during a ground fault 
is too low for secure, dependable protection. 
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Setting Descriptions 
Enable Ground Differential Protection (Y,N) E87N = Y 


Set E87N = Y to enable ground differential elements.  If ground differential protection is not 
required, set E87N = N.  When E87N = N, the 87N1P, 87N1T, 87N2P, and 87N2T Relay 
Word bits are inactive and the following relay settings are hidden and do not need to be 
entered. 


Level 1 Ground Differential Pickup  
(0.1 • CTR/CTRN–15 A, 5 A models) 87N1P = 0.5 
(0.02 • CTR/CTRN–3 A, 1 A models) 


Level 1 Ground Differential Time Delay (0.00 to 400.00 s) 87N1D = 0.10 


Set the 87N1P element sensitively to detect the maximum number of generator ground 
faults.  With this high sensitivity, there is some risk of element pickup due to phase current 
transformer saturation during external three-phase faults close to the generator.  To help 
ensure that this pickup does not cause a misoperation, set the 87N1D time delay longer than 
the longest clearing time for a severe, external fault. 


Level 2 Ground Differential Pickup  
(0.1 • CTR/CTRN–15 A, 5 A models) 87N2P = 1.5 
(0.02 • CTR/CTRN–3 A, 1 A models) 


Level 2 Ground Differential Time Delay (0.00 to 400.00 s) 87N2D = 0.00 


Set the 87N2P element less sensitively to detect severe ground faults high in the generator 
windings or on the generator bushings.  The higher overcurrent setting allows a shorter or 
zero time-delay.  


87N Element Torque Control (SELOGIC® control equation) 87NTC = 1 


The ground differential elements are enabled when the result of 87NTC equals logical 1.  
The elements are blocked when the 87NTC SELOGIC control equation result equals 
logical 0.  Typically, the element can be enabled continuously, suggesting the logical 1 
setting. 


Relay Word Bits 


Relay Word Bit Function Description Typical Applications 
87N1P Instantaneous Level 1 Ground Differential 


Element Pickup 
Indication, Testing, SER, 
Event Triggering 


87N1T Time-delayed Level 1 Ground Differential 
Element Pickup 


Indication, Testing, Tripping 


87N2P Instantaneous Level 2 Ground Differential 
Element Pickup 


Indication, Testing, SER, 
Event Triggering 


87N2T Time-delayed Level 2 Ground Differential 
Element Pickup 


Indication, Testing, Tripping 







Differential Element Settings 13-3
 


SEL-300G Instruction Manual  Date Code 20081231 


Setting Calculation 


Information Needed 
• Phase and neutral current transformer ratios, CTR and CTRN 
• Maximum generator ground fault current, IG  


Recommendations 


In resistance grounded generator applications, the generator contribution to ground faults is 
limited by the size of the neutral resistor.  To determine the minimum sensitivity of the 87N 
element, simply divide the generator ground fault current contribution, IG, by the neutral current 
transformer ratio, CTRN.  When the system contribution to the generator ground fault is zero, the 
ground differential current is: 


I diff = IG/CTRN A secondary 


Any residual current supplied by the system during the generator fault increases the relay 
sensitivity. 


When the protected generator is connected to a bus which can source ground fault current, set 
87N2P approximately equal to I diff, calculated above.  87N1P can be set more sensitively to 
achieve additional sensitivity and operate with time-delay for external fault security. 


Ground Differential Element Tripping 
Because the ground differential elements detect generator faults, tripping generally is applied to 
the generator main breaker, the field breaker, the prime mover, and the generator lockout relay.  
Refer to Section 4:  SELOGIC Control Equations for more detail and examples of tripping 
SELOGIC control equations. 


Element Operating Characteristics 
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Figure 13.1:  87N Element Logic Diagram 
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PERCENTAGE RESTRAINED DIFFERENTIAL ELEMENT OVERVIEW 
(MODELS 0300G1 AND 300G3) 


To simplify the setting process for the majority of applications, the SEL-300G1/300G3 Relay 
differential element is enabled by setting E87 equal to either G or T. 


When E87 = G, several of the differential element settings are fixed to default values, leaving 
only three settings to consider.  Set E87 = G when the protected generator is the only apparatus in 
the differential zone, as shown in Figure 5.13. 


When E87 = T, additional settings are available to compensate for the inclusion of a generator 
step-up transformer in the differential zone, as shown in Figure 5.15. 


Setting E87 = N disables differential protection and hides the remaining settings associated with 
the element. 


When E87 = G or T, the differential protection function includes a sensitive, percentage 
restrained differential element and an unrestrained element that must be set less sensitively. 


When E87 = G or T, the relay measures the fundamental frequency currents from the phase inputs 
(IA1, IB1, and IC1) and the differential inputs (IA871, IB871, and IC871).  See Figure 13.2.  The 
relay also measures the second-harmonic current quantities for each set of inputs.  The relay 
mathematically compensates the measured currents, taking into account the current transformer 
connections, the power transformer connections (if E87 = T), and the TAP settings.  Using the 
compensated currents, the relay next calculates the operate quantities (IOP1, IOP2, and IOP3), 
the restraint quantities (IRT1, IRT2, and IRT3), and the second-harmonic blocking quantities 
(I1F2, I2F2, and I3F2). 
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Figure 13.2:  Fundamental and Second-Harmonic Filters Provide 


Current Inputs to Differential Elements 
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Figure 13.3:  Operate, Restraint, and Second-Harmonic 


Blocking Current Calculations 


The front-panel and serial port METER DIF commands report the present values of IOP1, IOP2, 
IOP3, IRT1, IRT2, and IRT3 in multiples of TAP.  These magnitudes also are reported in the 
differential format event report, obtained using the EVE DIF serial port command.  The METER 
DIF command response also reports the operate currents in per unit of the individual restraint 
currents.  These values are a direct report of the differential element mismatch and are very useful 
when commissioning the relay.   More details on these commands are contained in Section 9:  
Front-Panel Operation, Section 10:  Serial Port Communications and Commands, and Section 
11:  Event Reports and SER Functions. 


Figure 13.4 illustrates the differential element logic.  Figure 13.5, Figure 13.6, and Figure 13.7 
describe the restrained differential element blocking logic for various relay settings. 
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Figure 13.4:  Differential Element Logic Diagram 
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Figure 13.5:  Restrained Differential Element Logic When E87 = G 
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Figure 13.6:  Restrained Differential Element Logic When E87 = T and IHBL = N 
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Figure 13.7:  Restrained Differential Element Logic When E87 = T and IHBL = Y 
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Relay Word Bits  


Relay Word Bit Function Description Typical Applications 
87U Unrestrained Differential Element Pickup Tripping 
87R Restrained Differential Element Pickup Tripping 
87U1 Element 1 Unrestrained Element Pickup Indication, Testing 
87U2 Element 2 Unrestrained Element Pickup Indication, Testing 
87U3 Element 3 Unrestrained Element Pickup Indication, Testing 
87R1 Element 1 Restrained Element Pickup Indication, Testing 
87R2 Element 2 Restrained Element Pickup Indication, Testing 
87R3 Element 3 Restrained Element Pickup Indication, Testing 
87B Restrained Element Block  Indication, Testing 
87BL1 Element 1 Second-Harmonic Block Indication, Testing 
87BL2 Element 2 Second-Harmonic Block Indication, Testing 
87BL3 Element 3 Second-Harmonic Block Indication, Testing 


SETTINGS FOR GENERATOR PROTECTION 


Setting Description 


For generator current differential applications similar to those shown in Figure 5.13, the 
SEL-300G Relay offers simple generator differential protection, whose settings are described 
below: 


Enable Differential Protection (G, T, N) E87 = G 


Set E87 = G to enable differential protection elements in most generator differential 
applications.  If differential protection is not required, set E87 = N.  When E87 = N, the 
87B, 87BL1, 87BL2, 87BL3, 87R, 87R1, 87R2, 87R3, 87U, 87U1, 87U2, and 87U3 
Relay Word bits are inactive and the following relay settings are hidden and do not 
need to be entered. 


Phase Input TAP Value TAP1 = Derived Quantity 


87 Input TAP Value TAPD = Derived Quantity 


Unrestrained Element Pickup, multiple of TAP (1.0–20.0) U87P = 10.0 


Restrained Element Pickup, multiple of TAP (0.04–1.00) O87P = 0.30 


Restraint Slope 1 Percentage (5–100%) SLP1 = 40 


As you enter the relay settings, the relay will display the derived values of TAP1 and 
TAPD.  You do not need to enter settings for TAP1 or TAPD when E87 = G. 


The unrestrained differential element pickup is defined by the U87P setting.  The 87U 
Relay Word bit asserts if any of the measured differential operate quantities, IOP1, 
IOP2, or IOP3, exceed the U87P setting.  The restrained differential element pickup is 
defined by the O87P setting.  The 87R Relay Word bit asserts depending on the 
measured operate and restraint currents, the percentage restraint slope setting, SLP1, the 
87B SELOGIC control equation result, and several fixed settings discussed below. 
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The relay performs internal range checking on the U87P and O87P settings and the 
derived TAP quantities.  The following secondary ranges are required: 


(0.1 • In) ≤ (U87P • TAPmin) 
(U87P • TAPmax) ≤ (32 • In) 
(0.04 • In) ≤ (O87P • TAPmin) 
(O87P • TAPmax) ≤ (32 • In) 


where: 
In  = 1 A or 5 A rating of the relay phase current inputs 
 TAPmax/TAPmin ≤ 7.5 


where: 
TAPmax  is the larger and  
TAPmin  is the smaller of the two TAP values TAP1 and 


TAPD 


If one of the U87P or O87P range checks fails, the relay will prompt you to reenter the 
differential pickup setting.  When E87 = G, if the ratio of TAPmax to TAPmin is greater than 
7.5, it typically indicates an error in the CTR or CTRD setting entry.  The relay will indicate 
an error and prompt you for corrected CTR and CTRD settings.  If the CTR and CTRD 
settings are correct and the TAPmax/TAPmin range check still fails, consider using E87 = T. 


Restrained Element Block (SELOGIC control equation) 87B = 0 


The percentage restrained differential element is disabled when the 87B SELOGIC 
control equation result is a logical 1.  Most applications permit the 87 elements to be 
enabled all the time, suggesting the 87B should be set to logical 0. 


When E87 = G, the relay hides the following settings, and uses their default values in 
the element definition: 


XFMR Connection TRCON = GEN 


87 Input CT Connection (Y, DAB, DAC) CTCON = Y 


Restraint Slope 2 Percentage (OFF, 50–200%) SLP2 = 100 


Restraint Slope 1 Limit, multiple of TAP (1.0–16.0) IRS1 = 3.0 


Second-Harmonic Blocking Percent (OFF, 5–100%) PCT2 = OFF 


Setting Calculation 


Unrestrained Differential Element Pickup Setting, U87P 


The instantaneous, unrestrained differential element is intended to detect very high difference 
currents that clearly indicate an internal fault.  This element responds only to the fundamental 
frequency component of the differential operate current and is not affected by the percentage 
restraint function.  It should be set high enough to not respond to false difference current caused 
by differences in CT performance for heavy through-faults.  Setting U87P = 10 generally 
provides satisfactory performance. 
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Note that the relay requires the following inequality be true: 


(U87P • TAPmax) ≤ (32 • In) 


where: 
In  = 1 A or 5 A rating of the relay phase current inputs 
TAPmax  is the larger of the two quantities, INOM or INOM* (CTR/CTRD) 


Restrained Differential Element Pickup Setting, O87P 


Set the restrained element operate current pickup at a minimum value for increased sensitivity but 
high enough to avoid incorrect operation due to steady state CT error.  An O87P setting of 0.3 
generally provides satisfactory performance. 


Note that the relay requires the following inequality be true: 


(087P • TAPmin) ≥ (0.04 • In) 


where: 
In  = 1 A or 5 A rating of the relay phase current inputs 
TAPmin  is the smaller of the two quantities, INOM or INOM • (CTR/CTRD) 


Restrained Differential Element Slope 1 Setting, SLP1 
The sensitive differential element percentage restraint characteristic improves the element 
security during heavy through-faults.  During the external fault, the CT ratio errors may increase, 
causing the relay to measure differential current.  To prevent incorrect operation during this 
condition, the relay automatically increases the required operate current in direct proportion to the 
measured restraint current, by a settable amount, SLP1. 


If the CT error for each of the two CTs is ±10% and the relay differential measurement error is 
≤5%, then the minimum SLP1 setting is 25%. 


Fixed Settings:  SLP2, IRS1, PCT2 
When E87 = G, the relay fixes the values of SLP2 = 100%, IRS1 = 3 per unit of TAP, and PCT2 
= OFF.  These settings disable second-harmonic blocking, which is not required in the vast 
majority of generator differential applications and set conservative values for the percentage 
restraint characteristic during external faults whose current is higher than three times TAP. 


Derived Settings:  TAP1, TAPD 
When E87 = G, the relay derives the values of TAP1 and TAPD.  TAP1 automatically is set equal 
to the generator nominal current in secondary amps, defined by the INOM setting.  TAPD is set 
equal to the same current, placed in terms of secondary A at the differential input CTs:  TAPD = 
INOM • CTR/CTRD. 


The relay requires that the ratio of the maximum TAP to the minimum TAP be less than 7.5:1.  In 
the vast majority of applications, CTR ≈ CTRD, so this requirement should not cause a problem.  
The relay uses the TAP1 and TAPD values in the Connection and TAP Compensation function 
shown in Figure 13.3.  When E87 = G, only TAP compensation is performed.  I1W1F1 equals 
IA1 divided by TAP1.  I187F1 equals IA87 divided by TAPD. 
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Differential Element Tripping 
The 87U and 87R differential elements detect faults and usually are used to trip the main 
generator breaker, the field breaker, the prime mover, and the generator lockout relay.  Refer to 
Section 4:  SELOGIC Control Equations for more detail and examples of tripping SELOGIC 
control equations. 


SETTINGS FOR UNIT PROTECTION 


Setting Description 
For unit current differential applications similar to those shown in Figure 5.15, the SEL-300G 
offers differential protection that can compensate correctly for the ratio and phase shift of the 
generator step-up transformer.   


Enable Differential Protection (G, T, N) E87 = T 


Set E87 = T to enable differential protection elements when the generator step-up 
transformer is included in the differential zone.  If differential protection is not required, 
set E87 = N.  When E87 = N, the 87B, 87BL1, 87BL2, 87BL3, 87R, 87R1, 87R2, 
87R3, 87U, 87U1, 87U2, and 87U3 Relay Word bits are inactive and the following 
relay settings are hidden and do not need to be entered. 


XFMR High-Side Winding L-L Voltage (OFF, 1.0–1000.0 kV) VWDGD = 13.8 


XFMR Connection (GEN, YY, YDAC, YDAB, DACDAC, 
DABDAB, DABY, DACY) TRCON = DABY 


87 Input CT Connection (Y, DAB, DAC) CTCON = DAB 


Phase Input TAP Value TAP1 = Derived Quantity 


87 Input TAP Value TAPD = Derived Quantity 


Unrestrained Element Pickup, multiple of TAP (1.0–20.0) U87P = 10.0 


Restrained Element Pickup, multiple of TAP (0.04–1.00) O87P = 0.30 


Restraint Slope 1 Percentage (5–100%) SLP1 = 40 


When a generator step-up transformer is included in the differential zone, set VWDGD equal 
to the transformer rated high-side voltage in line-to-line kilovolts.  If you are setting E87 = 
T, but not including a power transformer in the differential zone, either set VWDGD equal to 
the generator rate line-to-line voltage or set VWDGD = OFF. 


The TRCON setting is defined by the step-up transformer connections.  The CTCON setting 
is defined by the connection of the 87 input current transformers. 


As you enter the relay settings, the relay will display the derived values of TAP1 and TAPD.  
If you enter a setting for VWDGD, you do not need to enter settings for TAP1 or TAPD 
when E87 = T.  When you set VWDGD = OFF, you will need to calculate and enter settings 
for TAP1 and TAPD using the instructions below. 


The unrestrained differential element pickup is defined by the U87P setting.  The 87U Relay 
Word bit asserts if any of the measured differential operate quantities, IOP1, IOP2, or IOP3, 
exceeds the U87P setting.  The restrained differential element pickup is defined by the O87P 
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setting.  The 87R Relay Word bit asserts depending on the measured operate and restraint 
currents, the percentage restraint slope settings, SLP1, SLP2, and IRS1, the second-harmonic 
blocking function defined by PCT2 and IHBL settings, and the 87B SELOGIC control 
equation result. 


The relay performs internal range checking on the U87P and O87P settings and the derived 
TAP quantities.  The following secondary ranges are required: 


0.1 • In A secondary ≤ U87P • TAPmin 
U87P • TAPmax ≤ 32 ⋅ In A secondary 
0.04 • In A secondary  ≤ O87P • TAPmin  
O87P • TAPmax ≤ 32 • In A secondary 


where: 
In  = 1 A or 5 A rating of the relay phase current inputs 
 TAPmax/TAPmin ≤ 7.5 


If one of the U87P or O87P range checks fails, the relay will prompt you to reenter the 
differential pickup setting.  If the ratio of TAPmax to TAPmin is greater than 7.5, it typically 
indicates an error in the CTR, CTRD, or VWDGD setting entry. The relay will indicate an 
error and prompt you for corrected settings.  If the settings are correct and the 
TAPmax/TAPmin range check still fails, consider setting VWDGD = OFF, directly setting the 
TAP quantities within range, and desensitizing the O87P setting. 


Restraint Slope 2 Percentage (OFF, 50–200%) SLP2 = 100 


Restraint Slope 1 Limit, multiple of TAP (1.0–16.0) IRS1 = 3.0 


Second Harmonic Blocking Percent (OFF, 5–100%) PCT2 = 12 


Independent Harmonic Blocking (Y, N) IHBL = N 


The SLP2 and IRS1 settings define the second percentage restraint slope.  As shown in 
Figure 13.8, the SLP2 slope is effective when the measured restraint current is greater 
than IRS1 times TAP.  If a second slope is not desired, set SLP2 = OFF.  When SLP2 = 
OFF, the relay hides the IRS1 setting and does not require that you enter a value. 


The PCT2 setting defines a second-harmonic blocking percentage.  In the majority of 
unit protection applications, setting PCT2 to OFF or 12 percent will provide satisfactory 
performance. 


When PCT2 = OFF, the IHBL setting is hidden and does not require a value. 


Restrained Element Block (SELOGIC control equation) 87B = 0 


The percentage restrained differential element is disabled when the 87B SELOGIC 
control equation result is a logical 1.  When the differential element is applied for unit 
protection, you may wish to set 87B = 24C2.  This blocks the differential element 
during overexcitation conditions when fifth-harmonic current might cause the 
differential element to incorrectly pick up. 


Setting Calculation 


Transformer High-Side Line-to-Line Voltage, VWDGD 


The VWDGD setting is used to derive the TAPD value.  When a generator step-up transformer is 
included in the differential zone, set VWDGD equal to the transformer rated high-side voltage in 
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line-to-line kilovolts.  If you are setting E87 = T, but not including a power transformer in the 
differential zone, either set VWDGD equal to the generator rate line-to-line voltage or set 
VWDGD = OFF.  When VWDGD = OFF, the TAP1 and TAPD settings must be calculated and 
entered manually, as discussed below. 


Transformer and CT Connection Settings, TRCON and CTCON 


The TRCON setting is defined by the generator step-up transformer connections.  The setting 
represents both windings.  For instance, TRCON = DABY indicates that the transformer winding 
connected to the generator is delta connected and the high side is wye connected.  Appendix H: 
Differential Connection Diagrams shows the transformer connections associated with each of 
the available TRCON settings. 


The CTCON setting is defined by the 87 input current transformer connection.  CTCON = Y 
indicates the current transformers are wye connected.  CTCON = DAB indicates that the current 
transformers are delta connected, with the polarity of the A-phase CT connected to the 
nonpolarity side of the B-phase CT.  CTCON = DAC indicates that the current transformers are 
delta connected, with the polarity of the A-phase CT connected to the nonpolarity side of the 
C-phase CT.  See Appendix H:  Differential Connection Diagrams for example connection 
diagrams. 


Derived Tap Settings, TAP1, TAPD 


When E87 = T and VWDGD is not OFF, the relay derives the values of TAP1 and TAPD.  TAP1 
automatically is set equal to the generator nominal current in secondary amps, defined by the 
INOM setting.  TAPD is set equal to the same current, placed in terms of secondary amps at the 
differential input CTs, taking into account the power transformer ratio and connections and the 
current transformer ratios and connections: 


CTRD•VWDGD•1000
C2•CTR•PTR•INOM•VNOMTAPD =  A 


where: 
VNOM, INOM,  
PTR, CTR,  
VWDGD,  
CTRD  = relay settings 
C2 = 1.732 if CTCON = DAB or DAC 
C2  = 1.0 for all other combinations of TRCON and CTCON 


The relay requires that the ratio of the maximum TAP to the minimum TAP be less than 7.5:1 
which is feasible for the vast majority of applications.  If your particular application calls for a 
higher ratio of TAPmax to TAPmin, take one of the following remedial actions to lower the TAP 
ratio: 


1. Select a different current transformer ratio for either the phase or 87 input current 
transformers. 


2. Use an auxiliary current transformer in secondary circuits of the 87 input current 
transformers to modify the current transformer ratio apparent to the SEL-300G. 


3. Set VWDGD = OFF then manually set TAP1 and TAPD to values that are close—but 
not equal—to the ideal derived values.  These nonideal TAP values must still meet the 
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7.5:1 ratio criteria.  Because they are not ideal, they will result in nonzero mismatch in 
the relay differential element.  This will require that you select higher values for O87P, 
SLP1, and SLP2 to maintain security during through-faults. 


Unrestrained Differential Element Pickup Setting, U87P  


The instantaneous, unrestrained differential element is intended to detect very high difference 
currents that clearly indicate an internal fault.  This element responds only to the fundamental 
frequency component of the differential operate current and is not affected by the percentage 
restraint function.  It should be set high enough to not respond to false difference current caused 
by differences in CT performance for heavy through-faults.  Setting U87P = 10 generally 
provides satisfactory performance.  


Note that the relay requires the following inequality be true: 


U87P • TAPmax ≤ 32 • In 


where: 
In  = 1 A or 5 A rating of the relay phase current inputs 
TAPmax  is the larger of TAP1 or TAPD 


Restrained Differential Element Pickup Setting, O87P 


Set the restrained element operate current pickup, O87P, at a lower value for increased sensitivity 
but high enough to avoid incorrect operation caused by steady-state CT error.  Figure 13.8 shows 
that the O87P setting determines the minimum amount that the operate current must exceed the 
restraint current to cause a restrained differential trip.  If the current transformers on either side of 
the generator are sufficiently mismatched, then it may be possible that load current or a low-level 
external fault will produce enough operate current to cause a trip with O87P set at its minimum 
value. 


The term “matched CTs” is commonly used to describe current transformers that have the same 
construction type, ratio, accuracy class, and manufacturer.  If the six differential CTs are 
“matched,” then an O87P setting below 0.3 may be adequate.  If the six differential CTs do not 
meet the definition of “matched,” then an O87P setting of 0.3 or higher should be considered to 
provide secure performance. 


The MET DIF command, which displays operate currents in percent of the respective restraint 
currents, may be used with the generator at or near full load to help determine an optimum O87P 
setting.  Start with a secure O87P setting, and use the results from multiple MET DIF commands 
to adjust the setting. 


Note that the relay requires the following inequality be true: 


O87P • TAPmin ≥ 0.04 • In 


where: 
In = 1 A or 5 A rating of the relay phase current inputs 
TAPmin  is the smaller of TAP1 or TAPD 
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Restrained Differential Element Slope 1 Setting, SLP1 


The sensitive differential element percentage restraint characteristic improves the element 
security during heavy through-faults.  During the external fault, the CT ratio errors may increase, 
causing the relay to measure differential current.  To prevent incorrect operation during this 
condition, the relay automatically increases the required operate current in direct proportion to the 
measured restraint current by a settable amount, SLP1. 


If the CT error for each of the two CTs is ±10 percent, and the relay differential measurement 
error is ≤5 percent, then the minimum SLP1 setting is 25 percent. 


Percentage Restraint Slope 2 Settings, SLP2, IRS1 


When E87 = T, you may enter settings for SLP2 and IRS1.  Setting IRS1 = 3 per unit of TAP and 
SLP2 = 60 percent to 100 percent provide restrained element security for deteriorating CT 
performance during high-current external faults.  Higher values of SLP2 provide security for 
some degree of CT saturation.  If you set SLP2 = OFF, the IRS1 setting is hidden and the SLP1 
setting is applied to the entire range of differential element operation and should be higher than 
discussed above to provide security during high-current through-faults. 


Second-Harmonic Blocking Settings, PCT2, IHBL 
The PCT2 setting defines the restrained element second-harmonic blocking level.  Setting 
PCT2 = OFF disables second-harmonic blocking and the relay hides the IHBL setting. 


When PCT2 is not set to OFF, if the differential current contains more than PCT2 percent of 
second harmonic due to magnetizing inrush or CT saturation, the restrained differential element is 
blocked.  The unrestrained element is not affected.  In transformer differential applications, the 
traditional PCT2 setting is 12 percent to 15 percent to provide security during transformer 
magnetizing inrush conditions. In the majority of unit protection applications, setting PCT2 to 
OFF or 12 percent will provide satisfactory performance. 


When PCT2 is not set to OFF, the IHBL setting offers two ways to perform harmonic blocking: 


1. Common Harmonic Blocking (IHBL = N) blocks all of the percentage differential 
elements if any one phase has a second-harmonic magnitude above the PCT2 threshold 
(see Figure 13.6). 


2. Independent Harmonic Blocking (IHBL = Y) blocks the percentage differential element 
for a particular phase if the second harmonic in that phase is above the PCT2 threshold.  
The other two differential elements are blocked by their own second-harmonic 
measurement only (see Figure 13.7). 


Set IHBL = N in the majority of applications to improve the restrained element security. 


Differential Element Tripping 
The 87U and 87R differential elements detect faults and usually are used to trip the main 
generator breaker, the field breaker, the prime, and the generator lockout relay.  Refer to 
Section 4:  SELOGIC Control Equations for more detail and examples of tripping SELOGIC 
control equations. 
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DIFFERENTIAL ELEMENT TRANSFORMER CONNECTION AND RATIO 
COMPENSATION 


Figure 13.3 shows that the relay performs compensation on the measured phase currents before 
performing any other differential element calculations.  TAP compensation accounts for CT and 
power transformer ratios, and, partially, for the CT and transformer connections.  Additional 
phase-shift compensation is needed for certain combinations of CT and transformer connection.  
Table 13.1 and the following discussion fully define the Connection and TAP Compensation 
referred to in Figure 13.3. 


Table 13.1:  Connection and TAP Compensation 


TRCON CTCON CON1 CON2 
GEN Y Y Y 


DACDAC Y Y Y 
DABDAB Y Y Y 


DABY DAB Y Y 
DACY DAC Y Y 


YY Y DAB DAB 
YDAC Y DAC Y 
YDAB Y DAB Y 
DABY Y Y DAB 
DACY Y Y DAC 


 
For CON1 = Y: 
I1W1F1 = IA1/TAP1 
I2W1F1 = IB1/TAP1 
I3W1F1 = IC1/TAP1 


For CON2 = Y:
I187F1 = IA871/TAPD 
I287F1 = IB871/TAPD 
I387F1 = IC871/TAPD 


For CON1 = DAB: 


TAP1•3
IB1IA1I1W1F1 −


=  


TAP1•3
IC1IB1I2W1F1 −


=  


TAP1•3
IA1IC1I3W1F1 −


=  


For CON2 = DAB: 


TAPD•3
IB871IA871I187F1 −


=  


TAPD•3
IC871IB871I287F1 −


=  


TAPD•3
IA871IC871I387F1 −


=  
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For CON1 = DAC: 


TAP1•3
IC1IA1I1W1F1 −


=  


TAP1•3
IA1IB1I2W1F1 −


=  


TAP1•3
IB1IC1I3W1F1 −


=  


For CON2 = DAC: 


TAPD•3
IC871IA871I187F1 −


=  


TAPD•3
IA871IB871I287F1 −


=  


TAPD•3
IB871IC871I387F1 −


=  


TAP and connection compensation for the second-harmonic currents is similar. 


RESTRAINED DIFFERENTIAL ELEMENT OPERATING CHARACTERISTICS 


IRS1 IRT
(Multiples of TAP)


O87P


U87P


(Multiples of TAP)
IOP


SLP1


SLP2
87R


Operate Region


87U Operate Region


87R
Restraint Region


DWG:  M300G171  


Figure 13.8:  Differential Element Operating Characteristics 
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APPENDIX A:   FIRMWARE AND MANUAL VERSIONS 


FIRMWARE VERSIONS 
To find the firmware revision number in your relay, view the status report using the serial port 
STATUS command or the front-panel STATUS pushbutton.  For firmware versions prior to April 
7, 2000, the status report displays the Firmware Identification (FID) label: 


FID=SEL-300G-Rxxx-Vxxxxxxxxxx-Dxxxxxx 


For firmware versions with the date code of April 7, 2000, or later, the FID label will appear as 
follows with the Part/Revision number in bold: 


FID=SEL-300G-Rxxx-Vxxxxxxxxxx-Zxxxxxx-Dxxxxxxxx 


The firmware revision number is after the “R” and the release date is after the “D”.  The string of 
xs after “SEL-300G” is the firmware part number and depends on the features ordered with the 
relay (refer to the SEL-300G Model Option Tables. Model Option Tables can be obtained from 
the factory or from our website www.selinc.com). 


For example: 


FID=SEL-300G-R204-V00H425XX4X-Z001001-D20000407 


is firmware revision number 204, base generator protection, 8 outputs, 125/250 V 
power supply, wye or delta, 5 A CTs, 125 Vdc control inputs, release date April 7, 
2000. 


Table A.1 lists the firmware versions, a description of modifications, and the instruction manual 
date code that corresponds to firmware versions.  The most recent firmware version is listed first. 
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Table A.1:  Firmware Versions 


Firmware 
Part/Revision No. Description of Firmware 


Manual 
Date Code


SEL-300G-R326-Z302302-D20081231 Model SEL-0300G30 Seventeenth Revision.  
Model SEL-0300G31 Seventeenth Revision.  
Model SEL-0300G20 Seventeenth Revision. 
Model SEL-0300G21 Seventeenth Revision.  
Model SEL-0300G10 Seventeenth Revision. 
Model SEL-0300G11 Seventeenth Revision.  
Model SEL-0300G00 Eighteenth Revision. 
Model SEL-0300G01 Eighteenth Revision.  
Model SEL-0300G3W Twelfth Revision.  
Model SEL-0300G3Y Twelfth Revision.  
Model SEL-0300G2W Twelfth Revision.  
Model SEL-0300G2Y Twelfth Revision.  
Model SEL-0300G1W Twelfth Revision.  
Model SEL-0300G1Y Twelfth Revision.  
Model SEL-0300G0W Twelfth Revision.  
Model SEL-0300G0Y Twelfth Revision.  
—Revised LOP element to be the same as before 
    (R208 and lower) by removing “V1 < 5V for 1  
    minute“ logic. 
—Moved Phase Rotation setting PHROT from  
    GLOBAL to GROUP settings. 
—Added settings for RTD1-RTD12 and  
    Field Ground Insulation-Resistance Rf to the 
   front-panel rotating display settings. 
 


20081231 


SEL-300G- R242-Z200200-D20081231 Model SEL-0300G30 Twelfth Revision.  
Model SEL-0300G31 Twelfth Revision.  
Model SEL-0300G20 Twelfth Revision.  
Model SEL-0300G21 Twelfth Revision.  
Model SEL-0300G10 Twelfth Revision.  
Model SEL-0300G11 Twelfth Revision.  
Model SEL-0300G00 Thirteenth Revision.  
Model SEL-0300G01 Thirteenth Revision.  
Model SEL-0300G3W Seventh Revision.  
Model SEL-0300G3Y Seventh Revision.  
Model SEL-0300G2W Seventh Revision.  
Model SEL-0300G2Y Seventh Revision.  
Model SEL-0300G1W Seventh Revision.  
Model SEL-0300G1Y Seventh Revision.  
Model SEL-0300G0W Seventh Revision.  
Model SEL-0300G0Y Seventh Revision.  
—Revised LOP element to be the same as before 
    (R208 and lower) by removing “V1 < 5V for 1  
    minute“ logic. 


20081231 
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Firmware 
Part/Revision No. Description of Firmware 


Manual 
Date Code


SEL-300G-R325-Z301302-D20070607 Model SEL-0300G30 Sixteenth Revision. 
Model SEL-0300G31 Sixteenth Revision. 
Model SEL-0300G20 Sixteenth Revision. 
Model SEL-0300G21 Sixteenth Revision. 
Model SEL-0300G10 Sixteenth Revision. 
Model SEL-0300G11 Sixteenth Revision. 
Model SEL-0300G00 Seventeenth Revision. 
Model SEL-0300G01 Seventeenth Revision. 
Model SEL-0300G3W Eleventh Revision. 
Model SEL-0300G3Y Eleventh Revision. 
Model SEL-0300G2W Eleventh Revision. 
Model SEL-0300G2Y Eleventh Revision. 
Model SEL-0300G1W Eleventh Revision. 
Model SEL-0300G1Y Eleventh Revision. 
Model SEL-0300G0W Eleventh Revision. 
Model SEL-0300G0Y Eleventh Revision. 
—Added Unsolicited Fast SER Protocol. 
—Improved RTDFLT alarm processing, when an 
SEL-2600 series RTD module is used, by 
eliminating nuisance alarm chattering. 


20070607 


SEL-300G-R324-Z301301-D20060731 Model SEL-0300G30 Fifteenth Revision. 
Model SEL-0300G31 Fifteenth Revision. 
Model SEL-0300G20 Fifteenth Revision. 
Model SEL-0300G21 Fifteenth Revision. 
Model SEL-0300G10 Fifteenth Revision. 
Model SEL-0300G11 Fifteenth Revision. 
Model SEL-0300G00 Sixteenth Revision. 
Model SEL-0300G01 Sixteenth Revision. 
Model SEL-0300G3W Tenth Revision. 
Model SEL-0300G3Y Tenth Revision. 
Model SEL-0300G2W Tenth Revision. 
Model SEL-0300G2Y Tenth Revision. 
Model SEL-0300G1W Tenth Revision. 
Model SEL-0300G1Y Tenth Revision. 
Model SEL-0300G0W Tenth Revision. 
Model SEL-0300G0Y Tenth Revision. 
—Improved 51V sensitivity by adding voltage 
measurement phase compensation introduced by 
delta-wye step-up transformers. 
—No settings changes. 


20060731 
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Firmware 
Part/Revision No. Description of Firmware 


Manual 
Date Code


SEL-300G-R323-Z301301-D20060508 Model SEL-0300G30 Fourteenth Revision. 
Model SEL-0300G31 Fourteenth Revision. 
Model SEL-0300G20 Fourteenth Revision. 
Model SEL-0300G21 Fourteenth Revision. 
Model SEL-0300G10 Fourteenth Revision. 
Model SEL-0300G11 Fourteenth Revision. 
Model SEL-0300G00 Fifteenth Revision. 
Model SEL-0300G01 Fifteenth Revision. 
Model SEL-0300G3W Ninth Revision. 
Model SEL-0300G3Y Ninth Revision. 
Model SEL-0300G2W Ninth Revision. 
Model SEL-0300G2Y Ninth Revision. 
Model SEL-0300G1W Ninth Revision. 
Model SEL-0300G1Y Ninth Revision. 
Model SEL-0300G0W Ninth Revision. 
Model SEL-0300G0Y Ninth Revision. 
—Added new Field Ground Protection Element 
(64F) and related changes (requires SEL-2664). 
—Added new settings for the 64F element. 


20060508 


SEL-300G-R322-Z300300-D20041019 Model SEL-0300G30 Thirteenth Revision. 
Model SEL-0300G31 Thirteenth Revision. 
Model SEL-0300G20 Thirteenth Revision. 
Model SEL-0300G21 Thirteenth Revision. 
Model SEL-0300G10 Thirteenth Revision. 
Model SEL-0300G11 Thirteenth Revision. 
Model SEL-0300G00 Fourteenth Revision. 
Model SEL-0300G01 Fourteenth Revision. 
Model SEL-0300G3W Eighth Revision. 
Model SEL-0300G3Y Eighth Revision. 
Model SEL-0300G2W Eighth Revision. 
Model SEL-0300G2Y Eighth Revision. 
Model SEL-0300G1W Eighth Revision. 
Model SEL-0300G1Y Eighth Revision. 
Model SEL-0300G0W Eighth Revision. 
Model SEL-0300G0Y Eighth Revision. 
—Two-wire EIA-485 Modbus communications 
improvements. 
—No Settings Changes. 


20041019 
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Manual 
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SEL-300G-R321-Z300300-D20040903 Model SEL-0300G30 Twelfth Revision. 
Model SEL-0300G31 Twelfth Revision. 
Model SEL-0300G20 Twelfth Revision. 
Model SEL-0300G21 Twelfth Revision. 
Model SEL-0300G10 Twelfth Revision. 
Model SEL-0300G11 Twelfth Revision. 
Model SEL-0300G00 Thirteenth Revision. 
Model SEL-0300G01 Thirteenth Revision. 
Model SEL-0300G3W Seventh Revision. 
Model SEL-0300G3Y Seventh Revision. 
Model SEL-0300G2W Seventh Revision. 
Model SEL-0300G2Y Seventh Revision. 
Model SEL-0300G1W Seventh Revision. 
Model SEL-0300G1Y Seventh Revision. 
Model SEL-0300G0W Seventh Revision. 
Model SEL-0300G0Y Seventh Revision. 
—Improved Settings File Transfer. 
—Improved Serial Port Time-Out Logic. 
—No Settings Changes. 


20040903 


SEL-300G-R241-Z200200-D20040903 Model SEL-0300G30 Eleventh Revision. 
Model SEL-0300G31 Eleventh Revision. 
Model SEL-0300G20 Eleventh Revision. 
Model SEL-0300G21 Eleventh Revision. 
Model SEL-0300G10 Eleventh Revision. 
Model SEL-0300G11 Eleventh Revision. 
Model SEL-0300G00 Twelfth Revision. 
Model SEL-0300G01 Twelfth Revision. 
Model SEL-0300G3W Sixth Revision. 
Model SEL-0300G3Y Sixth Revision. 
Model SEL-0300G2W Sixth Revision. 
Model SEL-0300G2Y Sixth Revision. 
Model SEL-0300G1W Sixth Revision. 
Model SEL-0300G1Y Sixth Revision. 
Model SEL-0300G0W Sixth Revision. 
Model SEL-0300G0Y Sixth Revision. 
—Improved Settings File Transfer. 
—Improved Serial Port Time-Out Logic. 
—No Settings Changes. 


20040903 
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Firmware 
Part/Revision No. Description of Firmware 


Manual 
Date Code


SEL-300G-R320-Z300300-D20040607 Model SEL-0300G30 Eleventh Revision. 
Model SEL-0300G31 Eleventh Revision. 
Model SEL-0300G20 Eleventh Revision. 
Model SEL-0300G21 Eleventh Revision. 
Model SEL-0300G10 Eleventh Revision. 
Model SEL-0300G11 Eleventh Revision. 
Model SEL-0300G00 Twelfth Revision. 
Model SEL-0300G01 Twelfth Revision. 
Model SEL-0300G3W Sixth Revision. 
Model SEL-0300G3Y Sixth Revision. 
Model SEL-0300G2W Sixth Revision. 
Model SEL-0300G2Y Sixth Revision. 
Model SEL-0300G1W Sixth Revision. 
Model SEL-0300G1Y Sixth Revision. 
Model SEL-0300G0W Sixth Revision. 
Model SEL-0300G0Y Sixth Revision. 
—Added File Transfer Capability for SEL-5030. 
—Increased PTR Resolution. 
—Increased CTR and CTRD Range. 
—Increased VNOM Range for Y Connected PT. 
—Enhance 51VC Element (added new setting, 
51VCA). 
—Added EVE GND and SEC Reports. 
—Added Energy Meter Rollover. 
—Extended INOM Range. 
—Meter Report Enhancement. 
—Added New Relay Word Bits for RTD and 64G 
Element. 
—Mho Distance Element Improvement (settings 
change–eliminated multiplier of 3). 
—Added Compensator Distance Element. 
—Added 60 and 180 Cycles Event Report. 
—Corrected the report header versus data 
discrepancy in the CEV DIF report. 


20040607 
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Firmware 
Part/Revision No. Description of Firmware 


Manual 
Date Code


SEL-300G-R240-Z200200-D20040607 Model SEL-0300G30 Tenth Revision. 
Model SEL-0300G31 Tenth Revision. 
Model SEL-0300G20 Tenth Revision. 
Model SEL-0300G21 Tenth Revision. 
Model SEL-0300G10 Tenth Revision. 
Model SEL-0300G11 Tenth Revision. 
Model SEL-0300G00 Eleventh Revision. 
Model SEL-0300G01 Eleventh Revision. 
Model SEL-0300G3W Fifth Revision. 
Model SEL-0300G3Y Fifth Revision. 
Model SEL-0300G2W Fifth Revision. 
Model SEL-0300G2Y Fifth Revision. 
Model SEL-0300G1W Fifth Revision. 
Model SEL-0300G1Y Fifth Revision. 
Model SEL-0300G0W Fifth Revision. 
Model SEL-0300G0Y Fifth Revision. 
—Added File Transfer Capability for SEL-5030. 
—Increased PTR Resolution. 
—Increased CTR and CTRD Range. 
—Increased VNOM Range for Y Connected PT. 
—Enhance 51VC Element (added new setting, 
51VCA). 
—Added EVE GND and SEC Reports. 
—Added Energy Meter Rollover. 
—Extended INOM Range. 
—Meter Report Enhancement. 
—Added New Relay Word Bits for RTD and 64G 
Element. 
—Mho Distance Element Improvement (settings 
change–eliminated multiplier of 3). 
—Corrected the report header versus data 
discrepancy in the CEV DIF report. 


20040607 


SEL-300G-R300-Z005004-D20020206 Model SEL-0300G30 Tenth Revision. 
Model SEL-0300G31 Tenth Revision. 
Model SEL-0300G20 Tenth Revision. 
Model SEL-0300G21 Tenth Revision. 
Model SEL-0300G10 Tenth Revision. 
Model SEL-0300G11 Tenth Revision. 
Model SEL-0300G00 Eleventh Revision. 
Model SEL-0300G01 Eleventh Revision. 
Model SEL-0300G3W Fifth Revision. 
Model SEL-0300G3Y Fifth Revision. 
Model SEL-0300G2W Fifth Revision. 
Model SEL-0300G2Y Fifth Revision. 
Model SEL-0300G1W Fifth Revision. 
Model SEL-0300G1Y Fifth Revision. 
Model SEL-0300G0W Fifth Revision. 
Model SEL-0300G0Y Fifth Revision. 
—Added support for faster CPU. 
—Added Modbus® RTU protocol. 


20020206 
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Firmware 
Part/Revision No. Description of Firmware 


Manual 
Date Code


SEL-300G-R208-Z004003-D20011003 Model SEL-0300G30 Ninth Revision. 
Model SEL-0300G31 Ninth Revision. 
Model SEL-0300G20 Ninth Revision. 
Model SEL-0300G21 Ninth Revision. 
Model SEL-0300G10 Ninth Revision. 
Model SEL-0300G11 Ninth Revision. 
Model SEL-0300G00 Tenth Revision. 
Model SEL-0300G01 Tenth Revision. 
Model SEL-0300G3W Fourth Revision. 
Model SEL-0300G3Y Fourth Revision. 
Model SEL-0300G2W Fourth Revision. 
Model SEL-0300G2Y Fourth Revision. 
Model SEL-0300G1W Fourth Revision. 
Model SEL-0300G1Y Fourth Revision. 
Model SEL-0300G0W Fourth Revision. 
Model SEL-0300G0Y Fourth Revision. 
—Corrected setting interdependency checks of Local 
Bit Settings. 


20011003 


SEL-300G-R207-Z004003-D20010615 Manual update only. See Table A.2 for a summary of 
updates. 


20010824 


SEL-300G-R207-Z004003-D20010615 Model SEL-0300G30 Eighth Revision. 
Model SEL-0300G31 Eighth Revision. 
Model SEL-0300G20 Eighth Revision. 
Model SEL-0300G21 Eighth Revision. 
Model SEL-0300G10 Eighth Revision. 
Model SEL-0300G11 Eighth Revision. 
Model SEL-0300G00 Ninth Revision. 
Model SEL-0300G01 Ninth Revision. 
Model SEL-0300G3W Third Revision. 
Model SEL-0300G3Y Third Revision. 
Model SEL-0300G2W Third Revision. 
Model SEL-0300G2Y Third Revision. 
Model SEL-0300G1W Third Revision. 
Model SEL-0300G1Y Third Revision. 
Model SEL-0300G0W Third Revision. 
Model SEL-0300G0Y Third Revision. 
—Increased CTR and CTRD setting range to 
1-30000 for 1 A version relays. 
—Corrected 87N element to prevent potential 
unreliable operations. 
—Corrected ability to set RTD, 32, and 25 elements 
from front panel. 


20010615 
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Firmware 
Part/Revision No. Description of Firmware 


Manual 
Date Code


SEL-300G-R206-Z003003-D20001212 Model SEL-0300G30 Seventh Revision. 
Model SEL-0300G31 Seventh Revision. 
Model SEL-0300G20 Seventh Revision. 
Model SEL-0300G21 Seventh Revision. 
Model SEL-0300G10 Seventh Revision. 
Model SEL-0300G11 Seventh Revision. 
Model SEL-0300G00 Eighth Revision. 
Model SEL-0300G01 Eighth Revision. 
Model SEL-0300G3W Second Revision. 
Model SEL-0300G3Y Second Revision. 
Model SEL-0300G2W Second Revision. 
Model SEL-0300G2Y Second Revision. 
Model SEL-0300G1W Second Revision. 
Model SEL-0300G1Y Second Revision. 
Model SEL-0300G0W Second Revision. 
Model SEL-0300G0Y Second Revision. 
—Added compatibility with SEL-2600. 
—Added thermal elements. 
—Add thermal metering. 
—Allow TRGTR to be in SER. 
—Improve frequency metering display. 
—Improve current meter display accuracy at low 
levels. 
—Increase 25RCF setting to range 0.5-2.000. 


20001212 


SEL-300G-R205-Z002002-D20000616 Model SEL-0300G30 Sixth Revision. 
Model SEL-0300G31 Sixth Revision. 
Model SEL-0300G20 Sixth Revision. 
Model SEL-0300G21 Sixth Revision. 
Model SEL-0300G10 Sixth Revision. 
Model SEL-0300G11 Sixth Revision. 
Model SEL-0300G00 Seventh Revision. 
Model SEL-0300G01 Seventh Revision. 
Model SEL-0300G3W First Revision. 
Model SEL-0300G3Y First Revision. 
Model SEL-0300G2W First Revision. 
Model SEL-0300G2Y First Revision. 
Model SEL-0300G1W First Revision. 
Model SEL-0300G1Y First Revision. 
Model SEL-0300G0W First Revision. 
Model SEL-0300G0Y First Revision. 
—Display points increased from 8 to 16. 
—Remote, latch, and local bits increased from 
8 to 16. 
—Revised miscellaneous items to improve the 
performance of the relay. 
—Added Out-of-Step Element (78). 
—Added Connectorized Versions 0300G_W and 
0300G_Y. 
—Added 110 Vdc Control Power. 
—Modified FID String Format. 


20000616 


SEL-300G-R203-D000218 Manual update only. See Table A.2 for a summary of 
manual updates. 


20000615 
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Firmware 
Part/Revision No. Description of Firmware 


Manual 
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SEL-300G-R203-D000218 Model SEL-0300G30 Fourth Revision. 
Model SEL-0300G31 Fourth Revision. 
Model SEL-0300G20 Fourth Revision. 
Model SEL-0300G21 Fourth Revision. 
—Corrected potential misoperation of 
synchronization check element at slip frequencies 
close to zero. 


20000218 


SEL-300G-R202-D990510 Model SEL-0300G30 Third Revision. 
Model SEL-0300G31 Third Revision. 
Model SEL-0300G20 Third Revision. 
Model SEL-0300G21 Third Revision. 
Model SEL-0300G10 Fourth Revision. 
Model SEL-0300G11 Fourth Revision. 
Model SEL-0300G00 Fifth Revision. 
Model SEL-0300G01 Fifth Revision. 
—Software maintenance:  no performance 
modification. 


19990421 


SEL-300G-R201-D981204 Manual update only. See Table A.2 for a summary of 
manual updates. 


19990312 


SEL-300G-R201-D981204 Manual update only. See Table A.2 for a summary of 
manual updates. 


19990115 


SEL-300G-R201-D981204 Model SEL-0300G30 Second Revision. 
Model SEL-0300G31 Second Revision. 
Model SEL-0300G20 Second Revision. 
Model SEL-0300G21 Second Revision. 
Model SEL-0300G10 Third Revision. 
Model SEL-0300G11 Third Revision. 
Model SEL-0300G00 Fourth Revision. 
Model SEL-0300G01 Fourth Revision. 
—Corrected scaling error in directional power and 
phase distance elements - 1 A Models only. 
—Corrected positive-sequence impedance 
calculation for phase distance load encroachment 
function. 
—Corrected front-panel serial port setting baud rate 
range typographical error. 


19981125 


SEL-300G-R103-D981203 Model SEL-0300G10 Second Revision. 
Model SEL-0300G11 Second Revision. 
Model SEL-0300G00 Third Revision. 
Model SEL-0300G01 Third Revision. 
—Corrected scaling error in directional power 
elements—1 A Models only. 
—Corrected positive-sequence impedance 
calculation for phase distance load encroachment 
function. 
—Corrected front-panel serial port setting baud rate 
range typographical error. 


19981125 


SEL-300G-R200-D980721 Manual update only. See Table A.2 for a summary of 
manual updates. 


19980731 
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SEL-300G-R200-D980721 Model SEL-0300G30 First Revision. 
Model SEL-0300G31 First Revision. 
Model SEL-0300G20 First Revision. 
Model SEL-0300G21 First Revision. 
Model SEL-0300G10 Second Revision. 
Model SEL-0300G11 Second Revision. 
Model SEL-0300G00 Third Revision. 
Model SEL-0300G01 Third Revision. 
—Created 0300G2, 0300G3. 
—Added open-delta PT support. 
—Added 27PP2 phase-phase undervoltage element. 
—Added two-zone phase distance element; made 
21P, 51V, and 51C element application mutually 
exclusive. 
—Added 87N elements to 0300G0, 0300G2. 
—Removed 51P element from all models. 
—Added single-phase overcurrent elements to 
0300G1, 0300G3. 


19980717 


SEL-300G-R102-D980429 Model SEL-0300G10 First Revision. 
Model SEL-0300G11 First Revision. 
Model SEL-0300G00 Second Revision. 
Model SEL-0300G01 Second Revision. 
—Corrected problem with 40 Loss-of-Field element. 
—Corrected V1 and V2 Metering calculations for 
ACB rotation. 


19980429 


SEL-300G-R101-D980320 Manual update only. See Table A.2 for a summary of 
manual updates. 


19980417 


SEL-300G-R101-D980320 Model SEL-0300G10 Original Firmware Release. 
Model SEL-0300G11 Original Firmware Release. 
Model SEL-0300G00 First Revision. 
Model SEL-0300G01 First Revision. 
—Added differential elements, differential input 
overcurrent elements, and associated metering and 
event reporting functions. 
—Moved VNOM, INOM settings from Global to 
Group settings. 


19980320 
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Date Code 20081231  SEL-300G Instruction Manual 


INSTRUCTION MANUAL 
The date code at the bottom of each page of this manual reflects the creation or revision date. 


Table A.2 lists the instruction manual release dates and a description of modifications.  The most 
recent instruction manual revisions are listed at the top. 


Table A.2:  Instruction Manual Versions 


Revision Date Summary of Revisions 
20081231 Section 2—Revised LOP logic and description, updated 64G2 setting recommendation, 


and moved phase rotation setting PHROT from GLOBAL to GROUP setting. 
Section 4—Added RTDs and Field Ground Resistance to rotating display. 
Section 6—Moved PHROT setting from GLOBAL to GROUP. 
Appendix A—Updated for firmware revision R242 and R326. 


20070607 Section 2—Clarified method for calculating 64G element setting. 
Section 10—Updated for Unsolicited Fast SER Protocol addition. 
Appendix A—Updated for firmware revision R325. 
Appendix I—Added new appendix, Unsolicited Fast SER Protocol. 


20060731 Section 2—Clarified negative, positive offset approaches. 
Section 4—Clarified language for 87 elements; added 51V voltage compensation. 
Section 13—Corrected equation in figure. 
Appendix A—Updated for firmware revision R324. 
Appendix B—Updated firmware upgrade instructions. 
Appendix F—Added that Event Summary Data requires Channel 16. 


20060508 Section 1—Added Field Ground Protection (64F) element information. 
Section 2—Added Field Ground Protection (64F) element information. 
Section 4—Added new Relay Word bits. 
Section 5—Added SEL-2664 information. 
Setting Sheets—Added settings for the 64F element. 
Section 7—Added SEL-2664 information. 
Section 10—Expanded descriptions of commands. 
Appendix A—Updated for firmware revision R323. 
Appendix D—Added new information to 0000 Scale factor offset in Fast Meter 
message; added new information for the length and X Y components. 


20041019 Section 1—Updated SEL-2600A fiber-optic cable information. 
Section 2—Improved 64G 100% Stator Ground Protection element recommendations. 
Setting Sheets—Updated port 1 RTSCTS setting information. 
Section 7—Updated 51V Commissioning Tests. 
Section 10—Miscellaneous edits. 
Section 11—Updated PUL and TRI command information on OUT201–OUT212. 
Appendix A—Updated firmware versions; updated instruction manual version table. 


20040903 Section 4—Miscellaneous edits. 
Setting Sheets—Updated port time-out setting T_OUT setting information. 
Section 10—Added Command Summary. 
Appendix A—Updated firmware versions; updated instruction manual version table. 
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Revision Date Summary of Revisions 
20040607 Section 1—Deleted MOT information; updated specifications; miscellaneous edits. 


Section 2—Revised existing settings and descriptions; added new settings and Relay 
Word bit information. 
Section 3—Miscellaneous updates. 
Section 4—Added 27VSP setting; added new Relay Word bits; updated drawings. 
Section 5—Added mounting information; updated drawings.  
Section 6—Revised Introduction, Table 6.3, and Settings Sheets. 
Section 7—Miscellaneous edits for clarification. 
Section 8—Miscellaneous edits. 
Section 9—Miscellaneous edits. 
Section 10—Added CAS, CEV n, CHIS, CST, EVE SEC, and EVE GND commands. 
Section 11—Increased event report length; added new Relay Word bits. 
Section 12—Removed firmware upgrade instructions. 
Section 13—Miscellaneous edits.  
Appendix A—Updated firmware versions; added instruction manual revision history 
table. 
Appendix B—Created new Firmware Upgrade Instruction; relocated Differential 
Connection Diagrams to new Appendix H. 
Appendix D—Updated commands. 
Appendix E—Added new commands; updated others. 
Appendix F—Updated Modbus tables. 
Appendix G—Created new ACSELERATOR SEL-5030 Software appendix. 
Appendix H—Added former Appendix B: Differential Connection Diagrams. 


20030225 Section 7—Corrected Figure 7.27. 
20020206 Section 1—Added projection mount information, 220 Vdc optoisolated inputs, and 


miscellaneous changes. 
Section 2—Added references, corrected drawings, and clarified information. 
Section 3—Updated Alias Settings. 
Section 4—Miscellaneous updates. 
Section 5—Updated Figure 5.1.  
Section 6—Added Modbus settings and miscellaneous updates to Settings Sheets. 
Section 7—Miscellaneous updates. 
Section 10—Added Modbus Protocol. 
Section 11—Miscellaneous updates. 
Section 13—Miscellaneous updates.  
Appendix A—Updated firmware versions. 
Appendix D—Updated A5CO Relay Definition Block. 
Appendix F—New Appendix—Modbus Protocol. 


20011003 Appendix A—Updated firmware versions. 
20010824 Section 1—Updated UL/CSA certifications. 


Section 7—Updated Differential Element Commissioning Worksheet. 
20010615 Section 6—Added error message to Table 6.3. 


Settings Sheet—Revised ranges of CTR, CTRD, 87N1P, & 87N2P. 
Section 10—Added reference to AB phase; clarified FREQ. 
Section 11—Changed symbols for 64G1 and 64G2. 
Section 12—Changed upgrade instructions to include SEL-2020 or SEL-2030 
Communications Processor connection. 
Appendix A—Updated firmware versions. 
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Revision Date Summary of Revisions 
20001212 Section 1—Added thermal protection of generator and prime mover; revised relay 


specifications; added optional RTD elements; power supply output contacts; tightening 
torque and terminal connections; added RTD phrase to protection and control 
processing. 
Section 2—Added section on RTD based protection. 
Section 4—Revised Table 4.6 and Table 4.7. 
Section 5—Revised EIA-232 Serial Port Voltage Jumpers and Clock Battery. 
Section 6—Revised table 6.3; inserted RTD based protection in Settings Sheet. 
Section 10—Added MET T command. 
Appendix A—Updated firmware versions. 


20000616 Reissued entire manual with new date code. 
Section 1—Added Connectorized® and panel-mount models, features, and ordering 
options; added 110 Vdc power supply option; revised relay specifications; added Out-
of-Step Element to setting ranges and accuracies; revised timing accuracy for volts/hertz 
(24) element. 
Section 2—Added description of the 78 element; set processing rate for 40 and 78 
elements at one-half cycle; revised pickup time for 50 element; and corrected minor 
typographical errors; latch variables increased to 16; number of 15-cycle event reports 
reduced to 29. 
Section 3—Revised SER triggering to accommodate 78 element; local bits 
increased to 16. 
Section 4—Added 78 element to trip equations; revised Relay Word bit definitions; 
increased latch, remote, and local bits to 16; increased display points to 16; revised 
Tables 4.6 and 4.7. 
Section 5—Added discussion and related data for the Connectorized and panel-mount 
versions. 
Section 6—Added setting entries for the 78 element; revised Settings Sheets to reflect 
increased local, remote, and latch bits, and display points. 
Section 7—Added commissioning details for the 78 element. 
Section 9—Increased local bits to 16. 
Section 10—Added references to SEL-2030 wherever applicable; added new screen 
captures to reflect addition of 78 element; revised Relay Word bit tables; reduced 
number of 15-cycle event reports to 29; revised Table 10.7. 
Section 11—Revised Event Report Columns and Sample Event Report to reflect 78 
element; reduced number of 15-cycle event reports to 29. 
Appendix A—Updated firmware versions. 
Appendix D—Revised sample DNA message outputs. 
Appendix E—Revised Relay Word bit lists; revised sample CEV outputs. 


20000615 Section 2—Negative-Sequence magnitude of 3 • I2 replaced by I2 on pages 2-40  
and 2-49. 


20000218 Appendix A—Updated firmware versions. 
19990421 Section 1—Added 24 Vdc relay part number option. 


Section 7—Added 24 Vdc option to commissioning description. 
Appendix A—Updated firmware versions. 


19990312 Section 2—Corrected phase distance element reach setting instructions on Page 2-14. 
Section 7—Corrected phase distance element testing instructions on Page 7-23. 


19990115 Section 2—Corrected Enable Backup Protection setting on Page 2-8 and Enable 
Overvoltage Protection setting on Page 2-9. 
Section 4—Corrected setting name for Synch-Check Phase on Page 4-25. 
Section 4—Corrected typographical error in Figure 4.18 on Page 4-41. 
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Revision Date Summary of Revisions 
19981125 Section 1—Updated power supply information in General Specifications on Page 1-16. 


Section 2—Updated phase distance element logic diagram on Page 2-16. 
Section 2—Off-Frequency Accumulators, Setting Descriptions—adjusted Accumulator 
Time-Delayed Pickup range on Page 2-78. 
Section 5—Updated Relay Dimension and Panel Cutout drawing on Page 5-1.  Changed 
voltage amount to 200 V continuous in Potential Transformer Inputs section on Page 5-
9.  Modified Figure 5.17 on Page 5-16. 
Settings Sheets—Added Voltage Ratio Correction Factor, 25RCF setting on Page 3.  
Added setting name for Independent Harmonic Blocking Setting (IHBL) on Page 10. 
Section 7—Miscellaneous edits from Page 7-19 through the end of the section. 
Section 8—Clarified Differential Metering quantities on page 8-12. 
Section 10—SHO Command (Show/View Settings)—Reworded sentence at the bottom 
of Page 10-23. 
Section 13—Changed IRS1 equation to read “IRS1 = 3 per unit of TAP” on Pages 13-
10 and 13-15. 
Appendix A—Updated firmware versions. 


19980731 Add danger warnings (in English and French) against electrical shock, fire, energy/high 
current levels and mechanical hazards to be in compliance with North American 
Product Safety guidelines. 


19980717 Create Relay Models 0300G2 and 0300G3, making synch-check option available. 
Add support for open-delta pts. 
Add 27PP2, 59PP2 phase-to-phase voltage elements. 
Add 21P phase mho distance elements, add EBUP setting to enable one backup 
protection element at a time. 
Add 87N ground differential element to models 0300G0 and 0300G2. 
Add single-phase 50H2 element settings to models 0300G1 and 0300G3. 
Reduce maximum voltage element setting to 200.0 V secondary 
Remove 51P phase time-overcurrent element. 
Add error message tables; add relay model tables to Section 1. 
Modify page format. 


19980429 Modify Appendix A. 
19980417 Correct typographical errors; Clarify relay setting precision. 
19980320 Added Section 13:  Differential Element Settings;  


Added differential element test information and Differential Element Commissioning 
Worksheet to Section 7:  Relay Commissioning; 
Moved VNOM and INOM settings from Global to Group setting;   
Added MET DIF and EVE DIF command descriptions; 
Clarified the calculation of the 64G2P setting. 


19980130 Initial Release. 
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APPENDIX B:   FIRMWARE UPGRADE INSTRUCTIONS 


OVERVIEW 
From time to time, SEL issues firmware upgrades for this relay. The instructions that follow 
explain how you can install new firmware in your SEL-300 series relay. In addition, SEL issues 
firmware upgrades for the optional Ethernet ports (see Ethernet Port Firmware Upgrade 
Instructions on page B-19). 


This firmware upgrade kit contains firmware files for the relay, and also for the Ethernet port of 
the relay, if the relay is equipped for Ethernet communications. Follow the Relay Firmware 
Upgrade Instructions of this document to upgrade the Relay Firmware. Follow the Ethernet Port 
Firmware Upgrade Instructions on page B-19 to upgrade the Ethernet port. If both Relay and 
Ethernet firmware are upgraded, follow the instructions in their entirety, starting on page 1. 


Note: SEL recommends that you upgrade all firmware to the latest revisions provided on the 
upgrade CD. Relay and Ethernet firmware files may be provided on the upgrade CD. Use 
the STATUS command to the relay and Ethernet card (if equipped) to compare firmware 
revision numbers between the files provided on the upgrade CD and those present in the 
relay prior to starting the upgrade process. 


RELAY FIRMWARE UPGRADE INSTRUCTIONS 


Introduction 


These firmware upgrade instructions apply to all SEL-300 series relays except the SEL-321 series 
relays (which use EPROM instead of Flash). 


SEL occasionally offers firmware upgrades to improve the performance of your relay. Changing 
physical components is unnecessary because the relay stores firmware in Flash memory. 


A firmware loader program called SELBOOT resides in the relay. To upgrade firmware, use the 
SELBOOT program to download an SEL-supplied file from a personal computer to the relay via 
any communications port. This procedure is described in the following steps. 


Note: SEL strongly recommends that you upgrade firmware at the location of the relay and with 
a direct connection from the personal computer to one of the relay serial ports. Do not 
load firmware from a remote location; problems can arise that you will not be able to 
address from a distance. When upgrading at the substation, do not attempt to load the 
firmware into the relay through an SEL communications processor. 


Perform the firmware upgrade process in the following sequence: 


 A. Prepare the Relay 


 B. Establish a Terminal Connection 


 C. Save Settings and Other Data 


 D. Start SELBOOT 


 E. Download Existing Firmware 
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 F. Upload New Firmware 


 G. Check Relay Self-Tests 


 H. Verify Settings, Calibration, Status, Breaker Wear, and Metering 


 I. Return the Relay to Service 


Required Equipment 


Gather the following equipment before starting this firmware upgrade: 


• Personal computer (PC) 
• Terminal emulation software that supports 1K Xmodem or Xmodem (these instructions 


use HyperTerminal® from a Microsoft® Windows® operating system) 
• Serial communications cable (SEL Cable C234A or equivalent) 
• Disk containing the firmware upgrade file 
• Firmware Upgrade Instructions (these instructions) 


Optional Equipment 


These items help you manage relay settings and understand firmware upgrade procedures: 


• SEL-5010 Relay Assistant Software or ACSELERATOR QuickSet® SEL-5030 software 


The SEL-5010 Relay Assistant software has a feature that guides you through the 
conversion process. This upgrade guide will assist you with steps C, D, E, F, and G of 
these upgrade instructions. If you do not have the latest SEL-5010 software, please 
contact your customer service representative or the factory for details on getting the 
SEL-5010 Relay Assistant software. 


• Your relay instruction manual 


Upgrade Procedure 


A.  Prepare the Relay 


Step 1. If the relay is in use, follow your company practices for removing a relay from service. 


Typically, these include changing settings, or disconnecting external voltage sources or 
output contact wiring, to disable relay control functions. 


Step 2. Apply power to the relay. 


Step 3. From the relay front panel, press the {SET} pushbutton. 


Step 4. Use the arrow pushbuttons to navigate to PORT. 


Step 5. Press the {SELECT} pushbutton. 


Step 6. Use the arrow pushbuttons to navigate to the relay serial port you plan to use (usually 
the front port). 
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Step 7. Press the {SELECT} pushbutton. 


Step 8. With SHOW selected, press the {SELECT} pushbutton. 


Step 9. Press the {Down Arrow} pushbutton to scroll through the port settings; write down the 
value for each setting. 


Step 10. At the EXIT SETTINGS? prompt, select Yes and press the {SELECT} pushbutton. 


Step 11. Connect an SEL Cable C234A (or equivalent) serial communications cable to the relay 
serial port selected in Step 6 above. 


B.  Establish a Terminal Connection 


To establish communication between the relay and a personal computer, you must be able to 
modify the computer serial communications parameters (i.e., data transmission rate, data bits, 
parity) and set the file transfer protocol to 1K Xmodem or Xmodem protocol. 


Step 1. Connect a serial communications cable to the computer serial port: 


a. Check the computer for a label identifying the serial communications ports. 


b. Choose a port and connect an SEL Cable C234A (or equivalent) serial 
communications cable to the personal computer serial port. 


If there is no identification label, connect the cable to any computer serial port. Note 
that you might later change this computer serial port to a different port in order to 
establish communication between the relay and the computer. 


Step 2. Disconnect any other serial port connection(s). 


Step 3. From the computer, open HyperTerminal. 


On a personal computer running Windows, you would typically click Start > 
Programs > Accessories. 


Step 4. Enter a name, select any icon, and click OK (Figure 1). 


 


Figure 1:  Establishing a Connection 
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Step 5. Select the computer serial port you are using to communicate with the relay (Figure 2) 
and click OK. This port matches the port connection that you made in Step 1 under  
B. Establish a Terminal Connection. 


 


Figure 2:  Determining the Computer Serial Port 


Step 6. Establish serial port communications parameters: 


The settings for the computer (Figure 3) must match the relay settings you recorded 
earlier. 


a. Enter the serial port communications parameters (Figure 3) that correspond to the 
relay settings you recorded in Step 9 under A. Prepare the Relay. 


If the computer settings do not match the relay settings, change the computer 
settings to match the relay settings. 


b. Click OK. 


 


Figure 3:  Determining Communications Parameters for the Computer 
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Step 7. Set terminal emulation to VT100: 


a. From the File menu, choose Properties. 


b. Select the Settings tab in the Firmware Upgrade Properties dialog box 
(Figure 4). 


c. Select VT100 from the Emulation list box and click OK. 


 


Figure 4:  Setting Terminal Emulation 


Step 8. Confirm serial communication. 


Press <Enter>. In the terminal emulation window, you should see the Access 
Level 0 = prompt, similar to that in Figure 5. 


If this is successful, proceed to C.  Save Settings and Other Data on page B-7. 


 


Figure 5:  Terminal Emulation Startup Prompt 
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Failure to Connect 


If you do not see the Access Level 0 = prompt, press <Enter> again. If you still do not see the 
Access Level 0 = prompt, you have either selected the incorrect serial communications port on 
the computer, or the computer speed setting does not match the data transmission rate of the 
relay. Perform the following steps to reattempt a connection. 


Step 9. From the Call menu, choose Disconnect to terminate communication. 


Step 10. Correct the port setting. 


a. From the File menu, choose Properties. 


You should see a dialog box similar to Figure 6. 


b. Select a different port in the Connect using list box. 


 


Figure 6:  Correcting the Port Setting 


Step 11. Correct the communications parameters. 


a. From the filename Properties dialog box shown in Figure 6, click Configure. 


You will see a dialog box similar to Figure 7. 


b. Change settings in the appropriate list boxes to match the settings you recorded 
in Step 9 under A. Preparing the Relay and click OK twice to return to the 
terminal emulation window. 
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Figure 7:  Correcting the Communications Parameters 


Step 12. Press <Enter>. In the terminal emulation window, you should see the Access 
Level 0 = prompt, similar to that in Figure 5. 


C.  Save Settings and Other Data 


Before upgrading firmware, retrieve and record any History (HIS), Event (EVE), Metering 
(MET), Breaker Wear Monitor (BRE), Communications Log Summary (COM X or COM Y), or 
Sequential Events Recorder (SER) data that you want to retain (see the relay instruction manual 
for these procedures). 


Enter Access Level 2 


Step 1. Type ACC <Enter> at the Access Level 0 = prompt. 


Step 2. Type the Access Level 1 password and press <Enter>. 


You will see the Access Level 1 => prompt. 


Step 3. Type 2AC <Enter>. 


Step 4. Type the Access Level 2 password and press <Enter>. 


You will see the Access Level 2 =>> prompt. 


Note: If the relay does not prompt you for Access Level 1 and Access Level 2 passwords, check 
whether the relay has a password jumper in place. With this jumper in place, the relay is 
unprotected from unauthorized access (see the relay instruction manual). 
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Backup Relay Settings 


The relay preserves settings and passwords during the firmware upgrade process. However, 
interruption of relay power during the upgrade process can cause the relay to lose settings. Make 
a copy of the original relay settings in case you need to reenter the settings. Use either the 
SEL-5010 Relay Assistant software or ACSELERATOR QuickSet to record the existing relay 
settings and proceed to D.  Start SELBOOT on page B-8. Otherwise, perform the following steps. 


Step 1. From the Transfer menu in HyperTerminal, select Capture Text. 


Step 2. Enter a directory and filename for a text file where you will record the existing relay 
settings. 


Step 3. Click Start. 


The Capture Text command copies all the information you retrieve and all the 
keystrokes you type until you send the command to stop capturing text. The terminal 
emulation program stores these data in the text file. 


Step 4. Execute the Show Calibration (SHO C) command to retrieve the relay calibration 
settings. 


Use the following Show commands to retrieve the relay settings:  SHO G, SHO 1, 
SHO L 1, SHO 2, SHO L 2, SHO 3, SHO L 3, SHO 4, SHO L 4, SHO 5, SHO L 5, 
SHO 6, SHO L 6, SHO P 1, SHO P 2, SHO P 3, SHO P F, SHO R, and SHO T. 


Note: Settings classes can vary among SEL relays. See the relay instruction manual for a 
listing. 


Step 5. From the Transfer menu in HyperTerminal, select Capture Text and click Stop. 


The computer saves the text file you created to the directory you specified in Step 2 
under Backup Relay Settings. 


Step 6. Write down the present relay data transmission setting (SPEED). 


This setting is SPEED in the SHO P relay settings output. The SPEED value should be 
the same as the value you recorded in A.  Prepare the Relay on page B-2. 


D.  Start SELBOOT 


Step 1. Find and record the firmware identification string (FID): 


a. From the File menu, choose Properties. 


b. Select the Settings tab in the Properties dialog box (Figure 4). 


c. Click ASCII Setup. 


You should see a dialog box similar to Figure 8. 


d. Under ASCII Receiving, select the check box to Append line feeds to incoming 
line ends. 
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Figure 8:  Preparing HyperTerminal for ID Command Display 


e. Click OK twice to go back to the terminal emulation window. 


f. Type ID <Enter> and record the FID number the relay displays. 


g. Repeat Step a through Step c, then uncheck the Append line feeds to incoming 
line ends check box. (This feature can cause problems when uploading firmware 
to the relay.) 


Step 2. From the computer, start the SELBOOT program. 


a. From the Access Level 2 =>> prompt, type L_D <Enter>. 


The relay responds with the following: 


Disable relay to send or receive firmware (Y/N)? 


b. Type Y <Enter>. 


The relay responds with the following: 


Are you sure (Y/N)? 


c. Type Y <Enter>. 


The relay responds with the following:  


Relay Disabled. 


Step 3. Wait for the SELBOOT program to load. 


The front-panel LCD screen displays the SELBOOT firmware number (e.g., SLBT-3xx-
R100). The number following the R is the SELBOOT revision number. This number is 
different from the relay firmware revision number. 


After SELBOOT loads, the computer will display the SELBOOT !> prompt. 
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Step 4. Press <Enter> to confirm that the relay is in SELBOOT. 


You will see another SELBOOT !> prompt. 


Commands Available in SELBOOT 


For a listing of commands available in SELBOOT, type HELP <Enter>. You should see a screen 
similar to Figure 9. 


!>HELP <Enter> 
SELboot-3xx-R100 
 
bau "rate"  ; Set baud rate to 300, 1200, 2400, 4800, 9600, 19200, or 38400 baud 
era         ; Erase the existing relay firmware 
exi         ; Exit this program and restart the device 
fid         ; Print the relays firmware id 
rec         ; Receive new firmware for the relay using xmodem 
sen         ; Send the relays firmware to a pc using xmodem 
hel         ; Print this list 
 
FLASH Type : 040         Checksum = 370E  OK 
 


Figure 9:  List of Commands Available in SELBOOT 


Establish a High-Speed Connection 


Step 5. Type BAU 38400 <Enter> at the SELBOOT !> prompt. 


Match Computer Communications Speed to the Relay 


Step 6. From the Call menu, choose Disconnect to terminate communication. 


Step 7. Correct the communications parameters: 


a. From the File menu, choose Properties. 


b. Choose Configure. 


c. Change the computer communications speed to match the new data transmission 
rate in the relay (Figure 10). 


d. Click OK twice. 


Step 8. Press <Enter> to check for the SELBOOT !> prompt indicating that serial 
communication is successful. 
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Figure 10:  Matching Computer to Relay Parameters 


E.  Download Existing Firmware 


Copy the firmware presently in the relay, in case the new firmware upload is unsuccessful. To 
make a backup of the existing firmware, the computer will need as much as 3 MB of free disk 
space. This backup procedure takes 5–10 minutes at 38400 bps. 


Step 1. Type SEN <Enter> at the SELBOOT !> prompt to initiate the firmware transfer from 
the relay to the computer. 


Step 2. From the Transfer menu in HyperTerminal, select Receive File. 


You should see a dialog box similar to Figure 11. 


Step 3. Enter the pathname of a folder on the computer hard drive where you want to record 
the existing relay firmware. 


Step 4. Select 1K Xmodem if this protocol is available on the PC. 


If the computer does not have 1K Xmodem, choose Xmodem. 


Step 5. Click Receive. 


 


Figure 11:  Example Receive File Dialog Box 
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Step 6. Enter a filename that clearly identifies the existing firmware version (Figure 12), using 
the version number from the FID you recorded in Step 1 under D.  Start SELBOOT on 
page B-8, and click OK. 


SEL lists the firmware revision number first, then the product number. 


 


Figure 12:  Example Filename Identifying Old Firmware Version 
If Xmodem times out before the download completes, repeat the process from Step 1 
on page B-11. 


Note: HyperTerminal stored any pathname you entered in Step 3 and any filename 
you entered in Step 6 during the earlier download attempt; this saves you from 
reentering these on a subsequent attempt. 


For a successful download, you should see a dialog box similar to Figure 13. After the 
transfer, the relay responds with the following: 


Download completed successfully! 


 


Figure 13:  Downloading Old Firmware 


F.  Upload New Firmware 


Step 1. Prepare to load the firmware: 


a. Insert the disk containing the new firmware into the appropriate disk drive on the 
computer. 


Note: This example shows uploading new firmware directly from a disk. For a faster 
upload (and less potential for file corruption), copy the new firmware to the 
local hard drive and upload the new firmware from the hard drive. 


b. Some firmware is in self-extracting compressed files (files with .exe extensions). 
For firmware in such files, from Windows Explorer double-click on the file and 
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select the directory on the hard drive where you want to access the uncompressed 
files. Verify that these uncompressed files have an .s19 extension. 


Step 2. Type REC <Enter> at the SELBOOT !> prompt to command the relay to receive new 
firmware. 


!>REC <Enter> 
Caution! -  This command erases the relays firmware. 
If you erase the firmware, new firmware must be loaded into the relay 
before it can be put back into service. 


The relay asks whether you want to erase the existing firmware. 


Are you sure you wish to erase the existing firmware? (Y/N) Y <Enter> 


Step 3. Type Y to erase the existing firmware and load new firmware. (To abort, type N or 
press <Enter>). 


The relay responds with the following: 


Erasing 
Erase successful 
Press any key to begin transfer, then start transfer at the PC <Enter> 


Step 4. Press <Enter> to start the file transfer routine. 


Step 5. Send new firmware to the relay. 


a. From the Transfer menu in HyperTerminal, choose Send File (Figure 14). 


b. In the Filename text box, type the location and filename of the new firmware or 
use the Browse button to select the firmware file. 


c. In the Protocol text box, select 1K Xmodem if this protocol is available. 


If the computer does not have 1K Xmodem, select Xmodem. 


d. Click Send to send the file containing the new firmware. 


You should see a dialog box similar to Figure 15. Incrementing numbers in the 
Packet box and a bar advancing from left to right in the File box indicate that a 
transfer is in progress. 


Receiving software takes 10–15 minutes at 38400 bps, depending on the relay. If you 
see no indication of a transfer in progress within a few minutes after clicking Send, use 
the REC command again and reattempt the transfer. 


After the transfer completes, the relay displays the following: 


Upload completed successfully. Attempting a restart. 
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A successful restart sequence can take as long as two minutes, after which time the 
relay leaves SELBOOT. You will see no display on your PC to indicate a successful 
restart. 


 


Figure 14:  Selecting New Firmware to Send to the Relay 


 


Figure 15:  Transferring New Firmware to the Relay 


Note: Unsuccessful uploads can result from Xmodem time-out, a power failure, loss of 
communication between the relay and the computer, or voluntary cancellation. Check 
connections, reestablish communication, and start again at Step 2 under F. Upload New 
Firmware. 


 If you want to reload the previous firmware, begin at Step 2 under F. Upload New 
Firmware and use the firmware you saved in E. Download Existing Firmware on page 
B-11. Contact the factory for assistance in achieving a successful firmware upgrade. 


Step 6. Press <Enter> and confirm that the Access Level 0 = prompt appears on the computer 
screen. 


Step 7. If you see the Access Level 0 = prompt, proceed to G. Check Relay Self-Tests on 
page B-16. 


Note: The relay restarts in SELBOOT if relay power fails while receiving new 
firmware. Upon power-up, the relay serial port will be at the default 
2400 baud. Perform the steps beginning on page B-3 under B.  Establish a 
Terminal Connection to increase the serial connection data speed. Then 
resume the firmware upgrade process at F.  Upload New Firmware. 
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No Access Level 0 = Prompt 


If no Access Level 0 = prompt appears in the terminal emulation window, one of three things 
could have occurred. Refer to Table 1 to determine the best solution. 


Table 1:  Troubleshooting New Firmware Upload 


Problem Solution 
The restart was successful, but the 
relay data transmission rate reverted 
to the rate at which the relay was 
operating prior to entering 
SELBOOT (the rate you recorded in 
A. Prepare the Relay on page B-2). 


Change the computer terminal speed to match the relay 
data transmission rate you recorded in A. Prepare the 
Relay on page B-2 (see Match Computer 
Communications Speed to the Relay on page B-10): 


Step 1. From the Call menu, choose Disconnect 
to terminate relay communication. 


 Step 2. Change the communications software 
settings to the values you recorded in A. 
Prepare the Relay on page B-2. 


Step 3. From the Call menu, choose Connect to 
reestablish communication. 


Step 4. Press <Enter> to check for the Access 
Level 0 = prompt indicating that serial 
communication is successful. 


Step 1. If you get no response, proceed to Match 
Computer Communications Speed to the 
Relay on page B-10. 


The restart was successful, but the 
relay data transmission rate reverted 
to 2400 bps (the settings have been 
reset to default). 


Match the computer terminal speed to a relay data 
transmission rate of 2400 bps: 


Step 1. From the Call menu, choose Disconnect to 
terminate relay communication. 


Step 2. Change the communications software settings 
to 2400 bps, 8 data bits, no parity, and 1 stop 
bit (see Match Computer Communications 
Speed to the Relay on page B-10). 


Step 3. From the Call menu, choose Connect to 
reestablish communication. 


Step 4. Press <Enter> to check for the Access 
Level 0 = prompt indicating successful serial 
communication. 
If you see a SELBOOT !> prompt, type 
EXI <Enter> to exit SELBOOT. Check for 
the Access Level 0 = prompt. 
If you see the Access Level 0 = prompt, 
proceed to G. Check Relay Self-Tests. 


The restart was unsuccessful, in 
which case the relay is in SELBOOT. 


Reattempt to upload the new firmware (beginning at 
Step 5 under Establish a High-Speed Connection on page 
B-10) or contact the factory for assistance. 
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G.  Check Relay Self-Tests 


The relay can display various self-test fail status messages. The troubleshooting procedures that 
follow depend upon the status message the relay displays. 


Step 1. Type ACC <Enter>. 


Step 2. Type the Access Level 1 password and press <Enter>. 


You will see the Access Level 1 => prompt. 


Step 3. Enter the STATUS command (STA <Enter>) to view relay status messages. 


If the relay displays no fail status message, proceed to H.  Verify Settings, Calibration, 
Status, Breaker Wear, and Metering on page B-18. 


IO_BRD Fail Status Message 


Perform this procedure if you have only an IO_BRD Fail Status message; for additional fail 
messages, proceed to CR_RAM, EEPROM, and IO_BRD Fail Status Messages. 


Step 1. From Access Level 2, type INI <Enter> to reinitialize the I/O board(s). If this 
command is unavailable, go to CR_RAM, EEPROM, and IO_BRD Fail Status 
Messages. 


The relay asks the following question: 


Are the new I/O board(s) correct (Y/N)? 


a. Type Y <Enter>. 


b. After a brief interval (as long as a minute), the EN LED will illuminate.  


If the EN LED does not illuminate and you see a SELBOOT !> prompt, type 
EXI <Enter> to exit SELBOOT. After a brief interval the EN LED will 
illuminate. Check for Access Level 0 = prompt. 


c. Use the ACC and 2AC commands and type the corresponding passwords to 
reenter Access Level 2. 


d. Enter the SHO n command to view relay settings and verify that these match the 
settings you saved (see Backup Relay Settings beginning on page B-8). 


Note: Depending upon the relay, n can be 1–6, G, P, L, T, R, X, or Y. 


Step 2. If the settings do not match, reenter the settings you saved earlier. 


a. If you have SEL-5010 Relay Assistant software or ACSELERATOR QuickSet, 
restore original settings by following the instructions for the respective software. 


b. If you do not have the SEL-5010 Relay Assistant software or ACSELERATOR 
QuickSet, restore original settings by issuing the necessary SET n commands, 
where n can be 1–6, G, P, L, T, R, X, or Y (depending upon the settings classes 
in the relay). 
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Step 3. Use the PAS command to set the relay passwords. 


For example, type PAS 1 <Enter> to set the Access Level 1 password. 


Use a similar format for other password levels. SEL relay passwords are case sensitive, 
so the relay treats lowercase and uppercase letters as different letters. 


Step 4. Go to H.  Verify Calibration, Status, Breaker Wear, and Metering on page B-18. 


CR_RAM, EEPROM, and IO_BRD Fail Status Messages 


Step 1. Use the ACC and 2AC commands with the associated passwords to enter Access 
Level 2. 


The factory default passwords are in effect; use the default relay passwords listed in 
the PAS command description in the relay instruction manual. 


Step 2. Type R_S <Enter> to restore factory default settings in the relay (type R_S 1 <Enter> 
for a 1 A SEL-387 or 1 A SEL-352 Relay). 


The relay asks whether to restore default settings. If the relay does not accept the 
R_S (or R_S 1) command, contact your customer service representative or the factory 
for assistance. 


Step 3. Type Y <Enter>. 


The relay can take as long as two minutes to restore default settings. The relay then 
reinitializes, and the EN LED illuminates. 


Note: If the relay prompts you to enter a part number, use either the number from the 
firmware envelope label or the number from the new part number sticker (if 
supplied). 


Step 4. Press <Enter> to check for the Access Level 0 = prompt indicating that serial 
communication is successful. 


Step 5. Use the ACC and 2AC commands and type corresponding passwords to reenter 
Access Level 2. 


Step 6. Restore the original settings: 


a. If you have SEL-5010 Relay Assistant software or ACSELERATOR QuickSet, 
restore the original settings by following the instructions for the respective 
software. 


b. If you do not have the SEL-5010 Relay Assistant software or ACSELERATOR 
QuickSet, restore the original settings by issuing the necessary SET n 
commands, where n can be 1–6, G, P, L, T, R, X, or Y (depending upon the 
settings classes available in the relay). 


Step 7. Use the PAS command to set the relay passwords. 


For example, type PAS 1 <Enter> to set the Access Level 1 password. 


Use a similar format for other password levels. SEL relay passwords are case sensitive, 
so the relay treats lowercase and uppercase letters as different letters. 
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Step 8. If any failure status messages still appear on the relay display, see the troubleshooting 
section in the relay instruction manual or contact your customer service representative 
or the factory for assistance. 


H.  Verify Settings, Calibration, Status, Breaker Wear, and Metering 


Step 1. Use the ACC and 2AC commands with the associated passwords to enter Access 
Level 2. 


Step 2. Use the SHO command to view the relay settings and verify that these match the 
settings you saved earlier (see Backup Relay Settings on page B-8). 


If the settings do not match, reenter the settings you saved earlier (see Step 6 under 
CR_RAM, EEPROM, and IO_BRD Fail Status Messages on page B-17). 


Step 3. Type SHO C <Enter> to verify the relay calibration settings. 


If the settings do not match the settings contained in the text file you recorded in Save 
Settings and Other Data on page B-7, contact your customer service representative or 
the factory for assistance. 


Step 4. Use the firmware identification string (FID) to verify download of the correct 
firmware: 


a. From the File menu, choose Properties. 


b. Select the Settings tab in the Firmware Upgrade Properties dialog box 
(Figure 4). 


c. Click ASCII Setup. 


You should see a dialog box similar to Figure 16. 


d. Under ASCII Receiving, select the check box to Append line feeds to 
incoming line ends. 


 


Figure 16:  Preparing HyperTerminal for ID Command Display 


e. Click OK twice to return to the terminal emulation window. 


f. Type ID <Enter> and compare the number the relay displays against the 
number from the firmware envelope label. 
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g. If the label FID and part number match the relay display, proceed to Step 5. 


h. For a mismatch between a displayed FID or part number and the firmware 
envelope label, reattempt the upgrade or contact the factory for assistance. 


Step 5. Type STA <Enter> and verify that all relay self-test parameters are within tolerance. 


Step 6. If you use the Breaker Wear Monitor, type BRE <Enter> to check the data and see if 
the relay retained breaker wear data through the upgrade procedure. 


If the relay did not retain these data, use the BRE Wn command to reload the percent 
contact wear values for each pole of Circuit Breaker n (n = 1, 2, 3, or 4) you recorded 
in C.  Save Settings and Other Data on page B-7. 


Step 7. Apply current and voltage signals to the relay. 


Step 8. Type MET <Enter> and verify that the current and voltage signals are correct. 


Step 9. Use the TRIGGER and EVENT commands to verify that the magnitudes of the 
current and voltage signals you applied to the relay match those displayed in the event 
report. 


If these values do not match, check the relay settings and wiring. 


I.  Return the Relay to Service 


Step 1. Follow your company procedures for returning a relay to service. 


Step 2. Autoconfigure the SEL communications processor port if you have an SEL 
communications processor connected to the relay. 


This step reestablishes automatic data collection between the SEL communications 
processor and the relay. Failure to perform this step can result in automatic data 
collection failure when cycling communications processor power. 


The relay is now ready for your commissioning procedure. 


ETHERNET PORT FIRMWARE UPGRADE INSTRUCTIONS 


Introduction 


Note: This section only applies to products equipped with an optional Ethernet port. 


Perform the firmware upgrade process in the following sequence: 


 A. Prepare the Relay 


 B. Establish an FTP Connection and Transfer New Firmware 


 C. Establish a Telnet Connection 


 D. Verify Firmware Transfer 


 E. Verify IEC 61850 Operation (Optional) 
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Required Equipment 


Gather the following equipment before starting this firmware upgrade: 


• Personal computer (PC) 
• FTP client software (may be included with the PC operating system) 
• Disk containing the communications card firmware upgrade (.s19) file 
• Firmware upgrade instructions (these instructions) 


Upgrade Procedure 


A.  Prepare the Relay 


Step 1. If the relay is in use, follow your company practices for removing a relay from service. 
Typically, these include changing settings, or disconnecting external voltage sources or 
output contact wiring, to disable relay control functions. 


Step 2. Apply power to the relay. 


Step 3. Apply the following PORT 1 setting and leave all others at default. 


PROTO = TELNET 


Step 4. These instructions assume that the Ethernet port (PORT 5) settings are set as follows: 


IPADDR = 10.201.0.213 
SUBNETM = 255.255.0.0 
DEFRTR = 10.201.0.1 
ETELNET = Y 
TPORTC = 1024 
EFTPSERV = Y 
FTPUSER = 2AC 


Note: Use IP settings (IPADDR, SUBNETM, DEFRTR) that are compatible with your PC’s 
network settings. 


B.  Establish an FTP Connection and Transfer New Firmware 


The following instructions use the Microsoft Windows command line and FTP client to establish 
an FTP connection between a PC and the relay. Consult your operating system or FTP client 
manuals if your equipment or software differs. These instructions assume that both devices are on 
the same side of any firewalls. 


Step 1. Connect an Ethernet cable from the relay Ethernet port to an Ethernet switch and 
another cable from the PC Ethernet port to the same Ethernet switch. 


Alternatively, connect a crossover Ethernet cable between the relay Ethernet port 
(PORT 5) and the PC Ethernet port. 


Step 2. Copy the firmware upgrade file to the root directory of the PC’s primary drive (usually 
C:\). 
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Step 3. Open a Command Prompt window. 


a. Click Start > Run. 


b. Type cmd in the dialog box. 


c. Click OK. 


 


Step 4. In the Command Prompt window, set the current directory to the root of the primary 
drive (usually C:\). 


a. Type C: <Enter>. 


b. Type cd \ <Enter>. 


Step 5. In the Command Prompt window, type FTP <IP Address> <Enter> (substitute the IP 
address of the Ethernet port for <IP Address>, e.g., FTP 10.201.0.213). 


Step 6. When prompted, type the relay FTPUSER user name (the default user name is 2AC) 
and press <Enter>. After that, type the FTP user password (the default password is 
TAIL) and press <Enter>. 


Step 7. Set the FTP file transfer mode to Binary by typing BIN <Enter> at the FTP prompt. 


Step 8. Transfer the new firmware to the relay by typing PUT C:\filename.s19 <Enter> at the 
FTP prompt (substitute the firmware file name for filename.s19). 


Step 9. The FTP file transfer will begin immediately. As the transfer progresses, and upon 
completion, messages similar to the following will be displayed. 


200 PORT Command okay. 


150 File status okay; about to open data connection. 


226 Closing data connection. 


ftp: 2926780 bytes sent in 46.80 Seconds 62.54 Kbytes/sec. 


Step 10. Type QUIT <Enter> to exit the FTP session when the transfer is complete. 


Step 11. (Optional) Delete the firmware upgrade file from the root directory of the computer’s 
primary drive by typing DELETE C:\filename.s19 <Enter> at the command prompt. 
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C.  Establish a Telnet Connection 


To establish a Telnet-to-card connection, perform the following steps. 


Step 1. Click Start > Run. 


Step 2. Type cmd <Enter> to launch a Command Prompt window. 


Step 3. Type Telnet <IP Address> port at the prompt (e.g., Telnet 10.201.0.213 1024). 


Step 4. Press <Enter> several times until you see the = prompt. 


D.  Verify Firmware Transfer 


To verify the firmware transfer completed properly, perform the following steps after establishing 
a Telnet connection. 


Step 1. Issue a Status (STA) command. 


Step 2. Verify that the Status report does not include any warnings or failures. 


Step 3. Verify that the Status report includes “Device Enabled” at the end of the report. 


Step 4. Verify that the Status report FID matches the FID of the firmware you transferred. 


E.  Verify or Restart IEC 61850 Operation (Optional) 


SEL-300 series relays with optional IEC 61850 protocol require the presence of one valid CID 
file to enable the protocol. You should only transfer a CID file to the relay if you want to 
implement a change in the IEC 61850 configuration or if new Ethernet port firmware does not 
support the current CID file version. If you transfer an invalid CID file, the relay will disable the 
IEC 61850 protocol, as it no longer has a valid configuration. To restart IEC 61850 protocol 
operation, you must transfer a valid CID file to the relay.  


Perform the following steps to verify that the IEC 61850 protocol is still operational after an 
Ethernet port firmware upgrade and if not, re-enable it. This procedure assumes that IEC 61850 
was operational with a valid CID file immediately before initiating the Ethernet port firmware 
upgrade. 


Step 1. Establish an FTP connection to the relay Ethernet port (See B.  Establish an FTP 
Connection). 


Step 2. Open the ERR.TXT file for reading.  


If the ERR.TXT file contains error messages relating to CID file parsing, this indicates 
that the relay has disabled the IEC 61850 protocol. If this file is empty, the relay found 
no errors during CID file processing and IEC 61850 should remain enabled. Skip to 
Step 3 if ERR.TXT is empty. 







Firmware Upgrade Instructions B-23
 


SEL-300G Instruction Manual   Date Code 20081231 


If the IEC 61850 protocol has been disabled because of an upgrade-induced CID file 
incompatibility, you can use ACSELERATOR Architect® SEL-5032 Software to convert 
the existing CID file and make it compatible again. 


a. Install the ACSELERATOR Architect software upgrade that supports your required 
CID file version. 


b. Run ACSELERATOR Architect and open the project that contains the existing CID 
file for the relay. 


c. Download the CID file to the relay. 


Upon connecting to the relay, ACSELERATOR Architect will detect the upgraded 
Ethernet port firmware and prompt you to allow it to convert the existing CID 
file to a supported version. Once converted, downloaded, and processed, the 
valid CID file allows the relay to re-enable the IEC 61850 protocol. 


Step 3. In the Telnet session, type GOO <Enter>. 


Step 4. View the GOOSE status and verify that the transmitted and received messages are as 
expected. 


FACTORY ASSISTANCE 
We appreciate your interest in SEL products and services. If you have questions or comments, 
please contact us at: 


Schweitzer Engineering Laboratories, Inc. 
2350 NE Hopkins Court 
Pullman, WA  99163-5603  USA 
Telephone: +1.509.332.1890 
Fax: +1.509.332.7990 
Internet: www.selinc.com 
Email: info@selinc.com 
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APPENDIX C:   SEL DISTRIBUTED PORT SWITCH 
PROTOCOL (LMD) 


SEL Distributed Port Switch Protocol (LMD) permits multiple SEL relays to share a common 
communications channel.  It is appropriate for low-cost, low-speed port switching applications 
where updating a real-time database is not a requirement. 


SETTINGS 
Use the front-panel SET pushbutton or the serial port SET P command to activate the LMD 
protocol.  Change the port PROTO setting from the default SEL to LMD to reveal the following 
settings: 


 
PREFIX: One character to precede the address.  This should be a character that does not 


occur in the course of other communications with the relay.  Valid choices are 
one of the following:  “@”, “#”, “$”, “%”, “&”.  The default is “@”. 


ADDR: Two-character ASCII address.  The range is “01” to “99”.  The default is “01”.
SETTLE: Time in seconds that transmission is delayed after the request to send (RTS 


line) asserts.  This delay accommodates transmitters with a slow rise time. 


OPERATION 
The relay ignores all input from this port until it detects the prefix character and the two-byte 
address. Upon receipt of the prefix and address, the relay enables echo and message transmission. 
Wait until you receive a prompt before entering commands to avoid losing echoed characters 
while the external transmitter is warming up. 


Until the relay connection terminates, you can use the standard commands that are available when 
PROTO is set to SEL. The QUIT command terminates the connection.  If no data are sent to the 
relay before the port timeup period, it automatically terminates the connection. 


Enter the sequence CTRL+X QUIT <CR> before entering the prefix character if all relays in the 
multidrop network do not have the same prefix setting. 


You can use the front-panel SET pushbutton to change the port settings to return to SEL protocol.
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APPENDIX D:   CONFIGURATION, FAST METER, AND FAST 
OPERATE COMMANDS 


INTRODUCTION 
SEL relays have two separate data streams that share the same serial port.  The human data 
communications with the relay consist of ASCII character commands and reports that are 
intelligible to humans using a terminal or terminal emulation package.  The binary data streams 
can interrupt the ASCII data stream to obtain information and then allow the ASCII data stream 
to continue.  This mechanism allows a single communications channel to be used for ASCII 
communications (e.g., transmission of a long event report) interleaved with short bursts of binary 
data to support fast acquisition of metering data.  The device connected to the other end of the 
link requires software that uses the separate data streams to exploit this feature.  The binary 
commands and ASCII commands can also be accessed by a device that does not interleave the 
data streams. 


SEL Application Guide AG95-10, Configuration and Fast Meter Messages, is a comprehensive 
description of the SEL binary messages.  Below is a description of the messages provided in the 
SEL-300G Relay. 


MESSAGE LISTS 


Binary Message List 


Request to 
Relay (hex) Response From Relay 


A5C0 Relay Definition Block 
A5C1 Fast Meter Configuration Block 
A5D1 Fast Meter Data Block 
A5C2 Demand Fast Meter Configuration Block 
A5D2 Demand Fast Meter Data Message 
A5C3 Peak Demand Fast Meter Configuration Block 
A5D3 Peak Demand Fast Meter Data Message 
A5B9 Fast Meter Status Acknowledge 
A5CE Fast Operate Configuration Block 
A5E0 Fast Operate Remote Bit Control 
A5E3 Fast Operate Breaker Control 


ASCII Configuration Message List 


Request to 
Relay (ASCII) Response From Relay 


ID ASCII Firmware ID String and Terminal ID Setting (TID) 
DNA ASCII Names of Relay Word bits 
BNA ASCII Names of bits in the A5B9 Status Byte 
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MESSAGE DEFINITIONS 


A5C0 Relay Definition Block 


In response to the A5C0 request, the relay sends the following block: 
Data Description 
A5C0 Command 
42 Length 
03 Support three protocols, SEL, LMD, and MOD 
03 Support three Fast Meter messages 
05 Support five status flag commands 
A5C1 Fast Meter configuration command 
A5D1 Fast Meter command 
A5C2 Demand Fast Meter configuration command 
A5D2 Demand Fast Meter command 
A5C3 Peak Demand Fast Meter configuration command 
A5D3 Peak Demand Fast Meter command 
0004 Settings change bit 
A5C100000000 Fast Meter configuration message 
0004 Settings change bit 
A5C200000000 Demand Fast Meter configuration message 
0004 Settings change bit 
A5C300000000 Peak Demand Fast Meter configuration message 
0004 Settings change bit 
444E410D0000 DNA command 
0004 Settings change bit 
49440D000000 ID command 
0300 SEL protocol with Fast Operate and Fast Messaging 
 (Unsolicited messaging) 
0101 LMD protocol, Fast Operate 
0002 Modbus protocol 
00 Reserved 
checksum 1-byte checksum of preceding bytes 


A5C1 Fast Meter Configuration Block 


In response to the A5C1 request, SEL-300G0 Relays send the following block: 
Data Description 
A5C1 Fast Meter command 
8E Length 
01 One status flag byte 
00 Scale factors in Fast Meter message 
00 No scale factors 
0B # of analog input channels 
02 # of samples per channel 
3A # of digital banks 
01 # of calculation blocks 
0004 Analog channel offset 
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005C Time stamp offset 
0064 Digital offset 
494100000000 Analog channel name (IA) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494200000000 Analog channel name (IB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494300000000 Analog channel name (IC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494E00000000 Analog channel name (IN) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 


When relay setting DELTA_Y = Y: 
564100000000 Analog channel name (VA) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564200000000 Analog channel name (VB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564300000000 Analog channel name (VC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 


When relay setting DELTA_Y = D: 
564142000000 Analog channel name (VAB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564243000000 Analog channel name (VBC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564341000000 Analog channel name (VCA) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
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564E00000000 Analog channel name (VN) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
465245510000 Analog channel name (FREQ) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564443000000 Analog channel name (VDC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
526600000000 Analog channel name (Rf) 
01 Analog channel type (float) 
FF Scale factor type (no scale factor) 
0000 Scale factor offset in Fast Meter message (not used) 
0x Line Configuration Sum of one value for each group: 
  Group 1 (x = 0 - ABC, x = 1 - ACB) 
  Group 2 (x = 0 - Y connected, x = 2 - D connected) 
0x Standard Power Calculations (x = 0 if DELTA_Y = Y,  
 x = 1 if DELTA_Y = D) 
FFFF No Deskew angle  
FFFF No Rs compensation 
FFFF No Xs compensation 
00 IA channel index 
01 IB channel index 
02 IC channel index 
04 VA channel index  
05 VB channel index  
06 VC channel index  
00 Reserved 
checksum 1-byte checksum of all preceding bytes 
 
For Rf Values: 
0.0–20000.0 Rf readings are valid 
Rf < 0 (neg) Rf readings are invalid, check: 


• If Relay Word bit (64FFLT = 1) Rf failure occurred 
• Else 64F element turned off 


 


In response to the A5C1 request, SEL-300G1 Relays send the following block: 
Data Description 
A5C1 Fast Meter command 
AC Length 
01 One status flag byte 
00 Scale factors in Fast Meter message 
00 No scale factors 
0E # of analog input channels 
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02 # of samples per channel 
3A # of digital banks 
01 # of calculation blocks 
0004 Analog channel offset 
0074 Time stamp offset 
007C Digital offset 
494100000000 Analog channel name (IA) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494200000000 Analog channel name (IB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494300000000 Analog channel name (IC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494E00000000 Analog channel name (IN) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 


When relay setting DELTA_Y = Y: 
564100000000 Analog channel name (VA) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564200000000 Analog channel name (VB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564300000000 Analog channel name (VC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 


When relay setting DELTA_Y = D: 
564142000000 Analog channel name (VAB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564243000000 Analog channel name (VBC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564341000000 Analog channel name (VCA) 
01 Analog channel type 
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FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
 
564E00000000 Analog channel name (VN) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494138370000 Analog channel name (IA87) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494238370000 Analog channel name (IB87) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494338370000 Analog channel name (IC87) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
465245510000 Analog channel name (FREQ) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564443000000 Analog channel name (VDC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
526600000000 Analog channel name (Rf) 
01 Analog channel type (float) 
FF Scale factor type (no scale factor) 
0000 Scale factor offset in Fast Meter message (not used) 
0x Line Configuration Sum of one value for each group: 
  Group 1 (x = 0 - ABC, x = 1 - ACB) 
  Group 2 (x = 0 - Y connected, x = 2 - D connected) 
0x Standard Power Calculations (x = 0 if DELTA_Y = Y,  
 x = 1 if DETLA_Y = D) 
FFFF No Deskew angle  
FFFF No Rs compensation 
FFFF No Xs compensation 
00 IA channel index 
01 IB channel index 
02 IC channel index 
04 VA channel index  
05 VB channel index  
06 VC channel index  
00 Reserved 
checksum 1-byte checksum of all preceding bytes 
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For Rf Values: 
0.0–20000.0 Rf readings are valid 
Rf < 0 (neg) Rf readings are invalid, check: 


• If Relay Word bit (64FFLT = 1) Rf failure occurred 
• Else 64F element turned off 


In response to the A5C1 request, SEL-300G2 Relays send the following block: 
Data Description 
A5C1 Fast Meter command 
98 Length 
01 One status flag byte 
00 Scale factors in Fast Meter message 
00 No scale factors 
0C # of analog input channels 
02 # of samples per channel 
3A # of digital banks 
01 # of calculation blocks 
0004 Analog channel offset 
0064 Time stamp offset 
006C Digital offset 
494100000000 Analog channel name (IA) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494200000000 Analog channel name (IB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494300000000 Analog channel name (IC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494E00000000 Analog channel name (IN) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 


When relay setting DELTA_Y = Y: 
564100000000 Analog channel name (VA) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564200000000 Analog channel name (VB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564300000000 Analog channel name (VC) 
01 Analog channel type 
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FF Scale factor type 
0000 Scale factor offset in Fast Meter message 


When relay setting DELTA_Y = D: 
564142000000 Analog channel name (VAB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564243000000 Analog channel name (VBC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564341000000 Analog channel name (VCA) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
 
565300000000 Analog channel name (VS) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message  
564E00000000 Analog channel name (VN) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
465245510000 Analog channel name (FREQ) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564443000000 Analog channel name (VDC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
526600000000 Analog channel name (Rf) 
01 Analog channel type (float) 
FF Scale factor type (no scale factor) 
0000 Scale factor offset in Fast Meter message (not used) 
0x Line Configuration Sum of one value for each group: 
  Group 1 (x = 0 - ABC, x = 1 - ACB) 
  Group 2 (x = 0 - Y connected, x = 2 - D connected) 
0x Standard Power Calculations (x = 0 if DELTA_Y = Y,  
 x = 1 if DELTA_Y = D) 
FFFF No Deskew angle  
FFFF No Rs compensation 
FFFF No Xs compensation 
00 IA channel index 
01 IB channel index 
02 IC channel index 
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04 VA channel index  
05 VB channel index  
06 VC channel index  
00 Reserved 
checksum 1-byte checksum of all preceding bytes 
 
For Rf Values: 
0.0–20000.0 Rf readings are valid 
Rf < 0 (neg) Rf readings are invalid, check: 


• If Relay Word bit (64FFLT = 1) Rf failure occurred 
• Else 64F element turned off 


 


In response to the A5C1 request, SEL-300G3 Relays send the following block: 
Data Description 
A5C1 Fast Meter command 
B6 Length 
01 One status flag byte 
00 Scale factors in Fast Meter message 
00 No scale factors 
0F # of analog input channels 
02 # of samples per channel 
3A # of digital banks 
01 # of calculation blocks 
0004 Analog channel offset 
007C Time stamp offset 
0084 Digital offset 
494100000000 Analog channel name (IA) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494200000000 Analog channel name (IB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494300000000 Analog channel name (IC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494E00000000 Analog channel name (IN) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 


When relay setting DELTA_Y = Y: 
564100000000 Analog channel name (VA) 
01 Analog channel type 
FF Scale factor type 
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0000 Scale factor offset in Fast Meter message 
564200000000 Analog channel name (VB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564300000000 Analog channel name (VC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 


When relay setting DELTA_Y = D: 
564142000000 Analog channel name (VAB) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564243000000 Analog channel name (VBC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
564341000000 Analog channel name (VCA) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
 
565300000000 Analog channel name (VS) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message  
564E00000000 Analog channel name (VN) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494138370000 Analog channel name (IA87) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494238370000 Analog channel name (IB87) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494338370000 Analog channel name (IC87) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
465245510000 Analog channel name (FREQ) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
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564443000000 Analog channel name (VDC) 
01 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
526600000000 Analog channel name (Rf) 
01 Analog channel type (float) 
FF Scale factor type (no scale factor) 
0000 Scale factor offset in Fast Meter message (not used) 
0x Line Configuration Sum of one value for each group: 
  Group 1 (x = 0 - ABC, x = 1 - ACB) 
  Group 2 (x = 0 - Y connected, x = 2 - D connected) 
0x Standard Power Calculations (x = 0 if DELTA_Y = Y,  
 x = 1 if DELTA_Y = D) 
FFFF No Deskew angle  
FFFF No Rs compensation 
FFFF No Xs compensation 
00 IA channel index 
01 IB channel index 
02 IC channel index 
04 VA channel index  
05 VB channel index  
06 VC channel index  
00 Reserved 
checksum 1-byte checksum of all preceding bytes 
 
For Rf Values: 
0.0–20000.0 Rf readings are valid 
Rf < 0 (neg) Rf readings are invalid, check: 


• If Relay Word bit (64FFLT = 1) Rf failure occurred 
• Else 64F element turned off 


 


A5D1 Fast Meter Data Block 


In response to the A5D1 request, Model SEL-0300G0 Relay sends the following block: 
Data Description 
A5D1 Command 
A0 Length 
1-byte 1 Status Byte 
88-bytes X and Y components of:  IA, IB, IC, IN, VA, VB, VC, 
 VN, Freq, Vdc, and Rf in 4-byte IEEE FPS 
8-bytes Time stamp 
58-bytes 58 Digital banks:  TAR0–TAR57 
1-byte Reserved 
checksum 1-byte checksum of all preceding bytes 
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In response to the A5D1 request, Model SEL-0300G1 Relays send the following block: 
Data Description 
A5D1 Command 
B8 Length 
1-byte 1 Status Byte 
112-bytes X and Y components of:  IA, IB, IC, IN, VA, VB, VC, 
 VN, IA87, IB87, IC87, Freq, Vdc, and Rf in 4-byte IEEE FPS 
8-bytes Time stamp 
58-bytes 58 Digital banks:  TAR0–TAR57 
1-byte Reserved 
checksum 1-byte checksum of all preceding bytes 


In response to the A5D1 request, Model SEL-0300G2 Relay sends the following block: 
Data Description 
A5D1 Command 
A8 Length 
1-byte 1 Status Byte 
96-bytes X and Y components of:  IA, IB, IC, IN, VA, VB, VC,VS, 
 VN, Freq, Vdc, and Rf in 4-byte IEEE FPS 
8-bytes Time stamp 
58-bytes 58 Digital banks:  TAR0–TAR57 
1-byte Reserved 
checksum 1-byte checksum of all preceding bytes 


In response to the A5D1 request, Model SEL-0300G3 Relays send the following block: 
Data Description 
A5D1 Command 
C0 Length 
1-byte 1 Status Byte 
120-bytes X and Y components of:  IA, IB, IC, IN, VA, VB, VC, VS, 
 VN, IA87, IB87, IC87, Freq, Vdc, and Rf in 4-byte IEEE FPS 
8-bytes Time stamp 
58-bytes 58 Digital banks:  TAR0–TAR57 
1-byte Reserved 
checksum 1-byte checksum of all preceding bytes 


A5C2/A5C3 Demand/Peak Demand Fast Meter Configuration Messages 


In response to the A5C2 or A5C3 request, the relay sends the following block: 
Data Description 
A5C2 or A5C3 Command; Demand (A5C2) or Peak Demand (A5C3) 
EE Length 
01 # of status flag bytes 
00 Scale factors in meter message 
00 # of scale factors 
16 # of analog input channels 
01 # of samples per channel 
00 # of digital banks 
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00 # of calculation blocks 
0004 Analog channel offset 
00B4 Time stamp offset 
FFFF Digital offset 
494100000000 Analog channel name (IA) 
02 Analog channel type 
FF Scale factor type  
0000 Scale factor offset in Fast Meter message 
494200000000 Analog channel name (IB) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494300000000 Analog channel name (IC) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494E00000000 Analog channel name (IN) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
494700000000 Analog channel name (IG) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
334932000000 Analog channel name (3I2) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
50412B000000 Analog channel name (PA+) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
50422B000000 Analog channel name (PB+) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
50432B000000 Analog channel name (PC+) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
50332B000000 Analog channel name (P3+) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
51412B000000 Analog channel name (QA+) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
51422B000000 Analog channel name (QB+) 
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02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
51432B000000 Analog channel name (QC+) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
51332B000000 Analog channel name (Q3+) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
50412D000000 Analog channel name (PA-) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
50422D000000 Analog channel name (PB-) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
50432D000000 Analog channel name (PC-) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
50332D000000 Analog channel name (P3-) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
51412D000000 Analog channel name (QA-) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
51422D000000 Analog channel name (QB-) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
51432D000000 Analog channel name (QC-) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
51332D000000 Analog channel name (Q3-) 
02 Analog channel type 
FF Scale factor type 
0000 Scale factor offset in Fast Meter message 
00 Reserved 
checksum 1-byte checksum of preceding bytes 
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A5D2/A5D3 Demand/Peak Demand Fast Meter Message 


In response to the A5D2 or A5D3 request, the relay sends the following block: 
Data Description 
A5D2 or A5D3 Command 
BE Length 
1-byte 1 Status Byte 
176-bytes Demand:  IA, IB, IC, IN, IG, 3I2, MWA I, MWB I, MWC I, MW3PI,  
 MVA I, MVB I, MVC I, MV3PI, MWA O, MWB O, MWC O,  
 MW3PO, MVA O, MVB O, MVC O, MV3PO in 8-byte IEEE FPS 
8-bytes  Time stamp 
1-byte Reserved 
1-byte 1-byte checksum of all preceding bytes 


A5B9 Fast Meter Status Acknowledge Message 


In response to the A5B9 request, the relay clears the Fast Meter (message A5D1) Status Byte.  
The SEL-300G Status Byte contains one active bit, STSET (bit 4).  The bit is set on power up and 
on settings changes.  If the STSET bit is set, the external device should request the A5C1, A5C2, 
and A5C3 messages.  The external device can then determine if the scale factors or line 
configuration parameters have been modified. 


A5CE Fast Operate Configuration Block 


In response to the A5CE request, the relay sends the following block: 
Data Description 
A5CE Command 
3C Length 
01 Support 1 circuit breaker 
0010 Support 16 remote bit set/clear commands 
01 Allow remote bit pulse commands 
00 Reserved 
31 Operate code, open breaker (OC1) 
11 Operate code, close breaker (CC) 
00 Operate code, clear remote bit RB1 
20 Operate code, set remote bit RB1 
40 Operate code, pulse remote bit RB1 
01 Operate code, clear remote bit RB2 
21 Operate code, set remote bit RB2 
41 Operate code, pulse remote bit RB2 
02 Operate code, clear remote bit RB3 
22 Operate code, set remote bit RB3 
42 Operate code, pulse remote bit RB3 
03 Operate code, clear remote bit RB4 
23 Operate code, set remote bit RB4 
43 Operate code, pulse remote bit RB4 
04 Operate code, clear remote bit RB5 
24 Operate code, set remote bit RB5 
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44 Operate code, pulse remote bit RB5 
05 Operate code, clear remote bit RB6 
25 Operate code, set remote bit RB6 
45 Operate code, pulse remote bit RB6 
06 Operate code, clear remote bit RB7 
26 Operate code, set remote bit RB7 
46 Operate code, pulse remote bit RB7 
07 Operate code, clear remote bit RB8 
27 Operate code, set remote bit RB8 
47 Operate code, pulse remote bit RB8 
08 Operate code, clear remote bit RB9 
28 Operate code, set remote bit RB9 
48 Operate code, pulse remote bit RB9 
09 Operate code, clear remote bit RB10 
29 Operate code, set remote bit RB10 
49 Operate code, pulse remote bit RB10 
0A Operate code, clear remote bit RB11 
2A Operate code, set remote bit RB11 
4A Operate code, pulse remote bit RB11 
0B Operate code, clear remote bit RB12 
2B Operate code, set remote bit RB12 
4B Operate code, pulse remote bit RB12 
0C Operate code, clear remote bit RB13 
2C Operate code, set remote bit RB13 
4C Operate code, pulse remote bit RB13 
0D Operate code, clear remote bit RB14 
2D Operate code, set remote bit RB14 
4D Operate code, pulse remote bit RB14 
0E Operate code, clear remote bit RB15 
2E Operate code, set remote bit RB15 
4E Operate code, pulse remote bit RB15 
0F Operate code, clear remote bit RB16 
2F Operate code, set remote bit RB16 
4F Operate code, pulse remote bit RB16 
00 Reserved 
checksum 1-byte checksum of all preceding bytes 


A5E0 Fast Operate Remote Bit Control 


The external device sends the following message to perform a remote bit operation: 
Data Description  
A5E0 Command  
06 Length  
1-byte Operate code:  
 00–0F clear remote bit RB1–RB16 


20–2F set remote bit RB1–RB16 
40–4F pulse remote bit for RB1–RB16 for one processing 
interval 


 
 


1-byte Operate validation:  4 • Operate code + 1 
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checksum 1-byte checksum of preceding bytes 


The relay performs the specified remote bit operation if the following conditions are true: 


The Operate code is valid. 
The Operate validation = 4 • Operate code + 1. 
The message checksum is valid. 
The FASTOP port setting is set to Y. 
The relay is enabled. 


Remote bit set and clear operations are latched by the relay.  Remote bit pulse operations assert 
the remote bit for one processing interval (1/4 cycle). 


It is common practice to route remote bits to output contacts to provide remote control of the 
relay outputs.  If you wish to pulse an output contact closed for a specific duration, SEL 
recommends using the remote bit pulse command and SELOGIC® control equations to provide 
secure and accurate contact control.  The remote device sends the remote bit pulse command; the 
relay controls the timing of the output contact assertion.  You can use any remote bit 
(RB1 through RB16) and any SELOGIC control equation timer (SV1 through SV16) to control 
any of the output contacts (OUT101 through OUT107).  For example, to pulse output contact 
OUT104 for 30 cycles with Remote Bit RB4 and SELOGIC control equation timer SV4, issue the 
following relay settings: 


via the SET L 
command, 


 


SV4 = RB4 SV4 input is RB4 
OUT104 = SV4T route SV4 timer output to OUT104 
via the SET 
command, 


 


SV4PU = 0 SV4 pickup time = 0 
V4DO = 30 SV4 dropout time is 30 cycles 


To pulse the contact, send the A5E006430DDB command to the relay. 


A5E3 Fast Operate Breaker Control 


The external device sends the following message to perform a fast breaker open/close: 
Data Description  
A5E3 Command  
06 Length  
1-byte Operate code:  
 31 - OPEN breaker (OC1) 
 11 - CLOSE breaker 
1-byte Operate Validation:  4 • Operate code + 1  
checksum 1-byte checksum of preceding bytes  


The relay performs the specified breaker operation if the following conditions are true: 


Conditions 1–5 defined in the A5E0 message are true. 
The breaker jumper (JMP6B) is in place on the SEL-300G main board. 
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ID Message 


In response to the ID command, the relay sends the firmware ID, relay TID setting, and the 
Modbus® device code as described below. 


<STX>"FID=SEL-300G-Rrrr-Vvvvvvvvvvv-Zzzzzzz-Dyyyymmdd","aaaa"<CR> 
"BFID=SELboot-3xx-Rrrr"," aaaa "<CR> 
"CID=cccc"," aaaa "<CR> 
"DEVID=[TID SETTING]"," aaaa "<CR> 
"DEVCODE=33"," aaaa "<CR> 
"PARTNO=[PARTNO SETTING]"," aaaa "<CR> 
"CONFIG=bbbbbb"," aaaa "<CR> 
"SPECIAL="," aaaa "<CR> 
<ETX> 
where  <STX> is the STX character (02)
 FID is the Firmware identification string.
 rrr is the firmware revision.
 zzzzzz is setting and protocol version numbers.
 yyyymmdd are 4-digit year, 2-digit month, and 2-digit day codes. 
 aaaa is the 4-byte ASCII hex representation of the checksum for each line.
 BFID is the Boot Firmware Identification string. 
 CID is the 4-digit hexadecimal checksum of the firmware. 
 cccc is the 4-digit firmware checksum.
 DEVCODE is the Modbus Device ID Code for the SEL-300G. 
 PARTNO is the part number that matches the Model Option Table number.
 CONFIG is configuration string for SEL internal use only. 
 bbbbbb is the 6-digit configuration code.
 SPECIAL is Special Configuration Designators for future use. 
 <ETX> is the ETX character (03).


The ID message is available from Access Level 0 and higher. 


DNA Message 


In response to the Access Level 1 DNA command, the relay sends names of the Relay Word bits 
transmitted in the A5D1 message.  The first name is associated with the MSB, the last name with 
the LSB.  See Section 4: Error! AutoText entry not defined. Control Equations for detailed 
descriptions of the Relay Word Bits. Model SEL-0300G31 DNA message is: 


<STX>"EN","BKR","LOP","TRIP","21/51V","50","51","N","0983" 
"24","27/59","32","40","46","64G","81","87","07A8" 
"24TC","24D1","24D1T","24C2","24C2T","24CR","SS1","SS2","0B3B" 
"27P1","27P2","27PP1","27V1","59P1","59P2","59G1","59G2","0B2B" 
"32PTC","32P1","32P1T","32P2","32P2T","59V1","59Q","59PP1","0C01" 
"40ZTC","40Z1","40Z1T","40Z2","40Z2T","SWING","SG1","SG2","0C5A" 
"46QTC","46Q1","46Q1T","46Q2","46Q2T","46Q2R","INAD","INADT","0CF7" 
"78R1","78R2","78Z1","OOSTC","51CTC","51C","51CT","51CR","0BC8" 
"51GTC","51G","51GT","51GR","51NTC","51N","51NT","51NR","0B7E" 
"51VTC","51V","51VT","51VR","PDEM","QDEM","GDEM","NDEM","0C3B" 
"50P1","50P1T","50P2","50P2T","50G1","50G1T","50G2","50G2T","0BE0" 
"50N1","50N1T","50N2","50N2T","CC","CL","CLOSE","ULCL","0B75" 
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"64GTC","64G1","64G1T","64G2","64G2T","OOS","60LOP","CLEN","0C5E" 
"BKMON","BCW","BCWA","BCWB","BCWC","FAULT","DCLO","DCHI","0CE3" 
"81D1","81D2","81D3","81D4","81D5","81D6","3PO","52A","0A3D" 
"81D1T","81D2T","81D3T","81D4T","81D5T","81D6T","27B81","50L","0C80" 
"ONLINE","BND1A","BND1T","BND2A","BND2T","BND3A","BND3T","BNDA","0E3D" 
"TRGTR","BND4A","BND4T","BND5A","BND5T","BND6A","BND6T","BNDT","0E30" 
"TRIP","TRIP1","TRIP2","TRIP3","TRIP4","OC1","OC2","OC3","0CD1" 
"TR1","TR2","TR3","TR4","ULTR1","ULTR2","ULTR3","ULTR4","0CC8" 
"LB1","LB2","LB3","LB4","LB5","LB6","LB7","LB8","0994" 
"LB9","LB10","LB11","LB12","LB13","LB14","LB15","LB16","0AE5" 
"RB1","RB2","RB3","RB4","RB5","RB6","RB7","RB8","09C4" 
"RB9","RB10","RB11","RB12","RB13","RB14","RB15","RB16","0B15" 
"21CTC","21C1P","21C1T","21C2P","21C2T","ZLOAD","T64G","N64G","0CE1" 
"SV1","SV2","SV3","SV4","SV1T","SV2T","SV3T","SV4T","0BAC" 
"SV5","SV6","SV7","SV8","SV5T","SV6T","SV7T","SV8T","0BCC" 
"SV9","SV10","SV11","SV12","SV9T","SV10T","SV11T","SV12T","0CD6" 
"SV13","SV14","SV15","SV16","SV13T","SV14T","SV15T","SV16T","0D44" 
"DP8","DP7","DP6","DP5","DP4","DP3","DP2","DP1","09C4" 
"DP16","DP15","DP14","DP13","DP12","DP11","DP10","DP9","0B15" 
"ER","OOST","IN106","IN105","IN104","IN103","IN102","IN101","0C61" 
"ALARM","OUT107","OUT106","OUT105","OUT104","OUT103","OUT102","OUT101", 
"0FC8" 
"87B","87BL1","87BL2","87BL3","87R","87R1","87R2","87R3","0B58" 
"87U","87U1","87U2","87U3","50H1","50H1T","50H2","50H2T","0B48" 
"50Q1","50Q1T","50Q2","50Q2T","50R1","50R1T","50R2","50R2T","0C10" 
"59VP","59VS","CFA","BKRCF","BSYNCH","25C","25A1","25A2","0C01" 
"59PP2","27PP2","SF","VDIF","GENVHI","GENVLO","GENFHI","GENFLO","0EB5" 
"*","*","*","*","*","MPP1P","MABC1P","27VS","0866" 
"21PTC","21P1P","21P1T","21P2P","21P2T","MPP2P","MABC2P","*","0CD2" 
"IN208","IN207","IN206","IN205","IN204","IN203","IN202","IN201","0CEC" 
"*","*","*","*","*","*","*","*","04D0" 
"OUT201","OUT202","OUT203","OUT204","OUT205","OUT206","OUT207","OUT208", 
"0FF4" 
"OUT209","OUT210","OUT211","OUT212","*","*","*","*","0A5F" 
"50H2A","50H2B","50H2C","*","*","*","*","*","07B5" 
"*","*","*","*","*","*","*","*","04D0" 
"SET1","SET2","SET3","SET4","SET5","SET6","SET7","SET8","0C84" 
"SET9","SET10","SET11","SET12","SET13","SET14","SET15","SET16","0DD5" 
"RST1","RST2","RST3","RST4","RST5","RST6","RST7","RST8","0CEC" 
"RST9","RST10","RST11","RST12","RST13","RST14","RST15","RST16","0E3D" 
"LT1","LT2","LT3","LT4","LT5","LT6","LT7","LT8","0A24" 
"LT9","LT10","LT11","LT12","LT13","LT14","LT15","LT16","0B75" 
"OTHTRIP","OTHALRM","AMBTRIP","AMBALRM","BRGTRIP","BRGALRM", 
"WDGTRIP","WDGALRM","141C" 
"RTDFLT","*","*","*","*","*","*","2600IN","07AB" 
"RTD4TR","RTD4AL","RTD3TR","RTD3AL","RTD2TR","RTD2AL","RTD1TR","RTD1AL",
"1130" 
"RTD8TR","RTD8AL","RTD7TR","RTD7AL","RTD6TR","RTD6AL","RTD5TR","RTD5AL",
"1150" 
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"RTD12TR","RTD12AL","RTD11TR","RTD11AL","RTD10TR","RTD10AL","RTD9TR", 
"RTD9AL","125A" 
"*","*","*","*","*","*","*","*","04D0" 


Messages for other relay models may be derived from Table 4.6: SEL-300G Relay Word Bits of 
this manual, using the above format. 


BNA Message 


In response to the BNA command, the relay sends names of the bits transmitted in the Status Byte 
in the A5D1 message.  The first name is the MSB; the last name is the LSB.  The BNA message 
is: 


<STX>"*","*","*","STSET","*","*","*","*","yyyy"<ETX> 


where: "yyyy" is the 4-byte ASCII representation of the checksum. 


  "*" indicates an unused bit location. 


The BNA command is available from Access Level 1 and higher.
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APPENDIX E:   COMPRESSED ASCII COMMANDS 


INTRODUCTION 
The SEL-300G provides Compressed ASCII versions of certain ASCII commands in the relay.  
The Compressed ASCII commands allow an external device to obtain data from the relay in a 
format which directly imports into spreadsheet or database programs and that can be validated 
with a checksum. 


The SEL-300G provides the following Compressed ASCII commands: 


Command Description 
CASCII Configuration message 
CSTATUS Status message 
CHISTORY History message 
CEVENT Event message 


CASCII COMMAND—GENERAL FORMAT 
The Compressed ASCII configuration message provides data for an external computer to extract 
data from other Compressed ASCII commands.  To obtain the configuration message for the 
Compressed ASCII commands available in an SEL relay, type: 


CAS <CR> 


The relay sends: 
<STX>"CAS",n,"yyyy"<CR> 
"COMMAND 1",ll,"yyyy"<CR> 
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy"<CR> 
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy"<CR> 
"COMMAND 2",ll,"yyyy"<CR> 
"#h","ddd","ddd",......,"ddd","yyyy"<CR> 
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy"<CR> 


• 
• 
• 


"COMMAND n",ll,"yyyy"<CR> 
"#H","xxxxx","xxxxx",......,"xxxxx","yyyy"<CR> 
"#D","ddd","ddd","ddd","ddd",......,"ddd","yyyy"<CR><ETX> 


where: n is the number of Compressed ASCII command descriptions to follow.
 COMMAND is the ASCII name for the Compressed ASCII command as sent by 


the requesting device.  The naming convention for the Compressed 
ASCII commands is a 'C' preceding the typical command.  For 
example, CSTATUS (abbreviated to CST) is the compressed 
STATUS command. 


 ll is the minimum access level at which the command is available.
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 #H identifies a header line to precede one or more data lines; '#' is the 
number of subsequent ASCII names.  For example, “21H” identifies a 
header line with 21 ASCII labels. 


 #h identifies a header line to precede one or more data lines; '#' is the 
number of subsequent format fields.  For example, “8h” identifies a 
header line with 8 format fields. 


 xxxxx is an ASCII name for corresponding data on following data lines.  
Maximum ASCII name width is 10 characters. 


 #D identifies a data format line; '#' is the maximum number of subsequent 
data lines. 


 ddd identifies a format field containing one of the following type 
designators: 
 I Integer data 
 F Floating point data 
 mS String of maximum m characters (e.g., 10S for a 10  
  character string) 


 yyyy is the 4-byte hex ASCII representation of the checksum. 


A Compressed ASCII command may require multiple header and data configuration lines. 


If a Compressed ASCII request is made for data that are not available (e.g., the history buffer is 
empty or invalid event request), the relay responds with the following message: 


<STX>"No Data Available","0668"<CR><ETX> 


CASCII COMMAND—SEL-300G 
Display the SEL-300G Compressed ASCII configuration message by sending: 


CAS <CR> 


Model SEL-0300G0 Relay sends: 
<STX> 
"CAS",5,"yyyy"<CR> 
"CST",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy",<CR> 
"27H","IA","IB","IC","IN","VA","VB","VC","VN","MOF","*","*","*","*","+5V_PS", 
"+5V_REG", 
"-5V_REG","+12V_PS","-12V_PS","+15V_PS","-15V_PS","TEMP","RAM","ROM", 
"A/D","CR_RAM","EEPROM","IO_BRD","yyyy"<CR> 
"1D","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S", 
"9S","9S","9S","9S","9S","9S","yyyy"<CR> 
"CHI",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
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"13H","REC_NUM","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","EVENT", 
"CURR","FREQ","GROUP","TARGETS","yyyy"<CR> 
"30D","I","I","I","I","I","I","I","I","6S","I","F","I","56S","yyyy"<CR> 
"CEV",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy"<CR> 
"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","*","*","*","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)","*","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"60D","I","I","I","I","I","F","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
"CEV C",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy",<CR> 
"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","*","*","*","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)", "*","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"240D","I","I","I","I","I","F","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
"CEV R",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy",<CR> 
"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","*","*","*","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)", "*","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"256D","I","I","I","I","I","F","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
<ETX> 


Model SEL-0300G1 Relay sends: 
<STX> 
"CAS",5,"yyyy"<CR> 
"CST",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
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"1D","I","I","I","I","I","I","I","yyyy",<CR> 
"27H","IA","IB","IC","IN","VA","VB","VC","VN","MOF","IA87","IB87","IC87","*", 
"+5V_PS","+5V_REG","-5V_REG","+12V_PS","-12V_PS","+15V_PS","-15V_PS","TEMP", 
"RAM","ROM","A/D","CR_RAM","EEPROM","IO_BRD","yyyy"<CR> 
"1D","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S", 
"9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","yyyy"<CR> 
"CHI",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"13H","REC_NUM","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","EVENT", 
"CURR","FREQ","GROUP","TARGETS","yyyy"<CR> 
"30D","I","I","I","I","I","I","I","I","6S","I","F","I","56S","yyyy"<CR> 
"CEV",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy"<CR> 
"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","IA87","IB87","IC87","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)", "*","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"60D","I","I","I","I","I","F","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
"CEV C",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy",<CR> 
"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","IA87","IB87","IC87","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)", "*","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"256D","I","I","I","I","I","F","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
"CEV R",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy",<CR> 
"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","IA87","IB87","IC87","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV) ","*","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"256D","I","I","I","I","I","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
<ETX> 
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Model SEL-0300G2 Relay sends: 
<STX> 
"CAS",5,"yyyy"<CR> 
"CST",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy",<CR> 
"27H","IA","IB","IC","IN","VA","VB","VC","VN","MOF","*","*","*","VS","+5V_PS", 
"+5V_REG","-5V_REG","+12V_PS","-12V_PS","+15V_PS","-15V_PS","TEMP","RAM","RO
M","A/D","CR_RAM","EEPROM","IO_BRD","yyyy"<CR> 
"1D","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S", 
"9S","9S","9S","9S","9S","9S","yyyy"<CR> 
"CHI",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"13H","REC_NUM","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","EVENT", 
"CURR","FREQ","GROUP","TARGETS","yyyy"<CR> 
"30D","I","I","I","I","I","I","I","I","6S","I","F","I","56S","yyyy"<CR> 
"CEV",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy"<CR> 
"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","*","*","*","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)", "VS(kV) ","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"60D","I","I","I","I","I","F","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
"CEV C",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy",<CR> 
"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","*","*","*","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)", "VS(kV) ","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"240D","I","I","I","I","I","F","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
"CEV R",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy",<CR> 
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"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","*","*","*","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)", "*","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"256D","I","I","I","I","I","F","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
<ETX> 


Model SEL-0300G3 Relay sends: 
<STX> 
"CAS",5,"yyyy"<CR> 
"CST",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy",<CR> 
"27H","IA","IB","IC","IN","VA","VB","VC","VN","MOF","IA87","IB87","IC87","VS", 
"+5V_PS","+5V_REG","-5V_REG","+12V_PS","-12V_PS","+15V_PS","-15V_PS","TEMP","R
AM","ROM","A/D","CR_RAM","EEPROM","IO_BRD","yyyy"<CR> 
"1D","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","9S", 
"9S","9S","9S","9S","9S","9S","9S","9S","9S","9S","yyyy"<CR> 
"CHI",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"13H","REC_NUM","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","EVENT", 
"CURR","FREQ","GROUP","TARGETS","yyyy"<CR> 
"30D","I","I","I","I","I","I","I","I","6S","I","F","I","56S","yyyy"<CR> 
"CEV",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy"<CR> 
"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","IA87","IB87","IC87","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)", "VS(kV) ","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"60D","I","I","I","I","I","F","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
"CEV C",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy",<CR> 
"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","IA87","IB87","IC87","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
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"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)", "VS(kV) ","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"256D","I","I","I","I","I","F","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
"CEV R",1,"yyyy"<CR> 
"1H","FID","yyyy"<CR> 
"1D","46S","yyyy"<CR> 
"7H","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
"1D","I","I","I","I","I","I","I","yyyy",<CR> 
"15H","FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS", 
"IA","IB","IC","IN","IG","3I2","IA87","IB87","IC87","yyyy"<CR> 
"1D","F","I","I","I","6S","56S","I","I","I","I","I","I","I","I","I","yyyy"<CR> 
"14H","IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)", "VS(kV) ","VDC", 
"FREQ","TRIG ","Names of elements in the relay word rows 2–57 separated by 
spaces","yyyy"<CR> 
"256D","I","I","I","I","I","F","F","F","F","I","F","2S","88S","yyyy"<CR> 
<ETX> 


See the CEVENT command for definition of the “Names of elements in the Relay Word 
Rows 2–57 separated by spaces” field. 


CSTATUS COMMAND—SEL-300G 


Display status data in Compressed ASCII format by sending: 


CST <CR> 


Model SEL-0300G0 Relay sends: 
<STX>"FID","yyyy"<CR> 
"Relay FID string","yyyy"<CR> 
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"yyyy"<CR> 
"IA","IB","IC","IN","VA","VB","VC","VN","MOF","*","*","*","*","+5V_PS","+5V_REG", 
"-5V_REG","+12V_PS","-12V_PS","+15V_PS","-15V_PS","TEMP","RAM","ROM","A/D","C
R_RAM","EEPROM","IO_BRD","yyyy"<CR> 
,"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx", 
"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx", 
"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","yyyy"<CR><ETX> 
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Model SEL-0300G1 Relay sends: 
<STX>"FID","yyyy"<CR> 
"Relay FID string","yyyy"<CR> 
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"yyyy"<CR> 
"IA","IB","IC","IN","VA","VB","VC","VN","MOF","IA87","IB87","IC87","*","+5V_PS", 
"+5V_REG","-5V_REG","+12V_PS","-12V_PS","+15V_PS","-15V_PS","TEMP","RAM","RO
M","A/D","CR_RAM","EEPROM","IO_BRD","yyyy"<CR> 
,"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx", 
"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx", 
"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","yyyy"<CR><ETX> 


Model SEL-0300G2 Relay sends: 
<STX>"FID","yyyy"<CR> 
"Relay FID string","yyyy"<CR> 
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"yyyy"<CR> 
"IA","IB","IC","IN","VA","VB","VC","VN","MOF","*","*","*","VS","+5V_PS", 
"+5V_REG","-5V_REG","+12V_PS","-12V_PS","+15V_PS","-15V_PS", 
"TEMP","RAM","ROM","A/D","CR_RAM","EEPROM","IO_BRD","yyyy"<CR> 
,"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx", 
"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx", 
"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","yyyy"<CR><ETX> 


Model SEL-0300G3 Relay sends: 
<STX>"FID","yyyy"<CR> 
"Relay FID string","yyyy"<CR> 
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"yyyy"<CR> 
"IA","IB","IC","IN","VA","VB","VC","VN","MOF","IA87","IB87","IC87","VS","+5V_PS", 
"+5V_REG","-5V_REG","+12V_PS","-12V_PS","+15V_PS","-15V_PS","TEMP","RAM","RO
M","A/D","CR_RAM","EEPROM","IO_BRD","yyyy"<CR> 
,"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx", 
"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx", 
"xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx","xxxx", "yyyy"<CR><ETX> 


where: xxxx are the data values corresponding to the first line labels and 
 yyyy is the 4-byte hex ASCII representation of the checksum. 
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CHISTORY COMMAND—SEL-300G 


Display history data in Compressed ASCII format by sending: 


CHI <CR> 


The relay sends: 
<STX>"FID","yyyy"<CR> 
"Relay FID string","yyyy"<CR> 
"REC_NUM","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","EVENT", 
"CURR","FREQ","GROUP","TARGETS","yyyy"<CR> 
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"xxxx",xxxx,xxxx,xxxx,xxxx, 
"yyyy"<CR><ETX> 


(the second line is then repeated for each record) 


where: xxxx are the data values corresponding to the first line labels and 
 yyyy is the 4-byte hex ASCII representation of the checksum. 


If the history buffer is empty, the relay responds: 


<STX>"No Data Available","0668"<CR><ETX> 


CEVENT COMMAND—SEL-300G 
Display event report in Compressed ASCII format by sending: 


CEV [n  Sx  sec Ly[-[w]] R  C DIF]          (parameters in [ ] are optional) 


 
where: n event number (1–29) if LER = 15, (1–15) if LER = 30, defaults to 1. 
 Sx x samples per cycle (4 or 16); defaults to 4.
 sec Displays sampled values in secondary Amperes and Volts instead of primary 


Amperes and kV. 
 Ly y cycles event report length (1 – LER) for filtered event reports,  
  (1 – LER+1) for raw event reports, defaults to 15 if not specified. 
 Ly- displays report from cycle y to LER.
 Ly-w displays report from cycle y to cycle w.
 R specifies raw (unfiltered) data; defaults to 16 samples per cycle unless. 
  overridden by the Sx parameter.  Defaults to 16 cycles in length unless 
  overridden with the Ly parameter.
 C specifies 16 samples per cycle, 15 cycle length, in primary amperes and kV.
 DIF Specifies differential data report (SEL-0300G1 and SEL-0300G3 models).
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The relay responds to the CEV command with the nth event report as shown below.  Items in 
italics will be replaced with the actual relay data. 


<STX>"FID","yyyy"<CR> 
"Relay FID string","yyyy"<CR> 
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"yyyy"<CR> 
"FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS","IA","IB",
"IC","IN","IG","3I2","*","*","*","yyyy"<CR> 
xxxx,xxxx,xxxx,xxxx,"xxxx",xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"yyyy"<CR> 
"IA","IB","IC","IN","IG","VA(kV)","VB(kV)","VC(kV)","VN(kV)", "*","VDC","FREQ", 
"TRIG","Names of elements in the relay word separated by spaces ","yyyy"<CR> 
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,z,"HEX-ASCII Relay Word", 
"yyyy"<CR> 
"SETTINGS","yyyy"<CR> 
"Relay group and global settings as displayed with the showset command (surrounded by 
quotes)","yyyy"<CR><ETX> 
where: xxxx are the data values corresponding to the line labels.
 yyyy is the 4-byte hex ASCII representation of the checksum.
 FREQ is the power system frequency at the trigger instant.
 SAM/CYC_A is the number of analog data samples per cycle (4 or 16).
 SAM/CYC_D is the number of digital data samples per cycle (4 or 16).
 NUM_OF_CYC is the number of cycles of data in the event report.
 EVENT is the event type.
 TARGETS are the front-panel tripping targets.
 IA, IB, IC, IN, IG, 3I2 is the fault current.
 TRIG refers to the trigger record.
 z is “>“ for the trigger row, “*” for the fault current row and 


empty for all others.  If the trigger row and fault current 
row are the same, both characters are included (e.g., “>*”). 


 
 
 HEX-ASCII Relay Word is the hex ASCII format of the Relay Word.  The first 


element in the Relay Word is the most significant bit in the 
first character. 


If samples per cycle are specified as 16, the analog data are displayed at 1/16-cycle intervals and 
digital data at 1/4 cycle intervals.  The digital data are displayed as a series of hex ASCII 
characters.  The relay displays digital data only when they are available.  When no data are 
available, the relay sends only the comma delimiter in the digital data field. 


SEL-0300G1 and SEL-0300G3 Relay models respond to the CEV DIF command with the nth 
event report as shown below.  Items in italics will be replaced with the actual relay data. 


<STX>"FID","yyyy"<CR> 
"Relay FID string","yyyy"<CR> 
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","yyyy"<CR> 
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"yyyy"<CR> 
"FREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CYC","EVENT","TARGETS","IA","IB",
"IC","IN","IG","3I2","yyyy"<CR> 
xxxx,xxxx,xxxx,xxxx,"xxxx",xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,"yyyy"<CR> 
"IA","IB","IC","IA87","IB87","IC87","IOP1","IOP2","IOP3","IRT1","IRT2","IRT3","I1F2", 
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"I2F2","I3F2","TRIG","Names of elements in the relay word separated by spaces", 
"yyyy"<CR> 
xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,xxxx,z, 
"HEX-ASCII Relay Word","yyyy"<CR> 
"SETTINGS","yyyy"<CR> 
"Relay group and global settings as displayed with the showset command (surrounded by 
quotes)","yyyy"<CR><ETX> 
where: xxxx  are the data values corresponding to the line labels.
 yyyy is the 4-byte hex ASCII representation of the checksum.
 FREQ is the power system frequency at the trigger instant.
 SAM/CYC_A is the number of analog data samples per cycle (4 or 16).
 SAM/CYC_D is the number of digital data samples per cycle (4 or 16).
 NUM_OF_CYC is the number of cycles of data in the event report. 
 EVENT is the event type.
 TARGETS are the front-panel tripping targets.
 IA, IB, IC are the phase input currents.
 IA87, IB87, IC87 are the differential input currents.
 IOP1, IOP2, IOP3, 


IRT1, IRT2, IRT3, 
I1F2, I2F2, I3F2 


are the differential quantities.


 TRIG refers to the trigger record.
 z is “>“ for the trigger row, “*” for the fault current row and 


empty for all others.  If the trigger row and fault current row 
are the same, both characters are included (e.g., “>*”). 


 HEX-ASCII Relay  
Word 


is the hex ASCII format of the Relay Word. The first 
element in the Relay Word is the most significant bit in the 
first character. 


If the specified event does not exist, the relay responds: 


<STX>"No Data Available","0668"<CR><ETX> 


The “Names of elements in the Relay Word separated by spaces” field is shown below for Model 
SEL-0300G31 Relay: 
"24TC 24D1 24D1T 24C2 24C2T 24CR SS1 SS2 27P1 27P2 27PP1 27V1 59P1 59P2 59G1 
59G2 32PTC 32P1 32P1T 32P2 32P2T 59V1 59Q 59PP1 40ZTC 40Z1 40Z1T 40Z2 40Z2T 
SWING SG1 SG2 46QTC 46Q1 46Q1T 46Q2 46Q2T 46Q2R INAD INADT 78R1 78R2 78Z1 
OOSTC 51CTC 51C 51CT 51CR 51GTC 51G 51GT 51GR 51NTC 51N 51NT 51NR 51VTC 
51V 51VT 51VR PDEM QDEM GDEM NDEM 50P1 50P1T 50P2 50P2T 50G1 50G1T 50G2 
50G2T 50N1 50N1T 50N2 50N2T CC CL CLOSE ULCL 64GTC 64G1 64G1T 64G2 64G2T 
OOS 60LOP CLEN BKMON BCW BCWA BCWB BCWC FAULT DCLO DCHI 81D1 81D2 
81D3 81D4 81D5 81D6 3PO 52A 81D1T 81D2T81D3T 81D4T 81D5T 81D6T 27B81 50L 
ONLINE BND1A BND1T BND2A BND2T BND3A BND3T BNDA TRGTR BND4A BND4T 
BND5A BND5T BND6A BND6T BNDT TRIP TRIP1 TRIP2 TRIP3 TRIP4 OC1 OC2 OC3 
TR1 TR2 TR3 TR4 ULTR1 ULTR2 ULTR3 ULTR4 LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8 
LB9 LB10 LB11 LB12 LB13 LB14 LB15 LB16 RB1 RB2 RB3 RB4 RB5 RB6 RB7 RB8 RB9 
RB10 RB11 RB12 RB13 RB14 RB15 RB16 21CTC 21C1P 21C1T 21C2P 21C2T ZLOAD T64G 
N64G SV1 SV2 SV3 SV4 SV1T SV2T SV3T SV4T SV5 SV6 SV7 SV8 SV5T SV6T SV7T 
SV8T SV9 SV10 SV11 SV12 SV9T SV10T SV11T SV12T SV13 SV14 SV15 SV16 SV13T 
SV14T SV15T SV16T DP8DP7 DP6 DP5 DP4 DP3 DP2 DP1 DP16 DP15 DP14 DP13 DP12 
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DP11 DP10 DP9 ER OOST IN106 IN105 IN104 IN103 IN102 IN101 ALARM OUT107 
OUT106 OUT105 OUT104 OUT103 OUT102 OUT101 87B 87BL1 87BL2 87BL3 87R 87R1 
87R2 87R3 87U 87U1 87U2 87U3 50H1 50H1T 50H2 50H2T 50Q1 50Q1T 50Q2 50Q2T 50R1 
50R1T 50R2 50R2T 59VP 59VS CFA BKRCF BSYNCH 25C 25A1 25A2 59PP2 27PP2 SF 
VDIF GENVHI GENVLO GENFHI GENFLO * * * * * MPP1P MABC1P 27VS 21PTC 21P1P 
21P1T 21P2P 21P2T MPP2P MABC2P * IN208 IN207 IN206 IN205 IN204 IN203 IN202 IN201 
* * * * * * * * OUT201 OUT202 OUT203 OUT204 OUT205 OUT206OUT207 OUT208 
OUT209 OUT210 OUT211 OUT212 * * * * 50H2A 50H2B 50H2C * * * * * ** * * * * * * 
SET1 SET2 SET3 SET4 SET5 SET6 SET7 SET8 SET9 SET10 SET11 SET12 SET13 SET14 
SET15 SET16 RST1 RST2 RST3 RST4 RST5 RST6 RST7 RST8 RST9 RST10 RST11 RST12 
RST13 RST14 RST15 RST16 LT1 LT2 LT3 LT4 LT5 LT6 LT7 LT8 LT9 LT10 LT11 LT12 
LT13 LT14 LT15 LT16 OTHTRIP OTHALRM AMBTRIP AMBALRM BRGTRIP BRGALRM 
WDGTRIP WDGALRM RTDFLT * * * * * * 2600IN RTD4TR RTD4AL RTD3TR RTD3AL 
RTD2TR RTD2AL RTD1TR RTD1AL RTD8TR RTD8AL RTD7TR RTD7AL RTD6TR 
RTD6AL RTD5TR RTD5AL RTD12TR RTD12AL RTD11TR RTD11AL RTD10TR 
RTD10AL RTD9TR RTD9AL * * * * * * * * " 


These names are listed in Table 4.6: SEL-300G Relay Word Bits of this manual. Lists for other 
relay models may be derived using Table 4.6. 


A typical HEX-ASCII Relay Word is shown below: 
"8400808284818990C001810201018000000F00002017200000000005000140000000000000000
000000000000000","1BAD" 


Each bit in the HEX-ASCII Relay Word reflects the status of a Relay Word bit.  The order of the 
labels in the “Names of elements in the relay word separated by spaces” field matches the order 
of the HEX-ASCII Relay Word.  In the example above, the first two bytes in the HEX-ASCII 
Relay Word are “84”.  In binary, this evaluates to 10000100.  Mapping the labels to the bits 
yields: 


Labels 24TC 24D1 24D1T 24C2 24C2T 24CR SS1 SS2 
Bits 1 0 0 0 0 1 0 0 


In this example, the 24TC and 24CR Relay Word bits are asserted (logical 1); all others are 
deasserted (logical 0). 
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APPENDIX F:   MODBUS RTU COMMUNICATIONS PROTOCOL 


INTRODUCTION 
This appendix describes Modbus® RTU communications features supported by the SEL-300G 
Relay communications port.  


Complete specifications for the Modbus protocol are available from the Modicon web site at 
www.modicon.com. 


Enable Modbus protocol using the serial port settings.  When Modbus protocol is enabled, the 
relay switches the port to Modbus protocol and deactivates the ASCII protocol. 


Modbus RTU is a binary protocol that permits communication between a single master device 
and multiple slave devices.  The communication is half duplex; only one device transmits at a 
time.  The master transmits a binary command that includes the address of the desired slave 
device.  All of the slave devices receive the message, but only the slave device with the matching 
address responds. 


The SEL-300G Modbus communication allows a Modbus master device to: 


Acquire metering, monitoring, and event data from the relay. 
Control SEL-300G output contacts and remote bits. 
Read the SEL-300G self-test status and learn the present condition of all relay protection 


elements. 


MODBUS RTU COMMUNICATIONS PROTOCOL 


Modbus Queries 


Modbus RTU master devices initiate all exchanges by sending a query.  The query consists of the 
fields shown in Table F.1. 


Table F.1:  Modbus Query Fields 


Field Number of Bytes 
Slave Device Address 1 byte
Function Code 1 byte
Data Region 0–251 bytes
Cyclical Redundancy Check (CRC) 2 bytes


The SEL-300G SLAVEID setting defines the device address.  Set this value to a unique number 
for each device on the Modbus network.  For Modbus communication to operate properly, no two 
slave devices may have the same address. 


Function codes supported by the SEL-300G are described in Table F.2. 


The cyclical redundancy check detects errors in the received data.  If an error is detected, the 
relay discards the packet. 
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Modbus Responses 


The slave device sends a response message after it performs the action requested in the query.  If 
the slave cannot execute the command for any reason, it sends an error response.  Otherwise, the 
slave device response is formatted similarly to the query including the slave address, function 
code, data (if applicable), and a cyclical redundancy check value. 


Supported Modbus Function Codes 


The SEL-300G supports the Modbus function codes shown in Table F.2. 


Table F.2:  SEL-300G Relay Modbus Function Codes 


Codes Description
01h Read Coil Status
02h Read Input Status
03h Read Holding Registers
04h Read Input Registers
05h Force Single Coil
06h Preset Single Register
07h Read Exception Status
08h Loopback Diagnostic Command 
10h Preset Multiple Registers
64h Scattered Register Read


Modbus Exception Responses 


The SEL-300G sends an exception code under the conditions described in Table F.3. 


Table F.3:  SEL-300G Relay Modbus Exception Codes 


Exception Code Error Type Description 
01 Illegal Function Code The received function code is either 


undefined or unsupported. 
02 Illegal Data Address The received command contains an 


unsupported address in the data field. 
03 Illegal Data Value The received command contains a value 


that is out of range. 
04 Device Error The SEL-300G is in the wrong state for 


the requested function. 
06 Busy The SEL-300G is unable to process the 


command at this time due to a busy 
resource. 


08 Memory Error Checksum error on stored data. 


In the event that any of the errors listed in Table F.3 occur, the relay assembles a response 
message that includes the exception code in the data field.  The relay sets the most significant bit 
in the function code field to indicate to the master that the data field contains an error code, 
instead of the requested data. 
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Cyclical Redundancy Check 


The SEL-300G calculates a 2-byte CRC value using the device address, function code, and data 
fields.  It appends this value to the end of every Modbus response.  When the master device 
receives the response, it recalculates the CRC.  If the calculated CRC matches the CRC sent by 
the SEL-300G, the master device uses the data received.  If there is not a match, the check fails 
and the message is ignored.  The devices use a similar process when the master sends queries. 


01h Read Coil Status Command 


Use function code 01h to read the On/Off status of the selected bits (coils).  You may read the 
status of up to 2000 bits per query.  Note that the relay coil addresses start at 0 (e.g., Coil 1 is 
located at address zero).  The coil status is packed one coil per bit of the data field.  The Least 
Significant Bit (LSB) of the first data byte contains the starting coil address in the query.  The 
other coils follow towards the high order end of this byte and from low order to high order in 
subsequent bytes. 


Table F.4:  01h Read Coil Status Commands 


Bytes Field
Requests from the master must have the following format:
1 byte Slave Address
1 byte Function Code (01h)
2 bytes Address of the First Bit
2 bytes Number of Bits to Read
2 bytes CRC-16 
A successful response from the slave will have the following format:
1 byte Slave Address
1 byte Function Code (01h)
1 byte Bytes of data (n)
n bytes Data 
2 bytes CRC-16 


To build the response, the relay calculates the number of bytes required to contain the number of 
bits requested.  If the number of bits requested is not evenly divisible by eight, the relay adds one 
more byte to maintain the balance of bits, padded by zeroes to make an even byte. 


The relay responses to errors in the query are shown below: 
 


Error Error Code Returned 
Communication Counter 
Increments 


Invalid bit to read Illegal Data Address 
(02h) 


Invalid Address 


Invalid number of bits to 
read 


Illegal Data Value (03h) Illegal Register 


Format error Illegal Data Value (03h) Bad Packet Format  
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The coil number assignments are defined in Table F.5. 


Table F.5:  SEL-300G Relay Command Coils (FC01h) 


Coil Number Description Coil Number Description 
1 OUT101 21 RB1 
2 OUT102 22 RB2 
3 OUT103 23 RB3 
4 OUT104 24 RB4 
5 OUT105 25 RB5 
6 OUT106 26 RB6 
7 OUT107 27 RB7 
8 ALARM 28 RB8 
9 OUT201 29 RB9 
10 OUT202 30 RB10 
11 OUT203 31 RB11 
12 OUT204 32 RB12 
13 OUT205 33 RB13 
14 OUT206 34 RB14 
15 OUT207 35 RB14 
16 OUT208 36 RB16 
17 OUT209 37 CC 
18 OUT210 38 OC1 
19 OUT211 39 OC2 
20 OUT212 40 OC3 


02h Read Input Status Command 


Use function code 02h to read the On/Off status of the selected bits (inputs).  You may read the 
status of up to 2000 bits per query.  Note that the input addresses start at 0 (e.g., Input 1 is located 
at address zero).  The input status is packed one input per bit of the data field.  The LSB of the 
first data byte contains the starting input address in the query. The other inputs follow towards the 
high order end of this byte, and from low order to high order in subsequent bytes. 


Table F.6:  02h Read Input Status Command 


Bytes Field
Requests from the master must have the following format:
1 byte Slave Address
1 byte Function Code (02h)
2 bytes Address of the First Bit
2 bytes Number of Bits to Read
2 bytes CRC-16 
A successful response from the slave will have the following format:
1 byte Slave Address
1 byte Function Code (02h)
1 byte Bytes of data (n)
n bytes Data 
2 bytes CRC-16 
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To build the response, the relay calculates the number of bytes required to contain the number of 
bits requested.  If the number of bits requested is not evenly divisible by eight, the relay adds one 
more byte to maintain the balance of bits, padded by zeroes to make an even byte. 


Input numbers are defined in Table F.7.  


Table F.7:  SEL-300G Relay Inputs 


Description Input
Number


EN BKR CLOSED LOP 60 TRIP 21/51V 50 51 N 8–1
24 27/59 32 40 46 64G 81 87 16–9
* * IN106 IN105 IN104 IN103 IN102 IN101 24–17
IN208 IN207 IN206 IN205 IN204 IN203 IN202 IN201 32–25
ALARM OUT107 OUT106 OUT105 OUT104 OUT103 OUT102 OUT101 40–33
OUT201 OUT202 OUT203 OUT204 OUT205 OUT206 OUT207 OUT208 48–41
OUT209 OUT210 OUT211 OUT212 * * * * 56–49
24TC 24D1 24D1T 24C2 24C2T 24CR SS1 SS2 64–57
27P1 27P2 27PP1 27V1 59P1 59P2 59G1 59G2 72–65
32PTC 32P1 32P1T 32P2 32P2T 59V1 59Q 59PP1 80–73
40ZTC 40Z1 40Z1T 40Z2 40Z2T SWING SG1 SG2 88–81
46QTC 46Q1 46Q1T 46Q2 46Q2T 46Q2R INAD INADT 96–89
78R1 78R2 78Z1 OOSTC 51CTC 51C 51CT 51CR 104–97
51GTC 51G 51GT 51GR 51NTC 51N 51NT 51NR 112–105
51VTC 51V 51VT 51VR PDEM QDEM GDEM NDEM 120–113
50P1 50P1T 50P2 50P2T 50G1 50G1T 50G2 50G2T 128–121
50N1 50N1T 50N2 50N2T CC CL CLOSE ULCL 136–129
64GTC 64G1 64G1T 64G2 64G2T OOS 60LOP CLEN 144–137
BKMON BCW BCWA BCWB BCWC FAULT DCLO DCHI 152–145
81D1 81D2 81D3 81D4 81D5 81D6 3PO 52A 160–153
81D1T 81D2T 81D3T 81D4T 81D5T 81D6T 27B81 50L 168–161
ONLINE BND1A BND1T BND2A BND2T BND3A BND3T BNDA 176–169
TRGTR BND4A BND4T BND5A BND5T BND6A BND6T BNDT 184–177
TRIP TRIP1 TRIP2 TRIP3 TRIP4 OC1 OC2 OC3 192–185
TR1 TR2 TR3 TR4 ULTR1 ULTR2 ULTR3 ULTR4 200–193
LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8 208–201
LB9 LB10 LB11 LB12 LB13 LB14 LB15 LB16 216–209
RB1 RB2 RB3 RB4 RB5 RB6 RB7 RB8 224–217
RB9 RB10 RB11 RB12 RB13 RB14 RB15 RB16 232–225
21CTC 21C1P 21C1T 21C2P 21C2T ZLOAD T64G N64G 240–233
SV1 SV2 SV3 SV4 SV1T SV2T SV3T SV4T 248–241
SV5 SV6 SV7 SV8 SV5T SV6T SV7T SV8T 256–249
SV9 SV10 SV11 SV12 SV9T SV10T SV11T SV12T 264–257
SV13 SV14 SV15 SV16 SV13T SV14T SV15T SV16T 272–265
DP8 DP7 DP6 DP5 DP4 DP3 DP2 DP1 280–273
DP16 DP15 DP14 DP13 DP12 DP11 DP10 DP9 288–281
ER OOST IN106 IN105 IN104 IN103 IN102 IN101 296–289
ALARM OUT107 OUT106 OUT105 OUT104 OUT103 OUT102 OUT101 304–297
87B 87BL1 87BL2 87BL3 87R 87R1 87R2 87R3 312–305
87U 87U1 87U2 87U3 50H1 50H1T 50H2 50H2T 320–313
50Q1 50Q1T 50Q2 50Q2T 50R1 50R1T 50R2 50R2T 328–321
59VP 59VS CFA BKRCF BSYNCH 25C 25A1 25A2 336–329
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Description Input
Number


59PP2 27PP2 SF VDIF GENVHI GENVLO GENFHI GENFLO 344–337
87NTC 87N1P 87N1T 87N2P 87N2T MPP1P MABC1P 27VS 352–345
21PTC 21P1P 21P1T 21P2P 21P2T MPP2P MABC2P * 360–353
IN208 IN207 IN206 IN205 IN204 IN203 IN202 IN201 368–361
64FTC 64F1 64F1T 64F2 64F2T 64FFLT * * 376–369
OUT201 OUT202 OUT203 OUT204 OUT205 OUT206 OUT207 OUT208 384–377
OUT209 OUT210 OUT211 OUT212 * * * * 392–385
50H2A 50H2B 50H2C * * * * * 400–393
* * * * * * * * 408–401
SET1 SET2 SET3 SET4 SET5 SET6 SET7 SET8 416–409
SET9 SET10 SET11 SET12 SET13 SET14 SET15 SET16 424–417
RST1 RST2 RST3 RST4 RST5 RST6 RST7 RST8 432–425
RST9 RST10 RST11 RST12 RST13 RST14 RST15 RST16 440–433
LT1 LT2 LT3 LT4 LT5 LT6 LT7 LT8 448–441
LT9 LT10 LT11 LT12 LT13 LT14 LT15 LT16 456–449
OTHTRIP OTHALRM AMBTRIP AMBALRM BRGTRIP BRGALRM WDGTRIP WDGALRM 464–457
RTDFLT * * * * * * 2600IN 472–465
RTD4TR RTD4AL RTD3TR RTD3AL RTD2TR RTD2AL RTD1TR RTD1AL 480–473
RTD8TR RTD8AL RTD7TR RTD7AL RTD6TR RTD6AL RTD5TR RTD5AL 488–481
RTD12TR RTD12AL RTD11TR RTD11AL RTD10TR RTD10AL RTD9TR RTD9AL 496–489


In each row, the input numbers are assigned from the right-most input to the left-most input (i.e., 
Input 1 is “N” and Input 8 is “EN”).  Input addresses start at 0000 (i.e., Input 1 is located at Input 
Address 0000). 


The relay responses to errors in the query are shown below: 
 


Error Error Code Returned 
Communication 
Counter Increments 


Invalid bit to read Illegal Data Address 
(02h) 


Invalid Address 


Invalid number of bits to read Illegal Data Value (03h) Illegal Register 
Format error Illegal Data Value (03h) Bad Packet Format 


03h Read Holding Register Command 


Use function code 03h to read directly from the Modbus Register Map shown in Table F.20. You 
may read a maximum of 125 registers at once with this function code.  Most masters use 4X 
references with this function code.  If you are accustomed to 4X references with this function 
code, for five-digit addressing, add 40001 to the standard database address. 
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Table F.8:  03h Read Holding Register Command 


Bytes Field 
Requests from the master must have the following format:
1 byte Slave Address
1 byte Function Code (03h)
2 bytes Starting Register Address
2 bytes Number of Registers to Read
2 bytes CRC-16
A successful response from the slave will have the following format:
1 byte Slave Address
1 byte Function Code (03h)
1 byte Bytes of data (n)
n bytes Data 
2 bytes CRC-16


The relay responses to errors in the query are shown below: 
 


Error 
Error Code 
Returned 


Communication 
Counter Increments 


Illegal register to read Illegal Data Address 
(02h) 


Invalid Address 


Illegal number of registers to read Illegal Data Value 
(03h) 


Illegal Register 


Format error Illegal Data Value 
(03h) 


Bad Packet Format  


Busy Slave is busy with 
other task  (06h) 


 


04h Read Input Registers Command 


Use function code 04h to read from the Modbus Register Map shown in Table F.20.  You may 
read a maximum of 125 registers at once with this function code.  Most masters use 3X references 
with this function code.  If you are accustomed to 3X references with this function code, for five-
digit addressing, add 30001 to the standard database address. 


Table F.9:  04h Read Holding Register Command 


Bytes Field 
Requests from the master must have the following format:
1 byte Slave Address
1 byte Function Code (04h)
2 bytes Starting Register Address
2 bytes Number of Registers to Read
2 bytes CRC-16 
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Bytes Field 
A successful response from the slave will have the following format:
1 byte Slave Address
1 byte Function Code (04h)
1 byte Bytes of data (n)
n bytes Data 
2 bytes CRC-16 


The relay responses to errors in the query are shown below: 


Error Error Code Returned 


Communication 
Counter 
Increments 


Illegal  
register to read 


Illegal Data Address 
(02h) Invalid Address 


Illegal number of registers to read Illegal Data Value 
(03h) Illegal Register 


Format error Illegal Data Value 
(03h) Bad Packet Format 


Busy Slave is busy with 
other task (06h) 


05h Force Single Coil Command 


Use function code 05h to set or clear a coil. 


Table F.10:  05h Force Single Coil Command 


Bytes Field 
Requests from the master must have the following format:
1 byte Slave Address
1 byte Function Code (05h)
2 bytes Coil Reference
1 byte Operation Code (FF for bit set, 00 for bit clear)
1 byte Placeholder (00)
2 bytes CRC-16  
Note: The command response is identical to the command request.
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The coil numbers supported by the SEL-300G are listed in Table F.11.  The physical coils (coils 
1–20) are self-resetting.  Pulsing a set remote bit clears the remote bit. 


Table F.11:  SEL-300G Relay Command Coils (FC05h) 


Coil Field Coil Field 
1 PULSE OUT101 29 SET/CLEAR RB9 
2 PULSE OUT102 30 SET/CLEAR RB10 
3 PULSE OUT103 31 SET/CLEAR RB11 
4 PULSE OUT104 32 SET/CLEAR RB12 
5 PULSE OUT105 33 SET/CLEAR RB13 
6 PULSE OUT106 34 SET/CLEAR RB14 
7 PULSE OUT107 35 SET/CLEAR RB15 
8 PULSE  ALARM 36 SET/CLEAR RB16 
9 PULSE OUT201 37 PULSE RB1 
10 PULSE OUT202 38 PULSE RB2 
11 PULSE OUT203 39 PULSE RB3 
12 PULSE OUT204 40 PULSE RB4 
13 PULSE OUT205 41 PULSE RB5 
14 PULSE OUT206 42 PLUSE RB6 
15 PULSE OUT207 43 PULSE RB7 
16 PULSE OUT208 44 PULSE RB8 
17 PULSE OUT209 45 PULSE RB9 
18 PULSE OUT210 46 PULSE RB10 
19 PULSE OUT211 47 PULSE RB11 
20 PULSE OUT212 48 PULSE RB12 
21 SET/CLEAR RB1 49 PULSE RB13 
22 SET/CLEAR RB2 50 PULSE RB14 
23 SET/CLEAR RB3 51 PULSE RB15 
24 SET/CLEAR RB4 52 PULSE RB16 
25 SET/CLEAR RB5 53 PULSE CC 
26 SET/CLEAR RB6 54 PULSE OC1 
27 SET/CLEAR RB7 55 PULSE OC2 
28 SET/CLEAR RB8 56 PULSE OC3 


Coil addresses start at 0000 (i.e., Coil 1 is located at Coil address 0000).  If the relay is disabled 
or the breaker jumper is not installed, it will respond with error code 4 (Device Error).   
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In addition to error code 4, the relay responses to errors in the query are shown below: 


Error 
Error Code 
Returned 


Communication
Counter Increments 


Invalid bit (coil) number Illegal Data Address 
(02h) 


Invalid Address


Illegal bit state requested Illegal Data Value 
(03h) 


Illegal Function Code/Op Code 


Format error Illegal Data Value 
(03h) 


Bad Packet Format  


06h Preset Single Register Command 


The SEL-300G uses this function to allow a Modbus master to write directly to a database 
register.  Refer to the Modbus Register Map in Table F.20 for a list of registers that can be written 
using this function code.  If you are accustomed to 4X references with this function code, for six-
digit addressing, add 400001 to the standard database addresses. 


Table F.12:  06h Preset Single Register Command 


Bytes Field 
Requests from the master must have the following format:
1 byte Slave Address
1 byte Function Code (06h)
2 bytes Register Address
2 bytes Data 
2 bytes CRC-16 
Note: The command response is identical to the command request. 


The relay responses to errors in the query are shown below: 


Error 
Error Code 
Returned 


Communication 
Counter Increments 


Illegal register address Illegal Data Address 
(02h) 


Invalid Address  
Illegal Write 


Illegal register value Illegal Data Value 
(03h) 


Illegal Write


Format error Illegal Data Value 
(03h) 


Bad Packet Format  


07h Read Exception Status Command 


The SEL-300G uses this function to allow a Modbus master to read the present status of the relay 
and protected circuit. 
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Table F.13:  07h Read Exception Status Command 


Bytes Field 
Requests from the master must have the following format:
1 byte Slave Address
1 byte Function Code (07h)
0 bytes No Data Fields Are Sent
2 bytes CRC-16 
A successful response from the slave will have the following format:
1 byte Slave Address
1 byte Function Code (07h)
1 byte Status Byte
2 bytes CRC-16 
The status byte is sent least significant bit first, and consists of the following bits: 
Bit 0 OUT1 Status
Bit 1 OUT2 Status
Bit 2 OUT3 Status
Bit 3 OUT4 Status
Bit 4 Alarm Output status
Bit 5 Input 1 Status
Bit 6 Input 2 Status
Bit 7 Relay Status


If the status bit is set to 1, the following are true for the status indicated by the bit: 


Alarm contact is asserted. 
Relay is disabled. 


If the status bit is set to 0, the following are true for the status indicated by the bit: 


Alarm contact is deasserted. 
Relay is enabled. 


The relay response to errors in the query is shown below: 


Error Error Code Returned 
Communication 
Counter Increments 


Format error Illegal Data Value 
(03h) 


Bad Packet Format  


08h Loopback Diagnostic Command 


The SEL-300G uses this function to allow a Modbus master to perform a diagnostic test on the 
Modbus communications channel and relay.  When the subfunction field is 0000h, the relay 
returns a replica of the received message. 
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Table F.14:  08h Loopback Diagnostic Command 


Bytes Field 
Requests from the master must have the following format:
1 byte Slave Address
1 byte Function Code (08h)
2 bytes Subfunction (0000h)
2 bytes Data Field
2 bytes CRC-16 
A successful response from the slave will have the following format:
1 byte Slave Address
1 byte Function Code (08h)
2 bytes Subfunction (0000h)
2 bytes Data Field (identical to data in Master request)
2 bytes CRC-16 


The relay responses to errors in the query are shown below: 


Error Error Code Returned 
Communication
Counter Increments 


Illegal subfunction code Illegal Data Value 
(03h) 


Illegal Function Code/Op Code 


Format error Illegal Data Value 
(03h) 


Bad Packet Format  


10h Preset Multiple Registers Command 


This function code works much like code 06h, except that it allows you to write multiple registers 
at once, up to 100 per operation.  Refer to the Modbus Register Map in Table F.20 for a list of 
registers that can be written using this function code.  If you are accustomed to 4X references 
with the function code, for six-digit addressing, simply add 400001 to the standard database 
addresses. 


Table F.15:  10h Preset Multiple Registers Command 


Bytes Field 
Requests from the master must have the following format:
1 byte Slave Address
1 byte Function Code (10h)
2 bytes Starting Address
2 bytes Number of Registers to Write
1 byte Bytes of Data (n)
n bytes Data  
2 bytes CRC-16  
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Bytes Field 
A successful response from the slave will have the following format:
1 byte Slave Address
1 byte Function Code (10h)
2 bytes Starting Address
2 bytes Number of Registers
2 bytes CRC-16  


The relay responses to errors in the query are shown below: 


Error Error Code Returned 
Communication 
Counter Increments 


Illegal  
register to set 


Illegal Data Address 
(02h) 


Invalid Address 
Illegal Write 


Illegal number  
of registers to set 


Illegal Data Value (03h) Illegal Register 
Illegal Write 


Incorrect number of bytes in 
query data region 


Illegal Data Value (03h) Bad Packet Format 
Illegal Write 


Invalid register data value Illegal Data Value (03h) Illegal Write 


64h Scattered Register Read 


The SEL-300G uses this function to allow a Modbus master to read noncontiguous registers in a 
single request.  A maximum of 100 registers can be read in a single query. 


Table F.16:  64h Scattered Register Read Command 


Bytes Field 
Requests from the master must have the following format:
1 byte Slave Address
1 byte Function Code (64h)
1 byte Query Data Lengtha


1 byte Subfunction Code (04h)b


1 byte Transmission Number
2 bytes Address of First Register
2 bytes Address of Second Register
• • 
• • 
• • 
2 bytes Address of nth Register
2 bytes CRC-16 
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Bytes Field 
A successful response from the slave will have the following format: 
1 byte Slave Address
1 byte Function Code (64h)
1 byte Response Data Length
1 byte Subfunction Code (04h)b


1 byte Transmission Number
2 bytes Data from First Register
2 bytes Data from Second Register
• • 
• • 
• • 
2 bytes Data from nth Register
2 bytes CRC-16 
aQuery data length is always data length +2 because the subfunction code and the 
transmission number are part of the query data. 


b Only subfunction 04h is supported. 


The relay responses to errors in the query are shown below: 


Error 
Error Code 
Returned 


Communication 
Counter Increments 


Incorrect/Illegal query data length Illegal Data Value 
(03h) 


Bad Packet Format 


Invalid subfunction code Illegal Data Value 
(03h) 


Illegal Function Code/Op 
Code 


Illegal register address Illegal Data Address 
(02h) 


Invalid Address 


Controlling Output Contacts and Remote Bits Using Modbus 


The SEL-300G Modbus Register Map (Table F.20) includes three fields that allow a Modbus 
master to force the relay to perform a variety of operations.  Use Modbus function codes 06h or 
10h to write the appropriate command codes and parameters into the registers shown in 
Table F.17.  If function code 06h is used to write to a command code that has parameters, the 
parameters must be written before the command code.  After issuing a command, parameters 1 
and 2 are cleared and must be rewritten prior to the next command. 


Table F.17:  SEL-300G Relay Modbus Command Region 


Address Field 
02A0h Command Code
02A1h Parameter 1
02A2h Parameter 2
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Table F.18 defines the command codes, their function and associated parameters, and the Modbus 
function code used to initiate the related command code. 


Table F.18:  Modbus Command Codes 


Command 
Code Function Parameter Definition 


Modbus 
Function Code 


01 Open Breaker 1 No Parameter 06h, 10h
02 Open Breaker 2 No Parameter 06h, 10h
03 Open Breaker 3 No Parameter 06h, 10h
04 Close Breaker 1 No Parameter 06h, 10h
05 Reset Targets No Parameter 06h, 10h
06 Trigger No Parameter 06h, 10h
07 Pulse OUT101 1–30 seconds duration (defaults to 1 second) 06h, 10h
08 Pulse OUT102 1–30 seconds duration (defaults to 1 second) 06h, 10h
09 Pulse OUT103 1–30 seconds duration (defaults to 1 second) 06h, 10h
10 Pulse OUT104 1–30 seconds duration (defaults to 1 second) 06h, 10h
11 Pulse OUT105 1–30 seconds duration (defaults to 1 second) 06h, 10h
12 Pulse OUT106 1–30 seconds duration (defaults to 1 second) 06h, 10h
13 Pulse OUT107 1–30 seconds duration (defaults to 1 second) 06h, 10h
14 Pulse Alarm 1–30 seconds duration (defaults to 1 second) 06h, 10h
15 Pulse OUT201 1–30 seconds duration (defaults to 1 second) 06h, 10h
16 Pulse OUT202 1–30 seconds duration (defaults to 1 second) 06h, 10h
17 Pulse OUT203 1–30 seconds duration (defaults to 1 second) 06h, 10h
18 Pulse OUT204 1–30 seconds duration (defaults to 1 second) 06h, 10h
19 Pulse OUT205 1–30 seconds duration (defaults to 1 second) 06h, 10h
20 Pulse OUT206 1–30 seconds duration (defaults to 1 second) 06h, 10h
21 Pulse OUT207 1–30 seconds duration (defaults to 1 second) 06h, 10h
22 Pulse OUT208 1–30 seconds duration (defaults to 1 second) 06h, 10h
23 Pulse OUT209 1–30 seconds duration (defaults to 1 second) 06h, 10h
24 Pulse OUT210 1–30 seconds duration (defaults to 1 second) 06h, 10h
25 Pulse OUT211 1–30 seconds duration (defaults to 1 second) 06h, 10h
26 Pulse OUT212 1–30 seconds duration (defaults to 1 second) 06h, 10h
27 Change Act. Group 1–2 06h, 10h
28 Switch Protocol 0080h 06h, 10h
29 Reset Data Regions 0000 0000 0000 0001 Demand Metering


0000 0000 0000 0010 Peak Demand Metering 
0000 0000 0000 0100 Energy Values
0000 0000 0000 1000 Max/Min meter values 
0000 0000 0001 0000 Breaker Monitor
0000 0000 0010 0000 History Buffer (history and 


events) 
0000 0000 0100 0000 Targets
0000 0000 1000 0000 Sync Check
0000 0001 0000 0000 SER
0000 0010 0000 0000 Communication Counters 
0000 0100 0000 0000 Profiles
 


06h, 10h
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Command 
Code Function Parameter Definition 


Modbus 
Function Code 


30 Control Remote Bits See Note 06h, 10h


Note  Command Code 30–Control Remote Bits
This code controls the remote bits.  This command code has two parameters: 
 
Parameter 1 determines the bit operation. 


Value Operation 
1 Set 
2 Clear 
3 Pulse (1/4 cycle) 


 
Parameter 2 determines which bit to control.  It is bitmasked for future expansion, but only one bit can be 
controlled at a time.  The highest numbered bit will be controlled if more than one bit occurs in the 
parameter. 


Bit Pattern Remote Bit  Bit Pattern Remote Bit 
0000 0000 0000 0001 RB1  0000 0001 0000 0000 RB9 
0000 0000 0000 0010 RB2  0000 0010 0000 0000 RB10 
0000 0000 0000 0100 RB3  0000 0100 0000 0000 RB11 
0000 0000 0000 1000 RB4  0000 1000 0000 0000 RB12 
0000 0000 0001 0000 RB5  0001 0000 0000 0000 RB13 
0000 0000 0010 0000 RB6  0010 0000 0000 0000 RB14 
0000 0000 0100 0000 RB7  0100 0000 0000 0000 RB15 
0000 0000 1000 0000 RB8  1000 0000 0000 0000 RB16 


 


Error Codes 


In addition to the error codes returned for function codes 06h or 10h, the following error codes 
are returned for command codes. 
If the relay is disabled or if the breaker jumper is not installed while the commands 1–4 and 7–26 


are issued, the relay will return error code 04 (device error). 
If the relay is disabled while Reset Targets command (05) is issued, the relay will return error 


code 04h (device error). 
If the TRIGGER command (06) cannot be executed due to multiple events in progress, the relay 


will return error code 06h (device busy).  If the relay is disabled while this command is 
issued, the relay will return 04h (device error). 


If the Switch Protocol command (28) or Reset command (29) cannot be executed if the relay is 
busy, it will return error code 06h (device busy). 


Reading Event Data Using Modbus 


The Modbus Register Map (Table F.20) provides a feature that allows you to download complete 
event data via Modbus.  The SEL-300G stores the 29 latest event summaries and the 29 latest 15-
cycle or the 15 latest 30-cycle full-length event reports.  Please refer to Section 11:  Event 
Reports and SER Functions for a detailed description. 
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The event report will contain both analog and digital data.  To download the event data using 
Modbus, proceed as follows: 


Write the event number you wish to download at address 02D1h. 


Write the channel number you wish to download at address 02D2h.  Refer to Table F.19 
for the channel number assignment. 


Read the four-sample per cycle raw event data from the Modbus Map. 


Note that reading event data via Modbus is significantly slower compared to the other data in the 
Modbus Register Map (Table F.20).  Typical response time to read a single channel data via 
Modbus is about 11 seconds when accessing the new event report for the first time. Subsequent 
channels with the same event report will be less than 100 ms at 9600 baud rate. 


Table F.19:  Assign Event Report Channel Using Address 02D2 


Set 02D2 To Read Data From Channel
1  IA 
2  IB 
3  IC 
4  IN 
5  IG 
6  VA 
7  VB 
8  VC 
9 VN 
10 VS 
11 VDC 
12 Frequency
13 IA87 
14 IB87 
15 IC87 
16 Event Report Summary
17 Relay Element Status Row 2a


18 Relay Element Status Row 3a


19 Relay Element Status Row 4a


20 Relay Element Status Row 5a


21 Relay Element Status Row 6a


22 Relay Element Status Row 7a


23 Relay Element Status Row 8a


24 Relay Element Status Row 9a


25 Relay Element Status Row 10a


26 Relay Element Status Row 11a


27 Relay Element Status Row 12a


28 Relay Element Status Row 13a


28 Relay Element Status Row 14a


30 Relay Element Status Row 15a


31 Relay Element Status Row 16a


32 Relay Element Status Row 17a


33 Relay Element Status Row 18a


34 Relay Element Status Row 19a


35 Relay Element Status Row 20a
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Set 02D2 To Read Data From Channel
36 Relay Element Status Row 21a


37 Relay Element Status Row 22a


38 Relay Element Status Row 23a


39 Relay Element Status Row 24a


40 Relay Element Status Row 25a


41 Relay Element Status Row 26a


42 Relay Element Status Row 27a


43 Relay Element Status Row 28a


44 Relay Element Status Row 29a


45 Relay Element Status Row 30a


46 Relay Element Status Row 31a


47 Relay Element Status Row 32a


48 Relay Element Status Row 33a


49 Relay Element Status Row 34a


50 Relay Element Status Row 35a


51 Relay Element Status Row 36a


52 Relay Element Status Row 37a


53 Relay Element Status Row 38a


54 Relay Element Status Row 39a


55 Relay Element Status Row 40a


56 Relay Element Status Row 41a


57 Relay Element Status Row 42a


58 Relay Element Status Row 43a


59 Relay Element Status Row 44a


60 Relay Element Status Row 45a


61 Relay Element Status Row 46a


62 Relay Element Status Row 47a


63 Relay Element Status Row 48a


64 Relay Element Status Row 49a


65 Relay Element Status Row 50a 


66 Relay Element Status Row 51a 


67 Relay Element Status Row 52a 


68 Relay Element Status Row 53a 


a Please refer to Section 4: ERROR! AUTOTEXT ENTRY NOT DEFINED. Control Equation 
to obtain the contents of each relay element status row.  Relay Element Status Rows 0 and 
1, which represents targets, are displayed at 0260h and 0261h in the Modbus Register 
Map. 


If the user selects an event number for which there is no data available, 8000h will be returned. 


Reading History Data Using Modbus 


The Modbus Register Map, Table F.20, provides a feature that allows you to download the 
complete history of the last 29 events via Modbus.  The history contains the date and time stamp, 
type of event that triggered the report, and the targets.  Please refer to Note 8 of the Modbus Map 
for a list of event types. 


To download the history data using Modbus, write the event number (1–29) to address 02B1h.  
Then read the history of the specific event number you requested from the Modbus Register Map, 
Table F.20. 
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If the user selects a history number for which there is no data available, 8000h will be returned. 


Table F.20:  Modbus Register Map 


Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


Relay ID 
0000– 
 0016 


FID  ASCII string
(see Note 1) 


— — — — 


0017– 
 0019 


Revision ASCII string
(see Note 1) 


— — — — 


001A– 
 002D 


Relay ID  ASCII string
(see Note 1) 


— — — — 


002E– 
 004B 


Terminal ID  ASCII string
(see Note 1) 


— — — — 


004C Reserved  (See Note 2) — — — — 
004D Device Tag # 15045 — — — — 
004E Feature Set ID  0 — — — — 
004F Reserved —  — — — 
Relay Status 
0050 Channel IA offset value  mV –5000 5000 1 1 
0051 Channel IA status message


0=OK, 1=Warn, 2=fail 
— — — — — 


0052 Channel IB offset value  mV –5000 5000 1 1 
0053 Channel IB status message


0=OK, 1=Warn, 2=fail  
— — — — — 


0054 Channel IC offset value  mV –5000 5000 1 1 
0055 Channel IC status message 


0=OK, 1=Warn, 2=fail  
— — — — — 


0056 Channel IN offset value  mV –5000 5000 1 1 
0057 Channel IN status message 


0=OK, 1=Warn, 2=fail 
— — — — — 


0058 Channel VA offset value  mV –5000 5000 1 1 
0059 Channel VA status message 


0=OK, 1=Warn, 2=fail  
— — — — — 


005A Channel VB offset value  mV –5000 5000 1 1 
005B Channel VB status message 


0=OK, 1=Warn, 2=fail 
— — — — — 


005C Channel VC offset value  mV –5000 5000 1 1 
005D Channel VC status message 


0=OK, 1=Warn, 2=fail  
— — — — — 


005E Channel VN offset value  mV –5000 5000 1 1 
005F Channel VN status message


0=OK, 1=Warn, 2=fail  
— — — — — 


0060 Channel IA87 offset value  mV –5000 5000 1 1 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


0061 Channel IA87 status message
0=OK, 1=Warn, 2=fail 


— — — — — 


0062 Channel IB87 offset value  mV –5000 5000 1 1 
0063 Channel IB87 status message


0=OK, 1=Warn, 2=fail  
— — — — — 


0064 Channel IC87 offset value  mV –5000 5000 1 1 
0065 Channel IC87 status message 


0=OK, 1=Warn, 2=fail 
— — — — — 


0066 Channel VS offset value  mV –5000 5000 1 1 
0067 Channel VS status message


0=OK, 1=Warn, 2=fail  
— — — — — 


0068 Master DC offset (MOF) in A/D 
circuit 


mV –5000 5000 1 1 


0069 MOF status message  
0=OK, 1=Warn, 2=fail 


— — — — — 


006A +5V Power supply voltage value V 0 600 1 0.01 
006B +5V Power Supply Status 


message 0=OK, 1=Warn, 2=fail 
— — — — — 


006C +5_REG power supply value V 0 600 1 0.01 
006D +5_REG power supply status 


message 0=OK, 1=Warn, 2=fail 
— — — — — 


006E –5_REG power supply value V –600 0 1 0.01 
006F –5_REG power supply status 


message 0=OK, 1=Warn, 2=fail 
— — — — — 


0070 (+12_ps) Power Supply Value  V 0 1500 1 0.01 
0071 (+12_ps) Power Supply Status


0=OK, 1=Warn, 2=fail 
— — — — — 


0072 (–12_ps)Power Supply Value  V –1500 0 1 0.01 
0073 (–12_ps) Power Supply Status


0=OK, 1=Warn, 2=fail 
— — — — — 


0074 (+15_ps) Power Supply Value  V 0 2000 1 0.01 
0075  (+15_ps) Power Supply 


Status0=OK, 1=Warn, 2=fail 
— — — — — 


0076 (–15_ps) Power Supply Value  V –2000 0 1 0.01 
0077 (–15_ps) Power Supply Status


0=OK, 1=Warn, 2=fail 
— — — — — 


0078 TEMP in degrees Celsius °C –1000 1000 1 0.1 
0079 Temperature status 


0=OK, 1=Warn, 2=fail 
— — — — — 


007A RAM status 
0=OK, 2=fail 


— — — — — 


007B ROM status 
0=OK, 2=fail 


— — — — — 


007C A/D 
0=OK, 1=Warn, 2=fail 


— — — — — 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


007D CR_RAM status 
0=OK, 2=fail 


— — — — — 


007E EEPROM status 
0=OK, 2=fail 


— — — — — 


007F IO Board 
0=OK, 2=fail 


— — — — — 


0080 RELAY STATUS 
0=Enabled, 2= Disabled 


— — — — — 


0081– 
  008F 


Reserved — — — — — 


Instantaneous Metering 
0090 Phase A Current Amps 0 65535 1 1 
0091 Phase A Current Angle  degrees  –18000 18000 1 0.01 
0092 Phase B Current Amps 0 65535 1 1 
0093 Phase B Current Angle  degrees  –18000 18000 1 0.01 
0094 Phase C Current Amps 0 65535 1 1 
0095 Phase C Current Angle  degrees  –18000 18000 1 0.01 
0096 Neutral Current  Amps 0 65535 1 1 
0097 Neutral Current Angle  degrees  –18000 18000 1 0.01 
0098 Residual Current  Amps 0 65535 1 1 
0099 Residual Current Angle  degrees  –18000 18000 1 0.01 
009A Phase A Voltage kV 0 65535 1 0.1 
009B Phase A Voltage Angle  degrees  –18000 18000 1 0.01 
009C Phase B Voltage kV 0 65535 1 0.1 
009D Phase B Voltage Angle  degrees  –18000 18000 1 0.01 
009E Phase C Voltage kV 0 65535 1 0.1 
009F Phase C Voltage Angle  degrees  –18000 18000 1 0.01 
00A0 Neutral Voltage  sV 0 65535 1 0.01 
00A1 Neutral Voltage Angle  degrees  –18000 18000 1 0.01 
00A2 Sync Voltage  kV 0 65535 1 0.1 
00A3 Sync Voltage Angle  degrees  –18000 18000 1 0.01 
00A4 Third Harmonic Terminal 


Voltage 
sV 0 65535 1 0.01 


00A5 Third Harmonic Neutral Voltage sV 0 65535 1 0.01 
00A6 Megawatts Phase A 


(DELTA_Y=Y)** 
MWatts –32767 32767 1 0.1 


00A7 Megavars Phase A 
(DELTA_Y=Y)** 


MVars –32767 32767 1 0.1 


00A8 Power Factor Phase A 
(DELTA_Y=Y)** 


— 0 100 1 0.01 


00A9 LEAD/LAG Phase A 
(DELTA_Y=Y)** 
0 = LAG, 
1 = LEAD 


— — — — — 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


00AA Megawatts Phase B 
(DELTA_Y=Y)** 


MWatts –32767 32767 1 0.1 


00AB Megavars Phase B 
(DELTA_Y=Y)** 


MVars –32767 32767 1 0.1 


00AC Power Factor Phase B 
(DELTA_Y=Y)** 


  0 100 1 0.01 


00AD LEAD/LAG Phase B 
(DELTA_Y=Y)** 
0 = LAG, 
1 = LEAD 


— — — — — 


00AE Megawatts Phase C 
(DELTA_Y=Y)** 


MWatts –32767 32767 1 0.1 


00AF Megavars Phase C 
(DELTA_Y=Y)** 


MVars –32767 32767 1 0.1 


00B0 Power Factor Phase C 
(DELTA_Y=Y)** 


— 0 100 1 0.01 


00B1 LEAD/LAG Phase C 
(DELTA_Y=Y)** 
0 = LAG,  
1 = LEAD 


— — — — — 


00B2 Megawatts 3 Phase  MWatts –32767 32767 1 0.1 
00B3 Megavars 3 Phase  MVars –32767 32767 1 0.1 
00B4 Power Factor 3 Phase  — 0 100 1 0.01 
00B5 LEAD/LAG 3 Phase  


0 = LAG 
1 = LEAD 


— — — — — 


00B6 Positive Sequence Current ( I1 ) Amps 0 65535 1 1 
00B7 Positive Sequence Current Angle degrees  –18000 18000 1 0.01 
00B8 Negative Sequence Current (3I2) Amps 0 65535 1 1 
00B9 Negative Sequence Current 


Angle 
degrees  –18000 18000 1 0.01 


00BA Zero Sequence Current (3I0) Amps 0 65535 1 1 
00BB Zero Sequence Current Angle degrees  –18000 18000 1 0.01 
00BC Positive Sequence Voltage (V1) kV 0 65535 1 0.1 
00BD Positive Sequence Voltage Angle degrees  –18000 18000 1 0.01 
00BE Negative Sequence Voltage (V2) kV 0 65535 1 0.1 
00BF Negative Sequence Voltage 


Angle 
degrees  –18000 18000 1 0.01 


00C0 Zero Sequence Voltage (3V0) kV 0 65535 1 0.1 
00C1 Zero Sequence Voltage Angle degrees  –18000 18000 1 0.01 
00C2 Phase IA87 Current Amps 0 65535 1 1 
00C3 Phase IA87 Current Angle  degrees  –18000 18000 1 0.01 
00C4 Phase IB87 Current Amps 0 65535 1 1 
00C5 Phase IB87 Current Angle  degrees  –18000 18000 1 0.01 
00C6 Phase IC87 Current Amps 0 65535 1 1 







Modbus RTU Communications Protocol F-23 
 


SEL-300G Instruction Manual   Date Code 20081231 


Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


00C7 Phase IC87 Current Angle  degrees  –18000 18000 1 0.01 
00C8 Frequency Hertz 0 65535 1 0.01 
00C9 DC Voltage  V 0 65535 1 0.1 
00CA Volts/Hertz %   65535  0.01 
Differential Currents  
00CB Operate current for winding 1 Amps 0 65535 1 0.01 
00CC Restraint current for winding 1 Amps 0 65535 1 0.01 
00CD Percent of restraint for 


winding 1 
— 0 65535 1 0.1 


00CE Operate current for winding 2 Amps 0 65535 1 0.01 
00CF Restraint current for winding 2 Amps 0 65535 1 0.01 
00D0 Percent of restraint for 


winding 2 
— 0 65535 1 0.1 


00D1 Operate current for winding 3 Amps 0 65535 1 0.01 
00D2 Restraint current for winding 3 Amps 0 65535 1 0.01 
00D3 Percent of restraint for 


winding 3 
— 0 65535 1 0.1 


00D4 Second harmonic current in 
winding 1 


Amps 0 65535 1 0.01 


00D5 Percent of operate quantity for 
winding 1 


— 0 65535 1 0.1 


00D6 Second harmonic current in 
winding 2 


Amps 0 65535 1 0.01 


00D7 Percent of operate quantity for 
winding 2 


— 0 65535 1 0.1 


00D8 Second harmonic current in 
winding 3 


Amps 0 65535 1 0.01 


00D9 Percent of operate quantity for 
winding 3 


— 0 65535 1 0.1 


Demand  
00DA Demand Current Phase A Amps 0 65535 1 1 
00DB Demand Current Phase B Amps 0 65535 1 1 
00DC Demand Current Phase C Amps 0 65535 1 1 
00DD Demand Neutral Current IN Amps 0 65535 1 1 
00DE Demand Residual Current IG Amps 0 65535 1 1 
00DF Demand Negative Sequence 


Current 3I2 
Amps 0 65535 1 1 


Demand In 
00E0 Megawatts Phase A 


(DELTA_Y=Y)** 
MWatts –32767 32767 1 0.1 


00E1 Megawatts Phase B 
(DELTA_Y=Y)** 


MWatts –32767 32767 1 0.1 


00E2 Megawatts Phase C 
(DELTA_Y=Y)** 


MWatts –32767 32767 1 0.1 
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00E3 Megawatts 3 Phase  MWatts –32767 32767 1 0.1 
00E4 Megavars Phase A  


(DELTA_Y=Y)** 
MVars –32767 32767 1 0.1 


00E5 Megavars Phase B   
(DELTA_Y=Y)** 


MVars –32767 32767 1 0.1 


00E6 Megavars Phase C   
(DELTA_Y=Y)** 


MVars –32767 32767 1 0.1 


00E7 Megavars 3 Phase  MVars –32767 32767 1 0.1 
Demand Out  
00E8 Megawatts Phase A 


(DELTA_Y=Y)** 
MWatts –32767 32767 1 0.1 


00E9 Megawatts Phase B 
(DELTA_Y=Y)** 


MWatts –32767 32767 1 0.1 


00EA Megawatts Phase C 
(DELTA_Y=Y)** 


MWatts –32767 32767 1 0.1 


00EB Megawatts 3 Phase  MWatts –32767 32767 1 0.1 
00EC Megavars Phase A  


(DELTA_Y=Y)** 
MVars –32767 32767 1 0.1 


00ED Megavars Phase B   
(DELTA_Y=Y)** 


MVars –32767 32767 1 0.1 


00EE Megavars Phase C   
(DELTA_Y=Y)** 


MVars –32767 32767 1 0.1 


00EF Megavars 3 Phase  MVars –32767 32767 1 0.1 
Reset 
00F0 Last Demand Reset Time ms 0 999 1 1 
00F1   sec 0 59 1 1 
00F2   minute 0 59 1 1 
00F3  hour 1 23 1 1 
00F4 Last Demand Reset Date day 1 31 1 1 
00F5   month 1 12 1 1 
00F6   year 1992 2999 1 1 
Peak Demand 
00F7 Peak Demand Current Phase A Amps 0 65535 1 1 
00F8 Peak Demand Current Phase B Amps 0 65535 1 1 
00F9 Peak Demand Current Phase C Amps 0 65535 1 1 
00FA Peak Demand Neutral  


Current IN 
Amps 0 65535 1 1 


00FB Peak Demand Residual 
Current IG 


Amps 0 65535 1 1 


00FC Peak Demand Neg Seq 
Current 3I2 


Amps 0 65535 1 1 


Peak Demand In  
00FD Megawatts Phase A 


(DELTA_Y=Y)** 
MWatts –32767 32767 1 0.1 
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00FE Megawatts Phase B 
(DELTA_Y=Y)** 


MWatts –32767 32767 1 0.1 


00FF Megawatts Phase C 
(DELTA_Y=Y)** 


MWatts –32767 32767 1 0.1 


0100 Megawatts 3 Phase  MWatts –32767 32767 1 0.1 
0101 Megavars Phase A  


(DELTA_Y=Y)** 
MVars –32767 32767 1 0.1 


0102 Megavars Phase B   
(DELTA_Y=Y)** 


MVars –32767 32767 1 0.1 


0103 Megavars Phase C   
(DELTA_Y=Y)** 


MVars –32767 32767 1 0.1 


0104 Megavars 3 Phase  MVars –32767 32767 1 0.1 
Peak Demand Out  
0105 Megawatts Phase A 


(DELTA_Y=Y)** 
MWatts –32767 32767 1 0.1 


0106 Megawatts Phase B 
(DELTA_Y=Y)** 


MWatts –32767 32767 1 0.1 


0107 Megawatts Phase C 
(DELTA_Y=Y)** 


MWatts –32767 32767 1 0.1 


0108 Megawatts 3 Phase  MWatts –32767 32767 1 0.1 
0109 Megavars Phase A 


(DELTA_Y=Y)** 
MVars –32767 32767 1 0.1 


010A Megavars Phase B 
(DELTA_Y=Y)** 


MVars –32767 32767 1 0.1 


010B Megavars Phase C 
(DELTA_Y=Y)** 


MVars –32767 32767 1 0.1 


010C Megavars 3 Phase  MVars –32767 32767 1 0.1 
Reset 
010D Last Peak Demand Reset Time ms 0 999 1 1 
010E   sec 0 59 1 1 
010F   minute 0 59 1 1 
0110  hour 1 23 1 1 
0111 Last Peak Demand Reset Date day 1 31 1 1 
0112   month 1 12 1 1 
0113   year 1992 2999 1 1 
Energy In  
0114 Megawatts Phase A 


(DELTA_Y=Y)** 
MWattH 0 65535 1 1 


0115 Megawatts Phase B 
(DELTA_Y=Y)** 


MWattH 0 65535 1 1 


0116 Megawatts Phase C 
(DELTA_Y=Y)** 


MWattH 0 65535 1 1 


0117 Megawatts 3 Phase  MWattH 0 65535 1 1 
0118 Megavars Phase A  


(DELTA_Y=Y)** 
MVarH 0 65535 1 1 
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0119 Megavars Phase B   
(DELTA_Y=Y)** 


MVarH 0 65535 1 1 


011A Megavars Phase C   
(DELTA_Y=Y)** 


MVarH 0 65535 1 1 


011B Megavars 3 Phase  MVarH 0 65535 1 1 
Energy Out  
011C Megawatts Phase A 


(DELTA_Y=Y)** 
MWattH 0 65535 1 1 


011D Megawatts Phase B 
(DELTA_Y=Y)** 


MWattH 0 65535 1 1 


011E Megawatts Phase C 
(DELTA_Y=Y)** 


MWattH 0 65535 1 1 


011F Megawatts 3 Phase  MWattH 0 65535 1 1 
0120 Megavars Phase A  


(DELTA_Y=Y)** 
MVarH 0 65535 1 1 


0121 Megavars Phase B   
(DELTA_Y=Y)** 


MVarH 0 65535 1 1 


0122 Megavars Phase C   
(DELTA_Y=Y)** 


MVarH 0 65535 1 1 


0123 Megavars 3 Phase  MVarH 0 65535 1 1 
Reset 
0124 Last Energy Reset Time ms 0 999 1 1 
0125   sec 0 59 1 1 
0126   minute 0 59 1 1 
0127  hour 1 23 1 1 
0128 Last Energy Reset Date  day 1 31 1 1 
0129   month 1 12 1 1 
012A   year 1992 2999 1 1 
Min/Max Metering (See Note 3) 
012B Max Phase A Current Amps 0 65535 1 1 
012C Max Phase A Current Time ms 0 999 1 1 
012D   sec 0 59 1 1 
012E   minute 0 59 1 1 
012F  hour 1 23 1 1 
0130 Max Phase A Current Date  day 1 31 1 1 
0131   month 1 12 1 1 
0132   year 1992 2999 1 1 
0133 Min Phase A Current Amps 0 65535 1 1 
0134 Min Phase A Current Time ms 0 999 1 1 
0135   sec 0 59 1 1 
0136   minute 0 59 1 1 
0137  hour 1 23 1 1 
0138 Min Phase A Current Date  day 1 31 1 1 
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0139   month 1 12 1 1 
013A   year 1992 2999 1 1 
013B Max Phase B Current Amps 0 65535 1 1 
013C Max Phase B Current Time ms 0 999 1 1 
013D   sec 0 59 1 1 
013E   minute 0 59 1 1 
013F  hour 1 23 1 1 
0140 Max Phase B Current Date  day 1 31 1 1 
0141   month 1 12 1 1 
0142   year 1992 2999 1 1 
0143 Min Phase B Current Amps 0 65535 1 1 
0144 Min Phase B Current Time ms 0 999 1 1 
0145   sec 0 59 1 1 
0146   minute 0 59 1 1 
0147  hour 1 23 1 1 
0148 Min Phase B Current Date  day 1 31 1 1 
0149   month 1 12 1 1 
014A   year 1992 2999 1 1 
014B Max Phase C Current Amps 0 65535 1 1 
014C Max Phase C Current Time ms 0 999 1 1 
014D   sec 0 59 1 1 
014E   minute 0 59 1 1 
014F  hour 1 23 1 1 
0150 Max Phase C Current Date  day 1 31 1 1 
0151   month 1 12 1 1 
0152   year 1992 2999 1 1 
0153 Min Phase C Current Amps 0 65535 1 1 
0154 Min Phase C Current Time ms 0 999 1 1 
0155   sec 0 59 1 1 
0156   minute 0 59 1 1 
0157  hour 1 23 1 1 
0158 Min Phase C Current Date  day 1 31 1 1 
0159   month 1 12 1 1 
015A   year 1992 2999 1 1 
015B Max Neutral Current Amps 0 65535 1 1 
015C Max Neutral Current Time ms 0 999 1 1 
015D   sec 0 59 1 1 
015E   minute 0 59 1 1 
015F  hour 1 23 1 1 
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0160 Max Neutral Current Date  day 1 31 1 1 
0161   month 1 12 1 1 
0162   year 1992 2999 1 1 
0163 Min Neutral Current Amps 0 65535 1 1 
0164 Min Neutral Current Time ms 0 999 1 1 
0165   sec 0 59 1 1 
0166   minute 0 59 1 1 
0167  hour 1 23 1 1 
0168 Min Neutral Current Date  day 1 31 1 1 
0169   month 1 12 1 1 
016A   year 1992 2999 1 1 
016B Max Residual Current Amps 0 65535 1 1 
016C Max Residual Current Time ms 0 999 1 1 
016D   sec 0 59 1 1 
016E   minute 0 59 1 1 
016F  hour 1 23 1 1 
0170 Max Residual Current Date  day 1 31 1 1 
0171   month 1 12 1 1 
0172   year 1992 2999 1 1 
0173 Min Residual Current Amps 0 65535 1 1 
0174 Min Residual Current Time ms 0 999 1 1 
0175   sec 0 59 1 1 
0176   minute 0 59 1 1 
0177  hour 1 23 1 1 
0178 Min Residual Current Date  day 1 31 1 1 
0179   month 1 12 1 1 
017A   year 1992 2999 1 1 
017B Max Phase A Voltage kV 0 65535 1 0.1 
017C Max Phase A Voltage Time ms 0 999 1 1 
017D   sec 0 59 1 1 
017E   minute 0 59 1 1 
017F  hour 1 23 1 1 
0180 Max Phase A Voltage Date  day 1 31 1 1 
0181   month 1 12 1 1 
0182   year 1992 2999 1 1 
0183 Min Phase A Voltage kV 0 65535 1 0.1 
0184 Min Phase A Voltage Time ms 0 999 1 1 
0185   sec 0 59 1 1 
0186   minute 0 59 1 1 
0187  hour 1 23 1 1 
0188 Min Phase A Voltage Date  day 1 31 1 1 
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0189   month 1 12 1 1 
018A   year 1992 2999 1 1 
018B Max Phase B Voltage kV 0 65535 1 0.1 
018C Max Phase B Voltage Time ms 0 999 1 1 
018D   sec 0 59 1 1 
018E   minute 0 59 1 1 
018F  hour 1 23 1 1 
0190 Max Phase B Voltage Date  day 1 31 1 1 
0191   month 1 12 1 1 
0192   year 1992 2999 1 1 
0193 Min Phase B Voltage kV 0 65535 1 0.1 
0194 Min Phase B Voltage Time ms 0 999 1 1 
0195   sec 0 59 1 1 
0196   minute 0 59 1 1 
0197  hour 1 23 1 1 
0198 Min Phase B Voltage Date  day 1 31 1 1 
0199   month 1 12 1 1 
019A   year 1992 2999 1 1 
019B Max Phase C Voltage kV 0 65535 1 0.1 
019C Max Phase C Voltage Time ms 0 999 1 1 
019D   sec 0 59 1 1 
019E   minute 0 59 1 1 
019F  hour 1 23 1 1 
01A0 Max Phase C Voltage Date  day 1 31 1 1 
01A1   month 1 12 1 1 
01A2   year 1992 2999 1 1 
01A3 Min Phase C Voltage kV 0 65535 1 0.1 
01A4 Min Phase C Voltage Time ms 0 999 1 1 
01A5   sec 0 59 1 1 
01A6   minute 0 59 1 1 
01A7  hour 1 23 1 1 
01A8 Min Phase C Voltage Date  day 1 31 1 1 
01A9   month 1 12 1 1 
01AA   year 1992 2999 1 1 
01AB Max Sync Voltage kV 0 65535 1 0.1 
01AC Max Sync Voltage Time ms 0 999 1 1 
01AD   sec 0 59 1 1 
01AE   minute 0 59 1 1 
01AF  hour 1 23 1 1 
01B0 Max Sync Voltage Date  day 1 31 1 1 
01B1   month 1 12 1 1 
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01B2   year 1992 2999 1 1 
01B3 Min Sync Voltage kV 0 65535 1 0.1 
01B4 Min Sync Voltage Time ms 0 999 1 1 
01B5   sec 0 59 1 1 
01B6   minute 0 59 1 1 
01B7  hour 1 23 1 1 
01B8 Min Sync Voltage Date  day 1 31 1 1 
01B9   month 1 12 1 1 
01BA   year 1992 2999 1 1 
01BB Max Neutral Voltage sV 0 65535 1 0.01 
01BC Max Neutral Voltage Time ms 0 999 1 1 
01BD   sec 0 59 1 1 
01BE   minute 0 59 1 1 
01BF  hour 1 23 1 1 
01C0 Max Neutral Voltage Date  day 1 31 1 1 
01C1   month 1 12 1 1 
01C2   year 1992 2999 1 1 
01C3 Min Neutral Voltage sV 0 65535 1 0.01 
01C4 Min Neutral Voltage Time ms 0 999 1 1 
01C5   sec 0 59 1 1 
01C6   minute 0 59 1 1 
01C7  hour 1 23 1 1 
01C8 Min Neutral Voltage Date  day 1 31 1 1 
01C9   month 1 12 1 1 
01CA   year 1992 2999 1 1 
01CB Max Terminal 3rd Harmonic 


Voltage 
sV 0 65535 1 0.01 


01CC Max Terminal 3rd Harmonic 
Voltage Time 


ms 0 999 1 1 


01CD   sec 0 59 1 1 
01CE   minute 0 59 1 1 
01CF  hour 1 23 1 1 
01D0 Max Terminal 3rd Harmonic 


Voltage Date  
day 1 31 1 1 


01D1   month 1 12 1 1 
01D2   year 1992 2999 1 1 
01D3 Min Terminal 3rd Harmonic 


Voltage 
sV 0 65535 1 0.01 


01D4 Min Terminal 3rd Harmonic 
Voltage Time 


ms 0 999 1 1 


01D5   sec 0 59 1 1 
01D6   minute 0 59 1 1 
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01D7  hour 1 23 1 1 
01D8 Min Terminal 3rd Harmonic 


Voltage Date  
day 1 31 1 1 


01D9   month 1 12 1 1 
01DA   year 1992 2999 1 1 
01DB Max Neutral 3rd Harmonic 


Voltage 
sV 0 65535 1 0.01 


01DC Max Neutral 3rd Harmonic 
Voltage Time 


ms 0 999 1 1 


01DD   sec 0 59 1 1 
01DE   minute 0 59 1 1 
01DF  hour 1 23 1 1 
01E0 Max Neutral 3rd Harmonic 


Voltage Date  
day 1 31 1 1 


01E1   month 1 12 1 1 
01E2   year 1992 2999 1 1 
01E3 Min Neutral 3rd Harmonic 


Voltage 
sV 0 65535 1 0.01 


01E4 Min Neutral 3rd Harmonic 
Voltage Time 


ms 0 999 1 1 


01E5   sec 0 59 1 1 
01E6   minute 0 59 1 1 
01E7  hour 1 23 1 1 
01E8 Min Neutral 3rd Harmonic 


Voltage Date  
day 1 31 1 1 


01E9   month 1 12 1 1 
01EA   year 1992 2999 1 1 
01EB Max Phase A 87 Current Amps 0 65535 1 1 
01EC Max Phase A 87 Current Time ms 0 999 1 1 
01ED   sec 0 59 1 1 
01EE   minute 0 59 1 1 
01EF  hour 1 23 1 1 
01F0 Max Phase A 87 Current Date  day 1 31 1 1 
01F1   month 1 12 1 1 
01F2   year 1992 2999 1 1 
01F3 Min Phase A 87 Current Amps 0 65535 1 1 
01F4 Min Phase A 87 Current Time ms 0 999 1 1 
01F5   sec 0 59 1 1 
01F6   minute 0 59 1 1 
01F7  hour 1 23 1 1 
01F8 Min Phase A 87 Current Date  day 1 31 1 1 
01F9   month 1 12 1 1 
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01FA   year 1992 2999 1 1 
01FB Max Phase B 87 Current Amps 0 65535 1 1 
01FC Max Phase B 87 Current Time ms 0 999 1 1 
01FD   sec 0 59 1 1 
01FE   minute 0 59 1 1 
01FF  hour 1 23 1 1 
0200 Max Phase B 87 Current Date  day 1 31 1 1 
0201   month 1 12 1 1 
0202   year 1992 2999 1 1 
0203 Min Phase B 87 Current Amps 0 65535 1 1 
0204 Min Phase B 87 Current Time ms 0 999 1 1 
0205   sec 0 59 1 1 
0206   minute 0 59 1 1 
0207  hour 1 23 1 1 
0208 Min Phase B 87 Current Date  day 1 31 1 1 
0209   month 1 12 1 1 
020A   year 1992 2999 1 1 
020B Max Phase C 87 Current Amps 0 65535 1 1 
020C Max Phase C 87 Current Time ms 0 999 1 1 
020D   sec 0 59 1 1 
020E   minute 0 59 1 1 
020F  hour 1 23 1 1 
0210 Max Phase C 87 Current Date  day 1 31 1 1 
0211   month 1 12 1 1 
0212   year 1992 2999 1 1 
0213 Min Phase C 87 Current Amps 0 65535 1 1 
0214 Min Phase C 87 Current Time ms 0 999 1 1 
0215  sec 0 59 1 1 
0216   minute 0 59 1 1 
0217  hour 1 23 1 1 
0218 Min Phase C 87 Current Date  day 1 31 1 1 
0219   month 1 12 1 1 
021A   year 1992 2999 1 1 
021B Max 3 Phase Mega Watts MWatts –32767 32767 1 0.1 
021C Max 3 Phase Mega Watts Time ms 0 999 1 1 
021D   sec 0 59 1 1 
021E   minute 0 59 1 1 
021F  hour 1 23 1 1 
0220 Max 3 Phase Mega Watts Date  day 1 31 1 1 
0221   month 1 12 1 1 
0222   year 1992 2999 1 1 
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0223 Min 3 Phase Mega Watts MWatts –32767 32767 1 0.1 
0224 Min 3 Phase Mega Watts Time ms 0 999 1 1 
0225   sec 0 59 1 1 
0226   minute 0 59 1 1 
0227  hour 1 23 1 1 
0228 Min 3 Phase Mega Watts Date  day 1 31 1 1 
0229   month 1 12 1 1 
022A   year 1992 2999 1 1 
022B Max 3 Phase Mega Vars MVars –32767 32767 1 0.1 
022C Max 3 Phase Mega Vars Time ms 0 999 1 1 
022D   sec 0 59 1 1 
022E   minute 0 59 1 1 
022F  hour 1 23 1 1 
0230 Max 3 Phase Mega Vars Date  day 1 31 1 1 
0231   month 1 12 1 1 
0232   year 1992 2999 1 1 
0233 Min 3 Phase Mega Vars MVars –32767 32767 1 0.1 
0234 Min 3 Phase Mega Vars Time ms 0 999 1 1 
0235   sec 0 59 1 1 
0236   minute 0 59 1 1 
0237  hour 1 23 1 1 
0238 Min 3 Phase Mega Vars Date  day 1 31 1 1 
0239   month 1 12 1 1 
023A   year 1992 2999 1 1 
023B Last Reset Time ms 0 999 1 1 
023C   sec 0 59 1 1 
023D   minute 0 59 1 1 
023E  hour 1 23 1 1 
023F Last Reset Date  day 1 31 1 1 
0240   month 1 12 1 1 
0241   year 1992 2999 1 1 
Thermal Metering 
0242 Temp Input 1 degrees  


(see Note 4) 
–32767 32767 1 1 


0243 Temp Input 2 degrees  –32767 32767 1 1 
0244 Temp Input 3 degrees  –32767 32767 1 1 
0245 Temp Input 4 degrees  –32767 32767 1 1 
0246 Temp Input 5 degrees  –32767 32767 1 1 
0247 Temp Input 6 degrees  –32767 32767 1 1 
0248 Temp Input 7 degrees  –32767 32767 1 1 
0249 Temp Input 8 degrees  –32767 32767 1 1 
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024A Temp Input 9 degrees  –32767 32767 1 1 
024B Temp Input 10 degrees  –32767 32767 1 1 
024C Temp Input 11 degrees  –32767 32767 1 1 
024D Temp Input 12 degrees  –32767 32767 1 1 
024E Reserved       
024F Reserved       
Relay Time and Date 
0250 Time ss (RW)


(See Note 5)
0 59 1 1 


0251   minute (RW) 0 59 1 1 
0252  hour (RW) 1 23 1 1 
0253 Date day (RW) 1 31 1 1 
0254   month (RW) 1 12 1 1 
0255  year (RW) 1992 2999 1 1 
0256– 
  025F 


Reserved      


Relay Word 
0260 Targets 1 


EN 
BKR CLOSED 
LOP 60  
TRIP  
21/51V  
50  
51  
N 


 0 65535 1 1 


0261 Targets 2 
24  
27/59 
32  
40  
46  
64G 
81  
87 


 0 65535 1 1 


0262 Input Contact Status 1 
* 
* 
IN106 
IN105 
IN104 
IN103 
IN102 
IN101 


 0 65535 1 1 


0263 Input Contact Status 2 
IN208 
IN207 
IN206 
IN205 
IN204 
IN203 


 0 65535 1 1 
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IN202 
IN201 


0264 Output Contact Status 1 
ALARM 
OUT107 
OUT106 
OUT105 
OUT104 
OUT103 
OUT102 
OUT101 


 0 65535 1 1 


0265 Output Contact Status 2 
OUT201 
OUT202 
OUT203 
OUT204 
OUT205 
OUT206 
OUT207 
OUT208 


 0 65535 1 1 


0266 Output Contact Status 3 
OUT209 
OUT210 
OUT211 
OUT212  
* 
* 
* 
* 


 0 65535 1 1 


0267 Row 2 
24TC  
24D1 
24D1T 
24C2 
24C2T 
24CR  
SS1 
SS2 


 0 65535 1 1 


0268 Row 3 
27P1   27P2 
27PP1 
27V1  
59P1 
59P2  
59G1  
59G2 


 0 65535 1 1 


0269 Row 4 
32PTC 
32P1 
32P1T 
32P2 
32P2T 
59V1  
59Q 
59PP1 


 0 65535 1 1 
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026A Row 5 
40ZTC 
40Z1 
40Z1T 
40Z2 
40Z2T 
SWING 
SG1 
SG2 


 0 65535 1 1 


026B Row 6 
46QTC 
46Q1 
46Q1T 
46Q2 
46Q2T 
46Q2R 
INAD 
INADT 


 0 65535 1 1 


026C Row 7 
78R1 
78R2 
78Z1 
OOSTC 
51CTC 
51C 
51CT 
51CR 


 0 65535 1 1 


026D Row 8 
51GTC 
51G  
51GT 
51GR 
51NTC 
51N  
51NT 
51NR 


 0 65535 1 1 


026E Row 9 
51VTC 
51V 
51VT 
51VR 
PDEM 
QDEM 
GDEM 
NDEM 


 0 65535 1 1 


026F Row 10 
50P1 
50P1T 
50P2 
50P2T 
50G1 
50G1T 
50G2 
50G2T 


 0 65535 1 1 
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0270 Row 11 
50N1 
50N1T 
50N2 
50N2T 
CC 
CL 
CLOSE 
ULCL 


 0 65535 1 1 


0271 Row 12 
64GTC 
64G1 
64G1T 
64G2 
64G2T 
OOS 
60LOP 
CLEN 


 0 65535 1 1 


0272 Row 13 
BKMON 
BCW 
BCWA 
BCWB 
BCWC 
FAULT 
DCLO 
DCHI 


 0 65535 1 1 


0273 Row 14 
81D1 
81D2 
81D3 
81D4 
81D5 
81D6 
3PO 
52A 


 0 65535 1 1 


0274 Row 15 
81D1T 
81D2T 
81D3T 
81D4T 
81D5T 
81D6T 
27B81 
50L 


 0 65535 1 1 


0275 Row 16 
ONLINE 
BND1A 
BND1T 
BND2A 
BND2T 
BND3A 
BND3T 
BNDA 


 0 65535 1 1 
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0276 Row 17 
TRGTR 
BND4A 
BND4T 
BND5A 
BND5T 
BND6A 
BND6T 
BNDT 


 0 65535 1 1 


0277 Row 18 
TRIP 
TRIP1 
TRIP2 
TRIP3 
TRIP4 
OC1 
OC2 
OC3 


 0 65535 1 1 


0278 Row 19 
TR1 
TR2 
TR3 
TR4 
ULTR1 
ULTR2 
ULTR3 
ULTR4 


 0 65535 1 1 


0279 Row 20 
LB1 
LB2 
LB3 
LB4 
LB5 
LB6 
LB7 
LB8 


 0 65535 1 1 


027A Row 21 
LB9 
LB10  
LB11 
LB12  
LB13  
LB14  
LB15  
LB16 


 0 65535 1 1 


027B Row 22 
RB1 
RB2 
RB3 
RB4 
RB5 
RB6 
RB7 
RB8 


 0 65535 1 1 
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027C Row 23 
RB9 
RB10 
RB11 
RB12 
RB13 
RB14 
RB15 
RB16 


 0 65535 1 1 


027D Row 24 
21CTC 
21C1P 
21C1T 
21C2P 
21C2T 
ZLOAD 
T64G 
N64G 


 0 65535 1 1 


027E Row 25 
SV1 
SV2 
SV3 
SV4 
SV1T 
SV2T 
SV3T 
SV4T 


 0 65535 1 1 


027F Row 26 
SV5 
SV6 
SV7 
SV8 
SV5T 
SV6T 
SV7T 
SV8T 


 0 65535 1 1 


0280 Row 27 
SV9 
SV10  
SV11  
SV12 
SV9T 
SV10T 
SV11T 
SV12T 


 0 65535 1 1 


0281 Row 28 
SV13  
SV14  
SV15  
SV16 
 SV13T 
SV14T 
SV15T 
SV16T 


 0 65535 1 1 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


0282 Row 29 
DP8 
DP7 
DP6 
DP5 
DP4 
DP3 
DP2 
DP1 


 0 65535 1 1 


0283 Row 30 
DP16  
DP15  
DP14  
DP13  
DP12  
DP11  
DP10  
DP9 


 0 65535 1 1 


0284 Row 31  
ER 
OOST 
IN106 
IN105 
IN104 
IN103 
IN102 
IN101 


 0 65535 1 1 


0285 Row 32  
ALARM 
OUT107 
OUT106 
OUT105 
OUT104 
OUT103 
OUT102 
OUT101 


 0 65535 1 1 


0286 Row 33 
87B 
87BL1 
87BL2 
87BL3 
87R 
87R1 
87R2 
87R3 


 0 65535 1 1 


0287 Row 34 
87U 
87U1 
87U2 
87U3 
50H1 
50H1T 
50H2 
50H2T 


 0 65535 1 1 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


0288 Row 35 
50Q1 
50Q1T 
50Q2 
50Q2T 
50R1 
50R1T 
50R2 
50R2T 


 0 65535 1 1 


0289 Row 36 
59VP  
59VS  
CFA 
BKRCF 
BSYNCH 
25C 
25A1 
25A2 


 0 65535 1 1 


028A Row 37 
59PP2 
27PP2 
SF 
VDIF 
GENVHI 
GENVLO 
GENFHI 
GENFLO 


 0 65535 1 1 


028B Row 38 
87NTC 
87N1P 
87N1T 
87N2P 
87N2T 
MPP1P 
MABC1P 
27VS 


 0 65535 1 1 


028C Row 39  
21PTC 
21P1P 
21P1T 
21P2P 
21P2T 
MPP2P 
MABC2P * 


 0 65535 1 1 


028D Row 40 
IN208 
IN207 
IN206 
IN205 
IN204 
IN203 
IN202 
IN201 


 0 65535 1 1 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


028E Row 41 
64FTC 
64F1 
64F1T 
64F2 
64F2T 
64FFLT 
* 
* 


 0 65535 1 1 


028F Row 42 
OUT201 
OUT202 
OUT203 
OUT204 
OUT205 
OUT206 
OUT207 
OUT208 


 0 65535 1 1 


0290 Row 43 
OUT209 
OUT210 
OUT211 
OUT212 
* 
* 
* 
* 


 0 65535 1 1 


0291 Row 44 
50H2A 
50H2B 
50H2C 
* 
* 
* 
* 
* 


 0 65535 1 1 


0292 Row 45 
* 
* 
* 
* 
* 
* 
* 
* 


 0 65535 1 1 


0293 Row 46 
SET1  
SET2  
SET3  
SET4  
SET5  
SET6  
SET7  
SET8 


 0 65535 1 1 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


0294 Row 47 
SET9 
SET10 
SET11 
SET12 
SET13 
SET14 
SET15 
SET16 


 0 65535 1 1 


0295 Row 48 
RST1 
RST2 
RST3 
RST4 
RST5 
RST6 
RST7 
RST8 


 0 65535 1 1 


0296 Row 49 
RST9 
RST10 
RST11 
RST12 
RST13 
RST14 
RST15 
RST16 


 0 65535 1 1 


0297 Row 50 
LT1 
LT2 
LT3 
LT4 
LT5 
LT6 
LT7 
LT8 


 0 65535 1 1 


0298 Row 51 
LT9 
LT10 
LT11 
LT12 
LT13 
LT14 
LT15 
LT16 


 0 65535 1 1 


0299 Row 52 
OTHTRIP 
OTHALRM 
AMBTRIP 
AMBALRM 
BRGTRIP 
BRGALRM 
WDGTRIP 
WDGALRM 


 0 65535 1 1 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


029A Row 53 
RTDFLT 
* 
* 
* 
* 
* 
* 
2600IN 


 0 65535 1 1 


029B 
 


Row 54 
RTD4TR 
RTD4AL 
RTD3TR 
RTD3AL 
RTD2TR 
RTD2AL 
RTD1TR 
RTD1AL 


 0 65535 1 1 


029C Row 55 
RTD8TR 
RTD8AL 
RTD7TR 
RTD7AL 
RTD6TR 
RTD6AL 
RTD5TR 
RTD5AL 


 0 65535 1 1 


029D Row 56 
RTD12TR 
RTD12AL 
RTD11TR 
RTD11AL 
RTD10TR 
RTD10AL 
RTD9TR 
RTD9AL 


 0 65535 1 1 


029E– 
  029F 


Reserved      


Commands 
02A0 Command Code (W)  


(See Note 5)
    


02A1 Parameter 1 (W)     
02A2 Parameter 2 (W)     
02A3– 
  02AF 


Reserved      


History Records (See Note 6) 
02B0 Number of History Records  0 29 — — 
02B1 History Selection (RW) 


(see Note 6) 
1 29 1 1 


02B2 Event Time ms 0 999 1 1 
02B3   sec 0 59 1 1 
02B4   minute 0 59 1 1 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


02B5   hour 0 23 1 1 
02B6 Event Date day 1 31 1 1 
02B7   month 1 12 1 1 
02B8   year 1992 2999 1 1 
02B9 Event type ASCII string


(see Note 1) 
    


02BA  (See Note 2)     
02BB       
02BC        
02BD Event Type Code (See Note 8)     
02BE Current  0 65535 1 1 
02BF Frequency  20 7000 1 0.01 
02C0 Group  1 2 1 1 
02C1 Targets 1 


EN 
BKR 
CLOSED 
LOP 60  
TRIP  
21/51V 
50  
51 
N 


 0 65535 1 1 


02C2 Targets 2 
24 
27/59 
32 
40 
46 
64G 
81 
87 


 0 65535 1 1 


02C3– 
  02CF 


Reserved      


Event Reporting ( See Note 3 ) 
02D0 Number of Event Records  0 29 — — 
02D1 Event Record Selection  (RW)  


(See Note 5)
1 29 1 1 


02D2 Event Channel Selection  (RW)  
(See Note 6)


1 68 1 1 


02D3 ¼ cycle (See Note 7) –32767 32767 1  
02D4 ½ cycle  –32767 32767 1  
02D5 ¾ cycle  –32767 32767 1  
02D6 1 cycle  –32767 32767 1  
02D7 1 ¼ cycle  –32767 32767 1  
02D8 1 ½ cycle  –32767 32767 1  
02D9 1 ¾ cycle  –32767 32767 1  
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


02DA 2 cycle  –32767 32767 1  
02DB 2 ¼ cycle  –32767 32767 1  
02DC 2 ½ cycle  –32767 32767 1  
02DD 2 ¾ cycle  –32767 32767 1  
02DE 3 cycle  –32767 32767 1  
02DF 3 ¼ cycle  –32767 32767 1  
02E0 3 ½ cycle  –32767 32767 1  
02E1 3 ¾ cycle  –32767 32767 1  
02E2 4 cycle  –32767 32767 1  
02E3 4 ¼ cycle  –32767 32767 1  
02E4 4 ½ cycle  –32767 32767 1  
02E5 4 ¾ cycle  –32767 32767 1  
02E6 5 cycle  –32767 32767 1  
02E7 5 ¼ cycle  –32767 32767 1  
02E8 5 ½ cycle  –32767 32767 1  
02E9 5 ¾ cycle  –32767 32767 1  
02EA 6 cycle  –32767 32767 1  
02EB 6 ¼ cycle  –32767 32767 1  
02EC 6 ½ cycle  –32767 32767 1  
02ED 6 ¾ cycle  –32767 32767 1  
02EE 7 cycle  –32767 32767 1  
02EF 7 ¼ cycle  –32767 32767 1  
02F0 7 ½ cycle  –32767 32767 1  
02F1 7 ¾ cycle  –32767 32767 1  
02F2 8 cycle  –32767 32767 1  
02F3 8 ¼ cycle  –32767 32767 1  
02F4 8 ½ cycle  –32767 32767 1  
02F5 8 ¾ cycle  –32767 32767 1  
02F6 9 cycle  –32767 32767 1  
02F7 9 ¼ cycle  –32767 32767 1  
02F8 9 ½ cycle  –32767 32767 1  
02F9 9 ¾ cycle  –32767 32767 1  
02FA 10 cycle   –32767 32767 1  
02FB 10 ¼ cycle  –32767 32767 1  
02FC 10 ½ cycle  –32767 32767 1  
02FD 10 ¾ cycle  –32767 32767 1  
02FE 11 cycle  –32767 32767 1  
02FF 11 ¼ cycle  –32767 32767 1  
0300 11 ½ cycle  –32767 32767 1  
0301 11 ¾ cycle  –32767 32767 1  
0302 12 cycle  –32767 32767 1  
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


0303 12 ¼ cycle  –32767 32767 1  
0304 12 ½ cycle  –32767 32767 1  
0305 12 ¾ cycle  –32767 32767 1  
0306 13 cycle  –32767 32767 1  
0307 13 ¼ cycle  –32767 32767 1  
0308 13 ½ cycle  –32767 32767 1  
0309 13 ¾ cycle  –32767 32767 1  
030A 14 cycle  –32767 32767 1  
030B 14 ¼ cycle  –32767 32767 1  
030C 14 ½ cycle  –32767 32767 1  
030D 14 ¾ cycle  –32767 32767 1  
030E 15 cycle  –32767 32767 1  
030F 15 ¼ cycle  –32767 32767 1  
0310 15 ½ cycle  –32767 32767 1  
0311 15 ¾ cycle  –32767 32767 1  
0312 16 cycle  –32767 32767 1  
0313 16 ¼ cycle  –32767 32767 1  
0314 16 ½ cycle  –32767 32767 1  
0315 16 ¾ cycle  –32767 32767 1  
0316 17 cycle  –32767 32767 1  
0317 17 ¼ cycle  –32767 32767 1  
0318 17 ½ cycle  –32767 32767 1  
0319 17 ¾ cycle  –32767 32767 1  
031A 18 cycle  –32767 32767 1  
031B 18 ¼ cycle  –32767 32767 1  
031C 18 ½ cycle  –32767 32767 1  
031D 18 ¾ cycle  –32767 32767 1  
031E 19 cycle  –32767 32767 1  
031F 19 ¼ cycle  –32767 32767 1  
0320 19 ½ cycle  –32767 32767 1  
0321 19 ¾  cycle  –32767 32767 1  
0322 20 cycle  –32767 32767 1  
0323 20 ¼ cycle  –32767 32767 1  
0324 20 ½ cycle  –32767 32767 1  
0325 20 ¾ cycle  –32767 32767 1  
0326 21 cycle  –32767 32767 1  
0327 21 ¼ cycle  –32767 32767 1  
0328 21 ½ cycle  –32767 32767 1  
0329 21 ¾ cycle  –32767 32767 1  
032A 22 cycle  –32767 32767 1  
032B 22 ¼ cycle  –32767 32767 1  
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


032C 22 ½ cycle  –32767 32767 1  
032D 22 ¾ cycle  –32767 32767 1  
032E 23 cycle  –32767 32767 1  
032F 23 ¼ cycle  –32767 32767 1  
0330 23 ½ cycle  –32767 32767 1  
0331 23 ¾ cycle  –32767 32767 1  
0332 24 cycle  –32767 32767 1  
0333 24 ¼ cycle  –32767 32767 1  
0334 24 ½ cycle  –32767 32767 1  
0335 24 ¾ cycle  –32767 32767 1  
0336 25 cycle   –32767 32767 1  
0337 25 ¼ cycle  –32767 32767 1  
0338 25 ½ cycle  –32767 32767 1  
0339 25 ¾ cycle  –32767 32767 1  
033A 26 cycle  –32767 32767 1  
033B 26 ¼ cycle  –32767 32767 1  
033C 26 ½ cycle  –32767 32767 1  
033D 26 ¾ cycle  –32767 32767 1  
033E 27 cycle  –32767 32767 1  
033F 27 ¼ cycle  –32767 32767 1  
0340 27 ½ cycle  –32767 32767 1  
0341 27 ¾ cycle  –32767 32767 1  
0342 28 cycle  –32767 32767 1  
0343 28 ¼ cycle  –32767 32767 1  
0344 28 ½ cycle  –32767 32767 1  
0345 28 ¾ cycle  –32767 32767 1  
0346 29 cycle  –32767 32767 1  
0347 29 ¼ cycle  –32767 32767 1  
0348 29 ½ cycle  –32767 32767 1  
0349 29 ¾ cycle  –32767 32767 1  
034A 30 cycle  –32767 32767 1  
Event Summary Data (requires Channel 16 Selection. See Note 6.)
034B Event Time ms 0 999 1 1 
034C   sec 0 59 1 1 
034D   minute 0 59 1 1 
034E   hour 0 23 1 1 
034F Event Date day 1 31 1 1 
0350   month 1 12 1 1 
0351   year 1992 2999 1 1 
0352 Event type ASCII string


(see Note 1) 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


0353  (see Note 2)     
0354       
0355        
0356 Event Type Code (see Note 8)     
0357 Frequency Hz 0 65535 1 0.01 
0358 Targets 1 


EN 
BKR CLOSED 
LOP 60  
TRIP 
21/51V 
50  
51 
N 


 0 65535 1 1 


0359 Targets 2 
24 
27/59 
32 
40 
46 
64G 
81 
87 


 0 65535 1 1 


035A Current Phase A Amps 0 65535 1 1 
035B Current Phase B Amps 0 65535 1 1 
035C Current Phase C Amps 0 65535 1 1 
035D Neutral Current IN Amps 0 65535 1 1 
035E Residual Current IG Amps 0 65535 1 1 
035F Negative Sequence Current 3I2 Amps 0 65535 1 1 
0360 Current IA87  Amps 0 65535 1 1 
0361 Current IB87  Amps 0 65535 1 1 
0362 Current IC87  Amps 0 65535 1 1 
0363– 
  036F 


Reserved      


Sequence of Event Records (See Note 6)
0370 Number of Sequence of Events 


Records 
 0 512 — — 


0371 SERSelection  (RW)  
(See Note 5)


1 512 1 1 


0372 SER Time ms 0 999 1 1 
0373   sec 0 59 1 1 
0374   minute 0 59 1 1 
0375   hour 0 23 1 1 
0376 SER Date day 1 31 1 1 
0377   month 1 12 1 1 
0378   year 1992 2999 1 1 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


0379 Element (See Note 9)     
037A State (See Note 9)     
037B– 
  037F 


Reserved      


Sync Check Report (See Note 6)  
0380 Number of Sync Check Reports  0 3 — — 
0381 Sync Check Report Selection  (RW)  


(See Note 5)
1 3 1 1 


0382 CLOSE Asserted At (Time ) ms 0 999 1 1 
0383   sec 0 59 1 1 
0384   minute 0 59 1 1 
0385   hour 0 23 1 1 
0386 CLOSE Asserted At (Date ) day 1 31 1 1 
0387   month 1 12 1 1 
0388   year 1992 2999 1 1 
0389 Slip Frequency Hz 0 5000 1 0.01 
038A Generator Frequency Hz 20 18000 1 0.01 
038B System Frequency Hz 20 7000 1 0.01 
038C Voltage Diff. % 0 65535 1 0.01 
038D Generator Voltage kV 0 65535 1 0.01 
038E System Voltage kV 0 65535 1 0.01 
038F Slip Compensated Phase Angle 


Diff 
degree –18000 18000 1 0.01 


0390 Uncompensated Phase Angle 
Diff 


degree –18000 18000 1 0.01 


0391 BKRCF Asserted At ms 0 999 1 1 
0392  sec 0 59 1 1 
0393  minute 0 59 1 1 
0394  hour 0 23 1 1 
0395 Slip Frequency Hz 0 5000 1 0.01 
0396 Generator Frequency Hz 20 18000 1 0.01 
0397 System Frequency Hz 20 7000 1 0.01 
0398 Voltage Diff. % 0 65535 1 0.01 
0399 Generator Voltage kV 0 65535 1 0.01 
039A System Voltage kV 0 65535 1 0.01 
039B Slip Compensated Phase Angle 


Diff 
degree –18000 18000 1 0.01 


039C Uncompensated Phase Angle 
Diff 


degree –18000 18000 1 0.01 


039D 3PO Deasserted At (Time) ms 0 999 1 1 
039E  sec 0 59 1 1 
039F  minute 0 59 1 1 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


03A0  hour 0 23 1 1 
03A1 Breaker Close Time sec 0 65535 1 0.01 
03A2 Average Breaker Close Time sec 0 65535 1 0.01 
03A3 Close Operations  0 65535 1 1 
03A4 Last Reset Time ms 0 999 1 1 
03A5  sec 0 59 1 1 
03A6  minute 0 59 1 1 
03A7  hour 0 23 1 1 
03A8 Last Reset Date  day 1 31 1 1 
03A9  month 1 12 1 1 
03AA  year 1992 2999 1 1 
03AB– 
  03AF 


Reserved      


Breaker Monitor 
03B0 Internal Trips  0 65535 1 1 
03B1 IA Current Amps 0 65535 1 0.1 
03B2 IB Current Amps 0 65535 1 0.1 
03B3 IC Current Amps 0 65535 1 0.1 
03B4 External Trips  0 65535 1 1 
03B5 IA Current Amps 0 65535 1 0.1 
03B6 IB Current Amps 0 65535 1 0.1 
03B7 IC Current Amps 0 65535 1 0.1 
03B8 % wear Phase A  0 65535 1 1 
03B9 % wear Phase B  0 65535 1 1 
03BA % wear Phase C  0 65535 1 1 
03BB Last Reset Time sec 0 59 1 1 
03BC  minute 0 59 1 1 
03BD  hour 0 23 1 1 
03BE Last Reset Date  day 1 31 1 1 
03BF  month 1 12 1 1 
03C0  year 1992 2999 1 1 
03C1 64FOPT Setting value 


0 = NONE (OFF), 1 = EXT (ON)
 0 1  1 


03C2 Field Insulation Rf (kOhms)
(65535 when Rf unavailable) 


 0 65000 1 0.1 


03C3– 
  03CF 


Reserved      


Generator Operation Profile (See Note 10)
03D0 Time Accumulator Since (Time) minute 0 59 1 1 
03D1  hour 1 23 1 1 
03D2 Time Accumulator Since (Date)  day 1 31 1 1 
03D3  month 1 12 1 1 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


03D4  year 1992 2999 1 1 
03D5 Frequency Band 1, Time 


Accumulator 
sec 0 65535 1 0.1 


03D6 % of limit setting % 0 65535 1 0.1 
03D7 Frequency Band 2, Time 


Accumulator 
sec 0 65535 1 0.1 


03D8 % of limit setting % 0 65535 1 0.1 
03D9 Frequency Band 3, Time 


Accumulator 
sec 0 65535 1 0.1 


03DA % of limit setting % 0 65535 1 0.1 
03DB Frequency Band 4, Time 


Accumulator 
sec 0 65535 1 0.1 


03DC % of limit setting % 0 65535 1 0.1 
03DD Frequency Band 5, Time 


Accumulator 
sec 0 65535 1 0.1 


03DE % of limit setting % 0 65535 1 0.1 
03DF Frequency Band 6, Time 


Accumulator 
sec 0 65535 1 0.1 


03E0 % of limit setting % 0 65535 1 0.1 
03E1 Operating History Since (Time) minute 0 59 1 1 
03E2   hour 0 23 1 1 
03E3 Operating History Since (Date)  day 1 31 1 1 
03E4  month 1 12 1 1 
03E5   year 1992 2999 1 1 
03E6 Running hours sec 0 59 1 1 
03E7  minute 0 59 1 1 
03E8  hour 0 23 1 1 
03E9  day 1 31 1 1 
03EA Stopped hours sec 0 59 1 1 
03EB  minute 0 59 1 1 
03EC  hour 0 23 1 1 
03ED  day 1 31 1 1 
03EE Full load hours sec 0 59 1 1 
03EF  minute 0 59 1 1 
03F0  hour 0 23 1 1 
03F1  day 1 31 1 1 
03F2 % Time running % 0 65535 1 0.1 
03F3 Accumulated I2*I2*t (A*A*s)  1 65535 1 0.1 
03F4 Average Power Since (Time) minute 0 59 1 1 
03F5  hour 0 23 1 1 
03F6 Average Power Since (Date) day 1 31 1 1 
03F7  month 1 12 1 1 
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Address 
(Hex) Field Units 


Range Scale 
FactorLow High Step 


03F8  year 1992 2999 1 1 
03F9 MW out MWatts –32767 32767 1 0.1 
03FA MVAR out MVars –32767 32767 1 0.1 
03FB MVAR in MVars –32767 32767 1 0.1 
03FC Power factor % 0 100 1 0.1 
03FD LEAD/LAG Power Factor 


0 = LAG, 1 = LEAD 
     


03FE– 
  03FF 


Reserved      


Maximum Current Limit 
0400 Multiplier (Phase Current) Amps 0 65535 1 1 
0401 Scale Exponent –4 4 1 1 
0402 Multiplier (Phase Voltage) kV 0 65535 1 1 
0403 Scale Exponent –4 4 1 1 
0404 Multiplier (Total Power) MWatts 0 65535 1 1 
0405 Scale Exponent –4 4 1 1 
0406– 
  040F 


Reserved       


Communication Counter  
0410 Number of messages received   0 65535 1 1 
0411 Number of messages sent to other 


devices 
  0 65535 1 1 


0412 Invalid address   0 65535 1 1 
0413 Bad CRC   0 65535 1 1 
0414 UART error   0 65535 1 1 
0415 Illegal function code / Op code   0 65535 1 1 
0416 Illegal register   0 65535 1 1 
0417 Illegal write   0 65535 1 1 
0418 Bad packet format   0 65535 1 1 
0419 Bad packet length   0 65535 1 1 
041A– 
  0420 


Reserved      


1FFB Device Tag # 15045     
1FFC FEATURE SET ID 0     
1FFD– 
  FFFF 


Reserved      
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All registers are 16 bits with bit locations ranging from 0 to 15. Relay Words and targets are bitmapped 
in bit positions 8 through 15 in the register. The 0 bit position is set to 1 if any of the 8–15 positions are 
set to 1. 
When Scale Factor is shown, you must multiply data in the Address by the Scale Factor. For example, if 
data in the Address 0091 is 3000, (Phase A Current Angle) = 3000*0.01 = 30 degrees. 
(DELTA_Y=Y)** 
If Delta_Y = D (delta) then you will get phase-to-phase voltage and total MWatts and MVars.  
If Delta_Y = Y then you will get phase to neutral voltage as well as per phase and total MWatts and 
MVars. 


Note 1 Two 8 bit ASCII characters per register 


Note 2 Reserved addresses return 8000h. 


Note 3 All values (magnitude, date, and time) will be set to 0xFFFF if any quantity is in reset state. 


Note 4 All values are in degrees Centigrade or degrees Fahrenheit based on relay setting TEMREF. 


Note 5 Registers (RW) are read write registers 
Registers (W) are write only registers 
Registers (R) are read only registers 
All other registers are read only 


Note 6 Event and History Reporting: 
The Modbus Register Map listed above provides a feature that allows you to download complete 
event data, History data, SER data, Sync Check Report data, or Generator Operation Profile data 
via Modbus. The SEL-300G stores the twenty-nine latest event reports, twenty-nine latest event 
summaries (History data), 512 SER, Generator Operating Profile data, and three Sync Check 
Report in nonvolatile memory. If BKRCF is not asserted during synchronism, then the time for 
RKRCF asserted will be 8000h, 8000h, 8000h, 8000h, and the following information, from slip 
frequency to uncompensated phase angle difference, will all be 8000h. The event report 
extraction will be through 68 channels. These channels must be assigned as follows: 
 


Ch1 IA Ch7 VB Ch13 IA87 
Ch2 IB Ch8 VC Ch14 IB87 
Ch3 IC Ch9 VN Ch15 IC87 
Ch4 IN Ch10 VS Ch16  Event Report Summary 
Ch5 IG Ch11 Vdc Ch17  


to Ch68 RELAY WORDS Ch6 VA Ch12 Frequency 
 
The main intent of the event report extraction is as follows: 
At each quarter cycle the following information should be retrievable: Input currents and 
Voltages, Vdc and Frequency, and the 51 rows of relay words associated with the applications. 


Note 7 The scaling factor for ch6–ch11 is 0.1; the scaling factor for ch12 is 0.01; the rest of them use 1 
as scaling factor. 


Note 8 EVENT TYPES: 
ASCII CODE 
TRIG 1 
PULSE 2 
TRIP 4 
ER 8 


 


Note 9 Element field in SER report will have index number defined in Table F.7.  
Element field = 0xffff means that this is Relay newly powered up or settings changed. Event 
State field in SER report will be 0 or 1. 


Note 10 If E81AC = N, then all data from row of 81AC Off–Freq Time Accumulator Since to row of 
Frequency Band 6, Time Accumulator and % of limit setting will be set as 0x8000.  
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APPENDIX G:   ACSELERATOR QUICKSET SEL-5030 SOFTWARE 


OVERVIEW 
The ACSELERATOR® QuickSet™ SEL-5030 Software is an easy-to-use yet powerful tool to help 
get the most out of your SEL-300G Relay. 


Using the ACSELERATOR QuickSet software, you will be able to: 


Create, test, and manage settings with a Windows® interface. 
Visually design SELOGIC® control equations with the Expression Builder, a rules-based editor. 
Analyze power system events from SEL relays with integrated Waveform and Harmonic Analysis 


tools. 
Communicate with SEL devices via an HMI interface with integrated Meter and Control 


functions. 
Create, manage, copy, merge, and read relay settings with a settings database manager. 


This document gives instructions for installing the ACSELERATOR QuickSet software. A Quick 
Tour guide is available as part of the online help. 


Like all SEL relay products, the SEL-300G can also be set and operated by a simple ASCII 
teminal. 


THE ACSELERATOR QUICKSET SYSTEM REQUIREMENTS: 
CPU: Pentium class (recommended 90 MHz or faster) 
Operating System: Windows 98/Me/NT4 SP3 with 32 MB ram 


(64 MB ram recommended) 
 Windows 2000 or later with 64 MB ram
Disk Space: 150 MB 
Communications: EIA-232 serial port for communicating with the relay 
CD drive: Required for installation


INSTALLATION 
To install the ACSELERATOR QuickSet software, perform the following steps. 
Close all other software applications on your PC. 


Step 1. Insert the ACSELERATOR QuickSet software CD into the CD-ROM drive of the PC. 


The installation program should start automatically. 


Step 2. If the install program does not start, perform the following steps: 
a. Select Run from the windows start menu. 
b. Type in the following command D:\SETUP (substitute D:\ with your PC's 


CD-ROM drive letter). 


Step 3. Follow the steps that appear on the screen. 
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The installation program will perform all the necessary steps to load the 
ACSELERATOR QuickSet software onto your PC. 


It is necessary to have the correct comctl32.dll file installed on your computer in order to see the 
toolbar buttons. If you do not see the toolbar buttons, run the 40ComUpd.exe, located in the 
install directory. This file will install the proper windows system drivers. 


STARTING THE ACSELERATOR QUICKSET SOFTWARE 
You can start the ACSELERATOR QuickSet software in one of the following ways: 
Double-click the ACSELERATOR QuickSet software icon if you have a desktop shortcut. 
Choose Programs > SEL Applications and select the ACSELERATOR QuickSet software icon to 


start the program. 
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APPENDIX H:   DIFFERENTIAL CONNECTION DIAGRAMS 
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 Figure H.1:  Protected Generator With No Step-Up Transformer 
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Figure H.2:  Delta-Wye Power Transformer With Wye High-Side CT Connections 
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Figure H.3:  Delta-Wye Power Transformer With Wye High-Side CT Connections 
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Figure H.4:  Delta-Wye Power Transformer With Delta High-Side CT Connections 
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Figure H.5:  Delta-Wye Power Transformer With Delta High-Side CT Connections 
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Figure H.6:  Delta-Delta Power Transformer With Wye High-Side CT Connections 
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Figure H.7:  Delta-Delta Power Transformer With Wye High-Side Connections 
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Figure H.8:  Wye-Delta Power Transformer With Wye High-Side Connections 
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Figure H.9:  Wye-Delta Power Transformer With Wye High-Side Connections 
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APPENDIX I:   UNSOLICITED FAST SER PROTOCOL 


INTRODUCTION 
This appendix describes special binary Fast Sequential Events Recorder (SER) messages that are 
not included in Section 10: Serial Port Communications and Commands. Devices with 
embedded processing capability can use these messages to enable and accept unsolicited binary 
Fast SER messages from the SEL-300G Relay. 


SEL relays and communications processors have two separate data streams that share the same 
serial port. The normal serial interface consists of ASCII character commands and reports that are 
intelligible using a terminal or terminal emulation package. The binary data streams can interrupt 
the ASCII data stream to obtain information, and then allow the ASCII data stream to continue. 
This mechanism allows a single communications channel to be used for ASCII communications 
(e.g., transmission of a long event report) interleaved with short bursts of binary data to support 
fast acquisition of metering or SER data. To exploit this feature, the device connected to the other 
end of the link requires software that uses the separate data streams. The binary commands and 
ASCII commands can also be accessed by a device that does not interleave the data streams. 


MAKE SEQUENTIAL EVENTS RECORDER (SER) SETTINGS WITH CARE 
The relay triggers a row in the Sequential Events Recorder (SER) event report for any change of 
state in any one of the elements listed in the SER1, SER2, SER3, or SER4 trigger settings. 
Nonvolatile memory is used to store the latest 512 rows of the SER event report so they can be 
retained during power loss. The nonvolatile memory is rated for a finite number of writes. 
Exceeding the limit can result in an EEPROM self-test failure. An average of one state change 
every three minutes can be made for a 25-year relay service life. 


RECOMMENDED MESSAGE USAGE 
Use the following sequence of commands to enable unsolicited binary Fast SER messaging in the 
SEL-300G: 


1. On initial connection, send the SNS command to retrieve and store the ASCII names for the 
digital I/O points assigned to trigger SER records. 


The order of the ASCII names matches the point indices in the unsolicited binary Fast SER 
messages. Send the “Enable Unsolicited Fast SER Data Transfer” message to enable the 
SEL-300G to transmit unsolicited binary Fast SER messages. 


2. When SER records are triggered in the SEL-300G, the relay responds with an unsolicited 
binary Fast SER message. If this message has a valid checksum, it must be acknowledged by 
sending an acknowledge message with the same response number as contained in the original 
message. The relay will wait approximately 100 ms to 500 ms to receive an acknowledge 
message, at which time the relay will resend the same unsolicited Fast SER message with the 
same response number. 


3. Upon receiving an acknowledge message with a matching response number, the relay 
increments the response number, and continues to send and seek acknowledgment for 
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unsolicited Fast SER messages, if additional SER records are available. When the response 
number reaches three it wraps around to zero on the next increment. 


FUNCTIONS AND FUNCTION CODES 
In the messages shown below, all numbers are in hexadecimal, unless otherwise noted.  


01—Function Code: Enable Unsolicited Fast SER Data Transfer,  
Sent From Master to Relay 


Upon power-up, the SEL-300G disables its own unsolicited transmissions. This function enables 
the SEL-300G to begin sending unsolicited data to the device that sent the enable message, if the 
SEL-300G has such data to transfer. The message format for function code 01 is shown in 
Table I.1. 


Table I.1:  Function Code 01 Message Format 


Data Description
A546 Message header
12 Message length in bytes (18 decimal)
0000000000 Five bytes reserved for future use as a routing address
YY Status byte (LSB = 1 indicates an acknowledge is requested) 
01 Function code
C0 Sequence byte (Always C0. Other values are reserved for future use in 


multiple frame messages.) 
XX Response number (XX = 00, 01, 02, 03, 00, 01...).
18 Function to enable (18—unsolicited SER messages)
0000 Reserved for future use as function code data
nn Maximum number of SER records per message, 01–20 hex 
cccc Two byte CRC-16 check code for message


The SEL-300G verifies the message by checking the header, length, function code, and enabled 
function code against the expected values. It also checks the entire message against the CRC-16 
field. If any of the checks fail, except the function code or the function to enable, the message is 
ignored. 


If an acknowledge is requested as indicated by the least significant bit of the status byte, the relay 
transmits an acknowledge message with the same response number received in the enable 
message. 


The “nn” field is used to set the maximum number of SER records per message. The relay checks 
for SER records approximately every 500 ms. If there are new records available, the relay 
immediately creates a new unsolicited Fast SER message and transmits it. If there are more than 
“nn” new records available, or if the first and last record are separated by more than 16 seconds, 
the relay will break the transmission into multiple messages so that no message contains more 
than “nn” records, and the first and last record of each message are separated by no more than 
16 seconds. 
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If the function to enable is not 18 or the function code is not recognized, the relay responds with 
an acknowledge message containing a response code 01 (function code unrecognized), and no 
functions are enabled. If the SER triggers are disabled (SER1, SER2, SER3, or SER4 are all set to 
NA), the unsolicited Fast SER messages are still enabled, but the only SER records generated are 
due to settings changes and power being applied to the relay. If the SER1, SER2, SER3, or SER4 
settings are subsequently changed to any non-NA value and SER entries are triggered, unsolicited 
SER messages will be generated with the new SER records. 


02—Function Code: Disable Unsolicited Fast SER Data Transfer,  
Sent From Master to Relay 


This function disables the SEL-300G from transferring unsolicited data. The message format for 
function code 02 is shown in Table I.2. 


Table I.2:  Function Code 02 Message Format 


Data Description
A546 Message header
10 Message length (16 decimal)
0000000000 Five bytes reserved for future use as a routing address.
YY Status byte (LSB = 1 indicates an acknowledge is requested) 
02 Function code
C0 Sequence byte (Always C0. Other values are reserved for future use in 


multiple frame messages.) 
XX Response number (XX = 00, 01, 02, 03, 01, 02...)
18 Function to disable (18 = Unsolicited SER)
00 Reserved for future use as function code data
cccc Two byte CRC-16 check code for message


The SEL-300G verifies the message by checking the header, length, function code, and disabled 
function code against the expected values, and checks the entire message against the CRC-16 
field. If any of the checks fail, except the function code or the function to disable, the message is 
ignored.  


If an acknowledge is requested as indicated by the least significant bit of the status byte, the relay 
transmits an acknowledge message with the same response number received in the enable 
message.  


If the function to disable is not 18 or the function code is not recognized, the relay responds with 
an acknowledge message containing the response code 01 (function code unrecognized) and no 
functions are disabled. 


18—Function: Unsolicited Fast SER Response, Sent From Relay to Master 


The function 18 is used for the transmission of unsolicited Fast Sequential Events Recorder 
(SER) data from the SEL-300G. This function code is also passed as data in the “Enable 
Unsolicited Data Transfer” and the “Disable Unsolicited Data Transfer” messages to indicate 
which type of unsolicited data should be enabled or disabled. The message format for function 
code 18 is shown in Table I.3. 
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Table I.3:  Function Code 18 Message Format 


Data Description
A546 Message header
ZZ Message length (Up to 34 + 4 • nn decimal, where nn is the 


maximum number of SER records allowed per message as indicated 
in the “Enable Unsolicited Data Transfer” message.) 


0000000000 Five bytes reserved for future use as a routing address. 
YY Status Byte (01 = need acknowledgment; 03 = settings changed and 


need acknowledgment. If YY=03, the master should re-read the SNS 
data because the element index list may have changed.) 


18 Function code
C0 Sequence byte (Always C0. Other values are reserved for future use 


in multiple frame messages.) 
XX Response number (XX = 00, 01, 02, 03, 01, 02...)
00000000 Four bytes reserved for future use as a return routing address. 
dddd Two-byte day of year (1–366)
yyyy Two-byte, four-digit year (e.g., 1999 or 07CF hex)
mmmmmmmm Four-byte time of day in milliseconds since midnight
XX 1st element index (match with the response to the SNS command; 


00 for 1st element, 01 for second element, and so on)  
uuuuuu Three-byte time tag offset of 1st element in microseconds since time 


indicated in the time of day field. 
XX 2nd element index
uuuuuu Three-byte time tag offset of 2nd element in microseconds since 


time indicated in the time of day field. 
·  
·  
·  
xx last element index
uuuuuu Three-byte time tag offset of last element in microseconds since 


time indicated in the time of day field. 
FFFFFFFE Four-byte end-of-records flag
ssssssss Packed four-byte element status for up to 32 elements (LSB for the 


1st element) 
cccc Two-byte CRC-16 checkcode for message


If the relay determines that SER records have been lost, it sends a message with the following 
format. 
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Table I.4:  Message Format for Lost SER Records 


Data Description
A546 Message header


22 Message length (34 decimal)


0000000000 Five bytes reserved for future use as a routing address. 


YY Status Byte (01 = need acknowledgment; 03 = settings changed and 
need acknowledgment) 


18 Function code


C0 Sequence byte (Always C0. Other values are reserved for future 
use in multiple frame messages.) 


XX Response number (XX = 00, 01, 02, 03, 00, 01, ...)


00000000 Four bytes reserved for future use as a return routing address. 


dddd Two-byte day of year (1–366) of overflow message generation 


yyyy Two-byte, four-digit year (e.g., 1999 or 07CF hex) of overflow 
message generation. 


mmmmmmmm Four-byte time of day in milliseconds since midnight 


FFFFFFFE Four-byte end-of-records flag


00000000 Element status (unused)


cccc Two byte CRC-16 checkcode for message


Acknowledge Message Sent From Master to Relay, and From Relay to Master 


The acknowledge message is constructed and transmitted for every received message that 
contains a status byte with the LSB set (except another acknowledge message), and that passes all 
other checks, including the CRC. The acknowledge message format is shown in Table I.5. 
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Table I.5:  Acknowledge Message Format 


Data Description 


A546  Message header


0E  Message length (14 decimal)


0000000000  Five bytes reserved for future use as a routing address.
00  Status byte (always 00)


XX  Function code, echo of acknowledged function code with MSB set. 


RR  Response code (see below)


XX  
 


Response number (XX = 00, 01, 02, 03, 00, 01, ...) must match 
response number from message being acknowledged.) 


cccc Two byte CRC-16 checkcode for message


The SEL-300G supports the response codes in Table I.6 


Table I.6:  Supported Response Codes 


RR Response
00 Success 


01 Function code not recognized


Examples 


1 Successful acknowledge for “Enable Unsolicited Fast SER Data Transfer” message from a 
relay with at least one of SER1, SER2, SER3, or SER4 not set to NA: 


A5 46 0E 00 00 00 00 00 00 81 00 XX cc cc  
(XX is the same as the Response Number in the “Enable Unsolicited Data Transfer” 
message to which it responds) 


2 Unsuccessful acknowledge for “Enable Unsolicited Fast SER Data Transfer” message from a 
relay with all of SER1, SER2, SER3, and SER4 set to NA: 


A5 46 0E 00 00 00 00 00 00 81 02 XX cc cc  
(XX is the same as the response number in the “Enable Unsolicited Data Transfer” 
message to which it responds.) 


3 Disable Unsolicited Fast SER Data Transfer message, acknowledge requested: 


A5 46 10 00 00 00 00 00 01 02 C0 XX 18 00 cc cc  
(XX = 00, 01, 02, 03) 
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4 Successful acknowledge from the relay for the “Disable Unsolicited Fast SER Data Transfer” 
message: 


A5 46 0E 00 00 00 00 00 00 82 00 XX cc cc  
(XX is the same as the response number in the “Disable Unsolicited Fast SER Data 
Transfer” message to which it responds.) 


5 Successful acknowledge message from the master for an unsolicited Fast SER message: 


A5 46 0E 00 00 00 00 00 00 98 00 XX cccc  
(XX is the same as the response number in the unsolicited Fast SER message to 
which it responds.) 


Notes: 


Once the relay receives an acknowledge with response code 00 from the master, it will clear the 
settings changed bit (bit 1) in its status byte, if that bit is asserted, and it will clear the settings 
changed bit in fast meter, if that bit is asserted. 


An element index of FE indicates that the SER record is due to power up. An element index of FF 
indicates that the SER record is due to a setting change. An element index of FD indicates that the 
element identified in this SER record is no longer in the SER trigger settings. 


When the relay sends an SER message packet, it will put a sequential number (00, 01, 02, 03, 00, 
01, ...) into the response number. If the relay does not receive an acknowledge from the master 
before approximately 500 ms, the relay will resend the same message packet with the same 
response number up to 5 times until it receives an acknowledge message with that response 
number. For the next SER message, the relay will increment the response number (it will wrap 
around to zero from three). 


A single Fast SER message packet from the relay can have a maximum number of 32 records and 
the data may span a time period of no more than 16 seconds. The master can limit the number of 
records in a packet with the third byte of function code data in the “Enable Unsolicited Data 
Transfer” message (function code 01). The relay can generate an SER packet with fewer than the 
requested number of records, if the record time stamps span more than 16 seconds. 


The relay always requests acknowledgment in unsolicited Fast SER messages (LSB of the status 
byte is set). 


Unsolicited Fast SER messages can be enabled on multiple ports simultaneously. 
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Table I.5:  Acknowledge Message Format 


Data Description 


A546  Message header


0E  Message length (14 decimal)


0000000000  Five bytes reserved for future use as a routing address.
00  Status byte (always 00)


XX  Function code, echo of acknowledged function code with MSB set. 


RR  Response code (see below)


XX  
 


Response number (XX = 00, 01, 02, 03, 00, 01, ...) must match 
response number from message being acknowledged.) 


cccc Two byte CRC-16 checkcode for message


The SEL-300G supports the response codes in Table I.6 


Table I.6:  Supported Response Codes 


RR Response
00 Success 


01 Function code not recognized


Examples 


1 Successful acknowledge for “Enable Unsolicited Fast SER Data Transfer” message from a 
relay with at least one of SER1, SER2, SER3, or SER4 not set to NA: 


A5 46 0E 00 00 00 00 00 00 81 00 XX cc cc  
(XX is the same as the Response Number in the “Enable Unsolicited Data Transfer” 
message to which it responds) 


2 Unsuccessful acknowledge for “Enable Unsolicited Fast SER Data Transfer” message from a 
relay with all of SER1, SER2, SER3, and SER4 set to NA: 


A5 46 0E 00 00 00 00 00 00 81 02 XX cc cc  
(XX is the same as the response number in the “Enable Unsolicited Data Transfer” 
message to which it responds.) 


3 Disable Unsolicited Fast SER Data Transfer message, acknowledge requested: 


A5 46 10 00 00 00 00 00 01 02 C0 XX 18 00 cc cc  
(XX = 00, 01, 02, 03) 
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4 Successful acknowledge from the relay for the “Disable Unsolicited Fast SER Data Transfer” 
message: 


A5 46 0E 00 00 00 00 00 00 82 00 XX cc cc  
(XX is the same as the response number in the “Disable Unsolicited Fast SER Data 
Transfer” message to which it responds.) 


5 Successful acknowledge message from the master for an unsolicited Fast SER message: 


A5 46 0E 00 00 00 00 00 00 98 00 XX cccc  
(XX is the same as the response number in the unsolicited Fast SER message to 
which it responds.) 


Notes: 


Once the relay receives an acknowledge with response code 00 from the master, it will clear the 
settings changed bit (bit 1) in its status byte, if that bit is asserted, and it will clear the settings 
changed bit in fast meter, if that bit is asserted. 


An element index of FE indicates that the SER record is due to power up. An element index of FF 
indicates that the SER record is due to a setting change. An element index of FD indicates that the 
element identified in this SER record is no longer in the SER trigger settings. 


When the relay sends an SER message packet, it will put a sequential number (00, 01, 02, 03, 00, 
01, ...) into the response number. If the relay does not receive an acknowledge from the master 
before approximately 500 ms, the relay will resend the same message packet with the same 
response number up to 5 times until it receives an acknowledge message with that response 
number. For the next SER message, the relay will increment the response number (it will wrap 
around to zero from three). 


A single Fast SER message packet from the relay can have a maximum number of 32 records and 
the data may span a time period of no more than 16 seconds. The master can limit the number of 
records in a packet with the third byte of function code data in the “Enable Unsolicited Data 
Transfer” message (function code 01). The relay can generate an SER packet with fewer than the 
requested number of records, if the record time stamps span more than 16 seconds. 


The relay always requests acknowledgment in unsolicited Fast SER messages (LSB of the status 
byte is set). 


Unsolicited Fast SER messages can be enabled on multiple ports simultaneously. 
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Access  
Level 0 
Commands 


The only significant thing that can be done at Access level 0 is to go to Access Level 1 or 
use the HELP command.  The screen prompt is:  = 


ACC Enter Access Level 1.  If the main board password jumper is not in place, the relay prompts 
for the entry of the Access Level 1 password in order to enter Access Level 1. 


CAS Compressed ASCII configuration data. 
HELP Get command help.  Use alone to learn commands available at this access level.  Use with a 


command name (such as HELP DAT), to get more information about the command.  
 


Access  
Level 1 
Commands 


The Access Level 1 commands primarily allow the user to look at information (e.g., settings, 
metering), not change it.  The screen prompt is:  => 


2AC Enter Access Level 2.  If the main board password jumper is not in place, the relay prompts 
for the entry of the Access Level 2 password in order to enter Access Level 2. 


BAC Enter Breaker Access Level (Access Level B).  If the main board password jumper is not in 
place, the relay prompts for the entry of the Access Level B password.  


BRE Display breaker monitor data (trips, interrupted current, wear). 
CEV n Show compressed event report number n with 1/4-cycle resolution. You can use parameters 


Ly, SEC, Sx, R, C, and DIF with CEV similar to EVE commands described later. Use CEV 
commands to save event reports for SEL-5601 Analytic Assistant. 


CHIS Show compressed history. 
CST Show compressed status report. 
DAT Show date. 
DAT m/d/y Enter date in this manner if Date Format setting DATE_F = MDY. 
DAT y/m/d Enter date in this manner if Date Format setting DATE_F = YMD. 
EVE n Show event report number n with 1/4-cycle resolution.  
EVE A n Show the analog data for event report number n. 
EVE C n Show 15-cycle event report number n with 1/16-cycle resolution. 
EVE D n Show the digital data for event report number n. 
EVE DIF Show differential format event report. 
EVE GND Show special report for Stator Ground element 64G. This report shows RMS secondary 


magnitudes of third-harmonic neutral, third-harmonic terminal, and fundamental neutral 
voltages with 1/4-cycle resolution. It also includes status of related elements. 


EVE Ly n Show y cycles of event report number n. 
EVE R n Show unfiltered event report number n, displaying 16 samples per cycle. 
EVE SEC n Show event report number n with sampled values in secondary amperes and volts instead of 


primary amperes and kV. 
EVE Sx n Show event report number n, displaying x samples per cycle (x = 4 or 16). 
GRO Display active group number. 
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Access  
Level 1 
Commands 
(continued) 


The Access Level 1 commands primarily allow the user to look at information (e.g., settings, 
metering), not change it.  The screen prompt is:  => 


HIS n Show a brief summary of the n latest event reports. 
IRI Force synchronization attempt of internal relay clock to IRIG-B time-code input.  
MET k Display instantaneous metering data.  Enter k for repeat count. 
MET D Display demand and peak demand data.  Select MET RD or MET RP to reset. 
MET DIF Display differential meter data. 
MET E Display energy metering data.  Select MET RE to reset. 
MET M Display maximum/minimum metering data.  Select MET RM to reset. 
MET RD Reset demand ammeter. 
MET RE Reset energy metering. 
MET RM Reset max/min metering. 
MET RP Reset peak demand ammeter. 
MET T Show thermal meter data. 
PRO Display generator operating profile. 
QUI Return to Access Level 0.  Terminate Distributed Port Switch Protocol connection. 
SER m n  Show rows m through n in the Sequential Events Recorder (SER) event report. 
SER n Show the latest n rows in the Sequential Events Recorder (SER) event report. 
SER d1 Show rows in the Sequential Events Recorder (SER) event report from date d1. 
SER d1 d2 Show rows in the Sequential Events Recorder (SER) event report from date d1 to d2.  Entry 


of dates is dependent on the Date Format setting DATE_F (= MDY or YMD). 
SHO n Show relay element and logic settings for Group n. 
SHO G Show global settings. 
SHO P n Show Port n settings. 
SHO R Show Sequential Events Recorder (SER) settings. 
STA Show relay self-test status. 
SYN n View Synch-Check report n (Models 0300G2 and 0300G3) 
TAR R Reset the front-panel tripping targets. 
TAR n k Display Relay Word row.  If n = 0 through 44, display row n.  If n is an element name (e.g., 


50P1) display the row containing element n.  Enter k for repeat count. 
TIM Show or set time (24-hour time).  Show time presently in the relay by entering just TIM.  


Example time 22:47:36 is entered with command TIM 22:47:36. 
TRI Trigger an event report. 
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Access  
Level B 
Commands 


Access Level B commands primarily allow the user to operate relay parameters and output 
contacts.  You can execute all Access Level 1 commands from Access Level B.  The 
screen prompt is:  = => 


CLO Assert the CLOSE Relay Word bit.  If CLOSE is assigned to an output contact, the output 
contact asserts if command CLO is executed and the circuit breaker is open. 


GRO n Change active group to group n. 
OPE n Assert the TRIPn Relay Word bit.  If TRIPn is assigned to an output contact 


(e.g., OUT101 = TRIP1), the output contact asserts if command OPE 1 is executed. 
PUL n k Pulse output contact n (ALARM, OUT101–OUT107, OUT201-OUT212) for k (1–30) 


seconds.  Parameter n must be specified;  k defaults to 1 if not specified. 
 


Access  
Level 2 
Commands 


The Access Level 2 commands allow unlimited access to relay settings, parameters, and 
output contacts.  All Access Level 1 and Access Level B commands are available from 
Access Level 2.  The screen prompt is:  =>> 


BRE n Enter BRE W to preload breaker wear.  Enter BRE R to reset breaker monitor data. 
CON n Control Relay Word bit RBn (Remote Bit n; n = 1 through 8).  Execute CON n and the 


relay responds:  CONTROL RBn.  Then reply with one of the following: 
 SRB n set Remote Bit n (assert RBn). 
 CRB n clear Remote Bit n (deassert RBn). 
 PRB n pulse Remote Bit n (assert RBn for 1/4 cycle). 


 


COP m n Copy relay and logic settings from group m to group n. 
HIS C Clear the brief summary and corresponding event reports. 
PAS Show existing Access Level 1, B, and 2 passwords. 
PAS 1 xxxxxx Change Access Level 1 password to xxxxxx. 
PAS B xxxxxx Change Access Level B password to xxxxxx. 
PAS 2 xxxxxx Change Access Level 2 password to xxxxxx. 
PRO R Reset generator operating profile. 
SET n Change relay and logic settings for group n. 
SET G Change global settings. 
SET P n Change Port n settings. 
SET R Change Sequential Events Recorder (SER) settings. 
STA C Reset self-test warnings/failures, clear data buffers and restart relay. 
SYN R Reset Synch-Check function breaker close time average. 
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Access  
Level 0 
Commands 


The only significant thing that can be done at Access level 0 is to go to Access Level 1 or 
use the HELP command.  The screen prompt is:  = 


ACC Enter Access Level 1.  If the main board password jumper is not in place, the relay prompts 
for the entry of the Access Level 1 password in order to enter Access Level 1. 


CAS Compressed ASCII configuration data. 
HELP Get command help.  Use alone to learn commands available at this access level.  Use with a 


command name (such as HELP DAT), to get more information about the command.  
 


Access  
Level 1 
Commands 


The Access Level 1 commands primarily allow the user to look at information (e.g., settings, 
metering), not change it.  The screen prompt is:  => 


2AC Enter Access Level 2.  If the main board password jumper is not in place, the relay prompts 
for the entry of the Access Level 2 password in order to enter Access Level 2. 


BAC Enter Breaker Access Level (Access Level B).  If the main board password jumper is not in 
place, the relay prompts for the entry of the Access Level B password.  


BRE Display breaker monitor data (trips, interrupted current, wear). 
CEV n Show compressed event report number n with 1/4-cycle resolution. You can use parameters 


Ly, SEC, Sx, R, C, and DIF with CEV similar to EVE commands described later. Use CEV 
commands to save event reports for SEL-5601 Analytic Assistant. 


CHIS Show compressed history. 
CST Show compressed status report. 
DAT Show date. 
DAT m/d/y Enter date in this manner if Date Format setting DATE_F = MDY. 
DAT y/m/d Enter date in this manner if Date Format setting DATE_F = YMD. 
EVE n Show event report number n with 1/4-cycle resolution.  
EVE A n Show the analog data for event report number n. 
EVE C n Show 15-cycle event report number n with 1/16-cycle resolution. 
EVE D n Show the digital data for event report number n. 
EVE DIF Show differential format event report. 
EVE GND Show special report for Stator Ground element 64G. This report shows RMS secondary 


magnitudes of third-harmonic neutral, third-harmonic terminal, and fundamental neutral 
voltages with 1/4-cycle resolution. It also includes status of related elements. 


EVE Ly n Show y cycles of event report number n. 
EVE R n Show unfiltered event report number n, displaying 16 samples per cycle. 
EVE SEC n Show event report number n with sampled values in secondary amperes and volts instead of 


primary amperes and kV. 
EVE Sx n Show event report number n, displaying x samples per cycle (x = 4 or 16). 
GRO Display active group number. 
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Access  
Level 1 
Commands 
(continued) 


The Access Level 1 commands primarily allow the user to look at information (e.g., settings, 
metering), not change it.  The screen prompt is:  => 


HIS n Show a brief summary of the n latest event reports. 
IRI Force synchronization attempt of internal relay clock to IRIG-B time-code input.  
MET k Display instantaneous metering data.  Enter k for repeat count. 
MET D Display demand and peak demand data.  Select MET RD or MET RP to reset. 
MET DIF Display differential meter data. 
MET E Display energy metering data.  Select MET RE to reset. 
MET M Display maximum/minimum metering data.  Select MET RM to reset. 
MET RD Reset demand ammeter. 
MET RE Reset energy metering. 
MET RM Reset max/min metering. 
MET RP Reset peak demand ammeter. 
MET T Show thermal meter data. 
PRO Display generator operating profile. 
QUI Return to Access Level 0.  Terminate Distributed Port Switch Protocol connection. 
SER m n  Show rows m through n in the Sequential Events Recorder (SER) event report. 
SER n Show the latest n rows in the Sequential Events Recorder (SER) event report. 
SER d1 Show rows in the Sequential Events Recorder (SER) event report from date d1. 
SER d1 d2 Show rows in the Sequential Events Recorder (SER) event report from date d1 to d2.  Entry 


of dates is dependent on the Date Format setting DATE_F (= MDY or YMD). 
SHO n Show relay element and logic settings for Group n. 
SHO G Show global settings. 
SHO P n Show Port n settings. 
SHO R Show Sequential Events Recorder (SER) settings. 
STA Show relay self-test status. 
SYN n View Synch-Check report n (Models 0300G2 and 0300G3) 
TAR R Reset the front-panel tripping targets. 
TAR n k Display Relay Word row.  If n = 0 through 44, display row n.  If n is an element name (e.g., 


50P1) display the row containing element n.  Enter k for repeat count. 
TIM Show or set time (24-hour time).  Show time presently in the relay by entering just TIM.  


Example time 22:47:36 is entered with command TIM 22:47:36. 
TRI Trigger an event report. 
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Access  
Level B 
Commands 


Access Level B commands primarily allow the user to operate relay parameters and output 
contacts.  You can execute all Access Level 1 commands from Access Level B.  The 
screen prompt is:  = => 


CLO Assert the CLOSE Relay Word bit.  If CLOSE is assigned to an output contact, the output 
contact asserts if command CLO is executed and the circuit breaker is open. 


GRO n Change active group to group n. 
OPE n Assert the TRIPn Relay Word bit.  If TRIPn is assigned to an output contact 


(e.g., OUT101 = TRIP1), the output contact asserts if command OPE 1 is executed. 
PUL n k Pulse output contact n (ALARM, OUT101–OUT107, OUT201-OUT212) for k (1–30) 


seconds.  Parameter n must be specified;  k defaults to 1 if not specified. 
 


Access  
Level 2 
Commands 


The Access Level 2 commands allow unlimited access to relay settings, parameters, and 
output contacts.  All Access Level 1 and Access Level B commands are available from 
Access Level 2.  The screen prompt is:  =>> 


BRE n Enter BRE W to preload breaker wear.  Enter BRE R to reset breaker monitor data. 
CON n Control Relay Word bit RBn (Remote Bit n; n = 1 through 8).  Execute CON n and the 


relay responds:  CONTROL RBn.  Then reply with one of the following: 
 SRB n set Remote Bit n (assert RBn). 
 CRB n clear Remote Bit n (deassert RBn). 
 PRB n pulse Remote Bit n (assert RBn for 1/4 cycle). 


 


COP m n Copy relay and logic settings from group m to group n. 
HIS C Clear the brief summary and corresponding event reports. 
PAS Show existing Access Level 1, B, and 2 passwords. 
PAS 1 xxxxxx Change Access Level 1 password to xxxxxx. 
PAS B xxxxxx Change Access Level B password to xxxxxx. 
PAS 2 xxxxxx Change Access Level 2 password to xxxxxx. 
PRO R Reset generator operating profile. 
SET n Change relay and logic settings for group n. 
SET G Change global settings. 
SET P n Change Port n settings. 
SET R Change Sequential Events Recorder (SER) settings. 
STA C Reset self-test warnings/failures, clear data buffers and restart relay. 
SYN R Reset Synch-Check function breaker close time average. 
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 FIRMWARE REVISIONS  
 
 


PowerPlex Firmware  Description 
 


3.20    Original PowerPlex Transducer Firmware. 
 


3.30    Added writable Ratios, VA's, Power Factor. 
 


3.50    Maintenance revision. 
 
3.60    Corrected error of 3-Phase VAs and PF in 


Delta connected units.  Delta VA calculation 
now Geometric VAs. 


 
3.70    Corrected Energy roll-over error.  All four 


energy values now roll-over at 99,999,999 to 0. 
Prior versions incorrectly roll-over at 
16,777,215 to 65,536. 


 
3.80    Maintenance revision. 


 
4.10    PowerPlex RTH Meter Firmware. Added 


Harmonic measurements, decreased response 
time from 600ms to 150ms. 


 
4.20    Added Tag Register, Configuration Registers, 


Network Screen setup.  Changed to FFT 
fundamental quantities for determination of PF 
and VARs sign. 


 
   4.30    Added RT (MTWIN_B) support.   
 


4.50    Fixed energy BCD conversion bug. 
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  CERTIFICATION  
 
Bitronics LLC certifies that the calibration of its products are based on measurements using 
equipment whose calibration is traceable to the United States National Institute of 
Standards Technology (NIST).  
 
 COPYRIGHT  
 
This Option Manual is copyrighted and all rights are reserved.  The distribution and sale of 
this manual are intended for the use of the original purchaser or his agents.  This document 
may not, in whole or part, be copied, photocopied, reproduced, translated or reduced to any 
electronic medium or machine-readable form without prior consent of Bitronics LLC, except 
for use by the original purchaser.  
 
 INSTALLATION AND MAINTENANCE 
 
Bitronics' products are designed for ease of installation and maintenance.  As with any 
product of this nature, however, such installation and maintenance can present electrical 
hazards and should only be performed by properly trained and qualified personnel.  If the 
equipment is used in a manner not specified by Bitronics, the protection provided by the 
equipment may be impaired. 
 
 WARRANTY AND ASSISTANCE  
 
This product is warranted against defects in materials and workmanship for a period of 
thirty-six (36) months from the date of their original shipment from the factory.  Products 
repaired at the factory are likewise warranted for eighteen (18) months from the date the 
repaired product is shipped, or for the remainder of the product's original warranty, 
whichever is greater.  Obligation under this warranty is limited to repairing or replacing, at 
our designated facility, any part or parts that our examination shows to be defective.  
Warranties only apply to products subject to normal use and service.  There are no 
warranties, obligations, liabilities for consequential damages, or other liabilities on the part 
of Bitronics LLC except this warranty covering the repair of defective materials.  The 
warranties of merchantability and fitness for a particular purpose are expressly excluded. 
 
For assistance, contact Bitronics LLC at:  
 
Telephone: 610.997.5100      
Fax: 610.997.5450 
  
Email:  bitronics@novatechps.com     
Website: www.novatechweb.com/bitronics 


 
Shipping: 
 
261 Brodhead Road 
Bethlehem, PA  18017-8698  USA 
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1.0  DESCRIPTION 
 
1.1  Introduction  
 
The Bitronics Three Phase PowerPlex Digital Transducer is an all digital re-invention of the 
traditional analog transducer concept.  Unlike its analog predecessors, the PowerPlex can 
communicate information about many quantities over just one output, vastly reducing the 
number of transducers and wire connections needed. These quantities include current and 
voltage, as well as real and reactive power, power factor, energy, and frequency; all 
essential quantities which must be  measured accurately in order to optimize the control 
and delivery of electric power.  The use of "State-of the Art" microprocessor technology 
assures digital accuracy and repeatability across a wide range of input signal levels.  The 
PowerPlex Digital Transducer is a rugged electronic instrument designed for utility and 
industrial applications requiring reliable, precise measurements of three-phase power 
systems.  PowerPlex RT Transducers (MTWIN_B) provide a wide range of Real Time 
measurements, with RTH (MTWDN_B) units providing additional Real Time Harmonic and 
Demand measurements.    True RMS measurements are standard, and accuracy is 
maintained even with the presence of harmonics above the 31st harmonic on current and 
voltage waveforms.  The standard power supply for the PowerPlex allows it to be used on a 
variety of common AC or DC voltages, and the PowerPlex also provides the user with the 
capability to connect directly with a variety of digital communications protocols.  This 
capability allows users to seamlessly integrate Bitronics PowerPlex instruments into an 
existing or planned SCADA or PLC system.    
 
1.2  Features  
 


* Fast Fourier Transforms (FFTs) for Harmonic measurements are performed 
by the instrument.  Provides continuous harmonic information for operations 
without time delay from off-line analysis of waveform data. (RTH only) 


 
* % Total Demand Distortion on Current with user-defined denominator.  This 


provides more meaningful harmonic information for various operating 
conditions. (RTH only) 


 
* Displacement Power Factor allows users to more accurately size and control 


power factor correction. True Power Factor allows users to measure the 
effects of harmonics on their system utilization. (RTH only) 


 
* High Speed calculations provide a speed improvement for tighter automated 


control applications. 
 


* All measured quantities available over the digital communications channel to 
SCADA or PLC systems. 


 
* Non-volatile memory backup of CT/PT settings.  No batteries are needed.  


 
* On board diagnostics continually monitor instrument performance.  


Diagnostic codes available over network.  
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* Separate communications microprocessor to off-load the main processor 


simplifies development of additional protocols. 
 


* Universal power supply works on ac or dc service; 24, 48, 125 or 250V dc 
station batteries or 115V ac service.  AC-only power supplies allow +/- 20% 
line voltage variation.  Available for 115, 230, or 480V ac systems. 


 
* UL listed (UL-3111-1), CSA listed (CSA C22.2 1010.1-92) IEC (1010-1), and 


IEEE Surge Withstand Capability (C37.90.1-1989). 
 


* True RMS measurements are standard.  
 


* Rugged metal housing fits into existing analog transducer installations.  
 


* Watchdog timer maximizes system reliability. 
 


* Front panel switch selects 2 (DELTA), 2 ½ (WYE, MTWDN3 only), or 3 
Element (WYE) Modes. 


 
1.3  Specifications  
 
Input Signals 
 


Amperes:  0 to 5*A ac (0.25*A ac minimum for PF and Harmonics), with 
continuous overload to 10*A ac (15*A ac for Neutral Current), 
400Aac for 2 seconds.  2500V ac isolation, minimum. 


 
Volts: 
  MTW_N3B: 120V ac nom., Range 0 to 150Vac, three phase. 2500V ac min 


isolation. 
  MTW_N1B: 120VL-N/208(240)VL-L nom., Range 0 to 300V ac (300 VL-G Maximum), 


5000V ac min isolation,  2:1 Integral PT. 
  MTW_N2B: 277VL-N/480VL-L nom., Range 0 to 520V ac (300 VL-G Maximum), 


5000V ac min isolation, 4:1 Integral PT. 
 
Minimum input for PF, Harmonics or Frequency=16% of Range. 


 
Signal Burden  
 


Amperes:  4mV ac at 5Aac input ( 0.02 VA )  
 
Volts: 
  MTW_N3B: <1 mA ac at 120V ac input ( 0.1 VA )  
  MTW_N1B: <0.6mA ac at 240V ac input ( 0.15 VA )  
  MTW_N2B: <1.2mA ac at 480V ac input ( 0.6 VA )  


 
Accuracy:   0.25% Class (ANSI Std 460-1988) 
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Frequency: +/- 0.01 Hertz 
   
 * - When CI1 Option (1Amp Input) is installed, divide this value by 5 
 
Signal Frequency:  45Hz to 75Hz (45Hz to 2325Hz Including Harmonics).  


45.00Hz to 75.00Hz Frequency Measurement 
 
Energy Registers:  0 - 99,999,999 kWattHours Positive and Negative 


0 - 99,999,999 kVARHours Leading and Lagging 
Energy is calculated continuously, and stored every 90 
seconds 


 
Demand Interval:  15 Minute Thermal Demand - Sliding Window 
 
Communications protocol: Varies with instrument option 
 
Data update rate:  


 
Model w/option 
-S510,20,30,40 


Data 
Updated 


Data Update 
MAX 


 
MTWIN1B,2B,3B  100ms1 150ms  
 
MTWDN1B,2B,3B  150ms1 200ms  


1 - READ requests ONLY (no WRITE requests) and input 56Hz to 
75Hz, otherwise use Data Update MAX 


 
 


Model w/option 
-S500 


Response 
Time 


MAX   (TYP) 


Global 
Data 


Updated 


 
All 8 Task 


Paths 
Serviced MAX 


 
MTWIN1B,2B,3B 150ms  (75ms)  100ms2 


 
150ms  


 
MTWDN1B,2B,3B 200ms  


(100ms) 
 150ms2 


 
200ms  


2 - No READ or WRITE requests and input 56Hz to 75Hz, otherwise 
use Max Response Time 


 
Power Requirements: 


VD10:  Universal 55-200 V ac or 20-280 V dc, 6 Watts  
VA5  115V ac +/- 20%, 6VA 
VA3  230V ac +/- 20%, 6VA 
VA9  480V ac +8%/- 20% (300 VL-G Maximum), 6VA 


 
Fuse:    1.5 Ampere, non-time delay (M) fuse, UL listed located in the 


ungrounded (hot) side of the line, external to meter. 
 
Operating Temperature: -30C to 70C.       Humidity:  0-95% non-condensing 
 
Installation Category: IC III (Distribution Level) 
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Pollution Degree:  2 
 
Weight:   3.5 pounds ( 1.60 kilograms ) 
 
Size:    5.25"H x 5.60"W x 5.63"D 
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2.0  PRINCIPLES OF OPERATION  
 
 


 
 
Figure 1 – Transducer exploded view 
 
 
2.1 Construction 
 
The Bitronics PowerPlex RT(H) Digital Transducer is composed of four Printed Circuit 
Board Assemblies, as shown in the exploded view of the meter (Figure 1).  They are the 
back panel and Current Transformer & Potential Transformer Board, the Main Processor 
Board, the Network Interface Board, the Power Supply Board.  Additionally, a small section 
is separated from the Network Interface Board (containing the output connector, address 
switches, and indicator lights) at the time of manufacture and placed next to the CT/PT 
Board on the front panel.  The CT/PT Board contains primarily passive components 
(transformers, connectors, etc.).  Ninety percent of the active electronics (Integrated 
Circuits, diodes, etc.) are contained within the Main Processor and Network Interface 
boards.  Detailed descriptions of each of the boards can be found in the following sections.  
 
2.1.1  Output Connector Board 
 
The digital communications channel interfaces to the remainder of the instrument via the 
output connector board.  Also located on this board are Power and Status LED indicators, 
and address switches.  Refer to the appropriate protocol manual for the specific functions 
of this board. 
 
 
 
2.1.2  Current and Potential Transformer Board (CT/PT Board)  
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The current  and potential transformer (CT/PT) board contains secondary transformers 
which provide electrical isolation for each of the signal input channels, as well as the 
switches to select 2 (DELTA), 2½ (WYE, MTW_N3 only), or 3 Element (WYE) operation.  
Current from the current terminals flows though a silver-soldered shunt of negligible 
resistance to assure that the user's external CT circuit can never open-circuit, even under 
extreme fault conditions.  Potential voltages are carried through #8 screws on high barrier 
terminal strips directly to the CT/PT board to guarantee reliable connections to the high-
impedance secondary transformer circuits.  The use of transformers on all input leads 
provides excellent isolation between the inputs and any output.  The PowerPlex Digital 
Transducer uses a six wire voltage input, which along with Element Select Switch allows 
great flexibility in connection.  
   
Bitronics PowerPlex instruments provide for complete interchangeability of Main Processor 
and CT/PT boards.  Compensation for normal variations in input circuits is achieved by 
storing calibration constants in a non-volatile memory (EEPROM) which resides on the 
CT/PT board.  These constants are factory-programmed to provide identical signal gain 
(attenuation) in each of the six isolated signal input paths.  The CT and PT settings for 
scaling the transmitted values to the user's CTs and PTs are also stored in this EEPROM.  
Checksums are incorporated into the EEPROM which are read periodically by the 
microcontroller to check the integrity of the calibration constants and the CT and PT setting 
(See section 4.1).  The Energy Registers are also stored in this EEPROM (See section 
2.2.4).  Checksums are incorporated into the EEPROM which are read periodically by the 
microcontroller to check the integrity of the energy registers. 
 
 
2.1.3 Power Supply Board (PS Board)  
 
2.1.3a Universal Power Supply 
 
The Universal power supply is a high-efficiency, high-frequency switching power supply 
with integrated over-current protection.  Power from the input terminals is conducted to a 
full-wave bridge rectifier and capacitor to convert AC power inputs to DC.  DC power inputs 
are unaffected by the bridge rectifier.  Input polarities are marked for reference only.  The 
DC voltage across the filter capacitor is alternately connected and disconnected to the 
isolation/power transformer at a rate of about 60kHz, by a pulse-width controller.  A 
separate feedback winding on the power transformer provides a signal which is used by the 
controller to vary the time that the transformer is connected to the power source.  This 
allows the supply to provide a relatively constant output voltage over a wide range of input 
voltages and output loads.  The output of the switching supply is then post regulated by 
low-drop linear regulators to provide precise supply voltage control under all conditions.  
Two separate, isolated outputs are created; one for the output port, and one for the rest of 
the instrument. 
 
 
 
2.1.3b AC Power Supply 
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The AC power supply circuit is a conservative, conventional design.  Low drop rectifiers and 
a low drop-out solid state regulator minimize internal power dissipation.  Filter capacitors 
are operated at a fraction of their voltage and temperature ratings, and should provide 
years of trouble-free service under extreme environmental conditions.  Two separate, 
isolated outputs are created; one for the output port, and one for the rest of the instrument. 
  
 
2.1.4  Main Processor Board (MP Board) 
 
The MP Board is divided into two parts, the Analog and Digital processor sections: 
 
2.1.4a  Main Processor Analog Processing Section  
 
The first function of Analog Processing section is to sum the three low level AC signals from 
the three CTs to form the Neutral Current Signal (2 ½ and 3 Element Modes only).  
Similarly, the phase A and C voltage signals are summed to form the phase B input voltage 
for use in 2 ½ Element Mode.  These functions are performed by precision analog summing 
circuits.  The second function of Analog Processing section is to sample and digitize the low 
level AC signals provided by the CT/PT board, and to provide a digital number to the 
microcontroller section for further processing.  Calibration constants stored in both the 
CT/PT EEPROM and the EEPROM located on this board provide drift-free calibration, and 
complete interchangeability of Main Processor boards.  Checksums are incorporated into 
both EEPROMs which are read periodically by the microcontroller to check the integrity of 
the calibration constants and the CT and PT setting ( See section 4.1 ).  A "Master Gain" 
trimpot is also located on the MP board to provide the user with fine tuning capability if it is 
necessary to match other devices on the power system. 
 
2.1.4b  Main Processor Digital Microcontroller Section   
 
The host microcontroller section consists of an Intel 87C251SB16 microcontroller (MCU), 
address latch, EPROM memory, SRAM memory and a watchdog timer.  All the data 
acquisition and signal processing are controlled by the microcontroller.  Communications to 
other boards is accomplished via a serial data link consisting of three lines common to all 
the other devices (ADC, 2 EEPROMs).  Individual select lines for each individual device, 
allow the MCU to communicate with one device at a time.  The watchdog timer prevents 
the MCU from "locking up" in the event of a transient or other type of interference.  The 
watchdog timer also provides a reset on power-up or when resuming from a brownout (low 
supply).  In the unlikely event of a microcontroller failure, the watchdog circuit will 
continuously attempt to restart the processor.   
 
A DUAL-PORT RAM is also located on the Host MCU board.  The purpose of the DUAL-
PORT RAM is to provide a communications channel between the Host MCU and the 
microprocessor on the Network Processor Board.  The two processors pass "messages" 
through this RAM in order to service specified communications protocol transactions. 
 
2.1.5  Network Interface Board  
 
The Network Interface Board contains the intelligent interface between the host MCU board 
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and the specified communications protocol.  The board content varies with the specific 
protocol chosen and is fully described in the appropriate protocol option manual. 
 
2.2  Instantaneous Measurement Principles  
 
All the quantities measured by the PowerPlex RTH instrument utilize digital signal 
processing (DSP).  This technique allows the instrument to measure a large number of 
quantities with a small amount of hardware.  It also allows field upgrades, since the signal 
processing algorithms are in an EPROM, and can be simply changed to provide new 
features.  The following section will give a brief overview of the measurement principles.   
 
2.2.1 Voltage / Current  
 
Signal processing begins with the low level AC signal supplied from the CT/PT board which 
is about 1V ac RMS for a full scale input signal.  Pure sine wave inputs or complex, 
distorted, periodic waveforms are handled equally well - a major advantage when 
computing WATTs and VARs as well as true RMS currents and voltages.  This design frees 
the user from concern about errors which will otherwise occur during the measurement of 
distorted waveforms with non-true RMS instruments.  Voltage of a given phase is sampled 
first, followed by the current of the same phase.  Phases A, B and C are sampled in 
succession, providing the MCU with instantaneous measurements of all voltage and current 
inputs.  Samples are accumulated for three AC cycles, at which time the MCU calculates 
the Volts and Amps for each phase.  Any Zero Offset or drift is compensated for every 
calculation cycle.   
 
When the PowerPlex is in 2 ½ Element mode (MTW_N3B only, Sec. 2.1.4a), an artificial 
phase B voltage is created by a vector sum of the phase A and phase C voltages.  A 
summing amplifier, located on the Main Processor Board, is used to create the phase B 
signal.  This artificial phase B signal is used in all relevant calculations.   
 
2.2.2 Neutral Current (Residual Current) for WYE Connections  
 
In the WYE mode, the analog voltage signals from the three phase currents are summed 
on the Main Processor Board to form a new analog input that represents the Neutral 
Current (Residual Current).  This signal is sampled at the same time as the other six 
signals (Phase Currents and Voltages).  Samples are accumulated for three AC cycles, at 
which time the RMS value of the Neutral Current (Residual Current) is calculated by the 
MCU. 
 
2.2.3 Watts / VARs  
 
Instantaneous Watt samples are accumulated for three AC cycles, at which time the MCU 
calculates the WATTs and VARs for each phase.  The VARS quantity for each phase is 
derived from a power triangle calculation where the WATTS and VAs are known.  This 
technique provides a "true" measure of VARs even with distorted waveforms.  Zero offset is 
also adjusted for each signal channel every 100 milliseconds (150msec for MTWDN_B) by 
the MCU.  These per-phase quantities are then summed to form the total three phase 
WATTS and VARS.  Once the WATTS and VARS have been calculated, the MCU scales 
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the values by the external PT and CT ratios which have been selected by the user. 
 
2.2.4  Energy  
 
The WATT and VAR values are calculated every 100 milliseconds (150msec for 
MTWDN_B).  These values are then multiplied by a time factor in order to generate 
WATThours and VARhours.  The signs of the WATThour and VARhour values are then 
checked, and the values are then added to the appropriate registers (Positive/Negative 
WATThours, Lead/lag VARhours).  These registers are updated every 100 milliseconds 
(150msec for MTWDN_B).  In order to retain the energy values during a power failure, the 
registers must be stored in the EEPROM on the CT/PT board of the unit.  The EEPROM 
has a limited number of write cycles, so the energy registers are only written every 90 
seconds.  At this rate, the EEPROM will last in excess of 15 years at rated conditions.  
Checksums are incorporated into the EEPROM which are read periodically by the 
microcontroller to check the integrity of the energy registers.  The registers are in 
PRIMARY kilowatt-hours and kiloVAR-hours, and the CT and PT ratio are used to calculate 
the primary units. 
 
The Energy registers count to a maximum of 99,999,999 units before rolling over to zero.  It 
is the responsibility of the user to ensure that these values are read often enough to detect 
every rollover.  All the Energy registers can be RESET to 0000 through the communications 
interface.  Refer to the appropriate protocol option manual for the protocol specific RESET 
command.  The energy values will be reset within 0.6 seconds, however it takes the meter 
4 seconds to clear the energy data stored in the EEPROM.  The USER must ensure that 
the power is not interrupted to the meter for this 4 second period after the energy is RESET 
or the reset may NOT occur. 
 
2.2.5  Frequency  
 
The Frequency measurement is generated by timing zero-crossings of the input Line 
Voltages or Line Currents over a period of 100msec (150msec for MTWDN_B).  The 
microprocessor uses Phase A voltage (A-B in Delta) if available, for the frequency 
measurement.  If Phase A is not available, the processor will switch to Phase B (B-C) and 
then to Phase C (C-A).  If none of the voltages are available, the processor will attempt to 
use the Phase A current, then the Phase B current, then the Phase C current.  The zero-
crossings are determined from the analog samples directly.  The samples are first sent 
through a smoother, which acts as a lowpass filter.  Knowing the number of zero-crossings 
and the time between them, the frequency can be calculated.  The input voltage must be 
greater than 16% of the input range for the frequency function to determine a value.  If the 
input voltage is too low, or the frequency is below 45Hz, the instrument will return a value of 
0Hz.  If the frequency is above 75Hz, the instrument will return a value of 99.99Hz. 
 
2.2.6  Volt-Amperes  
 
The per-phase VA measurement is calculated from the product of the per-phase Amp and 
Volts values.  In WYE mode, the three-phase VA measurement is the sum of the per-phase 
VA values (Arithmetic VAs).  In 2-element (DELTA) mode, the three-phase VA 
measurement is calculated from a power triangle VA2 = W2 + VAR2 (Geometric VAs). 
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2.2.7  Power Factor  
 
The per-phase Power Factor measurement is calculated using the "Power Triangle", or the 
per-phase WATTS divided by the per-phase VAs.  The three-phase PF is similar, but uses 
the three-phase WATTS and VAs instead.  The Power Factor measurements require a 
minimum current of approximate 0.25A ac (0.05Aac with CI1 option) and minimum voltage 
of approximately 16% of Range to determine an accurate answer.  If the input signals are 
below these values, the instrument will indicate an under-range by returning an out of range 
value via the network. 
 
2.3  Demand Measurements (RTH Only) 
 
The traditional thermal demand meter displays a value which represents the logarithmic 
response of a heating element in the instrument driven by the applied signal.  The most 
positive value since the last instrument reset is known as the maximum demand (or peak 
demand) and the lowest value since the last instrument reset is known as the minimum 
demand.  Since thermal demand is a heating and cooling phenomenon, the demand value 
has a response time T, defined as the time for the demand function to change 90% of the 
difference between the applied signal and the initial demand value.  For utility applications, 
the traditional value of T is 15 minutes, and this is the value used in the Bitronics 
PowerPlex RTH (MTWDN_B) Digital Transducer. 
 
The Bitronics PowerPlex RTH (MTWDN_B) Digital Transducer generates a demand value 
using modern microprocessor technology in place of heating and cooling circuits, it is 
therefore much more accurate and repeatable over a wide range of input values.  In 
operation, the Bitronics PowerPlex RTH Digital Transducer continuously samples the three-
phase Amperes, three-phase Volts, Neutral Current (2½ or 3 Element Mode), Total Watts, 
Total VARs, and Vas, and digitally integrates the samples with a time constant T to obtain 
the demand value.  Bitronics PowerPlex RTH Digital Transducers also calculate 
Fundamental Neutral Current Demand (2½ or 3 Element Mode), three-phase Voltage 
%THD Demand, and three-phase Current %TDD Demand (See Section 2.4).   The 
calculated demand value is continuously checked against the previous maximum and 
minimum demand values and is displayed on the appropriate display.  Present demand 
values are not displayed but are available via the network interface.  This process 
continues indefinitely or until the demand is reset or the meter is reset (power cycled on 
meter).  The demand reset and power-up algorithms are different for each measurement.  
These routines are further described as follows (Fundamental Neutral Current Demand, 
Voltage %THD Demand, and Current %TDD are described in the Harmonic Section). 
 
NOTE:  Changing PT or CT ratios resets all demand measurements (Presents, Maximums 


and Minimums) to zero. 
 
2.3.1  Ampere Demands 
 
Present Ampere Demands are calculated via the sampled data used to calculate the per 
phase Amperes.  The Present Ampere Demands and Maximum Ampere Demands are 
updated approximately every 150 milliseconds.  The Present Ampere Demands are not 
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displayed but are available via the network interface.  Maximum Ampere Demands are 
displayed and are also available via the interface. 
 
Upon power-up, all per-phase Present Ampere Demands are reset to zero.  Maximum 
Ampere Demands are initialized to the maximum values recalled from non-volatile memory 
(EEPROM).  Upon DEMAND RESET, all per-phase Present and Maximum Ampere 
demands are set to zero.  Ampere Demands may be reset via the front panel button when 
the global demand reset screen is enabled or via the network.  When Ampere Demands are 
reset via the network, Neutral Current Demand and Fundamental Neutral Current Demands 
are also reset (2½ or 3 Element Mode). 
 
2.3.2  Neutral Current Demands 
 
Neutral Current Demands are only available in 2½ or 3 Element Modes.  Present Neutral 
Current Demands are calculated via the sampled data used to calculate the Neutral 
Current.  The Present Neutral Current Demand and Maximum Neutral Current Demand are 
updated approximately every 150 milliseconds.  The Present Neutral Current Demand is 
not displayed but is available via the network interface.  Maximum Neutral Current Demand 
is displayed and is also available via the interface. 
 
Upon power-up, the Present Neutral Current Demands is reset to zero.  The Maximum 
Neutral Current Demand is initialized to the maximum value recalled from non-volatile 
memory (EEPROM).  Upon DEMAND RESET all the Present and Maximum Neutral 
Current Demands are set to zero.  The Neutral Current Demands may be reset via the front 
panel button when the global demand reset screen is enabled or via the network.  When 
the Neutral Current Demands are reset via the network, all per-phase Ampere Demands 
and Fundamental Neutral Current Demand are also reset. 
 
2.3.3  Volt Demands 
 
Present Volt Demands are calculated via the sampled data used to calculate the per phase 
Volts.  The Present Volt Demands, Maximum Volt Demands, and Minimum Volt Demands 
are updated approximately every 150 milliseconds.  The Present Volt Demands are not 
displayed but are available via the network interface.  Maximum Volt Demands, and 
Minimum Volt Demands are displayed and are also available via the interface. 
 
Upon power up, all per-phase Present Volt Demands are reset to zero.  The Maximum Volt 
Demands and Minimum Volt Demands are initialized to the minimum and maximum values 
recalled from non-volatile memory (EEPROM).  In order to prevent the recording of false 
minimums, a new Minimum Volt Demand will not be stored unless two criteria are met.  
First the instantaneous voltage for that particular phase must be greater than 20Vrms.  
Second the Present Demand for that particular phase must have dipped (Present Demand 
value must be less then previous Present Demand value). 
 
The Maximum Volt Demands and Minimum Volt Demands can be reset independently of 
each other via the front panel reset (if the global demand front panel reset is enabled).  The 
Maximum Volt Demands are forced to zero upon reset.  Minimum Volt Demands are forced 
to the maximum volt value upon reset.  The Present Volt Demands are not affected by 
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resets.  The network Volt Demand Reset resets both the Maximum and Minimum Volt 
Demands. 
 
2.3.4  Watt / VAR / VA Demands 
 
Present Total Watt/VAR/VA Demands are calculated via the sampled data used to 
calculate Total Watts/VARs/VAs.  The Present Total Watt/VAR/VA Demand, Maximum 
Total Watt/VAR/VA Demand, and Minimum Total Watt/VAR/VA Demand are updated 
approximately every 150 milliseconds.  Present Total Watt/VAR/VA Demands are not 
displayed but are available via the network interface.  Maximum Total Watt/VAR/VA 
Demands, and Minimum Total Watt/VAR/VA Demands are displayed and are also available 
via the interface. 
 
Upon power up, Maximum Total Watt/VAR/VA Demands and Minimum Total Watt/VAR/VA 
Demands are initialized to the maximum and minimum values recalled from non-volatile 
memory (EEPROM).  The Present Total Watt/VAR/VA Demands are initialized to the mid 
point (or average) between the respective Maximum and Minimum Watt/VAR/VA Demands.  
 
When reset, both the Maximum and Minimum Demands are set to the Present Demand 
value, the Present Demand remains unchanged.  The Maximum and Minimum Demands of 
any of the power demand measurements (Watt, VAR, or VA) are always reset together.  
The power demands can be reset via the front panel reset (if the global demand front panel 
reset is enabled) or via the network.  When reset via the front panel, only the 
measurements being displayed are reset.  A reset via the network, resets all power 
demands (Watt Maximum, Watt Minimum, VAR Maximum, VAR Minimum, VA Maximum, 
and VA Minimum). 
 
2.4 Harmonic Measurements (RTH Only) 
 
PowerPlex RTH (MTWDN_B) Digital Transducers perform a variety of Real Time Harmonic 
measurements.  PowerPlex RTH Transducers perform 64 samples of the input waveforms 
over 3 cycles.  Using Equivalent Time Sampling techniques, these 64 samples over 3 
cycles are converted to 64 samples per cycle.   The 64 samples are then passed to a 64 
point FFT that is executed every 150 milliseconds.  While all Instantaneous Measurements 
(Section 2.2) and all Demand Measurements (Section 2.3) are calculated every 150 
milliseconds, Harmonic Measurements are calculated phase by phase on a “round robin” 
basis every 150 milliseconds. During each 150 millisecond interval, FFTs are run on the 
Current and Voltage of a given Phase (A,B,C,N), resulting in a 600 millisecond update time 
for Harmonic Measurements.  MultiComm instruments limit the Harmonic Analysis to the 
31st harmonic and below. 
 
2.4.1 Voltage Distortion (THD) 
 
Voltage Harmonic Distortion is measured by phase in 
several different ways.  The equation for Total Harmonic 
Distortion (THD) is given in Equation 1.  For Odd 
Harmonic Distortion, the summation only uses 
harmonics where h is odd.  For Even Harmonic 
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(1) Equation for Voltage THD
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Distortion, the summation only uses harmonics where h is even.  For Individual Harmonic 
Distortions, there is no summation, only one component is used in the numerator.  Note the 
denominator is the fundamental magnitude.  If the Voltage inputs are below 20Vac or the 
input Frequency is out of rated range (45Hz to 75Hz), the THD measurements will be set to 
0%.  All individual harmonics are available over the network, however display screens are 
available only for the 3rd, 5th, 7th, and 9th individual harmonics.  
 
2.4.2 Current Distortion (TDD) 
 
Current Harmonic Distortion is measured as Demand 
Distortion as defined by IEEE-519/519A.  Demand 
Distortion differs from traditional Harmonic Distortion in 
that the denominator of the distortion equation is 
defined as the average monthly peak demand.  By 
creating a measurement that is based on a fixed value,  
TDD is a “better” measure of distortion problems.  Traditional THD is determined on the 
ratio of harmonics to the fundamental.  While this is acceptable for voltage measurements, 
where the fundamental only varies slightly, it is ineffective for current measurements since 
the fundamental varies over a wide range.  Using traditional THD, 30%THD may mean a 
1Amp load with 30% Distortion, or a 100Amp load with 30% Distortion.  By using TDD, 
these same two loads would exhibit 0.3%TDD for the 1Amp load and 30%TDD for the 
100Amp load (if the Denominator was set at 100Amps).  In the PowerPlex RTH Digital 
Transducer, Current Demand Distortion is implemented using Equation 2.  The TDD 
equation is similar to Harmonic Distortion (Equation 1), except that the denominator in the 
equation is a user defined number.  This number, IL, is meant to represent the average load 
on the system.  The denominator IL is different for each phase, and is set by writing to 3 
denominator registers within the PowerPlex RTH Digital Transducer (please refer to the 
protocol manual for the exact location and format of these registers). Note that in Equation 
2, if IL equals the fundamental, this Equation becomes Equation 1 - Harmonic Distortion.  In 
the instrument this can be achieved by setting the denominator registers to zero amps, in 
which case the instrument will substitute the fundamental, and calculate Current THD.  For 
Odd Harmonic Distortion, the summation only uses harmonics where h is odd.  For Even 
Harmonic Distortion, the summation only uses harmonics where h is even.  For Individual 
Harmonic Distortions, there is no summation, only one component is used in the 
numerator.   All individual harmonics are available over the network, however display 
screens are available only for the 3rd, 5th, 7th, and 9th individual harmonics.  
 
The TDD Denominator Registers are set by the factory to 5Amps (secondary), which is the 
nominal full load of the CT input.  If the Current inputs are below 0.25Aac (0.05Aac with CI1 
option) or the input Frequency is out of rated range (45Hz to 75Hz), the TDD 
measurements will be set to 0%. 
 
These writeable denominators can be used in conjunction with the distortion measurements 
to obtain the magnitudes of harmonics, in other words, convert from percent to amps.  This 
is simply done by multiplying the %TDD by the TDD Denominator for that phase, and the 
result will be the actual RMS magnitude of the selected harmonic(s).  This technique can 
also be used if the THD mode (zero denominator register) is used, by multiplying the %THD 
by the Fundamental Amps for that phase. 
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(2) Equation for Current TDD
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2.4.3 Fundamental Current 
 
Fundamental Amps are the 60Hz (or 50Hz) component of the waveform.  The PowerPlex 
RTH Digital Transducer measures the magnitude of the fundamental amps for each phase. 
These measurements can be used in conjunction with the distortion measurements to 
obtain the magnitudes of harmonics, in other words, convert from percent to amps.  As was 
mentioned previously, this is simply done by multiplying the %THD by the Fundamental 
Amps for that phase (which is the denominator), and the result will be the actual RMS 
magnitude of the selected harmonic.  If the Line input Frequency is out of rated range 
(45Hz to 75Hz), the Fundamental Current measurements will be set to 0A ac. 
 
2.4.4 Fundamental Voltage 
 
Fundamental Volts are the 60Hz (or 50Hz) component of the waveform.  The PowerPlex 
RTH Digital Transducer measures the magnitude of the fundamental volts for each phase. 
These measurements can be used in conjunction with the distortion measurements to 
obtain the magnitudes of harmonics, in other words, convert from percent to volts.  This is 
simply done by multiplying the %THD by the Fundamental Volts for that phase (which is the 
denominator), and the result will be the actual RMS magnitude of the selected harmonic.  If 
the Line input Frequency is out of rated range (45Hz to 75Hz), the Fundamental Voltage 
measurements will be set to 0Vac. 
 
Fundamental Volts and Amps can be used in conjunction to obtain Fundamental Vas, and 
when used with Displacement Power Factor, can yield Fundamental Watts and 
Fundamental Vars. 
 
2.4.5 Fundamental Neutral Current 
 
The PowerPlex RTH Digital Transducer measures the magnitude of the Fundamental 
Neutral Current, which is the magnitude of the 60Hz (50Hz) component of neutral current.  
This measurement is only available on 2½ or 3 Element modes.  The measurement is in 
Amperes, and it is a measure of the load imbalance in a three phase system.  If the Line 
input Frequency is out of rated range (45Hz to 75Hz), the Fundamental Neutral Current 
measurement will be set to 0Aac. 
 
2.4.6 K-Factor  
 
K-Factor is a measure of the heating effects on transformers, 
and it is defined in ANSI/IEEE C57.110-1986.  Equation 3 is 
used by the PowerPlex RTH Digital Transducer to determine 
K-Factor, where ‘h’ is the harmonic number and ‘Ih‘ is the 
magnitude of the hth harmonic.  K-Factor is measured on each 
of the three phases of amps, however there is no “Total” K-
Factor.  K-Factor, like THD and PF do not indicate the actual 
load on a device, since all three of these measurements are  
ratios.  Given the same harmonic ratio, the calculated K-Factor for a lightly loaded 
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transformer will be the same as the calculated K-Factor for a heavily loaded transformer, 
although the actual heating on the transformer will be significantly different.  If the Current 
inputs are below 0.25Aac (0.05Aac with CI1 option) or the input Frequency is out of rated 
range (45Hz to 75Hz), the K-Factor measurements will be set to 1.00. 
 
2.4.7 Displacement Power Factor 
 
Displacement Power Factor is defined as the cosine of the angle (phi) between the 
Fundamental Voltage Vector and the Fundamental Current Vector.  Per-phase 
Displacement Power Factor measurements are available on 2½ or 3 Element modes.  The 
sign convention for Displacement Power Factor is the sign of sin(phi), i.e. a negative Power 
Factor corresponds to a LAGGING PF and a positive Power Factor corresponds to a 
LEADING PF.  If the Current inputs are below 0.25Aac, the Voltage inputs are below 20Vac 
or the input Frequency is out of rated range (45Hz to 75Hz), the Displacement Power 
Factor measurements will be set to 1.999, and the instrument will indicate an over/under-
range by blinking the display. 
 
The Total Displacement Power Factor measurement is calculated using the "Power 
Triangle", or the three-phase Fundamental WATTS divided by the three-phase 
Fundamental Vas.  The per-phase Fundamental VA measurement is calculated from the 
product of the per-phase Fundamental Amp and Fundamental Volts values.  In the 2½ and 
3-element mode, the three-phase Fundamental VA measurement is the sum of the per-
phase Fundamental VA values (Arithmetic VAs).  In the 2-element mode, the three-phase 
VA measurement is calculated from a power triangle VA2 = W2 + VAR2 (Geometric VAs).  
The sign convention for Total Displacement Power Factor is the opposite sign of the Total 
Fundamental VARs, i.e. a negative Power Factor corresponds to a LAGGING PF and a 
positive Power Factor corresponds to a LEADING PF.  If all Current inputs are below 
0.25Aac (0.05Aac with CI1 option), all Voltage inputs are below 16% of the input range or 
the input Frequency is out of rated range (45Hz to 75Hz), the Total Displacement Power 
Factor measurements will be set to 1.999, and the instrument will indicate an over/under-
range by blinking the display.   
 
2.4.8 Fundamental Neutral Demand 
 
Fundamental Neutral Current Demands are only available in 2½ or 3 Element modes.  
Present Fundamental Neutral Current Demands are calculated via the sampled data used 
to calculate the Fundamental Neutral Current.  The Present Fundamental Neutral Current 
Demand and Maximum Fundamental Neutral Current Demand are updated approximately 
every 600 milliseconds.  The Present Fundamental Neutral Current Demand is not 
displayed but is available via the network interface.  Maximum Fundamental Neutral 
Current Demand is displayed and is also available via the interface. 
 
Upon power-up, the Present Fundamental Neutral Current Demands is set to zero.  The 
Maximum Fundamental Neutral Current Demand is initialized to the maximum value 
recalled from non-volatile memory (EEPROM).  Upon DEMAND RESET all the Present and 
Maximum Fundamental Neutral Current Demands are set to zero.  The Fundamental 
Neutral Current Demands may be reset via the front panel button when the global demand 
reset screen is enabled or via the network.  When the Fundamental Neutral Current 
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Demand is reset via the network, all per-phase Ampere Demands and Fundamental Neutral 
Current Demand are also reset. 
 
2.4.9 Current TDD Demand 
 
Present Current TDD Demands are calculated via the sampled data used to calculate the 
per phase Current TDDs.  The Present Current TDD Demands and Maximum Current TDD 
Demands are updated approximately every 600 milliseconds.  By applying a thermal 
demand to the TDD measurement, the MultiComm RTH provides a more effective method 
of determining the severity of a harmonic problem.  If a harmonic occurs in a small burst, 
traditional level detection schemes would alarm.  However lower levels of distortion that 
exist for longer durations actually are more damaging due to the heating effect on 
transformers.  The thermal demand function is an indicator of the thermal effects of the 
harmonics, and the maximum detector allows the user to assess conditions that occurred at 
times that were not directly observed.  The Present Current TDD Demands are not 
displayed but are available via the network interface.  Maximum Current TDD Demands are 
displayed and are also available via the interface. 
 
Upon power-up, all per-phase Present Current TDD Demands are reset to zero.  Maximum 
Current TDD Demands are initialized to the maximum values recalled from non-volatile 
memory (EEPROM).  Upon DEMAND RESET, all per-phase Present and Maximum 
Current TDD Demands are set to zero.  Current TDD Demands may be reset via the front 
panel button when the global demand reset screen is enabled or via the network.  When 
Current TDD Demands are reset via the network, Voltage THD Demands are also reset. 
 
2.4.10 Voltage THD Demand 
 
Present Voltage THD Demands are calculated via the sampled data used to calculate the 
per phase Voltage THDs.  The Present Voltage THD Demands and Maximum Voltage THD 
Demands are updated approximately every 600 milliseconds.  By applying a thermal 
demand to the THD measurement, the PowerPlex RTH Digital Transducer provides a more 
effective method of determining the severity of a harmonic problem.   The maximum 
detector allows the user to assess conditions that occurred at times that were not directly 
observed.  The Present Voltage THD Demands are not displayed but are available via the 
network interface.  Maximum Voltage THD Demands are displayed and are also available 
via the interface. 
 
Upon power-up, all per-phase Present Voltage THD Demands are reset to zero.  Maximum 
Voltage THD Demands are initialized to the maximum values recalled from non-volatile 
memory (EEPROM).  Upon DEMAND RESET, all per-phase Present and Maximum 
Voltage THD Demands are set to zero.  Voltage THD Demands may be reset via the front 
panel button when the global demand reset screen is enabled or via the network.  When 
Voltage THD Demands are reset via the network, Current TDD Demands are also reset. 
 
 
 
2.5  Measurement Resets 
 
Certain measurements such as energy and demands may require to be reset.  The reset 
processes are described in this manual.  The network reset commands differ depending on 
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which protocol the PowerPlex RTH Digital Transducer supports.  Refer to your protocol 
options manual to obtain the specific network reset commands.      
 
2.5.1  Energy Reset 
 
The energy registers can only be reset via the network interface.  When reset, all energy 
registers (positive kilowatthours, negative kilowatthours, positive kilovarhours, and negative 
kilovarhours) are set to zero.  The energy values will be reset within 0.6 seconds, however 
it takes the meter 4 seconds to clear the energy stored in non-volatile memory (EEPROM). 
 If the power is interrupted to the meter within 4 seconds from the reset request, the reset 
may not occur. 
 
2.5.2  Demand Resets (RTH Only) 
 
Demands can be reset via the network. Demand resets via the network occur in groups 
(AMPs, VOLTs, POWER, OR HARMONICS).  When resetting demands via the network all 
demands in a group are reset concurrently.  The AMP DEMAND NETWORK RESET resets 
all three phases of Amp Demand, Neutral Current Demand and Fundamental Neutral 
Current Demand.  The VOLT DEMAND NETWORK RESET resets the minimum and 
maximum of all three phases of Volt Demands.  The POWER DEMAND NETWORK 
RESET resets the minimum and maximum of Total Watt, Total VAR and Total VA 
Demands.  The HARMONIC NETWORK RESET resets the Voltage THD Demands and the 
Current TDD Demands.  Refer to the protocol options manual for the specific network 
demand reset required.  The demand values will be reset within 0.6 seconds, however it 
takes the meter up to 10 seconds to clear the demand values stored in non-volatile memory 
(EEPROM).  If the power is interrupted to the meter within 10 seconds from the reset 
request, the reset may not occur. 
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Figure 2 – Mounting Dimensions 
 
 


 
 


Figure 3 – Outside Dimensions 
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3.0  INSTALLATION 
 


WARNING - INSTALLATION AND MAINTENANCE SHOULD ONLY BE 
PERFORMED BY PROPERLY TRAINED OR QUALIFIED PERSONNEL. 


 
3.1  Initial Inspection  
 
Bitronics' instruments are carefully checked and "burned in" at the factory before shipment. 
 Damages can occur, however, so please check the instrument for shipping damage as it is 
unpacked.  Notify Bitronics immediately if any damage has occurred, and save any 
damaged shipping containers.  
 
3.2  Grounding 
 
There are two chassis ground points that MUST be connected to Earth Ground.  One is 
terminal #7 (next to the Power inputs), and the other is the transducer mounting flange.  
Bitronics  recommends that all grounding be performed in accordance with ANSI/IEEE 
C57.13.3-1983.  The Ground terminal #7  is connected to the Line (+) terminal #8 through a 
0.01uF UL listed capacitor, not with an MOV, in order to preserve ground isolation when the 
unit is operated from DC station battery service. 
 
3.3 Power and Input Signal Connections  
 
3.3.1 Power Supply Connections 
 
Power and chassis ground is applied to three #8 screws on a barrier strip on the front of the 
instrument.  Connection of the chassis ground is required; see Section 3.2.  Because 
of the solid state design, the total load required to operate the unit is less than six WATTs.  
An external transient suppression board is mounted on the three power terminals of the 
barrier strip.  It provides an MOV from Line(+)-to-Neutral(-), and a capacitor from Line(+)-to-
Ground.  Note that the marking of “Neutral” on terminal #9 is for reference only.  It is not 
required to connect the unit from Line-to-Neutral when the unit is powered from an AC 
source; it may be connected to any AC source, provided the input and isolation voltages 
are not exceeded.   
 
3.3.1a Universal Power Supply (-VD10) 
 
See Section 2.1.3a for complete description of the Universal supply operation.  The 
Universal power supply can operate from any voltage between 20 to 280V dc, or 55 to 
200V ac.  It is therefore possible to power the PowerPlex Digital Transducer with AC or DC 
station power or an auxiliary PT, provided the voltage remains above 55 V ac or 20 V dc. 
 
3.3.1b AC Power Supply (-VA3, -VA5, and -VA9 ) 
 
See Section 2.1.3b for complete description of the AC supply operation.  The nominal line 
voltages are listed in the Specifications, Section 1.3.     
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3.3.2 Current Input (CT) Connections 
 
The impedance at the PowerPlex current (CT) terminals is nearly a short circuit (2 
milliohms).  These ideal impedances provide low burden loads for the CT circuits supplying 
the signals.  The PowerPlex Digital Transducers have three independent current inputs, 
one for each phase being measured.  Current signals are connected directly to #10-32 
brass studs on the front panel of the instrument.  WARNING - DO NOT over tighten the 
nuts on the input connections, HAND tighten with a standard nutdriver, 12 inch-pounds is 
recommended, MAXIMUM torque is 15 inch-pounds.  The instrument can be connected 
directly to current transformer (CT).  Grounding of CT signals per ANSI/IEEE C57.13.3-
1983 is required. 
 
3.3.3 Voltage Input (PT) Connections   
 
Voltage signals are connected to the #8 screws on the barrier terminal strip on the front of 
the unit.  The impedance at the PowerPlex voltage (PT) terminals is high impedance ( > 
100 K-ohms for MTW_3B, or > 400K-ohms for MTW_N1B & MTW_N2B ).  These ideal 
impedances provide low burden loads for the PT circuits supplying the signals.  The polarity 
of the applied signals is important to the function of the instrument, and the signal terminals 
are labeled LO or HI to aid in wiring the units into substation or control panels.  A wiring 
diagram is also provided in the form of a decal on the side of the unit.  Grounding of PT & 
CT signals per ANSI/IEEE C57.13.3-1983 is recommended. 
 
3.4  Overcurrent Protection  
 
A UL recognized 1.5 Ampere non-time delay (M) fuse is to be series connected in the 
ungrounded (hot) side of mains input as part of installation of this product. 
 
3.5  Mains Disconnect  
 
Equipment shall be provided with a Mains Disconnect, that can be actuated by the operator 
and simultaneously open both sides of the mains input line.  The Disconnect shall be UL 
Recognized and acceptable for the application. 
 
3.6  Instrument Mounting  
 
The instrument may be mounted on a standard transducer mounting hole pattern if desired. 
 See Figures 2 and 3.  The unit should be mounted with four #8-32 screws.  Make sure that 
any paint or other coatings on the panel do not prevent electrical contact.  The transducer 
is intended to be connected to earth ground at the mounting plate.  See section 3.2.   
 
3.7  Surge Protection  
 
It is recommended that a metal oxide varistor (MOV) be placed across the power supply 
input to protect the meter in the event of high voltage surges or lightning strikes.  
PowerPlex Digital Transducers are shipped with a transient suppression network already 
attached as a standard design.  An MOV provides an added measure of protection against 
heavy switching transients occasionally experienced in the field.  The MOV is designed to 
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clamp applied power voltages above 270Vac RMS (575Vac RMS for MTW_N2B).  A single 
MOV protects the meter Line-to-Line, and a high voltage capacitor is provided to protect 
from Line-to-Ground.  To avoid damaging the MOV protector, maintain continuously applied 
power voltages within the ratings of the  instrument.  The mounting flange is a safety 
ground for the instrument, and must be connected to a protective earth circuit (refer to 
Figure 3).  Mounting of the MOV board external to the instrument allows easy access so 
that the MOV and Capacitor may be readily inspected for damage.  If the unit is to be 
powered from a PT, it is recommended that one side of the PT be grounded at the 
instrument following ANSI/IEEE C57.13.3-1983.  The MOV board voltage rating is indicated 
on the MOV board, and must match the voltage supply rating of the instrument. 
 
3.8  Setting Instrument Address 
 
The PowerPlex Digital Transducer instruments require an address to be set within the 
instrument before any communications can begin.  Refer to the appropriate protocol option 
manual for address setup instructions. 
 
3.9  Setting The Element Select Switches 
 
Bitronics PowerPlex can be connected to 2 Element (3-wire, DELTA), or 2½ and 3 Element 
4-wire (WYE) systems.  MTW_N1B and MTW_N2B units do not have 2½ element mode.  
This is accomplished by connecting the input signals in the appropriate configuration, as 
shown in Sec. 6.0, and placing the Element select switches in the proper positions (Fig. 4). 
 These switches are located on the front panel, behind a clear window.  AS THE ELEMENT 
SELECT SWITCHES ARE LOCATED ABOVE THE POWER CONNECTIONS, IT IS 
RECOMMENDED THAT POWER BE REMOVED FROM THE UNIT BEFORE SETTING 
THE SWITCHES.  The transducer will not be damaged if the switches are changed with the 
unit under power.  For the correct positioning of the switches, refer to Figure 4.         
 


 
Figure 4 - Element Select Switch Settings 
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4.0  FIELD ADJUSTMENTS  
 


WARNING - INSTALLATION AND MAINTENANCE SHOULD ONLY BE 
PERFORMED BY PROPERLY TRAINED OR QUALIFIED PERSONNEL. 


 
4.1 Rescaling 
 
The PowerPlex Digital Transducer has the capability to store values for Current 
Transformer (CT) and Potential Transformer (PT) turns ratios.  The PT and CT values are 
factory set to 5:5 CT and 1:1 PT.  The PT ratios on MTW_N1B and MTW_N2B 
instruments are fixed at 2:1 and 4:1 respectively, and cannot be changed.  These 
values can be entered into the PowerPlex over the network, and will be stored in internal 
non-volatile memory.  Energy values are multiplied by these ratios before they are 
accumulated.  The method of writing these values to the transducer will vary depending on 
the network protocol.  Please refer to the appropriate Interface Option Manual for details. 
 
4.2 Calibration 
 
Routine recalibration is not recommended, or required.  However some drift or aging may 
cause slight errors after years of use.  Additionally, users may wish to have a PowerPlex 
Transducer "agree" with other instruments.  To accommodate both these instances, a 
"Master Gain" trimpot has been provided.  This trim adjusts the overall scale factor by +/- 
10%, and is accessed in the following manner: 
 


1. Remove the hole plug on the front of the unit.  Insert a small screwdriver through 
the opening, and into the slot of the screw on the trimpot. 


 
2a. With the unit powered, AND WITH A PRECISION KNOWN INPUT, rotate the 
screw clockwise to increase the measurement, or counter-clockwise to decrease the 
indicated measurement.  The PowerPlex transducers can be calibrated with a single 
phase source; for 3 Element (WYE) and 2 Element (DELTA)  mode all current inputs 
should be connected in series, and all potential inputs should be connected in 
parallel.  The Neutral (Residual) Current (in 3 Element Mode only) is the sum of the 
three-phase currents.  In a single phase configuration the currents will all add in 
phase, therefore the currents should be kept below 5Aac if all three-phases are 
energized with a single phase source.  These restrictions are only for single phase 
testing. 


 
2b.  When units set to 2½ Element (WYE) Mode are connected to a single phase 
voltage source, they should be connected as shown in Fig 10.  Note that the 
internally generated phase B voltage will be the sum of phase A and phase C.  The 
input voltage should be kept below 75V ac in this single phase configuration, in 
order to keep from exceeding the 150V ac maximum input level on phase B.  
Additionally, when testing single phase, the phase C current should be reversed to 
keep the phase B Watts value the same polarity as phase A and C.  Note that with 
this configuration, the total WATTs and VARs will be 4X the per-phase values.  
These restrictions are only for single phase testing. 
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4.3 Self Test Modes 
 
The PowerPlex instruments are based on a microcontroller, and therefore can capitalize on 
the power of such a device.  One of the areas where the power of the microcontroller 
enhances the overall performance of the instrument is in the area of "self-testing".  The 
PowerPlex Digital Transducers have several self tests built in to assure that the instrument 
is performing accurately.  If problems are detected during self test, the appropriate error 
code is transmitted over the network.  See the Interface Options manual for your protocol 
for details.  Table I in the appropriate output option manual lists possible faults that would 
be detected by the self tests, the effects of the fault, and any necessary corrective actions.   
 
 
4.4 Cleaning 
 
Cleaning the exterior of the instrument shall be limited to the wiping of the instrument using 
a soft damp cloth applicator with cleaning agents that are not alcohol based, and are 
nonflammable, nonexplosive. 
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5.0 QUESTIONS AND ANSWERS  
 
1.  What happens if the applied CT signal exceeds 5A?  
 


The PowerPlex transducers are accurate to twice the normal full scale limit (to 
10A).  The unit will operate at 100% overload without damage and the 
communications output is still accurate. 


 
2.  Is routine calibration necessary?  
 


No, nor is it recommended.  More problems are caused by improper calibration than 
by faulty meters.  A calibration check every few years in the field is good assurance, 
however.   


 
3.  HI and LO are marked on the inputs.  Does polarity matter?  
 


Yes! Correct wiring with proper polarity is essential for proper operation.  
 
 
4.  Can I put PowerPlex transducers in an outdoor cabinet?  
 


Yes.  Many Bitronics transducers are installed that way.  The temperature range of 
-20C to 70C covers most applications.  The case is not waterproof, so it must be 
placed within an enclosure that provides ingress protection acceptable for the 
application in accordance with IEC 529, UL840 or the equivalent NEMA Standard.  


 
5.  How long will PowerPlex transducers save the CT/PT ratio without power?  
 


The data is saved in a nonvolatile memory (EEPROM) which does not require 
battery backup.  Retention is estimated by the manufacturer to exceed 10 years 
without refreshing.  In any event, long enough to exceed an outage, or for any 
inactive storage period.  
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Figure 5 - Typical connection diagram for 3 Element PowerPlex MTW_N3B  
Multifunction Digital Transducer in standalone mode (No CTs or PTs). 


 
 


 
 


Figure 6 - Typical connection diagram for 2 Element PowerPlex MTW_N3B 
Multifunction Digital Transducer.
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Figure 7 - Typical connection diagram for 2 Element PowerPlex MTW_N3B 
Multifunction Digital Transducer when only two CTs are available (Common 
PT return also shown). 


 


 
 


Figure 8 - Typical connection diagram for 3 Element PowerPlex MTW_N3B 
Multifunction Digital Transducer.
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Figure 9 - Typical connection diagram for 2 ½ Element (WYE) Mode 
PowerPlex MTW_N3B Multifunction Digital Transducer. 


 


 
 
Figure 10 - Connection for MTW_N3B testing in 2 ½ Element (WYE) Mode  
with Single Phase Source. 
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Figure 11 - Typical connection diagram for 2 Element (DELTA) Mode, 
MTW_N2B shown. MTW_N1B similar, except 2:1 internal PT ratio for use 
on 240/208VL-L systems. 


 


 
 


Figure 12 - Typical connection diagram for 3 Element (WYE) Mode, 
MTW_N2B shown. MTW_N1B similar, except 2:1 internal PT ratio for use 
on 120VL-N systems.
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SECTION 1—INTRODUCTION


Two-high 4.76–15.0 kV drawout MASTERCLAD™ metal-clad switchgear
manufactured by Square D provides medium voltage power distribution. It is
designed for use with the Type VR drawout circuit breaker. The Type VR circuit
breaker employs state-of-the-art vacuum technology. A typical MASTERCLAD
metal-clad switchgear assembly is shown in figure 1, page 2. Figure 2, page 3,
illustrates the Type VR circuit breaker. Refer to instruction bulletin 6055-31 for
complete information on the Type VR circuit breaker.


The switchgear assembly consists of individually-grounded, compartmentalized
steel structures. Each compartment has doors, barriers, and removable access
panels to isolate the separate working functions. All of the circuit breakers,
instrument and control power transformers, relays, meters, and other
components are factory-assembled, wired, and tested as an assembly. The user
normally makes only the external control, ground, and power connections at the
terminals provided, and reconnects the wiring and busbars at the shipping
breaks.


Each assembly is custom-designed to specifications. Standard structures and bus
configurations are arranged according to customer specifications. The structures
are then combined with the circuit breaker and other components necessary for
the required protective scheme, metering, and number of feeders.


Complete customer drawings are furnished for each MASTERCLAD metal-clad
switchgear assembly. The drawings include floor plans and elevations, one-line
diagrams, control schematics, and wiring diagrams.


Section 1—Introduction
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Voltage Transformer
(VT) Drawout


Racking Mechanism


Control Power
Transformer
(CPT) Drawout
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Type VR Drawout
Circuit Breaker


Figure 1: Typical MASTERCLAD metal-clad switchgear assembly
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Figure 2: Type VR circuit breaker, front view (top) and rear view (bottom)
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SECTION 2—SAFETY PRECAUTIONS


HAZARD OF ELECTRIC SHOCK, BURN OR EXPLOSION.


• All personnel involved in handling, site preparation, installation, testing,
operation, and maintenance should be thoroughly familiar with the
information in this instruction bulletin and customer drawings provided
before working on this equipment.


• Never make interlocks inoperative or operate the equipment with any
safety barriers removed.


• Always assume that all high-voltage parts are energized until it is certain
they are de-energized.


• Use only test equipment rated for the service intended.


• Check interconnection diagrams and make sure there are no backfeed
potential sources.


• Never disconnect the main trip source of energized equipment.


• Do not open a circuit breaker door unless the circuit breaker is tripped.


• Move circuit breakers to the disconnected position before removing rear
access panels.


• Use out-of-service tags and padlocks when working on equipment.
Leave tags in place until the work is completed and the equipment is
ready to be put back into service.


• When in doubt, stop and reread the instruction manual or refer to the
customer drawings before proceeding.


• The complete assembly arrangement determines if the top or bottom
contacts are the line side; both can be energized when the circuit
breaker is removed from the compartment.


• Disconnect all high voltage to the switchgear before accessing the
horizontal bus compartment.


• Do not use liquid fire extinguishers or water on electrical fires! Before
extinguishing fires within the assembly, be absolutely certain the main
power source is disconnected and the main and all feeder circuit
breakers are tripped.


• This instruction bulletin does not cover all possible equipment
combinations nor does it cover circumstances that may arise during
handling, installation, testing, operation, or maintenance. For additional
information, contact the local Square D field office.


Failure to follow these instructions will result in death or serious injury.


! DANGER


Section 2—Safety Precautions
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SECTION 3—RECEIVING, HANDLING, STORAGE


Receiving MASTERCLAD two-high 4.76–15.0 kV metal-clad indoor switchgear is shipped
on skids in protective crates or wrapping. Circuit breakers are individually skid-
mounted.


NOTE: Circuit breakers are not to be stacked.


Upon receipt, inspect the equipment for damage that may have occurred in
transit. Check all items against the packing list provided. Immediately notify the
carrier and Square D of any damages or shortages.


Handling The switchgear sections are normally shipped in one or two bays. Each section
has four lifting lugs bolted on top. If more than two bays are shipped as one
section, lifting channels or frames may be bolted on top. Put a crane hook
through each of the four holes to lift and move the sections. After the group has
been placed in position, remove and discard the lifting lugs. Then, screw the
bolts back into place to cover the mounting holes.


If no crane is available, the sections may be unloaded and moved with a forklift.
Rollers under the skids may be used on a relatively flat surface if other moving
equipment is not available or space prohibits the use of other moving methods.
See Section 6, “Installation,” for handling uncrated assemblies.


HAZARD OF EQUIPMENT DAMAGE.


• Do not remove the skids until the shipping sections are in the final
location.


• Do not maneuver the switchgear directly on rollers.


• Always use the skids to prevent switchgear distortion or damage.


Failure to observe these precautions can result in equipment damage.


CAUTION!


Section 3—Receiving, Handling, and Storage
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Section 3—Receiving, Handling, and Storage


Storage If the assembly is stored prior to installation, keep it in a clean, dry, well-
ventilated area with a mean temperature of approximately 70°F (21°C). Place
dust covers over circuit breakers. If space heaters are furnished in the assembly,
energize them from an external source. Refer to schematic and wiring diagrams
for a logical connection point, and for voltage and power requirements.


If no space heaters are installed in the assembly, and the area is cold and damp,
use a temporary heating source within the assembly. A minimum of 200 watts of
heat per cell is recommended. Avoid greasy, smoky heaters that can deposit
carbon on insulation, causing tracking and eventual insulation breakdowns.


If the space heaters are normally energized from the assembly control power
transformer, open the control power transformer secondary circuit breaker,
remove the primary current limiting fuses, and install an out-of-service tag
before energizing the space heaters. This prevents backfeed to the main bus
through the control power transformer.


! DANGER
HAZARD OF PERSONAL INJURY


When energizing space heaters from a remote source, remove the primary
current limiting fuses of the control power transformer.


Failure to observe this precaution can result in death or severe
personal injury.
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Figure 3: Upper and lower circuit breaker cells with circuit breakers removed


SECTION 4—DESCRIPTION


The number of bays in a MASTERCLAD metal-clad switchgear assembly
depends on customer specifications. Each bay is a separate rigid, self-contained,
bolted structure fabricated of heavy gauge steel. It consists of:


• front section with secondary control devices


• circuit breaker cell, drawout voltage transformer
and control power transformer, and fuse drawout section


• main bus compartment


• cable compartment


See figure 4, page 8 for a MASTERCLAD metal-clad switchgear bay with the side
panels removed.


Section 4—Description


Upper circuit
breaker cell


Control for lower
circuit breaker


Control for upper
circuit breaker


Lower circuit
breaker cell







MASTERCLAD™ Metal-Clad Indoor Switchgear Bulletin 6055-30
October 1996


8  1996 Square D All Rights Reserved


Section 4—Description


Figure 4: Switchgear, side view with panels removed
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Front Section The front section includes the front hinged doors with instruments, relays, and
control switches, the terminal blocks, fuse blocks, and other required secondary
control devices. It also houses the wiring space for inter-unit connection and
customer cable connections.


Circuit Breaker Cell The circuit breaker cell contains 16 separate but coordinated features, each
necessary for circuit breaker operation:


• Circuit breaker positioning rails
• Racking mechanism
• Circuit breaker position indicator
• Disconnect position latch
• Circuit breaker interlocks
• Compartment rating interlocks
• Control power receptacle
• Ground and test unit and dummy breaker interlock
• Primary high voltage contacts
• Current transformers
• Shutters
• Barriers
• Cell interlock
• Ground contact bar
• Mechanism operated contacts (MOC)—optional
• Truck operated contacts (TOC)—optional


Circuit Breaker Positioning Rails—The circuit breaker is equipped with one set
of wheels for rolling the circuit breaker when it is outside the switchgear.
Another set of rollers guide and position the circuit breaker inside the circuit
breaker cell. All four rollers are captured in rails (figure 5, item 1, page 10) which
position the circuit breaker in the vertical position.


Racking Mechanism—The racking mechanism (figure 5, item 15, page 10) is
located on the circuit breaker cell floor. It is operated by a removable racking
crank inserted into the front of the circuit breaker cell. The front may be either
open or closed. The circuit breaker engages in a gear driven racking roller
(figure 5, item 13, page 10). As the roller rotates, it moves the circuit breaker from
the test to the operating position.


Circuit Breaker Interlocks


• A racking block bar (figure 5, item 7, page 10) welded to the racking shaft will
hit an interlock pin on the circuit breaker when it is closed. This interlock
mechanism will stop a closed circuit breaker from being moved between the
test/disconnected position and the connected position.


• The racking roller actuates an interlock located underneath the circuit breaker.
This interlock mechanism is designed to stop a circuit breaker from being
closed when it is between the test/disconnected and connected positions.


Section 4—Description
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Figure 5: Circuit breaker floor plate, racking device, and interlocks


1. Circuit breaker positioning rails
2. Control power receptacle
3. Control power receptacle handle
4. Spring discharge bracket
5. Circuit breaker position indicator
6. Cell key interlock
7. Racking block bar
8. Circuit breaker position latch brackets
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  9. Compartment rating interlock
10. Ground and test unit and dummy breaker interlock
11. Racking block lever
12. Ground contact bar
13. Racking roller
14. Shutter actuator
15. Racking mechanism
16. Lockout lever


Section 4—Description
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• A lockout lever (figure 5, item 16) located on the drawout gear box stops the
circuit breaker from being inserted into the cell when the racking roller is not
in the test position.


• A racking block lever (figure 5, item 11) will not allow racking mechanism
operation when the circuit breaker is not in the cell. Without the circuit
breaker in the cell, the shutter cannot be opened.


• A spring discharge interlock (figure 5, item 4) will discharge the closing
springs when the circuit breaker is inserted or withdrawn from the cell.


Compartment Rating Interlocks—These interlocks (figure 5, item 9) stop
accidental insertion of circuit breakers with incorrect current, voltage, or
interrupting ratings into the compartment. The stationary interference brackets
are mounted on the floor of the compartment and the moving part of the
interlock system is mounted on the underside of each circuit breaker.


Ground and Test Unit Dummy Circuit Breaker Interlock—Each circuit breaker
cell is equipped with a ground and test unit (G & T) and dummy breaker
permissive interlock (figure 5, item 10). G & Ts and dummy breakers that are not
equipped with the required ground and test unit interlocks cannot be inserted
into the circuit breaker cell. The permissive interlocks are located beside the
position interlock on the circuit breaker cell floor. Refer to the specific G & T and
dummy breaker instruction bulletins.


HAZARD OF EQUIPMENT DAMAGE


Do not test interlocks by hand. Test interlocks only by moving the circuit
breaker over the cell-mounted operating cams. Do not operate interlocks in
an incorrect sequence.


Failure to observe this precaution can result in equipment damage.


CAUTION!


Section 4—Description
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Section 4—Description


Release handle


Figure 7: Circuit breaker release handle


Barrier—A barrier (figure 6) in front of the shutter and bell assembly and CTs is
designed to stop incidental contact with live main contacts.


Control Power Receptacle—The circuit breaker control power receptacle
(figure 5, item 2, page 10) is located on the lower right floor of the compartment.
The molded insulating receptacle contains 24 contacts and two tapered
guidepins. The control power can be connected in the test position by rotating
the control plug handle and pulling it forward. Refer to figure 5, item 3, page 10
and figure 6.


Disconnect Position Latch—A spring loaded latch on the circuit breaker
engages behind the circuit breaker latch brackets on top of the left hand guide
rail (figure 5, item 8, page 10) when the circuit breaker is in the test/disconnected
position. The latch is disengaged by the circuit breaker release handle (figure 7)
when the circuit breaker is in the test/disconnected position.


Barrier


Figure 6: Circuit breaker cell without circuit breaker


Control power
receptacle


Racking
mechanism


Control plug
handle
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Control
panel


Mechanism
operated
contacts


HAZARD OF PERSONAL INJURY OR EQUIPMENT DAMAGE


Disconnect power to both line and load connections before removing the
barrier for maintenance or repair. Verify power is off with a properly rated
testing device.


Failure to observe this precaution can result in severe personal injury
or death.


WARNING!


Section 4—Description


Shutters—Two steel shutters (figure 8) are mounted directly in front of the
primary high voltage contacts. The shutters move with a rotary motion, actuated
by the racking mechanism. Figure 5, item 14, page 10 shows the shutter actuator.


Circuit Breaker Position Indicator—An indicator beside the racking port
(figure 5, item 5, page 10 and figures 9 and 10) shows if the circuit breaker is in
test/disconnected, transport, or connected position. When the door is open, two
arrows that line up with the front cover are visible on the left hand rail. They also
indicate the position of the circuit breaker.


Figure 9: Racking port and cell position indicator Figure 10: Racking handle on the racking shaft


Racking
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Cell position
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in test/
disconnected
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Racking port Cell position indicator
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Racking
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Figure 8: Circuit breaker cell with circuit breaker and barrier removed
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Figure 11: Circuit breaker cell with circuit
breaker and barrier removed—shutter forced open


Bell
assemblies


Shutters
forced open


Current
transformers


Primary High Voltage Contacts—The primary main contacts are housed in a bell
assembly (figure 11) consisting of insulating tubes extending toward the front.
The current transformers are mounted around the tubes, which are covered at
the open end by the shutter when the circuit breaker is in the test/disconnected
position or is withdrawn from the cell. The bell assembly is furnished with
molded fiberglass polyester tubes as standard, but may also be equipped with
porcelain tubes.


Current Transformers—Bushing-type single- or multi-ratio current transformers
(figure 11) can be mounted around either the top or bottom insulating tubes. A
maximum of four current transformers, depending on accuracy, can be mounted
per phase—two on line, two on load.


Cell Interlock—A cell key interlock provision (figure 5, item 6, page 10) is
provided in each circuit breaker cell for locking a circuit breaker out of the
connected position. The cell interlock is located in the center of the cell floor and
has padlock provisions as standard. It can be equipped with a key interlock
when specified by the user. The cell interlock prevents racking the circuit breaker
into the connected position. A circuit breaker can be stored in the test/
disconnected position with the cell interlock locked.


Ground Contact Bar—A ground contact bar is located on the bottom of the
circuit breaker cell. It is directly connected to the main ground bus. A mating set
of sliding contacts is located on the underside of the circuit breaker. The contacts
engage before the circuit breaker reaches the test position and stay continuously
grounded to the connected position.


Section 4—Description
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Contact
actuator


Figure 12: Mechanism operated contacts (MOC) Figure 13: Truck operated contacts (TOC)


Contact
actuator


Mechanism Operated Contacts (MOC)—Optional—Mechanism operated
contacts (figure 8, page 13 and figure 12) are compartment-mounted auxiliary
contacts operated by the circuit breaker mechanism. Like circuit breaker
mounted auxiliary contacts, they indicate whether the circuit breaker is in the
open or closed position. They operate in both the connected and
test/disconnected positions.


The MOC unit is mounted on the left side of the circuit breaker cell. It is operated
by a mechanism that is driven vertically by a roller on the left side of the circuit
breaker.


Truck Operated Contacts (TOC)—Optional—Truck operated contacts
(figure 8, page 13 and figure 13) are used to indicate the physical position of the
circuit breaker in the compartment . They indicate whether the circuit breaker is
in the connected or test/disconnected position.


The TOC unit does not distinguish between the circuit breaker being in the
test/disconnected position or withdrawn completely from the compartment.


The TOC unit is mounted on the right side of the horizontal steel barrier in the
top of the circuit breaker cell. It is operated by a spring-loaded lever. This lever
is activated, just before the circuit breaker reaches the connected position, by a
pin on the upper right side of the front cover of the circuit breaker.


Section 4—Description
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Figure 14: Drawout units in connected position


Voltage Transformer, The voltage transformer (VT), control power transformer (CPT), and fuse
Control Power Transformer, drawout units are self-contained drawers (figure 14) that roll on two sliding
and Fuse Drawout Units extension rails from the disconnected to the connected position. The drawer front


panel is recessed behind the front door in the connected position. It is held in
place by two thumbscrews.


An insulating barrier (figure 14) divides the compartment. The stationary
contacts (figure 14) and associated high voltage parts are mounted behind the
barrier. Floating, self-aligning line contacts engage the moving contacts as the
drawer is inserted into the connected position. As the drawer is withdrawn, a
static ground contact mounted on top of the compartment grounds the primary
connection.


Drawout Control Power Transformer—The control power transformer (CPT),
shown in figure 14, supplies control voltage for circuit breaker closing, capacitor
trip charging, and miscellaneous station auxiliary power functions. The
transformer is sized for the specific order requirements. Do not add arbitrary
non-specified loads after installation. The maximum capacity of the CPT in a
drawout unit is 15 kVA.


The CPT, its primary current limiting fuses, and secondary molded case circuit
breaker are mounted on the drawer and are withdrawn as an assembly. The
secondary circuit breaker handle must be in the off position in order to withdraw
or insert the drawer. To release the latch, push the secondary circuit breaker
handle to the left (off position). To engage the latch, push the secondary circuit
breaker handle to the right (on position) after returning the assembly to the
connected position.


Section 4—Description
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Each drawout control power transformer is equipped with a padlock provision
(figure 15) which locks the unit in the engaged position.


Secondary sliding finger-type contacts are mounted on the front left side of the
drawer (figure 16). They engage fixed-mounted contacts in the connected
position.


Section 4—Description


Padlock
provision


Figure 15: Control power transformer—secondary circuit breaker interlock


Secondary
contacts


Figure 16: Drawout control power transformer
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Drawout Voltage Transformer—Drawout voltage transformers (figure 17)
supply voltage indication for metering and relaying purposes. Primary current
limiting fuses are mounted on each voltage transformer. Secondary sliding
finger-type contacts (figure 17) are mounted on the front left side of the drawer
and engage fixed compartment mounted contacts in the connected position.
Secondary fuses for the voltage transformers are located in the front
compartment.


Drawout Fuse—Drawout fuses (figure 18) are provided for stationary control
power transformers. Fixed mounted CPTs are supplied when three-phase control
power is required or control power requirements exceed 15 kVA. The current-
limiting fuses are mounted in the drawer and withdrawn as an assembly.


The fuse drawout is interlocked with the secondary circuit breaker by a key
interlock system. One interlock locks the drawout in the connected position
(figure 19). A second interlock, shown in figure 20, allows the fuse drawout to be
withdrawn only when the secondary circuit breaker is in the open position. The
secondary circuit breaker with interlock is mounted above or below the drawout
unit.


Section 4—Description
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Figure 19: Drawout primary fuses interlock with secondary circuit breaker


Figure 18: Drawout primary fuses for stationary control power transformer


Section 4—Description
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Figure 20: Secondary circuit breaker and interlock for drawout primary fuses
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Main Bus Compartment The main bus compartment is located in the center of the switchgear. It is
isolated from other compartments by the main bus compartment cover, which
consists of removable metal access plates (figure 21). The main bus compartment
is accessible from the back (figure 21) through the cable compartment and from
the front through the circuit breaker cell.


1200 A and 2000 A main buses are available in aluminum or copper. The 3000 A
main bus is always copper.


Each busbar has fluidized bed epoxy insulation rated for 105°C operation.
Glass polyester barriers are used to separate the bus compartments between
adjacent cells. Optional porcelain inserts are available.


Polyvinyl chloride boots insulate the connection in the main bus compartment,
overlapping the epoxy insulation on the busbars. The busbar insulation and
boots form an integral insulating system for the equipment to meet its dielectric
ratings. The busbar insulation must not be damaged or modified. Boots must be
in place before operating the equipment.


Cable Compartments Each circuit breaker in a vertical section has a separate cable compartment,
accessible by removing a steel cover on the back. Insulated load connectors are
provided for terminating cables. As standard, the load connectors are punched
for terminating two cables per phase with a NEMA 2-hole pattern. Square D
provides lugs upon request. Tape and associated material for insulating cable
terminations are not supplied as standard.


A ground bus (figure 21) in the cable compartment has lugs on each end for the
assembly ground. This ground bus is connected to each circuit breaker
compartment ground contact bar and to the individual ground bars in each cable
compartment. All instrument transformer, metering, and relaying grounds are
also connected to this common ground system.


Conduit must enter the cable compartments, in the areas shown on the customer
drawings, from either the top or bottom of the cable compartment. A removable
steel cable pull box (figure 21) is provided to isolate cables when two circuit
breakers are installed in one vertical section.


NOTE: Conduit should be stubbed in the concrete as part of the site preparation
before the assembly is installed, but top entrance conduit must be installed after
the assembly is in place. The top covers can be removed, punched to fit the
conduit, and put back in place.


The front conduit area is for the bottom circuit breaker when all cables enter from
below, and for the top circuit breaker when all cables enter from above. This
cable pull box may be removed to install the rear cables first. When required,
zero-sequence current transformers (figure 4, page 8 and figure 21) are
conveniently located in each cable compartment.


Section 4—Description
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Various cable termination systems are used. These are detailed on the plans
and specifications. Solderless or compression lugs can be supplied on the
load connectors. Potheads are mounted on grounded support brackets. The
compound and tape for their internal connections are shipped in a container
with the other miscellaneous parts. Tape and insulating material necessary
for completing the field connection at the bus pad are not supplied with
the assembly.


Surge Arresters Surge arresters are furnished only when listed in the user’s specifications. The
vulnerability of the incoming and outgoing lines to lightning strikes or
other high voltage transient conditions determines their type and justification.
Surge arresters, when specified, are mounted in the incoming and outgoing cable
compartments.
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Figure 21: Two bay assembly rear view
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Section 5—Operation


SECTION 5—OPERATION


Circuit Breaker–Circuit The circuit breaker and the circuit breaker cell are equipped with an interlock
Breaker Cell system. The interlocks are designed to:
Interlock System • Not allow the circuit breaker to be pushed into the cell when the circuit


breaker is closed.


• Not allow the circuit breaker to be closed while it is moved between the
test and operating position.


• Not allow the circuit breaker to be moved from the operating position when it
is closed.


• Discharge both the closing and trip springs when the circuit breaker is being
moved from the circuit breaker cell.


Circuit Breaker Operation Racking Mechanism—The racking mechanism moves the circuit breaker from
the test/disconnected position to the connected position and vice versa.


Push the circuit breaker into the compartment to the test/disconnected position,
and the disconnect release handle engages (figure 7, page 12).


With the front door closed, insert the racking handle and rotate it clockwise to
rack the circuit breaker into the connected position. When in the connected
position, the circuit breaker’s forward motion stops.


With the door closed, the position indicator (figure 9, page 13) shows if the
circuit breaker is in the test/disconnected position, in transport, or in the
connected position. With the door open, two arrows on the left hand rail show if
the circuit breaker is in the test/disconnected position or in the connected
position.


To remove a circuit breaker from the connected position to the test/disconnected
position, open the circuit breaker electrically with the compartment door closed,
and with the racking handle, move the circuit breaker to the test/disconnected
position.


HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE


When the switchgear is energized, always open and close the circuit
breaker, and rack the circuit breaker from one position to another with the
door closed.


Never use force to move the circuit breaker inside the circuit breaker cell. If
a mechanism is not operating smoothly, look for the cause.


Failure to observe these precautions can result in death, severe
personal injury, or equipment damage.


WARNING!
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Section 5—Operation


Control Power Plug—In normal operation, the Control Power Plug
automatically connects and disconnects as the circuit breaker is moved into and
out of the connected position.


To test the control system with the circuit breaker in the test/disconnected
position, rotate and pull the handle of the secondary control power receptacle
forward until it can be rotated again and locks the receptacle in position. The
circuit breaker can now be electrically operated the same as in the connected
position. After checking all electrical functions, push the receptacle back in its
normal operating position. Only then, rack the circuit breaker into the connected
position.


Disconnect Position Latch—The disconnect position latch prevents the circuit
breaker from rolling out of the compartment in the test/disconnected position.
To remove the circuit breaker from the cell, pull the release handle of the circuit
breaker.


Manual Spring Charging Mechanism—In normal operation, when the control
plug is engaged, the motor automatically charges the circuit breaker closing
springs. The springs can also be charged manually, using the manual spring
charging mechanism. This feature is provided for testing and maintenance
purposes, and for emergency operating conditions.


Manual Close and Open Pushbuttons—Manual close and open pushbuttons are
located at the front of the circuit breaker. These pushbuttons operate the circuit
breaker whether the circuit breaker is charged manually or electrically. Use them
only when testing the circuit breaker during start-up or maintenance. Refer to the
Type VR Circuit Breaker instruction bulletin 6055-31.


HAZARD OF EQUIPMENT DAMAGE


When the switchgear is energized, never use the manual open and close
pushbuttons on the front of the circuit breaker. Use the control switch with
the front door closed.


Failure to observe this precaution can result in equipment damage.


CAUTION!


HAZARD OF EQUIPMENT DAMAGE


Never manually close a circuit breaker in the connected position unless the
opening source of power and protective relays are connected and operable.


Failure to observe this precaution can result in equipment damage.


CAUTION!
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SECTION 6—INSTALLATION


Site Preparation Good site preparation is essential for reliable operation of the assembly.
Carefully compare the plans and specifications with the customer drawings
provided. Be sure to:


• provide adequate ventilation at all times so the ambient temperature around
the assembly does not exceed 104°F (40°C). Clean, dry, filtered air should
be supplied.


• provide adequate lighting in both the front and back aisle spaces. Also
provide convenience outlets in both areas for electrical hand tool use.


• provide adequate floor drains.


• route sewer, water, and steam lines so they do not pass over or near the
assembly. Dripping liquids may damage the insulation.


The weight of the average complete switchgear unit is 2500 lb (1130 kg). Refer to
Table 1 to determine switchgear and component weights for handling and
structural considerations.


Section 6—Installation


Table 1: Switchgear and Component Weights


Switchgear unit 2100 lb (950 kg)
Circuit breaker - 1200 A, 36 kA 380 lb (170 kg)
Circuit breaker - 1200 A, 49 kA 430 lb (195 kg)
Circuit breaker - 2000 A, 36 kA 450 lb (205 kg)
Circuit breaker - 2000 A, 49 kA 500 lb (225 kg)
Circuit breaker - 3000 A 700 lb (320 kg)
Drawout unit 2 - 15 kV VTs 210 lb (95 kg)
Drawout CPT 15 kVA 270 lb (120 kg)
CPT Fixed Mounted 37.5 kVA 580 lb (260 kg)
CPT Fixed Mounted 50 kVA 750 lb (340 kg)
3 Arrester - intermediate 15 kV 120 lb (55 kg)
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Figure 22: Switchgear mounting floor channels


Foundation The switchgear must be installed on a flat, level surface. Square D recommends
installing the switchgear on a concrete pad leveled to 1/16 in (1.6 mm) in any
square yard, with steel channels (figure 22) installed in the pad (figure 23) for
anchoring the switchgear.


Pour a 7 ft (2135 mm) wide aisle space in front of the mounting pad, flush with
and finished to the same tolerance as the mounting pad. This level surface is
necessary for the circuit breaker lift truck and for inserting the circuit breakers
into the bottom compartment.


NOTE: A minimum of 3 feet (1 meter) is absolutely necessary on the right end
facing the front of the line-up. This space is necessary for door clearance when
removing the circuit breakers.


Conduits should be stubbed a maximum of 1 in (25 mm) above floor level. To
simplify moving the switchgear into place, keep the conduit flush with the
surface of the floor. Position the conduit very accurately so that there is no
mechanical interference with the assembly frame. Eliminate continuous loops of
reinforcing rod or structural steel around any single conductor of a three-phase
power circuit.


Switchgear Installation Shipping Section Installation


Two-high 4.76–15.0 kV metal-clad indoor switchgear may be shipped in one or
more shipping sections, depending on the number of cells in the assembly.
Before installing each section, refer to the customer drawings and section
markings to ensure proper alignment. When installing two shipping sections,
install the section that allows the most maneuverability first before installing the
second section.


When more than two shipping sections are involved, carefully measure the
conduit spacings and compare with the customer drawings. Cumulative error
in conduit location may require starting with the center shipping section and
working toward either end. If the conduits are properly located, install the end
shipping section first that allows the most maneuverability before installing the
additional sections.


Shim Between Channel 
And Bottom Of Switchgear 
As Required To Level


Weld Weld Or Bolt
1/2–13
Tap-In Channel


Concrete
Concrete Concrete
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Section 6—Installation


Figure 23: Floor plan
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Sweep the pad before installing any sections. Move the sections, with skids
intact, into place. If rollers must be used, move with the skid in place. Remove
the skid only when the switchgear is in proper position on the pad. Lower the
first section onto the pad. If necessary, place a 2 in x 6 in (610 mm x 1830 mm)
board across the assembly, and pry into place. Do not pry directly on the
structure, doors, or covers. Before proceeding, verify that:


• the conduits are in the center of the cutouts


• the back of the unit is perpendicular to the pad and has proper clearance


• the mounting holes line up with the holes in the mounting channels


Level each section before installing the next. Install steel shims, when necessary,
between floor channels and switchgear. After leveling a section, bolt it to any
previously installed sections before proceeding. If the sections do not fit snugly
together, remove the most recently placed section with the crane. Check for
obstructions and try again. Do not attempt to pull sections together with the
hardware.


All shipping sections must be bolted together in place before bolting or welding
sections to the channel sills, or installing the horizontal main bus. After all the
sections are level and bolted together, verify again that all shipping sections are
in their correct position according to the job drawings. If they are, weld or bolt
the switchgear to the pad. For bolting, use 1/2-13 bolts.


Main Bus Installation


Install the main bus at the shipping break only after all sections are securely
anchored in place and no additional movement of the assembly will occur.
Busbar extensions for shipping breaks are shipped with the miscellaneous items.


A typical main bus assembly is shown in (figure 24). The side and rear views
(figure 24) of the assembly show the general arrangement of the main bus and
riser. The side (figure 25) and top (figure 26) views show the different bus
connections and the orientation of the filler and splice plates. When aluminum
bus is furnished, some of the circuit breaker connections and splice or filler plates
are copper.


Section 6—Installation
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Figure 26: Main bus connections—top view
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Typical End Bay
1200A Or 2000A Bus


Typical Intermediate Bay
1200A Or 2000A Bus


Copper Splice
Riser


Main Bus


Typical Intermediate Bay
3000A Bus


Copper Splice


Main Bus


Riser


Auxiliary-Ckt. Bkr.
Intermediate Bay


8.0
203


10.0
254


8.0
203


10.0
254


Bus Barrier


36.0
914


Ckt. Bkr.-Ckt. Bkr.
End Bay


Ckt. Bkr.-Ckt. Bkr.
Intermediate Bay


Cir. Bkr.-Auxiliary
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Figure 24: Main bus assembly


Rear  View


Side View


Filler
(0.38 x 6.0)
[10 x 152]Filler


Copper
Splice


Riser


Main Bus


Typical Dual
Riser Connection—


Equal Ratings


Riser
Copper Splice


Riser


Main Bus


Filler As
Required


Typical Dual
Riser Connection—


Unequal Ratings


1200A Riser


Filler
“Inside” Riser


Typical 2000A
Riser Connection


1200A Riser


Filler
“Inside” Riser


2000A Riser


3000A
Main Bus


Typical 2000A
Riser Connection


“Inside” Riser


3000A
Riser


Main
Bus


Typical 3000A
Riser Connection


Dual
Dimensions:


INCHES
Millimeters


2000A Riser


Main Bus


Typical Single
Riser Connection


Figure 25: Main bus connections—side view
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Fiberglass-polyester
Washer


Rubber O-Rings:
1200 A (2)
2000 A (3)


Rubber O-Rings:
3 For Each Bus


1200A/2000A Bus 3000A Bus


Fiberglass-polyester
Washer


Figure 28: Stand-off bus support


Main Bus Installation (cont.)


The standard switchgear is furnished with fiberglass-polyester bus barriers
between bays. Porcelain “pass-throughs” are available as an option (figure 27).


Section 6—Installation


Figure 27: Main bus pass-through, porcelain—optional


O-Ring Around Each Bus


O-Ring Around Both Busses


Porcelain Pass-Through


3000A Bus1200A/2000A Bus
(29 kA Maximum)


1200A/2000A Bus
(37 kA & 49 kA)


O-Ring Around
Porcelain Pass-Through


For porcelain pass-throughs only, O-rings must be installed inside the pass-
throughs to cushion the busbars under short circuit conditions.


An easy way to install two busbars is to place the larger O-ring around both bars
at the correct distance from the end (figure 27), and the smaller rings around
each bar approximately 1 in (25 mm) on each side from the large O-ring. Next,
slide both bars into the porcelain (one end of the porcelain may have a larger
opening).


When busbar stand-off insulator installation is required on shipping sections,
refer to figure 28. Fiberglass-polyester washers and O-rings must be installed as
shown.
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Main Bus Installation (cont.)


Remove the main bus covers and the insulating boots. Install one phase at a time
by sliding the busbar through the bus barriers and loosely bolting the horizontal
bus to the vertical bus. Do not bend or force the bus to make this connection.
The through bushings and the divided insulating barrier may be loosened if
necessary. They have sufficient clearance and adjustment to compensate for
minor field misalignment of shipping sections. Tighten the bolts holding the
busbar joints only after all three busbars are in place and properly fitted. Use a
torque wrench to ensure that the bolts for busbar connections are tightened in
accordance with Table 2.


Section 6—Installation


Ground Bus Connection


Connect the ground bus splice at each shipping section. Remove the hardware
and position the splice plate, then replace hardware on both ends. The ground
bus must be connected for proper operation of relaying and instrumentation, and
for personnel safety.


Control Wiring Connections


Consult the customer wiring diagram for reconnection of wiring at the shipping
break. Each wire is identified and has been previously connected during
assembly and testing at the factory. If the identification is missing or blurred,
ring-out before connecting to avoid control circuit and instrument panel
problems at start-up.


Circuit Breaker Installation


With all primary and control power circuits de-energized, insert each circuit
breaker into the connected position of its respective circuit breaker compartment.
Observe the operation of the ground contacts, shutters, and disconnect position
latch.


Remove each circuit breaker from its compartment. Open the shutters and check
that tracks made in the contact grease by the fingers of the main disconnects
extend back a minimum of 1/2 in (13 mm) from the front edge of each bar.
Ensure that the ground shoe leaves tracks on the ground bus.


Do not force circuit breakers into circuit breaker compartments. Compartment
rating interlocks prevent inserting circuit breakers into incorrect cells.


Table 2: Bolt Torque
Bolt Mechanical Busbar
Size Joints Connections


1/4-20  7 lb-ft (9.45 N•m) —
5/16-18 14 lb-ft (18.91 N•m) —
3/8-16 21 lb-ft (28.36 N•m) 30 lb-ft (40.52 N•m)
1/2-13 42 lb-ft (56.72 N•m) 55 lb-ft (74.28 N•m)
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VT, CPT, and Fuse Drawout Installation


Withdraw the drawout control power fuse drawer and the drawout voltage
transformer drawer. Observe their operation. Verify that the static grounding
contacts touch the moving drawout contacts and that the primary and secondary
contacts make proper contact.


High-Potential Testing Before making external power connections, perform a high-potential (hi-pot) test
on the bus and circuit breakers as an assembly. To prepare for this test:


1. Disconnect lightning arresters.


2. Withdraw the control power transformer drawer, the voltage transformer
drawer, and drawout fuse (if provided).


3. Place each of the circuit breakers in its proper circuit breaker compartment in
the connected position. Charge their springs manually, and then close each
circuit breaker by using the pushbutton.


Use a reliable transformer-type tester with a built-in voltmeter and milliammeter
for hi-pot testing. Capacitor loaded bench-type testers with neon bulb indicators
do not have sufficient capacity to give reliable results.


Table 3 gives normal test values for dry, clean, new assemblies. Field
hi-pot tests are made at 75% of factory test voltages in accordance with ANSI
standards.


If satisfactory results are not obtained, locate the problem, correct it, and rerun
the test before proceeding. If results are acceptable, the power cables, ground
wires, external wiring, and battery (if supplied) can be connected to the
assembly.


Phasing In accordance with NEMA standards, all bus within the switchgear is phased
A-B-C left to right, top to bottom, and front to back when viewing the assembly
from the front (the circuit breaker compartment side). If, for any reason, the bus
must be phased differently, the different phase will be identified on the bus with
a label.


Cable Connections Be very careful when making up all types of cable terminations, as terminations
are critical to the successful operation of the electrical distribution system. Avoid
sharp turns, edges, or corners in order to prevent damage to the cable insulation.
Follow the cable manufacturer’s recommendations for minimum bending radius.
These instructions will vary from manufacturer to manufacturer.


Section 6—Installation


Table 3: One Minute High-Potential Test ➀
Field
Test


Voltage
AC DC


4.76 kV 19 kV 14 kV 20 kV
8.2 kV 36 kV 27 kV 38 kV
15 kV 36 kV 27 kV 38 kV


Assembly
Rated


Maximum
Voltage


Factory
Test


Voltage


➀ All voltages are 60 Hz rms symmetrical.
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Solderless or compression-type cable lugs are the most common method
for connecting power cables to metal-clad switchgear. When making the
terminations for each type of power cable, follow the cable manufacturer’s
instructions. After the cable connections are made, insulate them as follows:


1. Place 3M brand Scotchfil putty around the lugs and bolts to reduce the
concentrated field created by their irregular shapes (figure 29). Apply a layer
of No. 13 semiconducting tape over the Scotchfil. Half-lap the tape, which
must extend onto the conductor. Do not extend the tape up over the bus
epoxy insulation. Apply Scotch brand No. 130C tape over the No. 13 tape.
Half-lap this tape for two layers on 4.76 kV installations, and four layers on
8.25 kV and 15.0 kV installations. For 4.76 kV applications, extend this tape
1-1/2 in (38 mm) up over the bus insulation and cable insulation. Extend the
tape 2 in (51 mm) for 15.0 kV applications.


2. Apply two layers of Scotch Brand No. 22 tape, extending the tape up over
the No. 130C tape in all directions. The tape and other insulating materials
for completing these field connections are not supplied with the switchgear.


3. When potheads or terminators are supplied for terminating power cables,
follow the pothead manufacturer’s instructions for terminating the cables in
these devices. To facilitate installation of the power cables, the bus side is not
taped. After the cables are installed, insulate the pothead-to-bus connections
according to the cable lug insulation instructions in this section.


NOTE: The external surface of each shielded cable is at ground potential and
must be positioned a minimum of 6 in (152 mm) from any live part (even its own
pole), including insulated bus bars.


Overlap Scotch No.130C tape 
over bus insulation: 
1-1/2" (38 mm) for 4.76 kV;
2" (51 mm) for 15.0 kV.


Fill voids with
Scotchfil Putty


1 layer Scotch No.13
semi-conductor tape


Scotch No. 130C tape:
2 layers for 4.76 kV;
4 layers for 15.0 kV.


2 layers
of tape.


Note:
All taping is
half-lapped.


1/2" (13 mm) Scotch No. 22 tape


Note:
Scotch No. 13 semi-conductor tape 
must touch bus or terminals
in at least one place;
tape should not overlap
bus or cable insulation. 


Overlap Scotch No.130C tape 
over cable insulation: 
1-1/2" (38 mm) for 4.76 kV;
2" (51 mm) for 15.0 kV.


1/2" (13 mm) Scotch No. 22 tape


Figure 29: High voltage cable lug insulation


Section 6—Installation







Bulletin 6055-30 MASTERCLAD™ Metal-Clad Indoor Switchgear
October 1996


33 1996 Square D All Rights Reserved


SECTION 7—START-UP


Training of personnel for final start-up can be provided or contact your local
Square D field office for the local Square D field office for the local Field Services
office.


To start up the switchgear:


1. Vacuum out every compartment. Remove all loose parts, tools,
miscellaneous construction items, and litter.


2. Replace all the main bus covers and any other barriers or covers which were
removed during installation.


3. Ensure all insulating boots are installed.


4. Install the cable compartment back covers.


5. Connect the battery charger and batteries (if used) to the switchgear control
bus according to the order drawings.


6. Unblock all of the relays and set to the relay schedule. Using a relay tester,
verify the settings and electrical operation of each relay.


7. Ensure that the drawout control power transformer (or drawout fuse
drawer) has the current limiting fuses in place. Pull the drawer out to the
withdrawn position.


8. Place all circuit breakers in their compartments in the test/disconnected
position.


9. Connect a temporary source of low-voltage power to the stationary
secondary contact of the control power transformer or any logical point
(consult the customer schematic and wiring diagram). Open the secondary
circuit breaker and remove the primary fuses.


10. Rack one circuit breaker at a time into the connected position. Then,
electrically close and open the circuit breaker with the door-mounted circuit
breaker control switch. Open the circuit breaker by temporarily closing the
contacts of each protective relay. Reset the relay targets after each operation
and rack the circuit breaker into the test/disconnected position.


Section 7—Start-up


! DANGER
HAZARD OF ELECTRIC SHOCK, BURN, OR EXPLOSION


All personnel involved in the start-up operation should be thoroughly
familiar with the information in this instruction bulletin and customer
drawings provided before working on this equipment.


Failure to observe these precautions will result in death, severe
personal injury, or equipment damage.
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11. Electrically operate from remote control locations and check the remote
indicating lights.


12. Operate all electrical interlocks, transfer schemes, lock-out relays, and other
control functions to ensure proper operation.


13. Remove the temporary source of low voltage power and make the
permanent connection of low voltage power. Rack all circuit breakers into
the connected position. Insert the drawout control power transformer,
drawout fuses, and drawout voltage transformers into the connected
position.


14. Using a properly rated tester, verify again that trip voltage is available at
circuit breaker terminals in each compartment.


15. Energize incoming high voltage circuits.


16. Close circuit breakers to establish electrical service.


Section 7—Start-Up







Bulletin 6055-30 MASTERCLAD™ Metal-Clad Indoor Switchgear
October 1996


35 1996 Square D All Rights Reserved


Main Bus Compartment Remove the front and rear covers from each main bus compartment. Inspect the
busbars, primary contact supports, and insulating barrier(s). Check all busbar
connections, and torque all 1/2 inch bolts to 55 lb-ft (74.28 N•m).


Slight discoloration or tarnish of the silver plate is normal and of no concern.
Severe discoloration of the silver plate is an indication of an improper or loose
contact and overheating. Clean the discoloration from the contact surfaces of the
busbar and primary contact. Use an abrasive pad such as Scotch Brite.


Vacuum each compartment to remove dust, spiderwebs, and so forth. Wipe off
the insulation with a clean cloth.


Cable Compartment Inspect the load connectors, stand-off insulators, primary contact supports, and
all accessible cable terminations for indications of insulation deterioration.
Vacuum each compartment and wipe off all insulation. Replace removable back
covers.


Circuit Breaker Withdraw each circuit breaker from its compartment, and thoroughly inspect
Compartment each of the moving mechanisms in the compartment.


The shutters should raise and lower smoothly with no indication of binding,
twisting, hesitation, or hang-up. Inspect the shutter hardware. Tighten if
necessary.


SECTION 8—INSPECTION AND MAINTENANCE


Perform inspection and maintenance on the basis of operating conditions and
experience. Abnormal operation or conditions may require immediate corrective
action.


! DANGER
HAZARD OF BODILY INJURY OR EQUIPMENT DAMAGE


• Perform inspection and maintenance only with the main sources of
power disconnected and locked open with a “work” lock.


• Be sure there is no backfeed through any feeder circuit.


• Ground the main and feeder circuits before touching the main bus,
bus pads, or primary contacts.


Failure to observe these precautions will result in death, severe
personal injury, or equipment damage.


Section 8—Inspection and Maintenance
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For the purpose of maintenance, the interlock which blocks the operation of the
mechanism without a circuit breaker in the cell can be defeated by
simultaneously holding the racking block lever (figure 5, item 11) down and
turning the racking handle.


The primary contacts should have a silver-gray appearance, indicating good
contact with the circuit breaker separable contacts. Slight discoloration or tarnish
of the silver plate on the primary contact is normal. Severe discoloration of the
silver plate is an indication of excessive heating and should be corrected. Typical
causes are:


• poor contact between the circuit breaker separable contacts and the primary
contacts


• loose hardware or otherwise improper contact at the bus connection


Clean the discoloration and tighten the contact mounting bolts to the proper
torque. See Table 2, page 30. Inspect the primary contact and support insulators.


The ground contact bar should have marks indicating good contact with the
circuit breaker sliding contacts. Clean the contact surfaces, removing grease and
dirt buildup. Inspect and tighten the hardware and re-grease.


Inspect the stationary control power receptacle, ensuring that the molding is free
of cracks, the female contacts are clean, and the assembly is free to move. Clean
the front and back surfaces of the receptacle to remove any contamination
buildup. Vacuum the compartment, and wipe off the primary contact high
voltage insulating tubes and support insulation with a clean, dry cloth.


Lightly lubricate the primary contacts and the ground contacts with Mobilux
EP 1, Square D part number 1615-100790.


Lubricate all moving joints (shutters, MOC, TOC, and so forth) with
Mobilgrease 28, Square D part number 1615-100950.


Check all terminal block connections for loose hardware and crimp-on terminal
conditions. Make certain that the hinge wiring to the door is not frayed and has
no insulation damage. Route all wires through the hinge loop.


Circuit Breakers Consult the individual circuit breaker instruction and maintenance manual for
cleaning, adjustment, and lubrication information.


VT, CPT and Pull the drawer to the fully withdrawn position. Inspect the moving and
Fuse Drawout Units stationary primary and secondary contacts and the static ground contacts. Clean


the contact surfaces, removing any burn or pit marks if required. Use an abrasive
pad such as Scotch Brite.


Remove the current limiting fuses, and inspect the fuse clip and fuse contact
surfaces. Inspect the transformer for indication of insulation deterioration.
Tighten all hardware, including the secondary contact wiring terminals.


Section 8—Inspection and Maintenance
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Vacuum the compartment and drawer. Wipe off the insulation and control
power transformer with a clean, dry cloth.


Lightly lubricate the moving primary and secondary contacts and fingers with
Mobilux EP 1, Square D part number 1615-100790.


Lubricate all rollers and sliding parts with Mobilgrease 28, Square D part number
1615-100950.


Inspect the interlock mechanism for proper operation. Replace the current
limiting fuses, but leave the drawer in the withdrawn position until all the
inspection and maintenance is completed.


Re-energizing Insert all of the circuit breakers to the test/disconnected position with their
secondary control power plugs engaged, and close the compartment doors.
Connect the control power source.


Close the main source of power, and operate each circuit breaker electrically in
the test/disconnected position.


If all controls are functioning properly, disconnect the secondary control plugs.
Rack the circuit breakers into the connected position. Close the circuit breakers
and resume normal operation.


Section 8—Inspection and Maintenance
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SECTION 9—ACCESSORIES


Circuit Breaker Lift Truck One circuit breaker lift truck (figure 30) is required for each two-high line up.
The cradle is raised and lowered by a self-braking worm and pinion drive system
with a winch and wire cable. No ratchet release or locking is required because of
the automatic load-retaining clutch feature. Rotating the handle clockwise raises
the cradle. Rotating the handle counterclockwise lowers the cradle.


To remove a circuit breaker from the cell with the lift truck:


1. Push the lift truck toward the circuit breaker compartment so the cradle is
square with the front of the circuit breaker cell.


2. Raise the cradle until the hook brackets on each side of the cradle clear the
blocks on each side of the circuit breaker cell rails.


3. Lower the cradle until the hook brackets lock over the blocks on each side of
the circuit breaker cell rails.


4. Roll the circuit breaker onto the lift truck.


5. Secure the circuit breaker on the lift truck using the safety cable provided.


6. Raise the cradle until it clears the blocks on each side of the circuit breaker cell
rails.


7. Remove the lift truck and circuit breaker from the cell and lower the cradle to
the floor.


8. To remove the circuit breaker from the lift truck, disconnect the safety cable
from the front of the circuit breaker.


9. Push the circuit breaker slightly toward the back of the cradle and pull the
lever on the back of the cradle while rolling the circuit breaker off of the
cradle.


Figure 30: Circuit breaker lift truck


Section 9—Accessories


Safety cable
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Test Cabinet—Optional An optional wall-mounted test cabinet (figure 31) is furnished when listed in the
user’s specifications.


The test cabinet consists of a small enclosure with a power on-off toggle switch,
white power on indicating light, red circuit breaker closed indicating light, green
circuit breaker open indicating light, close and open pushbuttons, and an 8 ft
(2440 mm) cable with a secondary control receptacle which can be plugged
directly into the circuit breaker control plug. Refer to the customer drawings for
the external power connections and requirements necessary for the cabinet. A
convenient terminal block is provided inside the test cabinet for these
connections.


Ground and Test Two types of ground and test devices are available:
Device—Optional • manual


• automatic


Ground and test devices are safety devices, typically used for:


• grounding of circuits during maintenance periods
• connection points for applying voltage for hi-pot testing and cable testing
• access to both lineside and loadside circuits for phase sequence testing


A complete description, operating instructions, and maintenance information is
included in a separate ground and test devices instruction bulletin.


Section 9—Accessories


Figure 31: Wall-mounted test cabinet—optional
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SECTION 10—OUTLINE


1.0
25 mm
Door


Dual Dimensions: INCHES
Millimeters


91.0
2311 mm


95.1
2416 mm


Figure 32: MASTERCLAD indoor switchgear outline


Section 10—Outline
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SECTION 11—INSTALLATION AND MAINTENANCE LOG


Section 11—Installation and Maintenance Log
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Section 11—Installation and Maintenance Log
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Section 11—Installation and Maintenance Log
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2/2 Schneider Electric


2


Type c


Input Voltage 5 V/TTL 24 V


Number of Points 32


Number of Groups 4


Points/Common 8


Isolation By group


Addressing requirements 2 input words


Bus Power Required 170 mA 330 mA


Logic Source Sink Source


Model 140 DDI 153 10 140 DDI 353 00 140 DDI 353 10


Page Consult our catalogue “Quantum automation platform” April 2003, page 2/26


Modicon Quantum
automation platform 2


Discrete I/O
V.d.c input modules


Selection guide 0







2/3Schneider Electric


2


c c Supervised input


24 V 125 V 10…60 V 20…30 V


96 24 16 32


6 3 8 4 4


16 8 2 8 8


6 input words 2 input words 1 input word 2 input words 4 input words


270 mA 200 mA 300 mA 250 mA


Sink


140 DDI 364 00 (1) 140 DDI 673 00 140 DDI 841 00 140 DDI 853 00 140 DSI 353 00


(1) Requires Telefast 2 connector.


2







2/4 Schneider Electric


2


Modicon Quantum
automation platform 2


Discrete I/O
V.a.c input modules


Type a


Input Voltage 24 V 48 V


Number of Points 16 32 16 32


Number of Groups 16 4 16 4


Points/Common 1 8 1 8


Isolation Individual points By group Individual points By group


Addressing requirements 1 input word 2 input words 1 input word 2 input words


Bus Power Required 180 mA 250 mA 180 mA 250 mA


Model 140 DAI 340 00 140 DAI 353 00 140 DAI 440 00 140 DAI 453 00


Page Consult our catalogue “Quantum automation platform” April 2003, page 2/26


Selection guide







2/5Schneider Electric


2


2


a


115 V 230 V


16 32 16 32


16 2 4 16 4


1 8 1 8


Individual points By group Individual points By group


1 input word 2 input words 1 input word 2 input words


180 mA 250 mA 180 mA 250 mA


140 DAI 540 00 140 DAI 543 00 140 DAI 553 00 140 DAI 740 00 140 DAI 753 00


0







2/6 Schneider Electric


2


Type c


Output voltage/Relay type 5 V/TTL 24 V 19.2…30 V


Number of points 32 96


Number of groups 4 6


Points/common 8 16


Maximum load Current/point 75 mA 0.5 A 0.5 A


Current/group 600 mA 4 A 3.2 A


Current/module 2.4 A 16 A 19.2 A


Addressing requirement 2 output words 6 output words


Bus power required 350 mA 330 mA 250 mA


Logic Sink Source Sink Source


Model 140 DDO 153 10 140 DDO 353 0p 140 DDO 353 10 140 DDO 364 00 (1)


Page Consult our catalogue “Quantum automation platform” April 2003, page 2/26


(1) Requires Telefast 2 connector.


Modicon Quantum
automation platform 2


Discrete I/O
Direct current and relay output modules


Selection guide 0
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2


c c Verified Output Relay


10…60 V source 24…125 V source 10…30 V Normally open Normally open/Normally
closed


16 12 32 16 8


2 2 4 16 8


8 6 8 1


2 A 0.75 A 0.5 A 2 A 5 A


6 A 3 A 4 A N/A N/A


12 A 6 A 16 A N/A N/A


1 output word 1 input word
1 output word


2 input words
2 output words


1 output word 0.5 output word


160 mA 375 mA @ 6 points
650 mA @ 12 points


500 mA 1100 mA 560 mA


Source


140 DDO 843 00 140 DDO 885 00 140 DVO 853 00 140 DRA 840 00 140 DRC 830 00


0
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2


Type a


Output voltage 24 ... 230 V 24 V ... 115 V


Number of points 16


Number of groups 16


Points/common 1


Maximum load Current/point 4 A @ 20-132 VAC, 3 A @ 170-253 VAC 4 A @ 20-132 VAC


Current/group N/A N/A


Current/module 16 A 16 A


Addressing requirement 1 output word


Bus power required 350 mA


Model 140 DAO 840 00 140 DAO 840 10


Page Consult our catalogue “Quantum automation platform” April 2003, page 2/26
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a


100…230 V 24…48 V 24…230 V


32


4


4 8


4 A @ 85-132 VAC, 3 A @ 170-253 VAC 4 A @ 20-56 VAC 1 A


4 A 4 A 4 A


16 A 16 A 16 A


2 output words


320 mA


140 DAO 842 10 140 DAO 842 20 140 DAO 853 00


2
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Output voltage a 85...132 V c 19.2...30 V


Input voltage a 115 V c 24 V


Number of points 16 input / 8 output


Number of groups Two 8-point inputs
Two 4-point outputs


Maximum load Current/point 4 A 0.5 A


Current/group 4 A 2 A


Current/module 8 A 4 A


Addressing requirement 1 input word
0.5 output word


Bus power required 250 mA 330 mA


Model 140 DAM 590 00 140 DDM 390 00


Page Consult our catalogue “Quantum automation platform” April 2003, page 2/27
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c 19.2...156.2 V


c 156.2 V


4 input, 4 isolated output


One 4 point inputs
Four output points


4 A


N/A


16 A


1 input word
1 output word


350 mA


140 DDM 690 00


2
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Safety Information


NOTICE Read these instructions carefully, and look at the equipment to become familiar with 
the device before trying to install, operate, or maintain it. The following special 
messages may appear throughout this documentation or on the equipment to warn 
of potential hazards or to call attention to information that clarifies or simplifies a 
procedure.


PLEASE NOTE Electrical equipment should be serviced only by qualified personnel. No responsi-
bility is assumed by Schneider Electric for any consequences arising out of the use 
of this material. This document is not intended as an instruction manual for untrained 
persons.
© 2004 Schneider Electric. All Rights Reserved.


The addition of this symbol to a Danger or Warning safety label indicates
that an electrical hazard exists, which will result in personal injury if the
instructions are not followed.


This is the safety alert symbol. It is used to alert you to potential personal
injury hazards. Obey all safety messages that follow this symbol to avoid
possible injury or death.


DANGER indicates an imminently hazardous situation, which, if not avoided, will 
result in death, serious injury, or equipment damage.


DANGER


WARNING
WARNING indicates a potentially hazardous situation, which, if not avoided, can result 
in death, serious injury, or equipment damage.


CAUTION
CAUTION indicates a potentially hazardous situation, which, if not avoided, can result 
in injury or equipment damage.
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Quantum 140 NOE 771 -00, -01, -10, -11 Read Me


Read Me First Before you can use your NOE 771 xx module, you must configure it with an Internet 
Protocol (IP) address, by using either one of the two following methods.


Create a new user-configured IP address
Use the derived default address


Patent 
Registration


Quantum Automation Series equipment is protected by U.S. Patent number 
5,302,136 and by European Patent number 93202982.0-
The NOE 771 is protected by U.S. Patent numbers 4897777, 4992926, 4969083, 
5131092, 5151978, 5159673, 5245704, 5251302, 5805442, 5975737, 5982362, 
6061603, 6151625, 6285454.
Other patents pending.


Nomenclature We use a naming scheme to identify the NOE 771 modules, and we refer to all four 
modules as 140 NOE 771 xx.
The following table describes the naming scheme.


Note: Operating on a Corporate Network
 Before placing the NOE on a corporate network, Schneider Electric recommends 
that you discuss the installation with your MIS department. It is likely that your 
company’s corporate network has at least one DHCP server running already. If the 
NOE’s DHCP server is running on the same network, it may disturb the network. 
To avoid any possible problem related to the NOE’s DHCP server on the corporate 
network, you must ensure that the DHCP server is not running in the NOE by not 
having Address Entries in the Configuration. If there are no configured devices in 
the Address Server Configuration page, then the NOE will not start the DHCP 
server.


NOE 771 Model Numbers Model Name


xx refers to -00, -01, -10, -11


x0 refers to -00, -10 Transparent Factory


x1 refers to -01, -11 Transparent Factory / Real Time


0x refers to -00, -01 Embedded Web Server


1x refers to -10, -11 FactoryCast Web Server

31005178.03 8/2004 3
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 Email Service 
Configuration


With this release, Quantum Ethernet 140NOE771x1 modules support a new email 
service, which is documented in the UNY USE 909 CDM user guide supplied with 
Unity Pro. If your system operates in a non-Unity Pro (e.g., Concept) environment 
and you wish to utilize the email service, please consult Email Service in the UNY 
USE 909 CDM user guide. You can download this document at http://
www.schneider-electric.com.


NTP Service With this release, Quantum FactoryCast 140NOE77111 modules provide a Network 
Time Protocol client service in a Unity Pro environment. This new feature is 
documented in the UNY USE 909 CDM user guide supplied with Unity Pro.


User-Configured 
IP Address


A user-configured IP address requires you to assign the IP address.
Therefore, if a new IP address must be assigned, obtain it from your system 
administrator. Assign the new IP address using your Concept Programming Panel.
Record the IP network address on the space located on the front panel of the 
module behind the door.
For more information refer to the latest version of the Concept for Quantum User 
Manual (840USE42800).
Unity Pro customers should refer to Quantum with Unity Pro Ethernet Network 
Modules User Manual (33002479) and Quantum with Unity Pro TCP/IP 
Configuration User Manual (33002467).


CAUTION


COMMUNICATIONS BLOCK IP ADDRESS ASSIGNMENT


Configuration of an incorrect destination IP address in an Ethernet 
communications block can cause register overwriting in the local PLC memory. 
Ensure that 0.0.0.0 is not entered as a destination IP address. For more 
information, please contact Schneider Electric and refer to resolution #E8096.


Failure to follow this precaution can result in injury or equipment damage.


CAUTION


MOMENTUM MODULE IP ADDRESS ASSIGNMENT USING BOOTP/DHCP


Momentum ENT11000 Ethernet adapters may not successfully obtain an IP 
address from the following modules.


all NOE 771x1 modules
NOE771x0 modules (with executive version 3 or higher)


To avoid this issue, you must perform the mandatory upgrade to ensure that 
your Momentum ENT11000 Ethernet adapters are version 1.06 or higher.


Failure to follow this precaution can result in injury or equipment damage.

4 31005178.03 8/2004
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Derived Default 
IP Address


If you choose to use the default IP address derived from the MAC address, then 
proceed as follows. 


Record the IP network address on the space located on the front panel of the 
module behind the door.
For more information refer to the latest version of the Quantum NOE771 xx Ethernet 
Modules User Guide (840USE11600).
Unity Pro customers should refer to Quantum with Unity Pro Ethernet Network 
Modules User Manual (33002479) and Quantum with Unity Pro TCP/IP 
Configuration User Manual (33002467).


A 1-Channel 
Device


The 140 NOE 771 xx modules are capable of communicating over either:
auto-sensing10/100BASE-T network
100BASE-FX Ethernet network


at any given time, but not both networks at the same time.


Note: The hexadecimal conversion can be done with a scientific calculator or a 
computer-based calculator program.


3. Convert the digits from hexadecimal 
to decimal. Each pair of hexadecimal 
numbers will result in a decimal 
number between 0 and 255. This is the 
default IP address.


1. Locate the global address label on 
the front panel of the module.


2. Note the right most eight digits.


8 4 . 1 1 . 1 1 4 . 1 6 8


5  4  0  B  7  2  A  8


IEEE GLOBAL ADDRESS
0000540B72A8


Note: Do not attempt to connect module directly to another end device. The 
cable for each end device must be routed through an Ethernet hub or switch for the 
network to function properly.

31005178.03 8/2004 5
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 Key Features The Quantum 140 NOE 771 xx modules are Ethernet TCP/IP modules that provide 
a PLC with access to an Ethernet network. 140 NOE 771 xx modules can plug into 
any available slot in a Quantum backplane and are capable of being hot swapped.
The key features of the 140 NOE 771 (-00, -01, -10, -11) models are listed below.


* Unity support is available in NOE Executive version 3.1 and higher.


-00 -01 -10 -11


HTTP Server X X X X


BOOTP Client X X X X


BOOTP or DHCP Server X X X X


SNMP V2 Agent X X X X


Flash File System X X X X


FTP Server X X X X


MODBUS Messaging X X X X


MODBUS I/O Scanning X X X


Hot Standby X X X X


Global Data - Publish / Subscribe X X


Bandwidth Monitoring X X


Faulty Device Replacement (DHCP Server) X X


Enhanced Web Diagnostics X X


Schneider Private MIB X X


FactoryCast Application X X


User Programmable Web Pages X X


FactoryCast V3 (for Unity Pro) X


Unity Pro UMAS Protocol Support X X


CAUTION


POSSIBLE GLOBAL DATA INTERRUPTION WITH CONCEPT HOT 
STANDBY


Global Data is currently not fully supported during a Hot Standby swap because 
the NOE module in the new primary rack may reboot automatically. After the 
NOE module reboots automatically, all services will operate properly.
This mode of operation only occurs if Global Data is configured in a Hot Standby 
system programmed with Concept, using NOE exec version 3.5. Concept Hot 
Standby users that require uninterrupted Global Data support should use NOE 
exec version 3.3.


Failure to follow this precaution can result in injury or equipment damage.

6 31005178.03 8/2004
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Illustration All 140 NOE 771 xx modules look similar. Below we show a 140 NOE 771 00. 


Removable Door


      


Global Address Label


LED Display


Color Code
Module Description


Model Number


MT-RJ Cable Connector


140
NOE 771 00
Ethernet 10/100


Active
Ready
Run


Fault
Coll


Rx Act   
Tx Act
Link


10MB
100MB   Fduplex    


RJ-45 Cable Connector


Kernel   Appl


W
R


ITE ASSIG
N


ED
 IP AD


D
R


E
SS ABO


VE
D


o N
ot D


uplicate Address
U


se Perm
anent Felt-tip P


en


IP Address
Area


        Fx
Base


00
-T


10/100 Base-T


100 Base Fx
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 Module 
Specification 
Table


Key specifications for the Quantum 140 NOE 771 xx modules are:


Communication Ports One auto-sensing 10/100Base-T shielded twisted pair (RJ-45 
connector) port
One 100Base-FX (MT-RJ connector) port


Both ports work in the same way but only one at a time.


LED Indicators Label Color Description


Active Green Indicates that the backplane is operating.


Ready Green Indicates that the module is healthy.


Fault Red Indicates that the NOE is in a reset or fault 
state.


Run Green Flashes to indicate diagnostic code, as 
described in the Run LED Status table 
below.


Coll Red Flashes when Ethernet collisions occur.


Link Green On when Ethernet link is active.


TxAct Green Flashes to indicate Ethernet transmission.


RxAct Green Flashes to indicate Ethernet reception.


Kernel Amber On when in kernel mode.
Flashing while in download mode.


10MB Green On when the module is connected to a 10 
Megabit network.


100MB Green On when the module is connected to a 100 
Megabit network.


Fduplex Green On when Ethernet is operating in the full 
duplex mode.


Appl Green On when crash log entry exists.


Bus Current Required 750 mA


Power Dissipation 3.8 W


Fuse None


Programming Software


Type and Version Concept, Version 2.5 with SR2 with patch or higher (see 
resolution number 1162)
ProWORX NxT Version 2.2 SR6 or higher
Unity Pro, Version 1.0 or higher


Firmware


CPU Type and Version Quantum Executive, Version 2.0 or higher


NOE Upgradable Field upgradable via FTP or Programming Panel.

8 31005178.03 8/2004
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Run LED Status The state of the Run LED indicator is either steady or flashing. Thus, the Run LED 
indicator provides diagnostic information. The following table lists each available 
state of the Run LED indicator.


Embedded Web 
Server 140 NOE 
771 0x


The Quantum 140 NOE 771 0x contains an HTTP Web server. This Web server 
allows the following browser functions.


display controller’s configuration, register values, and personality
display Ethernet statistics for the node
display status, configuration, and register values of any remote/distributed I/O


The module’s BOOTP/DHCP server and SNMP agent are configured from the Web 
pages.


Once the module has been installed, these pages can be viewed across the World 
Wide Web. Obtain the IP address or URL from your system administrator. Then type 
the address or URL into your browser.
For more information refer to the Quantum NOE 771 xx Ethernet Modules User 
Guide (840USE11600).
Unity Pro customers should refer to Quantum with Unity Pro Ethernet Network 
Modules User Manual (33002479) and Quantum with Unity Pro TCP/IP 
Configuration User Manual (33002467).


Indicator State Status


On (steady) Normal operation: The NOE module is ready for network 
communication.


Number of Flashes in sequence


One Not used


Two Not used


Three No Link: The network cable is not connected or is defective.


Four Duplicate IP address


Five No IP address: The module is attempting to obtain an IP address from 
a BOOTP server.


Six Using default IP address


Seven No valid executive NOE present


Eight Invalid IP configuration (Likely cause: Default gateway is not on the 
same subnet mask as the NOE.)


Nine Flash file system error


Note: The embedded Web site must be viewed using Internet Explorer, Version 
4.0 with SP2 (or higher).

31005178.03 8/2004 9
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 FactoryCast Web 
Server 140 NOE 
771 1x


The Quantum 140 NOE 771 1x contains an enhanced embedded Web server, 
called the FactoryCast Web server, which you may customize.
This Web server allows the following browser functions.


display controller’s configuration, real time register values, and personality
display Ethernet statistics for the node
display status, configuration, and register values of any remote / distributed I/O
create and view graphic real time templates using Java beans
create and view real time templates in spreadsheet format
create custom Web pages
use Concept symbols or direct addresses
use BOOTP/DHCP configuration
use SNMP with private MIB (140 NOE 771 11 only)


Once the module has been installed, these pages can be viewed across the World 
Wide Web. Obtain the IP address or URL from your system administrator. Then type 
the address into your browser.
For more information on the FactoryCast Web server used with the 140 NOE 771 
xx modules, obtain a copy of the latest version of the FactoryCast User’s Guide 
(31001229) from your distributor or local sales office.
Unity Pro customers should refer to Quantum with Unity Pro Ethernet Network 
Modules User Manual (33002479) and Quantum with Unity Pro TCP/IP 
Configuration User Manual (33002467).


Note: The embedded Web site must be viewed using Internet Explorer, Version 
4.0 with SP2 (or higher).
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Installation Perform the following steps to install a 140 NOE 771 xx module.


Additional 
Information


For complete information concerning the 140 NOE 771 xx modules, please obtain 
a copy of the Quantum NOE 771 xx Ethernet Modules User Guide (840USE11600) 
from your distributor or local sales office.
Unity Pro customers should refer to Quantum with Unity Pro Ethernet Network 
Modules User Manual (33002479) and Quantum with Unity Pro TCP/IP 
Configuration User Manual (33002467).


Step Action


1 Holding the module at an angle, mount it on to the two hooks located near the 
top of the backplane. 


2 Swing the module down so its connector engages the backplane connector.


3 Using a Phillips head screw driver, tighten the screw at the bottom of the module 
between 2 and 4 in-lbs. or between .22 and .45 Newton meters of torque.


Hook


Backplane
Connector


Backplane


Module

31005178.03 8/2004 11
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Safety Precautions


DANGER High voltage is deadly. Installation
and service of the network annunciator in-
volves working with high voltage equipment.
Installation and service must be performed by
trained and experienced personnel working
with such equipment. Disconnect the utility line
from the transfer switch and disconnect power
from the battery charger, day tank and any other
power equipment where connections are to be
made.


WARNING Accidental starting of the generator
set while working on it can cause severe injury
or death. Disconnect the battery cables to pre-
vent accidental starting. Always disconnect the
negative (−) cable first, and connect it last, to
prevent arcing if a tool accidentally touches the
frame or other grounded metal parts of the set
while connecting or disconnecting the positive
(+) cable. Arcing can ignite explosive hydrogen
gas given off by the battery and cause severe in-
jury. Ventilate the battery compartment before
removing cables.
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Introduction


ABOUT THIS MANUAL


This manual covers the operation and installation of
the LONWORKS� FT-10 System Annunciator in a
PowerCommand� FT-10 Network.


The LONWORKS System Annunciator (LSA) moni-
tors and reports operational status of a generator
set and/or transfer switch connected to a network.


The following topics are covered in this manual:


• Installation


− Physical Installation
− Self-Installation


• Operation


• Troubleshooting


• Parts


Requirements


• PowerCommand FT-10 Genset, Transfer
Switch, CCM-G, or CCM-T


• NEMA Level IV Stranded Twisted-Pair Cable


• 14−22 AWG copper stranded wire (depend-
ing on distance)


• LonMaker� Software


• Cummins Power Generation (CPG) Device
Stencil (LonMaker installed only)


Network installation must be performed by trained
and experienced network personnel.


Refer to the PowerCommand Network Installation
and Operation Manual (900−0529) for instructions
on network wiring and LonMaker software.


All network data wiring must follow a specific
network topology and must fall within distance
limits. Network power wiring must be sized ac-
cording to source voltage, distance and load.


A parts list is also included for all available service
parts. Study this manual carefully and observe all
warnings, cautions and installation procedures.


HOW TO OBTAIN SERVICE


When the equipment requires service, contact the
nearest dealer or distributor. Factory-trained Parts
and Service representatives are ready to handle all
your service needs.


If you are unable to locate a dealer or distributor,
consult the Yellow Pages. Typically, our distributors
are listed under:


GENERATORS-ELECTRIC or
ELECTRICAL PRODUCTS


For the name of your local Cummins Distributor in
the United States or Canada, call 1-800-888-6626
(this automated service utilizes touch-tone phones
only). By entering  your area code and the first three
digits of your local telephone number, you will re-
ceive the name and telephone number of the dis-
tributor nearest you.


For outside North America, call Cummins Power
Generation, 1-763-574-5000,  7:30 AM  to 4:00 PM,
Central Standard Time, Monday through Friday. Or,
send a fax using the fax number 1-763-528-7229.


WARNING


INCORRECT SERVICE OR PARTS REPLACEMENT CAN RESULT IN SEVERE PERSONAL INJURY,
DEATH, AND/OR EQUIPMENT DAMAGE. SERVICE PERSONNEL MUST BE TRAINED AND EXPERI-
ENCED TO PERFORM ELECTRICAL AND/OR MECHANICAL SERVICE ON HIGH VOLTAGE EQUIP-
MENT.


PowerCommand is a registered trademark of Cummins Inc. 
LONWORKS and Echelon are registered trademarks of Echelon Corp.
LonMaker is a trademark of Echelon Corp.
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Description


The LONWORKS System Annunciator:


• Available with or without an enclosure


• Includes NFPA 110 English and Spanish lan-
guage inserts with blank backs


• Self-Installs (4 nodes) or LonMaker pro-
grammed and Installed


• Verifies Network Communications


• Configurable Lamps (LonMaker programmed
only)


• Configurable Horn


• Annunciates Multiple Devices Simultaneously
(Genset, Automatic Transfer Switch [ATS],
etc.)


• Customizable Lamp Nameplate Insert.


The LONWORKS System Annunciator contains 20
programmable1 lamps and a horn to annunciate the


system status and fault conditions of the emergen-
cy power system (see Figure 1). The lamp colors
can be configured as green, red, or amber as well as
steady on or flashing.


Each lamp may be configured to sound an audible
horn. The horn can be configured for loud or soft op-
eration, or disabled entirely.


The Network Status lamp indicates the state of the
network in the event that communications to the
emergency power system have failed.


The Annunciator can install itself into the network
(self-installed) or may be programmed and installed
using LonMaker. For simple limited installations, up
to 4 Annunciators may be installed in the same net-
work with a single Genset and ATS. However, more
complicated network systems require LonMaker for
installation.


1 Requires LonMaker installation method to customize the lamp 
operation.


PowerCommand
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Genset Running
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FIGURE 1.  ANNUNCIATOR PANEL
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NETWORK OVERVIEW


After mounting, the LONWORKS System Annunciator
is ready to install itself into a network. LonMaker is
not required to install the device(s), if the following
criteria are met.


• The system consists of a single genset and/
or a single ATS.


• All devices in the system have the ability to
self-install to an FT-10 network (see Figure
2). The following genset and ATS devices
have the ability to self-install:


− PCC 3100 genset with an FT-10 GCM


− PCC 3200 genset with an FT-10 GLC


− PCC 2100 genset with an FT-10 NCM


− Non-PCC genset with an FT-10 CCM-G


− PowerCommand ATS with an FT-10
NCM


− Non-PowerCommand ATS with an FT-10
CCM-T


• NFPA 110, Genset Extended*, Genset Cus-
tom, or ATS Extended Annunciation Set is
selected.


• A maximum of 4 Annunciators are being
installed. Each Annunciator must display a
different Annunciation Set. (See page 9.)


* A CCM-G does not support a Genset Extended
Annunciation set.


If the above conditions are met, all devices in the
system can be automatically installed (self-install)
when powered up. After power up, proceed with
Self-Installation on page 8.


If any of the above conditions are not satisfied, the
entire system must be programmed and installed
using LonMaker (Page 10).


Genset ATS


Custom


T Terminated


Annun


Extended


Annun


NFPA 110


Annun
#1


#2


#3


T


(Genset)


(Genset)


(Genset and ATS)


Annun


Extended
(ATS)


#4


NOTE: FT-10 networks only
require one termination per
segment.


FIGURE 2.  SELF-INSTALLED NETWORK
REPRESENTATION
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Installation


PHYSICAL INSTALLATION


DANGER High voltage is deadly. Installation
and service of the network annunciator in-
volves working with high voltage equipment.
Installation and service must be performed by
trained and experienced personnel working
with such equipment. Disconnect the utility line
from the transfer switch and disconnect power
from the battery charger, day tank, and any oth-
er power equipment where connections are to
be made.


WARNING Accidental starting of the generator
set while working on it can cause severe injury
or death. Disconnect the battery cables to pre-
vent accidental starting. Always disconnect the
negative (−) cable first, and connect it last, to
prevent arcing if a tool accidentally touches the
frame or other grounded metal parts of the set
while connecting or disconnecting the positive
(+) cable. Arcing can ignite explosive hydrogen
gas given off by the battery and cause severe in-
jury. Ventilate the battery compartment before
removing cables.


Mounting


The Annunciator is available either with a panel or
enclosure mounting.


Enclosure Mounting


1. Remove the front panel assembly from the en-
closure.


2. Punch out necessary hole(s) in the enclosure
for conduit or wires.


WARNING  Drilling into utility lines can
cause severe personal injury or death.
Make sure no wires, plumbing, or gas lines
run behind the mounting area before dril-
ling the mounting holes.


3. Locate the desired location on wall. Using the
enclosure as a template, mark the required
holes (see Figure 3). Before cutting or drilling,
make sure no wiring, plumbing or gas lines run


behind the wall. Attach mounting brackets to
annunciator using the screws provided.


4. Mount the enclosure securely to the wall at the
desired location.


5. Install conduit and wiring as needed. See page
6.


3.50”
(88.9mm)


5.25”
(133mm)


6.25”
(159mm)


0.219” (5.6mm)
MOUNTING HOLES


4.50”
(114mm)


3.
00


”
(7


6m
m


)


FIGURE 3.  ENCLOSURE FOOTPRINT


Panel Mounting


1. Remove hex nuts from the front panel assem-
bly.


2. Locate desired location on the modular panel
and cutout rectangle and holes as shown in
Figure 4.


3. Install conduit and wiring as needed. See page
6.
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4.25”
(108mm)


5.50”
(140mm)


4.95”
(126mm)


2.75”
(70mm)


FIGURE 4.  PANEL FOOTPRINT


WIRING


Termination


If the Annunciator is terminated, the termination
switch S1 must be set. This is accomplished by
moving it to the ON or TERM position.


NOTE: For free topology, only one device on each
segment must be terminated. The device termina-
tor switch can be used for this type of termination.
Multidrop bus topology requires termination at each
end of the bus using multidrop bus terminators
(Echelon P/N 44101).


Power


Power Inputs: J1-3 (+) and J1-5 (−)


Power Outputs: J1-4 (+) and J1-6 (−)


Operating Voltage: 8.0 to 30.0 VDC


Power: 3.5 W max,  0.8 W typical


Input Current: 430 mA max, 80 mA typical


Distance: See Table 1.


TABLE 1.  DISTANCE vs WIRE SIZE


Copper Wire
Si (AWG )


Maximum Distance in feetpp
Size (AWG ) 12V 24V


221 330 (100m) 1110 (338m)


20 520 (158m) 1760 (537m)


18 820 (250m) 2790 (852m)


16 1300 (398m) 4430 (1352m)


14 2070 (631m) 46002


(1400m)


1. Twisted-pair cable (use orange/orange-white).
2. Limited by maximum data bus length.


See the PowerCommand Network Installation and
Operator’s Manual (900−0529) for more informa-
tion.


FIGURE 5. ANNUNCIATOR WIRING AND TERMINATION
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Conduit


When installing conduit, observe the following pre-
cautions:


1. Before beginning conduit installation, cover all
components to prevent accidental entry of met-
al shavings.


2. If using rigid conduit, install at least 2 feet
(0.6m) of flexible conduit between the rigid con-
duit and the Genset to absorb vibration.


3. Always follow local code and use correct mate-
rials when installing cable. There is no techni-
cal limitation associated with single conduit for
both network and power supply wiring, but
some authorities may require separate conduit
for data and DC lines.


NOTE: The second twisted-pair (orange/
orange-white) may be used for DC wiring. See
wiring distance limits for 22 AWG (Table 1).


4. Always run DC wiring in separate conduit from
AC power lines to avoid interference that could
cause control problems.


CAUTION Installation debris can cause
equipment failure. Cover all equipment be-
fore drilling to prevent entry of metal shav-
ings.


Inserts


Pre-printed labels for the lamps are located on a re-
movable insert. The Annunciator is shipped with
pre-printed NFPA 110 inserts for English and Span-
ish. To create your own custom insert, turn the En-
glish or Spanish insert over and label each lamp line
individually. Place the insert completely into the slot
at the top of the Annunciator.


Appendix C contains instructions for creating a cus-
tom insert using Microsoft Word.


The wide blank label at the bottom of the insert al-
lows for identifying the Genset and/or ATS being
monitored.
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SELF-INSTALLATION


Configuration


When using the self-installation method, the An-
nunciator is configured with switch S2 only. Switch
S2 sets the Node Address, Annunciation Set, and
Horn operation. Node Address and Annunciation
Set configuration apply only to self-installed de-
vices.


NOTE: Lamps cannot be individually configured
when self-installed.


Node Address


Each node on a self-installed network must have a
unique address. Switches 1 through 4 of S2 are
used to set the Node Address of the Annunciator.
The default binary node address is 0100 (decimal
address = 4), which is an “OK” LED pulse rate of 4.


The switches are oriented so that switch S2-1 is the
most significant bit (MSB) of the Node Address.
Thus, S2-1 has a value of “8” when it is ON. S2-2
has a value of 4, S2-3 has a value of 2, and S2-4 has
a value of 1.


Example: To set up a Node Address of 3, set switch
node configuration switch S2 as follows: S2-1 OFF,
S2-2 OFF, S2-3 ON and S2-4 ON (binary setting
0011=0+0+2+1=3 decimal). See Figure 6 and Table
2.


TABLE 2.  SETTING THE NODE ADDRESS (S2-1−4)


S2-1
(8)


S2-2
(4)


S2-3
(2)


S2-4
(1)


Address
(binary)


Address
(decimal)


OFF OFF OFF OFF 0000 01


OFF OFF OFF ON 0001 1


OFF OFF ON OFF 0010 2


OFF OFF ON ON 0011 3


↓ ↓
ON ON ON ON 1111 15


Note 1:  “0” (zero) is not a valid Address.


Be sure to assign each node in the network a
unique address.  The Node Address can be veri-
fied by counting the number of pulses of the “OK”
LED (DS22). See Figure 6.


NOTE: If the Annunciator is installed using Lon-
Maker, switches S2-1 thru S2-4 have no bearing on
the Node Address.


NODE CONFIGURATION
SWITCH (S2)


SERVICE BUTTON (S3)


NODE “OK” LED (DS22)


HORN


CFG


ADDR


S2


O
N1


2
3


4
5


6
7


8


(DS23)
NET ACTIVITY LED


RESET BUTTON (S4)


NETWORK ERROR
LED (DS21)


FIGURE 6.  ANNUNCIATOR SWITCHES AND LEDs (EXAMPLE OF NODE ADDRESS = 3)
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Annunciation Set


For self-installation, the LONWORKS System Annun-
ciator may be configured for 1 of 4 Annunciations
Sets: NFPA 110, Genset Extended or Genset Cus-
tom, ATS  Extended. Up to 4 Annunciators may be
self-installed without requiring LonMaker. However,
each Annunciator must be configured for a different
Annunciation Set (NFPA 110, Genset Extended,
Genset Custom or ATS Extended). See the table
below to configure switches S2-5 and S2-6.


Appendix B shows the contents of each Annuncia-
tor Set.


When changing the desired Annunciation Set, re-
bind to the Genset and/or ATS to the network. See
Binding.


TABLE 3.  SETTING THE ANNUNCIATION SET


S2-5 S2-6 ANNUNCIATION SET CONFIG.
 VALUE*


OFF OFF NFPA 110 0


OFF ON Genset Extended 1


ON OFF Genset Custom 2


ON ON ATS Extended 3


*Note: Annunciation Set Configuration flashes out
the value shown at the end of the Lamp Test.
Refer to Appendix B to see annunciation set func-
tions.


Lamps


The lamps are not  configurable when the Annun-
ciator is self-installed. They are fixed based on the
Annunciator Set chosen. See Appendix A for de-
fault lamp configurations.


Horn


Switch S2-7 enables the horn (see Figure 6). If en-
abled, switch S2-8 is used to control the horn vol-
ume. The horn settings take place immediately and
the node does not have to be reset.


TABLE 4.  HORN SETTINGS


S2-7 S2-8 HORN


OFF OFF Disabled


ON OFF Enabled − Soft


ON ON Enabled − Loud


Logical Installation


After configuring S2 as desired and the Annunciator
is physically connected to the Genset and/or ATS,
the Annunciator is ready to be logically connected
to a Genset and/or ATS. Logically connecting to
another device is referred to as binding. Binding
may be done at any time after all nodes are
installed, connected, and powered.


1. Make sure the Annunciator, Genset, and/or
ATS LONWORKS modules are all powered and
all are connected to the twisted-pair data bus.


2. Make sure S2-1, S2-2, S2-3, and S2-4 on the
Annunciator are configured for the desired ad-
dress. Each device on the network must have
a unique address.


3. Make sure S2-5 and S2-6 are configured for
the desired annunciation. Each Annunciator on
the network must be configured differently.


4. Make sure S2-7 and S2-8 on the annunciator
are configured for the desired horn settings.


5. Install the front panel assembly into the enclo-
sure or panel.


6. The front panel Network Status lamp should be
on (amber) indicating it is powered but not
bound.


7. Press and hold the Service button (S3) (see
Figure 6) until the Network Status lamp (see
Figure 1) begins flashing (amber).


8. Release the Service button.


At this time, the Annunciator will self-install and bind
to the Genset and/or ATS. If it is able to bind to either
a Genset or ATS, the Network Status lamp turns
green. If no Genset or ATS devices are detected,
the lamp remains amber. If lamp remains amber,
verify data connections to Genset and/or ATS.


Binding Sequence


Logically connecting to another device is referred to
as binding. Binding may be done when all the nodes
are installed, connected, and powered.


Binding the node must occur in the proper se-
quence. Logically install the genset first, followed by
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the transfer switch, and then the annunciator(s) and
other network accessories.


NOTE: The Genset and ATS must be Cummins
Power Generation (CPG) devices that are able to
self-install in the network. Each device on the net-
work must have a unique address.


Verify Binding


To verify the genset has installed itself properly and
is bound to the ATS, disconnect the J1 data cable
from the engine interface board. The “Network Er-
ror” LED (DS21) (see Figure 6) should turn on (red)
within 10 seconds. This indicates communications
have failed and that the device was properly bound.


Reconnect the twisted pair cable and confirm that
DS21 turns off within ten seconds.


Removing Bindings


If unresolved system errors occur, the bindings can
be removed and then re-installed to reset the sys-
tem. The bindings can also be removed if the net-
work is being changed or the device is being moved
to another network.


To remove all bindings from the device, change the
Node Address (S2) to 0 (zero) and logically re-
install the device.


The node will remove all bindings at this time, in-
cluding the genset and annunciator bindings. The


NODE “OK” LED (DS22) will not flash when the
Node Address is 0, nor will it attempt to bind to a
genset.


Re-Binding


Re-Binding the node must occur in the proper se-
quence. Logically install the genset first, followed by
the transfer switch, and then the annunciator(s),
DIMs, and other network accessories.


To re-bind an annunciator, DIM, or ATS to the gen-
set node, press and hold the Service pin for two sec-
onds.


LONMAKER INSTALLATION


The LonWorks System Annunciator can be
installed with LonMaker. The CPG Device Stencil is
required. To install with LonMaker:


1. Run LonMaker . Refer to the PowerCommand
Network Installation and Operation Manual
(900−0529).


2. Open the Device Stencil.


3. Create a new site (or update an existing site).


4. Define, install and bind devices.


5. Verify system operation.


The Annunciator is defined and installed like any
other device in LonMaker.
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Network Variables


The Annunciator lamps may be controlled in a num-
ber of ways. They may be individually controlled
with one binding for one lamp or they may be con-
trolled in groups of 16, 8, or 4. Table 5 shows pos-
sible bindings to the various Annunciator inputs.


Any combination may be used.


Example


A single annunciator is used to show the status of 2
Gensets and the source status of an ATS. Using
LonMaker, the bindings shown in Figure 7 could be
made to accomplish this.


TABLE 5.  NETWORK VARIABLES WITH TYPICAL SYSTEM BINDINGS


TYPICAL BINDINGS


NETWORK VARIABLE TYPE LAMP(S) GENSET ATS


nvi16PointAnnunA SNVT_state 1 ... 16 nvoAnnunNFPA110
nvoAnnunCustom
nvoAnnunExtended


nvi16PointAnnunB SNVT_state 1 ... 16 nvoAnnunNFPA110
nvoAnnunExtended


nvi8PointAnnunA
nvi8PointAnnunB


SNVT_state 1 ... 8
9 ... 16 nvoAnnun8Point nvoAnnun8Point


nvi4PointAnnunA
nvi4PointAnnunB
nvi4PointAnnunC
nvi4PointAnnunD
nvi4PointAnnunE


SNVT_state 1 ... 4
5 ... 8
9 ... 12
13 ... 16
17 ... 20


nvoAnnun4Point
nvoAnnunCustom2 nvoAnnun4Point


nviLamp [0* .. 20] SNVT_switch 1 ... 20 nvoCustomStatus [0 .. 7]
nvoFaultStatus
nvoNotInAuto
nvoRunStatus


nvoFaultStatus
nvoNotInAuto
nvoSrc1Available
nvoSrc1Connected
nvoSrc2Available
nvoSrc2Connected
nvoTestStatus


*Note1 nviLamp 0 is not used
Note2 nvoAnnunCustom is autobound to nvi4PointAnnunE in NFPA 110 annunciation set for PCC 2100 and PCC 3200 only. 


Only the first four events of nvuAnnunCustom are used.


Genset #1
nvoAnnun8Point


nvoAnnun8Point


nvoAnnun4Point


Gen #1 Check Genset


Gen #1 Supplying Load


Gen #1 Running


Gen #1 Not In Auto


Gen #1 HET/LET


Gen #1 LOP


Gen #1 Low Coolant Level


Gen #1 Low Fuel LevelAnnunciator


nvi8PointAnnunA


nvi8PointAnnunB


Genset #1 8-Point


ATS #2 4-Point


ATS #1


ATS #2


nvi4PointAnnunE ATS #1 8-PointATS #1 Source 2 Connected


ATS #1 Source 1 Available


ATS #1 Source 1 Connected


ATS #1 Not In Auto


ATS #1 Common Alarm


ATS #1 Source 2 Available


ATS #1 Test/Exercise


ATS #1 Transfer Pending


ATS #2 Source 1 Available


ATS #2 Source 2 Available


ATS #2 Source 1 Connected


ATS #2 Source 2 Connected


FIGURE 7. EXAMPLE SYSTEM BINDINGS
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Configuration


When the Annunciator is installed with LonMaker,
only the lamps and horn may be configured. Lon-
Maker assigns the Node Address, and the Annunci-
ation Set is set by binding Annunciator inputs. The
horn is configured using switch S2-7 and S2-8.


Status Lamps


The 20 Status lamps may be individually configured
using the Annunciator Configuration Plug-In, which
may be launched while running LonMaker. The
lamps may be configured for color, horn, and flash
(see Figure 8). In LonMaker, to set or change a
lamp’s configuration:


1. Right click on the annunciator and select “Con-
figure” to launch the Configuration Plug-in.


2. Select the “Annunciator” tab.


3. Set “Color,” “Horn,” and “Flash” for each lamp
(see Figure 8).


4. Select “Apply” to activate the changes.


5. Select “OK” to exit.


Changes will take effect immediately. The Network
Status lamp cannot be configured.


If you are installing additional annunciators, the
lamp configurations can be saved (File → Save)
and applied to any or all of the annunciators.


FIGURE 8.  CONFIGURING ANNUNCIATOR LAMPS IN LONMAKER
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Operation


Status Lamps


A lamp that is steady-on green or steady-on amber
with no alarm indicates normal operation. Amber
lamps with a sounding alarm are alerting to poten-
tial problems with the Genset. Steady-on or flashing
red lamps with an alarm indicate a problem with the
Genset or ATS that requires immediate attention.


Horn


Switch S2-7 enables the horn. If enabled, switch
S2-8 is used to control the horn volume. The horn
settings take place immediately and the node does
not have to be reset.


TABLE 6.  HORN SETTINGS


S2-7 S2-8 HORN


OFF OFF Disabled


ON OFF Enabled − Soft


ON ON Enabled − Loud


Silence/Lamp Test


The Silence/Lamp Test button on the front panel
may be used to:


• Silence an alarm


• Test the lamps


If the horn is on, pressing the Silence/Lamp Test
button will silence the horn. The horn will not turn on
again until another alarm condition is present.


When the horn is off, pressing the Silence/Lamp
Test button triggers a lamp test in which the annun-


ciator cycles all lamps (green, red, amber) On and
Off (500ms each); then returns to normal operation.


NOTE: When self-installed, the Silence/Lamp Test
button can be used to initiate the “Binding” process.
Refer to page 9.


Network Status Lamp


The front panel Network Status lamp indicates the
status of communications with all devices “bound”
to the Annunciator. If communications have failed at
any input, the Network Status lamp flashes red and
the horn will activate (if enabled). The lamp remains
flashing red until communication with all devices
has been restored.


The Network Activity LED (DS23) pulses whenever
an update has been received by the Annunciator.
When the Annunciator is bound, the Network Activi-
ty LED pulses regularly, indicating that updates are
being received from the network. The location of
DS23 is shown in Figure 6.


TABLE 7. NETWORK STATUS LAMP INDICATIONS


NETWORK
STATUS LAMP INDICATION


Off No power or unit failure.


Amber No inputs are “bound”.


Green Annunciator is “bound” and all
inputs are functioning normal.


Red − Flashing Annunciator is “bound” but at
least one device is not com-
municating.
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Troubleshooting


WARNING Many troubleshooting procedures
present hazards that can result in severe per-
sonal injury or death. Only trained and experi-
enced service personnel with knowledge of
high voltage power generating systems should
perform service procedures.


PRE-CHECKS


Annunciator


Verify that the power supply voltage is between 8
and 30 VDC at the network annunciator terminal
strip J1. Refer to Figure 5 for wiring connection in-
formation.


Reset the node to make sure selections have been
activated (S4).


Verify the “OK” LED (DS22) is flashing at 1 Hz. (If
self-installed it will flash the Node Address.)


If bound, verify the “NET” LED (DS23) flashes peri-
odically.


Verify the horn is configured as desired.


Installation


Verify each device on the network has a unique
Node Address by counting pulses of the “OK” LED.


Verify the correct Annunciation Set has been se-
lected (S2-5 and S2-6).


Verify Annunciator is bound. The Network Status
lamp is green when bound. Press and hold the Si-
lence/Lamp Test button or service pin for 2 seconds
to bind or rebind.


Network


Verify power at each device (varies by device).


Verify data bus is securely connected at each de-
vice and the network is properly terminated at one
point.


Verify that the distance between any two nodes on a
channel and the termination does not exceed 1312
feet (400 meters) and the total amount of wire in a
channel does not exceed 1640 feet (500 meters).


TROUBLESHOOTING


Status Lamps


Some or all lamps fail to light:


− Verify power to node is acceptable.


− Verify Node Status lamp is green. (Indicates all
bindings are functioning).


− Verify node is reinstalled after changing Annunci-
ation Set.


− Verify correct Annunciation Set (self-installation
only) has been selected. Annunciation Set Con-
figuration flashes out the value shown at the end
of the Lamp Test (refer to Table 3).


Lamps are wrong color:


− If self-installed, lamp color cannot be changed.


− If installed using LonMaker, configure lamp as
desired using the Annunciator Configuration
Plug-in.


Network Status Lamp


Off


− Node has no power or has failed.


Amber


− Node has power but is not bound. Bind Annuncia-
tor, either with LonMaker or Silence/Lamp Test
button or service pin.


Flashing Red


− Communications to at least one input has failed.


− Verify “NET ACTIVITY LED” (DS23) is pulsing
about once every 5 seconds.


− Verify all external devices are powered and con-
nected.


− If an external device has been replaced or re-
moved from the system, re-bind the Annunciator.
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Silence/Lamp Test Button


Lamp Test occurs each time the generator starts:


− Input voltage is dropping below 8 VDC, causing
the Lamp Test. This is normal operation and no
corrective action is required.


Lamp Test fails to complete:


− Annunciator is too far from power source. De-
crease distance or increase gauge of power wir-
ing.


Lamp Test fails to sound horn:


− Verify the horn is enabled (S2-7).


Cannot silence or run Lamp Test:


− Verify ribbon cable to J3 of PCB is connected.
Short leads of J3 to test. If fails, replace the An-
nunciator.


Horn


Horn is off when lamp lights


− Verify the horn is enabled (S2-7).


− If self-installed, individual horn settings are not
configurable.


− If installed with LonMaker, configure lamp as de-
sired using the Annunciator Configuration Plug-
in.


Horn is too loud/soft:


− Verify the horn volume is set as desired (S2-8).


LonMaker


Cannot communicate after installing:


Cannot view lamp configuration:


− Set nviMfgTest = 6 to activate all Status lamps in
their configured state.
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Parts Information


RIBBON
CABLE


FIGURE 9  ANNUNCIATOR ASSEMBLY.  300−5637


REF PART QTY PART REF PART QTY PART
NO. NO. USED DESCRIPTION NO. NO. USED DESCRIPTION


Kit, Annunciator 
541−0814−01 1 Panel Mount
541−0814−02 1 Enclosure Mount


Annunciator Assembly
300−5637−01 1 Panel Mount
300−5637−02 1 Enclosure Mount


1 327−1309 1 PCB, Annunciator Assembly


2 301−3090 1 Control Box (-02 only)


3 319−4182−02 1 Panel, Face Plate


4 300−5338 1 Panel, Membrane


5 Insert, NFPA 110
098−8019−01 1 English
098−8019−02 1 Spanish


8 815−0947 4 Screw PRHMS; M3 x 1/2 x 10


9 822−2160−12 2 Screw, Blk, 6−32 x 1/2


10 870−0183 2 Nut, Hex; 6−32 (-01 only)


11 323−1678−05 1 Connector, 5-Pin, Black (J1)
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Appendix A − Default Lamp Settings


Self-Installed Lamp Settings
When the Annunciator is self-installed, the lamps are not configurable. The default lamp configurations are
shown below. When LonMaker is used to install the Annunciator, the lamps default to the NFPA 110 settings,
but may be reconfigured.


LAMP SETTINGS


NFPA 110 GENSET
EXTENDED


GENSET
CUSTOM


ATS
EXTENDED


S2
SWITCH
SETTING


S2-5 S2-6
OFF OFF


S2-5 S2-6
OFF ON


S2-5 S2-6
ON OFF


S2-5 S2-6
ON ON


LAMP COLOR HORN COLOR HORN COLOR HORN COLOR HORN


1 Red No Red* Yes Red Yes Green No


2 Amber No Amber Yes Red Yes Amber No


3 Green No Red Yes Red Yes Green No


4 Red* Yes Red Yes Red Yes Amber No


5 Amber Yes Red Yes Red Yes Red* Yes


6 Amber Yes Amber Yes Red Yes Red* Yes


7 Amber Yes Red Yes Red Yes Amber No


8 Red Yes Red Yes Red Yes Red Yes


9 Amber Yes Red Yes Red Yes Amber No


10 Amber Yes Red Yes Red Yes Amber No


11 Red Yes Amber Yes Red Yes Amber No


12 Amber Yes Red Yes Red Yes Red Yes


13 Red Yes Red Yes Red Yes Red Yes


14 Red Yes Red Yes Red Yes Red Yes


15 Red Yes Red Yes Red Yes Amber No


16 Amber Yes Red Yes Red Yes Amber No


17 Green Yes Red Yes Red Yes Red Yes


18 Amber Yes Red Yes Red Yes Red Yes


19 Amber Yes Red Yes Red Yes Red Yes


20 Red Yes Red Yes Red Yes Red Yes
                           *Flashing


                        Indicates default settings for LonMaker installation
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Appendix B − Annunciator Set Functions


Genset Annuciation Sets


The following Annunciator Sets are available for
the Genset*.


NFPA 110 FAULT
CODE


EXTENDED CUSTOM** 8-POINT 4-POINT


Common Alarm 1483 Check Genset User-defined Fault 1 Check Genset Check Genset


Genset Supplying
Load


2333 Ground Fault User-defined Fault 2 Genset Supply-
ing Load


Genset 
Supplying Load


Genset Running 1465 High AC Voltage User-defined Fault 3 Genset Running Genset Running


Genset Not In
Auto


1463 Low AC Voltage User-defined Fault 4 Not In Auto Not In Auto


High Battery 442 Under Frequency User-defined Fault 5 High/Low Engine
Temp


Low Battery 441 Overload User-defined Fault 6 Low Oil Pressure


Charger AC 
Failure


1311 or
1312


Overcurrent User-defined Fault 7 Low Coolant 
Level


Fail To Start 359 Short Circuit User-defined Fault 8 Low Fuel Level


Low Engine Temp 1435 Reverse kW User-defined Fault 9


Pre-High Engine
Temp


146 Reverse kVAR User-defined Fault 10


High Engine Temp 151 Fail to Sync User-defined Fault 11


Pre-Low Oil 
Pressure


143 Fail to Close User-defined Fault 12


Low Oil Pressure 415 Load Demand User-defined Fault 13


Overspeed 234 Genset CB Tripped User-defined Fault 14


Low Coolant Level 197 Utility CB Tripped User-defined Fault 15


Low Fuel Level 1439 (Day
Tank) or
1441 (Main
Tank)


Emergency Stop User-defined Fault 16


* A CCM-G does not support a Genset Extended Annunciation set.
** Must be set for Genset/ATS with InPower
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ATS Annunciation Sets


The following Annunciator Sets are available for
the ATS.


NFPA 110 EXTENDED 8-POINT 4-POINT


Common Alarm Source1 Available Source1 Available Source1 Available


Genset Supplying Load Source2 Available Source2 Available Source2 Available


Source1 Connected Source1 Connected Source1 Connected


ATS Not In Auto Source2 Connected Source2 Connected Source2 Connected


Check ATS ATS Common Alarm


ATS Not In Auto ATS Not In Auto


Charger AC Failure Test/Exercise Test/Exercise


Low ATS Battery Low ATS Battery


Load Shed


Transfer Inhibit


Retransfer Inhibit


Fail To Close


Fail To Disconnect


Fail To Sync


Bypass to Source 1


Bypass to Source 2


PRELIMINARY
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Appendix C − Custom Inserts


Creating Custom Inserts


A custom insert can be created by using a table in
Microsoft Word.  To create a custom insert:


1. Create a table in a Word document as follows
(See Figure C−1):


Column 1: 1.9”
Column 2: 0.9”
Rows 1−20, 22: 18pt
Row 21: 10pt
Merge: Row 22 


(after setting column
widths)


2. Recommended Font: Arial 12 pt, bold


3. Enter description for each lamp.


4. If possible, print directly to a transparency.


[Or, print to paper and use a copy machine
to transfer to a transparency.]


5. Insert standard NFPA 110 insert backwards to
show “blank” side.


6. Insert transparency in front of the “blank” in-
sert.


7. Align as needed.


Lamp #1 Text
Lamp #2 Text
Lamp #3 Text
Lamp #4 Text
Lamp #5 Text
Lamp #6 Text
Lamp #7 Text
Lamp #8 Text
Lamp #9 Text
Lamp #10 Text
Lamp #11 Text
Lamp #12 Text
Lamp #13 Text
Lamp #14 Text
Lamp #15 Text
Lamp #16 Text
Lamp #17 Text
Lamp #18 Text
Lamp #19 Text
Lamp #20 Text


Equipment Description


1.9” 0.9”


10pt
18pt


18pt


FIGURE C−1. CUSTOM INSERT
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Limited Warranty  
 
Commercial Generating Set 
This limited warranty applies to all Cummins Power 
Generation® branded commercial generating sets 
and associated accessories (hereinafter referred to 
as "Product"). 
  
This warranty covers any failures of the Product, 
under normal use and service, which result from a 
defect in material or factory workmanship. 
 
Warranty Period: 
The warranty start date† is the date of initial start up, 
first rental, demonstration or 18 months after factory 
ship date, whichever is sooner. See table for details.   
 
Continuous Power (COP) is defined as being the 
maximum power which the generating set is capable 
of delivering continuously whilst supplying a constant 
electrical load when operated for an unlimited 
number of hours per year. No overload capability is 
available for this rating. 
 
Prime Power (PRP) is defined as being the 
maximum power which a generating set is capable of 
delivering continuously whilst supplying a variable 
electrical load when operated for an unlimited 
number of hours per year. The permissible average 
power output over 24 hours of operation shall not 
exceed 70% of the PRP. For applications requiring 
permissible average output higher than stated, a 
COP rating should be used. 
 
Limited-Time Running Power (LTP) is defined as 
the maximum power available, under the agreed 
operating conditions, for which the generating set is 
capable of delivering for up to 500 hours of operation 
per year. 
 
Emergency Standby Power (ESP) is defined as the 
maximum power available during a variable electrical 
power sequence, under the stated operating 
conditions, for which a generating set is capable of 
delivering in the event of a utility power outage or 
under test conditions for up to 200 hours of operation 
per year. The permissible average power output over 
24 hours of operation shall not exceed 70% of the 
ESP. 


 


 
Base Warranty Coverage Duration 


(Whichever occurs first) 
Rating Months Max. Hours 
COP 12 Unlimited 
PRP 12 Unlimited 
LTP 12 500 hrs 
ESP 24 400 hrs 


 
† Warranty start date for designated rental and oil and gas model 
Products is determined to be date of receipt of Product by the end 
customer.  
 


Cummins Power Generation® 
Responsibilities: 
In the event of a failure of the Product during the 
warranty period due to defects in material or 
workmanship, Cummins Power Generation® will only 
be responsible for the following costs: 
 


 All parts and labor required to repair the 
Product. 


 Reasonable travel expenses to and from the 
Product site location. 


 Maintenance items that are contaminated or 
damaged by a warrantable failure. 


 
Owner Responsibilities: 
The owner will be responsible for the following: 


 Notifying Cummins Power Generation® 
distributor or dealer within 30 days of the 
discovery of failure. 


 Installing, operating, commissioning and 
maintaining the Product in accordance with 
Cummins Power Generation®’s published 
policies and guidelines. 


 Providing evidence for date of 
commissioning. 


 Providing sufficient access to and reasonable 
ability to remove the Product from the 
installation in the event of a warrantable 
failure. 


 
In addition, the owner will be responsible for: 
 


 Incremental costs and expenses associated 
with Product removal and reinstallation 
resulting from non-standard installations. 


 Costs associated with rental of generating 
sets used to replace the Product being 
repaired. 
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 Costs associated with labor overtime and 
premium shipping requested by the owner. 


 All downtime expenses, fines, all applicable 
taxes, and other losses resulting from a 
warrantable failure. 


 
Limitations: 
This limited warranty does not cover Product failures 
resulting from: 


 Inappropriate use relative to designated 
power rating. 


 Inappropriate use relative to application 
guidelines. 


 Normal wear and tear. 
 Improper and/or unauthorized installation. 
 Negligence, accidents or misuse. 
 Lack of maintenance or unauthorized repair. 
 Noncompliance with any Cummins Power 


Generation® published guideline or policy. 
 Use of improper or contaminated fuels, 


coolants or lubricants. 
 Improper storage before and after 


commissioning. 
 Owner’s delay in making Product available 


after notification of potential Product problem. 
 Use of steel enclosures within 60 miles of the 


coast of salt water when aluminum or an 
alternate non-corrosive material enclosure 
option is available. 


 Replacement parts and accessories not 
authorized by Cummins Power Generation®. 


 Use of Battle Short Mode.  
 Owner or operator abuse or neglect such as:  


operation without adequate coolant or 
lubricants; overfueling; overspeeding; lack of 
maintenance to lubricating, cooling or air 
intake systems; late servicing and 
maintenance; improper storage, starting, 
warm-up, run-in or shutdown practices, or for 
progressive damage resulting from a 
defective shutdown or warning device. 


 Damage to parts, fixtures, housings, 
attachments and accessory items that are 
not part of the generating set. 


 
This limited warranty does not cover costs resulting 
from: 


 Difficulty in gaining access to the Product. 
 Repair of cosmetic damage to enclosures. 


 
Please contact your local Cummins Power 
Generation® Distributor for clarification concerning 
these limitations.  
 
 
 
 
 
 


CUMMINS POWER GENERATION® RIGHT TO 
FAILED COMPONENTS: 
 
Failed components claimed under warranty remain 
the property of Cummins Power Generation®.  
Cummins Power Generation® has the right to reclaim 
any failed component that has been replaced under 
warranty.   
 
Extended Warranty: 
Cummins Power Generation® offers several levels of 
Extended Warranty Coverage. Please contact your 
local Cummins Power Generation ® Distributor for 
details.  
 
www.cumminspower.com   
 
THE WARRANTIES SET FORTH HEREIN ARE THE 
SOLE WARRANTIES MADE BY CUMMINS 
POWER GENERATION ® IN REGARD TO THE 
PRODUCT.  CUMMINS POWER GENERATION® 
MAKES NO OTHER WARRANTIES, EXPRESS OR 
IMPLIED, OR OF MERCHANTABILITY OR 
FITNESS FOR A PARTICULAR PURPOSE. 
 
IN NO EVENT IS CUMMINS POWER 
GENERATION® LIABLE FOR INCIDENTAL OR 
CONSEQUENTIAL DAMAGES. 
 
 
 
This limited warranty shall be enforced to the 
maximum extent permitted by applicable law.  This 
limited warranty gives the owner specific rights that 
may vary from state to state or from jurisdiction to 
jurisdiction.  
 
 
 
 
 
 
 
 
 
 
 
Product Model Number:_______________________ 
 
Product Serial Number:________________________ 
 
Date in Service:______________________________ 
 







 
Notes: 
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Limited Warranty 
 
Transfer Switch and Paralleling Systems 
This limited warranty applies to all Cummins Power 
Generation® branded Transfer Switches, Paralleling 
Systems and associated accessories (hereinafter 
referred to as "Product"). 
 
This warranty covers any failures of the Product, 
under normal use and service, which result from a 
defect in material or factory workmanship. 
 
Warranty Period: 
The warranty start date is the date of commissioning†, 
demonstration or 18 months after factory ship date, 
whichever is sooner.  
 


† Date of commissioning not to exceed date of Generator Set initial 
start-up.  
 
Transfer Switch Coverage Duration: 
The warranty coverage duration for Transfer 
Switches is defined in the table below for the different 
product families: 
 


Product Family Duration 


GTEC, LT, LC, 
RSS, RST, OTEC 


 1 Year: Parts, Labor & Travel 


PLTO, PLTH, 
PLTS, PLTE 


 2 Years: Parts, Labor & Travel 


Other Power 
Transfer Devices†† 


 2 Years: Parts, Labor & Travel 


OT, OTPC, BTPC, 
OHPC, CHPC 


 Years 0-2: Parts, Labor &Travel 
 Years 3-5: Parts Only 
 Years 6-10: Main Contacts Only 


 
†† Devices manufactured by Cummins Power Generation that allow 
power transfer between two power sources.  
 
Paralleling Systems Coverage Duration: 
The warranty coverage duration for Paralleling 
Systems is for a period of 2 Years from the warranty 
start date.  
 
 
 
 


 
Cummins Power Generation® 
Responsibilities: 
In the event of a failure of the Product during the 
warranty period due to defects in material or 
workmanship, Cummins Power Generation® will only 
be responsible for the following costs: 
 


 All parts and labor required to repair the 
Product†††.  


 Reasonable travel expenses to and from the 
Product site location†††. 


 
††† Years 0-2 only for OT, OTPC, BTPC, OHPC & CHPC 
family of Transfer Switches.   


 
Owner Responsibilities: 
The owner will be responsible for the following: 


 Notifying Cummins Power Generation® 
distributor or dealer within 30 days of the 
discovery of failure. 


 Installing, operating, commissioning and 
maintaining the Product in accordance with 
Cummins Power Generation®’s published 
policies and guidelines. 


 Providing evidence for date of 
commissioning. 


 Providing sufficient access to and reasonable 
ability to remove the Product from the 
installation in the event of a warrantable 
failure. 


 
In addition, the owner will be responsible for: 
 


 Incremental costs and expenses associated 
with Product removal and reinstallation 
resulting from non-standard installations. 


 Costs associated with rental of power 
generating equipment used to replace the 
Product being repaired. 


 Costs associated with labor overtime and 
premium shipping requested by the owner. 


 All downtime expenses, fines, all applicable 
taxes, and other losses resulting from a 
warrantable failure. 
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Limitations: 
This limited warranty does not cover Product failures 
resulting from: 


 Inappropriate use relative to designated 
power rating. 


 Inappropriate use relative to application 
guidelines. 


 Non-conformance to applicable industry 
standards for installation  


 Normal wear and tear. 
 Improper and/or unauthorized installation. 
 Negligence, accidents or misuse. 
 Lack of maintenance or unauthorized repair. 
 Noncompliance with any Cummins Power 


Generation® published guideline or policy. 
 Improper storage before and after 


commissioning. 
 Owner’s delay in making Product available 


after notification of potential Product problem. 
 Use of steel enclosures within 60 miles of the 


coast of salt water when aluminum or an 
alternate non-corrosive material enclosure 
option is available. 


 Replacement parts and accessories not 
authorized by Cummins Power Generation®. 


 Owner or operator abuse or neglect such as:  
late servicing and maintenance and improper 
storage.  


 Damage to parts, fixtures, housings, 
attachments and accessory items that are 
not part of the transfer switch or paralleling 
system. 


 
This limited warranty does not cover costs resulting 
from: 


 Difficulty in gaining access to the Product. 
 Repair of cosmetic damage to enclosures. 


 
Please contact your local Cummins Power 
Generation® Distributor for clarification concerning 
these limitations.  
 
CUMMINS POWER GENERATION® RIGHT TO 
FAILED COMPONENTS: 
Failed components claimed under warranty remain 
the property of Cummins Power Generation®.  
Cummins Power Generation® has the right to reclaim 
any failed component that has been replaced under 
warranty.   
 
Extended Warranty: 
Cummins Power Generation® offers several levels of 
Extended Warranty Coverage. Please contact your 
local Cummins Power Generation ® Distributor for 
details.  
 
www.cumminspower.com   
 


THE WARRANTIES SET FORTH HEREIN ARE THE 
SOLE WARRANTIES MADE BY CUMMINS 
POWER GENERATION ® IN REGARD TO THE 
PRODUCT.  CUMMINS POWER GENERATION® 
MAKES NO OTHER WARRANTIES, EXPRESS OR 
IMPLIED, OR OF MERCHANTABILITY OR 
FITNESS FOR A PARTICULAR PURPOSE. 
 
IN NO EVENT IS CUMMINS POWER 
GENERATION® LIABLE FOR INCIDENTAL OR 
CONSEQUENTIAL DAMAGES. 
 
This limited warranty shall be enforced to the 
maximum extent permitted by applicable law.  This 
limited warranty gives the owner specific rights that 
may vary from state to state or from jurisdiction to 
jurisdiction.  
 
 
Product Model Number:_______________________ 
 
Product Serial Number:________________________ 
 
Date in Service:______________________________ 
 







 
Notes: 
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________________________________________________________________ 
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Important Information


What is an “A” 
Version CPU


The obsolescence of parts has necessitated a redesign of the Quantum 
Automation Series 140 CPU 434 12 controller. This redesigned version 
of the controller will be designated with “A” at the end of the part number 
(i.e., 140 CPU 534 14A). This version is functionally identical to the 
standard version (non-”A”), however, the following should be considered.


l If you are using the module in a hot standby topology, then you must use 
either two non-”A” models or two “A” models.


l The “A” version has a unique flash executive.


Note: The “A” and non-”A” flash executives are not interchangeable.


l Schneider Automation software (Concept, ProWORX, and Modsoft) 
supports the “A” version. Any existing or new 140 CPU 534 14 program 
configuration will load into a 140 CPU 534 14A without any modifications.


For More 
Information


For complete information concerning this and other modules, please obtain a 
copy of the Quantum Automation Series Hardware Reference Guide (840 USE 
100 00) from your distributor or local sales office.


+


Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0-. 1
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Front Panel Topology


Overview There are two switches (a three-position slide switch and a three-position key 
switch) and one connector (Modbus RS-232) located on the front of the CPU. 
These switches are described in the following sections.


Front Panel 
Slide Switch


The slide switch is used to select the comm parameter settings for the Modbus 
(RS-232) ports. Three options are available.


l Setting the slide switch to the top position assigns ASCII functionality to the 
port; the following comm parameters are set and cannot be changed.


Continued on next page


ASCII Comm Port Parameters


Baud 2,400


Parity Even


Data Bits 7


Stop Bits 1


Device Address Rear panel rotary switch setting


ASCII


RTU


mem

2‘ Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0-
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Front Panel Topology, continued


Front Panel 
Slide Switch, 
continued


l Setting the slide switch to the middle position assigns remote terminal unit 
(RTU) functionality to the port; the following comm parameters are set and 
cannot be changed


l Setting the slide switch to the bottom position gives you the ability 
to assign comm parameters to the port in software; the following 
parameters are valid.


Continued on next page


RTU Comm Port Parameters


Baud 9,600


Parity Even


Data Bits 8


Stop Bits 1


Device Address Rear panel rotary switch 
setting


Valid Comm Port Parameters


Baud 50 ... 19200


Data Bits 7/8


Stop Bits 1/2


Parity Enable/Disable
Odd/Even


Device Address 1 ... 247

Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0- 3
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Front Panel Topology, continued


Front Panel 
Key Switch


The key switch is used to protect memory from programming changes while the 
controller is in operation.


Note: The key switch positions shown next to the switch (above) are for 
reference only and are marked on the module as indicated on the right.


Continued on next page


Stop


Mem
Prt


Start


Stop


Mem
Prt


Start


+


Key 
Switch 
Position


Controller Status Memory 
Protected 
from 
Programmer 
Changes


Will Accept 
Programmer 
Stop or Start


Key Switch Transition


Stop Controller is stopped 
and disables 
Programmer changes.


Y N From Start or Memory 
Protect: Stops controller, if 
running, and disables 
Programmer changes 


Memory 
Protect


Controller may be 
either stopped or 
running and 
Programmer changes 
are disabled


Y N From Stop or Start:
Prevents Programmer 
changes, controller run status 
is not changes


Start Controller may be 
either stopped or 
running, Programmer 
may make changes 
and start/stop the 
controller


N Y From Stop:
Enables Programmer 
changes, starts controller.
From Memory Protect: 
Enables programmer 
changes, starts controller if 
stopped

4‘ Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0-







140CPU53414AInstSheet.fm  Page 5  Friday, November 15, 2002  2:37 PM

Front Panel Topology, continued


Front Panel 
Modbus 
Connector


The Quantum 140 CPU 534 14A is equipped with two nine-pin RS-232C 
connectors that support Modicon’s proprietary Modbus communication protocol. 
The following is the Modbus port pinout connections for nine-pin and 25-pin 
connections.


Note: Although the Modbus ports electrically support existing Modbus cables, it 
is recommended that a Modbus programming cable (Part # 990 NAA 263 20) 
be used. This cable has been designed to fit under the door of a Quantum CPU 
or NOM module.


5


IBM-AT
9-Pin Female


Quantum
9-Pin Male


Quantum
9-Pin Male


IBM-XT
25-Pin Female


CD 


RX
TX 


DTR


GRND 


DSR


RTS 


CTS


1


2
3


4


5


6


7


8


1


2
3


4


6


7


8


9


SHIELD 


RX
TX 


DTR


GRND 5


DSR


RTS 


CTS


NC


1


2
3


4


6


7


8


9


SHIELD


RX
TX 


DTR


GRND 


DSR


RTS 


CTS


NC


RX


RTS


CTS 


DSR


GRND


NC


1


2
3


4


5


6


7


8


SHIELD


TX 


20DTR


TX: Transmitted Data DTR: Data Terminal Ready


RX: Received Data CLS: Clear to Send


RTS: Request to Send N/C: No Connections


DSR: Data Set Ready CD: Carrier Detect


+


Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0- 5
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Rear Panel Topology


Overview Two rotary switches (refer to the illustration and table below) are located on the 
rear panel of the CPU. They are used for setting Modbus Plus node and 
Modbus port addresses.


Note: The highest address that may be set with these switches is 64.


SW1 (the top switch) sets the upper digit (tens) of the address; SW2 (the bottom 
switch) sets the lower digit (ones) of the address. The illustration below shows 
the correct setting for an example address of 11.


Note:  If 0" or an address greater than 64 is selected, the Modbus + LED will be 
“ON" steady, to indicate the selection of an invalid address.


SW1 and SW2 Address Settings


Node Address SW1 SW2


1 ... 9 0 1 ... 9


10 ... 19 1 0 ... 9


20 ... 29 2 0 ... 9


30 ... 39 3 0 ... 9


40 ... 49 4 0 ... 9


50 ... 59 5 0 ... 9


60 ... 64 6 0 ... 4


+


6‘ Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0-
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Option Module Interface Support


Overview The 140 CPU 534 14A supports up to six network modules (i.e., Modbus Plus, 
Ethernet, and Multi-Axis Motion option modules) using the option module 
interface technique. However, only two Modbus Plus modules can have full 
functionality, including Quantum DIO support. 


Quantum 
Communica-
tions and 
Network 
Modules


Continued on next page


Model Number Description Module 
Interface 
Technique


Loadable 
Required


Backplane
 Support


Bus 
Power  
mA


Local RIO DIO


140CRP81100 Profibus Direct CPU 
Driver


N Y N N 1200


140CRP93100 Remote I/O Head 
Interface, single cable


Direct CPU 
Driver


N Y N N 780


140CRP93200 Remote I/O Head 
Interface, dual cable


Direct CPU 
Driver


N Y N N 780


140CHS21000 Hot Standby Processor 
Kit


Direct CPU 
Driver


Y Y N N 700


140NOA61110 Interbus Master Direct CPU 
Driver


Y Y N N 700


140NOM21100 Modbus Plus Options, 
single cable


Option 
Module


N Y N N 780


140NOM21200 Modbus Plus Option, 
dual cable


Option 
Module


N Y N N 780


140NOM25200 Modbus Plus Option, 
single channel fiber


Option 
Module


N Y N N 900


140NOE21100 Ethernet TCP/IP 
Twisted Pair


Option 
Module


N Y N N 1000


140NOE25100 Ethernet TCP/IP Fiber 
Optic


Option 
Module


N Y N N 1000


140NOE31100 Ethernet SY/MAX 
Twisted Pair


Option 
Module


N Y N N 1000

Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0- 7
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Option Module Interface Support, continued


Quantum 
Communica-
tions and 
Network 
Modules, 
continued


Continued on next page


Model Number Description Module Interface 
Technique


Loadable 
Required


Backplane 
Support


Bus 
Power  
mA


Local RIO DIO


140NOE35100 Ethernet SY/MAX 
Fiber Optic


Option Module N Y N N 1000


140NOE51001 Ethernet MMS 
Twisted Pair


Option Module N Y N N 1000


140NOE551001 Ethernet MMS Fiber 
Optic


Option Module N Y N N 1000


140MMS42500 Multi-Axis Motion 
Controller w/
SERCOS


Option Module N Y N N 2500


140NOL91100 LonWorks Interface, 
twisted pair FTT10


I/O Map (16/16) Y Y Y N 950


140NOL91110 LonWorks Interface, 
twisted pair TPT/XF-
78


I/O Map (16/16) Y Y Y N 950


140NOL91120 LonWorks Interface, 
twisted pair TPT/XF-
1250


I/O Map (16/16) Y Y Y N 950


1. The software for this module is a ModConnect product.

8‘ Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0-
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Quantum Module Interface Support, continued


Quantum 
Modbus and 
Modbus Plus 
Services


This table describes the types of services provided by Modbus and Modbus 
Plus.


Type Service Description Native CPU Ports NOM 1-2 Ports NOM 3-6 Ports1


Modbus Modbus 
Plus


Modbus Modbus 
Plus


Modbus Modbus 
Plus


Modbus 
Services


Default Modbus Port 
Parameters


Y - Y - Y -


Configurable Modbus 
Port Parameters


Y - Y - Y5 -


Modbus to Modbus Plus 
Bridging


Y2 - Y3 - Y3 -


Local CPU Programming Y4 - Y4 - N -


Remote CPU 
Programming over 
Modbus Plus 


Y4 - Y4 - Y2 -


Modbus access to local 
CPU


Y - Y - N -


Modbus access to remote 
CPU over Modbus Plus


Y - Y - Y -


Modbus Network Slave 
Support


Y - N - N -


Modbus Master support 
with XMIT Loadable


Y - N - N -


Executive Firmware 
Loading Support


Y - N - N -


1. Only supported on the 140CPU42402, 140CPU43412A and 140CPU53414A Quantum Controllers.


2. The native CPU Modbus port can be disabled from bridge mode operation with the native 
Modbus Plus Port.


3. Modbus ports on NOMs are always in bridge mode with their associated Modbus Plus port.


4. Only one programmer connection can be logged in at a time to any CPU, and only one 
program monitor can be attached at a time to any CPU.


5. Modbus port parameters on NOMs 3-6 are defined by Modbus Port 3 in Concept and Modsoft 
when the comm parameter selector switch is in mem.

Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0- 9
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Option Module Interface Support, continued


Quantum 
Modbus and 
Modbus Plus 
Services, 
continued


Type Service 
Description


Native CPU Ports NOM 1-2 Ports NOM 3-6 Ports1


Modbus Modbus 
Plus


Modbus Modbus 
Plus


Modbus Modbus 
Plus


Modbus Plus
Services


MSTR read/write 


register messaging2
- Y - Y - Y


MSTR read/write 
Global Data 
messaging


- Y - Y - Y


MSTR get/clear 
local/remote 
statistics


- Y - Y - Y


Config Extension 
Global Data 
Support


- Y - Y - N


Config Extension 
Peer Cop Support


- Y - Y - N


Distributed I/O 
Support


- Y - Y - N


CPU Programming - Y3 - Y3 - Y3


Executive Firmware 
Loading Support


- Y - N - Y


1. Only supported on the 140CPU42402, 140CPU43412A and 140CPU53414A Quantum 
Controllers.


2. Up to 4 MSTR read/write register instructions can be serviced per CPU scan per Modbus Plus 
port.


3. Only one programmer connection can be logged in at a time to any CPU, and only one 
program monitor can be attached at a time to any CPU.

10‘ Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0-
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140 CPU 534 14A Module Specifications


140 CPU 534 
14A 
Specifications


The following table provides you with the specifications for the 140 CPU 534 
14A module.


User Logic/Reference 
Capacity 


User Logic Discrete Register Extended 
Register


IEC 
Application 
Memory


64 k words 64 k 57 k * 96 k 896 k


* 57,766 4XX registers
  Only if  0XXX = 16 and
              1XXX =16 and
              3XXX =16


Reference Capacity


Discrete 64 k - any mix


Local I/O (Main Backplane)


Maximum I/O Words 64 In  and 64 Out *


Maximum Number of I/O 
Racks


1


Remote I/O 


Maximum I/O Words per 
Drop


64 In and 64 Out *


Maximum Number of 
Remote Drops


31


Distributed I/O


Maximum Number of 
Networks per System


3 **


Maximum Words per 
Network
(For every DIO drop, there 
is a minimum of two words 
input of overhead.)


500 In and 500 Out


Maximum Words per Node 30 In and 32 Out


* This information can be a mix of Discrete or Register I/O. for each word of register I/O 
configured, one word of I/O words must be subtracted from the total available. The same 
holds true for each block of 8 bits or 16 bits of Discrete I/O configured-one word of Register 
I/O must be subtracted from the total available.


** Requires the use of two 140 NOM 21x 00 Option Modules.

Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0-
11
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140 CPU 534 14A Module Specifications, continued


140 CPU 534 
14A 
Specifications, 
continued


Maximum Number of Option 
Module Interfaces


6 


Watchdog Timer 250 ms (S/W adjustable)


Logic Solve Time 0.1 ms / k to 0.5 ms / k


Battery 3 V Lithium


Service Life 1200 mAh


Shelf Life 10 years with 0.5% loss of capacity per year


Battery Load Current @ Power-off


Typical 7 microamps


Maximum 210 microamps


Communication


Modbus (RS-232) 2 serial ports (9-pin D-shell)


Modbus Plus (RS-485) 1 network port (9-pin D-shell)


Programming Software            
Compatability


Modsoft Ver. 2.6   
Concept Ver. 2.1 with B2.1 patch exec
Concept Ver 2.2 with SRW
ProWORX NxT Ver 2.0
ProWORX Plus Ver 1.05


General


Diagnostics Power Up
RAM
RAM Address
Executive 
Checksum
User Logic Check
Processor


Runtime
RAM
RAM Address
Executive Checksum
User Logic Check


Bus Current Required  1.25 A


TOD Clock +/- 8.0 seconds/day  0 ... 60° C


Operating Temperature 0 ... 50° C


Maximum Number of NOM, 
NOE, and MMS Modules (any 
combination)


6


12‘ Quantum Automation Series equipment is protected by U.S. Patent number 5,302,136, and by European Patent number 93202982.0-
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Data, Illustrations, Alterations
Data and illustrations are not binding. We reserve the right to alter products in line
with our policy of continuous product development. If you have any suggestions
for improvements or amendments or have found errors in this publication, please
notify us using the form on one of the last pages of this publication.


Training
Schneider Automation GmbH offers suitable further training on the system.


Hotline
See addresses for the Technical Support Centers at the end of this publication.


Trademarks
All terms used in this publication to denote Schneider Automation GmbH products
are trademarks of Schneider Automation GmbH.


All other terms used in this publication to denote products may be registered
trademarks and/or trademarks of the corresponding Corporations.
Microsoft and MS-DOS are registered trademarks of Microsoft Corporation,
Windows is a brandname of Microsoft Corporation in the USA and other countries.
IBM is a registered trademark of International Business Machines Corporation.
Intel is a registered trademark of the Intel Corporation.


Copyright
All rights are reserved. No part of this document may be reproduced or transmitted
in any form or by any means, electronic or mechanical, including copying,
processing or by online file transfer, without permission in writing by Schneider
Automation GmbH. You are not authorized to translate this document into any
other language.


 1997 Schneider Automation GmbH. All rights reserved.
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Preface


Caution
The relevant regulations must be observed for control applicatons involving
safety requirements.
For reasons of safety and to ensure compliance with documented system
data, repairs to components should be performed only by the manufacturer.
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Terminology


Note
This symbol emphasizes very important facts.


Caution
This symbol refers to frequently appearing error sources.


Warning
This symbol points to sources of danger that may cause financial and health
damages or may have other aggravating consequences.


Expert
This symbol is used when a more detailed information is given, which is intended
exclusively for experts (special training required). Skipping this information does
not interfere with understanding the publication and does not restrict standard
application of the product.


Tip
This symbol is used for Tips & Tricks.


This symbol emphasizes the begining of an example.


Figures are annotated in the spelling corresponding to international practice and
approved by SI (Systéme International d’ Unités).
The notation applied to numerical values conforms to international practice, as well
as a SI (Système International d’ Unités) sanctioned representation. This
notational format requires a space between hundreds and thousands, and the use
of the decimal point (For example: 12 345.67).


STOP


Example
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Related Documents


Title Order–No.
I/O Module Bases for TSX Momentum, User Manual 870 USE 002 00
Modicon Terminal Block I/O Modules Hardware Reference Guide 890 USE 104 00
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Interbus with TSX Momentum
Overview


The following topics will be reviewed in this chapter:


� General information on Interbus
� General information on the 170 INT 110 00 communication adapter
� Interbus Configuration with TSX Momentum
� Configuration limits


1
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1.1 General Information on Interbus


Interbus is an open communications standard currently supported by over 200
equipment manufacturers with many diverse products. Interbus is a high speed
network design to connect I/O Modules, sensors, actuators and control devices
with programmable controllers and computer systems.


Interbus is a master/slave network designed for the efficient exchange of I/O data.
It has the capability to communicate with up to 256 devices over a distance of
42,000 feet (13 km) using twisted pair cable, and read 1024 inputs and write 1024
outputs in 4 ms. This provides optimum flexibility in configuration of a control
system in terms of the number of I/O drops and communication distances. In
addition to system configuration flexibility, Interbus does not compromise system
performance or reliability of I/O data. In addition to the Modicon Terminal I/O
modules, the use of Interbus compatible control products from other manufacture’s
provides an easy to integrate, cost effective control system based on an open
system architecture. A typical system configuration using Terminalblock I/O
Modules together with Momentum I/O modules is shown in  Figure 2 (page 11).


The 170 INT 110 00 Interbus Communication Adapter provides the communication
interface between Momentum I/O base and the Interbus network. This adapter can
be plugged into any Momentum I/O base to create a functional I/O unit on the
Interbus network.
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1.2 General Information on the 170 INT 110 00
Communications Adapter


1.2.1 Compatibility


The Interbus communication adapter is compatible with all Momentum I/O bases.
It plugs into any I/O base to form a functional I/O unit communicating on the
Interbus network. The TSX Momentum I/O modules are designed for connection
only to the remote bus of  the Interbus network.


Figure 1 Front view of a TSX Momentum I/O base and Interbus Communication


Adapter attached


I/O base


Communications
Adapter
170 INT 110 00


TSX Momentum I/O modules operate with every Interbus Master Module which
has the Interbus certification.


The 170 INT 110 00 Communications Adapter does not support the PCP protocol.
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1.2.2 Environmental Specification


The adapter conforms to the environmental specification of the I/O base upon
which it is installed. For environmental specification refer to the TSX Momentum
I/O bases user manual 870 USE 002 00.


1.2.3 Physical Structure


The communication adapter (safety type IP20) is attached to the I/O base making
a connection. Snap–on tabs lock the adapter in place. The adapter can be
released with a screwdriver.


With the I/O base there is a label shipped. It fits into an area on the front side of
the adapter. In this label, you can write the signal names corresponding to the
wired field devices. On the right side of this label, there is a clear window to
identify the type of the Communication Adapter.


1.2.4 Function


The communication adapter has two ports (an incoming remote bus and an
outgoing remote bus) implemented as RS 485 interfaces. The incoming remote
bus is isolated. The interfaces meet Interbus standards (DIN 19258). Each node
regenerates the entire message stream before passing it on the next node. As
each node handles the message stream, it extracts the portion of the message
that is assigned to that node as input data (into the node), and adds output data
(from the node) to the message stream as applicable to that type of node device.


1.2.5 Error Control


The internal voltage supply (Vcc) is provided by the I/O base. Vcc is monitored
and a Reset signal is generated if and when Vcc is not within tolerance. The
isolated voltage (Vcx) for the Interbus interface is generated via a DC/DC
converter and is not controlled.


A Serial Microprocessor Interface controls three display LEDs which indicate the
data transfer (Bus Aktiv, Remote Bus Check, Remote Bus Disabled – refer to
”LED Status Displays” page 24). The internal Watchdog timer is 640 ms and when
expires the LED ”Bus enabled”, is lightened.


When an I/O base signals an I/O–Error, that signal is transmitted to the bus master
via Interbus as a module error.
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1.2.6 Isolation


The picture shows potential isolation/nonisolation between two I/O modules.


Areas with the same grey color have the same reference potential.
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1.3 Interbus Configuration with TSX Momentum


The following is a brief summary of the Interbus topology and configuration:


The Interbus serial protocol is implemented as remote and local bus types. Each
bus type carries the same signals, but at different electrical levels.


Remote Bus
The remote bus is used for long distance transfer of data, up to 1 200 feet
between 2 nodes. Output from the Bus Master board starts the first remote bus.
No power passes through the remote bus cable. Electrical voltage levels are
RS–485. Network operates at 500 k baud, full duplex. Typical remote bus nodes
are, for instance, Momentum I/O modules, TIO modules or branch interfaces. The
sections between two remote bus nodes are referred to as remote bus segments.


Remote Bus Branch
The remote bus branch is generated by a branch interface (e.g. 170 BNO 671 00).
The branch interface module itself is a remote bus node on the Interbus network.
The Momentum I/O Modules can directly connect to the remote bus branch as well
as to the remote bus.


Installation Remote Bus
The installation remote bus is generated by specific bus terminal modules. The
bus terminal module itself is a remote bus node. The I/O Modules on the
installation remote bus are of a special nature, and can only be used on the
installation remote bus.


Note
TSX Momentum I/O modules are designed for connection only to the remote bus
and the remote bus branch. They cannot be used on the installation field bus.
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Figure 2 Example of an Interbus Configuration with Momentum I/O Modules


NOA 611


CPU


Nodes on remote bus branch


Remote Bus


Remote Bus nodes


Remote Bus


TSX Quantum with Interbus master


Remote Bus nodes


Remote Bus Branch


Branch Interface
170 BNO 671 00


Momentum I/O base
with 170 INT 110 00 or
Terminal Block I/O


Momentum I/O base
with 170 INT 110 00 or
Terminal Block I/O


Momentum I/O base
with 170 INT 110 00 or
Terminal Block I/O
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1.4 Configuration Limits


Table  1 Interbus Configuration Limits for  Standard PLC (e.g. TSX Quantum)


Parameters Limitations
max. number of nodes (slaves) 256
max. distance between 2 nodes Twisted pair, shielded = 400 m (1 200 ft)
max. distance between 2 nodes Fiber optic (HCS) = 300 m (900 ft)
max. distance between 2 nodes fiber optic cable, polymer fiber = 50 m (150 ft)
max. length of network 13 km (8 mi)
max. number of I/O points 4096
Transfer Rate 500 kBits/s
Data throughput for 1 000 I/O points ~ 4 ms
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Communications Adapter Register
Mapping


The following topics will be reviewed in this chapter:


� I/O words and ID–code
� Mapping Data Bits to I/O Base Terminals


2
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2.1 I/O words and ID–code


After the I/O module is powered–up, the identification code (ID code) of the
module base is automatically read by the communication adapter. The ID–code
provides the Interbus master with the type of data (input or output) and the number
of words in the message for each module. After the I/O modules identification
codes are received, the Interbus master will automatically begin the execution of
I/O data communication in real time.


The length is in each case expressed in I– or O–words, with the higher number
being the decisive factor. The number of words it can contain is: 1 to 10, 12, 14,
16, 24 or 32 words.


The ID–code for the 170 ADM 350 10 is 0103 hex.


� 01 = Length statement, indicating that the module needs one word (I–
or O–word) for data transfer


� 03 = Module Type, indicates that this module has inputs and outputs


Table  2 I/O Base Word Number and ID Code (analog I/O bases)


Description Function I–Words O–Words ID Code
170 AAI 140 00 16 input channels 16 4 1033 hex


1651 dec
170 AAI 520 40 4 input channels, RTD, Therm. 4 4 0433 hex


0451 dec
170 AAO 120 00 4 output channels, 0 ... 20 mA 5 0531 hex


0549 dec
170 AAO 921 00 4 output channels, 4 ... 20 mA 5 0531 hex


0549 dec
170 AMM 090 00 4 inputs, 2 outputs (discrete)


4 input & 2 output channels (ana-
log)


1
4


1
4


0533 hex
0551 dec


Example
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Table  3 I/O Base Word Number and ID Codes (discrete I/O bases)


Description Function I–Words O–Words ID Code
170 ADI 340 00 16 inputs 1 0 0102
170 ADI 350 00 32 inputs 2 0 0202
170 ADI 540 50 16 inputs 1 0 0102


170 ADO 340 00 16 outputs 0 1 0101
170 ADO 350 00 32 outputs 0 2 0201
170 ADO 530 50 8 outputs 0 1 0101
170 ADO 540 50 16 outputs 0 1 0101
170 ADO 730 50 8 outputs 0 1 0101
170 ADO 740 00 16 outputs 0 1 0101


170 ADM 350 10 16 inputs, 16 outputs 1 1 0103
170 ADM 350 11 16 inputs, 16 outputs 1 1 0103
170 ADM 370 10 16 inputs, 8 outputs 1 1 0103
170 ADM 390 10 16 inputs, 12 outputs 3 (1 discrete and


2 diagnostics)
1 0303


170 ADM 390 30 10 inputs, 8 outputs 1 1 0103
170 ADM 690 50 10 inputs, 8 outputs 1 1 0103
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2.2 Mapping Data Bits to I/O Base Terminals


2.2.1 Data Register Mapping for Discrete I/O bases


The data transmitted to or from the I/O base are transfered 1 : 1 from/to the
communication adapter.


Data in controller registers is mapped to the field terminals of discrete I/O bases in
the following way:


� Mapping is done by words (max. 2 for 32 I’s or O’s).
� The Most Significant Word (MSW) is always sent or received first.
� The words sent by the communications adapter to the I/O base represent the


outputs (Output–words).
� The words sent from the I/O base to the communications adapter represent


the inputs (Input–words).


Data mapping for two discrete I/O bases is shown as an example:


Figure 3 I/O Mapping of the 170 ADI 350 00 (32 Inputs) and 170 ADO 350 00


(32 Outputs)


Input Data from 170 ADI 350 00


MSW = Word 2 Inputs 17 ... 32


LSW = Word 1 Inputs 1 ... 16


Output Data to 170 ADI 350 00


MSW = Word 2 Outputs 17 ... 32


LSW = Word 1 Outputs 1 ... 16


Additional documentation: Refer to the I/O bases User Manual (870 USE 002
00) for further information.
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2.2.2 Data Register Mapping for Analog I/O bases


Data in controller registers is mapped to the field terminals of analog I/O bases in
the following way:


� Each analog value is mapped to one word.
� The Most Significant Word (MSW) is sent or received first.
� The words sent by the communications adapter to the I/O base represent the


output values and parameters (Output–words).
� The words sent from the I/O base to the communications adapter represent


the input values and status (Input–words).


Data mapping for one analog I/O base is shown as an example:


Figure 4 I/O Mapping of the 170 AAI 140 00 (16 Input Channels) e.g.


Input Data from 170 AAI 140 00


MSW = Word 16


Word 15


Word 5


Value channel 16


Value channel 15


Value channel 5


Word 4


Word 3


Word 2


LSW = Word 1


Value channel 4


Value channel 3


Value channel 2


Value channel 1


Output Data to 170 AAI 140 00


MSW = Word 16


Word 15


Word 5


empty


empty


empty


Word 4


Word 3


Word 2


LSW = Word 1


Parameters, Channels 5 ... 8


Parameters, Channels 1 .. 4


Parameters, Channels 13 ... 16


Parameters, Channels 9 ... 12


to to


Additional documentation: Refer to the I/O bases User Manual (870 USE 002
00) for further information.
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Module Description of
170 INT 110 00


The following topics will be reviewed in this chapter:


� Communication Adapter Overview
� Preparing the Remote Bus Cable
� LED Status Displays
� Technical Specifications


3
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3.1 Communication Adapter Overview


The Interbus Communiation Adapter can be operated with any TSX Momentum
I/O base.


Table  4 Basic Data


Module Type Communication Adapter for Interbus,Remote Bus
only


Power Supply 5 VDC / 250 mA (from I/O base)
Transfer Rate 500 K bits/s
Bus length 400 m, 1200 ft. (single module spacing) up to 


13 000 m, 8 mi (total bus length)


1


3


2


IN (pins) OUT (sockets)


BA


RC
RD


Module Elements:
 1. Interbus connector


 2. LED Display


 3. Label (shipped with the I/O base)
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3.2 Preparing the Remote Bus Cable


Modules at inline sites on the Interbus remote bus cable will have two connections.
One connection is to the incoming bus cable, and the other is to the outgoing bus
cable.


Modules at end sites on the network cable will have one connection. This is to the
incoming bus cable only.


You should plan to provide a complete cabling diagram for your network
installation, showing the cable routing path and methods of securing the cable.
Your diagram should identify incoming and outgoing cables at each module site.


Figure 5 Top view of a TSX Momentum I/O Module base and Interbus


Communication Adapter attached


Incoming bus connector
(pins)


Outgoing bus connector
(sockets)


Front Panel


Rear Panel


Figure 6 Connectors on Interbus Communication Adapter


Interbus input (pins)


Pin assigned
free


Interbus output (sockets)
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Modicon provides pre-fabricated Interbus cables in four lengths. Each cable has
two connectors installed for direct interconnection between two modules. Modicon
also provides a connector kit for installation onto user-supplied cable. The kit
contains one pin and one socket connector (ordering details see specs).


Please note the following general requirements:


� The maximum remote–bus cable length is 13 km (8 mi.). The cable length
between two remote–bus nodes must not exceed 400 m (1200 ft)!


� Ready–made off–the–shelf cables are available for the remote bus: see
specs. Custom lengths need to be prepared by the user.


� The connectors for the outgoing remote bus are always pins, those for the
incoming remote bus are always sockets.


� In the outgoing remote bus connector, pins 5 und 9 must be connected (refer
to scematic the figure below)!


� Connect the cable shield to the connector.


� For the remote bus you will need a 5–wire cable, twisted–pair type, shielded;
this cable is available by the meter (KAB–3225–LI).


Wire the connectors of the remote bus cable as follows:


Outgoing Remote Bus (pins) Incoming Remote Bus (sockets)
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Pin Wire
Color


Connectionoutgoing
remote bus


Pin Wire
Color


Connectionoutgoing
remote bus


1 yellow DO – Data Out 1 yellow DO – Data Out
2 grey DI – Data IN 2 grey DI – Data IN
3 brown Common 3 brown Common*
4 GND – Reference conductor,


fiber–optic adapter
4 GND* – Reference


conductor, fiber–optic
adapter


5 Vcc – Power supply for
fiber–optic adapter


5 Vcc* – Power supply for
fiber–optic adapter


6 green DO_N – Data Out Negated 6 green DO_N – Data Out Negated
7 pink DI_N – Data IN Negated 7 pink DI_N – Data IN Negated
8 Vcc – Additional power


supply for fiber–optic adapter
8 Vcc* – Additional power


supply for fiber–optic adapter
9 Plug identification 9 not used


*) physically isolated
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3.3 LED Status Displays


BA


RC
RD


Table  5 LED Status Displays


LED Status Function
BA Green Bus enabled. Data messages are being transmitted.


Off No data messages are being transmitted.
RC Green Remote Bus Check. Incoming remote bus is correctly connected


and the Bus Reset of the Busmaster is disabled.
Off Incoming remote bus not connected or incorrectly connected, or


Busmaster Bus Reset is enabled.
RD Red Remote Bus Disabled. Extended remote bus is switched off.


Off Extended remote bus is not switched off.
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3.4 Technical Specifications


General
Power consumption < 200 mA at 5 V (supplied by I/O base) excluding fi-


ber–optic adapter
< 400 mA at 5 V (supplied by I/O base) including two
fiber–optic adapters


Power dissipation 0.8 W (typ) without fiber–optic adapter
Potential Isolation
RS 485 (remote bus in) isolated from remaining logic
RS 485 (remote bus out) no isolation
Error Detection
Data Exchange Red LED for bus errors (RD) and


error message from I/O unit (module error).
Fuses
Supply voltage Vcc Internal (for bus adapter) – None


External (for I/O base – as per default by designating
the appropriate I/O base


Interbus Data Interface
Interface Mapping
RS 485 refer to Preparing the Remote Bus Cable
Bus Length Transfer Rate
max. 8 mi. (13 km) over all bus
length


500 kBits/s


max. 1 200 ft. (400 m) between 2
modules


500 kBits/s


Option Fiber–optic Adapter
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How to order:
Description Part No.
Interbus Communication Adapter 170 INT 110 00
Remote Bus Cable (sold by the meter) KAB–3225–LI
Interbus connector set,
sockets/pins, 9–pin


170 XTS 009 00


Interbus Cable, 11 cm (0.36 ft),
with small connectors


170 MCI 007 00


Interbus Cable, 8 cm (0.26 ft)
compatible to TIO and Momentum


170 MCI 008 00


Interbus Cable, 25 cm (0.8 ft)
compatible to TIO and branch interface


170 MCI 025 00


Interbus Cable, 100 cm (3.3 ft) 170 MCI 100 00
Set of Labels, qu’ty of 10. 170 XCP 100 00
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EMC Measures for the
Communications Adapter


� Overvoltage Protection for Remote Bus Lines


A
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A.1 Overvoltage Protection for Remote Bus Lines
(lightning protection)


To protect transmission systems from flash–over voltage surges (e.g. lightning),
the remote bus line should be equipped with overvoltage protectors (lightning
arrestors) whenever it is installed outside a building. The nominal discharge
current should be at least 5 kA, for instance by using a type ARE, Cat. Nr. 919 232
made by


Dehn und Söhne, Postfach 1640, 92 306 Neumarkt, Germany


or


Dehn und Söhne, Hans– Dehn– Str. 1, 92 318 Neumarkt, Germany


Protecting a remote bus cable requires three ARE lightning arrestors per building.
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Figure 7 Circuit layout and dimensions of the ARE lightning arrestor
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Figure 8 Schematic of ARE lightning arrestor connection


W1 Remote Bus Line LiYCY (TP)
Z2 Grounding clamp
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Make sure to observe the following rules:


� Do not mix the wires as you run them.
� Do not mismatch the IN- and OUT ends of the ARE (IN = outdoors)
� Install a functional ground (potential–equalization rod)
� Install the lightning arrestor near the building ground so as to establish a


short discharge path for the surge current. Keep the line to the building and
functional ground (at least 6 mm2) as short as possible.


� In a remote bus line you can connect a maximum of 10 lightning arrestors in
series, with five outdoor segments which can interlink up to six buildings.
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About This Book


Revision History This is version 2.0 of this manual, 870 USE 101 1x, which replaces 870 USE 101 0x. 
The following information has been added or changed:


The most recent version of this manual is available on our web site, 
www.modicon.com.


Version Change


1.0 Never released.


2.0 Addition of new Ethernet-capable processors.
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About Book


Document Scope This manual contains complete information about the Momentum M1 Processor 
Adapters, Option Adapters and Ethernet Adapters. It does not contain information 
about Momentum I/O bases or Communication Adapters.


Validity Note This manual is valid for Modsoft 2.6.1 and Concept 2.2.


Related 
Documentation


You may find the following other manuals useful:


User Comments We welcome your comments about this document. You can reach us by e-mail at 
techcomm@modicon.com.


Title Part Number


Momentum I/O Bases User Guide 870 USE 002 00


Momentum Modbus Plus PNT Series Communication 
Adapters User Guide


870 USE 103 00


Momentum Modbus Plus NEF Series Communication 
Adapters User Guide


870 USE 111 00


Quantum NOE 771 x0 Ethernet Modules User Guide 840 USE 116 00


FactoryCast User’s Guide For Quantum and Premium 890 USE 152 00


Momentum Interbus Communication Adapter User 
Manual


870 USE 003 00


Momentum Ethernet Communication Adapter User 
Guide


870 USE 112 00
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Getting Started


At a Glance


Purpose This part describes the M1 Processor Adapters and Option Adapters and explains 
how to assemble them.


In This Part This part contains the following chapters:


For Information On... See Chapter... On Page...


Overview of Momentum M1 Processor Adapters 1 19


Overview of Momentum Option Adapters 2 65


Assembling Momentum Components 3 87
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Overview of Momentum M1 
Processor Adapters


At a Glance


Purpose A Momentum M1 Processor Adapter can be snapped onto a Momentum I/O base 
to create a central processing unit (CPU) that provides programmable logic control 
to local and distributed I/O.


This chapter describes the M1 Processor Adapters.


In This Chapter This chapter contains the following sections:


For This Topic... See Section... On Page...


Introducing the M1 Processor Adapters 1 20


Features of Each Processor Adapter 2 28
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Section 1.1
Introducing the M1 Processor Adapters


Overview


Purpose A Momentum M1 Processor Adapter stores and executes the application program, 
controlling the local I/O points of its host I/O base and distributed I/O devices on a 
common communication bus. 


This section describes the front panel components, memory and performance 
characteristics of M1 Processor Adapters.


In This Section This section contains the following topics:


For This Topic... See Page...


Front Panel illustration 21


Overview of Ports 22


Memory and Performance Characteristics 24


Power Supply 27
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Front Panel illustration


Introduction This section provides an illustration of a typical M1 Processor Adapter.


Illustration A typical Processor Adapter is shown in the following illustration:


Label Description


1 Standard port connector 


2 Optional second port connector 


3 LED indicators
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Overview of Ports


Introduction Each Processor Adapter is equipped with at least one Modbus or Ethernet port. 
Some models also have a second port. The ports allow the Processor Adapter to 
communicate with:


l Programming panels


l Network I/O points under its control


l Network supervisory computers


Ports Per 
Processor 
Adapter


The following table indicates which ports are available with each Processor 
Adapter: 


Ethernet Port The Ethernet port is a standard, twisted pair, Ethernet 10BASE-T port which can 
communicate with programming panels, other M1 Processor Adapters with 
Ethernet ports, and with other Ethernet products. This port has an RJ45 connector, 
with an industry standard pinout.


Modbus Port 1 Modbus Port 1 is a general-purpose asynchronous serial port with dedicated 
RS232 slave functionality. This port has an RJ45 connector.


Continued on next page


Port 1 Port 2


Processor 
Adapter 


Ethernet 
Port


Modbus 
RS-232


Modbus 
RS-485


I/O Bus 
Port


171 CCS 700 00 x


171 CCS 700 10 x


171 CCS 760 00 x x


171 CCC 760 10 x x


171 CCS 780 00 x x


171 CCC 780 10 x x


171 CCC 960 20 x x


171 CCC 960 30 x x


171 CCC 980 20 x x


171 CCC 980 30 x x
1.


21


171 CCS 780 00


Schneider
Automation Inc.


2.


Port 1


Port 2
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Overview of Ports, Continued


Modbus Port 2 Modbus Port 2 is a general-purpose asynchronous serial port with dedicated 
RS485 slave functionality. This port has a 9-pin D connector.


I/OBus Port The I/OBus port is used to control and communicate with other network (non-local) 
I/O modules under the control of the CPU. This port has a 9-pin D connector.
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Memory and Performance Characteristics


Introduction Processor Adapters are equipped with internal memory and Flash RAM. This 
section explains those two types of memory and describes the memory size and 
performance characteristics of each Processor Adapter. 


Internal Memory Internal memory includes user memory and state RAM:


l User memory contains the control logic program and such system overhead as 
the Processor Adapter configuration, I/O mapping, checksum and system 
diagnostics.


l State RAM is the area in memory where all the input and output references for 
program and control operations are defined and returned.


The user may change the way internal memory is allocated by adjusting 
parameters for user memory and state RAM.


Flash RAM Flash RAM contains the executive firmware, which is the operating system for the 
PLC. It also contains a firmware kernel, which cannot be changed. The kernel is a 
small portion of memory that recognizes acceptable executive firmware packages 
and allows them to be downloaded to the Processor Adapter.


Space is also provided in Flash so that a copy of the user program and state RAM 
values can be stored. This back-up capability is particularly useful in configurations 
where no battery is used (i.e., a Processor Adapter without an Option Adapter).


When the module is successfully communicating with other devices, if a ring 
adapter with battery back up is not present, it is recommended that you stop the 
processor and save the user program to Flash. This will save the processor’s ARP 
cache and enable it to “remember” this information if power is lost or removed.


This procedure should also be followed whenever:


l A new or substitute device is installed on the network;


l The IP address of a network device has been changed.


Continued on next page


Note:  Some processors run both IEC and Ladder Logic and some run only IEC. 
See table following.
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Memory and Performance Characteristics, Continued


Memory Size and 
Clock Speed


The memory size and clock speed of each processor are described in the table 
below:


Processor 984LL Flash RAM Clock Speed 984LL 
Program 
Memory


IEC 
Program 
Memory


171 CCS 700 00 64K bytes 256K bytes 20MHz 2.4k -


171 CCS 700 10 64K bytes 256K bytes 32MHz 2.4k -


171 CCS 760 00 256K bytes 256K bytes 20MHz 12k 160k


171 CCC 760 10 512K bytes 512K bytes 32MHz 18k 240k


171 CCS 780 00 64K bytes 256K bytes 20MHz 2.4k -


171 CCC 780 10 512K bytes 512K bytes 32MHz 18k 240k


171 CCC 960 20 544K bytes 512K bytes 50 MHz 18k -


171 CCC 960 30 544K bytes 1 megabyte 50 MHz 18k 200k


171 CCC 980 20 544K bytes 512K bytes 50 MHz 18k -


171 CCC 980 30 544K bytes 1 megabyte 50 MHz 18k 200k


* In a default configuration. The amount of user memory may be increased or decreased by 
adjusting other parameters.
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Memory and Performance Characteristics, Continued


Input and Output 
References


The number of registers (for 3x and 4x references) and discretes (for 0x and 1x 
references) supported by each processor are described in the table below:


Processor Adapter 984LL Executive IEC Executive


Registers Discretes Registers Discretes


171 CCS 700 00 2048 2048*


171 CCS 700 10 2048 2048*


171 CCS 760 00 4096 2048* 4096 2048 0x references
2048 1x references


171 CCC 760 10 26048 8192 0x references
8192 1x references


26048 8192 0x references
8192 1x references


171 CCS 780 00 2048 2048*


171 CCC 780 10 26048 8192 0x references
8192 1x references


26048 8192 0x references
8192 1x references


171 CCC 960 20 26048 8192 0x references
8192 1x references


171 CCC 960 30 26048 8192 0x references
8192 1x references


11,200 4096 0x references
4096 1x references


171 CCC 980 20 26048 8192 0x references
8192 1x references


171 CCC 980 30 26048 8192 0x references
8192 1x references


11,200 4096 0x references
4096 1x references


*This total may include any combination of 0x and 1x references.
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Power Supply


Supplied by 
Base


A Processor Adapter requires 5 V, which is supplied by its I/O base.


Note:  For information about the 171 CPS 111 00 TIO Power Supply Module, 
refer to 870 Use 002 00 V. 2 Momentum I/O Base User Guide
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Section 1.2
Features of Each Processor Adapter


Overview


Purpose This section provides a photograph, description of key features and LEDs, and 
specifications for each Processor Adapter.


In This Section This section contains the following topics.


For This Topic... See Page...


171 CCS 700 00 29


171 CCS 700 10 32


171 CCS 760 00 35


171 CCC 760 10 38


171 CCS 780 00 41


171 CCC 780 10 44


171 CCC 960 20 47


171 CCC 960 30 51


171 CCC 980 20 56


171 CCC 980 30 60
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171 CCS 700 00


Overview This section describes the 171 CCS 700 00 Processor Adapter, including key 
features, an illustration and specifications.


Key Features The key features of this Processor Adapter are:


l Modbus Port 1


l 64K bytes of internal memory


l 20 MHz clock speed


Illustration The connector and LED indicators are shown in the following illustration:


Continued on next page


Note:  The Modbus port connector looks like a Ethernet port connector. Do not 
attempt to use an Modbus adapter as an Ethernet unit. Do not attempt to 
place an Ethernet connector in a Modbus connector.


Label Description


1 Modbus Port 1 connector


2 LED indicators
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171 CCS 700 00, Continued


LED Indicators This Processor Adapter has two LED indicators, RUN and COM ACT. Their 
functions are described in the table below:


Specifications The following table contains specifications for the 171 CCS 700 00 Momentum M1 
Processor Adapter:


Continued on next page


LED Status Function


Start up Both Single flash. Indicates good health.


RUN Green On continuously when the CPU has received power and is 
solving logic.


Flashes an error pattern if the CPU is in kernel mode.
(See Run LED Flash Patterns and Error Codes on page 417)


Off CPU is not powered up or is not solving logic.


COM ACT Green May be on continuously or blinking. Indicates activity on 
Modbus port 1.


Off No activity on Modbus port 1.


Memory


Internal Memory 64K bytes


User Memory 2.4K words


Flash RAM 256K bytes


Clock Speed 20 MHz


Input and Output References


Registers 2048


Discretes 2048 (any combination of 0x and 1x references)


I/O Servicing


Local I/O Services all the points on any host Momentum I/O base


Watchdog timeout 419 ms


Logic solve time 0.25 ms/k ladder logic instructions
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171 CCS 700 00, Continued


Specifications, 
Continued


Mechanical


Weight 42.5 g (1.5 oz.)


Dimensions (HxDxW) 25.9x61.02x125mm
(1.01 x 2.37 x 4.86 in)


Material (Enclosures/
bezels)


Lexan


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA


RFI Susceptibility/ 
immunity


Meets CE mark requirements for open equipment.
Open equipment should be installed in an industry-
standard enclosure, with access restricted to qualified 
service personnel.


Storage Conditions


Temperature -40...+85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength RS232 is non-isolated from logic common


Agency Approvals l UL 508, CSA, CUL, CE


l FM class1, div2
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171 CCS 700 10


Overview This section describes the 171 CCS 700 10 Processor Adapter, including key 
features, an illustration and specifications.


Key Features The key features of this Processor Adapter are:


l Modbus Port 1


l 64K bytes of internal memory


l 32 MHz clock speed


Illustration The connector and LED indicators are shown in the following illustration:


Continued on next page


Note:  The Modbus port connector looks like a Ethernet port connector. Do not 
attempt to use an Modbus adapter as an Ethernet unit. Do not attempt to 
place an Ethernet connector in a Modbus connector.


Label Description


1 Modbus Port 1 connector


2 LED indicators
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171 CCS 700 10, Continued


LED Indicators This Processor Adapter has two LED indicators, RUN and COM ACT. Their 
functions are described in the table below:


Specifications The following table contains specifications for the 171 CCS 700 10 Momentum M1 
Processor Adapter:


Continued on next page


LED Status Function


Start up Both Single flash. Indicates good health.


RUN Green On continuously when the CPU has received power and is 
solving logic.


Flashes an error pattern if the CPU is in kernel mode.
(See Run LED Flash Patterns and Error Codes on page 417)


Off CPU is not powered up or is not solving logic.


COM ACT Green May be on continuously or blinking. Indicates activity on 
Modbus port 1.


Off No activity on Modbus port 1.


Memory


Internal Memory 64K bytes


User Memory 2.4K words


Flash RAM 256K bytes


Clock Speed 32 MHz


Input and Output References


Registers 2048


Discretes 2048 (any combination of 0x and 1x references)


I/O Servicing


Local I/O Services all the points on any host Momentum I/O base


Watchdog timeout 262 ms


Logic solve time 0.16 ms/k ladder logic instructions
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171 CCS 700 10, Continued


Specifications, 
Continued


Mechanical


Weight 42.5 g (1.5 oz.)


Dimensions (HxDxW) 25.9x61.02x125mm
(1.01 x 2.37 x 4.86 in)


Material (Enclosures/
bezels)


Lexan


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA


RFI Susceptibility/ 
immunity


Meets CE mark requirements for open equipment.
Open equipment should be installed in an industry-
standard enclosure, with access restricted to qualified 
service personnel.


Storage Conditions


Temperature -40...+85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength RS232 is non-isolated from logic common


Agency Approvals l UL 508, CSA, CUL, CE


l FM class1, div2
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171 CCS 760 00


Overview This section describes the 171 CCS 760 00 Processor Adapter, including key 
features, an illustration and specifications.


Key Features The key features of this Processor Adapter are:


l Modbus Port 1


l I/OBus port


l 256K bytes of internal memory


l 20 MHz clock speed


Illustration The connectors and LED indicators are shown in the following illustration:


Continued on next page


Note:  The Modbus port connector looks like a Ethernet port connector. Do not 
attempt to use an Modbus adapter as an Ethernet unit. Do not attempt to 
place an Ethernet connector in a Modbus connector.


Label Description


1 Modbus Port 1 connector


2 I/OBus port connector


3 LED indicators
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171 CCS 760 00, Continued


LED Indicators This Processor Adapter has two LED indicators, RUN and COM ACT. Their 
functions are described in the table below:


Specifications The following table contains specifications for the 171 CCS 760 00 Momentum M1 
Processor Adapter: 


Continued on next page


LED Status Function


Start up Both Single flash. Indicates good health.


RUN Green On continuously when the CPU has received power and is 
solving logic.


Flashes an error pattern if the CPU is in kernel mode.
(See Run LED Flash Patterns and Error Codes on page 417)


Off CPU is not powered up or is not solving logic.


COM ACT Green May be on continuously or blinking. Indicates activity on 
Modbus port 1.


Off No activity on Modbus port 1.


Memory


Internal Memory 256K bytes


User Memory 12K words 984LL Exec


160K words IEC Exec


Flash RAM 256K bytes


Clock Speed 20 MHz


984LL Input and Output References


Registers 4096


Discretes 2048 (any combination of 0x and 1x references) 984LL


IEC Input and Output References


Registers 4096


Discretes 2048 (any combination of 0x and 1x references)
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171 CCS 760 00, Continued


Specifications, 
Continued


I/O Servicing


Local I/O Services all the points on any host Momentum I/O base


Watchdog timeout 419 ms


Logic solve time 0.25 ms/k ladder logic instructions


Mechanical


Weight 42.5 g (1.5 oz.)


Dimensions (HxDxW) 25.9x61.02x125mm
(1.01 x 2.37 x 4.86 in)


Material (Enclosures/
bezels)


Lexan


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA


RFI Susceptibility/ 
immunity


Meets CE mark requirements for open equipment.
Open equipment should be installed in an industry-
standard enclosure, with access restricted to qualified 
service personnel.


Storage Conditions


Temperature -40 ... +85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength RS232 and I/OBus are non-isolated from logic common


Ground continuity 30 A test on the exposed metal connector


Agency Approvals l UL 508, CSA, CUL, CE
l FM class1, div2
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171 CCC 760 10 


Overview This section describes the 171 CCC 760 10 Processor Adapter, including key 
features, an illustration and specifications.


Key Features The key features of this Processor Adapter are:


l Modbus Port 1


l I/OBus port


l 512K bytes of internal memory


l 32 MHz clock speed


Illustration The connectors and LED indicators are shown in the following illustration:


Continued on next page


Note:  The Modbus port connector looks like a Ethernet port connector. Do not 
attempt to use an Modbus adapter as an Ethernet unit. Do not attempt to 
place an Ethernet connector in a Modbus connector.


Label Description


1 Modbus Port 1 connector


2 I/OBus port connector


3 LED indicators
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171 CCC 760 10, Continued


LED Indicators This Processor Adapter has two LED indicators, RUN and COM ACT. Their 
functions are described in the table below:


Specifications The following table contains specifications for the 171 CCC 760 10 Momentum M1 
Processor Adapter:


Continued on next page


LED Status Function


Start up Both Single flash. Indicates good health.


RUN Green On continuously when the CPU has received power and is 
solving logic.


Flashes an error pattern if the CPU is in kernel mode.
(See Run LED Flash Patterns and Error Codes on page 417)


Off CPU is not powered up or is not solving logic.


COM ACT Green May be on continuously or blinking. Indicates activity on 
Modbus port 1.


Off No activity on Modbus port 1.


Memory


Internal Memory 512K bytes


User Memory 18K words 984LL Exec


 240K words IEC Exec


Flash RAM 512K bytes


Clock Speed 32 MHz


984LL Input and Output References


Registers 26048


Discretes 8192 0x references
8192 1x references


IEC Input and Output References


Registers 26048


Discretes 8192 0x references
8192 1x references
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171 CCC 760 10, Continued


Specifications, 
Continued


I/O Servicing


Local I/O Services all the points on any host Momentum I/O base


Watchdog timeout 262 ms


Logic solve time 0.16 ms/k ladder logic instructions


Mechanical


Weight 42.5 g (1.5 oz.)


Dimensions (HxDxW) 25.9x61.02x125mm
(1.01 x 2.37 x 4.86 in)


Material (Enclosures/
bezels)


Lexan


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA


RFI Susceptibility/ 
immunity


Meets CE mark requirements for open equipment.
Open equipment should be installed in an industry-
standard enclosure, with access restricted to qualified 
service personnel.


Storage Conditions


Temperature -40 ... +85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength RS232 and I/OBus are non-isolated from logic common


Ground continuity 30 A test on the exposed metal connector


Agency Approvals l UL 508, CSA, CUL, CE
l FM class1, div2
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171 CCS 780 00


Overview This section describes the 171 CCS 780 00 Processor Adapter, including key 
features, an illustration and specifications.


Key Features The key features of this Processor Adapter are:


l Modbus Port 1


l Modbus Port 2


l 64K bytes of internal memory


l 20 MHz clock speed


Illustration The connectors and LED indicators are shown in the following illustration:


Continued on next page


Note:  The Modbus port connector looks like a Ethernet port connector. Do not 
attempt to use an Modbus adapter as an Ethernet unit. Do not attempt to 
place an Ethernet connector in a Modbus connector.


Label Description


1 Modbus Port 1 connector


2 Modbus Port 2 connector


3 LED indicators
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171 CCS 780 00, Continued


LED Indicators This Processor Adapter has two LED indicators, RUN and COM ACT. Their 
functions are described in the table below:


Specifications The following table contains specifications for the 171 CCS 780 00 Momentum M1 
Processor Adapter:


Continued on next page


LED Status Function


Start up Both Single flash. Indicates good health.


RUN Green On continuously when the CPU has received power and is 
solving logic.


Flashes an error pattern if the CPU is in kernel mode.
(See Run LED Flash Patterns and Error Codes on page 417)


Off CPU is not powered up or is not solving logic.


COM ACT Green May be on continuously or blinking. Indicates activity on 
Modbus port 1.


Off No activity on Modbus port 1.


Memory


Internal Memory 64K bytes


User Memory 2.4K words


Flash RAM 256K bytes


Clock Speed 20 MHz


984LL Input and Output References


Registers 2048


Discretes 2048 (any combination of 0x and 1x references)


IEC Input and Output References


Registers 2048


Discretes 2048 (any combination of 0x and 1x references)


I/O Servicing


Local I/O Services all the points on any host Momentum I/O base


Watchdog timeout 419 ms


Logic solve time 0.25 ms/k ladder logic instructions
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171 CCS 780 00, Continued


Specifications, 
Continued


Mechanical


Weight 42.5 g (1.5 oz.)


Dimensions (HxDxW) 25.9x61.02x125mm
(1.01 x 2.37 x 4.86 in)


Material (Enclosures/
bezels)


Lexan


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA


RFI Susceptibility/ 
immunity


Meets CE mark requirements for open equipment.
Open equipment should be installed in an industry-
standard enclosure, with access restricted to qualified 
service personnel.


Storage Conditions


Temperature -40 ... +85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength RS232 and RS485 are non-isolated from logic common


Ground continuity 30 A test on the exposed metal connector


Agency Approvals l UL 508, CSA, CUL, CE
l FM class1, div2
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171 CCC 780 10


Overview This section describes the 171 CCC 780 10 Processor Adapter, including key 
features, an illustration and specifications.


Key Features The key features of this Processor Adapter are:


l Modbus Port 1


l Modbus Port 2


l 512K bytes of internal memory


l 32 MHz clock speed


Illustration The connectors and LED indicators are shown in the following illustration:


Continued on next page


Note:  The Modbus port connector looks like a Ethernet port connector. Do not 
attempt to use an Modbus adapter as an Ethernet unit. Do not attempt to 
place an Ethernet connector in a Modbus connector.


Label Description


1 Modbus Port 1 connector


2 Modbus Port 2 connector


3 LED indicators
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171 CCC 780 10, Continued


LED Indicators This Processor Adapter has two LED indicators, RUN and COM ACT. Their 
functions are described in the table below:


Specifications The following table contains specifications for the 171 CCC 780 10 Momentum M1 
Processor Adapter:


LED Status Function


Start up Both Single flash. Indicates good health.


RUN Green On continuously when the CPU has received power and is 
solving logic.


Flashes an error pattern if the CPU is in kernel mode.
(See Run LED Flash Patterns and Error Codes on page 417)


Off CPU is not powered up or is not solving logic.


COM ACT Green May be on continuously or blinking. Indicates activity on 
Modbus port 1.


Off No activity on Modbus port 1.


Memory


Internal Memory 512K bytes


User Memory 18K words 984LL Exec


240k words IEC Exec


Flash RAM 512K bytes


Clock Speed 32 MHz


984LL Input and Output References


Registers 26048


Discretes 8192 0x references
8192 1x references


IEC Input and Output References


Registers 26048


Discretes 8192 0x references
8192 1x references


I/O Servicing


Local I/O Services all the points on any host Momentum I/O base


Watchdog timeout 262 ms


Logic solve time 0.16 ms/k ladder logic instructions
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171 CCC 780 10, Continued


Specifications, 
Continued


Mechanical


Weight 42.5 g (1.5 oz.)


Dimensions (HxDxW) 25.9x61.02x125mm
(1.01 x 2.37 x 4.86 in)


Material (Enclosures/
bezels)


Lexan


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA


RFI Susceptibility/ 
immunity


Meets CE mark requirements for open equipment.
Open equipment should be installed in an industry-
standard enclosure, with access restricted to qualified 
service personnel.


Storage Conditions


Temperature -40 ... +85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength RS232 and RS485 are non-isolated from logic common


Ground continuity 30 A test on the exposed metal connector


Agency Approvals l UL 508, CSA, CUL, CE
l FM class1, div2
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171 CCC 960 20


Overview This section describes the 171 CCC 960 20 Processor Adapter, including key 
features, a illustration and specifications.


Key Features The key features of this Processor Adapter are:


l Ethernet port


l I/OBus port


l 544K bytes of internal memory


l 50 MHz clock speed


Illustration The connectors and LED indicators are shown in the following illustration: 


Continued on next page


Note:  The Ethernet port connector looks like a Modbus port connector. Do not 
attempt to use an Ethernet adapter as a Modbus unit. Do not attempt to 
place a Modbus connector in an Ethernet connector.


Label Description


1 Ethernet port connector


2 I/OBus port connector


3 LED indicators
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171 CCC 960 20, Continued


LED Indicators This Processor Adapter has three LED indicators, RUN, LAN ACT(IVE), and LAN 
ST(ATUS). Their functions are described in the table below: 


Specifications The following table contains specifications for the 171 CCC 960 20 Momentum M1 
Processor Adapter:


Continued on next page


LED Indicato
r 
Pattern


Status


Start up Both Single flash. Indicates good health.


RUN Green On continuously when the CPU has received power and is 
solving logic.


Flashes an error pattern if the CPU is in kernel mode. (See Run 
LED Flash Patterns and Error Codes on page 417)


Off CPU is not powered up or is not solving logic.


LAN ACT Green May be on continuously or blinking. Indicates activity on 
Ethernet port.


Off No activity on Ethernet port.


LAN ST Green On continuously during normal operation.


Fast blink indicates normal Ethernet initialization at power-up.


3 flashes indicates no 10BASE-T link pulse detected. Check 
cable and hub.


4 flashes indicates duplicate IP address detected.


5 flashes indicates no IP address available.


Off No valid MAC address.


Memory


Internal Memory 544K bytes


User Memory 18K words


Flash RAM 512K bytes


Clock Speed 50 MHz
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171 CCC 960 20, Continued


Specifications, 
Continued


Continued on next page


Input and Output References


Registers 26048


Discretes 8192 0x references
8192 1x references


I/O Servicing


Local I/O Services all the points on any host Momentum I/O base


Watchdog timeout 335 ms


Logic solve time See formula, following


Mechanical


Weight 42.5 g (1.5 oz.)


Dimensions (HxDxW) 25.9x61.02x125mm
(1.01 x 2.37 x 4.86 in)


Material (Enclosures/
bezels)


Lexan


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA


RFI Susceptibility/ 
immunity


Meets CE mark requirements for open equipment.
Open equipment should be installed in an industry-
standard enclosure, with access restricted to qualified 
service personnel.
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171 CCC 960 20, Continued


Specifications, 
Continued


Scantime 
Formula for 
984LL Exec


The following formula applies to the M1E Processor Adapter with the 984LL exec.


Scan time = (0.25 msec/ethernet device + 0.002 msec/word) + 0.13 msec/K of
logic + 0.40 msec + MBPlustime 


Example You have 50 ENT modules connected to a single M1E with a configured time of 50 
Msec each, a total of 4k user logic and no MB+ card. The scan time for all modules 
configured as fast as possible would be 12.5 Msec + 0.52 Msec + 0.40 Msec = 
13.42 Msec. However, since the M1E will only communicate to 1/4 of the modules 
(12.5 Msec/50 Msec = 1/4) on any given scan, the corrected average scan time 
would be 1/4 x (12.5) + 0.52 + 0.40 ≅ 4.1 Msec.


Storage Conditions


Temperature -40 ... +85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength Ethernet is isolated from logic common 500 VDC


Ground continuity 30 A test on the exposed metal connector


Agency Approvals l UL 508, CSA, CUL, CE


l FM class1, div2


Note:  
l Modbus Plus communications will slow the M1E. If there is no MB+ ring card then 


MBPlustime = 0.


l If there is a MB+ ring card, then each scan will be extended 0.3 Msec even if there is no 
message.


l Modbus Messages will add from 1 to 2 msec per scan, depending on the length of the 
message.


Note:  
l The formula above presumes that all MSTR blocks and all configured connections are 


set to go as fast as possible. In this case the M1E will attempt to exchange data with 
each device once per scan. 


l If several devices are configured to communicate on a timed basis that is substantially 
larger than the scan time calculated, then the communications to those devices will be 
spread out over several scans. See Example, below.







Overview of Momentum M1 Processor Adapters


870 USE 101 10 V.2 51


171 CCC 960 30


Overview This section describes the 171 CCC 960 30 Processor Adapter, including key 
features, an illustration and specifications.  


Key Features The key features of this Processor Adapter are:


l Ethernet port


l I/OBus port


l 544K bytes of internal memory


l 50 MHz clock speed


Continued on next page


Note:  The 171 CCC 960 30 units are shipped with the latest IEC exec installed.


Note:  The 984LL exec used in the 171 CCC 960 30 will not operate in a
171 CCC 960 20 


Note:  The Ethernet port connector looks like a Modbus port connector. Do not 
attempt to use an Ethernet adapter as a Modbus unit. Do not attempt to 
place a Modbus connector in an Ethernet connector.
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171 CCC 960 30, Continued


Illustration The connectors and LED indicators are shown in the following illustration: 


 


Label Description


1 Ethernet port connector


2 I/OBus port connector


3 LED indicators


1
2


3







Overview of Momentum M1 Processor Adapters


870 USE 101 10 V.2 53


171 CCC 960 30, Continued


LED Indicators This Processor Adapter has three LED indicators, RUN, LAN ACT(IVE), and LAN 
ST(ATUS). Their functions are described in the table below: 


Specifications The following table contains specifications for the 171 CCC 960 30 Momentum M1 
Processor Adapter:  


Continued on next page


LED Indicator 
Pattern


Status


Start up Both Single flash. Indicates good health.


RUN Green On continuously when the CPU has received power and is 
solving logic.


Flashes an error pattern if the CPU is in kernel mode. (See Run 
LED Flash Patterns and Error Codes on page 417)


Off CPU is not powered up or is not solving logic.


LAN ACT Green May be on continuously or blinking. Indicates activity on 
Ethernet port.


Off No activity on Ethernet port.


LAN ST Green On continuously during normal operation.


Fast blink indicates normal Ethernet initialization at power-up.


3 flashes indicates no 10BASE-T link pulse detected. Check 
cable and hub.


4 flashes indicates duplicate IP address detected.


5 flashes indicates no IP address available.


Off No valid MAC address.


Memory


Internal Memory 544K bytes


User Memory 18K words 984LL Exec


200k words IEC Exec


Flash RAM 1 Megabyte


Clock Speed 50 MHz
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171 CCC 960 30, Continued


Specifications, 
Continued


Continued on next page


984LL Input and Output References


Registers 26048


Discretes 8192 0x references
8192 1x references


IEC Input and Output References


Registers 11200


Discretes 4096 0x references
4096 1x references


I/O Servicing


Local I/O Services all the points on any host Momentum I/O base


Watchdog timeout 335 ms


Logic solve time See formula, following


Mechanical


Weight 42.5 g (1.5 oz.)


Dimensions (HxDxW) 25.9x61.02x125mm
(1.01 x 2.37 x 4.86 in)


Material (Enclosures/
bezels)


Lexan


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA


RFI Susceptibility/ 
immunity


Meets CE mark requirements for open equipment.
Open equipment should be installed in an industry-
standard enclosure, with access restricted to qualified 
service personnel.
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171 CCC 960 30, Continued


Specifications, 
Continued


Scantime 
Formula for 
984LL Exec


The following formula applies to the M1E Processor Adapter with the 984LL exec.


Scan time = (0.25 msec/ethernet device + 0.002 msec/word) + 0.13 msec/K of
logic + 0.40 msec + MBPlustime 


Example You have 50 ENT modules connected to a single M1E with a configured time of 50 
Msec each, a total of 4k user logic and no MB+ card. The scan time for all modules 
configured as fast as possible would be 12.5 Msec + 0.52 Msec + 0.40 Msec = 
13.42 Msec. However, since the M1E will only communicate to 1/4 of the modules 
(12.5 Msec/50 Msec = 1/4) on any given scan, the corrected average scan time 
would be 1/4 x (12.5) + 0.52 + 0.40 ≅ 4.1 Msec.


Storage Conditions


Temperature -40 ... +85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength Ethernet is isolated from logic common 500 VDC


Ground continuity 30 A test on the exposed metal connector


Agency Approvals l UL 508, CSA, CUL, CE


l FM class1, div2


Note:  
l Modbus Plus communications will slow the M1E. If there is no MB+ ring card then 


MBPlustime = 0.


l If there is a MB+ ring card, then each scan will be extended 0.3 Msec even if there is no 
message.


l Modbus Messages will add from 1 to 2 msec per scan, depending on the length of the 
message.


Note:  
l The formula above presumes that all MSTR blocks and all configured connections are 


set to go as fast as possible. In this case the M1E will attempt to exchange data with 
each device once per scan. 


l If several devices are configured to communicate on a timed basis that is substantially 
larger than the scan time calculated, then the communications to those devices will be 
spread out over several scans. See Example, below.
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171 CCC 980 20


Overview This section describes the 171 CCC 980 20 Processor Adapter, including key 
features, an illustration and specifications.


Key Features The key features of this Processor Adapter are:


l Ethernet port


l Modbus Port 2 / RS485 only


l 544K bytes of internal memory


l 50 MHz clock speed


Illustration The connectors and LED indicators are shown in the following illustration.


Continued on next page


Note:  The Ethernet port connector looks like a Modbus port connector. Do not 
attempt to use an Ethernet adapter as a Modbus unit. Do not attempt to 
place a Modbus connector in an Ethernet connector.


Label Description


1 Ethernet port connector


2 Modbus Port 2 connector


3 LED indicators


1


Schneider


Automation Inc.


TSX  Momentum


3


2
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171 CCC 980 20, Continued


LED Indicators This Processor Adapter has three LED indicators, RUN, LAN ACT(IVE), and LAN 
ST(ATUS). Their functions are described in the table below: 


Specifications The following table contains specifications for the 171 CCC 980 20 Momentum M1 
Processor Adapter:


Continued on next page


LED Indicator 
Pattern


Status


Start up Both Single flash. Indicates good health.


RUN Green On continuously when the CPU has received power and is 
solving logic.


Flashes an error pattern if the CPU is in kernel mode. (See Run 
LED Flash Patterns and Error Codes on page 417)


Off CPU is not powered up or is not solving logic.


LAN ACT Green May be on continuously or blinking. Indicates activity on 
Ethernet port.


Off No activity on Ethernet port.


LAN ST Green On continuously during normal operation.


Fast blink indicates normal Ethernet initialization at power-up.


3 flashes indicates no 10BASE-T link pulse detected. Check 
cable and hub.


4 flashes indicates duplicate IP address detected.


5 flashes indicates no IP address available.


Off No valid MAC address.


Memory


Internal Memory 544K bytes


User Memory 18K words


Flash RAM 512K bytes


Clock Speed 50 MHz
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171 CCC 980 20, Continued


Specifications, 
Continued


Continued on next page


Input and Output References


Registers 26048


Discretes 8192 0x references
8192 1x references


I/O Servicing


Local I/O Services all the points on any host Momentum I/O base


Watchdog timeout 335 ms


Logic solve time See formula, following


Mechanical


Weight 42.5 g (1.5 oz.)


Dimensions (HxDxW) 25.9x61.02x125mm
(1.01 x 2.37 x 4.86 in)


Material (Enclosures/
bezels)


Lexan


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA


RFI Susceptibility/ 
immunity


Meets CE mark requirements for open equipment.
Open equipment should be installed in an industry-
standard enclosure, with access restricted to qualified 
service personnel.
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171 CCC 980 20, Continued


Specifications, 
Continued


Scantime 
Formula for 
984LL Exec


The following formula applies to the M1E Processor Adapter with the 984LL exec.


Scan time = (0.25 msec/ethernet device + 0.002 msec/word) + 0.13 msec/K of
logic + 0.40 msec + MBPlustime 


Example You have 50 ENT modules connected to a single M1E with a configured time of 50 
Msec each, a total of 4k user logic and no MB+ card. The scan time for all modules 
configured as fast as possible would be 12.5 Msec + 0.52 Msec + 0.40 Msec = 
13.42 Msec. However, since the M1E will only communicate to 1/4 of the modules 
(12.5 Msec/50 Msec = 1/4) on any given scan, the corrected average scan time 
would be 1/4 x (12.5) + 0.52 + 0.40 ≅ 4.1 Msec.


Storage Conditions


Temperature -40 ... +85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength Ethernet is isolated from logic common 500 VDC


Ground continuity 30 A test on the exposed metal connector


Agency Approvals l UL 508, CSA, CUL, CE


l FM class1, div2


Note:  
l Modbus Plus communications will slow the M1E. If there is no MB+ ring card then 


MBPlustime = 0.


l If there is a MB+ ring card, then each scan will be extended 0.3 Msec even if there is no 
message.


l Modbus Messages will add from 1 to 2 msec per scan, depending on the length of the 
message.


Note:  
l The formula above presumes that all MSTR blocks and all configured connections are 


set to go as fast as possible. In this case the M1E will attempt to exchange data with 
each device once per scan. 


l If several devices are configured to communicate on a timed basis that is substantially 
larger than the scan time calculated, then the communications to those devices will be 
spread out over several scans. See Example, below.
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171 CCC 980 30


Overview This section describes the 171 CCC 980 30 Processor Adapter, including key 
features, an illustration and specifications.  


Key Features The key features of this Processor Adapter are:


l Ethernet port


l Modbus Port 2 / RS485 only


l 544K bytes of internal memory


l 50 MHz clock speed


Continued on next page


Note:  The 171 CCC 980 30 units are shipped with the latest IEC exec installed.


Note:  The 984LL exec used in the 171 CCC 980 30 will not operate in a
171 CCC 980 20 


Note:  The Ethernet port connector looks like a Modbus port connector. Do not 
attempt to use an Ethernet adapter as a Modbus unit. Do not attempt to 
place a Modbus connector in an Ethernet connector.
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171 CCC 980 30, Continued


Illustration The connectors and LED indicators are shown in the following illustration: 


Continued on next page


Label Description


1 Ethernet port connector


2 Modbus Port 2 connector


3 LED indicators


1
2


3
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171 CCC 980 30, Continued


LED Indicators This Processor Adapter has three LED indicators, RUN, LAN ACT(IVE), and LAN 
ST(ATUS). Their functions are described in the table below: 


Specifications The following table contains specifications for the 171 CCC 980 30 Momentum M1 
Processor Adapter: 


Continued on next page


LED Indicator 
Pattern


Status


Start up Both Single flash. Indicates good health.


RUN Green On continuously when the CPU has received power and is 
solving logic.


Flashes an error pattern if the CPU is in kernel mode. (See Run 
LED Flash Patterns and Error Codes on page 417)


Off CPU is not powered up or is not solving logic.


LAN ACT Green May be on continuously or blinking. Indicates activity on 
Ethernet port.


Off No activity on Ethernet port.


LAN ST Green On continuously during normal operation.


Fast blink indicates normal Ethernet initialization at power-up.


3 flashes indicates no 10BASE-T link pulse detected. Check 
cable and hub.


4 flashes indicates duplicate IP address detected.


5 flashes indicates no IP address available.


Off No valid MAC address.


Memory


Internal Memory 544K bytes


User Memory 18K words 984LL Exec


200k words IEC Exec


Flash RAM 1 Megabyte


Clock Speed 50 MHz
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171 CCC 980 30, Continued


Specifications, 
Continued


Continued on next page


984LL Input and Output References


Registers 26048


Discretes 8192 0x references
8192 1x references


IEC Input and Output References


Registers 11200


Discretes 4096 0x references
4096 1x references


I/O Servicing


Local I/O Services all the points on any host Momentum I/O base


Watchdog timeout 335 ms


Logic solve time See formula, following


Mechanical


Weight 42.5 g (1.5 oz.)


Dimensions (HxDxW) 25.9x61.02x125mm
(1.01 x 2.37 x 4.86 in)


Material (Enclosures/
bezels)


Lexan


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA


RFI Susceptibility/ 
immunity


Meets CE mark requirements for open equipment.
Open equipment should be installed in an industry-
standard enclosure, with access restricted to qualified 
service personnel.
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171 CCC 980 30, Continued


Specifications, 
Continued


Scantime 
Formula for 
984LL Exec


The following formula applies to the M1E Processor Adapter with the 984LL exec.


Scan time = (0.25 msec/ethernet device + 0.002 msec/word) + 0.13 msec/K of
logic + 0.40 msec + MBPlustime 


Example You have 50 ENT modules connected to a single M1E with a configured time of 50 
Msec each, a total of 4k user logic and no MB+ card. The scan time for all modules 
configured as fast as possible would be 12.5 Msec + 0.52 Msec + 0.40 Msec = 
13.42 Msec. However, since the M1E will only communicate to 1/4 of the modules 
(12.5 Msec/50 Msec = 1/4) on any given scan, the corrected average scan time 
would be 1/4 x (12.5) + 0.52 + 0.40 ≅ 4.1 Msec.


Storage Conditions


Temperature -40 ... +85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength Ethernet is isolated from logic common 500 VDC


Ground continuity 30 A test on the exposed metal connector


Agency Approvals l UL 508, CSA, CUL, CE


l FM class1, div2


Note:  
l Modbus Plus communications will slow the M1E. If there is no MB+ ring card then 


MBPlustime = 0.


l If there is a MB+ ring card, then each scan will be extended 0.3 Msec even if there is no 
message.


l Modbus Messages will add from 1 to 2 msec per scan, depending on the length of the 
message.


Note:  
l The formula above presumes that all MSTR blocks and all configured connections are 


set to go as fast as possible. In this case the M1E will attempt to exchange data with 
each device once per scan. 


l If several devices are configured to communicate on a timed basis that is substantially 
larger than the scan time calculated, then the communications to those devices will be 
spread out over several scans. See Example, below.
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Overview of Momentum Option 
Adapters


At a Glance


Purpose An Option Adapter can be inserted between the Processor Adapter and the I/O 
base to provide:


l A battery backup for the CPU


l A time-of-day clock


l Extra communication ports


This chapter describes the three types of Momentum Option Adapters.


In This Chapter This chapter contains the following sections:


For This Topic... See Section... On Page...


Introducing the Momentum Option Adapters 1 66


Serial Option Adapter 2 67


Modbus Plus Option Adapter 3 73


Redundant Modbus Plus Option Adapter 4 79
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Section 2.1
Introducing the Momentum Option Adapters


Basic Features of Option Adapters


Introduction This section describes the basic features of all Option Adapters:


l Batteries


l A time-of-day (TOD) clock


l Communication port(s)


Batteries The batteries back up the CPU’s user program and state RAM. 


Time-of-Day 
Clock


The time-of-day clock allows you to use the date and time as an element in your 
user program. 


Communication 
Ports


The three Momentum Option Adapters are distinguished by the communications 
ports they offer, as shown in the table below: 


Option Adapter Communication Port(s)


172 JNN 210 32 Software-selectable RS232/RS485 serial port


172 PNN 210 22 One Modbus Plus port


172 PNN 260 22 Two Modbus Plus ports for a redundant (back-up) cable run
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Section 2.2
Serial Option Adapter


Overview


Purpose This section describes the 172 JNN 210 32 Serial Option Adapter, including the 
front panel components and specifications.


In This Section This section includes the following topics:


For This Topic... See Page...


Front Panel Components 68


Specifications 71
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Front Panel Components


Overview The front panel includes:


l An LED indicator


l Battery compartment


l Modbus Port 2 connector


Illustration The illustration below shows the location of LED indicator, the battery compartment, 
and the Modbus Port 2 connector.


Continued on next page


Label Description


1 LED indicator


2 Battery compartment door


3 Modbus Port 2 connector
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Front Panel Components, Continued


LED Indicator This Option Adapter has one LED indicator, the Com Act indicator. Its functions are 
described in the table below.


Modbus Port 2 Modbus Port 2 is a general-purpose asynchronous serial port with user-selectable 
RS232/RS485 slave functionality. The choice between RS232 and RS485 is made 
in the software.


Auto-Logout 
Feature On 
Modbus Port 2


If the RS232 port is chosen, auto-logout is supported. If a programming panel is 
logged into the CPU via the serial port and its cable gets disconnected, the 
Processor Adapter automatically logs out the port. This auto-logout feature is 
designed to prevent a lock-up situation that could prevent other host stations from 
logging in on other ports.


Auto-logout is not available for any RS485 port, including the RS485 option on the 
Serial Option Adapter. The user must log out of the processor using the 
programming software.


Continued on next page


LED Status Function


COM ACT Green May be on steadily or blinking. Indicates activity on the RS232/
RS485 serial port.


Off No activity on the RS232/RS485 serial port.


Note:  When this Option Adapter is assembled with a 171 CCS 780 00 
Processor Adapter or a 171 CCC 780 10 Processor Adapter (with built-in 
Modbus Port 2), the Modbus Port 2 on the Option Adapter is electrically 
disabled. The TOD clock and the battery backup on the Option Adapter 
remain functional.
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Front Panel Components, Continued


Pinouts for 
Modbus Port 2


The 172 JNN 210 32 Serial Option Adapter uses the following pinouts:


Pin For RS232 For RS485


1 DTR RXD -


2 DSR RXD +


3 TXD TXD +


4 RXD


5 signal common signal common


6 RTS TXD -


7 CTS


8 cable shield cable shield
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Specifications 


Specifications This section provides the specifications for the 172 JNN 210 32 Momentum Serial 
Option Adapter:


Continued on next page


Mechanical 


Weight 85.05 g (3 oz.)


Dimensions (HxDxW) 58.3 (on battery side) x 60.6 x 143.1mm


(2.27 x 2.36 x 5.57 in)


Material (Enclosures/bezels) Lexan


Time-of-Day Clock


Accuracy +/- 13 s/day


Batteries


Type AAA alkaline, two required
two included with Option Adapter (in separate package)


Service life < 30 days from the time a battery-low indication is received 
to actual battery failure @ 40degrees C maximum ambient 
temperature with the system continuously powered down.


Shelf life In excess of 5 yr. @ room temperature


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA
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Specifications, Continued


Specifications, 
Continued RFI Susceptibility/ immunity Meets CE mark requirements for open equipment.


Open equipment should be installed in an industry-standard 
enclosure, with access restricted to qualified service 
personnel.


Storage Conditions


Temperature -40...+85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength RS232/485 is non-isolated from logic common


Agency Approvals l UL 508, CSA, CUL, CE


l FM class1, div2 pending
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Section 2.3
Modbus Plus Option Adapter


Overview


Purpose This section describes the 172 PNN 210 22 Modbus Plus Option Adapter, including 
the front panel components and specifications.


In This Section This section contains the following topics:


For This Topic... See Page...


Front Panel Components 74


Specifications 77
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Front Panel Components


Overview The front panel includes:


l An LED indicator


l Battery compartment


l Address switches


l 9-pin D-shell connector for Modbus Plus communications


Illustration The illustration below shows the LED indicator, address switches, Modbus Plus 
connector, and battery compartment. 


Continued on next page


Label Description


1 LED indicator


2 Battery compartment door


3 Address switches for Modbus Plus


4 9-pin D-shell connector for Modbus Plus 
communications (port A)
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Front Panel Components, Continued


LED Indicator This Option Adapter has one LED indicator, the MB+ ACT indicator. This indicator 
flashes the following patterns, based on the status of the Modbus Plus node:


Continued on next page


Pattern Meaning


6 flashes/s This is the normal operating state for the node. It is receiving 
and passing the network token. All nodes on a healthy 
network flash this pattern.


1 flash/s The node is offline just after power-up or after exiting the 
6 flashes/s mode. In this state, the node monitors the 
network and builds a table of active nodes. After being in 
this state for 5s, the node attempts to go to its normal 
operating state, indicated by 6 flashes/s.


2 flashes, then OFF for 2s The node detects the token being passed among the other 
nodes, but never receives the token. Check the network for 
an open circuit or defective termination.


3 flashes, then OFF for 1.7s The node is not detecting any tokens being passed among 
the other nodes. It periodically claims the token but cannot 
find another node to which to pass it. Check the network for 
an open circuit or defective termination.


4 flashes, then OFF for 1.4s The node has detected a valid message from a node using a 
network address identical to its own address. The node 
remains in this state for as long as it continues to detect the 
duplicate address. If the duplicate address is not detected 
for 5s, the node changes to its 1 flash/s mode.


ON Indicates an invalid node address.


OFF Possible fault with Modbus Plus Option Adapter.
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Front Panel Components, Continued


Modbus Plus 
Address 
Switches


The two rotary switches on the Option Adapter are used to set a Modbus Plus node 
address for the CPU module. The switches are shown in the following illustration. 
Their usage is described in detail in Modbus Plus Addresses on page 198.


The switches in this illustration are set to address 14.
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Specifications


Specifications This section provides the specifications for the 172 PNN 210 22 Momentum Serial 
Option Adapter:


Continued on next page


Mechanical 


Weight 85.05 g (3 oz.)


Dimensions (HxDxW) 58.3 (on battery side) x 60.6 x 143.1mm


(2.27 x 2.36 x 5.57 in)


Material (Enclosures/bezels) Lexan


Time-of-Day Clock


Accuracy +/- 13 s/day


Batteries


Type AAA alkaline, two required.
Two included with Option Adapter (in separate package).


Service life < 30 days from the time a battery-low indication is received 
to actual battery failure @ 40degrees C maximum ambient 
temperature with the system continuously powered down.


Shelf life In excess of 5 yr. @ room temperature


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA
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Specifications, Continued


Specifications, 
Continued RFI Susceptibility/ immunity Meets CE mark requirements for open equipment.


Open equipment should be installed in an industry-standard 
enclosure, with access restricted to qualified service 
personnel.


Storage Conditions


Temperature -40...+85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength 500 V


Ground continuity 30 A test on the exposed metal connector


Agency Approvals l UL 508, CSA, CUL, CE


l FM class1, div2 pending
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Section 2.4
Redundant Modbus Plus Option Adapter


Overview


Purpose This section describes the 172 PNN 260 22 Redundant Modbus Plus Option 
Adapter, including the front panel components and specifications.


In This Section This section contains the following topics:


For This Topic... See Page...


Front Panel Components 80


Specifications 84
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Front Panel Components


Overview The front panel includes:


l Two 9-pin D-shell connectors for Modbus Plus communications


l Three LED indicators


l Battery compartment


l Address switches


Illustration The illustration below shows the LED indicators, address switches, battery 
compartment and Modbus Plus connectors.


Continued on next page


Label Description


1 9-pin D-shell connector for Modbus Plus port B


2 Array of three LED indicators


3 Battery compartment door


4 Address switches for Modbus Plus


5 9-pin D-shell connector for Modbus Plus port A
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Front Panel Components, Continued


LED Indicators This Option Adapter has three LED indicators. Their functions are described in the 
table below.


Continued on next page


LED Status Function


MB+ ACT Green Indicates activity on one or both of the Modbus Plus ports (see 
the flash pattern table below)


Off No activity on either Modbus Plus port


ERR A Red Indicates a communications failure on Modbus Plus port A*


Off No problems detected on Modbus Plus port A


ERR B Red Indicates a communications failure on Modbus Plus port B*


Off No problems detected on Modbus Plus port B


* If you are not using redundant cabling on the Modbus Plus link (i.e., if only one of the ports 
is being used) the Error LED for the unused port will be on constantly when Modbus Plus 
communication occurs on the network.
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Front Panel Components, Continued


MB+ ACT Flash 
Patterns


This table provides the patterns that the MB+ ACT indicator will flash to indicate the 
status of the Modbus Plus node.


Continued on next page


Pattern Meaning


6 flashes/s This is the normal operating state for the node. It is 
receiving and passing the network token. All nodes on a 
healthy network flash this pattern.


1 flash/s The node is offline just after power-up or after exiting the 
6 flashes/s mode. In this state, the node monitors the 
network and builds a table of active nodes. After being in 
this state for 5s, the node attempts to go to its normal 
operating state, indicated by 6 flashes/s.


2 flashes, then OFF for 2s The node detects the token being passed among the other 
nodes, but never receives the token. Check the network for 
an open circuit or defective termination.


3 flashes, then OFF for 1.7s The node is not detecting any tokens being passed among 
the other nodes. It periodically claims the token but cannot 
find another node to which to pass it. Check the network for 
an open circuit or defective termination.


4 flashes, then OFF for 1.4s The node has detected a valid message from a node using 
a network address identical to its own address. The node 
remains in this state for as long as it continues to detect the 
duplicate address. If the duplicate address is not detected 
for 5s, the node changes to its 1flash/s mode.


ON Indicates an invalid node address.


OFF Possible fault with Modbus Plus Option Adapter.
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Front Panel Components, Continued


Modbus Plus 
Address 
Switches


The two rotary switches on the Option Adapter are used to set a Modbus Plus node 
address for the CPU module. The switches are shown in the following illustration. 
Their usage is described in detail in Modbus Plus Addresses on page 198.


The switches in this illustration are set to address 14.


Modbus Plus 
Ports A and B


This Option Adapter has two Modbus Plus ports. Redundant cabling on the 
Modbus Plus network offers increased protection against cable faults or excessive 
noise bursts on either one of the two cable paths. When one of the channels 
experiences communication problems, error-free messaging can continue to be 
processed on the alternate path.
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Specifications


Specifications This section provides the specifications for the 172 PNN 260 22 Momentum Serial 
Option Adapter:


Continued on next page


Mechanical 


Weight 85.05 g (3 oz.)


Dimensions (HxDxW) 58.3 (on battery side) x 60.6 x 143.1mm


(2.27 x 2.36 x 5.57 in)


Material (Enclosures/bezels) Lexan


Time-of-Day Clock


Accuracy +/- 13 s/day


Batteries


Type AAA alkaline, two required.
Two included with Option Adapter (in separate package).


Service life < 30 days from the time a battery-low indication is received 
to actual battery failure @ 40degrees C maximum ambient 
temperature with the system continuously powered down.


Shelf life In excess of 5 yr. @ room temperature


Operating Conditions


Temperature 0 ... 60 degrees C


Humidity 5 ... 95% (noncondensing)


Chemical interactions Enclosures and bezels are made of Lexan, 
a polycarbonate that can be damaged by strong 
alkaline solutions


Altitude, full operation 2000m (6500ft)


Vibration 10 ... 57Hz @ 0.075mm displacement amplitude
57...150Hz @ 1g
Ref. IEC 68-2-6 FC


Shock +/-15g peak, 11ms, half sine wave
Ref. IEC 68-2-27 EA
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Specifications, Continued


Specifications, 
Continued RFI Susceptibility/ immunity Meets CE mark requirements for open equipment.


Open equipment should be installed in an industry-standard 
enclosure, with access restricted to qualified service 
personnel.


Storage Conditions


Temperature -40...+85 degrees C


Humidity 5 ... 95% (noncondensing)


Safety Parameters


Degree of protection Unintentional access (UL 508 Type 1, NEMA250 Type 1, 
IP20 conforming to IEC529)


Di-electric strength 500 V


Ground continuity 30 A test on the exposed metal connectors


Agency Approvals l UL 508, CSA, CUL, CE


l FM class1, div2 pending
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Assembling Momentum 
Components


At a Glance


Purpose This chapter describes how to assemble and disassemble a Momentum M1 CPU, 
using the following components:


l Processor Adapter


l I/O Base


l Option Adapter


l Label


It also describes how to install batteries in the Option Adapter.


In This Chapter This chapter contains the following sections:


For Information On... See Section... On Page...


Assembling a CPU 1 88


Assembling a CPU with an Option Adapter 2 94


Installing Batteries in an Option Adapter 3 105


Labeling the CPU 4 107
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Section 3.1
Assembling a CPU


Overview


Purpose This section describes how to assemble a Processor Adapter with an I/O base and 
how to disassemble them.


In This Section This section contains the following topics:


For This Topic... See Page...


Assembling a Processor Adapter and I/O Base 89


Disassembling a Processor Adapter from an I/O Base 92
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Assembling a Processor Adapter and I/O Base


Overview A Processor Adapter can be snapped directly onto a Momentum I/O base, making 
connections at three points:


l The plastic snap extensions on the two sides of the M1 unit fit into the two slots 
on the sides of the I/O base


l The 12-pin connectors on the two units mate together


The components can be snapped together by hand – no assembly tools are 
required.


This section contains safety precautions for handling components and a procedure 
for assembling a Processor Adapter and an I/O base.


Continued on next page


CAUTION


ADAPTER MAY BE DAMAGED BY STATIC ELECTRICITY


Use proper ESD procedures when handling the adapter, and do not touch the internal 
elements. The adapter’s electrical elements are sensitive to static electricity.


Failure to observe this precaution can result in equipment damage.


CAUTION


ELECTRICAL CIRCUITRY MAY BE EXPOSED


Electrical circuitry on the I/O base may be exposed when a Momentum adapter is not 
mounted. Be sure that the I/O base is not under power when it does not have an adapter 
mounted on it. To be sure that power is not present, do not insert the wiring connectors to 
the I/O base until after the adapter has been mounted.


Failure to observe this precaution can result in injury or equipment damage and will 
void the product warranty.
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Assembling a Processor Adapter and I/O Base, Continued


Procedure: 
Assembling a 
Processor 
Adapter and an
I/O Base


Follow the steps in the table below to assemble a Processor Adapter and an I/O 
base.


Continued on next page


Step Action


1 Choose a clean environment to assemble the I/O base and adapter to protect the 
circuitry from contamination.


2 Be sure that the I/O base is not under power when you assemble the module.


3 Align the two plastic snap extensions on the Processor Adapter with the slots on 
the sides of the I/O base. The 12-pin connectors will automatically line up when 
the units are in this position. The two devices should be oriented so their 
communication ports are facing out, on the back side of the assembly.
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Assembling a Processor Adapter and I/O Base, Continued


Procedure: 
Assembling a 
Processor 
Adapter and an
I/O Base, 
Continued


Next Step Once the Processor Adapter has been assembled, it can be mounted on a DIN rail 
or surface mounted inside a panel enclosure. A Momentum M1 CPU assembly is 
classified as open equipment. Open equipment should be installed in an industry-
standard enclosure, and direct access must be restricted to qualified service 
personnel.


For a detailed description of installation procedures and grounding considerations, 
refer to the Momentum I/O Bases User Manual (870 USE 002 00).


Step Action


4 Push the Processor Adapter onto the base, gently pressing the locking tabs 
inward.


Result: The locking tabs on each side of the Processor Adapter slide inside the 
I/O base and out through the locking slot. The 12-pin connectors on the two units 
are mated to each other in the process.
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Disassembling a Processor Adapter from an I/O Base


Overview This section contains safety precautions and a procedure for disassembling a 
Processor Adapter from an I/O base.


Tools Required  A flat-head screw driver.


Procedure: 
Disassembling 
an Adapter from 
an I/O Base 


Follow the steps in the table below to remove a Processor Adapter from an I/O 
base.


Continued on next page


CAUTION


ELECTRICAL CIRCUITRY MAY BE EXPOSED


Before removing an adapter from the base, disconnect the wiring connectors. Be sure that 
the I/O base is not under power when it does not have a Momentum adapter mounted on it.


Failure to observe this precaution can result in injury or equipment damage and will 
void the product warranty.


Step Action


1 Choose a clean environment to disassemble the unit, in order to protect the 
circuitry from contamination.


2 Be sure that the I/O base is not under power, by removing the terminal connectors 
from the I/O base.
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Disassembling a Processor Adapter from an I/O Base, Continued


Procedure: 
Disassembling 
an Adapter from 
an I/O Base, 
Continued


Step Action


3 Use a screwdriver to push the clips on both sides of the Processor Adapter inward, 
as shown in the illustration below.


4 Lift adapter straight up and away from base, maintaining pressure on clips.
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Section 3.2
Assembling a CPU with an Option Adapter


Overview


Purpose An Option Adapter can only be used in conjunction with a Processor Adapter. It 
cannot be used alone with an I/O base.


This section describes how to add an Option Adapter when assembling a 
Momentum module and how to remove an Option Adapter from the assembled 
module.


In This Section This section contains the following topics:


For This Topic... See Page...


Assembling a Processor Adapter and an Option Adapter 95


Mounting the Assembled Adapters on the I/O Base 98


Disassembling a Module with an Option Adapter 101
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Assembling a Processor Adapter and an Option Adapter


Overview If a Momentum Option Adapter is used, it is mounted between a Momentum M1 
Processor Adapter and a Momentum I/O base in a three-tiered stack.


This section contains guidelines, safety precautions and a procedure for 
assembling a Processor Adapter and an Option Adapter.


The next section describes how to mount the assembled adapters on an I/O base.


Guidelines We recommend that you snap the Option Adapter and the M1 Processor Adapter 
together before mounting them on the I/O base.


Connection 
Points Between 
Adapters


The Option Adapter and M1Processor connect at these four points:


l The plastic snap extensions on the two sides of the M1 fit into the two slots on 
the sides of the Option Adapter


l The 12-pin connectors on the center of the back walls of the two units mate 
together


l The 34-pin processor extension connectors that run along the left sidewalls of 
the components mate together


No Tools 
Required


The components can be snapped together by hand; no assembly tools are 
required. A flat-head screw driver is required to disassemble the unit.


Continued on next page
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Assembling a Processor Adapter and an Option Adapter, Continued


Procedure: 
Assembling an 
Option Adapter 
and Processor


Follow the steps in the table below to assemble an option adapter and an M1 
processor.


Continued on next page
 


Step Action


1 Choose a clean environment to assemble the Option Adapter and processor to 
protect the circuitry from contamination.


2 Align the two plastic snap extensions on the sides of the M1 Processor Adapter 
with the slots on the sides of the Option Adapter. 


The 12-pin connectors and processor extension connectors will automatically 
line up when the units are in this position. The two devices should be oriented 
so that their communication ports are facing out on the back side of the 
assembly.


CAUTION


PIN ALIGNMENT


Proper assembly requires that the 34 pins on the processor extension 
connector be aligned correctly with the mating socket on the M1 processor 
adapter. Do not connect one side and try to rotate the M1 onto the option 
adapter.


Failure to observe this precaution can result in equipment damage.


3 Push the Processor Adapter onto the Option Adapter, gently pressing the 
locking tabs inward.


Result: The locking tabs on each side of the Processor Adapter slide inside 
the Option Adapter and out through the locking slot. The 12-pin and 34-pin 
connectors on the two units are mated to each other in the process.
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Assembling a Processor Adapter and an Option Adapter, Continued


Next Step Follow the directions in the next section to mount the assembled adapters on the 
I/O base.
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Mounting the Assembled Adapters on the I/O Base


Overview This section gives guidelines, safety precautions and a procedure for mounting the 
assembled Processor and Option Adapter on an I/O base.


Guidelines The assembled adapters connect with the I/O base at these seven points:


l Two plastic snaps on the front of the Option Adapter fit into two slots on the 
front of the I/O base


l The plastic snap extensions on the two sides of the Option Adapter fit into the 
two slots on the sides of the I/O base


l The 12-pin connectors on the center of the back walls of the two units mate 
together


l The plastic stirrup on the back of the Option Adapter clips onto the bottom of 
the I/O base


Continued on next page


CAUTION


ELECTRICAL CIRCUITRY MAY BE EXPOSED


Electrical circuitry on the I/O base may be exposed when an adapter is not mounted. Be 
sure that the I/O base is not under power whenever it does not have a Momentum adapter 
mounted on it.


To be sure that power is not present, do not insert the wiring connectors to the I/O base until 
after the adapter has been mounted. When more than one connector is on the I/O base, 
remove all connectors to prevent the unit from receiving power from an unexpected source.


Failure to observe this precaution can result in injury or equipment damage and will 
void the product warranty.
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Mounting the Assembled Adapters on the I/O Base, Continued


Procedure: 
Mounting the 
Assembled 
Adapters on an 
I/O Base


Follow the steps in the table below to mount the assembly on an I/O base.


Continued on next page
 


Step Action


1 Be sure that the I/O base is not under power when you assemble the module.


2 Align the four plastic snap extensions, on the front and sides of the Option Adapter, 
with the slots on the I/O base. 


The 12-pin connectors will automatically line up when the units are in this position. 
The devices should be oriented so their communication ports are facing out on the 
back side of the assembly.
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Mounting the Assembled Adapters on the I/O Base, Continued


Procedure: 
Mounting the 
Assembled 
Adapters on an 
I/O Base, 
Continued


Step Action


3 Push the assembled adapters onto the base, gently pressing the locking tabs 
inward.


Snap #1 shown in the illustration below will not align properly with the mating slot in 
the I/O base unless the Option Adapter is placed straight onto the base. Do not 
attach just one latch and rotate the Option Adapter onto the I/O base.


Result: The locking tabs on each side of the Option Adapter slide inside the I/O 
base and out through the locking slot. The 12-pin connectors on the two units are 
mated to each other in the process.


4 Apply slight pressure to the top of the stirrup on the back of the Option Adapter so 
that it snaps into place on the bottom of the I/O base.







Assembling Momentum Components


870 USE 101 10 V.2 101


Disassembling a Module with an Option Adapter


Overview The three-tiered assembly is designed to fit together tightly, so it can withstand 
shock and vibration in an operating environment. This section contains two 
procedures:


l Removing the assembled adapters from the I/O base


l Removing the Option Adapter from the Processor


Tools Required Flat-head screwdriver.


Continued on next page
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Disassembling a Module with an Option Adapter, Continued


Procedure: 
Removing the 
Adapter 
Assembly from 
the I/O Base


Follow the steps in the table below to remove the assembled Option Adapter and 
M1 Processor Adapter from the I/O base.


Continued on next page


Step Action


1 Be sure that the power is off by removing the terminal connectors from the 
I/O base.


2 Remove the assembled unit from its wall or DIN rail mounting surface.


CAUTION


EXPOSED CIRCUITRY IN BATTERY COMPARTMENT


Use care when you insert a screwdriver in the battery compartment so that you 
do not scratch any exposed elements.


Failure to observe this precaution can result in equipment damage.


3 Open the battery door and use a flat-head screwdriver to release snaps 1 and 2 
as shown in the illustration below.
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Disassembling a Module with an Option Adapter, Continued


Procedure: 
Removing the 
Adapter 
Assembly from 
the I/O Base, 
Continued


Continued on next page


Step Action


4 Once snaps 1 and 2 have been disengaged, use the screwdriver to release 
snaps 3 and 4 on the front of the assembly.


5 Gently lift the stirrup on the back of the Option Adapter with your fingers until it 
disengages from the bottom of the I/O base. Then lift the Option Adapter and 
M1 assembly from the I/O base.
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Disassembling a Module with an Option Adapter, Continued


Procedure: 
Disassembling 
an Option 
Adapter and M1 
Processor


Follow the steps in the table below to remove the Option Adapter from the M1 
processor.


Step Action


1 Use a screwdriver to push the clips on both sides of the adapter inward.


2 Lift off the adapter.
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Section 3.3
Installing Batteries in an Option Adapter


Installation Guidelines


Why Install 
Batteries?


If you are using a Momentum Option Adapter in your CPU assembly, you have a 
battery-backup capability. The batteries will maintain user logic, state RAM values 
and the time-of-day clock in the event that the CPU loses power. 


What Kind of 
Batteries?


Two AAA alkaline batteries can be installed in the compartment on the side of the 
Option Adapter. A set of batteries is supplied with the module (not installed).


Installing 
Batteries


When installing the batteries, observe correct polarity, as indicated on the 
compartment door.


Continued on next page


CAUTION


ELECTRONIC CIRCUITRY EXPOSED


When the battery door is open, electronic circuitry is exposed. Follow proper ESD measures 
while handling the equipment during battery maintenance.


Failure to observe this precaution can result in injury or equipment damage.
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Installation Guidelines, Continued


Leave Power On 
When Changing 
Batteries


Once your CPU has been commissioned and is running, maintain power to the 
module whenever you change the batteries. 


Unless you save to flash, if you change the batteries while the power is OFF, you 
will have to reload your user logic program from the original files.


Removing and 
Replacing 
Batteries


Battery maintenance should be performed only by qualified personnel according to 
the following illustration.


Monitor the 
Battery


Because a Momentum CPU assembly is designed to be installed in a cabinet 
where it cannot be seen at all times, no LED was created to monitor battery health. 


We recommend that you reserve a battery coil in your programming panel software 
configuration and use it to monitor the health of your battery and report the need for 
replacement prior to battery failure (refer to Reserving and Monitoring a Battery 
Coil on page 224 for Modsoft or Reserving and Monitoring a Battery Coil on page 
328 for Concept).
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Section 3.4
Labeling the CPU


Guidelines for Labeling the CPU


Overview A fill-in label is shipped with each I/O base. This label should be placed on the M1 
Processor Adapter that you mount on that base.


This section describes the label and provides an illustrated example.


Fill-In Label A completed label provides information about the assembled module and its I/O 
field devices that can be used by service and maintenance personnel.


The model number of the I/O base is marked on the fill-in label directly above the 
color code. The cutout area above the I/O model number allows the model number 
of the adapter to show through.


Continued on next page


Note:  An Option Adapter may also be used in the assembled module. You will 
find its model number printed in the upper left corner of Option Adapter 
housing.
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Guidelines for Labeling the CPU, Continued


Example of a
Fill-In Label


A fill-in label is illustrated below.  


No. Description


1 Fields for plant name, station name and network address


2 Cutout–the model number of the adapter shows through


3 Model Number of the I/O base


4 Color code of the I/O base


5 Short description of the I/O base


6 Field for the symbol name of inputs


7 Field for the symbol name of outputs
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Communication Ports


At a Glance


Purpose This part describes the communication ports available with TSX Momentum 
Processor Adapters and Option Adapters.


In This Part This part contains the following chapters:


For Information On... See Chapter... On Page...


Using the Modbus Ports 4 111


Using the Ethernet Port 5 141


Using the I/OBus Port 6 171


Using the Modbus Plus Ports 7 181
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Using the Modbus Ports


At a Glance


Purpose This chapter describes Modbus Port 1 and Modbus Port 2, including 
communication parameters, cabling guidelines for Modbus RS485 networks, cable 
accessories and pinouts.


In This Chapter This chapter contains the following sections:


For This Topic... See Section... On Page...


Modbus Port 1 1 112


Modbus Port 2 2 119
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Section 4.1
Modbus Port 1


Overview


Purpose Modbus Port 1 is standard on all Momentum M1 Processor Adapters, except the 
171 CCC 960 20 and 171 CCC 980 20, 171 CCC 960 30 and 171 CCC 980 30 
ethernet adapters. This section describes the port and recommended cable 
accessories, and provides pinouts.


In This Section This section contains the following topics:


For This Topic... See Page...


Modbus Port 1 113


Cable Accessories for Modbus Port 1 116


Pinouts for Modbus Port 1 117
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Modbus Port 1


Introduction Modbus Port 1 is an RS232 asynchronous serial port that permits a host computer 
to communicate to the CPU for:


l Programming


l Data transfer


l Upload/download


l Other host operations


This section describes the port.


Connector Type The Modbus Port 1 connector is a female RJ45 phone jack. 


Illustration The following illustration shows the position of Modbus Port 1 on a Processor 
Adapter:


Continued on next page


Label Description


1 Modbus Port 1
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Modbus Port 1, Continued


Port Parameters Modbus Port 1 supports the following communication parameters.


Continued on next page


Baud 50 1800


75 2000


110 2400


134 3600


150 4800


300 7200


600 9600


1200 19,200


Parity EVEN


ODD 


NONE


Mode/Data Bits 7-bit ASCII


8-bit RTU


Stop Bit 1


Modbus Address In the range 1 ... 247
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Modbus Port 1, Continued


Default 
Parameters


The factory-set default communication parameters for Modbus Port 1 are:


l 9600 baud


l EVEN parity


l 8-bit RTU mode


l 1 stop bit


l Modbus address 


A Processor Adapter cannot support more than one stop bit. If you change this 
default setting in the configuration software, the Processor Adapter will ignore the 
change.


All other port parameters can be successfully modified in the configuration 
software. 


Auto-Logout 
Feature


If a programming panel is logged into the CPU via the RS232 serial port and its 
cable gets disconnected, the CPU automatically logs out the port. This auto-logout 
feature is designed to prevent a lock-up situation that could prevent other host 
stations from logging in on other ports.
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Cable Accessories for Modbus Port 1


Overview This section describes the cable and D-shell adapters needed to connect Modbus 
Port 1 to a programming station. It also provides pinouts for the adapters.


Cables The cable connecting a programming station to the CPU (via Modbus Port 1) can 
be up to 9.5m long. Three premade cable assemblies are available from Schneider 
Electric:


All three assemblies are standard eight-position, foil-shielded, flat telephone cables 
with male RJ45 connectors on each end. One RJ45 connector plugs into Modbus 
Port 1 on the CPU, and the other plugs into a female D-shell adapter that fits onto 
the programming station. 


D-Shell Adapters Two D-shell adapters are available from Schneider Automation for CPU-to-
computer connections:


l A 110 XCA 203 00 9-pin adapter for 9 pin serial ports


l A 110 XCA 204 00 25-pin adapter for 25 pin serial ports


These adapters have an RJ45 jack on one end that allows them to clip directly onto 
a cable assembly. 


Length Part Number


1 m (3 ft.) 110 XCA 282 01


3 m (10 ft.) 110 XCA 282 02


6 m (20 ft.) 110 XCA 282 03







Using the Modbus Ports


870 USE 101 10 V.2 117


Pinouts for Modbus Port 1


Overview This section provides pinouts for the D-shell adapters for Modbus Port 1.


110 XCA 203 00 
Pinout


The pinout for this adapter is shown in the illustration below:


Continued on next page
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Pinouts for Modbus Port 1, Continued


110 XCA 204 00 
Pinout


The pinout for this adapter is shown in the illustration below:
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Section 4.2
Modbus Port 2


Overview


Purpose Five Momentum components offer this port:


l 171 CCS 780 00 Processor Adapter


l 171 CCC 780 10 Processor Adapter


l 171 CCC 980 20 Processor Adapter


l 171 CCC 980 30 Processor Adapter


l 172 JNN 210 32 Serial Option Adapter


This section describes the port and provides guidelines for Modbus RS485 
networks.


In This Section This section contains the following topics:


Topics Page


Modbus Port 2 120


Four-Wire Cabling Schemes for Modbus RS485 Networks 123


Two-Wire Cabling Schemes for Modbus RS485 Networks 126


Cable for Modbus RS485 Networks 129


Connectors for Modbus RS485 Networks 132


Terminating Devices for Modbus RS485 Networks 134


Pinouts for Modbus RS485 Networks 135
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Modbus Port 2


Two Types of 
Port


Modbus Port 2 is available in two types: 


Features of an 
RS485 Port


Modbus Port 2 can be configured as an RS485 port. RS485 supports two-wire or 
four-wire cabling. A multimaster/slave system must use two-wire cabling. A single 
master/slave system may use two- or four-wire cabling. 


The RS485 protocol handles messaging over long distances with higher level of 
noise immunity than RS232 without the need for modems.


Limit of Two 
Modbus Ports


The Momentum M1 Processor Adapters can support a maximum of two Modbus 
ports. 


If a 172JNN 210 32 Serial Option Adapter is used in conjunction with a 
171 CCS 780 00 or 171 CCC 780 10 Processor Adapter, the RS485 port on the 
Processor Adapter becomes Modbus Port 2. The port on the Option Adapter 
becomes electrically neutral and does not support any communication activities. 
(The TOD clock and battery backup system on the Option Adapter continue to 
work.)


Continued on next page


Component Type of Port Type of Connector


171 CCS 780 00
171 CCC 780 10
171 CCC 980 20
171 CCC 980 30
Processor Adapters


Built-in, dedicated RS485 
port


9-pin D-shell connector 


172 JNN 210 32 
Serial Option Adapter


User may configure port as 
RS232 or RS485*


RJ45 phone jack connector


*If the Option Adapter is combined with the 171 CCS 780 00, or 171 CCC 780 10, 
171 CCC 980 20 or 171 CCC 980 30 Processor Adapter, the Modbus port on the Option 
Adapter will be disabled.
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Modbus Port 2, Continued


Port Parameters Modbus Port 2 offers the following communication parameters:


Continued on next page


Baud 50 1800


75 2000


110 2400


134 3600


150 4800


300 7200


600 9600


1200 19,200


Parity EVEN


ODD


NONE


Mode/Data Bits 8-bit RTU


7-bit ASCII


Stop Bit 1


Modbus Address In the range 1 ... 247


Comm Protocol RS232


RS485







Using the Modbus Ports


122 870 USE 101 10 V.2


Modbus Port 2, Continued


Default 
Parameters


The factory-set default communication parameters for Modbus Port 2 are:


l 9600 baud


l EVEN parity


l 8-bit RTU mode


l 1 stop bit


l Modbus network address 1


l RS232 protocol 


Auto-Logout 
Feature Only 
with RS232


If the Serial Option Adapter is used and the RS232 port is chosen, auto-logout is 
supported. If a programming panel is logged into the CPU via the serial port and its 
cable gets disconnected, the Processor Adapter automatically logs out the port. 
This auto-logout feature is designed to prevent a lock-up situation that could 
prevent other host stations from logging in on other ports.


Auto-logout is not available for any RS485 port, including the RS485 option on the 
Serial Option Adapter. The user must log out of the processor using the 
programming software.


Note:  Processor Adapters support only one stop bit. If you change this default 
setting in the configuration software, the Processor Adapter will ignore the 
change.


Note:  The default protocol must be changed from RS232 to RS485 for the 
171 CCS 780  00,171 CCC 780 10 Processor Adapters or the port will not 
function. The 171 CCC 980 20 and 171 CCC 980 30 change 
automatically.
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Four-Wire Cabling Schemes for Modbus RS485 Networks


Introduction Four-wire cabling schemes may be used for single master/slave communications. 
Only one master is allowed. The master may be located anywhere in the network.


Length The maximum length of cable from one end of network to other is 2000 ft. (609 m).


Number of 
Devices


The maximum number of devices in a network is 64 if all are Momentum devices. 
Otherwise, the maximum is 32.


Termination You must terminate both ends of the cable run with special terminating resistors.


Master Cable The master of this master/slave cabling scheme must be connected on at least one 
side to a master cable, a special cable that crosses the transmit and receive lines. 


The other side may be connected to a master cable, or, if the master is at one end 
of the cable run, a terminating resistor.


Continued on next page


Description Part Number


Modbus Plus or Modbus RS485 Terminating RJ45 Resistor Plugs
(pack of 2).
Color code - red


170 XTS 021 00


Description Part Number


Modbus RS485 (RJ45/RJ45) Master Communication Cable 170 MCI 041 10


Modbus Plus or Modbus RS485 Terminating RJ45 Resistor Plugs
(pack of 2).
Color code - blue


170 XTS 021 00
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Four-Wire Cabling Schemes for Modbus RS485 Networks, Continued


Slave Cabling The slaves use a pin-for-pin cable, such as the Modbus Plus / Modbus RS485 
Short Interconnect Cable or any Cat. 5 4-Twisted Pair Ethernet cable AWG#24.


Single Master/
Slave Option 1


The following illustration shows components used in a four-wire single master/slave 
cabling scheme. In this view, a master cable (#3) is used on both sides of the 
master. Each Momentum module must include a Processor Adapter or Option 
Adapter with a Modbus RS485 port. 


Continued on next page


Description Part Number


Modbus Plus / Modbus RS485 Short Interconnect Cable.
Color code - black


170 MCI 020 10


Note:  Each cable has different colored boots. The color of the boots signifies the 
cable’s function.


Label Description Part Number


1 Terminating resistor plug 170 XTS 021 00


2 Modbus RS485 connector “T” (DB9 base) 170 XTS 040 00


3 Modbus RS485 Master Communication Cable 170 MCI 041 10


4 Modbus Plus / Modbus RS485 Short Interconnect Cable 170 MCI 020 10


5 Modbus RS485 connector “T” (RJ45 base) 170 XTS 041 00







Using the Modbus Ports


870 USE 101 10 V.2 125


Four-Wire Cabling Schemes for Modbus RS485 Networks, Continued


Single Master/
Slave Option 2


The following illustration shows components used in a four-wire single master/slave 
cabling scheme. In this view, the master is at one end of the network and is 
connected by a single master cable (#3). Terminating resistors (#1) are used at 
both ends of the network.


Each Momentum module must include a Processor Adapter or Option Adapter with 
a Modbus RS485 port.


Label Description Part Number


1 Terminating resistor plug 170 XTS 021 00


2 Modbus RS485 connector “T” (DB9 base) 170 XTS 040 00


3 Modbus RS485 Master Communication Cable 170 MCI 041 10


4 Modbus Plus / Modbus RS485 Short Interconnect Cable 170 MCI 020 10


5 Modbus RS485 connector “T” (RJ45 base) 170 XTS 041 00
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Two-Wire Cabling Schemes for Modbus RS485 Networks


Introduction Two-wire cabling schemes may be used for single master/slave or multimaster/
slave communications. Masters may be located anywhere in the network.


Length The maximum length of cable from one end of network to other is 2000 ft. (609 m).


Number of 
Devices


The maximum number of devices in a network is 64 if all are Momentum devices. 
Otherwise, the maximum is 32.


Termination One end of the cable run must be terminated with a terminating resistor (color code 
is red).


The other end of the cable must be terminated with a terminating shunt, which 
connects the transmit pair to the receiver pair (color code is blue). 


Continued on next page


CAUTION


POTENTIAL FOR MULTIMASTER CONFLICTS


Configure a multimaster network carefully to avoid masters issuing simultaneous or 
conflicting commands to the same slave module. 


Failure to observe this precaution can result in injury or equipment damage.


Description Part Number


Modbus Plus or Modbus RS485 Terminating RJ45 Resistor Plugs 
(pack of 2)


170 XTS 021 00


Modbus RS485 Terminating RJ45 Shunt Plugs 170 XTS 042 00
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Two-Wire Cabling Schemes for Modbus RS485 Networks, Continued


Cable All devices are connected with the same pin-for-pin cable, such as the Modbus 
Plus or Modbus RS485 Short Interconnect Cable or any Cat. 5 4-Twisted Pair 
Ethernet cable AWG#24. A master/slave system using 2-wire cabling does not 
require the special master communication cable.


Multimaster/
Slave Cabling


The following illustration shows components used in a multimaster/slave network. 
Each Momentum module must include a Processor Adapter or Option Adapter with 
a Modbus RS485 port.


Continued on next page


Description Part Number


Modbus Plus or Modbus RS485 Short Interconnect Cable.
Color code - black


170 MCI 020 10 


Label Description Part Number


1 Terminating resistor plug.
Color code - red


170 XTS 021 00


2 Modbus RS485 connector “T” (DB9 base) 170 XTS 040 00


3 Modbus Plus / Modbus RS485 Short Interconnect Cable.
Color code - black


170 MCI 020 10


4 Modbus RS485 connector “T” (RJ45 base) 170 XTS 041 00


5 Terminating shunt plug.
Color code - blue


170 XTS 042 00
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Two-Wire Cabling Schemes for Modbus RS485 Networks, Continued


Single Master/
Slave Cabling


The following illustration shows components used for single master/slave 
communications in a two-wire cabling scheme. Each Momentum module must 
include a Processor Adapter or Option Adapter with a Modbus RS485 port.


Label Description Part Number


1 Terminating resistor plug.
Color code - red


170 XTS 021 00


2 Modbus RS485 connector “T” (DB9 base) 170 XTS 040 00


3 Modbus Plus / Modbus RS485 Short Interconnect Cable.
Color code - black


170 MCI 020 10


4 Modbus RS485 connector “T” (RJ45 base) 170 XTS 041 00


5 Terminating shunt plug.
Color code - blue


170 XTS 042 00
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Cable for Modbus RS485 Networks 


Overview This section describes the cables which should be used in constructing an RS485 
network for Momentum components.


Master 
Communication 
Cable


This cable is required for master/slave communications in a four-wire cabling 
scheme. This cable is 10” long and has a blue boot.


Continued on next page


Description Part Number Illustration


Modbus RS485 (RJ45/RJ45) 
Master Communication Cable


170 MCI 041 10 
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Cable for Modbus RS485 Networks, Continued


Interconnect 
Cables


Cable for connecting two Modbus RS485 devices, such as Momentum modules, is 
available from Schneider Automation in four lengths. These cables have a black 
boot.


Continued on next page


Description Part Number Illustration


Modbus Plus or Modbus RS485 
Short Interconnect Cable (10”)
Can be used for Ethernet


170 MCI 020 10 


Modbus Plus or Modbus RS485 
3 ft. Interconnect Cable 
Can be used for Ethernet


170 MCI 020 36


Modbus Plus or Modbus RS485 
10 ft. Interconnect Cable


170 MCI 021 80


Modbus Plus or Modbus RS485 
30 ft. Interconnect Cable


170 MCI 020 80
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Cable for Modbus RS485 Networks, Continued


Other Premade 
Cable


Interconnect and Ethernet cable in various lengths and boot colors may be 
obtained from other vendors, including Amp:


Custom Cable For custom cabling, use Cat. 5 4-Twisted Pair Ethernet Cable AWG#26. It may be 
shielded or unshielded. Shielded cable is recommended for long runs and for noisy 
environments. You may use stranded or unstranded cable. Keep in mind that 
stranded cable is more flexible.


Custom Cable 
Vendors


Vendors include:


Crimping Tool Schneider Automation provides a crimping tool (490 NAB 000 10) and an RJ45 die 
set (170 XTS 023 00) to attach the 170 XTS 022 00 connector to the cable.


Description Amp Part Number


2 ft. 621 894-2


5 ft. 621 894-4


7 ft. 621 894-5


10 ft. 621 894-6


14 ft. 621 894-7


Vendor Part # for Shielded Cable Part # for Unshielded Cable


Belden 1633A 1583A non plenum
1585A plenum


Berk/Tek 530131 540022


Alcatel Cable Net -- Hipernet Cat. 5 - UTP 
(LSZH-rated cable)







Using the Modbus Ports


132 870 USE 101 10 V.2


Connectors for Modbus RS485 Networks


Overview This section describes the connectors which should be used in constructing an 
RS485 network for Momentum components.


RJ45 Connector 
“T”


This connector is used with the RS485 port on the 172 JNN 210 32 Option Adapter.   


DB9 Connector 
“T”


This connector is used with the RS485 port on the Processor Adapters.


Continued on next page


Description Part Number Illustration


Modbus RS485 Connector “T” 
(RJ45 base)


170 XTS 041 00


Description Part Number Illustration


Modbus RS485 Connector “T” 
(DB9 base)


170 XTS 040 00
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Connectors for Modbus RS485 Networks, Continued


Connectors for 
Custom Cabling


This RJ45 connector should be used when constructing custom cable for an RS485 
network. 


Description Part Number Illustration


RJ45 Connector (pack of 25) 170 XTS 022 00
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Terminating Devices for Modbus RS485 Networks


Overview This section describes terminating devices which should be used in constructing 
Modbus RS485 networks for Momentum devices.


Terminating 
Resistor Plugs


Terminating resistor plugs are used with the RS485 connector (RJ45 base) at the 
last device on either end of a four-wire cable network or at one end of a two-wire 
cable network. 


Shunt Plugs Shunt plugs are used with the RS485 connector (RJ45 base) at one end of a two-
wire cable network. The plug is used at the last device on the network. 


Description Part Number Illustration


Modbus Plus or Modbus RS485
Terminating RJ45 Resistor Plugs 
(pack of 2).
Color code - red


170 XTS 021 00


Description Part Number Illustration


Modbus RS485 Terminating 
RJ45 Shunt Plugs.
Color code - blue


170 XTS 042 00
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Pinouts for Modbus RS485 Networks


Overview This section contains pinouts for wiring an RS485 network for Momentum 
components.


RJ45 Pinout The illustration below shows the pinouts for wiring an RJ45 connector for RS485: 


Continued on next page


Pin Function


1 RXD -


2 RXD +


3 TXD +


4 Reserved


5 Signal common


6 TXD -


7 Reserved


8 Shield
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Pinouts for Modbus RS485 Networks, Continued


9-Pin D-Shell 
Pinout


The illustration below shows the pinouts for wiring a male 9-pin D-shell connector 
for RS485. The metal shell is connected to chassis ground. 


Continued on next page


Pin Function


1 TXD +


2 RXD +


3 Signal common


4 Reserved


5 Reserved


6 TXD -


7 RXD -


8 Reserved


9 Reserved
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Pinouts for Modbus RS485 Networks, Continued


Master 
Communication 
Cable


The illustration below shows the pinout for the 170 MCI 041 10 Modbus RS485 
(RJ45/RJ45) Master Communication Cable:


Interconnect 
Cables


The illustration below shows the pinout for the 170 MCI 02x xx Modbus Plus or 
Modbus RS485 Interconnect Cables (10 in, 3 ft., 10 ft. and 30 ft.:


Continued on next page
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Pinouts for Modbus RS485 Networks, Continued


Modbus RS485 
Connector “T” 
(DB9 Base)


The illustration below shows the pinout for the Modbus RS485 Connector “T” (DB9 
base):


Continued on next page
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Pinouts for Modbus RS485 Networks, Continued


Modbus RS485 
Connector “T” 
(RJ45 Base)


The illustration below shows the pinout for the Modbus RS485 Connector “T” (RJ45 
base):


Continued on next page
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Pinouts for Modbus RS485 Networks, Continued


Terminating 
Resistor Plugs


The illustration below shows the pinout for the Modbus Plus or Modbus RS485 
Terminating RJ45 Resistor Plugs:


Terminating 
Shunt Plugs


The illustration below shows the pinout for the Modbus RS485 Terminating RJ45 
Shunt Plugs:
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Using the Ethernet Port


At a Glance


In This Chapter This chapter contains the following sections:


For This Topic... See Section... On Page...


Ethernet Port 1 142


Establishing a Connection with an Ethernet Module 2 158


Accessing Embedded Web Pages 3 162


171 CCC 960 30 AND 171 CCC 980 30 Web Pages 4 164
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Section 5.1
Ethernet Port


Purpose Ethernet ports are available with:


l 171 CCC 960 20 Processor Adapters


l 171 CCC 960 30 Processor Adapters


l 171 CCC 980 20 Processor Adapters


l 171 CCC 980 30 Processor Adapters


In This Section This Section contains the following topics:


For This Topic... See Page...


Ethernet Port 143


Network Design Considerations 144


Security 146


Cabling Schemes 147


Pinouts 148


Assigning Ethernet Address Parameters 149


Using BOOTP Lite to Assign Address Parameters 152


Reading Ethernet Network Statistics 153
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Ethernet Port 


Introduction The Ethernet port allows a Processor Adapter to connect to an Ethernet network 
for:


l high-speed I/O servicing


l high-speed data transfer


l programming


l worldwide connectivity via the Internet


l interfaces with a wide array of standard Modbus over TCP/IP Ethernet-aware 
devices


Connector Type The Ethernet connector is a female RJ45 style phone jack.


Illustration The following illustration shows the position of the Ethernet port on a Processor 
Adapter:


CAUTION


Communication Errors May Result


After taking an Ethernet Processor out of service, it is recommended that you clear the 
program and IP address to prevent future conflicts.
Before installing a replacement Ethernet Processor on your network, verify that it contains 
the correct IP address and program for your application.


Failure to observe this precaution can result in injury or equipment damage.
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Network Design Considerations


Introduction In a distributed control environment, Ethernet can be used as:


l an I/O network


l a supervisory network


l a network that combines I/O and supervisory functions


This section discusses how to design your network to make communication 
between related devices as effective and deterministic as possible.


When installed on a new network, the M1 Ethernet Processor will obtain the MAC 
and IP addresses of other devices on the network. This process may require 
several minutes.


When the module is successfully communicating with these devices, if a ring 
adapter with battery back up is not present, it is recommended that you stop the 
processor and save the user program to flash. This will save the processor’s ARP 
cache and enable it to “remember” this information if power is lost or removed. If 
you do not save to flash the processor must repeat acquiring the ARP cache 
information from the network.


This procedure should also be followed whenever:


l A new or substitute device is installed on the network;


l The IP address of a network device has been changed.


Continued on next page


Note:  Preserve your ARP cache information.


CAUTION


CONTROL NETWORKS MUST BE ISOLATED FROM MIS DATA NETWORKS


To maintain a deterministic Ethernet network, you must isolate Momentum Processor 
Adapters and related devices from MIS data networks. Traffic from MIS data networks can 
interrupt communication between control devices, causing your control application to 
behave unpredictably.
Additionally, the high message rates that may be generated between M1 Processors and
I/O Adapters may bog down an MIS network, causing loss of productivity.


Failure to observe this precaution can result in injury or equipment damage.
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Network Design Considerations, Continued


I/O Networks In an Ethernet I/O network architecture, an M1 Processor Adapter is used to control 
Momentum I/O points equipped with an Ethernet Communication Adapter or other 
Modbus over TCP/IP Ethernet-aware devices. Communication between these 
devices should be isolated not only from MIS data traffic, but also from unrelated 
communication between other control devices.


You may isolate communication by creating a separate network or by using 
switches.


Supervisory 
Networks


In a supervisory architecture, several intelligent processing devices share system 
data with each other. Many kinds of devices may be part of the network. You should 
be aware of each device’s requirement for access to the network and of the impact 
each device will have on the timing of your network communication.


Combined 
Supervisory and 
I/O Handling


If your system requires both supervisory and I/O handling architectures, one 
solution is to use the I/OBus capabilities of the 171 CCC 960 20 Processor Adapter 
for the I/O network and the Ethernet capabilities for the supervisory network.


If you intend to use Ethernet to handle both functions, use switches to isolate the 
network traffic and supply additional buffering of network packets.


Concurrent 
Communication


A maximum of 96 devices may be communicating with the Processor Adapter via 
the Ethernet at any one time. This 96-device limit consists of:


l up to 2 programming panels (one must be in monitor mode)


l up to 14 general purpose Modbus server paths


l up to 16 MSTR elements which support Modbus read, write or read/write 
commands


l up to 64 cyclic configured data slave paths


Continued on next page
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Security


Overview To restrict access to your Ethernet controller and I/O network, you may want to 
consider a firewall. A firewall is a gateway that controls access to your network.


Types of 
Firewalls


There are two types of firewalls:


l Network-level firewalls


l Application-level firewalls


Network-Level 
Firewalls


Network-level firewalls are frequently installed between the Internet and a single 
point of entry to an internal, protected network.


Application-
Level Firewalls


An application-level firewall acts on behalf of an application. It intercepts all traffic 
destined for that application and decides whether to forward that traffic to the 
application. Application-level firewalls reside on individual host computers.
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Cabling Schemes


Introduction In a standard Ethernet cabling scheme, each device connects via a cable to a port 
on a central Ethernet hub.


Length The maximum length of cable between devices depends on the type of hub used, 
as shown in the following table: 


Cabling with 
Traditional Hubs


The following illustration shows the maximum number of hubs and the maximum 
cable length between devices when using traditional (non-switching) hubs:


Type of Hub Max. Cable from 
Device to Hub


Max. Hubs Between 
Any Two Nodes


Max. Cable Between Most 
Distant Nodes on Network


Traditional
(Non-switching)


100 m 4 500 m


Switches 100 m Unlimited Unlimited


Note:  10/100 hubs/switches can be used. This will allow 100 Base T networks to 
use the M1E.


Cabling with
Traditional Hubs


Hub Hub


I/O Device I/O Device I/O Device I/O Device


500m (1630 ft) Maximum Cable Length
Within the Same Collision Domain


M1E M1E
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Pinouts


Overview This section contains pinouts for wiring an Ethernet network for Momentum 
components.


RJ45 Pinout The illustration below shows the pinouts for wiring an RJ45 connector for Ethernet: 


 


Pin Function


1 TXD +


2 TXD -


3 RXD +


4


5


6 RXD -


7


8


Note:  These are industry standard pinouts. Prefabricated patch cables can be 
used.
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Assigning Ethernet Address Parameters


Overview As shipped from the factory, the M1 Ethernet Processor does not contain an IP 
address. This is also true if you have not programmed the unit with an Ethernet 
configuration extension. In this condition, when the module starts up, it will attempt 
to obtain an IP address from the network’s BOOTP server.


You can use Concept to assign an IP address, default gateway and sub network 
mask. See Setting Ethernet Address Parameters on page 348.


You can also assign IP address parameters using the BOOTP Lite software utility. 
See Using BOOTP Lite to Assign Address Parameters on page 152.


Using a BOOTP 
Server


A BOOTP server is a program that manages the IP addresses assigned to devices 
on the network. Your system administrator can confirm whether a BOOTP server 
exists on your network and can help you use the server to maintain the adapter’s IP 
address.


How an 
unconfigured 
(“as shipped”) 
module obtains 
an IP address


On startup, an unconfigured processor will attempt to obtain an IP address by 
issuing BOOTP requests. When a response from a BOOTP server is obtained, that 
IP address will be used. If a response is not heard, then the Bootp requests will 
continue for as long as the unit remains powered or until a response is heard.


Specifying 
Address 
Parameters


Consult your system administrator to obtain a valid IP address and appropriate 
gateway and subnet mask, if required. Then follow the instructions in Setting 
Ethernet Address Parameters on page 348.


Continued on next page


CAUTION


DUPLICATE ADDRESS HAZARD


Be sure that your Processor Adapter will receive a unique IP address. Having two or more 
devices with the same IP address can cause unpredictable operation of your network.


Failure to observe this precaution can result in injury or equipment damage.
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Assigning Ethernet Address Parameters, Continued


When the 
Processor 
Adapter is 
Powered-up with 
a Configuration 
for “Use Bootp 
Server”


If the processor adapter is powered up without battery backup, and its IP address 
was previously saved to flash, the adapter will issue three Bootp requests five 
seconds apart.


l If a Bootp response is received from the server, the IP address will be assigned 
but will not be saved to flash. Use the programming software to save the IP 
address to flash. If a power cycle occurs on the processor adapter, the IP 
address that is currently saved in flash will be used.


l If a Bootp response is not received from the server, the processor adapter will 
use the IP address that is stored in flash. Three ARP broadcasts are made, five 
seconds apart, to check for duplicate IP addresses. Then, three gratuitous 
ARP broadcasts are made two seconds apart with the station’s MAC address 
and IP address.


Continued on next page
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Assigning Ethernet Address Parameters, Continued


When the 
Processor 
Adapter is 
Power-up with a 
Configuration for 
“Specify IP 
Address”


If the processor adapter is powered-up without battery backup and its IP address 
was previously saved to flash; the adapter will listen for any Bootp messages but 
will not will not issue any Bootp requests. Instead it will use the IP address that is 
specified in the configuration. Then, three ARP broadcasts are made, five seconds 
apart, to check for duplicate a IP address. Then, three gratuitous ARP broadcasts 
are made, two seconds apart, with the station’s MAC address and IP address.


To Retain the IP 
Address


After setting the module’s IP address, you must save it to flash memory if you want 
this setting to be retained when power is removed from the module. This is 
necessary even if the module is attached to a ring adapter that provides battery 
back up. See Saving to Flash with Concept on page 399.
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Using BOOTP Lite to Assign Address Parameters


Specifying 
Addresses/
Stopping the 
Processor


Instead of a BOOTP server, Schneider Electric’s BOOTP Lite utility software can be 
used to provide the IP address, subnet mask and default gateway to the processor.


A response from BOOTP Lite will cause the processor to enter Stopped mode on 
completion of power up, if the processor has been set to “Specify IP Address” 
mode via Concept. This is useful when inappropriate outbound network traffic might 
result if the processor immediately transitioned into Run mode after power up.


Refer to the BOOTP Lite user documentation for instructions.


CAUTION


INCORRECT MAC ADDRESS HAZARD


Be sure to verify the MAC address of the target device before invoking BOOTP Lite. If you 
do not enter the correct parameters of the target controller, it will run in its old configuration. 
An incorrect MAC address may also result in an unwanted change to another device and 
cause unexpected results. 


Failure to observe this precaution can result in injury or equipment damage.


Note:  BOOTP Lite and the user document are available for download at 
www.modicon.com.
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Reading Ethernet Network Statistics


Overview Ethernet Network statistics are stored in the processor adapter and can be viewed 
by the user.


Procedure The M1 ethernet Processor Adapter’s Ethernet Network Statistics can be viewed 
using the Network Options Ethernet Tester. This software utility is available with the 
Quantum 140 NOE 771 00 10/100 Megabit Ethernet Module User Guide 840 USE 
116 00.


Table of 
Statistics


Network statistics occupy word 4 through word 35 in the Modbus Status Table, as 
follows:


Table 1: TCP/IP Ethernet Statistics Table
Word Data


00 ... 02 MAC Address


03 Board Status


04, 05 Rx Interrupt


06, 07 Tx Interrupt


08, 09 NA


10, 11 Total Collisions


12, 13 Rx Missed Packet Errors


14, 15 NA


16, 17 Chip Restart Count
Lo word – Collison Peak Detector


18, 19 Framing Errors (Giant Frame Error)


20, 21 Overflow Errors


22, 23 CRC Errors


24, 25 Receive Buffer Errors (Out of Server Paths)


26, 27 Transmit Buffer Errors


28, 29 Silo Underflow (TCP retries)


30, 31 Late Collision


32, 33 Lost Carrier 


34, 35 16 Collision Tx Failure


36, 37 IP Address
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Description


Operational Statistics


Words 4, 5 
Receive 
Interrupts


Number of frames received by this station. Only broadcast frames pertinent to this 
station and individual address match frames are received and counted.


Words 6, 7 
Transmit 
Interrupts


Number of frames transmitted from this station. Includes all transmitted broadcast 
frames for ARP and BOOTP.


Ethernet Network Functioning Errors


Words 8, 9 Not used.


Words 10, 11 
Total Collisions


This field contains the total number of transmit collisions.


Words 12, 13 Rx 
Missed Packet 
Errors


Receive frame was missed because no buffer space was available to store the 
frame. Indicates firmware unable to keep up with link. The only time this should 
increment is during the save user logic to flash command, when all 
interrupts are disabled for 10 seconds.


Words 14, 15 Not used.


Continued on next page
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Description, Continued


Words 16, 17 High Word: Not used, always 0


Low Word: Peak Collision Detector


This field contains the number of consecutive collisions that occurred before the 
frame was successfully transmitted out onto the Ethernet. Most transmitted frames 
have zero collisions. Some have one collision on the first transmit attempt and 
succeed on the second attempt. Some have more than one collision followed by 
success. The largest number of consecutive collisions, since clear statistics 
command, is stored and displayed in this field.


Receiver Errors


Words 18, 19 
Framing Errors


Counts the number of received frames addressed to this node that are greater than 
320 bytes in length. Any such large frame has no relevance to the M1 Ethernet 
adapter and therefore is skipped.


This error should not occur.


Overflow Errors Increments whenever a received frame cannot be copied into the frame buffer, 
because the frame buffer is full. This situation should never occur under legal 
Ethernet traffic.


Words 20, 21 
CRC Errors


Increments when the received packet is received under any of the following error 
conditions:


l CRC error


l Extra data error


l Runt error


This counter can be made to increment by continuously disconnecting and 
reconnecting the M1 Ethernet cable during cyclic communication.


Continued on next page
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Description, Continued


Words 24, 25 
Receive Buffer 
Errors


Increments whenever a client attempts to connect to the M1 Ethernet, and fails, 
because there is no available server path. The M1 Ethernet supports 14 
simultaneous data paths and 2 program paths before this counter can increment. 
This error indicates poor application architecture.


Transmission Errors


Words 26, 27 
Transmit Buffer 
Errors


Increments when the M1 is unable to transmit an Ethernet response frame because 
all frame buffers are in use. For example, the M1 has 16 PING reply buffers. If all 
16 PING buffers contain PING replies, ready to be transmitted, but this station’s 
transmission is delayed because of collisions and backoff, and one more PING 
request is received, then the new PING request is discarded and the counter is 
incremented. This error can occur for PING, ARP, and connection attempt to server 
path. Although this error is theoretically possible, it is not usually encountered.


Words 28, 29 Silo 
Underflow


This field counts M1 TCP/IP retries. All M1 clients and server use the TCP/IP 
protocol which implements sequence numbers and timeouts. Whenever TCP/IP 
data is pushed from the M1, a subsequent acknowledgement of receipt of M1 data 
must be received within the timeout period, or else the M1 issues a retry. Retries 
may be the result of any of the following conditions:


l The original M1 data frame was garbled, corrupted, and lost


l The target TCP/IP stack is operating more slowly than the M1 retry rate


For Modbus 502 servers, the M1 initiates retries after (1, 1, 2, 2, 4, 8) seconds.


For Modbus 502 clients, the M1 retry rate is the larger of:


l 1/4 the health timeout for Ethernet I/O Scanner data (see Accessing the 
Ethernet / I/O Scanner Screen on page 345, OR:


l 4 times the previous measured TCP/IP round trip time for i/o Scanner MSTR 
block.


Continued on next page
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Description, Continued


Words 30, 31 
Late Collision


Increments when the transmit frame process is aborted because of late collision 
detected after the first 64 bytes of the frame was transmitted collision free. This 
error could possibly occur if the Ethernet cable is intermittently connected and 
disconnected.


Words 32, 33 
Lost Carrier


Increments whenever the Ethernet cable, connected to the M1, is disconnected 
from the hub. Also increments whenever the Ethernet cable, connected to the hub, 
is disconnected from the M1.


Words 34, 35
16 Collision 
Transmit Failure


Transmit frame process was aborted after 16 consecutive collisions. The frame 
was not successfully transmitted out onto Ethernet link. This error should never 
occur.
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Section 5.2
Establishing a Connection with an Ethernet Module


Overview


Introduction This Section presents an overview of the procedure for connecting to an ethernet 
module that is used as a web server. For a complete description of the Quantum 
140 NOE 771 x0 module, refer to Quantum NOE 771 x0 Ethernet Modules User 
Guide 840 USE 116 00 Version 1.0. 


What’s in this 
Section


This Section contains the following topic:


Note:  To establish a connection with an Ethernet module using the Network 
Options Ethernet Tester, you must know the module’s IP network address 
or host name.


Topic Page


Establishing a Connection with an Ethernet Module 159
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Establishing a Connection with an Ethernet Module


Procedure Perform the following steps to establish a connection with an Ethernet module 
using the Network Options Ethernet Tester:


Continued on next page


Step Action


1 From the initial menu, select File and choose New from the options in the 
pulldown menu
or click on the new connection button in the toolbar.


This will bring up the Remote IP Address dialog box.


Create new connection
Connect


Disconnect


Read register


Write register
Get statistics


Clear statistics
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Establishing a Connection with an Ethernet Module, continued


Procedure, 
continued


Continued on next page


Step Action


2 Type the module’s IP network address or host name in the IP Address box.


Click on the OK button. This dedicates a connection from your PC to the 
designated Ethernet module and brings you to the main menu.


3 You may establish several connections with the same module or with other 
modules by repeating step 2 for each new connection. 
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Establishing a Connection with an Ethernet Module, continued


Procedure, 
continued


Step Action


4 When you are ready to disconnect, select Management and choose Disconnect 
from the pulldown menu:
 


 or click on the disconnect button in the toolbar.


5 After disconnecting from one module, you may reassign its dedicated connection 
by selecting Management and choosing Set IP Addr from the pulldown menu. 


Type the new IP network address or host name in the box provided.
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Section 5.3
Accessing Embedded Web Pages


Overview


Introduction This Section presents a brief overview of accessing the embedded web pages 
contained in the Momentum M1E 171 CCC 960 30 and 171 CCC 980 30 IEC 
modules. The Momentum M1E 171 CCC 960 30 and 171 CCC 980 30 IEC 
modules’ Web pages enable you to access diagnostic information, view 
configuration information, and change the online configurations for the module.


What’s in this 
Section


This Section contains the following topics:


Topic Page


Accessing the Web Utility Home Page 163


Momentum M1E Indicator 170
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Accessing the Web Utility Home Page


Introduction Each Momentum M1E 171 CCC 960 30 and 171 CCC 980 30 IEC PLC contains a 
World Wide Web embedded server that allows you to access diagnostics and 
online configurations for the controller. Pages on the embedded web site display:


l the Ethernet statistics for the node


l the controller’s register values


The web pages can be viewed across the World Wide Web using version 4.0 or 
greater of either Netscape Navigator or Internet Explorer, both of which support 
JDK 1.1.4 or higher.


For information on the additional functionality provided by the FactoryCast system 
in the Momentum M1E 171 CCC 960 30 and 171 CCC 980 30 IEC modules, see 
the FactoryCast User’s Guide For Quantum and Premium, 890 USE 152 00.


How to Access It Before you can access the module’s home page, you must learn its full IP address 
or URL from your system administrator. Type the address or URL in the Address or 
Location box in the browser window. Once you do this the Schneider Automation 
Web Utility home page will appear (see next section).
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Section 5.4
171 CCC 960 30 AND 171 CCC 980 30 Web Pages


Overview


Introduction This Section shows the embedded Web pages contained in the Momentum M1E 
171 CCC 960 30 AND 171 CCC 980 30 IEC modules and a brief description of 
each page.


What’s in this 
Section


This Section contains the following topic:


Topic Page


Momentum M1E Web Pages 166
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Momentum M1E Web Pages


Momentum M1E 
Welcome Page


The Momentum M1E Welcome Page provides links to the Controller Configuration, 
Ethernet Statistics, I/O Status and Support Pages.


Continued on next page


Link Results


Controller Status Displays the CPU Configuration page.


Ethernet Statistics Displays the Ethernet Module Statistics with the Reset Counters 
page.


I/O Status Displays the I/O Status and Configuration page.


Support Displays contact information for technical assistance, sales, and 
feedback.


Schneider
ElectricS


 Schneider Automation Inc.,© 1998-2000 v1.0


Welcome to the M1E Web Server - Netscape


http://eio4


M y


File Edit View Go Window Help


Bookmarks Location What’related


Momentum Web Server


Controller Status
Ethernet Statistics


I/O Status
Support


Document Done


N
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Momentum M1E Web Pages, Continued


CPU 
Configuration 
Page


The CPU Configuration Page enables you to monitor your controller configuration 
and its status. It has the following links:


Continued on next page


Link Results


Home Returns you to the Home Page.


Ethernet Statistics Displays the Ethernet Module Statistics with the Reset Counters 
page.


I/O Status Displays the I/O Status and Configuration page.


Support Displays contact information for technical assistance, sales, and 
feedback.
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Momentum M1E Web Pages, Continued


M1E I/O Status 
Page


The I/O Status page enables you to check your I/O Status. It contains the following 
links and LED indicators.


The following table describes the links contained within the I/O Status page:


Continued on next page


Link Results


Home Returns you to the Home Page.


Controller Status Displays the CPU Configuration page.


Ethernet Statistics Displays the Ethernet Module Statistics with the Reset Counters 
page.


Support Displays contact information for technical assistance, sales, and
feedback.


M1E  I/O Statistics - Netscape


http://eio4/iostat.htm


M  y


File Edit View Go Window Help


Bookmarks Location What’s related


Applet com. schneider automation. sysdiag.qbf. M1IO Applet running


N


Home  /  Controller Status /  Ethernet Statistics / Support
 Schneider Automation Inc.,© 1998-2000 v1.0


M1E I/O STATUS


 Schneider
 Automation Inc.


RUN
ETHERNET


LAN
ACT
LAN
ST


171 CCC ??? ??
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Momentum M1E Web Pages, Continued


Ethernet 
Statistics


The Ethernet Statistics page enables you to monitor ethernet information, such as 
MAC Address, receive/transmit statistics and check functioning errors. It contains 
the following links::


Continued on next page


Link Results


Home Returns you to the Home Page.


Controller Status Displays the CPU Configuration page.


I/O Status Displays the I/O Status and Configuration page.


Support Displays contact information for technical assistance, sales, and 
feedback.


M1E  Ethernet Statistics - Netscape


http://eio4/ethernet.htm


M y


File Edit View Go Window Help


Bookmarks Location What’s related
N


64083
0
0
0
0
2


M1 ETHERNET STATISTICS


Home  / Contoller Status /   I/O Status / Support
 Schneider Automation Inc.,© 1998-2000 v1.0


Transmit Statistics 


Status:
Reference:
Firmware Version:
Host Name:


MAC Address:


Subnet Mask:
IP Address:


Gateway Address:


71956
0
0
0
0


4
36
0
0
0


Reset Counters


Transmits


Receive Statistics Functioning Errors


Transmit Retries
Lost Carrier
Late Collision
Transmit Buffer Errors
TCP Retries


Receives
Framing Errors
Overflow Errors
CRC Errors
Out of server Paths


Missed Packets
Collision Errors
Transmit Timeouts
Memory Errors
Net Restarts


Document Done


Stopped
CCC 960 30
1.04
eio4


00 00 54 10 17 94
205.217.193.74
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Momentum M1E Web Pages, Continued


Support Page The Support page contains assistance information and the following links: 


Link Results


Home Returns you to the Home Page.


Controller Status Displays the CPU Configuration page.


Ethernet Statistics Displays the Ethernet Module Statistics with the Reset Counters 
page.


I/O Status Displays the I/O Status and Configuration page.


Schneider Automation Support - Netscape


http://eio4/support.htm


M  y


File Edit View Go Window Help


Bookmarks Location What’s related
N


Home  / Contoller Status /  Ethernet Statistics / I/O Status
 Schneider Automation Inc.,© 1998-2000 v1.0


Applet. com.schneiderautomation.sysdiag.qbf.M1IOApplet.stopped


Contacting Schneider Automation 
There are numerous ways to reach us for assistance:
Technical Information
Visit the Schneider Automation web site.


Technical Assistance
If you need technical assistance with a product or service, contact us by mail at
customercentral@schneiderautomation.com, or telephone us at 1-800-468-5342 or 
1-978-975-9700.


Noto: Be sure to supply your name, telephone number, company name and address 
within your email to assure a immediate response.


Feedback
Thoughts, comments, ideas about our site? Please let us know by contacting us at 
feedback@modicon.com


U.S Sales Office 
Look up a location of a Sales Office in the US.


Other Transparent Factory Products
Visit out Transparent Factory web site.
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Momentum M1E Indicators


Processor 
Adapter LED 
Indicators 


The Momentum M1E 171 CCC 960 30 AND 171 CCC 980 30 Processor Adapter 
IEC modules have three LED indicators. The LED indicators are described in the 
table below:


I


I/O Status LED 
Indicators


There are three rows of 16 I/O Status LED indicators. :


LED Function


RUN Indicates the run state of the M1E Processor Adapter IEC module.


LAN ACT Always appear to be ”on” continuously. 


LAN ST Always appear to be ”on” continuously. 


Note:  Each I/O base has a custom LED display that provides information about 
the I/O Status. 
For information about the I/O Status for your I/O base, refer to LED 
Illustration and Description for your I/O base in 870 Use 002 00 V. 2 
Momentum I/O Base User Guide.
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Using the I/OBus Port


At a Glance


Purpose Three Momentum components offer I/OBus master capabilities:


l  171 CCS 760 00 Processor Adapter 


l  171 CCC 760 10 Processor Adapter


l 171 CCC 960 20 and 171 CCC 960 30 Processor Adapters


This section describes the I/OBus port, explains how I/OBus works, provides 
guidelines for creating I/OBus networks with Momentum components, and 
describes recommended cable accessories.


In This Chapter This chapter contains the following topics:


For This Topic... See Page...


I/O Bus Port 172


How I/OBus Works 173


Network Status Indication in the M1 Ethernet Module 174


Guidelines for I/OBus Networks 175


Cable Accessories 177


Pinouts 179
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I/O Bus Port


Introduction The I/OBus port allows a Momentum CPU to assume bus master capabilities over 
as many as 255 slave devices over an Interbus cable. 


Connector Type The I/OBus port has a female 9-pin D-shell connector.


Illustration The following illustration shows the position of the I/OBus port on a Processor 
Adapter: 


Note:  Processors that support IEC are limited to a maximum number of 1408 
used I/O points, regardless of the number of modules.


Label Description


1 I/OBus port







Using the I/OBus Port


870 USE 101 10 V.2 173


How I/OBus Works


Introduction This section describes how signals are passed and how data is transferred in an 
I/OBus network.


How Signals Are 
Passed


I/OBus operates as a logical ring, with signals being passed by the master over a 
remote bus cable to each slave device in series. The slaves return signals to the 
master over the same cable. 


How Data is 
Transferred


The I/OBus functions as a logical shift register. The application’s entire data stream, 
originating at the master, is transferred serially from slave to slave down the remote 
bus. Each slave regenerates the entire stream before passing it on. As a slave 
handles the stream data, it extracts the portion that is assigned to it and adds any 
output data to the stream.


Transmission 
Speed


Data is transmitted at 500 kbits/s.


Amount of data The number of 16 bit words in the data stream is dependent on the processor 
model: 


Model Max Input Words Max Output Words


171 CCS 760 00 128 128


171 CCC 760 10 256 256


171 CCC 960 20 256 256


171 CCC 960 30 256 256


Note:  Processors that support IEC are limited to a maximum number of 1408 
used I/O points, regardless of the number of modules.
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Network Status Indication in the M1 Ethernet Module


Overview The M1 Ethernet Module can provide I/OBus network status via the Module Status 
function in the programming panel or by a STAT element in user logic. The fourth 
word of the status element contains information regarding the integrity of the 
network.


Operation The I/OBus status word contains a valid value only when the processor is running. 
A zero value indicates that normal I/OBus communication is occurring.


A non-zero value indicates a problem.


Failure 
Indication


If there is a communications error, bit values in the I/OBus status word contain 
information on the failure mode, as follows:


BITS 0 - 14 These bits contain a value from 1 to 255, signifying the network position of the 
module that cannot be reached. For example, a value of 8 indicates a 
communications failure in accessing the 8th module on the network.


BIT 15 This bit contains a value of 0 or 1.


A value of zero indicates a general communication failure, for example, no power to 
the module or a break in its input cable.


A value of 1 indicates that communication is possible, but the I/OBus ID received 
from the module does not match the module type contained in the traffic cop for 
that position.
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Guidelines for I/OBus Networks


Overview This section gives guidelines for creating an I/OBus network using a Momentum 
CPU as bus master.


Length The maximum distance between the Momentum CPU master and the farthest slave 
is 13 km (8 mi).


Distance 
Between Nodes


The maximum distance between nodes is 400 m (1300 ft.).


Number of 
Devices


A network may consist of as many as 256 nodes, including one Momentum CPU 
bus master and up to 255 slave I/O devices. 


Acceptable Slave 
Devices


An I/OBus slave device can be:


l A Momentum I/O base with a 170 INT 110 00 Interbus Communication Adapter 
mounted on it


l A Modicon Terminal Block I/O module enabled for Interbus communications


l A standard Interbus module designed by a third party manufacturer


Unacceptable 
Slave Devices


The I/OBus network does not support Interbus-compatible devices that require the 
Interbus PCP protocol.


Continued on next page


Note:  Processors that support IEC are limited to a maximum number of 1408 
used I/O points, regardless of the number of modules.
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Guidelines for I/OBus Networks, Continued


Network Scheme The slave devices are distributed along a trunk, as shown in the illustration below.
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Cable Accessories


Overview Modicon provides several cabling solutions for I/OBus:


l Low profile cables in two lengths


l A 1m cable with high profile rear shell


l A connector kit for building custom-length Interbus cables


This section describes those solutions.


Low Profile 
Cables


For side-by-side mounting of the CPU with Interbus I/O modules on a DIN rail or 
wall, Modicon provides two specially molded low profile cables. 


These cables have a male 9-in D-shell connector on one end and a female 9-pin D-
shell on the other. The male connector plugs into the female I/OBus port on the 
Processor Adapter, and the female connector plugs into the male connector on the 
left side of a 170 INT 110 00 Interbus Communications Adapter on an I/O base. 
Additional cables can then be used to connect a series of I/O modules via their 
Interbus communication ports.


Continued on next page


Part Number Length


170 MCI 007 00 11.4 cm (4.5 in)


170 MCI 100 01 100 cm (39 in)
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Cable Accessories, Continued


Interbus Cable 
Connector Kit


I/OBus communicates over Interbus full duplex cable. For custom cable lengths, 
Modicon offers an Interbus cable connector kit (part number 170 XTS 009 00). The 
kit includes two connectors, one male and one female, that can be soldered to an 
Interbus full duplex cable of the appropriate length.


The recommended cable is Belden 3120A or equivalent. Belden 8103 is an 
acceptable alternative.


Note:  The connectors in the 170 XTS 009 00 Kit are high profile.
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Pinouts


Interbus Cable The following illustration shows how to wire the connectors of the remote bus 
cable:


Pin Wire Color Outgoing Connection Pin Wire Color Ingoing Connection


1 Yellow DO
Data Out


1 Yellow DO
Data Out


2 Gray DI
Data In


2 Gray DI
Data In


3 Brown Common 3 Brown Common*


4 GND 
Reference conductor, 
fiber-optic adapter


4 GND* 
Reference conductor, 
fiber-optic adapter


5 Vcc 
Power-supply for fiber-
optic adapter


5 Vcc* 
Power-supply for fiber-
optic adapter


6 Green DO_N 
Data Out Negated


6 Green DO_N 
Data Out Negated


7 Pink DI_N
Data In Negated


7 Pink DI_N
Data In Negated


8 Vcc
Additional power 
supply for fiber-optic 
adapter


8 Vcc*
Additional power 
supply for fiber-optic 
adapter


9 Plug identification 9 Not used


* Physically isolated
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Using the Modbus Plus Ports


At a Glance


Purpose Modbus Plus ports are available with:


l 172 PNN 210 22 Option Adapter (Single Port)


l 172 PNN 260 22 Option Adapter (Redundant Ports) 


This section gives an overview of Modbus Plus networks for Momentum 
components. 


In This Chapter This chapter contains the following topics:


Note:  The Modbus Plus Network Planning and Installation Manual 
(890 USE 100 00) provides details for the complete design and 
installation of a Modbus Plus cable system.


For This Topic... See Page...


Modbus Plus Features for Momentum 182


Two Types of Modbus Plus Networks 183


Standard Cabling Schemes 185


Cluster Mode Cabling Schemes 187


Cable Accessories for Modbus Plus Networks 191


Pinouts and Wiring Illustrations for Modbus Plus Networks 194


Modbus Plus Addresses 198


Peer Cop 200
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Modbus Plus Features for Momentum


Introduction When a Modbus Plus network is constructed entirely of Momentum components, it 
may take advantage of two new features:


l cluster mode, which allows small groups of devices to be linked by short 
lengths of cable;


l supporting up to 64 nodes on a single section of cable.


Cluster Mode A cluster may consist of up to eight Momentum devices. A network may contain up 
to eight clusters.


The cable between devices in a cluster may be 10 in to 3 ft. The cable between 
clusters or between a cluster and the trunk must be at least 10 ft.


The maximum length of the network continues to be 1500 ft. The maximum number 
of devices in a network continues to be 64.


64 Nodes When a Modbus Plus network consists entirely of Momentum devices, then a 
single section of cable may support 64 nodes instead of the standard 32 nodes.


Example: If a single SA85 is added to a network of Momentum modules, the 
network is no longer Momentum only, but a mixture of devices. Each cable section 
must be limited to 32 nodes. Cable sections must be connected by a repeater.


Note:  Only Momentum devices are allowed in a cluster.
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Two Types of Modbus Plus Networks


I/O Networks and 
Supervisory 
Networks


In a distributed control environment, Modbus Plus can be used in either of two 
ways:


l As an I/O network


l As a supervisory network


I/O Networks In a deterministic I/O network architecture, one CPU services up to 63 Momentum 
I/O modules, Terminal I/O modules or other Modbus Plus devices. 


Supervisory 
Networks


In a supervisory architecture, several intelligent processing devices share system 
data with each other. Many kinds of devices may be part of the network. You should 
be aware of each device’s requirement for access to the network and of the impact 
each device will have on the timing of your network communication, especially 
when servicing non-critical (and non-deterministic) I/O.


Continued on next page


CAUTION


CRITICAL I/O MUST BE SERVICED IN AN I/O NETWORK


Design your Modbus Plus architecture to meet the needs of your network. Modbus Plus can 
offer deterministic I/O servicing or non-deterministic supervisory servicing of programming, 
user interface, and third party ModConnect devices. Do not use a supervisory network to 
service critical I/O.


Failure to observe this precaution can result in injury or equipment damage.


Note:  When a programming panel or other human-machine interface (HMI) 
device is used as part of a deterministic Modbus Plus I/O network, it 
should be connected via the RS232 port on the CPU, not as a Modbus 
Plus node.
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Two Types of Modbus Plus Networks, Continued


What if I Need 
Both Types?


If your system requires both supervisory and I/O handling architectures, one 
solution is to use a Processor Adapter with I/OBus capabilities as the I/O network 
and either a 172 PNN 210 22 or 172 PNN 260 22 Option Adapter with Modbus Plus 
for the supervisory network.
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Standard Cabling Schemes


Introduction In a standard Modbus Plus cabling scheme, each peer device connects via a drop 
cable to a tap along a trunk cable. 


Length The maximum length of cable from one end of the network to the other is 1500 ft. 
(450 m) if no repeaters are used.


You can use up to three Modicon RR85 Repeaters to extend the cable to up to 
6000 ft. (1800 m). Each repeater allows you to extend the cable 1500 ft. (450 m).


Distance 
Between Nodes


Nodes must be separated by at least 10 ft. of cable. This requirement is more than 
satisfied by standard drop cables:


Number of 
Devices


The maximum number of devices in a network is 64:


l If you use only Momentum products, you may use up to 64 devices on one 
cable section without a repeater.


l If you use a mixture of devices, you may use up to 32 devices on one cable 
section. You must use a repeater to connect to another cable section. You may 
use up to three repeaters and four cable sections in all.


Termination You must terminate both ends of the network. If your network consists of two or 
more sections separated by a repeater, each section must be terminated at both 
ends.


Continued on next page


Description Part Number


Modicon RR85 Repeater NW-RR85-000


Description Part Number


Modbus Plus Drop Cable, 2.4 m / 8 ft. 990 NAD 211 10


Modbus Plus Drop Cable 6 m / 20 ft. 990 NAD 211 30
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Standard Cabling Schemes, Continued


Momentum 
Network


This illustration depicts a Modbus Plus network constructed with a Momentum CPU 
and Momentum I/O. One cable segment supports all 64 nodes. No repeater is 
used.


Mixture of 
Devices


This illustration depicts a mixture of Momentum and other Modbus Plus devices. 
Three repeaters are used to connect four cable sections.







Using the Modbus Plus Ports


870 USE 101 10 V.2 187


Cluster Mode Cabling Schemes


Introduction In cluster mode, Momentum I/O devices may be placed in small groups, connected 
by much shorter lengths of cable than in standard Modbus Plus cabling schemes.


You may use clusters and standard single nodes in the same network. 


Length of 
Network


The maximum length of cable from one end of the network to the other is 1500 ft. 
(450 m) if no repeaters are used.


You can use up to three Modicon RR85 Repeaters to extend the cable to up to 
6000 ft. (1800 m). Each repeater allows you to extend the cable 1500 ft. (450 m).


Number of 
Devices in 
Network


The maximum number of devices in a network is 64:


l If you use only Momentum products, you may use up to 64 devices on one 
cable segment without a repeater.


l If you use a mixture of devices, you may use up to 32 devices on one cable 
section. You must use a repeater to connect to another cable section. You may 
use up to three repeaters and four cable sections in all.


Clusters in a 
Network


The maximum number of clusters in a network is 8. The maximum number of 
devices in a cluster is 8. Only Momentum devices may be used in the cluster.


Continued on next page


Description Part Number


Modicon RR85 Repeater NW-RR85-000
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Cluster Mode Cabling Schemes, Continued


Termination You must terminate both ends of the network with special terminating resistors.


Cable Between 
Nodes in a 
Cluster


The minimum length of cable between nodes in a cluster is 10 in (.25 m). 


Cable Between 
Clusters


The minimum length of cable between clusters is 10 ft. (3 m). 


Drop Cables Drop cables connecting a cluster to the trunk cable must be at least 10 ft. (3 m) 
long. A 10 ft. drop cable is available. A 30 ft. drop cable may be fabricated by 
removing one RJ45 connector from a 30 ft. interconnect cable. Connect the open 
end of the cable to a Modbus Plus tap, using the wiring illustrations on page 194.


Continued on next page


Description Part Number


Modbus Plus or Modbus RS485 Terminating RJ45 Resistor Plugs
(pack of 2)


170 XTS 021 00


Description Part Number


Modbus Plus / Modbus RS485 Short Interconnect Cable 170 MCI 020 10


Modbus Plus or Modbus RS485 3 ft. Interconnect Cable 170 MCI 020 36


Description Part Number


Modbus Plus or Modbus RS485 10 ft. Interconnect Cable 170 MCI 021 80


Modbus Plus or Modbus RS485 30 ft. Interconnect Cable 170 MCI 020 80


Description Part Number


Modbus Plus 10 ft. Drop Cable 170 MCI 021 20


Modbus Plus or Modbus RS485 30 ft. Interconnect Cable 170 MCI 020 80
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Cluster Mode Cabling Schemes, Continued


Cluster Scheme 
#1


In this example, two clusters of Momentum I/O modules are connected in 
sequence. The trunk cable continues from the clusters in both directions.


Continued on next page


1


2


3 4
5


2


1


Label Description Part Number


1 Modbus Plus Tap 990 NAD 230 00


2 Modbus Plus 10 ft. Drop Cable 170 MCI 021 20


3 Modbus Plus Connector “T” (DB9 base) 170 XTS 020 00


4 Modbus Plus / Modbus RS485 Short Interconnect Cable 
OR
Modbus Plus / Modbus RS485 3 ft. Interconnect Cable


170 MCI 020 10


170 MCI 020 36


5 Modbus Plus / Modbus RS485 30 ft. Interconnect Cable 170 MCI 020 80
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Cluster Mode Cabling Schemes, Continued


Cluster Scheme 
#2


In this example, two clusters are connected in sequence. The network ends with 
the second cluster.


Label Description Part Number


1 Modbus Plus Tap 990 NAD 230 00


2 Modbus Plus 10 ft. Drop Cable 170 MCI 021 20


3 Modbus Plus Connector “T” (DB9 base) 170 XTS 020 00


4 Modbus Plus / Modbus RS485 Short Interconnect Cable 
OR
Modbus Plus / Modbus RS485 3 ft. Interconnect Cable


170 MCI 020 10


170 MCI 020 36


5 Modbus Plus / Modbus RS485 30 ft. Interconnect Cable 170 MCI 020 80


6 Terminating resistor plug 170 XTS 021 00
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Cable Accessories for Modbus Plus Networks 


Overview This section describes the cables, connector and terminating device which should 
be used in constructing a Modbus Plus network for Momentum components.


Cable Within 
Clusters


Cable for connecting two Modbus Plus devices within a cluster is available from 
Schneider Automation in two lengths. These cables have a black boot.


Continued on next page


Description Part Number Illustration


Modbus Plus or Modbus RS485 
Short Interconnect Cable (10”)


170 MCI 020 10 


Modbus Plus or Modbus RS485 
3 ft. Interconnect Cable 


170 MCI 020 36
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Cable Accessories for Modbus Plus Networks, Continued


Cable Between 
Clusters


Cable for connecting two Modbus Plus clusters, or for fabricating drop cables to 
and from clusters, is available from Schneider Automation in two lengths. These 
cables have a black boot.


Continued on next page


Description Part Number Illustration


Modbus Plus 10 ft. Drop Cable 170 MCI 021 20


Modbus Plus or Modbus RS485 
10 ft. Interconnect Cable


170 MCI 021 80


Modbus Plus or Modbus RS485 
30 ft. Interconnect Cable


170 MCI 020 80
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Cable Accessories for Modbus Plus Networks, Continued


DB9 Connector 
“T”


This connector is used in cluster mode with a Modbus Plus Communication 
Adapter or with the 172 PNN 210 22 or 172 PNN 260 22 Modbus Plus Option 
Adapters. 


Terminating 
Resistor Plugs


Terminating resistor plugs are used with the connector “T” at the last device in a 
cluster when it is also the last device in the Modbus Plus network. The plug is red.   


Note:  Only one connector “T” may be used with each adapter, making it 
impossible to use redundant cabling in cluster mode.


Description Part Number Illustration


Modbus Plus Connector “T” 
(DB9 base)


170 XTS 020 00


Description Part Number Illustration


Modbus Plus or Modbus RS485
Terminating RJ45 Resistor Plugs 
(pack of 2)


170 XTS 021 00
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Pinouts and Wiring Illustrations for Modbus Plus Networks


Overview This section contains pinouts and wiring illustrations for constructing an Modbus 
Plus network for Momentum components.


Drop Cable from 
Tap to Cluster


The following illustration shows wiring an interconnect cable (with one RJ45 
connector removed) from a Modbus Plus tap to a cluster:


Drop Cable from 
Cluster to Tap


The following illustration shows wiring an interconnect cable (with one RJ45 
connector removed) from a cluster to a Modbus Plus tap:


Continued on next page
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Pinouts and Wiring Illustrations for Modbus Plus Networks, Continued


Interconnect 
Cables


The following illustration shows the pinout for the 170 MCI 02x xx Modbus Plus or 
Modbus RS485 Interconnect Cables (10 in, 3 ft., 10 ft. and 30 ft.:


Continued on next page
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Pinouts and Wiring Illustrations for Modbus Plus Networks, Continued


Modbus Plus 
Connector “T” 
(DB9 Base)


The following illustration shows the pinout for the Modbus Plus Connector “T” (DB9 
base):


Continued on next page


RJ45 Shielded Connector RJ45 Shielded Connector


TX+     1


Shield  3


2   TX-


3   Shield


4


5


6


7


8


4


5


6


7


8


Shell Shell


.1 uF
500 V


1 2 3


DB9 Connector


1   TX+


TX-      2


TX+ TX- Shield Shell
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Pinouts and Wiring Illustrations for Modbus Plus Networks, Continued


Terminating 
Resistor Plugs


The following illustration shows the pinout for the Modbus Plus or Modbus RS485 
Terminating RJ45 Resistor Plugs:
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Modbus Plus Addresses


Introduction Modbus Plus devices function as peers on a logical ring. Each device accesses the 
network by acquiring a token frame that is passed in a rotating address sequence.


Each device on a Modbus Plus network needs a unique address in the range 
1...64. The device address determines the logical order in which the network token 
will be passed from device to device.


Address 
Sequence


The assignment of addresses does not have to map to the physical layout of the 
network–e.g., device 17 is placed physically before device 3. This is important to 
understand because the network's token rotation is defined by device addresses-
e.g., device 2 will pass the token to device 3, device 3 to device 4, etc.


Illegal Addresses If you set the node address to 00 or to a value greater than 64:


l The COM LED will go ON steadily to indicate an illegal address assignment.


l The Run LED will flash 4 times. 


l The Processor Adapter will not run until you set a valid, unused address on the 
Option Adapter and cycle power. 


Continued on next page


CAUTION


COMMUNICATION ERRORS MAY RESULT


Do not install a Modbus Plus Option Adapter before you have set its Modbus Plus address 
for your application. See your network administrator to get the Modbus Plus node address 
for this module. 


Failure to observe this precaution can result in injury or equipment damage.
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Modbus Plus Addresses, Continued


Setting Modbus 
Plus Addresses


Two rotary switches on the Momentum Option Adapter are used to set the network 
address. The top switch (X10) sets the upper digit (tens) of the address. The lower 
switch (X1) sets the lower digit (ones) of the address.


Example of an 
Address


The illustration below shows a sample setting for address 14:


Node Address X10 Setting X1 Setting


1 ... 9 0 1 ... 9


10 ... 19 1 0 ... 9


20 ... 29 2 0 ... 9


30 ... 39 3 0 ... 9


40 ... 49 4 0 ... 9


50 ... 59 5 0 ... 9


60 ... 64 6 0 ... 4
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Peer Cop


What Is Peer 
Cop?


A Momentum M1 Processor Adapter has the ability to define point-to-point 
transactions between itself and other devices on the Modbus Plus network. The 
tool for defining these transactions is a panel software configuration utility known as 
Peer Cop. 


Configuring 
Network Devices 
with Peer Cop


Each device on the network can be configured to send and receive Peer Cop data.


l In a Modbus Plus I/O networking architecture, the CPU on the network can be 
used to configure the entire Peer Cop database. 


l In a Modbus Plus supervisory architecture, each CPU on the network needs to 
be configured to handle the Peer Cop data that it will send or receive.


Four Types of 
Data 
Transactions


Peer Cop allows you to define four types of data transactions:


Sources and 
Destinations


Peer Cop uses defined data references (like PLC discretes or registers) as sources 
and destinations. For example, a block of registers can constitute the data source 
for the transmitting device, and that same or another block of registers can be the 
data destination for the receiving device.


Continued on next page


Peer Cop Data 
Transaction


Function Maximum Data Length/Token Frame


Global Output Data to be broadcast globally 
to all devices on the network


32 words


Specific Output Data to be transmitted to 
individual devices


32 words/device


500 words to all specific devices


Global Input Data messages received by 
all devices on the network


32 words


Specific Input Data received by a specific 
device from a specific device


32 words/device


500 words from all specific devices
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Peer Cop, Continued


How Peer Cop 
Data Is Sent and 
Received


The reception of Peer Cop source data and the delivery of Peer Cop destination 
data are handled by the token rotation. The token is always passed to the next 
logical device in the network’s address sequence.


Because all the Modbus Plus devices monitor the network, any one device can 
extract the data addressed specifically to it. Likewise, all devices can extract global 
data. Peer Cop then enables the Modbus Plus device currently holding the token to 
direct specific data to individual devices and broadcast global data to all devices on 
the network as part of its token frame.


Effect of Using 
Peer Cop


The net effect of using Peer Cop for data transactions is that each sending device 
can specify unique references as data sources and each receiving device can 
specify the same or different references as data destinations. When devices 
receive global data, each device can index to specific locations in the incoming 
data and extract specific lengths of data from those points. Data transactions 
therefore happen quickly as part of the token rotation and can be directly mapped 
between data references in the sending and receiving devices.
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Modsoft


At a Glance


Purpose This part describes how to configure an M1 CPU, how to I/O map an I/OBus 
network, how to configure a Modbus Plus network with Peer Cop and how to save 
to Flash using Modsoft 2.6.


In This Part This part contains the following chapters:


For Information On... See Chapter... See Page...


Configuring an M1 CPU with Modsoft 8 205


I/O Mapping an I/OBus Network with Modsoft 9 247


Configuring a Modbus Plus Network in Modsoft with Peer Cop 10 257


Saving to Flash in Modsoft 11 303
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Configuring an M1 CPU with 
Modsoft


At a Glance


Introduction This chapter explains how to configure a CPU using Modsoft 2.6. The procedures 
and examples described here can be applied with Modsoft Lite 2.6 as well.


In This Chapter The chapter contains the following topics.


Note:  Modsoft 2.6 does not support the 171 CCC 960 20, 171 CCC 960 30, the 
171 CCC 980 20 or 171 CCC 980 30 Processor Adapters. These 
Processor Adapters must be configured with Concept.


For This Topic... See Section... On Page...


Configuring the Processor Adapter 1 206


Configuring Option Adapter Features 2 223


Modifying Communication Port Parameters 3 232 


I/O Mapping the Local I/O Points 4 242
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Section 8.1
Configuring the Processor Adapter


Overview


Purpose This section describes how to configure a Momentum M1 Processor Adapter using 
Modsoft 2.6.


In This Section This section contains the following topics:


For This Topic... See Page...


Selecting an M1 Processor Adapter 207


Specifying an M1 Processor Type 210


Default Configuration Parameters 212


Changing the Range of Discrete and Register References 215


Changing the Size of Your Application Logic Space 217


Changing the Number of Segments 218


Changing the Size of the I/O Map 220


Establishing Configuration Extension Memory 222
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Selecting an M1 Processor Adapter


Introduction This section describes how to select an M1 Processor Adapter with Modsoft 2.6, 
starting from the Configuration Overview editor.


Procedure Follow the steps below to select an M1 Processor Adapter.


Continued on next page


Note:  For a full description of how to use Modsoft 2.6, refer to Modicon Modsoft 
Programmer Software (V.2.6) User Guide (890 USE 115 00).


Step Action


1 With a new Configuration Overview editor on the screen, move the cursor onto the 
OverView selection on the top menu bar. 


Result: A pull-down list of options appears.
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Selecting an M1 Processor Adapter, Continued


Procedure, 
Continued


Continued on next page


Step Action


2 Move the cursor onto PLC Type in the pull-down list and push <Enter>. 


Result: The following list of PLC types appears on the screen: 


3 Move the cursor onto MOMNTUM and push <Enter>. 


Result: You will be prompted to select between the M1 Processor type and the 
Magnum. 


4 Place the cursor on M1 and push <Enter>.


2.4K


2.4K
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Selecting an M1 Processor Adapter, Continued


Next Step You are now ready to specify the type of M1 Momentum Processor Adapter for 
configuration.
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Specifying an M1 Processor Type


Introduction Once you have selected an M1 Processor Adapter in Modsoft 2.6, you must 
choose between three types of M1 processors.


l A 2.4K machine


l A 12.0K machine


l An 18.0K machine


These numbers refer to the amount of user memory in the CPU. 


Which Type 
Should I 
Choose?


Use the table below to determine which processor type to choose:


If You Choose 
the Wrong Type


If you choose the wrong machine type for the CPU you are configuring, you can run 
into the following kinds of problems:


l If you specify too much memory, Modsoft allows you to create a configuration 
and logic program that could be too big for the CPU you are using. When you 
try to transfer your program to the CPU, your transfer will fail.


l If you specify too little memory, Modsoft restricts the size of your configuration 
and logic program, and may not allow you to I/O Map an I/OBus network (as 
described in I/O Mapping an I/OBus Network with Modsoft on page 247).


Continued on next page


Processor Adapter Type


171 CCS 700 00 2.4


171 CCS 700 10 2.4


171 CCS 760 00 12.0


171 CCC 760 10 18.0


171 CCS 780 00 2.4


171 CCC 780 10 18.0
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Specifying an M1 Processor Type, Continued


Procedure Follow the steps below to specify an M1 Processor Type.


Step Action


1 As a result of selecting an M1 Processor Adapter, you will be presented with a 
pop-up screen that allows you to select the machine type. Move the cursor onto 
the desired memory size (2.4, 12.0 or 18.0).


2 Push <Enter>.


2.4K
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Default Configuration Parameters


Overview This section describes the default configuration parameters.


Defaults for a 
2.4K Adapter


This sample Configuration Overview screen shows the default configuration 
parameters.


Defaults for a 
12.0K Adapter


This sample Configuration Overview screen shows the default configuration 
parameters:


Continued on next page
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Default Configuration Parameters, Continued


Defaults for an 
18.0 Adapter


This sample Configuration Overview screen shows the default configuration 
parameters:


Continued on next page
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Default Configuration Parameters, Continued


Default Values Here are the default parameters:


Parameter 2.4K Adapter 12.0K Adapter 18.0K Adapter


Coils in state RAM 1536 (0x) 1536 (0x) 1536 (0x) 


Discrete inputs in state 
RAM


512 (1x) 512 (1x) 512 (1x) 


Input registers in state 
RAM


48 (3x) 48 (3x) 48 (3x) 


Output registers in state 
RAM


1872 (4x) 1872 (4x) 1872 (4x) 


Bytes of user memory 
space available for 
application logic


1678 13100 17676


Words of user memory 
space for the I/O Map


32 512 32


I/O logic segments One, which will 
allow you to I/O 
Map the I/O points 
on the local base 
unit


One, which will 
allow you to I/O 
Map the I/O points 
on the local base 
unit


One, which will 
allow you to I/O 
Map the I/O points 
on the local base 
unit


Memory allocated for 
configuration extension 


None None None
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Changing the Range of Discrete and Register References


Introduction This section provides guidelines and a procedure for changing the range of discrete 
(0x and 1x) and register (3x and 4x) references.


Guidelines When you change the range of discrete and register references, follow these 
guidelines:


l Adjust the range of discretes in increments of 16. Sixteen discretes consume 
one word. 


l Adjust the range of registers in increments of 1. Each register consumes one 
word.


l The total number of register and discrete references cannot exceed 3k words.


l A minimum configuration of 16 0x discretes, 16 1x discretes, one 3x register, 
and one 4x register is required.


Continued on next page
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Changing the Range of Discrete and Register References, Continued


Procedure From the Configuration Overview screen, follow the steps below to change the 
range of discrete and register references:


Step Action


1 From the Overview menu, select Ranges. 


Result: The cursor will appear in the Ranges field of the editor on the high range 
0x value. 


2 Modify the range of your discrete and register references by changing the high 
value, in keeping with the guidelines described above. Press <Enter> after 
completing each field.
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Changing the Size of Your Application Logic Space


Introduction The number shown in the Size of Full Logic Area field in the Configuration 
Overview screen indicates the total amount of memory available for your 
application logic. You cannot directly enter this field to modify the value. You can, 
however, change the amount of memory available by manipulating the size of other 
fields in the Configuration Overview screen.


Example 1 If you reduce the size of the I/O Map area, the number in the Full Logic Area field 
automatically increases. Say you are using a 12.0K machine and you change the 
size of the I/O Map from the default value of 512 to 256–a decrease of 256 words. 
The default Size of Full Logic Area will automatically increase from 1198 to 1454.


Example 2 Similarly, if you allocate some number of words to configuration extension memory 
(to support Peer Cop), you will reduce the Size of Full Logic Area by the number of 
words allocated the configuration extension memory.
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Changing the Number of Segments


Introduction The number of segments specified in the Configuration Overview screen 
determines the number of I/O Map drops that you will be able to set up for your 
CPU.


The number of segments you will need depends on whether your Processor 
Adapter will support an I/OBus network.


For I/OBus 
Networks


You must change the number of segments to 2 if you want to create an I/O Map to 
support an I/OBus network.


For All Other 
Cases


The default number of segments (1) is correct. You only need one drop because 
the only points to be I/O Mapped are those on the local base.


Continued on next page
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Changing the Number of Segments, Continued


Procedure From the Configuration Overview screen, follow the steps below to change the 
number of segments:


Step Action


1 From the Overview menu, select I/O. 


Result: The cursor will appear in the I/O field of the editor on the number of 
segments. 


2 Type the new number of segments. 


3 Push <Enter>.
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Changing the Size of the I/O Map


Introduction The default size of the I/O Map and your options vary, depending on whether or not 
your Processor Adapter supports an I/OBus network.


Processors For 
I/O Bus 
Networks


With I/OBus, an I/O Map table is used to define the number, location, and type of 
I/O devices on the network bus.


All Other 
Processors


Other Processor Adapters only use the I/O Map for local I/O. The default of 32 
words is sufficient for any Momentum I/O base. Depending on the requirements of 
your I/O base, you may be able to reduce the number of words to the minimum, 17, 
in order to increase the size of the full logic area. 


Continued on next page


Default 512 words


Minimum 17 words


Default 32 words


Minimum 17 words
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Changing the Size of the I/O Map, Continued


Procedure From the Configuration Overview screen, follow the steps below to change the size 
of the I/O Map:


Step Action


1 From the Overview menu, select I/O. 


Result: The cursor will appear in the I/O field of the editor on the number of 
segments. 


2 Push <Enter>.


Result: The cursor moves to the I/O Map Reserved Words field.


3 Modify the I/O Map size by typing a new number in this field. 


4 Push <Enter>.
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Establishing Configuration Extension Memory


Introduction By default, no memory space is allocated for configuration extension memory. If 
you want to use the Peer Cop capability to handle Modbus Plus communications, 
you need to define some configuration extension memory to enable Peer Cop.


Extension memory is specified as a number of 16-bit words. That number is 
entered in the ExtSize entry of the Configuration editor. Once an adequate 
number of words has been specified here, Peer Cop will be enabled in the CfgExt 
pull-down list.


How Much 
Memory?


The minimum Peer Cop ExtSize memory requirement is 20 words; the maximum 
is 1366 words. 


Follow these guidelines for estimating the amount of extension memory you will 
need for your Peer Cop database:


Procedure From the Configuration Overview screen, follow the steps below to establish 
configuration extension memory:


For... Add... Up to a maximum of...


Overhead 9 words --


Global output 5 words --


Global input number of words=
number of devices x
(1 + 2 x number of device subentries)


1088 words


Specific output 2 words for every device entry in Peer Cop 128 words


Specific input 2 words for every device entry in Peer Cop 128 words


Step Action


1 From the Cfg Ext menu, select Cfg. Extension Size. 


Result: The cursor will appear in the Cfg. Extension Used/Size entry. 


2 Type the desired size. 


3 Push <Enter>.
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Section 8.2
Configuring Option Adapter Features


Overview


Purpose This section describes how to implement the battery backup and time-of-day (TOD) 
clock features of the Momentum Option Adapters.


In This Section This section contains the following topics:


For This Topic... See Page...


Reserving and Monitoring a Battery Coil 224


Setting up the Time-of-Day Clock 226


Setting the Time 228


Reading the Time-of-Day Clock 231
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Reserving and Monitoring a Battery Coil


Introduction Since the Option Adapter does not have an LED to indicate when the battery is low, 
we recommend that you reserve a 0x reference to monitor the health of the battery.


This section describes how to reserve and monitor a battery coil, using the 
Configuration Overview editor in Modsoft 2.6.


Reserving a 
Battery Coil


To reserve a battery coil, perform the steps in the following table.


Continued on next page


Step Action


1 From the Overview menu, select Specials.


Result: The cursor moves into the Battery Coil field on the Configuration 
Overview screen.


2 Enter a coil number in the range of available 0xxxx references.


Example: If you have set the range of 0x’s at 000001...001536, you might want to 
enter the reference value of the last coil–1536.


3 Push <Enter>.
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Reserving and Monitoring a Battery Coil, Continued


Monitoring the 
Battery Coil


Monitor the battery coil in ladder logic or tie it to a lamp or alarm that will indicate 
when the battery is low.


Interpreting the 
Battery Coil


The battery coil will always read either 0 or 1.


l A coil state of 0 indicates that the battery is healthy.


l A coil state of 1 indicates that the battery should be changed.
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Setting up the Time-of-Day Clock


Overview Each Option Adapter has a time-of-day clock. To use this feature, you must reserve 
a block of eight 4x registers.


This section describes how to reserve those registers, using Modsoft 2.6.


Reserving 
Registers for the 
TOD Clock 


To reserve registers for the time-of-day clock, perform the steps in the following 
table.


Continued on next page


Step Action


1 From the Overview menu, select Specials.


Result: The cursor moves into the Battery Coil field on the Configuration 
Overview screen.


2 Push the down arrow key twice to move the cursor into the Time of Day Clock 
field.
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Setting up the Time-of-Day Clock, Continued


Reserving 
Registers for the 
TOD Clock, 
Continued


Next Step Setting the time.


Step Action


3 Enter a number (the first in a series of eight) in the range of available 4xxxx 
references.


Example: If you want registers 400100...400107 reserved for the TOD clock, 
enter 100.


4 Push <Enter>.


Result: The reference value you specified and the seven that follow it are now 
reserved for TOD clock data.
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Setting the Time


Overview Once you have reserved a block of registers for the time-of-day clock, you have to 
set the correct time. Modsoft offers two ways to do this:


l using the Set Hardware Clock dialogue


l setting the register bits individually


Option 1 You must be online or in combined mode to access the Set Hardware Clock 
dialogue. 


Continued on next page


Note:  The time-of-day clock complies with guidelines for the year 2000.


Step Action


1 From the PlcOps menu, select Set Hardware Clock.


Result: The Set Hardware Clock dialogue appears.


2 You may set the time directly or copy the current time setting from your 
programming panel.


l To set the time directly, proceed to step 3.


l To copy the setting from your programming panel, proceed to step 4.


3 The time setting for your programming panel is displayed on the left. The 
controller time setting is displayed on the right. The time is expressed as 
hh:mm:ss. The date is expressed as mm-dd-yy.


l To modify the settings, type a new value in the date or time field for the 
controller.


l To confirm the default settings or your modified settings, press <Enter>.


4 To copy the current time setting from your programming panel, type Y in response 
to the question: Write PANEL clock data to PLC? (Y/N). Then 
press <Enter>.
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Setting the Time, Continued


Option 2 Go online and set the register values individually, using the following guidelines and 
procedure for setting the status bits and setting the time bits. The CPU must be 
running while you are setting the bits.


Setting the 
Status Bits


The control register (4x) uses its four most significant bits to report status:


Setting the Time 
Bits


The following table shows how the registers handle time-of-day clock data, where 
register 4x is the first register in the block reserved for the clock:


Continued on next page


Control Register


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0


1 = error


1 = All clock values have been set


1 = Clock values are being read


1 = Clock values are being set


Register Data Content


4x The control register 


4x + 1 Day of the week (Sunday = 1, Monday = 2, etc.)


4x + 2 Month of the year (Jan = 1, Feb = 2, etc.)


4x + 3 Day of the month (1...31)


4x + 4 Year (00...99)


4x + 5 Hour in military time (0...23)


4x + 6 Minute (0...59)


4x + 7 Second (0...59)
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Setting the Time, Continued


Procedure Follow the steps in the table below to set the register values for the time-of-day 
clock:


Step Action


1 Set the correct date and time in registers 4x + 1 through 4x + 7.


Example: To set the clock for Thursday, April 9, 1998 at 4:17:00, set the following 
values in the registers:
l 4x + 1  5


l 4x + 2  4


l 4x + 3  9


l 4x + 4  98


l 4x + 5  4


l 4x + 6  17


l 4x + 7  00


2 Load the value 8000H in register 4x to write the data to the clock.
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Reading the Time-of-Day Clock


Overview This section tells how to read the time-of-day clock and uses an example to 
describe how to interpret the time-of-day clock registers.


Reading the 
Clock


Set the value 4000H in register 4x to read data from the clock.


Example If you reserved registers 400100...400107 as your TOD clock registers, set the time 
bits, and then read the clock at 9:25:30 on Thursday, July 16, 1998, the registers 
would display the following values: 


Register Reading Indication


400100 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 All clock values have been set; 
clock values are being read


400101 5 (decimal) Thursday


400102 7 (decimal) July


400103 16 (decimal) 16


400104 98 (decimal) 1998


400105 9 (decimal) 9 a.m.


40010 6 25 (decimal) 25 minutes


40010 7 30 (decimal) 30 seconds
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Section 8.3
Modifying Communication Port Parameters


Overview


Purpose The communication parameters on the Modbus ports are set at the factory. This 
section describes how to access the Port editor and how to edit the default 
parameters.


In This Section This section contains the following topics.


For This Topic... See Page...


Accessing the Port Editor Screen 233


Parameters Which Should Not Be Changed 234


Changing the Mode and Data Bits 235


Changing Parity 237


Changing the Baud Rate 238


Changing the Modbus Address 239


Changing the Delay 240


Changing the Protocol on Modbus Port 2 241
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Accessing the Port Editor Screen


Introduction Modbus port parameters can be modified using the Port editor in Modsoft 2.6. This 
screen is accessed from the Configuration Overview editor. 


How To Get 
There


To access the Port editor from the Configuration Overview editor, move the cursor 
onto the Ports selection on the top menu bar, then push <Enter>.


Port Editor 
Showing Default 
Values


If you have not previously modified any port parameters, the following screen will 
appear. The screen shows the default parameters for two Modbus ports, 01 and 02.


If you have previously modified any communication port parameters, the new 
values will appear in the screen. 


Two Sets of 
Parameters


This screen will always show two sets of port parameters, even if your particular 
CPU configuration supports only Modbus Port 1. In that case, ignore any parameter 
values shown for Port 2.
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Parameters Which Should Not Be Changed


Overview Two parameters on the Port editor screen should not be changed. These are the 
stop bit and head-slot parameters.


Stop Bit Each port operates only with 1 stop bit. While Modsoft will allow you to select 2 stop 
bits, this setting is invalid.


Head-Slot The Head-Slot parameter is set to 0 and should be left at this value for the 
Momentum M1 CPUs.
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Changing the Mode and Data Bits


Introduction From the Port editor screen, each port can be configured to operate in one of two 
possible modes – RTU or ASCII. 


l If the mode is RTU, the number of data bits is always 8. 


l If the mode is ASCII, the number of data bits is always 7. 


Procedure To change the mode and data bit parameters, perform the steps in the following 
table. 


Continued on next page


Note:  The factory-set default is 8-bit RTU.


Step Action


1 Place the cursor on the current Mode entry for the Modbus port you want to enter. 
Push <Enter>.


Result: A popup window appears in the top left corner of the screen displaying your 
two Mode options:
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Changing the Mode and Data Bits, Continued


Procedure, 
Continued Step Action


2 Use an arrow key to toggle the cursor onto the desired Mode selection in the popup 
window, then push <Enter>.


Result: The Port editor screen is updated with the Mode type you have specified, 
the corresponding Data Bit value appears, and the cursor moves to the Parity 
column. For example, if you change Modbus port 1 from RTU mode to ASCII mode, 
the Data Bit value also automatically changes from 8 to 7, as shown below:


6
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Changing Parity


Introduction From the Port editor screen, a port can be configured for even, odd, or no parity 
checking. The factory-set default is EVEN parity.


Procedure To change the parity parameter, perform the steps in the following table.


Step Action


1 Place the cursor on the current Parity entry for the Modbus port you want to enter.
Push <Enter>.


Result: A popup window appears in the top left corner of the screen displaying your 
three Parity options:


2 Use an arrow key to toggle the cursor onto the desired Parity selection in the popup 
window, then push <Enter>.


Result: The Port editor screen is updated with the Parity type you have specified, 
and the cursor moves to the Stop Bits column.
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Changing the Baud Rate


Overview Each port can be configured for a baud in the range 50...19,200. Sixteen valid 
bauds are user-selectable. The factory-set default is 9600 baud.


Procedure To change the baud parameter, perform the steps in the following table.


Note:  If you use a baud rate lower than 4800, you should adjust the default 
delay parameter. See Changing the Delay on page 240.


Step Action


1 Place the cursor on the current Baud entry for the Modbus port you want to enter. 
Push <Enter>.


Result: A popup window appears in the top left corner of the screen displaying 16 
baud values:


2 Use an arrow key to toggle the cursor onto the desired Baud selection in the popup 
window, then push <Enter>.


Result: The Port editor screen is updated with the Baud number you have specified, 
and the cursor moves to the Head-Slot column.
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Changing the Modbus Address


Overview Each port can be assigned a Modbus network address in the range 1...247. That 
address must be unique with respect to all other device addresses on the same 
Modbus networks. 


Since Modbus Port 1 and Modbus Port 2 are always on different Modbus networks, 
they can both be assigned the same address value without conflict. The factory-set 
default for both ports is address 1.


Procedure From the Port editor screen, perform the steps in the following table to change the 
Modbus Address:


Step Action


1 Place the cursor on the current Address entry for the Modbus port.


2 Type a number in the range 1...247. Push <Enter>.


Result: The Port editor screen is updated with the Address number you have 
typed, and the cursor moves to the Delay column.
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Changing the Delay


Overview The default value for the delay parameter is 10 ms. This value is appropriate for 
most Momentum applications.


However, if you use baud rates lower than 4800, you should adjust the delay 
timing.


Delay Timing If you use baud rates lower than 4800, adjust the delay timing as indicated in the 
following table:


Valid Delay 
Values


The delay must always be a value between 10 and 200 ms, expressed in 10 ms 
increments.


Procedure From the Port editor screen, perform the steps in the following table to change the 
Delay parameter:


Baud Rate Delay (in Msec)


2400 20


1200 30


600 50


300 100


Step Action


1 Place the cursor on the current Delay entry for the Modbus port.


2 Type a new value in the range 10 ... 200 ms, using 10 ms increments. Push 
<Enter>.


Result: The Port editor screen is updated with the Delay you have specified.
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Changing the Protocol on Modbus Port 2 


Overview If your Momentum M1 CPU is using the Modbus Port 2 provided by the 172 JNN 
210 32 Option Adapter, you can specify whether it will use the RS232 or RS485 
protocol. The factory-set default for Modbus Port 2 is RS232.


If you are using the Modbus Port 2 provided on the 171 CCS 780 00 or 
171 CCC 780 10 Processor Adapter, the port is hardwired as a dedicated RS485 
protocol. However, you must change the default setting on the Port editor screen 
from RS232 to RS485, or the port will not function.


Procedure From the Port editor screen, perform the steps in the following table to change the 
Protocol on Modbus Port 2. 


Step Action


1 Place the cursor on the current Protocol entry for Modbus port 2. Push <Enter>.


Result: A popup window appears in the top left corner of the screen displaying the 
two protocol options:


2 Use an arrow key to toggle the cursor onto the desired protocol selection in the 
popup window, then push <Enter>.


Result: The Port editor screen is updated with the protocol you have specified.
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Section 8.4
I/O Mapping the Local I/O Points


Accessing and Editing the I/O Map


Introduction Every M1 Processor Adapter is assembled on an I/O base. The I/O points on the 
base are the local I/O for that processor.


As part of the configuration process, you need to create an I/O Map for the local 
I/O. The I/O Map assigns the appropriate range and type of (0x, 1x, 3x, or 4x) 
reference values from the CPU’s state RAM to the input and/or output points on the 
local base unit.


Accessing an I/O 
Map Screen


To access an I/O Map screen from the Configuration Overview screen, move the 
cursor onto the I/O Map command on the top menu and push <Enter>.


Result: An I/O Map screen appears with the cursor placed in the Module field. The 
label in the top left corner of the screen identifies it as Type: MOMENTUM I/O.


Continued on next page
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Accessing and Editing the I/O Map, Continued


Editing the Local 
I/O Map


To edit the Local I/O Map, perform the steps in the following table.


Continued on next page


Step Action


1 To select the local base unit for drop 1, push <Shift><?>.


Result: A list of all available Momentum base units appears in a window over the 
I/O Map screen, as shown below. The list includes all Momentum I/O bases.


2 Move the cursor onto the model number of your local base unit 
(e.g., the 170 ADM 370 10 24 VDC 16-point in/ 8-point out base in the sample 
screen). Push <Enter>.


Result: The module type and description of the base you select appears in the 
(Drop 1) I/O Map screen:
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Accessing and Editing the I/O Map, Continued


Editing the Local 
I/O Map


Continued on next page


Step Action


3 Assign the appropriate state RAM reference(s) to the unit. 


Example: In the screen below, one 3x register (300001) has been assigned for the 
input points and one 4x register (400001) has been assigned for the output points:


4 Press <Esc> to return to the Configuration Overview editor.
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Accessing and Editing the I/O Map, Continued


Local I/O Only This screen is always used to I/O Map the local I/O base only. No other I/O base 
units can be I/O Mapped on this screen. 


If you attempt to select a second Momentum I/O base in this screen, the following 
error message appears:


I/O Bus: A 
Special Case


If you are I/O Mapping a Processor Adapter which supports I/OBus communication 
stations, you will need to go to a separate I/O Map screen for Drop 2. That process 
is described in I/O Mapping an I/OBus Network with Modsoft on page 247.


7
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I/O Mapping an I/OBus Network 
with Modsoft


At a Glance


Purpose This chapter describes how to I/O Map an I/OBus network using Modsoft 2.6.


Topics This chapter contains the following topics:


Note:  Modsoft 2.6 does not support the 171 CCC 960 20 Processor Adapter. 
This Processor Adapter must be configured with Concept.


For This Topic... See Page...


Supporting an I/O Map for an I/OBus Network 248


Accessing an I/O Map Screen for an I/OBus Network 250


Editing the I/OBus I/O Map 252
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Supporting an I/O Map for an I/OBus Network


Introduction The 171 CCS 760 00 and 171 CCC 760 10 Processor Adapters have an I/OBus 
communication port that enables them to control and communicate with network 
slave I/O. 


If you are using I/OBus to control network I/O, you need to write an I/O Map in your 
configuration. This section describes the configuration parameters required to 
support an I/O Map for I/OBus. 


I/O Map 
Reserved Words


By default, 512 words are reserved for I/O Mapping. This may or may not be the 
appropriate memory allocation to support your I/OBus network. A rule of thumb for 
roughly estimating the number of words required for I/O Mapping is:


l 16 words for overhead


l 10 words/module on the network (including both the local and the network I/O)


The idea behind adjusting the memory size is to allow you to completely I/O Map 
your network while preserving as much user memory as possible for your 
application program.


Required 
Settings


Be sure that the following parameters are set on the Configuration Overview 
screen:


Continued on next page


Parameter Setting


Processor type l 12.0 for a 171 CCS 760 00 
Processor Adapter


l 18.0 for a 171 CCC 760 10 
Processor Adapter


Number of segments 2


I/O Map reserved words Enough to support your I/O map
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Supporting an I/O Map for an I/OBus Network, Continued


Next Step Once you are sure that your Configuration Overview parameters are set properly, 
you can access a second I/O Map screen for the I/OBus network.
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Accessing an I/O Map Screen for an I/OBus Network


Overview This section describes how to access an I/O Map screen for an I/OBus network.


Procedure To access the I/O Map screen for your I/OBus network, perform the steps in the 
following table.


Continued on next page


Step Action


1 From the Configuration Overview screen, move the cursor onto the I/OMap 
command on the top menu and push <Enter>.


Result: The Type: MOMENTUM I/O screen for the local I/O base appears. 
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Accessing an I/O Map Screen for an I/OBus Network, Continued


Procedure, 
Continued


Next Step Editing the I/OBus I/O Map.


Step Action


2 Select Drop from the top menu bar of this I/O Map screen.


Result: A pull-down menu appears. 


3 Select Add Drop (or Next Drop if you have already established the drop) from the 
pull-down menu, then push <Enter>.


Result: A new I/O Map screen appears labeled Type: IOBUS. You are now ready 
to start I/O Mapping the I/OBus network.







I/O Mapping an I/OBus Network with Modsoft


252 870 USE 101 10 V.2


Editing the I/OBus I/O Map


Overview The maximum number of modules which can be I/O Mapped on the I/OBus 
network depends on your Processor Adapter:


You may use up to 16 IOBUS screens to map your I/OBus network. Each page 
allows you to enter up to 16 I/O base and/or InterBus I/O modules. 


The first column on the screen tells you which page you are on. 


Procedure To enter I/O bases or Interbus I/O modules in the I/OBus I/O Map, perform the 
steps in the following table.


Continued on next page


Processor Adapter Max. Modules Max. I/O Bits


171 CCS 760 00 128 2048


171 CCC 760 10 256 4096


171 CCC 960 20 128 2049


171 CCC 960 30 256 4096


Step Action


1 Place the cursor in the Module column in row 1 (for NODE 01) and push the <F8> 
key OR <Shift> <?>.


Result: A list of I/O names appears, as shown below. This list includes model 
numbers for the available Momentum I/O bases and Terminal Block I/O modules. 
It also includes a series of InterBus Module Identifier codes (see list at the end of 
this section).
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Editing the I/OBus I/O Map, Continued


Procedure, 
Continued


Continued on next page


Step Action


2 Move the cursor onto the desired model number and push <Enter>.


Result: The module type and its description are displayed on the I/O Map screen. 
The cursor is positioned so that you can assign the appropriate state RAM 
reference(s) to the unit. 


Example: If you select a 170 ADI 350 00 32-point input base, the screen will look 
like this:


3 Enter the desired reference number–in this case a 3x register (300020), which will 
be the first of two contiguous input registers for the 32-bit input base. The second 
register is automatically assigned.


4 Move the cursor to the Module column opposite NODE 02 and push <Shift> <?>.


Result: The base/module selection popup appears again over the I/O Map 
screen. 
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Editing the I/OBus I/O Map, Continued


Procedure, 
Continued


Continued on next page


Step Action


5 Continue to select and map modules one after the other. You must enter the 
modules in contiguous node slots on the screen, e.g. you cannot enter a module in 
slot 7 if you have not filled slot 6.
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Editing the I/OBus I/O Map, Continued


Generic InterBus 
Module Identifier 
Codes


InterBus device manufacturers embed an identifier code in their network slave 
modules in conformance with InterBus standards. The code identifies a device by 
its I/O type but not its specific model or name.


I/OBus recognizes the InterBus identifier codes provided below and allows you to 
I/O Map devices that use these codes. However, you cannot use the module zoom 
screens to define the parameters for these InterBus modules.


Continued on next page


Identifier Code I/O Type


0101_IOBUS One-word discrete output


0102_IOBUS One-word discrete input


0103_IOBUS One-word discrete bidirectional


0201_IOBUS Two-word discrete output


0202_IOBUS Two-word discrete input


0203_IOBUS Two-word discrete bidirectional


0231_IOBUS Two-word analog output


0232_IOBUS Two-word analog input


0233_IOBUS Two-word analog bidirectional


0301_IOBUS Three-word discrete output


0302_IOBUS Three-word discrete input


0303_IOBUS Three-word discrete bidirectional


0331_IOBUS Three-word analog output


0332_IOBUS Three-word analog input


0333_IOBUS Three-word analog bidirectional


0401_IOBUS Four-word discrete output


0402_IOBUS Four-word discrete input


0403_IOBUS Four-word discrete bidirectional


0431_IOBUS Four-word analog output


0432_IOBUS Four-word analog input


0433_IOBUS Four-word analog bidirectional
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Editing the I/OBus I/O Map, Continued


Generic InterBus 
Module Identifier 
Codes, Continued


Moving Between 
Pages


To move from one I/O Map page to the another, use the <PageUp> and 
<PageDown> keys.


l <PageDown> opens the next page–e.g., to move from page 1 to page 2


l <PageUp> opens the previous page–e.g., to move from page 2 to page 1


Identifier Code I/O Type


0501_IOBUS Five-word discrete output


0502_IOBUS Five-word discrete input


0503_IOBUS Five-word discrete bidirectional


0531_IOBUS Five-word analog output


0532_IOBUS Five-word analog input


0533_IOBUS Five-word analog bidirectional


0633_IOBUS Eight-word analog bidirectional


1233_IOBUS Sixteen-word analog bidirectional
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Configuring a Modbus Plus 
Network in Modsoft with Peer Cop


At a Glance


Purpose Communication transactions over Modbus Plus are defined in Modsoft 2.6 by a 
configuration tool called Peer Cop. This section uses examples to explain how to 
use Peer Cop to configure the two types of network architecture:


l An I/O network, where the Peer Cop of the CPU defines all the communication 
transactions over the full network. 


l A supervisory network with two or more CPUs communicating with each other 
and with additional devices on the network. 


In This Chapter This chapter contains the following sections:


For This Topic... See Section... On Page...


Getting Started 1 258


Using Modbus Plus to Handle I/O 2 263


Passing Supervisory Data over Modbus Plus 3 281
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Section 10.1
Getting Started


Overview


Purpose This section explains how to access the Peer Cop Configuration Extension screen 
and describes the default screen.


In This Section This section contains the following topics:


For This Topic... See Page...


Accessing the Peer Cop Configuration Extension Screen 259


The Default Peer Cop Screen 261
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Accessing the Peer Cop Configuration Extension Screen


Introduction Before you can access the Peer Cop Configuration Extension screen, you must 
have specified enough extension memory to support your Peer Cop database.


This section describes how to access the screen and, if necessary, adjust the 
amount of configuration extension memory.


Accessing the 
Screen


Starting from the Configuration Overview screen, select Peer Cop from the Cfg Ext 
menu.


Adjusting 
Extension 
Memory


Extension memory is specified as a number of 16-bit words. That number is 
entered in the ExtSize field of the Configuration Overview screen. Once an 
adequate number of words has been specified there, Peer Cop will be enabled in 
the Cfg Ext menu.


Extension 
Memory Size


The minimum Peer Cop memory requirement is 20 words. The maximum is 1366 
words. 


Continued on next page


Note:  If Peer Cop is disabled in the pull-down list, you will need to specify 
enough extension memory to support your Peer Cop database before you 
can continue.
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Accessing the Peer Cop Configuration Extension Screen, Continued


Estimating How 
Much Memory to 
Reserve


Follow these guidelines for estimating the amount of extension memory you will 
need for your Peer Cop database:


For... Add... Up to a maximum of...


Overhead 9 words --


Global output 5 words --


Global input number of words=
number of devices x
(1 + 2 x number of device subentries)


1088 words


Specific output 2 words for every device entry in Peer Cop 128 words


Specific input 2 words for every device entry in Peer Cop 128 words
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The Default Peer Cop Screen


Overview This section describes the Peer Cop screen as it appears the first time you access 
it.


Illustration The first time you click on Peer Cop in the Cfg Ext menu, the following screen 
appears:


Description The Peer Cop screen is divided into two regions by a horizontal rule. 


At the top of the screen is a group of Peer Cop summary entries


l Timeout 


l ON Error 


l Total Links 


l Access to Node


The lower half of the screen displays the Peer Cop reference information, i.e., the 
register or discrete references that the CPU uses to handle specific and global 
inputs/outputs with other nodes on the network.


The Add Node popup menu appears near the bottom of the screen.


Continued on next page
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The Default Peer Cop Screen, Continued


Next Step No values are set anywhere in the default Peer Cop screen. The following two 
examples show how to set up Peer Cop to configure different types of Modbus Plus 
networks.
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Section 10.2
Using Modbus Plus to Handle I/O


Overview


Purpose This section uses an example to explain how to configure a Modbus Plus network 
for I/O servicing. In this example, a CPU will control four Momentum I/O modules.


In This Section This section contains the following topics:


For This Topic... See Page...


Devices on the Network 264


Defining the Link and Accessing a Node 265


Confirming the Peer Cop Summary Information 268


Specifying References for Input Data 272


Accessing the Remaining Devices 276


Completing the I/O Device Configuration in Peer Cop 278
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Devices on the Network


Introduction This section describes the five devices which comprise the sample network and the 
strategy used to assign addresses.


The Network 
Devices


The following table lists the Modbus Plus address and components of each 
Momentum module on the network:


Address 
Strategy


In this type of architecture, assign the lowest network address (1) to the CPU. 
When the network initializes, the CPU will be the first device to get the token, and 
the token rotation table will be built with respect to the controlling device on the 
network.


Modbus Plus 
Address


I/O Base Type Adapter Type


1 (type not specified) M1 Processor Adapter 
(type not specified)


172 PNN 210 22 
Modbus Plus Option Adapter


2 170 ADI 340 00 
16-point input


170 PNT 110 20 
Modbus Plus Communication Adapter


3 170 ADO 340 00 
16-point output


170 PNT 110 20 
Modbus Plus Communication Adapter


4 170 ADI 350 00 
32-point input


170 PNT 110 20 
Modbus Plus Communication Adapter


5 170 ADO 350 00 
32-point output


170 PNT 110 20 
Modbus Plus Communication Adapter
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Defining the Link and Accessing a Node


Overview When you reach the default Peer Cop screen, a popup menu asks you to define a 
link and access a node.


What Is a Link? The link is the Modbus Plus network on which the CPU resides. 


The only valid link value for a Momentum M1 CPU is 1. An M1 can function only on 
one Modbus Plus network–multiple Modbus Plus links are not supported.


What Is a Node? The node is the Modbus Plus address of one of the I/O devices on the network. 


A valid node value in our example is any number in the range 2...5. For our 
example, we will first access the170 ADI 340 00 16-point input module at Modbus 
Plus address 2.


Continued on next page


Note:  Address 1, the network address of the CPU itself, is not a valid node to 
access since the CPU does not need to access itself over the network.
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Defining the Link and Accessing a Node, Continued


Procedure Follow the steps in the table below to define the link and access a node, using the 
popup menu.


Continued on next page


Step Action


1 With the cursor flashing in the Link value field, make sure that the Link value in the 
popup is 1. Push <Enter>.


Result: The Link value is set to 1, and the cursor moves to the Node field.


2 Enter the value 2 in the Node field.
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Defining the Link and Accessing a Node, Continued


Procedure, 
Continued


Next Step Confirming the Peer Cop summary information.


Step Action


3 Push <Enter>.


Result: The Add Node popup disappears, and the Peer Cop summary information 
values are set as follows:
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Confirming the Peer Cop Summary Information


Overview Once you have defined the link and accessed a node, the Peer Cop summary 
information values assume default settings. This section describes those settings 
and how to confirm or change them.


Timeout The default Timeout is 500 ms.


Timeout is the maximum interval that Modbus Plus on a Peer-Copped device will 
remain healthy without communication activity. If this interval is exceeded, the 
device will clear its network health bit and will no longer try to communicate via 
Modbus Plus. 


The timeout interval must be in the range 20 ... 2000ms, and it must be specified as 
an increment of 20ms. 


For our example, we will change the timeout value to 240ms.


On Error The default On Error setting is CLEAR.


The On Error setting specifies how the Peer-Copped device will treat the last 
values received before a timeout, once Modbus Plus communications have been 
restored. 


One of two settings may be used–CLEAR or HOLD. CLEAR sets all the previously 
received values to 0, and HOLD retains the previous values. 


For our example, we will change the setting to HOLD.


Continued on next page
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Confirming the Peer Cop Summary Information, Continued


Procedure Follow the steps in the table below to change the Peer Cop summary information. 


Continued on next page


Step Action


1 Push <Tab> to move the cursor to the menu bar at the top of the Peer Cop screen.


2 Move the cursor onto the Timeout command. Push <Enter>.


Result: The cursor moves into the Timeout field in the Peer Cop summary 
information region, and the default value, 500, is cleared.


3 Type the number 240, then push <Enter>.







Using Peer Cop with Modsoft


270 870 USE 101 10 V.2


Confirming the Peer Cop Summary Information, Continued


Procedure, 
Continued


Continued on next page


Step Action


4 Now select On Error from the menu bar.


Result: The cursor moves into the On Error field in the Peer Cop summary 
information region, and a popup menu appears with two choices listed – CLEAR 
and HOLD.


5 Move the cursor onto HOLD and push <Enter>.


Result: The On Error value in the Peer Cop summary information region is set to 
HOLD. Your Peer Cop screen should now look like this:
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Confirming the Peer Cop Summary Information, Continued


Next Step Specifying references for input data.
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Specifying References for Input Data


Introduction The Peer Cop screen is now set to access the device at Modbus Plus address 2, 
which for this example is a 170 ADI 340 00 16-point input module. 


This section explains how to specify the reference for input data from this module.


Device 
Requirements


When you use Peer Cop to handle a Modbus Plus I/O architecture, you need to be 
aware of the type of I/O you are configuring at each network address. Peer Cop 
does not know that the device at address 2 is a discrete 16-point input module.


You need to know that a specific input reference with a length of one word (16 bits) 
is required to handle this module. 


We will assign a 3x register (300016) as a specific input to the CPU. When the 170 
ADI 340 00 sends input data to the CPU, it will be sent to this register.


Continued on next page
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Specifying References for Input Data, Continued


Procedure Follow the steps in the table below to define the specific input in Peer Cop.


Continued on next page


Step Action


1 Move the cursor to the REFERENCE column of the SPECIFIC INPUT field, using the 
cursor arrow keys.


2 Type the value 300016 in the REFERENCE column of the SPECIFIC INPUT field, 
then push <Enter>.


Result: The cursor moves into the LEN column of the SPECIFIC INPUT field.
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Specifying References for Input Data, Continued


Procedure, 
Continued


Continued on next page


Step Action


3 Type the value 1 in the LEN column of the SPECIFIC INPUT field, indicating that the 
device at address 2 will transmit 1 word of data (or 16 bits). Then push <Enter>.


Result: The cursor is now on BIN (binary) the TYPE column.


4 Push <Enter>.


Result: A popup menu appears. You can choose between leaving the data type as 
binary or changing it to BCD.
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Specifying References for Input Data, Continued


Procedure, 
Continued


Next Step Accessing the remaining devices.


Step Action


5 In this case, we will leave the default BIN setting. Push <Enter>.


Result: The Peer Cop screen is now set to handle a 16-point input module at 
Modbus Plus address 2. The screen should like this:
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Accessing the Remaining Devices


Introduction The I/O modules at Modbus Plus addresses 3 ... 5 can be configured individually in 
a manner similar to that used for the 170 ADI 340 00 module at address 2.


Procedure Follow the steps in the table below to access a new device address (in this case, 
address 3), using the AddNode command.


Continued on next page


Step Action


1 Push <Tab> to move the cursor to the menu at the top of the Peer Cop screen.


2 Using a left or right arrow key as necessary, move the cursor onto the AddNode 
command. Push <Enter>.


Result: The Add Node popup appears over the Peer Cop screen with the cursor 
flashing in the Link value field.


3 Make sure that the Link value in the Add Node popup is 1. Push <Enter>.


Result: The Link value is set to 1, and the cursor moves to the Node value field of 
the Add Node popup.
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Accessing the Remaining Devices, Continued


Procedure, 
Continued


Next Step You are now ready to configure Peer Cop for the device at Modbus Plus address 3, 
which for this example is a 170 ADO 340 00 16-point output module.


Step Action


4 Enter the value 3 in the Node field. Push <Enter>.


Result: The Add Node popup disappears, and the Peer Cop summary information 
values are set as follows:
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Completing the I/O Device Configuration in Peer Cop


Introduction Using the procedures described previously, you can complete the I/O configuration 
in Peer Cop. This section shows completed Peer Cop screens for this example.


Register 
Assignments


For this example, we have made the following register assignments:


Completed 
Screen: Node 2


The completed Peer Cop screen for node 2 should look like this: 


Continued on next page


MB+ Address Device Type Register Assignment


2 16-point discrete input 300016


3 16-point discrete output 400016


4 32-point discrete input 300017 and 300018


5 32-point discrete output 400017 and 400018
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Completing the I/O Device Configuration in Peer Cop, Continued


Completed 
Screen: Node 3


The completed Peer Cop screen for node 3 should look like this:


Completed 
Screen: Node 4


The completed Peer Cop screen for node 4 should look like this: 


Continued on next page


Note:  The lengths (LEN) for the 32-bit I/O devices at addresses 4 and 5 need to 
be specified as 2 words (32 bits).
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Completing the I/O Device Configuration in Peer Cop, Continued


Completed 
Screen: Node 5


The completed Peer Cop screen for node 5 should look like this: 


Note:  The lengths (LEN) for the 32-bit I/O devices at addresses 4 and 5 need to 
be specified as 2 words (32 bits).
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Section 10.3
Passing Supervisory Data over Modbus Plus


Overview


Purpose This Peer Cop example deals with a network where three CPUs communicate over 
Modbus Plus. Each device needs its own Peer Cop configuration.


In This Section This section contains the following topics:


For This Topic... See Page...


Devices on the Network 282


Configuring a Node to Exchange Data 283


Confirming the Peer Cop Summary Information 286


Specifying References for Input and Output Data 287


Defining the References for the Next Node 292


Defining References for the Supervisory Computer 297


Completing the Configuration 302
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Devices on the Network


Introduction This section describes the three CPUs which exchange data over the sample 
Modbus Plus network and the strategy used to assign node addresses.


Devices The three CPUs and their functions are described in the following table: 


Address 
Strategy


In this type of architecture, assign the lowest network address (1) to the 
supervisory computer. When the network initializes, the supervisor will be the first 
device to get the token, and the token rotation table will be built with respect to the 
supervising device.


MB+ Address CPU Function


1 Pentium supervisory computer with 
an AT984 host-based PLC card


Receives specific input data 
and sends global outputs


2 171 CCS 760 00 Momentum M1 
Processor Adapter with
172 PNN 210 22 Modbus Plus 
Option Adapter


Controls I/OBus network 
and exchanges data with 
AT984 supervisor


3 171 CCS 760 00 Momentum M1 
Processor Adapter with
172 PNN 210 22 Modbus Plus 
Option Adapter


Controls I/OBus network 
and exchanges data with 
AT984 supervisor
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Configuring a Node to Exchange Data


Getting Started To Peer Cop this sample configuration, each CPU must be separately programmed 
to communicate with the others over Modbus Plus. Begin by connecting your 
programming panel to the 171 CCS 760 00 Momentum M1 device at Modbus Plus 
address 2. Access the Peer Cop with your Modsoft 2.6 software.


When you reach the default Peer Cop screen, you need to initialize the summary 
information region. To do this, define a link value and a node value in the Add Node 
popup.


What Is a Link? The link is the Modbus Plus network on which the CPU resides. 


The only valid link value for a Momentum M1 CPU is 1. An M1 can function only on 
one Modbus Plus network–multiple Modbus Plus links are not supported.


What Is a Node? The node is the Modbus Plus address of one of the I/O devices on the network. 


For our example, we will first access the AT984 supervisory PLC at Modbus Plus 
address 1.


Continued on next page
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Configuring a Node to Exchange Data, Continued


Procedure Follow the steps in the table below to define the link and access a node.


Continued on next page


Step Action


1 With the cursor flashing in the Link value field of the Add Node popup, make sure 
that the Link value in the popup is 1. Push <Enter>.


Result: The Link value is set to 1, and the cursor moves to the Node value field of 
the Add Node popup.
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Configuring a Node to Exchange Data, Continued


Procedure, 
Continued


Next Step Confirming the Peer Cop summary information.


Step Action


2 If the value in the Node field is 1, as in our example, press <Enter>. 


Otherwise, enter the value 1 in the Node field to indicate that you will access the 
CPU at address 1. Then press <Enter>.


Result: The Add Node popup disappears, and the Peer Cop summary information 
values are set as follows:
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Confirming the Peer Cop Summary Information


Overview Once you have defined the link and accessed a node, the Peer Cop summary 
information values assume default settings. This section describes those settings.


Timeout The default Timeout is 500 ms.


Timeout is the maximum interval that Modbus Plus on a Peer-Copped device will 
remain healthy without communication activity. If this interval is exceeded, the 
device will clear its network health bit and will no longer try to communicate via 
Modbus Plus. 


The timeout interval must be in the range 20 ... 2000 ms, and it must be specified 
as an increment of 20 ms. 


For our example, we will use the default setting.


On Error The default On Error setting is CLEAR.


The On Error setting specifies how the Peer-Copped device will treat the last 
values received before a timeout, once Modbus Plus communications have been 
restored. 


One of two settings may be used–CLEAR or HOLD. CLEAR sets all the previously 
received values to 0, and HOLD retains the previous values. 


For our example, we will use the default setting.


Next Step Specifying references for input and output data.
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Specifying References for Input and Output Data 


Overview We will now set up the 171 CCS 760 00 Momentum M1 CPU at Modbus Plus 
address 2. This device will:


l send eight 4x registers of specific output to the supervisory computer at 
Modbus Plus address 1.


l receive five 4x registers of global input from the supervisory computer. These 
registers are the first five registers in a 10-register block broadcast by the 
supervisor.


Defining the 
Specific Output


The following table describes how to define the specific output in Peer Cop.


Continued on next page


Step Action


1 Move the cursor to the REFERENCE column of the SPECIFIC OUTPUT field with 
the cursor arrow keys.


2 In the REFERENCE column of the SPECIFIC OUTPUT field, type the value 
400016. Push <Enter>.


Result: The cursor moves into the LEN column of the SPECIFIC OUTPUT field.







Using Peer Cop with Modsoft


288 870 USE 101 10 V.2


Specifying References for Input and Output Data, Continued


Defining the 
Specific Output, 
Continued


Continued on next page


Step Action


3 In the LEN column of the SPECIFIC OUTPUT field, type the value 8, indicating that 
the M1 CPU at address 2 will send eight 16-bit words to the supervisory PLC. Push 
<Enter>.


Result: The Peer Cop screen should like this:
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Specifying References for Input and Output Data, Continued


Defining the 
Global Inputs


Now the M1 needs to be Peer Copped to receive five words of global data from the 
supervisory PLC at Modbus Plus address 1. Follow the steps in the table below to 
specify the global input references.


Continued on next page


Step Action


1 In the REFERENCE column on the first line of the GLOBAL INPUT field, type the 
value 400001, the first register in which the CPU will store data. Push <Enter>.


Result: The cursor moves into the LEN column of the GLOBAL INPUT field.
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Specifying References for Input and Output Data, Continued


Defining the 
Global Inputs, 
Continued


Continued on next page


Step Action


2 Type the value 5 in the LEN column of the GLOBAL INPUT field, indicating that the 
CPU will receive five words of global data from the supervisory computer. Push 
<Enter>.


Result: The cursor moves into the TYPE column of the GLOBAL INPUT field.


3 The default data format for these words is binary (BIN). This is the desired type for 
our example, so push <Enter> twice.


Result: The cursor moves into the INDEX column of the GLOBAL INPUT field.
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Specifying References for Input and Output Data, Continued


Defining the 
Global Inputs, 
Continued


Next Step Defining the references for the next node.


Step Action


4 Type the value 1 in the INDEX column of the GLOBAL INPUT field, indicating that 
the M1 CPU at Modbus Plus address 2 will receive the five words of global input 
data beginning with word 1. Push <Enter>.


Result: The Peer Cop screen is now set to send eight words of specific output to 
the supervisor at Modbus Plus address 1 and receive five words of global data from 
the supervisor. The screen should like this:
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Defining the References for the Next Node


Overview We now want to attach the Modsoft 2.6 programming panel to the 171 CCS 760 00 
Momentum M1 CPU at Modbus Plus address 3 and create a similar Peer Cop for 
this device to communicate with the supervisory PLC at Modbus Plus
address 1. 


In this case, we want the M1:


l to send 16 words of specific output to the supervisor.


l to receive the last seven words of global input from the supervisor. (Remember 
that the supervisor will be transmitting a total of 10 contiguous words of global 
data over the network.)


Link and Node 
Settings


Make sure that the Link setting is 1 and the Node setting is 1, indicating that this 
CPU will be exchanging data with the supervisory computer at address 1.


Defining Specific 
Outputs


Follow the steps in the table below to define the specific output in Peer Cop.


Continued on next page


Step Action


1 In the REFERENCE column of the SPECIFIC OUTPUT field, type the value 
400024. Push <Enter>.
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Defining the References for the Next Node, Continued


Defining Specific 
Outputs, 
Continued


Continued on next page


Step Action


2 Type the value 16 in the LEN column of the SPECIFIC OUTPUT field. Push 
<Enter>.


3 With the TYPE column of the SPECIFIC OUTPUT filed set to BIN, push <Enter> 
twice.


Result: The Peer Cop screen should like this:
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Defining the References for the Next Node, Continued


Defining Global 
Inputs


Follow the steps in the table below to define the global input data from the 
supervisory PLC at Modbus Plus address 1.


Continued on next page


Step Action


1 In the REFERENCE column of the first GLOBAL INPUT field, type the value 400001, 
the first register which will be used to store global input data. Push <Enter>.


Result: The cursor moves to the LEN column.
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Defining the References for the Next Node, Continued


Defining Global 
Inputs, Continued


Continued on next page


Step Action


2 Type the value 7 in the LEN column of the GLOBAL INPUT field to indicate that 
seven words will be accepted. Then push <Enter>.


Result: The remaining reference field is filled automatically and the cursor moves to 
the TYPE column.


3 With the TYPE column of the SPECIFIC OUTPUT filed set to BIN, push <Enter> 
twice.
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Defining the References for the Next Node, Continued


Defining Global 
Inputs, Continued


Next Step Defining references for the supervisory computer.


Step Action


4 Type the value 4 in the INDEX column of the GLOBAL INPUT field, indicating 
that the M1 CPU at Modbus Plus address 3 will receive the seven words of global 
data starting with word 4.


Result: The Peer Cop screen is now set to send 16 words of specific output to the 
supervisor at Modbus Plus address 1 and to receive seven words of global data 
from the supervisor. The screen should like this:
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Defining References for the Supervisory Computer


Overview At this point, we will attach the Modsoft 2.6 programming panel to the AT984 
supervisory PLC at Modbus Plus address 1 and set up two Peer Cop screens to 
handle the M1 CPUs at addresses 2 and 3. 


We know that the M1 at Modbus Plus address 2 is sending eight words of specific 
output to the supervisor and that the M1 at Modbus Plus address 3 is sending 16 
words of specific output to the supervisor. The supervisor will receive this data as 
specific inputs. 


We also know that the supervisor is sending 10 words of global data, parts of which 
will be received by both of the M1 CPUs.


Accessing 
Node 2


Make sure the Link setting is 1 and the Node setting is 2, indicating that the 
supervisory computer will exchange data with the CPU at address 2.


Continued on next page
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Defining References for the Supervisory Computer, Continued


Specifying 
References for 
Node 2


We know that this M1 CPU sends eight words of specific output to the supervisor 
and receive five words of global data from the supervisor. 


Follow the steps in the table below to define the registers that the supervisor will 
transmit to and receive from the M1 CPU at Modbus Plus address 2. 


Continued on next page


Step Action


1 In the REFERENCE column of the SPECIFIC INPUT field, type the value 400001, 
the first register which will receive the input. Push <Enter>.


Result: The cursor moves to the LEN column.
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Defining References for the Supervisory Computer, Continued


Specifying 
References for 
Node 2, 
Continued


Continued on next page


Step Action


2 Type the value 8 in the LEN column of the SPECIFIC INPUT field to indicate the 
number of registers that will be received. Push <Enter>.


Result: The REFERENCE field is completed automatically and the cursor moves 
to the TYPE column.


3 With the TYPE column of the SPECIFIC INPUT filed set to BIN, push <Enter> 
twice.
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Defining References for the Supervisory Computer, Continued


Specifying 
References for 
Node 2, 
Continued


Continued on next page


Step Action


4 In the REFERENCE column of the GLOBAL OUTPUT field (at the bottom of the 
screen), type 400033, the first register which will be sent. Push <Enter>.


Result: The cursor moves to the LEN column.


5 Type the value 10 in the LEN column of the GLOBAL OUTPUT field to indicate the 
number of registers to be sent. Push <Enter>.


Result: The REFERENCE field is completed automatically and the cursor moves to 
the TYPE column.
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Defining References for the Supervisory Computer, Continued


Specifying 
References for 
Node 2, 
Continued


Next Step Complete the configuration by creating a Peer Cop screen from the supervisor that 
accesses node 3 and defines the references for that node.


Step Action


6 With the TYPE column of the GLOBAL OUTPUT filed set to BIN, push <Enter> 
twice.


Result: The Peer Cop screen should like this:
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Completing the Configuration


Overview To complete the configuration of the supervisory computer at Modbus Plus address 
1, create a Peer Cop screen that accesses the CPU at address 3 and defines the 
references for that CPU.


Accessing 
Node 3


Using the AddNode command, create a new Peer Cop screen with a Link setting of 
1 and a Node setting of 3.


Specifying 
References for 
Node 3


We know that this M1 CPU sends 16 words of specific output to the supervisor and 
receive seven words of global data from the supervisor. Follow the steps in the 
table below to define the registers that the supervisor will transmit to and receive 
from the M1 CPU at Modbus Plus address 3. 


Step Action


1 In the REFERENCE column of the SPECIFIC INPUT field, type the value 400020, 
the first register which will receive the input. Push <Enter>.


2 Type the value 16 in the LEN column of the SPECIFIC INPUT field, indicating the 
number of registers that will be received. Push <Enter>.


3 The GLOBAL OUTPUT fields should already be complete, since you filled them out 
for node 2. The completed Peer Cop screen should look like this:
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Saving to Flash in Modsoft


At a Glance


Purpose You save data to Flash so that in the event of an unexpected loss of power, the 
application logic and state RAM values will be preserved. 


This section describes how to save the application logic and state RAM values to 
Flash using Modsoft 2.6.


In This Chapter This chapter contains the following topics:


For This Topic... See Page...


Preparing to Save to Flash 304


Saving to Flash 305
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Preparing to Save to Flash


Before You Save 
to Flash


Before you can save to Flash in Modsoft, you need to specify how the controller will 
react when power is re-established. This section describes three options. The next 
section describes how to specify an option.


Three 
Parameters


Modsoft will ask you three questions:


Q1 Continue power down Run state? Y/N


Q2 Start PLC after download? Y/N


Q3 Continue? Y/N


Q1 and Q2 define the state of the controller after power is re-established. Q3 
simply initiates a save-to-Flash operation in the controller. Q3 cannot be invoked 
unless Q1 and Q2 have been answered Y(es) or N(o).


Three Possible 
States


The following table shows you the three states that you may specify for the 
controller:


If the Answer Is ... Then the Controller ...


Q1 = Y Comes back in the state it was in (Running or Stopped) before 
power was lostQ2 = N


Q1 = N Comes back Running when power is restored


Q2 = Y


Q1 = N Comes back Stopped when power is restored


Q2 = N
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Saving to Flash


Conditions for 
Saving to Flash


In order to save the application program and state RAM values to Flash:


l The Modsoft panel must be Online


l The PLC must be stopped (not solving logic)


Save-to-Flash 
Procedure


Follow the steps below to save to Flash.


Continued on next page


Step Action


1 With the PLC online, go to the Ladder diagram editor or the Segment Status 
Display.


2 From the PlcOps pull-down on the top menu, select Save to Flash.


Result: If the PLC is stopped when you select Save to Flash, the following screen 
appears:


3 Answer the first two questions to specify the way you want the PLC to restart after a 
power-down.
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Saving to Flash, Continued


Save-to-Flash 
Procedure, 
Continued


Step Action


4 Type Y in response to question 3.


Result: The PLC will save your application logic and state RAM table to Flash. 
When the save is completed, the following system message appears:
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Concept


At a Glance


Purpose This part describes how to configure an M1 CPU, how to I/O map an I/OBus 
network, how to configure a Modbus Plus network with Peer Cop and how to save 
to Flash using Concept 2.1.


In This Part This part contains the following chapters:


For Information On... See Chapter... On Page...


Configuring an M1 CPU with Concept 12 309


I/O Mapping an I/OBus Network with Concept 13 361


Configuring a Modbus Plus Network in Concept with Peer Cop 14 369


Saving to Flash with Concept 15 399
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Configuring an M1 CPU with 
Concept


At a Glance


Purpose This chapter explains how to configure a CPU using Concept 2.2.


In This Chapter This chapter contains the following sections:


For This Topic... See Section... On Page...


Configuring the Processor Adapter 1 310


Configuring Option Adapter Features 2 327


Modifying Modbus Port Parameters 3 336


Configuring Ethernet Address Parameters and I/O Scanning 4 344


I/O Mapping the Local I/O Points 5 357
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Section 12.1
Configuring the Processor Adapter


Overview


Purpose This section describes how to configure a Momentum M1 Processor Adapter using 
Concept 2.2.


In This Section This section contains the following topics:


For This Topic... See Page...


Selecting an M1 Processor Adapter 311


Default Configuration Parameters 315


Changing the Range of Discrete and Register References 318


Changing the Size of the Full Logic Area 320


Understanding the Number of Segments 321


Changing the Size of the I/O Map 322


Establishing Configuration Extension Memory for Peer Cop 324
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Selecting an M1 Processor Adapter


Introduction This section describes how to select an M1 Processor Adapter for a new project 
using Concept 2.2.


F


Procedure Follow the steps below to select an M1 Processor Adapter for a new project.


Continued on next page


Note:  For a full description of Concept, refer to the set of manuals shipped with 
the software.


Step Action


1 From the File menu, select New Project.


Result: A new project is opened and the file name [untitled] appears over 
the menu bar.


2 From the Project menu, select Configurator.


Result: The PLC Configuration screen appears.


PLC Configuration
PLC


Exec Id:
Memory Size:


Type: Available Logic Area:
Extended Memory:


Ranges Loadables


Specials Segment Scheduler


Config Extensions ASCII


Coils:
Discrete Inputs:
Input Registers:
Holding Registers:


Battery Coil:
Timer Register:
Time of Day:


Data Protection:
Peer Cop:
Hot Standby:
Ethernet:
Profibus DP:


Number installed:


Segments:


Number of Messages:
Mesage Area Size:
Number of Ports:
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Selecting an M1 Processor Adapter, Continued


Procedure, 
Continued


Continued on next page


Step Action


3 From the Configure menu, select PLC Type OR double-click on the Type field in 
the dialog box.


Result: The PLC Selection dialog box appears. The default selection is Quantum.


OK Cancel Help


Not Available


PLC Selection


186 IEC: None  984: Eq/IMIO/CHS


PLC Family:


CPU/Executive: Memory Size:


QUANTUM


140 CPU 113 02 8 K logic / 32 K state
140 CPU 113 02S
140 CPU 113 02X
140 CPU 113 03
140 CPU 113 03S
140 CPU 113 03X
140 CPU 113 04


0
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Selecting an M1 Processor Adapter, Continued


Procedure, 
Continued


Continued on next page


Step Action


4 From the PLC Family dropdown menu, select MOMENTUM.


Result: The CPU/Executive menu changes to reflect the choices available for 
Momentum.


OK Cancel Help


984 Only


PLC Selection


PROC. ADAPTER,512K, ETHERNET,I/O BUS


PLC Family:


CPU/Executive: Memory Size:


MOMENTUM


18 K logic / 32 K state


0


171 CCC 760 10-984
171 CCC 760 10-IEC
171 CCC 780 10-984
171 CCC 780 10-IEC
171 CCC 960 20-984
171 CCC 980 20-984
171 CCS 700 10
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Selecting an M1 Processor Adapter, Continued


Procedure, 
Continued Step Action


5 Choose your PLC type from the CPU/Executive menu.


Result: The remaining fields are filled with corresponding values.


6 Click the <OK> button.


Result: Your PLC type and default configuration parameters are displayed in the 
PLC Configuration screen.
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Default Configuration Parameters


Overview This section describes the default configuration parameters.


Defaults for a 
2.4K Machine


This sample PLC Configuration screen shows the default configuration parameters.


Continued on next page


PLC Configuration
PLC


Exec Id:
Memory Size:


Type: Available Logic Area:
Extended Memory:


Ranges Loadables


Specials Segment Scheduler


Config Extensions


Coils:
Discrete Inputs:
Input Registers:
Holding Registers:


Battery Coil:
Timer Register:
Time of Day:


Data Protection:
Peer Cop:
Hot Standby:
Ethernet:
Profibus DP:


Number installed:


Segments: 1


0


1297


Disabled


Not Applicable
Disabled


Not Applicable
Not Applicable


898
2.46K


171 CSS 700 10


000001 - 001536
100001 - 100512
300001 - 300048
400001 - 401872
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Default Configuration Parameters, Continued


Defaults for a 
12.2K Machine


This sample PLC Configuration screen shows the default configuration parameters.


Continued on next page


PLC Configuration
PLC


Exec Id:
Memory Size:


Type: Available Logic Area:
Extended Memory:


Ranges Loadables


Specials Segment Scheduler


Config Extensions


Coils:
Discrete Inputs:
Input Registers:
Holding Registers:


Battery Coil:
Timer Register:
Time of Day:


Data Protection:
Peer Cop:
Hot Standby:
Ethernet:
Profibus DP:


Number installed:


Segments: 1


0


11121


Disabled


Not Applicable
Disabled


Not Applicable
Not Applicable


899
12.29K


171 CSS 760 00-IEC


000001 - 001536
100001 - 100512
300001 - 300048
400001 - 401872
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Default Configuration Parameters, Continued


Defaults for an 
18.4K Machine


This sample PLC Configuration screen shows the default configuration parameters.


Default Values Here are the default parameters:


PLC Configuration
PLC


Exec Id:
Memory Size:


Type: Available Logic Area:
Extended Memory:


Ranges Loadables


Specials Segment Scheduler


Config Extensions


Coils:
Discrete Inputs:
Input Registers:
Holding Registers:


Battery Coil:
Timer Register:
Time of Day:


Data Protection:
Peer Cop:
Hot Standby:
Ethernet:
Profibus DP:


Number installed:


Segments: 1


0


17649


Disabled


Not Applicable
Disabled


Not Applicable
Not Applicable


898
18.43K


171 CCC 960 20-984


000001 - 001536
100001 - 100512
300001 - 300048
400001 - 401872


Parameter 2.4K Machine 12.2K Machine 18.4K Machine


Coils in state RAM 1536 (0x) 1536 (0x) 1536 (0x) 


Discrete inputs in state RAM 512 (1x) 512 (1x) 512 (1x) 


Input registers in state RAM 48 (3x) 48 (3x) 48 (3x) 


Output registers in state RAM 1872 (4x) 1872 (4x) 1872 (4x) 


Full logic area (in bytes) 1678 11532 17649


Words of user memory space 
for the I/O Map


144 144 144


Memory allocated for 
configuration extension 


None None None
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Changing the Range of Discrete and Register References


Introduction This section provides guidelines and a procedure for changing the range of discrete 
(0x and 1x) and register (3x and 4x) references.


Guidelines When you change the range of discrete and register references, follow these 
guidelines:


l Adjust the range of discretes in increments of 16. Sixteen discretes consume 
one word. 


l Adjust the range of registers in increments of 1. Each register consumes one 
word.


l The total number of register and discrete references cannot exceed the 
maximum of state memory displayed at the top of the dialog.


l A minimum configuration of 16 0x discretes, 16 1x discretes, one 3x register, 
and one 4x register is required.


Continued on next page
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Changing the Range of Discrete and Register References, Continued


Procedure Follow the steps below to change the range of discrete and register references, 
using the PLC Configuration screen:


Step Action


1 From the Configure menu, select Memory Partitions OR double-click on any 
field in the Ranges section of the dialog box.


Result: The PLC Memory Partition dialog box appears, showing 
the maximum memory size and the register allocation of the CPU.


2 Modify the range of your discrete and register references by changing the value 
in the variable boxes, in keeping with the guidelines described above. 


3 Click the <OK> button.
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Changing the Size of the Full Logic Area


Introduction The number shown in the Available Logic Area field in the PLC Configuration 
screen indicates the total amount of memory available for your application logic. 
You cannot directly enter this field to modify the value. You can, however, change 
the amount of memory available by manipulating the size of other fields in the PLC 
Configuration screen.


Example 1 For example, if you reduce the expansion size of the I/O Map, the number in the 
Available Logic Area field automatically increases. Say you are using a 12.2K 
machine and you change the size of the I/O Map from 512 to 256, a decrease of 
256 words. The Available Logic Area will automatically increase from 1198 to 1454.


Example 2 Similarly, if you allocate some number of words to the Peer Cop expansion size, 
you will reduce the Available Logic Area by the number of words allocated for Peer 
Cop.
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Understanding the Number of Segments


Only the First 
Segment is 
Solved


The number of segments specified in the Configuration Overview screen 
determines the number of I/O Map drops that you will be able to set up for your 
CPU. When you are using Concept 2.2, the default number of segments is 1 in 
most CPUs.


This number is adequate for all processor adapters and does not need to be 
changed. However, you should only use the second segment for I/OBus I/O 
mapping or other subroutines.
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Changing the Size of the I/O Map


Introduction The default size of the I/O Map is 144 words. You may want to adjust this number to 
provide more support for an I/OBus network or to increase the size of the full logic 
area. 


Processors for 
I/OBus Networks


With I/OBus, an I/O Map table is used to define the number, location and type of
I/O devices on the network bus.


All Other 
Processors


Other Processor Adapters only use the I/O Map for local I/O. The default of 144 
words is more than sufficient for any Momentum I/O base. Depending on the 
requirements of your I/O base, you may be able to reduce the number of words to 
the minimum, 4, in order to increase the Available Logic Area.


Continued on next page


Default 144 words


Minimum 4 words


Maximum 6143 words, or not to exceed the PLC’s memory size.


Default 144 words


Minimum 4 words
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Changing the Size of the I/O Map, Continued


Procedure From the PLC Configuration screen, follow the steps below to change the size of 
the I/O Map:


Step Action


1 From the Configure menu, select I/O Map.


Result: The I/O Map dialog box appears.


2 Modify the size of the I/O Map by typing a new value in the Expansion Size field 
OR by adjusting the sliding scale.


3 Click the <OK> button.
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Establishing Configuration Extension Memory for Peer Cop


Introduction By default, the Peer Cop capability is disabled. If you want to use Peer Cop to 
handle Modbus Plus communications, you need to enable this capability and adjust 
the amount of configuration extension memory.


How Much 
Memory?


The minimum Peer Cop memory requirement is 20 words; the maximum is 1366 
words. 


Follow these guidelines for estimating the amount of extension memory you will 
need for your Peer Cop database:


Continued on next page


For... Add... Up to a maximum of...


Overhead 9 words --


Global output 5 words --


Global input number of words=
number of devices x
(1 + 2 x number of device subentries)


1088 words


Specific output 2 words for every device entry in Peer Cop 128 words


Specific input 2 words for every device entry in Peer Cop 128 words







Configuring an M1 CPU with Concept


870 USE 101 10 V.2 325


Establishing Configuration Extension Memory for Peer Cop, Continued


Procedure From the PLC Configuration screen, follow the steps below to enable Peer Cop and 
adjust the amount of Configuration Extension memory:


Continued on next page


Step Action


1 From the Configure menu, select Config extensions OR double-click anywhere in 
the Config Extensions region of the screen.


Result: The Configuration Extension dialog box appears.


2 Click the check box next to Peer Cop, then click OK.


Result: Peer Cop status changes from Disabled to Enabled in the PLC 
Configuration screen.


Data Protection: Disabled
Peer Cop: Enabled
Hot Standby: Not Applicable
Ethernet: 0
Profibus DP: Not Applicable


Config Extensions
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Establishing Configuration Extension Memory for Peer Cop, Continued


Procedure, 
Continued Step Action


3 From the Configure menu, select Peer Cop.


Result: The Peer Cop dialog box appears.


4 Modify the amount of configuration extension memory allocated to Peer Cop by 
typing a new value in the Expansion Size field OR by adjusting the sliding scale 
next to the field.


5 Click the <OK> button.


0


Peer Cop


100


0


Link 0


Go To
Expansion Size:


500Health timeout (msec.):


Last Value Global Specific


Clear on timeout


Hold on timeout


Input...


Output...


Input...


Output...


OK Cancel Help
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Section 12.2
Configuring Option Adapter Features


Overview


Purpose This section describes how to implement the battery backup and time-of-day (TOD) 
clock features of the Momentum Option Adapters using Concept 2.2.


In This Section This section contains the following topics:


For This Topic... See Page...


Reserving and Monitoring a Battery Coil 328


Setting up the Time-of-Day Clock 331


Setting the Time 334


Reading the Time-of-Day Clock 335
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Reserving and Monitoring a Battery Coil


Introduction Since the Option Adapter does not have an LED to indicate when the battery is low, 
we recommend that you reserve a 0x reference to monitor the health of the battery.


This section describes how to reserve and monitor a battery coil, using the Specials 
dialog box in Concept 2.1.


Reserving a 
Battery Coil


From the PLC Configuration screen, perform the steps in the following table to 
reserve a battery coil.


Continued on next page


Note:  The 171 CCC 960 30 and 171 CCC 980 30 require Concept 2.2 with 
service release 2.


Step Action


1 From the Configure menu, select Specials... OR double-click on any field in the 
Specials region of the dialog box.


Result: The Specials dialog box appears.


Specials


Battery Coil


Timer Register


Time Of Day


0x


4x


4x -400007


1536


1872
1865


Allow Duplicate Coils First Coils Address


Watchdog Timeout (ms*10):


Online Editing Timeslice (ms):


OK Cancel Help


25


20
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Reserving and Monitoring a Battery Coil, Continued


Reserving a 
Battery Coil, 
Continued


Continued on next page


Step Action


2 Click the check box next to Battery Coil.


3 Type a number from the range of available 0xxxx references in the box marked 
Ox.


Example: If you have set the range of 0x’s at 000001...001536, you might want to 
enter the reference value of the last coil–1536.


4 Click the <OK> button.


Result: The dialog box closes and the register you have specified is displayed on 
the PLC Configuration screen.


Specials


Battery Coil


Timer Register


Time Of Day


0x


4x


4x -400007


1536


1872
1865


Allow Duplicate Coils First Coils Address:


Watchdog Timeout (ms*10):


Online Editing Timeslice (ms):


OK Cancel Help


25


20


Maximum


Specials


Battery Coil


Timer Register


Time Of Day


0x


4x


4x -400007


1536


1872
1865


Allow Duplicate Coils First Coils Address:


Watchdog Timeout (ms*10):


Online Editing Timeslice (ms):


OK Cancel Help


25


20


Maximum


1536
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Reserving and Monitoring a Battery Coil, Continued


Monitoring the 
Battery Coil


Monitor the battery coil in ladder logic or tie it to a lamp or alarm that will indicate 
when the battery is low.


Interpreting the 
Battery Coil


The battery coil will always read either 0 or 1.


l A coil state of 0 indicates that the battery is healthy.


l A coil state of 1 indicates that the battery should be changed.
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Setting up the Time-of-Day Clock


Overview Each Option Adapter has a time-of-day clock. To use this feature, you must reserve 
a block of eight 4x registers.


This section describes how to reserve those registers, using Concept 2.1.


Reserving 
Registers for the 
TOD Clock 


To reserve registers for the TOD clock, perform the steps in the following table.


Continued on next page


Note:  The 171 CCC 960 30 and 171 CCC 980 30 require Concept 2.2 with 
service release 2.


Step Action


1 From the Configure menu, select Specials... OR double-click on any field in the 
Specials region of the dialog box.


Result: The Specials dialog box appears.


Specials


Battery Coil


Timer Register


Time Of Day


0x


4x


4x -400007


1536


1872
1865


Allow Duplicate Coils First Coils Address:


Watchdog Timeout (ms*10):


Online Editing Timeslice (ms):


OK Cancel Help


25


20







Configuring an M1 CPU with Concept


332 870 USE 101 10 V.2


Setting up the Time-of-Day Clock, Continued


Reserving 
Registers for the 
TOD Clock, 
Continued


Continued on next page


Step Action


2 Click the check box next to Time Of Day.


3 Type a number (the first in a series of eight) from the range of available 4xxxx 
references in the corresponding field. Observe the maximum register value.


Example: If you want registers 400100 ... 400107 reserved for the TOD clock, 
type 100. 


4 Click the <OK> button.


Result: The registers you have specified are displayed on the PLC Configuration 
screen.


Specials


Battery Coil


Timer Register


Time Of Day


0x


4x


4x -400007


1536


1872
1865


Allow Duplicate Coils First Coils Address:


Watchdog Timeout (ms*10):


Online Editing Timeslice (ms):


OK Cancel Help


25


20


Maximum


Specials


Battery Coil


Timer Register


Time Of Day


0x


4x


4x -400007


1536


1872
1865


Allow Duplicate Coils First Coils Address:


Watchdog Timeout (ms*10):


Online Editing Timeslice (ms):


OK Cancel Help


25


20


Maximum


100
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Setting up the Time-of-Day Clock, Continued


Next Step Setting the time.


Note:  You can use Concept’s Setting the Time feature or use the following 
procedure to set the time.
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Setting the Time


Overview Once you have reserved a block of registers for the time-of-day clock, you have to 
set the correct time. With Concept, you must go online and set the register bits 
individually, using the following guidelines for setting the status bits and setting the 
time bits. The CPU must be running.


Setting the 
Status Bits


The control register (4x) uses its four most significant bits to report status:


Setting the Time 
Bits


The following table shows how the registers handle time-of-day clock data, where 
register 4x is the first register in the block reserved for the clock:


Note:  The time-of-day clock complies with guidelines for the year 2000.


Control Register


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16


1 = error


1 = All clock values have been set


1 = Clock values are being read


1 = Clock values are being set


Note:  The time-of-day clock sets itself to zero when it resets while it is running.


Register Data Content


4x The control register 


4x + 1 Day of the week (Sunday = 1, Monday = 2, etc.)


4x + 2 Month of the year (Jan = 1, Feb = 2, etc.)


4x + 3 Day of the month (1...31)


4x + 4 Year (00...99)


4x + 5 Hour in military time (0...23)


4x + 6 Minute (0...59)


4x + 7 Second (0...59)
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Reading the Time-of-Day Clock


Overview This section uses an example to describe how to interpret the time-of-day clock 
registers.


Example If you reserved registers 400100...400107 as your TOD clock registers, set the time 
bits, and then read the clock at 9:25:30 on Thursday, July 16, 1998, the registers 
would display the following values: 


Register Reading Indication


400100 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 All clock values have been set; 
clock values are being read


400101 5 (decimal) Thursday


400102 7 (decimal) July


400103 16 (decimal) 16


400104 98 (decimal) 1998


400105 9 (decimal) 9 a.m.


40010 6 25 (decimal) 25 minutes


40010 7 30 (decimal) 30 seconds
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Section 12.3
Modifying Modbus Port Parameters


Overview


Purpose The communication parameters on the Modbus ports are set at the factory. This 
section describes how to access the Modbus Port Settings dialog box and edit the 
default parameters.


In This Section This section contains the following topics:


For This Topic... See Page...


Accessing the Modbus Port Settings Dialog Box 337


Changing the Baud Rate 338


Changing Mode and Data Bits 339


Stop Bit Should Not Be Changed 340


Changing Parity 340


Changing the Delay 341


Changing the Modbus Address 342


Changing the Protocol on Modbus Port 2 343
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Accessing the Modbus Port Settings Dialog Box


Introduction Modbus port parameters can be modified using the Modbus Port Settings dialog 
box in Concept 2.2. 


How to Get There From the Configure menu, select Modbus port settings... .


Modbus Port 
Default Settings


If you have not previously modified any port parameters, the following dialog box 
will appear. The dialog box shows the default parameters for two Modbus ports, 1 
and 2, if your system configuration supports two ports.


If you have previously modified any communication port parameters, the new 
values will appear in the dialog box.
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Changing the Baud Rate


Overview Each port can be configured for a baud in the range 50 ... 19,200. Sixteen valid 
baud rates are user-selectable. The factory-set default is 9600 baud.


Procedure To change the baud parameter, perform the steps in the following table.


Step Action


1 Click on the down arrow under the Baud heading.


Result: A menu appears displaying 16 baud values.


2 Click on the desired rate.


Result: The Modbus Port Settings dialog box is updated with the Baud number you 
have specified.
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Changing Mode and Data Bits


Introduction From the Modbus Port Settings dialog box, each port can be configured to operate 
in one of two possible modes – RTU or ASCII. 


l If the mode is RTU, the number of data bits is always 8. 


l If the mode is ASCII, the number of data bits is always 7. 


Procedure To change the mode and data bit parameters, perform the steps in the following 
table. 


Note:  The factory-set default is 8-bit RTU.


Step Action


1 Click on the down arrow under Mode.


Result: A menu appears displaying your two Mode options.


2 Click on the RTU or ASCII entry.


Result: The Ports setting Window is updated with the Mode type you have 
specified, the corresponding Data Bit value appears.


Example: If you change Modbus Port 1 from RTU mode to ASCII mode, the Data 
Bit value also automatically changes from 8 to 7.
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Stop Bit Should Not Be Changed


Changing Parity


Introduction From the Modbus Port Setting screen, a port can be configured for even, odd, or no 
parity checking. The factory-set default is EVEN parity.


Procedure To change the parity parameter, perform the steps in the following table:


Step Action


1 Click on the down arrow under the Parity heading.


Result: A menu appears with the three Parity choices.


2 Click on the None, Odd or Even entry.


Result: The Modbus Port Settings dialog box is updated with the Parity type you 
have specified.
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Changing the Delay


Overview The Delay parameter is set to 10 ms and should be left at this value for most 
applications. Do not change this parameter unless your application demands it.


If you must change this parameter, you may select a value from 10 ... 1000 ms, in 
10 ms increments.


Delay Timing If you use baud rates lower than 4800, adjust the delay timing as indicated in the 
following table:


Procedure Follow the steps in the table below to change the delay:


Baud Rate Delay (in Msec)


2400 20


1200 30


600 50


300 100


Step Action


1 Click on the Delay parameter for the port.


2 Type a new value in the range 10 ... 1000 ms, using increments of 10 ms.
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Changing the Modbus Address


Overview Each port can be assigned a Modbus network address in the range 1 ... 247. That 
address must be unique with respect to all other device addresses on the same 
Modbus networks. 


Since Modbus port 1 and Modbus port 2 are always on different Modbus networks, 
they can both be assigned the same address value without conflict. The factory-set 
default for both ports is address 1.


Procedure From the Modbus Port Settings dialog box, perform the steps in the following table 
to change the Modbus Address:


Set the Stop Bit at 1.


Bridge mode is not supported.


Step Address


1 Click on the Address field for the appropriate Modbus port.


2 Type a new value in the range 1 ... 247.
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Changing the Protocol on Modbus Port 2


Overview If your Momentum M1 CPU is using the Modbus Port 2 provided by the 
172 JNN 210 32 Option Adapter, you can specify whether it will use the RS232 or 
RS485 protocol. The factory-set default for Modbus Port 2 is RS485.


Procedure From the Modbus Port Settings dialog box, perform the steps in the following table 
to change the Protocol on Modbus Port 2. 


Step Action


1 Click on the down arrow under the Protocol heading.


Result: A menu appears with the two protocol options. 


2 Click on RS232 or RS485.


Result: The Modbus Port Settings dialog box is updated with the protocol you have 
specified.
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Section 12.4
Configuring Ethernet Address Parameters and I/O Scanning


Overview


Purpose This section describes how to configure the Ethernet port using Concept 2.2, 
including IP address, other address parameters and I/O scanning.


In This Section This section contains the following topics:


For This Topic... See Page...


Accessing the Ethernet / I/O Scanner Screen 345


Ethernet Configuration Options 347


Setting Ethernet Address Parameters 348


Configuring I/O 350


Completing the I/O Configuration 354
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Accessing the Ethernet / I/O Scanner Screen


Introduction Ethernet address and I/O scanning parameters can be modified using the 
Ethernet / I/O Scanner dialog box in Concept 2.2. 


How to Get There From the Configure menu, select Ethernet / I/O Scanner... . This menu option will 
only be available if you have selected an M1 Processor Adapter with an Ethernet 
port.


Continued on next page
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Accessing the Ethernet / I/O Scanner Screen, Continued


Ethernet Port 
Default Settings


If you have not previously modified any port parameters, the following dialog box 
will appear. The dialog box shows the default parameters for the Ethernet port.


If you have previously modified any communication port parameters, the new 
values will appear in the dialog box.


OK Cancel Help


Ethernet  / I/O Scanner


171 CCC 960 20-984


Etherner Configuration:
Specify IP Address
Use Bootp Server
Disable Ethernet


I/O Scanner Configuration:


Master Module (slot):
Health Block  (1X/3X):


Slave IP Address Unit ID Health
Timeout


Rep
Rate


Read Ref
Master


Read Ref
Slave


Read
Length


Write Ref
Master


Write Ref
Slave


De


1
2
3
4
5
6
7
8
9
10
11
12


0.0.0.0


0.0.0.0


255.255.255.0
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Ethernet Configuration Options


Overview The Ethernet / I/O Scanner screen offers three options for configuring the Ethernet 
port on an M1 Processor Adapter:


l Specify IP Address


l Use Bootp Server


l Disable Ethernet


Specify IP 
Address


This option allows you to type the IP address, gateway and subnet mask in the text 
boxes in the upper right-hand corner of the screen.


Use Bootp 
Server


This is the default. Click this radio button if you want the address parameters to be 
assigned by a Bootp server. If you select this option, the address parameter text 
boxes in the upper right-hand corner of the screen will be grayed out. They will not 
display the actual address parameters.


Disable Ethernet Click this radio button if you want to disable the Ethernet port. Disabling the port will 
reduce the scan time for the Processor Adapter.


Ethernet  / I/O Scanner
Etherner Configuration:


Specify IP Address
Use Bootp Server
Disable Ethernet


0.0.0.0


0.0.0.0


255.255.255.0Internet Address:


Gateway:


Subnet Mask :


Ethernet  / I/O Scanner
Etherner Configuration:


Specify IP Address
Use Bootp Server
Disable Ethernet


0.0.0.0


0.0.0.0


255.255.255.0


Note:  DISABLING ETHERNET RESULTS IN LOSS OF COMMUNICATIONS.
If you choose the Disable Ethernet option, you will no longer be able to 
communicate with the adapter via the Ethernet port. Programming must 
then be done via an RS485/232 port or via a Modbus Plus port.
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Setting Ethernet Address Parameters


Overview If you choose to specify the IP address, you should complete all three text boxes in 
the upper right-hand corner of the dialog box:


l IP Address


l Gateway


l Subnet Mask


IP Address Type a valid IP address in the Internet Address text box, as shown:


Gateway Consult your system administrator to determine the appropriate gateway. Type it in 
the Gateway text box, as shown:


Continued on next page


CAUTION


POTENTIAL FOR DUPLICATE ADDRESSES


Obtain a valid IP address from your system administrator to avoid duplication


Failure to observe this precaution can result in injury or equipment damage.


255.255.255.0


255.255.255.0
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Setting Ethernet Address Parameters, Continued


Subnet Mask Consult your system administrator to obtain the appropriate subnet mask. Type it in 
the Subnet Mask text box, as shown:


255.255.255.0
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Configuring I/O


Overview Once the Ethernet port address parameters have been set, you may assign 
parameters for I/O scanning.


Health Block Specify the starting register of the register block which will contain the health bits 
for each of the IO Scanner transactions that you intend to configure.


If you designate a 3x register, the health bits for 64 transactions (maximum) will be 
stored in 4 contiguous registers starting at the address you specify.


If you designate a 1x register, the health bits will be stored in 64 contiguous 
discrete registers.


A health bit is set only if the associated transaction has completed successfully 
within the last health timeout period for that transaction (see below). When the PLC 
is started, all configured transactions have their respective health bit preset to 1. If 
the transaction subsequently fails, then the health bit is cleared after the 
programmed health timeout period has expired.


Continued on next page
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Configuring I/O, Continued


IP Address Type the IP address of the slave module in the IP address column. This address 
will be stored in a pull-down menu, so that you can use it in another row by clicking 
on the down arrow and selecting it, as shown:


Unit ID If the slave module is an I/O device attached to the specified slave module, use the 
Unit ID column to indicate the device number.


Health Timeout Use this column to specify the length of time in ms to try the transaction before 
timing out. Valid values are 0 ... 65,000 ms (1 min). To avoid timing out, specify 0.


If you specify a time, after the specified time without a valid transaction, the health 
bit will be reset to zero.


Rep Rate Use this column to specify how often in ms to repeat the transaction. Valid values 
are 0 ... 65,000 ms (1 min). To repeat the transaction continually, specify 0.


Continued on next page


OK Cancel Help


Etherner Configuration:
Specify IP Address
Use Bootp Server
Disable Ethernet


I/O Scanner Configuration:
Master Module (slot):
Health Block  (1X/3X):


Slave IP Address Unit ID Health
Timeout


Rep
Rate


Read Ref
Master


Read Ref
Slave


Read
Length


Write Ref
Master


Write Ref
Slave De


1
2
3
4
5
6
7
8
9


10
11
12


0.0.0.0


171 CCC 960 20-984


0.0.0.0


255.255.255.0


128.7.32.54


128.7.32.54
128.7.32.54


0 0 0 0


0 0 0 0
0 0 0 0


Ethernet  / I/O Scanner
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Configuring I/O, Continued


Read Use the read function to read data from the slave to the master. The Read Ref 
Slave column specifies the first address to be read. The Read Count column 
specifies the number of registers to read. The Read Ref Master column specifies 
the first address to read to. 


Write Use the write function to write data from the master to the slave. The Write Ref 
Master column specifies the first address to write. The Write Count column 
specifies the number of registers to write. The Write Ref Slave column specifies the 
first address to write to: 


Continued on next page


OK Cancel Help


Etherner Configuration:
Specify IP Address
Use Bootp Server
Disable Ethernet


I/O Scanner Configuration:
Master Module (slot):
Health Block  (1X/3X):


Slave IP Address Unit ID Health
Timeout


Rep
Rate


Read Ref
Master


Read Ref
Slave


Read
Length


Write Ref
Master


Write Ref
Slave De


1
2
3
4
5
6
7
8
9
10
11
12


0.0.0.0


171 CCC 960 20-984


0.0.0.0
255.255.255.0


128.7.32.54
128.7.32.54
128.7.32.54


0 0 0 20


0 0 0 0
0 0 0 0


Ethernet  / I/O Scanner


400001 400050


Note:  For Ethernet modules, the Read Ref Slave and Write Ref Slave always 
start with register 400001.


OK Cancel Help


Etherner Configuration:
Specify IP Address
Use Bootp Server
Disable Ethernet


I/O Scanner Configuration:
Master Module (slot):
Health Block  (1X/


Slave IP Address Unit ID Health
Timeout


Rep
Rate


Read 
Ref


Read Ref
Slave


Read
Length


Write Ref
Master


Write Ref
Slave De


1
2
3
4
5
6
7
8
9


10
11
12


0.0.0.0


171 CCC 960 20-984


0.0.0.0
255.255.255.0


128.7.32.54
128.7.32.54
128.7.32.54


0 0 0 20


0 0 0 0
0 0 0 0


Ethernet  / I/O Scanner


400100 400040
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Configuring I/O, Continued


Read and Write You may include read and write commands on the same line, as shown:


Description You can type a brief description (up to 32 characters) of the transaction in the 
Description column.


OK Cancel Help


Etherner Configuration:
Specify IP Address
Use Bootp Server
Disable Ethernet


I/O Scanner Configuration:
Master Module (slot):
Health Block  (1X/3X):


Slave IP Address Unit ID Health
Timeout


Rep
Rate


Read Ref
Slave


Read
Length


Write Ref
Master


Write Ref
Slave De


1
2
3
4
5
6
7
8
9
10
11
12


0.0.0.0


171 CCC 960 20-984


0.0.0.0


255.255.255.0


128.7.32.54


128.7.32.54
128.7.32.54


0 0 0 20


0 0 0 0
0 0 0 0


Ethernet  / I/O Scanner


400100 400040


Read Ref
Master      
400001 400080







Configuring an M1 CPU with Concept


354 870 USE 101 10 V.2


Completing the I/O Configuration


Introduction This section describes how to complete your Ethernet I/O configuration using the 
Copy, Cut, Paste, Delete, Sort and Fill Down buttons.


Copy and Paste To save time when typing similar read and write commands, you may copy and 
paste entire rows within your configuration. Follow the steps in the table below:


Continued on next page


Step Action


1 Select the row you want to copy by clicking on the row number at the far left.


2 Click the Copy button above the I/O configuration list.


3 Select the row where you would like to paste the data (by clicking on the row 
number at the far left).


4 Click the Paste button above the I/O configuration list.
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Completing the I/O Configuration, Continued


Cut and Paste To move a row within the configuration list, follow the directions for copying, only 
use the Cut button instead of the Copy button.


Delete To delete a row from the configuration list, select the row by clicking on the row 
number at the far left. Then click the Delete button.


Sort To sort the I/O configuration list, select a column by clicking on the column heading 
(i.e. Read Ref Master). Then click the Sort button.


Continued on next page
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Completing the I/O Configuration, Continued


Fill Down To copy part of any row to the next row or to a series of adjoining rows, use the Fill 
Down button, following the steps in the table below:


Step Action


1 Use your mouse to select the data you would like to copy and the cells you 
would like to copy it to.


Note: You must select one contiguous block of cells, with the data to be copied 
in the first row. You cannot select two separate blocks.


2 Click the Fill Down button.


Result: The data from the first row is copied to the selected cells below.
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Section 12.5
I/O Mapping the Local I/O Points


Accessing and Editing the I/O Map


Introduction Every M1 Processor Adapter is assembled on an I/O base. The I/O points on the 
base are the local I/O for that processor.


As part of the configuration process, you need to create an I/O Map for the local 
I/O. The I/O Map assigns the appropriate range and type of reference values (0x, 
1x, 3x, or 4x) from the CPU’s state RAM to the input and/or output points on the 
local base unit.


Accessing an I/O 
Map Screen


To access an I/O Map screen from the PLC Configuration screen, select I/O map... 
from the Configure menu.


Result: The I/O Map dialog box appears.


Continued on next page
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Accessing and Editing the I/O Map, Continued


Editing the Local 
I/O Map


From the I/O Map dialog box, perform the steps in the following table to edit the 
local I/O Map:


Continued on next page


Step Action


1 Click the Edit... button at the end of the row.


Result: The Local Momentum I/O dialog box appears.


2 Click the button under Module and select your local I/O base from the dropdown 
menu. 


Description : I/O BASE, ANALOG-8CH DIFFERENTIAL INPUT


I/O Module Selection


OK HelpCancel Help on Module


Analog I/O Discrete Input Discrete Output Special Other


AAI-030-00 ADI-340-00 ADO-340-00 AEC-920-00
AAI-140-00 ADI-350-00 ADO-350-00
AAI-520-40 ADI-540-50 ADO-530-50
AAO-120-00 ADM-350-1X ADO-540-50
AAO-921-00 ADM-370-10 ADO-730-50
AMM-090-00 ADM-390-10 ADO-740-50


ADM-390-30
ADM-540-80
ADM-690-5X
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Accessing and Editing the I/O Map, Continued


Editing the Local 
I/O Map, 
Continued


Local I/O Only This screen is always used to I/O Map the local I/O base only. No other I/O base 
units can be I/O Mapped on this first screen. 


I/O Bus: A 
Special Case


If you are I/O Mapping a Processor Adapter which supports I/OBus communication 
stations, you will need to go to a separate I/O Map screen for Drop 2. That process 
is described in I/O Mapping an I/OBus Network with Concept on page 361.


Step Action


3 Double-click on your selection or click the <OK> button.


Result: The I/O base you selected is displayed in the Local Momentum Drop 
dialog box.


4 Complete any required fields for Input and Output References.


5 Click the <OK> button.
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I/O Mapping an I/OBus Network 
with Concept


At a Glance


Purpose This chapter describes how to I/O Map an I/OBus network using Concept 2.2.


Topics This chapter contains the following topics:


For This Topic... See Page...


Supporting an I/O Map for an I/OBus Network 362


Accessing an I/O Map Screen for an I/OBus Network 363


Editing the I/OBus I/O Map 365
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Supporting an I/O Map for an I/OBus Network


Introduction Three Processor Adapters have an I/OBus communication port that enables them 
to control and communicate with other network slave I/O:


l 171 CCS 760 00


l 171 CCC 760 10


l 171 CCC 960 20


l 171 CCC 960 30


If you are using I/OBus to control network I/O, you need to write an I/O Map in your 
configuration. This section describes the configuration parameters required to 
support an I/O Map for I/OBus. 


I/O Map 
Reserved Words


Be sure that you have reserved enough words for I/O mapping to support your I/O 
Bus network. The default setting is 144 words. To estimate the number of words 
you require, allow:


l 16 words for overhead


l 10 words/module on the network (including both the local and the network I/O)


Allot sufficient memory to completely I/O Map your network, while preserving as 
much user memory as possible for your application program.


Number of 
Segments


Be sure that the number of segments is set to 2. If you have changed this setting to 
1, you will not be able to support an I/OBus network.


Next Step Once you are sure that your Configuration Overview parameters are set properly, 
you can access an I/O Map screen for an I/OBus network.
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Accessing an I/O Map Screen for an I/OBus Network


Overview This section describes how to access an I/O Map screen for an I/OBus network 
using Concept 2.2.


Procedure To access the I/O Map screen for your I/OBus network, perform the steps in the 
following table.


Continued on next page


Step Action


1 From the Configure menu, select I/OMap. 


Result: The I/O Map dialog is displayed.


2 Click on the Insert button.


Result: I/OBus is displayed as the Type for Drop 2. 
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Accessing an I/O Map Screen for an I/OBus Network, Continued


Procedure, 
Continued


Next Step Editing the I/OBus I/O map.


Step Action


3 Click the Edit... button on the I/OBus line of the I/O Map dialog.


Result: The Remote I/O Bus Drop dialog appears.
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Editing the I/OBus I/O Map


Overview The maximum number of modules which can be I/O Mapped on the I/OBus 
network depends on your Processor Adapter and its executive:


Procedure To enter I/O bases or Interbus I/O modules using the Remote I/OBus Drop dialog, 
perform the steps in the following table.


Continued on next page


Processor Adapter Executive Max. Modules Max. I/O Bits


171 CCS 760 00 984 128 2048


IEC 44 1408


171 CCC 760 10 984 128 2048


IEC 44 1408


171 CCC 960 20 984 256 4096


IEC 128 1408


171 CCC 960 30 984 256 4096


IEC 128 1408


Step Action


1 Click on the button under the Module heading. 


Result: A list of module types is displayed, including I/OBus modules identified by 
code number (a list of codes is provided at the end of this section): 


Description : I/O BASE, ANALOG-8CH DIFFERENTIAL INPUT (Family Type : 0633)


I/O Module Selection


OK HelpCancel Help on Module


Analog I/O Discrete Input Discrete Output Special Other
AAI-030-00 ADI-340-00 ADO-340-00 AEC-920-00
AAI-140-00 ADI-350-00 ADO-350-00 BNO-6x1-00
AAI-520-40 ADI-540-50 ADO-530-50
AAO-120-00 ADM-350-1X ADO-540-50
AAO-921-00 ADM-370-10 ADO-730-50
AMM-090-00 ADM-390-10 ADO-740-50
IOBUS-0231 ADM-390-30 IOBUS-0101
IOBUS-0232 ADM-540-80 IOBUS-0201
IOBUS-0233 ADM-690-5x IOBUS-0301
IOBUS-0331 IOBUS-0102 IOBUS-0401
IOBUS-0332 IOBUS-0103 IOBUS-0501
IOBUS-0333 IOBUS-0202
IOBUS-0431 IOBUS-0203
IOBUS-0432 IOBUS-0302
IOBUS-0433 IOBUS-0303
IOBUS-0531 IOBUS-0402
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Editing the I/OBus I/O Map, Continued


Procedure, 
Continued


Generic InterBus 
Module Identifier 
Codes


InterBus device manufacturers embed an identifier code in their network slave 
modules in conformance with InterBus standards. The code identifies a device by 
its I/O type but not its specific model or name.


I/OBus recognizes the InterBus identifier codes provided below and allows you to 
I/O Map devices that use these codes. However, you cannot use the module zoom 
screens to define the parameters for these InterBus modules.


Continued on next page


Step Action


2 Click on the desired model number and then click the <OK> button.


Result: The module type and its description are displayed on the Remote I/O Bus 
Drop screen. The proper field is enabled so that you can assign state RAM 
reference(s) to the unit.


3 Enter the desired reference number. Where there is more than one register the 
balance is automatically assigned.


4 Continue to select and map modules one after the other. You must enter the 
modules in contiguous node slots on the screen, e.g. you cannot enter a module in 
slot 7 if you have not filled slot 6.


Identifier Code I/O Type


IOBUS-0101 One-word discrete output


IOBUS-0102 One-word discrete input


IOBUS-0103 One-word bidirectional


IOBUS-0201 Two-word discrete output


IOBUS-0202 Two-word input


IOBUS-0203 Two-word bidirectional


IOBUS-0231 Two-word analog output


IOBUS-0232 Two-word analog input


IOBUS-0233 Two-word analog bidirectional
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Editing the I/OBus I/O Map, Continued


Generic InterBus 
Module Identifier 
Codes, Continued


Identifier Code I/O Type


IOBUS-0301 Three-word discrete output


IOBUS-0302 Three- word input


IOBUS-0303 Three-word bidirectional


IOBUS-0331 Three-word analog output


IOBUS-0332 Three-word analog input


IOBUS-0333 Three-word analog bidirectional


IOBUS-0401 Four-word discrete output


IOBUS-0402 Four-word input


IOBUS-0403 Four-word bidirectional


IOBUS-0431 Four-word analog output


IOBUS-0432 Four-word analog input


IOBUS-0433 Four-word analog bidirectional


IOBUS-0501 Five-word discrete output


IOBUS-0502 Five-word input


IOBUS-0503 Five-word bidirectional


IOBUS-0531 Five-word analog output


IOBUS-0532 Five-word analog input


IOBUS-0533 Five-word analog bidirectional


IOBUS-0633 Eight-word analog bidirectional


IOBUS-1233 16-word analog bidirectional
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Configuring a Modbus Plus 
Network in Concept with Peer 
Cop


At a Glance


Purpose Communication transactions over Modbus Plus are defined in Concept 2.1 by a 
configuration tool called Peer Cop. This section uses examples to explain how to 
use Peer Cop to configure the two types of network architecture:


l An I/O network, where the Peer Cop of the CPU defines all the communication 
transactions over the full network. 


l A supervisory network with two or more CPUs communicating with each other 
and with additional devices on the network. 


In This Chapter This chapter contains the following sections:


Note:  The 171 CCC 960 30 and 171 CCC 980 30 require Concept 2.2 with 
service release 2.


For This Topic... See Section... On Page...


Getting Started 1 370


Using Modbus Plus to Handle I/O 2 376


Passing Supervisory Data over Modbus Plus 3 387
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Section 14.1
Getting Started


Overview


Purpose This section explains how to access the Peer Cop Configuration Extension screen 
and describes the default screen.


In This Section This section contains the following topics:


For This Topic... See Page...


Accessing the Peer Cop Dialog Box 371


Adjusting the Amount of Extension Memory 373


Other Default Settings in the Peer Cop Dialog Box 374
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Accessing the Peer Cop Dialog Box


Introduction This section describes how to access the Peer Cop dialog box in Concept 2.1.


Accessing the 
Screen


Follow the steps below to access the Peer Cop from the PLC Configuration Screen.


Continued on next page


Note:  The 171 CCC 960 30 and 171 CCC 980 30 require Concept 2.2 with 
service release 2.


Step Action


1 Check the status of Peer Cop.


l If Peer Cop is enabled, jump to step 4.


l If Peer Cop is disabled, continue with step 2.


Example: The Peer Cop status is reported in the Configuration Extensions 
section of the PLC Configuration Screen. Here Peer Cop is disabled:


2 Double-click on the Peer Cop field.


Result: The Configuration Extension dialog box appears.







Configuring a Modbus Plus Network in Concept with Peer Cop


372 870 USE 101 10 V.2


Accessing the Peer Cop Dialog Box, Continued


Accessing the 
Screen, 
Continued


Step Action


3 Click the check box next to Peer Cop, then click OK.


Result: Peer Cop status changes from Disabled to Enabled in the PLC 
Configuration screen.


4 Select Peer Cop from the Configure menu.


Result: The Peer Cop dialog box appears.
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Adjusting the Amount of Extension Memory


Introduction The default amount of memory allotted for Configuration Extension is 100 words. 
This amount may be adjusted within the Peer Cop dialog box.


Extension 
Memory Size


The minimum Peer Cop memory requirement is 20 words; the maximum is 4041 
words. 


Estimating How 
Much Memory to 
Reserve


Follow these guidelines for estimating the amount of extension memory you will 
need for your Peer Cop database:


Changing the 
Amount of 
Memory


Type the desired size in the Expansion Size text box or use your mouse to adjust 
the button on the horizontal slider.


For... Add... Up to a maximum of...


Overhead 9 words --


Global output 5 words --


Global input number of words=
number of devices x
(1 + 2 x number of device subentries)


1088 words


Specific output 2 words for every device entry in Peer Cop 128 words


Specific input 2 words for every device entry in Peer Cop 128 words
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Other Default Settings in the Peer Cop Dialog Box


Overview This section describes the default settings for Health Timeout and Last Value.


Diagram The first time you access the Peer Cop dialog box, the following screen appears:


Health Timeout The default Timeout is 500 ms.


Timeout is the maximum interval that Modbus Plus on a Peer-Copped device will 
remain healthy without communication activity. If this interval is exceeded, the 
device will clear its network health bit and will no longer try to communicate via 
Modbus Plus. 


The timeout interval must be in the range 20...2000 ms, and it must be specified as 
an increment of 20 ms. 


Continued on next page
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Other Default Settings in the Peer Cop Dialog Box, Continued


Last Value The default Last Value setting is Clear on timeout. This setting specifies how a 
peer-copped device will treat the last values received before a timeout, once 
Modbus Plus communications have been restored. 


Option Effect


Clear on timeout Sets all values received before timeout to 0.


Hold on timeout Retains the values received before timeout.
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Section 14.2
Using Modbus Plus to Handle I/O


Overview


Purpose This section uses an example to explain how to configure a Modbus Plus network 
for I/O servicing. In this example, a CPU will control four Momentum I/O modules.


In This Section This section contains the following topics:


For This Topic... See Page...


Devices on the Network 377


Changing the Peer Cop Summary Information 378


Specifying References for Input Data 380


Specifying References for Output Data 384
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Devices on the Network


Introduction This section describes the five devices which comprise the sample network and the 
strategy used to assign addresses.


The Network 
Devices


The following table lists the Modbus Plus address and components of each 
Momentum module on the network:


Address 
Strategy


In this type of architecture, assign the lowest network address (1) to the CPU. 
When the network initializes, the CPU will be the first device to get the token, and 
the token rotation table will be built with respect to the controlling device on the 
network.


Modbus Plus 
Address


I/O Base Type Adapter Type


1 (type not specified) M1 Processor Adapter 
(type not specified)


172 PNN 210 22 
Modbus Plus Option Adapter


2 170 ADI 340 00 
16-point input


170 PNT 110 20 
Modbus Plus Communication Adapter


3 170 ADO 340 00 
16-point output


170 PNT 110 20 
Modbus Plus Communication Adapter


4 170 ADI 350 00 
32-point input


170 PNT 110 20 
Modbus Plus Communication Adapter


5 170 ADO 350 00 
32-point output


170 PNT 110 20 
Modbus Plus Communication Adapter
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Changing the Peer Cop Summary Information


Overview For our example, we will change the default Health Timeout setting to 240 ms and 
the default Last Value setting to Hold on timeout.


Procedure Follow the steps in the table below to change the default values, using the Peer 
Cop dialog box. 


Continued on next page


Step Action


1 Click the Hold on Timeout radio button.


Result: The Hold on Timeout option is selected and the Clear on Timeout option is 
deselected.
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Changing the Peer Cop Summary Information, Continued


Procedure, 
Continued


Next Step Specifying references for input data.


Step Action


2 Select the Health Timeout default value (500) with your mouse and type the new 
value (240) in its place OR use the horizontal slider to change the value.


Result: The new Health Timeout value is 240.
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Specifying References for Input Data


Introduction This section describes how to specify the references for input data. In this example, 
you will start by accessing the device at Modbus Plus address 2, which is a 170 
ADI 340 00 16-point input module. 


Device 
Requirements


When you use Peer Cop to handle a Modbus Plus I/O architecture, you need to be 
aware of the type of I/O you are configuring at each network address. Peer Cop 
does not know that the device at address 2 is a discrete 16-point input module. You 
need to know that a specific input reference with a length of one word (16 bits) is 
required to handle this module. 


We will assign a 3x register (300016) as a specific input to the CPU. When the 170 
ADI 340 00 sends input data to the CPU, it will be sent to this register.


Continued on next page
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Specifying References for Input Data, Continued


Procedure Follow the steps in the table below to define the specific input, starting from the 
Peer Cop dialog box.


Continued on next page


Step Action


1 Click on the Specific Input... button.


Result: The Specific Input dialog box appears.
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Specifying References for Input Data, Continued


Procedure, 
Continued


Continued on next page


Step Action


2 Since you are addressing the device at address 2, you will use the line for Source 
2. Type the value 300016 on that line in the Dest. Ref. column.


3 Type the value 1 in the Length column, indicating that the device at address 2 will 
exchange one word of data. In this case, we will leave the default BIN setting.
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Specifying References for Input Data, Continued


Procedure, 
Continued


Next Step Specifying output references.


Step Action


4 Repeat steps 2 and 3 for the device at address 4, using the settings in the figure 
below. Then click <OK>.
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Specifying References for Output Data


Introduction This section describes how to specify the references for output data. In this 
example, you will start by accessing the device at Modbus Plus address 3, which is 
a 170 AD0 340 00 16-point output module.


Device 
Requirements


When you use Peer Cop to handle a Modbus Plus I/O architecture, you need to 
know which type of I/O you are configuring at each network address and how many 
input or output references each device requires. In this example, we will create a 
specific output reference with a length of one word (16 bits).


We also will assign a 4x register (400016) as a specific input to the CPU. When the 
the 170 ADO 340 00 sends input data to the CPU, it will be sent to this register.


Procedure Follow the steps in the table below to define the specific output. 


Continued on next page


Step Action


1 Click on the Specific Output... button in the Peer Cop dialog box.


Result: The Specific Output dialog box appears.
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Specifying References for Output Data, Continued


Procedure, 
Continued


Continued on next page


Step Action


2 Since you are addressing the device at address 3, you will use the line for 
Source 3. Type the value 400016 on that line in the Dest. Ref. column.


3 Type the value 1 in the Length column, indicating that the device at address 3 
will supply one word of data. In this case, we will leave the default BIN setting.
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Specifying References for Output Data, Continued


Procedure, 
Continued Step Action


4 Repeat steps 2 and 3 for the device at address 5, using the settings in the 
figure below. Then click <OK>.
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Section 14.3
Passing Supervisory Data over Modbus Plus


Overview


Purpose This Peer Cop example deals with a network where three CPUs communicate over 
Modbus Plus. Each device will need to have its own Peer Cop configuration.


In This Section This section contains the following topics:


For This Topic... See Page...


Devices on the Network 388


Specifying References for Input and Output Data 389


Defining the References for the Next Node 393


Defining References for the Supervisory PLC 396
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Devices on the Network


Introduction This section describes the three CPUs which exchange data over the sample 
Modbus Plus network and the strategy used to assign node addresses.


Devices The three CPUs and their functions are described in the following table: 


Address 
Strategy


In this type of architecture, assign the lowest network address (1) to the 
supervisory computer. When the network initializes, the supervisor will be the first 
device to get the token, and the token rotation table will be built with respect to the 
supervising device.


MB+ Address CPU Function


1 Pentium supervisory computer with an 
ATRIUM 180-CCO-111-01 host-based 
PLC card


Receives specific input data 
and sends global outputs


2 171 CCS 760 00 Momentum M1 
Processor Adapter with
172 PNN 210 22 Modbus Plus Option 
Adapter


Controls I/OBus network 
and exchanges data with 
ATRIUM supervisor


3 171 CCS 760 00 Momentum M1 
Processor Adapter with
172 PNN 210 22 Modbus Plus Option 
Adapter


Controls I/OBus network 
and exchanges data with 
ATRIUM supervisor







Configuring a Modbus Plus Network in Concept with Peer Cop


870 USE 101 10 V.2 389


Specifying References for Input and Output Data 


Overview We will now set up the 171 CCS 760 00 Momentum M1 CPU at Modbus Plus 
address 2 to:


l  send eight 4x registers of specific output to the supervisory computer at 
Modbus Plus address 1.


l receive five 4x registers of global input data from the ATRIUM supervisor. 
These registers are the first five registers in a 10-register block of global 
outputs broadcast by the supervisory controller.


Defining the 
Specific Output


The following table describes how to define the specific output, starting from the 
Peer Cop dialog box.


Continued on next page


Note:  For this example, we will use the default values for Health Timeout (500 
ms) and Last Value (Clear on timeout).


Step Action


1 Click on the Specific Output... button.


Result: The Specific Output dialog box appears.
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Specifying References for Input and Output Data, Continued


Defining the 
Specific Output, 
Continued


Continued on next page


Step Action


2 Since you are addressing the device at address 1, you will use the line for Source 
1. Type the value 400023 on that line in the Dest. Ref. column.


3 Type the value 8 in the Length column, indicating that 8 words of data will be 
exchanged. In this case, we will leave the default BIN setting. Click <OK>. 
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Specifying References for Input and Output Data, Continued


Defining the 
Global Inputs


Now the M1 needs to be Peer Copped to receive five words of global data from the 
supervisory PLC at Modbus Plus address 1. Follow the steps in the table specify 
the input reference.


Continued on next page


Step Action


1 Click on the Global Input... button.


Result: The Global Input dialog box appears.


2 Since this device will be receiving data from the CPU at address 1, you do not 
need to change the default sending address (selected under the heading 1-64). 
Type 400001 in the Dest. Ref column on the first line, to indicate the first register 
the CPU will use to store the input data.
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Specifying References for Input and Output Data, Continued


Defining the 
Global Inputs, 
Continued


Next Step Defining the references for the next node.


Step Action


3 Type the value 1 in the Index column, indicating that the CPU will receive part of 
the global input data beginning with the first word. 


4 Type the value 5 in the Length column, indicating that the CPU will accept five 
words of the global input data. Leave the default BIN setting.


5 Click <OK>.
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Defining the References for the Next Node


Overview We now want to attach the Concept 2.2 programming panel to the 171 CCS 760 00 
Momentum M1 CPU at Modbus Plus address 3 and create a similar Peer Cop for 
this device to communicate with the supervisory PLC at Modbus Plus address 1. In 
this case, we want the M1:


l to send 16 words of specific output to the supervisor.


l to receive the last seven words of global input from the supervisor. (Remember 
that the supervisor will be transmitting a total of 10 contiguous words of global 
data over the network.)


Continued on next page
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Defining the References for the Next Node, Continued


Defining Specific 
Outputs


Follow the steps in the table below to define the specific output in Peer Cop.


Continued on next page


Step Action


1 Click on the Specific Output... button.


Result: The Specific Output dialog box appears.


2 Since you are addressing the device at address 1, you will use the line for Source 
1. Type the value 400024 on that line in the Dest. Ref. column.


3 Type the value 16 in the Length column, indicating that 16 words of data will be 
exchanged. In this case, we will leave the default BIN setting. 


4 Click <OK>.
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Defining the References for the Next Node, Continued


Defining Global 
Inputs


Follow the steps in the table below to define the global input data from the 
supervisory PLC at Modbus Plus address 1.


Next Step Defining references for the supervisory PLC.


Step Action


1 Click on the Global Input... button.


Result: The Global Input dialog box appears.


2 Since this device will be receiving data from the CPU at address 1, you do not 
need to change the default sending address (selected under the heading 1-64). 
Type 400001 in the Dest. Ref column on the first line, to indicate the first register 
the CPU will use to store the input data.


3 Type the value 4 in the Index column, indicating that the CPU will receive part of 
the global input data beginning with the fourth word. 


4 Type the value 7 in the Length column, indicating that the CPU will accept seven 
words of the global input data. Leave the default BIN setting.


5 Click <OK>.
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Defining References for the Supervisory PLC


Overview At this point, we will attach the Concept 2.1 programming panel to the 
ATRIUM 180-CCO-111-01 supervisory PLC at Modbus Plus address 1 and set up 
Peer Cop screens to handle the M1 CPUs at addresses 2 and 3. 


We know that the M1 at Modbus Plus address 2 is sending eight words of specific 
output to the supervisor and that the M1 at Modbus Plus address 3 is sending 16 
words of specific output to the supervisor. The supervisor will receive this data as 
specific inputs. 


We also know that the supervisor is sending 10 words of global data, parts of which 
will be received by both of the M1 CPUs.


Defining the 
Specific Inputs


First we will define the specific inputs to be received by the supervisor. 


Continued on next page


Step Action


1 Click on the Specific Input... button.


Result: The Specific Input dialog box appears.


2 Enter the references for each CPU on the appropriate source line, as shown below. 
Then click <OK>.
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Defining References for the Supervisory PLC, Continued


Defining the 
Global Outputs


This supervisory CPU sends out 10 words of global output, parts of which are 
received by each of the M1 CPUs.


Step Action


1 Click on the Global Output... button.


Result: The Global Output dialog box appears.


2 In the Source Ref. column, type the value 400033, the first register which will be 
sent.


3 In the Length column, type the value 10, the number of registers that will be sent. 


4 Click <OK>.
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Saving to Flash with Concept


Saving to Flash


Overview You save to Flash so that, in the event of an unexpected loss of power, the 
application logic and state RAM values will be preserved. 


This section describes how to save the application logic and state RAM values to Flash using Concept 2.1. 


Note:  You can save to Flash if you are using the 984LL executive for all models, 
except 171 CCC 960 30 and the 171 CCC 980 30. You can only save to 
Flash on the 171 CCC 960 30 and the 171 CCC 980 30 if you are using 
the Concept IEC executive.


Note:  The 171 CCC 960 30 and 171 CCC 980 30 require Concept 2.2 with 
service release 2.
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Saving to Flash, Continued


Procedure Follow the steps in the table below to save to Flash:


Continued on next page


Step Action


1 From the Online menu on the main menu bar, select Connect.


Result: The Connect to PLC dialog box appears.


2 Select the correct parameters to connect with your PLC. Under Access Level, 
select the radio button to Change Configuration. 


3 Click OK.


Result: The Connect to PLC dialog box disappears and Concept connects to 
your PLC.
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Saving to Flash, Continued


Procedure, 
Continued


Continued on next page


Step Action


4 From the Online menu on the main menu bar, select Online control panel.


Result: The Online Control Panel appears.


5 Click the Flash program... button.


Result: The Save to Flash dialog box appears.
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Saving to Flash, Continued


Procedure, 
Continued Step Action


6 Select the appropriate parameters in the dialog box and click the Save to Flash 
button.


Result: A dialog box will appear asking if you really want to save to Flash.


Note:  When you press the Yes (for Save to Flash) button, the 
previous applications will be overwritten.


7 Click the Yes button.


Result: Concept completes the save to Flash and a message appears on the 
screen confirming the completed save.
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Appendices


At a Glance


Purpose This part provides supplemental information on Ladder Logic elements and 
instructions and LED flash patterns and error codes.


In This Part This part contains the following chapters:


For Information On ... See Appendix... See Page...


Ladder Logic Elements and Instructions A 405


Run LED Flash Patterns and Error Codes B 417
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Ladder Logic Elements and 
Instructions


At a Glance


Overview The executive firmware for the Momentum M1 Processor Adapters supports the 
ladder logic programming language for control applications. The following core set 
of ladder logic elements (contacts, coils, vertical and horizontal shorts) and 
instructions are built into the CPU’s firmware package. For a detailed description of 
all instructions, see the Ladder Logic Block Library User Guide (840 USE 101 00).


In This Appendix This appendix contains the following topics:


For This Topic... See Page...


Standard Ladder Logic Elements 406


DX Loadable Support 410


A Special STAT Instruction 411
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Standard Ladder Logic Elements


Introduction This section provides a glossary of standard ladder logic symbols and instructions.


Ladder Logic 
Symbols


The table below provides the meaning of standard ladder logic symbols.


Continued on next page


Symbol Meaning Nodes Consumed


Normally open (N.O.) contact 1


Normally closed (N.C.) contact 1


Positive transitional (P.T.) contact 1


Negative transitional (N.T.) contact 1


Normal coil 1


Memory-retentive or latched coil; the 
two symbols mean the same thing, and 
the user may select the preferred 
version for online display.


1


Horizontal short 1


Vertical short 0
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Standard Ladder Logic Elements, Continued


Standard Ladder 
Logic 
Instructions 


The table below provides standard ladder logic instructions and their meaning.


Continued on next page


Symbol Meaning Nodes Consumed


Counter and Timer Instructions


UCTR Counts up from 0 to a preset value 2


DCTR Counts down from a preset value to 0 2


T1.0 Timer that increments in seconds 2


T0.1 Timer that increments in tenths of a second 2


T.01 Timer that increments in hundredths of a second 2


T1MS A timer that increments in milliseconds 3


Integer Math Instructions


ADD Adds top node value to middle node value 3


SUB Subtracts middle node value from top node value 3


MUL Multiplies top node value by middle node value 3


DIV Divides top node value by middle node value 3


DX Move Instructions


R∀T Moves register values to a table 3


T∀R Moves specified table values to a register 3


T∀T Moves a specified set of values from one table to 
another table


3


BLKM Moves a specified block of data 3


FIN Specifies first-entry in a FIFO queue 3


FOUT Specifies first-entry out of a FIFO queue 3


SRCH Performs a table search 3


STAT CROSS REF 1
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Standard Ladder Logic Elements, Continued


Standard Ladder 
Logic 
Instructions, 
Continued


Continued on next page


Symbol Meaning Nodes Consumed


DX Matrix Instructions


AND Logically ANDs two matrices 3


OR Does logical inclusive OR of two matrices 3


XOR Does logical exclusive OR of two matrices 3


COMP Performs logical complement of values in a matrix 3


CMPR Logically compares values in two matrices 3


MBIT Logical bit modify 3


SENS Logical bit sense 3


BROT Logical bit rotate 3


AD16 Signed/unsigned 16-bit addition 3


SU16 Signed/unsigned 16-bit subtraction 3


TEST Compares the magnitudes of the values in the top and 
middle nodes


3


MU16 Signed/unsigned 16-bit multiplication 3


DV16 Signed/unsigned 16-bit division 3


ITOF Signed/unsigned integer-to-floating point conversion 3


FTOI Floating point-to-signed/unsigned integer conversion 3


EMTH Performs 38 math operations, including floating point 
math operations and extra integer math operations 
such as square root


3


Ladder Logic Subroutine Instructions


JSR Jumps from scheduled logic scan to a ladder logic 
subroutine


2


LAB Labels the entry point of a ladder logic subroutine 1


RET Returns from the subroutine to scheduled logic 1
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Standard Ladder Logic Elements, Continued


Standard Ladder 
Logic 
Instructions, 
Continued


Symbol Meaning Nodes Consumed


Other Special Purpose Instructions


CKSM Calculates any of four types of checksum 
operations (CRC-16, LRC, straight CKSM, 
and binary add)


3


MSTR Specifies a function from a menu of 
networking operations


3


PID2 Performs proportional-integral-derivative 
calculations for closed-loop control


3


TBLK Moves a block of data from a table to 
another specified block area


3


BLKT Moves a block of registers to specified 
locations in a table


3


XMIT Allows CPU to act as a Modbus master 3
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DX Loadable Support


Introduction The M1 CPUs can use DX loadable instructions, which support optional software 
products that can be purchased for special applications. DX loadables provide the 
user with special ladder logic functions. 


Loaded on 
Page 0


The code for DX loadables gets loaded into the Page 0 area. Thus, for every word 
of DX loadable that is loaded, one word of Page 0 becomes unavailable for other 
use (such as application logic). 


Limited 
Functionality


DX loadables are limited in the functionality they can provide because they do not 
provide storage for variables and are limited in their size. 


M1 Support M1 supports only loadables targeted for 80x86 microprocessors running in 16-bit 
real mode that have not made any hard-coded hardware assumptions (e.g., the 
address and format of the TOD clock). Obviously, there must be enough available 
memory to fit the loadable. 


Saved to Flash Since DX loadables are stored in Page 0 memory, they are saved whenever a 
save-to-Flash operation is initiated.
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A Special STAT Instruction 


Overview A special version of the STAT instruction has been developed to support 
Momentum M1 CPUs. The STAT instruction accesses a specified number of words 
in a status table in the CPU’s system memory. Here vital diagnostic information 
regarding the health of the CPU and the I/OBus I/O under its control is posted.


From the STAT instruction, you can copy some or all of the status words into a 
block of registers or a block of contiguous discrete references.


This section describes the STAT instruction.


Avoid Discretes We recommend that you do not use discretes in the STAT destination node 
because of the excessive number required to contain status information.


Specify Length The copy to the STAT block always begins with the first word in the table up to the 
last word of interest to you. For example, if the status table is 20 words long and 
you are interested only in the statistics provided in word 11, you need to copy only 
words 1...11 by specifying a length of 11 in the STAT instruction.


Diagram of STAT 
Block


The STAT block includes a top node (for destination) and a bottom node (for 
length). The STAT block is represented in the following illustration. 


Continued on next page
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A Special STAT Instruction, Continued


Top Node 
Content


The reference number entered in the top node is the first position in the destination 
block–i.e., the block where the current words of interest from the status table will be 
copied. The reference may be:


l The first 0x reference in a block of contiguous discrete outputs


l The first 4x reference in a block of contiguous holding registers


Bottom Node 
Content


The integer value entered in the bottom node specifies the number of registers or 
16-bit words in the destination block where the current status information will be 
written. 


The length–i.e., number of words–in the status table will vary depending on 
whether or not I/OBus I/O is being supported:


l Without I/OBus, the STAT instruction is 12 words long.


l With I/OBus, the instruction is 20 words long.
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A Special STAT Instruction, Continued


Words 1...12 The first 12 words describe the CPU status and are detailed in the following table:  


Continued on next page


Word Description


1 Displays the following aspects of the PLC’s status:


2 Reserved for internal use.


3 Displays more aspects of the controller status:


4 Not used.
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A Special STAT Instruction, Continued


Words 1...12, 
Continued


Continued on next page


Word Description


5 Displays the PLC’s stop state conditions:


6 Displays the number of segments in ladder logic; a binary number is shown:
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A Special STAT Instruction, Continued


Words 1...12, 
Continued


Continued on next page


Word Description


7 Displays the address of the end-of-logic (EOL) pointer:


8 and 9 Not used.


10 Uses its two least significant bits to display RUN/LOAD/DEBUG status:


11 Not used.


12 Indicates the health of the ATI module:
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A Special STAT Instruction, Continued


Words 13...20 Words 13...20 are available only for the 171 CCS 760 00 and 171 CCS 760 10 
Momentum M1 Processor Adapters to indicate the status of I/OBus modules 
controlled over the I/O Bus network.


This Word... Indicates the Status of These I/O Modules...


13 1...16


14 17...32


15 33...48


16 49...64


17 65...80


18 81...96


19 97...112


20 113...128
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Run LED Flash Patterns and Error 
Codes


Run L7ED Flash 
Pattern and Error 
Codes


The following table lists the flash pattern of the Run LED on the Momentum 
Processor Adapters. It also lists the associated codes (in hex format).


Continued on next page


Number of Blinks Code (hex) Error


Continuous 0000 Requested Kernel mode 


2 080B ram error during sizing


080C run output active failed


082E MB command handler stack error


0835 Main loop broken


0836 Power down / Power holdup


0837 Power down reset absent


3 072B master config write bad
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Run LED Flash 
Pattern and Error 
Codes, Continued


Continued on next page


Number of Blinks Code (hex) Error


4 0607 modbus cmd-buffer overflow


0608 modbus cmd-length is zero


0609 modbus abort command error


0614 mbp bus interface error


0615 bad mbp response opcode


0616 timeout waiting for mbp


0617 mbp out of synchronization


0618 mbp invalid path


0619 page 0 not paragraph aligned


061E bad external uart hardware


061F bad external uart interrupt


0620 bad receive comm state


0621 bad transmit comm state


0622 bad comm state trn_asc


0623 bad comm state trn_rtu


0624 bad comm state rcv_rtu


0625 bad comm state rcv_asc


0626 bad modbus state tmr0_evt


0627 bad modbus state trn-int


0628 bad modbus state rcv-int


0631 bad interrupt


0637 Bad I/OBus transmit state


0638 Bad I/OBus receive state


5 0503 ram address test error


052D P.O.S.T BAD MPU ERROR


6 0402 ram data test error
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Run LED Flash 
Pattern and Error 
Codes, Continued


Number of Blinks Code (hex) Error


7 0300 EXEC not loaded


0301 EXEC Checksum


8 8001 Kernal prom checksum error


8003 unexpected exec return


8005 Flash program / erase error


8007 Watchdog timeout event
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INTERFACE


PSI-MODEM/ETH


Data sheet 


1 Description


The PSI-MODEM/ETH analog V.92 Ethernet modem 


enables worldwide access to industrial Ethernet networks in 


machines and systems via dial-up line connections. All 


control systems and operator panels in an Ethernet network 


can be controlled remotely via just a modem and a 


telephone line.


The connection is established as a dial-up connection 


(remote data transmission) with 128-bit password 


encryption and continuous reauthentication via the CHAP 


protocol (Challenge Handshake Authentication Protocol), 


which prevents unauthorized access.


This means that remote maintenance and diagnostics for 


remote network devices is as simple as dialing into the 


Internet at home.


To ensure interference-free operation even under harsh 


EMC conditions, the devices are equipped with high-quality 


electrical isolation and integrated surge protection.


The modem also features an integrated automatic "Sleep" 


function to increase battery life and a particularly wide 


supply voltage range, making it suitable for universal use.


Plug and play and web-based management enable quick 


and easy startup.


The Ethernet modem is approved for use in public 


telephone networks in Europe, the USA, and Canada. 


Additional approvals can be provided on request.


 


NOTICE: The PSI-MODEM/ETH is designed exclusively for SELV operation according to 


IEC 60950/EN 60950/VDE 0805.


The modem must only be connected to devices, which meet the requirements of EN 60950 ("Safety of 


Information Technology Devices").


Make sure you always use the latest documentation. 


It can be downloaded at www.download.phoenixcontact.com.


A conversion table is available on the Internet at


www.download.phoenixcontact.com/general/7000_en_00.pdf.


Industrial Ethernet modem



http://www.download.phoenixcontact.com

http://www.download.phoenixcontact.com/general/7000_en_00.pdf
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2 Ordering data


3 Technical data


Modem
Description Type Order No. Pcs./


Pkt.


Industrial Ethernet modem


Scope of supply: Modem, RJ12/RJ12 cable, TAE adapter


PSI-MODEM/ETH 2313300 1


Accessories
Description Type Order No. Pcs./


Pkt.


System power supply unit:


Primary-switched


Input voltage range


Nominal output voltage


Nominal output current


45 Hz ... 65 Hz


85 V AC ... 264 V AC


24 V DC ±1%


1.5 A


MINI-SYS-PS-100-240AC/24DC/1.5 2866983 1


DIN rail connector ME 22,5 TBUS 1,5/ 5-ST-3,81 GN 2707437 1


Power supply
Supply voltage 10.8 V DC ... 30 V DC (via COMBICON plug-in screw terminal block)                 


24 V DC ±5% (alternative or redundant, via backplane bus contact and system 


power supply) 


Current consumption


Nominal operation


Standby 


< 100 mA (at 24 V)


< 40 mA


Ethernet interface
Connection RJ45 female connector, shielded


Transmission speed 10/100 Mbps


Transmission length 100 m (twisted pair, shielded)


Supported protocols TCP/IP, UDP, TFTP, HTTP, MODBUS TCP, PPP, PROFINET, EtherNet IP, 


CHAP


Secondary protocols ARP, DHCP, BOOTP, SNMP, RIP, RARP


Functions
Management Web-based management, SNMP or FL SWT Factory Manager software 


PSTN port (a/b line)
Connection method 6-pos. RJ12


Shield Via metal foot on EN DIN rail


Operating modes Dial-up modem, 2-wire half/full duplex


Transmission speed 300 baud ... 56 kbaud


Compatibility ITU V.42bis, V.42, V.92, V.90, V.34 extended, ITU V.32bis, V.32, V.21, 


V.22bis, V.22, V.23, ITU V.17, Bell 212, and Bell 103


Error correction V.42 (LAP-M or MNP 2 to 4)


Data compression V.42bis (throughput 4:1), MNP 5 (throughput 2:1)


Acoustic signaling Integrated piezo (during the dialing process)


Startup diagnostics Selftest, visualization via LEDs (controller, RAM, EEPROM, DSP)


Telecommunications approvals TBR21, TIA-968-A, CS-03 for Europe, USA, and Canada







PSI-MODEM/ETH


103553_en_00 PHOENIX CONTACT 3


4 Features


– For universal use


– Password-protected access


– Wide supply voltage range of 10 V to 30 V DC


– Power-saving sleep mode 


– High-quality 3-way isolation 


(VCC // V.24 (RS-232) // Ethernet)


– Slim design width of 45 mm


– Easy startup and user-friendly configuration using web-


based management


General data
CE conformance According to R&TTE directive


Approvals UL (in preparation)


Telecommunications approvals TBR21, TIA-968-A, CS-03 for Europe, USA, and Canada


Ambient operating temperature range 0°C ... +55°C


Housing type ME 22,5 with DIN rail connector and ground contact


Housing material PA 66-FR, green


Housing dimensions (H x W x D) 114.5 mm x 45 mm x 99 mm


Weight 200 g


Functional earth ground To EN DIN rail in the housing 


Vibration resistance 5g according to DIN EN 60068-2-6, 1.5 h each in x, y, and z direction


Shock test according to IEC 60068-2-27


Operation
Storage


15g, 11 ms, half-sine shock pulse


30g, 11 ms, half-sine shock pulse


Free fall according to IEC 60068-2-32 1 m


Degree of protection IP20


Separate ground levels Supply // PSTN // Ethernet


Test voltage 1.5 kV AC, 50 Hz, 1 min. between all ground levels according to EN 61010-1/


VDE 0411-1 and EN 60950


Conformance with EMC directive 89/336/EEC
Noise immunity test according to EN 61000-6-2


1


Electrostatic discharge (ESD) EN 61000-4-2 Criterion B
2


8 kV air discharge


6 kV contact discharge


Electromagnetic HF field


Amplitude modulation


Pulse modulation


EN 61000-4-3 Criterion A
3


10 V/m


10 V/m


Fast transients (burst)


Signal


Supply


EN 61000-4-4


Criterion B
2


Criterion A
3


2 kV/5 kHz


1 kV/5 kHz


2 kV/5 kHz


Surge current load (surge)


Signal


Supply


EN 61000-4-5 Criterion B
2


1 kV


2 kV


Conducted interference EN 61000-4-6 Criterion A
3


10 V


Noise emission test according to EN 61000-6-4


Noise emission of housing EN 55022 Limiting curve B


1
EN 61000 corresponds to IEC 61000


2
Criterion B:  Temporary adverse effects on the operating behavior, which the device corrects automatically.


3
Criterion A:  Normal operating behavior within the specified limits.
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5 Application


The PSI-MODEM/ETH modem is suitable for universal and 


international use as an analog Ethernet modem.


Figure 1 Remote dial-in


The modem can be used for the following applications:


– Remote monitoring of systems and machines


– Remote control


– Remote system diagnostics


– Production data acquisition


This device is approved for operation in the following public 


telephone networks:


– Belgium


– Denmark


– Germany


– France


– Finland


– Greece


– Great Britain


– Italy


– Ireland


– Canada


– Luxembourg


– The Netherlands


– Norway


– Austria


– Portugal


– Sweden


– Switzerland


– Spain


– USA


Approvals for other countries are available on request.
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E.R. NO. LTR. NO. REVISION DR ENG DATE
   PROJECT: ARECIBO OBSERVATORY A - AS BUILT VS VS 8/25/10


ONAN ORDER NUMBER: 7071681
SWBD MODEL NUMBER: PCIL2004R-772F


DRAWING NUMBERS


OUTLINE: A030S863
SCHEMATIC: A030S865


INTERCONNECTION: A030S864


MATERIAL LIST-SYSTEM
V.SIVAN
V.SIVAN
V.SIVAN


A030P929DWG #:


TITLE:
CHKR:
ENG:


APPRVD:


PCIL2004R-772F
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ITEM CPG P/N QTY DESCRIPTION MANUFACTURER MANUFACTURER P/N SPECIFICATIONS S.L.


100 A030R458 1 Switchgear
101 A005S153 4 NGR 0350-1246-03
119 A005G179 4 FIRST START SENSOR CUMMINS
120 A001R410 4 GENSET CARD 3201 CUMMINS
121 A032Z141 10 Sealed VRLA Battery SAFT 12SLA50
122 A032Z142 1 Two-tier Battery Rack SAFT RSL37N1-2
123 A019P327 1 Battery Charger SAFT AT10-130-016-0112000
124 A004R141 1 SHEET METAL DETAIL METAL TOUCH SCREEN DOOR  
125 A000R712 4 BRACKET - LIFTING  
126 A002B296 1 DOOR-UPPER MASTER LH 1/4 DOOR ABOVE TOUCH SCREEN DOOR  
127 A002A271 1 DOOR-BLANK 1/2 HIGH, 30" WIDE  
128 A002J729 1 FRAME ASSY 30"W X 90"H X 30"D  
129 A001W446 4 END COVER 30"D  
130 A001W447 2 REAR COVER 30"W  
131 A001W451 1 TOP COVER 30"W X30"D  
132 A000V731 1 GND BUS  
133 A005B956 2 PANEL-CONTROL (REAR)  
134 A005B993 4 PANEL-CONTROL (SIDE)  
135 A004D413 4 DOOR LATCH  
136 A003L123 7 HINGE  
137 A005H313 7 HINGE PIN  
138 A004L448 1 LUG - GROUND  
139 A004B301 1 LABEL-DGTL MA CONT  
140 A004C379 1 LABEL-POWER COMMAND  
141 A004B272 9 LABEL - DANGER  
142 A001X246 1 CRATE - DOMESTIC 36" X 36" X 94"  
143 A004C111 5 LABEL LOGO CUMMINS POWER GEN LOCATE: UPPER LEFT CORNER OF EACH SECTION IN LINE-UP
144 A004B665 5 LABEL LOGO WEB ADDRESS LOCATE: BOTTOM OF EACH SECTION IN LINE-UP
145 A002L124 78 1 POLE FUSE BLOCK - CLASS CC GOULD USCC1 600VAC
146 A006J313 1 SOCKET-RELAY IDEC SY45-05 & SY4S-51F1 14 PIN
147 A006J318 3 SOCKET-RELAY IDEC SR3B-05 & SR3B-02F1 11 PIN
148 A005L063 3 TERMINAL STRIP MODICON 170XTS00100 TERMINAL PLUG, 18 PLACE
149 A006Z406 2 QUANTUM TERMINAL STRIP MODICON 140XTS00200 40 TERMINALS
150 A006L639 1 RELAY HOLD DOWN SPRING P&B 20C217 USE WITH 307-1821 RELAY AND BASE
151 A006F809 1 SOUND UNIT - 2800 CPS SOUND FREQUE MALLORY SC628 3-14 mA
152 A000H065 1 BATTERY ASSEMBLY - STATION BATTERY CUMMINS 30" FRAME DEPTH
153 A000H022 2 BATTERY - LEAD ACID, 6 CELL, 12VDC VENDOR 12 AMP-HOURS
154 A001A456 1 CONNECTOR HOUSING - 4 SOCKET, FEM AMP 1-480703-0 MATING PLUG: 0323-1292
155 A005H219 2 CONNECTOR CONTACT - PIN, 20 - 14 AWG AMP 350700-1 MATING SOCKET: 0323-1200
156 A005K700 1 CONNECTOR HOUSING - 4 SOCKET, MAL AMP 1-480702-0 MATING PLUG: 0323-1333
157 A006J256 2 CONNECTOR CONTACT - SOCKET, 20 - 14 AMP 350551-1 MATING PIN: 0323-1199
158 A000U193 2 MODBUS PLUS SUPER TAP MODICON 990 NAD 230 20 W/ RJ45 PORT
159 A001M494 2 CONNECTOR - MODBUS INLINE KIT MODICON AS-MBKT-085 ONE PER KIT
160 A001M495 2 CONNECTOR - MODBUS TERMINATING K MODICON ASMBKT-185 TWO PER KIT
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ITEM CPG P/N QTY DESCRIPTION MANUFACTURER MANUFACTURER P/N SPECIFICATIONS S.L.


161 A006Z263 1 TERMINAL - PLUGABLE, SIDE MOUNT, 24 WEIDMULLER 22 - 12 AWG
162 A005P547 3 RELAY-CONTROL, 24VDC DELTROL 23153-71 3 C FORM
163 A005P569 1 RELAY-CONTROL, 24VDC P&B KHAU-17D16-24 4 C FORM, 1A, 30VDC / 120 VAC
164 A001N067 12 CONTACTOR-LOW PWR COIL, 24VDC TELEMECHANIQUE LC1D18BL 4 NO,1 NC, 18A/32A
165 A005R052 16 RELAY-CONTROL, 24VDC TELEMECHANIQUE CA4-KN22BW3 2 NO, 2 NC
166 A005P066 2 RECTIFIER- 30A, ULTRA FAST MICROELECTRONIC STTH10002TV1 2 X 50A, 0.72V
167 A005P063 6 RECTIFIER - 3A OR SOURCE CONTRO CONTROLLED
168 A029R452 1 ETHERNET SWITCH SPIDER II 8TX HIRSCHMANN 943 957-001 RJ45, 10/100 MBITS
169 A029R453 1 NETWORK MODEM (PSI-MODEM/ETH) PHOENIX CONTACT 2313300
170 A001N462 1 MODLON GATEWAY - MODLON II RENU GWY-100
171 A002K940 15 FUSE - CLASS CC BUSSMANN LP-CC-8/10 600VAC
172 A002K943 51 FUSE - CLASS CC BUSSMANN LP-CC-15 600VAC
173 A002K944 12 FUSE - CLASS CC BUSSMANN LP-CC-10 600VAC
174 A005F762 1 OPERATOR  INTERFACE ADVANTECH WEBOIT-1570-CE CE, 2 SERIAL PORTS
175 A005P688 4 PROTECTIVE RELAY (SEL 300G MULTIFU SCHWEITZER 0300G105325XX4X W/ DIFFERENTIAL
176 A005P719 2 PROTECTIVE RELAY (SEL 551 MULTIFUN SCHWEITZER 0551003X551X RS232 COMMUNICATION PORT
177 A005R200 6 LOCKOUT RELAY /W INDICATOR ELECTROSWITCH 78PA04D-011 RED LED INDICATOR, MAINTAINED CONTACTS
178 A000H908 4 BEZEL - BREAKER STATUS LIGHTS ELECTROSWITCH 658PB201LA RED & GRN LED INDICATED
179 A000C640 3 ADAPTER-COMMUNICATION MODICON 170NEF11021 COMMUNICATION ADAPTER
180 A004S729 1 DISCRETE INPUT/OUTPUT MODULE MODICON 170ADM35011 24VDC
181 A004S732 1 DISCRETE INPUT MODULE MODICON 170ADI35000 24VDC
182 A004S734 1 DISCRETE OUTPUT MODULE MODICON 170ADO34000 24VDC
183 A004S807 1 QUANTUM CPU MODICON 140CPU43412A 2M, 486 DX2, 2 MODBUS, 1 MB+, 64K USER LOGIC
184 A004S819 1 DISCRETE DC INPUT MODICON 140DDI35310 24 VDC
185 A004S937 1 POWER SUPPLY MODICON 140CPS21400 24 VDC, 8A
186 A004S972 1 DISCRETE RELAY OUTPUT MODICON 140DRA84000 2A
187 A005K541 1 ETHERNET TCP/IP AND MODBUS MODICON 140NOE77111 10/100BASE-T ETHERNET (RJ-45) & 10BASE-FX ETHERNET (MT-RJ)
188 A005M822 1 BACKPLANE MODICON 140XBP00600 BACKPLANE, 6 SLOT, 265 MM, 10.4 IN
189 A006X492 2 SWITCH-ROTARY - 3 POS, SPRG RTRN FR ELECTROSWITCH 24PB38D 20A, 1 DECK, TRIP/CLOSE
190 A006X504 1 SWITCH ROTARY - 2 POS MAINT -ILLUM ELECTROSWITCH 24PK204LA 20A, 4 DECK, 8 C FORM
191 A006Z096 8 TERMINAL BLOCK CUMMINS 6 TERMINAL
192 A006Z109 67 TERMINAL BLOCK WEIDMULLER 3636.6 DOUBLE LEVEL, FEED THROUGH, WITH INTERNAL LINK
193 A006Z117 485 TERMINAL BLOCK WEIDMULLER 3804.6 SINGLE LEVEL, FEED THROUGH
194 A006X609 4 RELAY TEST SWITCH - 6 CURRENT, 4 PO ABB 498A010G01
195 A014T691 6 RELAY TEST SWITCH - 8 CURRENT ABB 9672A10G01
196 A000Y479 3 CABLE ASSY(ETHERNET) BORDER STATES PATCH CABLE,10FT, RJ45
197 A000Y495 1 CABLE ASSY(MODLON) CUMMINS FOR QUANTUM TO MODLON II
198 A000Y609 1 CABLE - DROP, MODBUS+ MODICON 990 NAD 211 10 8 FT LONG, 9 PIN 'D' SHELL
199 A000Y808 4 CABLE-MODBUS+ TRUNK MODICON SPECIFY FEET NEEDED, TP-PVC VACCETED REEL
200 A000Y856 1 CABLE - CAT IV OR SOURCE CONTROLLED PVC JACKET
201 A007B041 1 3 PHASE MULTIFUCNTION DIGITAL TRAN BITRONICS MTWIN3B-S500-VD10 MODBUS PLUS PORT
202 A007F833 3 TRANSFORMER-CURRENT RUMENT TRANSFORM 190XSUM4 METERING CLASS, 25-400HZ
203 A029V814 2000 14 AWG WIRE
204  A029V813 500 12 AWG WIRE
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ITEM CPG P/N QTY DESCRIPTION MANUFACTURER MANUFACTURER P/N SPECIFICATIONS S.L.


100 A026D074 1 HANDLE RACKING VR5 SQD 4600738250
101 A026D078 1 COIL CLOSING 125VDC VR5 SQD 4604047861
102 A026D080 1 COIL TRIP125VDC VR6 SQD 4604047962
103 A026D082 1 RELAY ANTI-PUMPING 125VDC VR5 SQD 4604047751
104 A026D084 1 COIL UNDERVOLTAGE TRIP 125VDC VR5 SQD 4604049152
105 A026D086 1 CONTACT PRIMARY 1200A SQD 4604048150
106 A026D089 1 CONTACT PRIMARY 2000A SQD 4604048151
107 A026D091 1 CONTACT GROUND VR5 SQD 4604048250
108 A026D099 1 SWITCH MOTOR CUTT-OFF VR5 SQD 4604048650
109 A026D104 1 COVER RI MECHANISM VR5 SQD 4604048850
110 A026D109 1 MOTOR CHARGING 120VAC/125VDC VR5 SQD 4604047651
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Battery Rack Selection


Date: 1/14/2011


Battery Data


Model: 12SLA50          Quantity: 10


Battery Dimensions: 7.95"H x 11.34"W x 6.81"L


Weight per battery: 44.1 Lbs.


Rack System


Qty Rack Model Batts/Rack Hb (in.) W (in.) L (in.) Weight (Lbs.)


1 RSL37N1-2 10 32.00 15.75 37.00 90


32.0


WL


Hb
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