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Preface

Manual Overview

Date Code 20170927

The SEL-751 Feeder Protection Relay Instruction Manual describes common
aspects of feeder relay application and use. It includes the necessary
information to install, set, test, and operate the relay.

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-751; lists the relay specifications.

Section 2: Installation. Describes how to mount and wire the SEL-751;
illustrates wiring connections for various applications.

Section 3: PC Software. Describes the features, installation methods, and
types of help available with the ACSELERATOR QuickSet SEL-5030
Software.

Section 4: Protection and Logic Functions. Describes the operating
characteristic of each protection element, using logic diagrams and
text, and explains how to calculate element settings; describes contact
output logic, automation, and report settings.

Section 5: Metering and Monitoring. Describes the operation of each
metering function; describes the monitoring functions.

Section 6: Settings. Describes how to view, enter, and record settings for
protection, control, communications, logic and monitoring.

Section 7: Communications. Describes how to connect the SEL-751 to a
PC for communication; shows serial port pinouts; lists and defines
serial port commands. Describes the communications port interfaces
and protocols supported by the relay for serial and Ethernet.

Section 8: Front-Panel Operations. Explains the features and use of the
front panel, including front-panel command menu, default displays,
and automatic messages. Describes in detail the two-line display
(2 x 16 characters) and the touchscreen display (5-inch, color,

800 x 480 pixels).

Section 9: Bay Control. Describes how to configure and design the bay
control screens for SEL-751 relays with the touchscreen display (5-
inch, color, 800 x 480 pixels).

Section 10: Analyzing Events. Describes event type, messages, event
summary data, standard event reports, and Sequential Events Recorder
(SER) report.

Section 11: Testing and Troubleshooting. Describes protection element test
procedures, relay self-test, and relay troubleshooting.

Appendix A: Firmware, ICD, and Manual Versions. Lists the present relay
firmware version and details differences between the present and
previous versions. Provides a record of changes made to the manual
since the initial release.

Instruction Manual SEL-751Relay
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Appendix B: Firmware Upgrade Instructions. Describes the procedure to
update the firmware stored in flash memory.

Appendix C: SEL Communications Processors. Provides examples of how
to use the SEL-751 with SEL communications processors for total
substation automation solutions.

Appendix D: DNP3 Communications. Describes the DNP3 protocol support
provided by the SEL-751.

Appendix E: Modbus RTU Communications. Describes the Modbus
protocol support provided by the SEL-751.

Appendix F: IEC 61850 Communications. Describes IEC 61850
implementation in the SEL-751.

Appendix G: IEC 60870-5-103 Communications. Describes the IEC 60870-
5-103 protocol support provided by the SEL-751.

Appendix H: DeviceNet Communications. Describes the use of DeviceNet
(data-link and application protocol) over CAN (hardware protocol).

Appendix I: Synchrophasors. Describes the Phasor Measurement Control
Unit (PMCU), and accessing synchrophasor data through the use of
IEEE C37.118 Protocol.

Appendix J: MIRRORED BiTs Communications. Describes how SEL protective
relays and other devices can directly exchange information quietly,
securely, and with minimum cost.

Appendix K: Relay Word Bits. Lists and describes the Relay Word bits
(outputs of protection and control elements).

Appendix L: Analog Quantities. Lists and describes the Analog Quantities
(outputs of analog elements).

Appendix M: Cybersecurity Features. Describes a number of features to
help meet cybersecurity design requirements.

SEL-751 Relay Command Summary. Briefly describes the serial port
commands that are fully described in Section 7: Communications.
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Safety Information

/N\CAUTION

To ensure proper safety and operation, the equipment ratings, installation instructions, and
operating instructions must be checked before commissioning or maintenance of the equipment.
The integrity of any protective conductor connection must be checked before carrying out any other
actions. It is the responsibility of the user to ensure that the equipment is installed, operated, and
used for its intended function in the manner specified in this manual. If misused, any safety
protection provided by the equipment may be impaired.

Dangers’ Warnings’ This manual uses three kinds of hazard statements, defined as follows:

and Cautions
/\DANGER

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

/SWARNING

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

/NCAUTION

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

Safety Symbo| S The following symbols are often marked on SEL products.

/N\CAUTION /NATTENTION

Refer to accompanying documents. Se reporter a la documentation.
Earth (ground) Terre

Protective earth (ground) Terre de protection

Direct current Courant continu

Alternating current Courant alternatif

Both direct and alternating current Courant continu et alternatif

Instruction manual Manuel d’instructions

B2l |® |+ |
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Safety Marks

General Safety Marks

The following statements apply to this device.

/NCAUTION

There is danger of explosion if the battery is incorrectly replaced.
Replace only with Ray-O-Vac no. BR2335 or equivalent recommended
by manufacturer. See Owner's Manual for safety instructions. The
battery used in this device may present a fire or chemical burn hazard
if mistreated. Do not recharge, disassemble, heat above 100°C or
incinerate. Dispose of used batteries according to the manufacturer’s
instructions. Keep battery out of reach of children.

/NATTENTION

Une pile remplacée incorrectement pose des risques d'explosion.
Remplacez seulement avec un Ray-O-Vac no BR2335 ou un produit
équivalent recommandé par le fabricant. Voir le guide d'utilisateur
pour les instructions de sécurité. La pile utilisée dans cet appareil peut
présenter un risque d'incendie ou de brdlure chimique si vous en faites
mauvais usage. Ne pas recharger, démonter, chauffer a plus de 100°C
ou incinérer. Eliminez les vieilles piles suivant les instructions du
fabricant. Gardez la pile hors de la portée des enfants.

For use in Pollution Degree 2 environment.

Pour 'utilisation dans un environnement de Degré de Pollution 2.

Ambient air temperature shall not exceed 50°C (122°F).

La température de l'air ambiant ne doit pas dépasser 50°C (122°F).

For use on a flat surface of a Type 12 enclosure.

Destiné a l'utilisation sur une surface plane d'un boitier de
Type 12.

Terminal Ratings
Wire Material
Use 75°C (167°F) copper conductors only.
Tightening Torque
CT Terminal Blocks: 0.9-1.4 Nm (8-12 in-Ib)
Compression Plug: 0.5-1.0 Nm (4.4-8.8 in-Ib)

Compression Plug Mounting Ear Screw:
0.18-0.025 Nm (1.6-2.2 in-lb)

Spécifications des bornes
Type de filage
Utiliser seulement des conducteurs en cuivre spécifiés a
75°C (167°F).
Couple de serrage
CT bornes : 0,9-1,4 Nm (8-12 livres-pouce)
Fiche a compression : 0,5-1,0 Nm (4,4-8,8 livres-pouce)
Vis a oreille de montage de la fiche a compression :
0,18-0,025 Nm (1,6-2,2 livres-pouce)

Hazardous Locations Safety Marks

/\WARNING - EXPLOSION HAZARD

Open circuit before removing cover.

/NAVERTISSEMENT - DANGER D'EXPLOSION

Quvrir le circuit avant de déposer le couvercle.

/SWARNING - EXPLOSION HAZARD

Substitution of components may impair suitability for Class |,
Division 2.

/NAVERTISSEMENT - DANGER D'EXPLOSION

La substitution de composants peut détériorer la conformité a
Classe |, Division 2.

Operating Temperature Range: —40°C to +85°C (—40°F to
+185°F).

Plage de température de fonctionnement: —-40°C a +85°C
(—40°F a +185°F).

Hazardous Locations Approvals
The SEL-751 is UL certified for hazardous locations to Canadian and U.S.
standards. In North America, the relay is approved for Hazardous Locations
Class I, Division 2, Groups A, B, C, and D, and temperature class T4A in the
maximum surrounding air temperature of 50°C.

The figure shows the compliance label that is located on the left side of the

device.

Instruction Manual
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Safety Information

IND C,ONT EQ.

CERTIFIED IND. CONT. EQ.
USE IN

HAz.Loc.
|FAVYyf] (E470448)

q3
Ao

See instruction manual for details. &I:EI
Voir le manuel d'instructions pour plus de détails.

See instruction manual for details. &I:EI

Voir le manuel d'instructions pour plus de détails.

HAZARDOUS LOCATIONS US « CA
Applicable hazardous locations

Class |, Division 2, Groups A, B, C, and D
Temperature class T4A

Maximum Surrounding Air Temperature 50°C

Endroits dangereux applicables

Classe |, Division 2 , Groupes A, B, C, et D

Code de température T4A

Température de I'air environment maximale 50°C

Capacitors should be safely discharged during
commissioning.

Capacitors should be safely discharged during
commissioning.

This device complies with Part 15 of the FCC
Rules. Operation is subject to the following two
conditions: (1) this device may not cause harmful
interference, and (2) this device must accept any
interference received, including interference
that may cause undesired operation.

This device complies with Part 15 of the FCC
Rules. Operation is subject to the following two
conditions: (1) this device may not cause harmful
interference, and (2) this device must accept any
interference received, including interference
that may cause undesired operation.

This product may be covered by one or more

This product may be covered by one or more

of the following
6,639,413
6,655,835
6,744,391
6,757,146
6,869,295
6,910,804
7,480,580
1,720,619

Other U.S. Patents Pending i
Foreign Patents Issued and Pending

.S. Patents: of the following U.S. Patents:

7,945,400 8,675,329 6,639,413 7,945,400 8,675,329
8,140,283 8,735,798 6,655,835 8,140,283 8,735,798
8,319,173 8,803,069 6,744,391 8,319,173 8,803,069
8,346,402 8,812,256 6,757,146 8,346,402 8,812,256
8,415,572 9,046,391 6,869,295 8,415,572 9,046,391
8,477,517 9,515,475 6,910,804 8,477,517 9,515,475
8,593,769 D618,616 7,480,580 8,593,769 D618,616

8,664,961 D619,480 7,720,619 8,664,961 D619,480

Other U.S. Patents Pending i
Foreign Patents Issued and Pending

159-0643.L 159-0643.L

/ AN —/

(Two-Line Display)

(Touchscreen Display)

Product Compliance Labels for the SEL-751 With Two-Line Display and With
the Touchscreen Display

Other Safety Marks (Sheet 1 of 2)

/\DANGER

Disconnect or de-energize all external connections before opening this
device. Contact with hazardous voltages and currents inside this
device can cause electrical shock resulting in injury or death.

/\DANGER

Débrancher tous les raccordements externes avant d'ouvrir cet
appareil. Tout contact avec des tensions ou courants internes a
I'appareil peut causer un choc électrique pouvant entrafner des
blessures ou la mort.

/N\DANGER

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

/N\DANGER

Tout contact avec les bornes de I'appareil peut causer un choc
électrique pouvant entrainer des blessures ou la mort.

/\WARNING

Use of this equipment in a manner other than specified in this manual
can impair operator safety safequards provided by this equipment.

/NAVERTISSEMENT

L'utilisation de cet appareil suivant des procédures différentes de
celles indiquées dans ce manuel peut désarmer les dispositifs de
protection d'opérateur normalement actifs sur cet équipement.

/\WARNING

Have only qualified personnel service this equipment. If you are not
qualified to service this equipment, you can injure yourself or others,
or cause equipment damage.

/NAVERTISSEMENT

Seules des personnes qualifiées peuvent travailler sur cet appareil. Si
vous n'étes pas qualifiés pour ce travail, vous pourriez vous blesser
avec d'autres personnes ou endommager I'équipement.

/AWARNING

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.

Date Code 20170927
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/NAVERTISSEMENT

Cet appareil est expédié avec des mots de passe par défaut. A
I'installation, les mots de passe par défaut devront étre changés pour
des mots de passe confidentiels. Dans le cas contraire, un acces non-
autorisé a I'équipement peut étre possible. SEL décline toute
responsabilité pour tout dommage résultant de cet acces non-
autorisé.

SEL-751 Relay
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Other Safety Marks (Sheet 2 of 2)

/AWARNING

Do not perform any procedures or adjustments that this instruction
manual does not describe.

/NAVERTISSEMENT

Ne pas appliquer une procédure ou un ajustement qui n'est pas décrit
explicitement dans ce manuel d'instruction.

/\WARNING

During installation, maintenance, or testing of the optical ports, use
only test equipment qualified for Class 1laser products.

/NAVERTISSEMENT

Durant l'installation, la maintenance ou le test des ports optiques,
utilisez exclusivement des équipements de test homologués comme
produits de type laser de Classe 1.

/AWARNING

Overtightening the mounting nuts may permanently damage the relay
chassis.

/NAVERTISSEMENT

Une pression excessive sur les écroux de montage peut endommager
de fagon permanente le chassis du relais.

/N\CAUTION

Equipment components are sensitive to electrostatic discharge (ESD).
Undetectable permanent damage can result if you do not use proper
ESD procedures. Ground yourself, your work surface, and this
equipment before removing any cover from this equipment. If your
facility is not equipped to work with these components, contact SEL
about returning this device and related SEL equipment for service.

/NATTENTION

Les composants de cet équipement sont sensibles aux décharges
électrostatiques (DES). Des dommages permanents non-décelables
peuvent résulter de I'absence de précautions contre les DES.
Raccordez-vous correctement a la terre, ainsi que la surface de travail
et I'appareil avant d'en retirer un panneau. Si vous n'étes pas équipés
pour travailler avec ce type de composants, contacter SEL afin de
retourner I'appareil pour un service en usine.

/N\CAUTION

Use of controls or adjustments, or performance of procedures other
than those specified herein, may result in hazardous radiation
exposure.

(NATTENTION

L'utilisation de commandes ou de réglages, ou I'application de tests de
fonctionnement différents de ceux décrits ci-aprés peuvent entrainer
I'exposition a des radiations dangereuses.

/N\CAUTION

Do not connect power to the relay until you have completed these
procedures and receive instruction to apply power. Equipment damage
can result otherwise.

/NATTENTION

Ne pas mettre le relais sous tension avant d'avoir complété ces
procédures et d'avoir recu I'instruction de brancher I'alimentation. Des
dommages a I'équipement pourraient survenir autrement.

General Information

Typographic
Conventions

methods are:

There are many ways to communicate with the SEL-751. The three primary

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

» Using the two-line display front-panel menus and pushbuttons
or the touchscreen display.

» Using ACSELERATOR QuickSet.

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

Example

Description

STATUS
<Enter>
<Ctrl+D>

Start > Settings

CLOSE
ENABLE

Main > Meters

Commands typed at a command line interface on a PC.
Single keystroke on a PC keyboard.
Multiple/combination keystroke on a PC keyboard.

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

Relay front-panel pushbuttons.
Relay front- or rear-panel labels.

Relay front-panel LCD menus and relay responses.
The > character indicates submenus.

Instruction Manual
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Trademarks

Examples
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Safety Information

Trademarks appearing in this manual are shown in the following table.

SEL Trademarks

ACSELERATOR Analytic Assistant®
ACSELERATOR Architect®
ACSELERATOR QuickSet®

Arc Sense™

Best Choice Ground Directional Element®

MIRRORED BITs®
SEL-2407®
SELoGIC®
SYNCHROWAVE®

time-overlight®

Other Trademarks?

DeviceNet™
IEEE®
Modbus®
OMRON®

Ray-O-Vac®
ST®

Windows®

a All brand or product names appearing in this document are the trademark or registered

trademark of their respective holders.

This instruction manual uses several example illustrations and instructions to
explain how to effectively operate the SEL-751. 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 present version of your SEL-751.

Instruction Manual
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Product Labels

SEL-751 Relay

The following labels are the product labels for the high voltage and low
voltage power supply options for the two-line display and the touchscreen
display. The labels are located on the left side panel of the product. The labels
show the serial number, model number, and the ratings of the product.

MODEL SEL-751
P/N 751001A0x0x70860000

( )

MODEL SEL-751
P/N 751002A0x0x70860000

Internal Fuse ==+ T3.15A H 250V
CURRENT/VOLTAGE INPUTS

ZSlot:
Phase/Neutral Current (Nom) 5A/1A
Phase Voltage (Max) 300V ~
E Slot:

VS/VBAT (Max) 300V ~~ /300V ===
CONTACT INPUTS (IN101-IN102)

S/N 1234567890 INIET RO S/N 1234567890 IR R

POWER SUPPLY POWER SUPPLY

Supply Range 125/250V === Supply Range 24/48V ===
120/240V ~~ 50/60Hz

Power Consumption 40VA/20W Power Consumption 20w

Internal Fuse ==+ T3.15A H 250V
CURRENT/VOLTAGE INPUTS

ZSlot:
Phase/Neutral Current (Nom) 5A/1A
Phase Voltage (Max) 300V ~
E Slot:

VS/VBAT (Max) 300V ~~ /300V ===
CONTACT INPUTS (IN101-IN102)

Control Voltage 125V
CONTACT QUTPUTS (0UT101-0UT103)

Control Voltage 125V
CONTACT QUTPUTS (0UT101-0UT103)

General Purpose 250V~ 30V=—=
6A Resistive
Pilot Duty B300

OPTIONAL INPUTS/OUTPUTS

General Purpose 250V~ 30V=—
6A Resistive
Pilot Duty B300

OPTIONAL INPUTS/OUTPUTS

See instruction manual for details. &D}]

Voir le manuel d'instructions pour plus de détails.

See instruction manual for details. &D}]

INSTALLATION REQUIREMENTS

INSTALLATION REQUIREMENTS

Enclosure Rating Open or Type 1

Field Installed Conductors 75°C Cu
Terminal Tightening Torque
Current Inputs 9-12Ib-in
Power and Other 5-7lb=in
Pollution Degree 2

Overvoltage Category 1

SCHWEITZER

ENGINEERING MADE IN
LABORATORIES U SA

2350 NE Hopkins Court

Pullman, WA'" USA 99163 159-0642.E

¥

Enclosure Rating Open or Type 1

Field Installed Conductors 75°C Cu
Terminal Tightening Torque
Current Inputs 9-12Ib-in
Power and Other 5-7lb=in
Pollution Degree 2

Overvoltage Category 1]

SCHWEITZER MADE IN
ENEEe USA

2350 NE Hopkins Court

J

Pullman, WA'" USA 99163 159-0642.E

¥

( )

Voir le manuel d'instructions pour plus de détails.

J

(High-Voltage Supply)

Product Labels for the SEL-751 With the Two-Line Display

Instruction Manual

(Low-Voltage Supply)
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LED Emitter

/N\CAUTION

Use of controls, adjustments, or
performance of procedures other than
those specified herein may result in
hazardous radiation exposure.

/N\CAUTION

Looking into optical connections, fiber
ends, or bulkhead connections can
result in hazardous radiation
exposure.

Date Code 20170927

MODEL SEL-751
P/N 751001A0x0x86A000

( )

MODEL SEL-751
P/N 751002A0x0x7086A000

Internal Fuse ==+ T3.15A H 250V
CURRENT/VOLTAGE INPUTS

S/N 1234567890 INENHEE S/N 1234567890 IR I

POWER SUPPLY POWER SUPPLY

Supply Range 125/250V =—= Supply Range 24/48V ———
120/240V ~~ 50/60Hz

Power Consumption 50VA/25W Power Consumption 25W

Internal Fuse ——=—=- T3.15A H 250V
CURRENT/VOLTAGE INPUTS

ZSlot:
Phase/Neutral Current (Nom) 5A/1A
Phase Voltage (Max) 300V~
E Slot:

VS/VBAT (Max) 300V ~~ /300V =—=
CONTACT INPUTS (IN101-IN102)

ZSlot:
Phase/Neutral Current (Nom) 5A/1A
Phase Voltage (Max) 300V ~~
ESlot:

VS/VBAT (Max) 300V ~\~ /300V ===
CONTACT INPUTS (IN101-IN102)

Control Voltage 125V =
CONTACT QUTPUTS (0UT101-0UT103)

Control Voltage 125V
CONTACT OUTPUTS (0UT101-0UT103)

General Purpose 250V~ 30V—/—
6A Resistive
Pilot Duty B300

OPTIONAL INPUTS/OUTPUTS

General Purpose 250V~ 30V—/—
6A Resistive
Pilot Duty B300

OPTIONAL INPUTS/OUTPUTS

See instruction manual for details. AEE]

Voir le manuel d'instructions pour plus de détails.

See instruction manual for details. AEE]
Voir le manuel d'instructions pour plus de détails.

INSTALLATION REQUIREMENTS

INSTALLATION REQUIREMENTS

Enclosure Rating Open or Type 1

Field Installed Conductors 75°C Cu
Terminal Tightening Torque
Current Inputs 9-12Ib-in
Power and Other 5-7Ib-in

Pollution Degree 2
Overvoltage Category 1}

Enclosure Rating Open or Type 1

Field Installed Conductors 75°C Cu
Terminal Tightening Torque
Current Inputs 9-12Ib-in
Power and Other 5-7Ib-in

Pollution Degree 2
Overvoltage Category 1}

SCHWEITZER MADE IN - SCHWEITZER MADE IN
N A SELJeiencnne,
2350 NE Hopkins Court 2350 NE Hopkins Court
Pullman, WA USA 99163 159-0642.E Pullman, WA USA 99163 159-0642.E
\ J \
(High-Voltage Supply) (Low-Voltage Supply)

Product Labels for the SEL-751 With the Touchscreen Display

( )

)

Preface | xxxi
Safety Information

The following table shows LED information specific to the SEL-751 (see
Figure 2.9 for the location of the ports using these LEDs on the relay).

SEL-751 LED Information

Item Fiber-Optic Port 2 Arc-Flash
Ethernet Port 1 (1A, 1B) Channel 1-8
Mode Multimode Multimode Multimode
Wavelength 1300 nm 820 nm 640 nm
Source LED LED LED
Connector type LC ST V-pin
Typical output power -15.7 dBm —16 dBm —12 dBm

Instruction Manual

SEL-751 Relay
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Environmental
Conditions and
Voltage Information

SEL-751 Relay

The following figure shows the LED location specific to the SEL-751 (see

Figure 2.9 for the complete rea

r-panel drawing).

J
@ A -

® |

Fiber-Optic
Ethernet —<
Port LEDs

DEVICENET
PORT 4

®

O O O
NN
aR=

as] (O
a9 O

ooooo

Fiber-Optic
Serial Port LED

dooooooo

Arc-Flash Detection

o O O O |
c s s s Im —r — LEDs for Self-Test
& w w w o
DD DDD| | DDDDDD @)
szassz@Naa;;;f
i5364a

SEL-751 LED Locations

LED Safety Warnings and Precautions

» Do not look into the end of an optical cable connected to an

optical output.

» Do not look into the fiber ports/connectors.

» Do not perform
described in thi

any procedures or adjustments that are not
s manual.

» During installation, maintenance, or testing of the optical
ports only use test equipment classified as Class 1 laser

products.

» Incorporated components such as transceivers and laser/LED

emitters are not

user serviceable. Units must be returned to

SEL for repair or replacement.

The following table lists important environmental and voltage information.

Condition

Range/Description

Indoor/outdoor use
Altitude?

Temperature

IEC Performance Rating
(per IEC/EN 60068-2-1
and IEC/EN 60068-2-2)

Relative humidity

Main supply voltage fluctuations

Instruction Manual

Indoor
To 2000 m

—40 to +85°C

5t095%

To +10% of nominal voltage

Date Code 20170927



Wire Sizes and

Insulation

Instructions for

Cleaning and

Decontamination

Copyrighted Software

Date Code 20170927
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Safety Information

Condition Range/Description

Overvoltage Category 11

Pollution Degree 2

Atmospheric pressure 80 to 110 kPa

a Consult the factory for derating specifications for higher altitude applications.

Wire sizes for grounding (earthing), current, voltage, and contact connections
are dictated by the terminal blocks and expected load currents. You can use the

xxxiii

following table as a guide in selecting wire sizes.

. R e Insulation
Connection Type Voltage
Minimum Maximum 9

Grounding (Earthing) | 18 AWG (0.80 mm?2) 14 AWG (2.10 mm?2) 300 V min
Connection
Current Connection | 16 AWG (1.30 mm?2) 12 AWG (3.30 mm?) 300 V min
Potential (Voltage) 18 AWG (0.80 mm?2) 14 AWG (2.10 mm?2) 300 V min
Connection
Contact I/O 18 AWG (0.80 mm?) 14 AWG (2.10 mm?) 300 V min
Connection
RTD Connection? 28 AWG (0.08 mm?) 12 AWG (3.30 mm?) 300 V min
Other Connection 18 AWG (0.80 mm?2) 14 AWG (2.10 mm?2) 300 V min

a8 See Table 2.18: Typical Maximum RTD Lead Length.

Use a mild soap or detergent solution and a damp cloth to carefully clean the
SEL-751 chassis when necessary. Clean the touchscreen display gently with a
moist cotton cloth. Avoid using abrasive materials, polishing compounds, and
harsh chemical solvents (such as xylene or acetone) on any surface of the
relay.

The product includes copyrighted software licensed under the TI BSD End
User Agreement, reproduced as follows:

Software License Agreement
Copyright © 2010 Texas Instruments Incorporated - http://www.ti.com/

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

Redistributions of source code must retain the original copyright notice,
this list of conditions and the following disclaimer.

Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

Neither the name of Texas Instruments Incorporated nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND
CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL

Instruction Manual
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Technical Assistance

/WARNING

Use of this equipment in a manner
other than specified in this manual
can impair operator safety safeqguards
provided by this equipment.

SEL-751 Relay

THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY
DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF
USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE
USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY
OF SUCH DAMAGE.

Obtain technical assistance from the following address:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court

Pullman, WA 99163-5603 U.S.A.

Tel: +1.509.338.3838

Fax: +1.509.332.7990

Internet: selinc.com

Email: info@selinc.com

Instruction Manual Date Code 20170927
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Section 1
Introduction and Specifications

Overview

The SEL-751 Feeder Protection Relay provides a comprehensive combination
of protection, fault-locating features, monitoring, control, and communication
in an industrial package. The base relay includes current, voltage, frequency,
and power protection elements. Arc-flash detector-based, RTD-based,
directional control-based, and high-impedance-based fault detection
protection are available as options.

This manual contains the information necessary to install, set, test, operate,
and maintain any SEL-751. You need not review the entire manual to perform
specific tasks.

Features

Protection Features The SEL-751 protection features depend on the model selected. The models
are configured with specific current/voltages input cards. The current/voltage
inputs cards are located in Slot Z and Slot E in the relay.

Slot Z cards are assigned a two-digit code beginning with the number “8” (for
300 Vac phase voltage inputs), with the letter “L” (for 8 Vac LEA phase
voltage inputs), or with the letter “A” (for no ac voltage inputs). The second
number represents the phase and neutral CT ratings in the SEL-751 two-line
and touchscreen display Model Options Tables (MOT, see Models, Options,
and Accessories). For example, “81” in the MOT for Slot Z indicates a
SELECT 4 ACI/3 AVI card with three-phase ac current inputs (1 A nominal),
neutral ac current input (1 A nominal), and three-phase ac voltage inputs
(300 Vac).

Slot E cards are assigned a two-digit code beginning with the number “7” (for
300 Vac voltage inputs) or the letter “L” (for 8 Vac LEA phase voltage inputs)
in the SEL-751 two-line and touchscreen display Model Options Tables
(MOT). For example, “70” in the MOT for Slot E indicates a SELECT 2 AVI/
4 AFDI card with Vsyc (300 Vac), Vbat (300 V) input, and 4 arc-flash
detection inputs.

Table 1.1 shows the phase and neutral current ratings choices for the different
SEL-751 MOT choices. Phase current inputs are 1 A or 5 A nominal rating
and neutral current inputs are 1 A, 5 A, or 200 mA nominal rating.

Date Code 20170927 Instruction Manual SEL-751Relay
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Introduction and Specifications
Features

Table 1.1
Models

Phase and Neutral Current Ratings Selection for the SEL-751

Current Rating

MOT String Digit Number 15

1 Amp Phase, 1 Amp Neutral
1 Amp Phase, 5 Amp Neutral
1 Amp Phase, 200 mA Neutral
5 Amp Phase, 5 Amp Neutral
5 Amp Phase, 1 Amp Neutral
5 Amp Phase, 200 mA Neutral

1

~N N W W

Table 1.2 shows current (ACI) and voltage (AVI) card selection for the

SEL-751 models.

Table 1.2 Current (ACI) and Voltage (AVI) Card Selection for SEL-751 Models

Slot E Card
Slot Z Card Option Option
Model Description (MOT String Digital Slot Z Inputs | (MOT String Slot E Inputs
Number 14, 15) Digits Number
12, 13)
Base SEL-751 With AC Voltages (300 Vac) 4 ACI/3 AVI IA, IB, IC, IN, | None (0X) None
(81, 82, 83, 85, 86, 87) VA, VB, VC
Base SEL-751 With LEA AC Voltages (8 Vac) | 4 ACI/3 AVI 1A, IB, IC, IN, [ None (0X) None
(L1,L2,L3,L5,L6,L7) | VA, VB,VC
SEL-751 With AC Phase Voltages (300 Vac), |4 ACI/3 AVI IA,IB,IC, IN, |2 AVI/4 AFDI [ VS, VBAT, AFI,
Vsync (300 Vac), Vbat (300 V) Input, and (81, 82, 83, 85, 86, 87) VA, VB, VC (70) AF2, AF3, AF4
4 Arc-Flash Detections Inputs
SEL-751 With LEA AC Phase Voltages 4 ACI/3 AVI IA,IB,IC, IN, |2 AVI/4 AFDI [ VS, VBAT, AFI,
(8 Vac), LEA Vsync (8 Vac), Vbat (300 V) (L1,L2,L3,L5,L6,L7) [ VA, VB, VC (LO) AF2, AF3, AF4
Input, and 4 Arc-Flash Detection Inputs
SEL-751 AC Currents Only 4 ACI IA,IB, IC, IN [ None (0X) None
(A1, A2, A3, A5, A6, A7)

The SEL-751 offers an extensive variety of protection features, depending on
the model and options selected. Table 1.3 lists the protection features available

in different models.

Table 1.3 SEL-751 Protection Elements (Sheet 1 of 3)
Slot Z 4 ACI/3 AVI | Slot Z 4 ACI/3 AVI (CStJI:rte:t4olr:I(:I ;s;‘:l)
Protection Element Card With1Aor5 A Card With 200 mA . Y
With1Aor5A
Neutral Channel Neutral Channel
Neutral Channel
50P Max. Phase Overcurrent X X X
67P Max. Phase Overcurrent With X3? xP°
Directional Control
50Q Neg.-Seq. Overcurrent X X X
67Q Neg.-Seq. Overcurrent With x? xP
Directional Control
50G Residual Overcurrent X X X
67G Residual Overcurrent With X xP
Directional Control
50N Neutral Overcurrent X X X
SEL-751 Relay Instruction Manual Date Code 20170927
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Table 1.3 SEL-751 Protection Elements (Sheet 2 of 3)

Slot Z 4 ACI/3AVI | Slot Z 4 ACI/3 AVI (cs:::rte:t4o:flm§§;i|)
Protection Element Card With1Aor5 A Card With 200 mA R y
With1Aor5S A
Neutral Channel Neutral Channel
Neutral Channel

67N Neutral Overcurrent With xP

Directional Control
51mP Phase Time Overcurrent X X X

(m=A,B,C)
51P Max. Phase Time Overcurrent X X X
51P Max. Phase Time Overcurrent With X xb

Directional Control
51G Residual Time Overcurrent X X X
51G Residual Time Overcurrent With x? xb

Directional Control
51Q Neg.-Seq. Time Overcurrent X X X
51Q Neg.-Seq. Time Overcurrent With x? xP

Directional Control
SIN Neutral Time Overcurrent X X X
5IN Neutral Time Overcurrent With xb

Directional Control
SEF Sensitive Earth Fault X
HBL Second- and Fifth-Harmonic X X X

Blocking
FLOC Fault Locator X X
27 Undervoltage X X

(Phase, Phase-to-Phase, Vsync)
59 Overvoltage (Phase, X X

Phase-to-Phase, Seq., Vsync)
271 Inverse Time Undervoltage (Phase, X X

Phase-to-Phase, Seq., Vsync)
501 Inverse Time Overvoltage (Phase, X X

Phase-to-Phase, Seq., Vsync)
60LOP Loss of Potential X X
32 Directional Power X X
49T IEC Thermal (line/cable) X X X
55 Power Factor X X
78VS Vector Shift X X
81 Over- and Underfrequency X X X
81R Rate-of-Change of Frequency X X
81RF Fast Rate-of-Change of Frequency X X
25 Synchronism Check X X
BF Breaker Failure X X X
49RTD RTDs X¢ X© X
79 Reclosing X¢ X¢ X

Date Code 20170927 Instruction Manual SEL-751Relay
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Table 1.3 SEL-751 Protection Elements (Sheet 3 of 3)

Protection Element

Slot Z 4 ACI/3 AVI
Card With1Aor5 A
Neutral Channel

Slot Z 4 ACI/3 AVI
Card With 200 mA
Neutral Channel

Slot Z 4 ACI Card
(Current Only Model)
With1Aor5A
Neutral Channel

HIF AST | High-Impedance Fault Detection

With Arc Sense Technology
AFT Arc-Flash Detection

XC

XC

XC

XC

XC

a

impedance-grounded systems, depending on the available fault current level.

o

high-impedance grounded, and Petersen coil grounded applications.

o

Available as ordering options.

Available when ordered with the directional option. The 1 A/5S A neutral channel is suitable for solidly grounded systems and also

Available when ordered with the directional option. The 200 mA neutral channel is suitable for ungrounded, low-impedance grounded,

The SEL-751 offers three front-panel HMI layouts that are model and option
dependent. Table 1.4 lists the HMI options for the SEL-751 front panel.

Table 1.4 SEL-751 Front-Panel Options

Front-Panel Option

Model/Display Description (MOT String Digit Pﬁ:gﬁi:::s LED Type
Number 16)
SEL-751% With Two-Line Display 0 8 Tricolor
(2 x 16 characters)
SEL-751* With Two-Line Display 1 4 Tricolor
(2 x 16 characters)
SEL-751° With Touchscreen Display A 8 Tricolor

(5-inch, color, 800 x 480 pixels)

@ For ordering options, refer to the SEL-751 two-line display MOT.
® For ordering options, refer to the SEL-751 touchscreen display MOT.

Monitoring Features

Communications and
Control

\

YYYVYYVYYY

(option)

\

Breaker Wear Monitoring
Load Profile Report

EIA-232, front-panel port

Event summaries that contain relay ID, date and time, trip
cause, and current/voltage magnitudes

Event reports including filtered and raw analog data
Sequential Events Record (SER)
Compatibility with SEL-3010 Event Messenger

A complete suite of accurate metering functions

High-Impedance Fault (HIF) Compressed Event Report

EIA-232, EIA-485, single or dual, copper or fiber-optic
Ethernet, and fiber-optic rear-panel EIA-232 ports

SEL-751 Relay

Instruction Manual

IRIG-B time-code input

Modbus RTU slave, Modbus TCP/IP, Simple Network Time
Protocol (SNTP), DNP3 serial, DNP3 LAN/WAN, Ethernet
FTP, Telnet, MIRRORED BITS, Event Messenger, IEC 61850
Edition 2, IEC 60870-5-103, DeviceNet, File Transfer
Protocols, and Synchrophasors with C37.118 Protocol

Date Code 20170927
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» SEL ASCII, Compressed ASCII, Fast Meter, Fast Operate, Fast
SER, and Fast Message Protocols

» Programmable Boolean and math operators, logic functions,
and analog compare

La nguage Su pport » The standard relay front-panel overlay is in English; a Spanish
overlay is available as an ordering option. Text displayed on the
HMI display will correspond to the ENGLISH or SPANISH

ordering option.

» All of the ASCII command responses can be displayed in
English or Spanish. When you set the port setting LANG to
either ENGLISH or SPANISH, the SEL-751 ASCII commands
display in the corresponding language.

Models, Options, and Accessories

Models Complete ordering information is not provided in this instruction manual. See
the latest Model Option Table for the SEL-751 with the two-line display and
the SEL-751 with the touchscreen display at selinc.com, under Support >
Product Literature > Ordering Information (Model Option Tables). Options
and accessories are as follows:

SEL-751 Base Unit » Front panel with two-line display or with touchscreen display

> Eight programmable pushbuttons, each with two
tricolor LEDs

> Eight target tricolor LEDs (six programmable)
> Operator control interface
> EIA-232 port

» Power supply card with two digital inputs and three digital
outputs (Slot A)

» Processor and communications card (Slot B)
> EIA-232 serial port with IRIG-B time code input
> Multimode (ST) fiber-optic serial port

» Three expansion slots for optional cards (Slots C, D, E)

» Four ac current inputs (1 A/5 A/200 mA neutral only)/three ac
voltage inputs (300 V or 8 V LEA) card (Slot Z)

» Protocols
> Modbus RTU
SEL ASCII and Compressed ASCII
SEL Fast Meter, Fast Operate, Fast SER, Fast Message
Ymodem File Transfer

SEL MIRRORED BITS

Y Y YV Y

Event Messenger
> Synchrophasors with C37.118
» Breaker Wear Monitoring

Date Code 20170927 Instruction Manual SEL-751Relay
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Models, Options, and Accessories

Options

SEL-751 Relay

» Firmware options

> Autoreclosing control

> Directional control for overcurrent elements (solid or
low-impedance grounded systems only)

> Directional control for overcurrent elements (low-
impedance grounded systems; ungrounded, high-
impedance grounded systems; and Petersen coil-
grounded systems—requires 200 mA neutral CT)

> High-impedance fault (HIF) detection using Arc Sense
technology

Current/Voltage input options (see Table 1.1)
> AC currents only model (no voltages)
2 AV1/4 AFDI card option with
> Synchronism-check voltage input (300 V or § V LEA)
> DC station battery monitor
> 4 arc-flash detector inputs
8 AFDI card option
> 8 arc-flash detector inputs
Input/output (I/O) options

> Additional digital I/O (4 DI/4 DO, 4 DI/3 DO, 8 DI,
8 DO, 3 DI/4 DO/1 AO, 14 DI)

> Additional analog I/O (4 Al/4 AO, 8 AI)
> 10 RTD inputs
Front-panel HMI options (see Table 1.4)
Communications options (protocol/ports)

> FEIA-485/EIA-232/Ethernet ports (single/dual, copper
or fiber-optic)

> AC currents only model (no voltages) with no fiber-
optic serial port

Simple Network Time Protocol (SNTP)
Modbus TCP/1P

DeviceNet

IEC 61850 Edition 2

IEC 60870-5-103

> DNP3 serial and LAN/WAN

Y VY Y VY

» Language Options

> The relay supports English or Spanish language as an
ordering option

Instruction Manual Date Code 20170927
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Applications

Contact your Technical Service Center or the SEL factory for additional detail
and ordering information for the following accessories:

» External RTD protection
> SEL-2600 RTD Module (with ST option only)

> A simplex 62.5/125 um fiber-optic cable with ST
connector for connecting the external RTD module to
the SEL-751

» SEL-2505 Remote I/O Module (with SEL-2812 compatible ST
fiber-optic port) for connection to relay fiber-optic serial Port 2,
or use SEL-2505 with EIA-232 (DB-9) serial port to connect to
EIA-232 Port 3 on the relay.

» SEL-C804 and SEL-C814 Multimode Fiber-Optic Arc-Flash
Detection (AFD) Sensors and Accessories

» SEL-751 Configurable Labels
» Rack-Mounting Kits
> For one relay
> For two relays
> For one relay and a test switch
Wall-Mounting Kits
Bezels for Retrofit
Replacement Rear Connector Kit

Dust Protection Kit

YYVYVYY

Relay Wire Termination Kits—See Application Note
AN2014-08.

For all SEL-751 mounting accessories for competitor products, including
adapter plates, visit selinc.com/applications/mountingselector/.

Date Code 20170927

The SEL-751 Feeder Protection Relay has many power system protection,
monitoring, and control applications. Figure 1.1 shows some of the typical
protection applications for the SEL-751. You can use the SEL-751 directional
and nondirectional overcurrent functions to protect virtually any power system
circuit or device including lines, feeders, transformers, capacitor banks,
reactors, and generators. Over- and underfrequency, over- and undervoltage,
and synchronism-check elements are well suited for applications at distributed
generation sites. Directional power elements in the SEL-751 also make the
relay suitable for utility or customer interface protection where customer
generation is present.

You can use powerful SELOGIC control equations in all SEL-751 models to
provide custom protection and control applications. SEL application guides
and technical support personnel are available to help with unique applications.

Instruction Manual SEL-751Relay
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Applications
1
1
1
1
|
Transformer Bank i Distribution Bus
Protection i Protection
i
__________________________ 1
1 Fast Bus Trip Scheme
i
~ : Distribution Bus
Juoo
1
Utility Distribution SEL751  [ABC
Feeder Protection — | T Core-Balance
and Reclosing i __________ >E;§| Current Transformer
Trip and
Close y
Vage Vs
SEL-751
\./u - 52 R
e
Vs Distributed Generation ndustrial Distributi
ndustrial Distribution
IEYSI'__ Feeder Protection
Vage .
Figure 1.1 SEL-751 Feeder Protection Relay Applied Throughout the Power System

Section 2: Installation includes ac and dc connection diagrams for various

applications. The following is a

list of other possible application scenarios:

SEL-751 Relay

Instruction Manual

» With internal or external RTD module for thermal protection
» With arc-flash detection and protection

» High-impedance fault (HIF) detection and protection for
feeders

Date Code 20170927
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Figure 1.2 shows typical current connections. Refer to Section 2: Installation
for additional applications and the related connection diagrams.

BUS

OO =

52 208

FEEDER -

The current transformers and the SEL-751
chassis must be grounded in the relay cabinet.

Figure 1.2 Typical Current Connections

Getting Started

Understanding basic relay operation principles and methods will help you use
the SEL-751 effectively. This section presents the fundamental knowledge
you need to operate the SEL-751, organized by task. These tasks help you
become familiar with the relay and include the following:

» Powering the relay

» Establishing communication
» Checking relay status

» Setting the date and time

Perform these tasks to gain a fundamental understanding of relay operation.

Powerinq the Re|ay Power the SEL-751 with 110-240 Vac/110-250 Vdc or 24-48 Vdc,
depending on the part number.

» Observe proper polarity, as indicated by the +/H (Terminal AO1)
and the -/N (Terminal A02) on the power connections.

» Connect the ground lead; see Grounding (Earthing)
Connections on page 2.23.

» Once connected to power, the relay does an internal self-check
and the ENABLED LED illuminates.

Date Code 20170927 Instruction Manual SEL-751Relay
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Getting Started
Estab"shinq The SEL-751 has three EIA-232 serial communications ports. The following
. . steps require PC terminal emulation software and an SEL Cable C234A (or
C t ps req
ommunication equivalent) to connect the SEL-751 to the PC. See Section 7: Communications

for further information on serial communications connections and the
necessary cable pinout.

Step 1.

Step 2.
Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Connect the PC and the SEL-751 by using the serial
communications cable.

Apply power to both the PC and the relay.
Start the PC terminal emulation program.

Set the PC terminal emulation program to the communications
port settings listed in the Default Value column of Table 1.5.
Also, set the terminal program to emulate either VT100 or
VT52 terminals.

Press the <Enter> key on the PC keyboard to check the
communications link.

You will see the = prompt at the left side of the computer screen
(column 1).

If you do not see the = prompt, check the cable connections,
and confirm that the settings in the terminal emulation program
are the default values in Table 1.5.

Table 1.5 SEL-751 Serial Port Settings

Description Setting Label Default Value
SPEED SPEED 9600
DATA BITS BITS 8
PARITY PARITY N
STOP BITS STOP 1
PORT TIMEOUT T_OUT 5
HWDR HANDSHAKING RTSCTS N

Type QUIT <Enter> to view the relay report header.

You will see a computer screen display similar to Figure 1.3. If
you see jumbled characters, change the terminal emulation type
in the PC terminal emulation program.

=>QUIT <Enter>
Feeder xyz Date: 03/10/2011 Time: 10:31:43
Station 1 Time Source: Internal

Figure 1.3 Response Header

Type ACC <Enter> and the appropriate password (see
Table 7.34 for factory-default passwords) to go to Access
Level 1.

Type QUIT <Enter> to view the relay report header.

SEL-751 Relay Instruction Manual Date Code 20170927
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Relay Status
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Use the STA serial port command to view the SEL-751 operational status.
Note that offsets are shown only when the relay is online and tracking
frequency. If the DC offset exceeds a warning threshold, the analog value has

a “w” next to it. Analog channel dc offset and monitored component status are

listed in the status report depicted in Figure 1.4.

=>>STA <Enter>

SEL-751 Date: 01/24/2017 Time: 14:06:58.751
FEEDER RELAY Time Source: Internal

Serial Num = 012345678901234
FID = SEL-751-X386-V0-2007002-D20170116 CID = B3B2
PART NUM = 751301B6X6X7081A23X

SELF TESTS (W=Warn)
FPGA GPSB HMI RAM ~ ROM  CR_RAM NON_VOL CLOCK CID_FILE +0.9V +1.2V
0K 0K 0K 0K 0K 0K 0K 0K 0K 0.90 1.20

+1.5V +1.8V +2.5V +3.8V +3.75V +5.0V -1.25V -5.0V  BATT
1.50 1.80 2.50 3.33 3.74 5.04 -1.25 -5.01 3.10

Option Cards
CARD_C CARD D CARD_E CARD_Z

0K 0K 0K 0K
Offsets
IA IB IC IN VA VB Ve Vs
12 12 12 8 -4 -7 -5 -7

Relay Enabled

=>>

Figure 1.4 STA Command Response—No Communications Card or EIA-232/
ElIA-485 Communications Card

If a communications card with the DeviceNet protocol is present, the status
report depicted in Figure 1.5 applies. If a communications card with Modbus
RTU protocol is present, the status report depicted in Figure 1.4 applies.

=>STA <Enter>

SEL-751 Date: 03/14/2011  Time: 14:03:48.984
FEEDER RELAY Time Source: Internal

Serial Num = 000000000000000
FID = SEL-751-X139-V0-2001001-D20110309 CID = 05A2
PART NUM = 751501BA3CA70860230

SELF TESTS (W=Warn)
FPGA GPSB HMI ~ RAM ROM CR_RAM NON_VOL CLOCK CID_FILE +0.9V +1.2V
OK OK OK 0K 0K 0K 0K 0K 0K 0.90 1.20

+1.5V +1.8V +2.5V +3.3V +3.75V +5.0V -1.25V -5.0V  BATT
1.50 1.80 2.51 3.35 8.77 4.98 -1.26 -5.04 3.04

Option Cards
CARD_C CARD_D CARD_E CARD_Z

OK OK OK OK
DeviceNet
DN_MAC_ID ASA DN_RATE  DN_STATUS
4 1a25 df42h AUTO 0000 0000
Offsets
IA IB IC IN VA VB Ve VS
12 12 12 8 -4 -7 -5 -7

Relay Enabled

=>

Figure 1.5 STA Command Response—Communications Card/DeviceNet
Protocol
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Getting Started

Table 7.45 provides the definition of each status report designator and

Table 11.8 shows all the self-tests performed by the relay. The beginning of
the status report printout (see Figure 1.5) contains the relay serial number,
firmware identification string (FID), and checksum string (CID). These strings
uniquely identify the relay and the version of the operating firmware.

Setting the

Date and Time
DAT (Date Command)

Viewing the Date
Type DAT <Enter> at the prompt to view the date stored in the SEL-751. If
the date stored in the relay is July 29, 2010, and the DATE_F setting is MDY,

the relay replies:
7/29/2010

If the DATE_F setting is YMD, the relay replies:
2010/7/29

If the DATE_F setting is DMY, the relay replies:

29/7/2010

Changing the Date
Type DAT followed by the correct date at the prompt to change the date stored
in the relay. For example, to change the date to May 2, 2010
(DATE_F := MDY), enter the following at the action prompt:

DAT 5/2/10

You can separate the month, day, and year parameters with spaces, commas,
slashes, colons, and semicolons.

TIM (Time Command)

Viewing the Time
Enter TIM at the prompt to view the time stored in the SEL-751. The relay
replies with the stored time. For example

13:52:44

This time is 1:52 p.m. (and 44 seconds).

Changing the Time
Enter TIM followed by the correct time at the action prompt to change the
time stored in the relay. For example, to change the time to 6:32 a.m., enter the

following at the prompt:
TIM 6:32:00

You can separate the hours, minutes, and seconds parameters with spaces,
commas, slashes, colons, and semicolons.
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Compliance

Designed and manufactured under an ISO 9001 certified quality
management system

47 CFR 15B, Class A

Note: This equipment has been tested and found to comply with the
limits for a Class A digital device, pursuant to part 15 of the FCC
Rules. These limits are designed to provide reasonable protection
against harmful interference when the equipment is operated in a
commercial environment. This equipment generates, uses, and can
radiate radio frequency energy and, if not installed and used in
accordance with the instruction manual, may cause harmful
interference to radio communications. Operation of this equipment in
aresidential area is likely to cause harmful interference in which case
the user will be required to correct the interference at his own
expense.

UL Listed to U.S. and Canadian safety standards (File E212775;
NRGU; NRGU7)

Note: UL has not yet developed requirements for products intended to
detect and mitigate an arc flash; consequently, UL has not evaluated
the performance of this feature. While UL is developing these
requirements, it will place no restriction on the use of this product for
arc-flash detection and mitigation. For test results performed by an
independent laboratory and other information on the performance and
verification of this feature, please contact SEL customer service.

UL Certified for Hazardous Locations to U.S. and Canadian standards
(File E470448)

CE Mark
RCM Mark

General

AC Current Input

Phase and Neutral Currents

Inom =200 mA, 1 A, or 5 A secondary, depending on model.

INOM =5A
Continuous Rating: 3« Iyom @ 85°C, linear to 100 A
symmetrical
4« Iyom @ 55°C, linear to 100 A
symmetrical
1-Second Thermal: 500 A
Burden (per phase): <0.IVA@S5A
INOM =1A
Continuous Rating: 3« Inom @ 85°C, linear to 20 A
symmetrical
4« Iyom @ 55°C, linear to 20 A
symmetrical
1-Second Thermal: 100 A

Burden (per phase): <001 VA@1A

INOM =200 mA
Continuous Rating: 4 A, linear to 4 A symmetrical

1-Second Thermal: 20 A

Burden (per phase): <0.01 VA @ 0.2 A
Measurement Category: I
Date Code 20170927

AC Voltage Input

Vnowm (L-L) Setting Range:

300 Vac Voltage Inputs
Rated Continuous Voltage:
10-Second Thermal:
Burden:

Input Impedance:

20250V (if DELTA_Y := DELTA)
20480 V (if DELTA_Y := WYE)

300 Vac
600 Vac
<0.1 VA
4 MQ differential (phase-to-phase)

Low-Energy Analog (LEA) Voltage Inputs

Rated Continuous Voltage:
Nominal LEA Voltage:
Input Range:

10-second Thermal:
Burden:

Input Impedance:

Power Supply
Relay Start-Up Time:

125/250 Vdc or 120/240 Vac

Rated Supply Voltage:
Input Voltage Range:
Power Consumption:

Interruptions:

24/48 Vdc

Rated Supply Voltage:
Input Voltage Range:
Power Consumption:

Interruptions:

Fuse Ratings

LV Power Supply Fuse
Rating:

Maximum Rated Voltage:
Breaking Capacity:

Type:

HV Power Supply Fuse
Rating:

Maximum Rated Voltage:
Breaking Capacity:

Type:

Fuses are not serviceable.

Instruction Manual

8 Vac (phase-to-neutral)
0.5-6.8 Vrms (phase-to-neutral)
+12 Vpeak

300 Vac (phase-to-neutral)

<0.1 VA

2 MQ single-ended (phase-to-neutral)
4 MQ differential (phase-to-phase)

Approximately 5-10 seconds (after
power is applied until the ENABLED
LED turns on)

110-240 Vac, 50/60 Hz
110-250 Vdc

85-264 Vac
85-300 Vdc

<50 VA (ac)
<25 W (dc)

50 ms @ 125 Vac/Vdc
100 ms @ 250 Vac/Vdc

24-48 Vdc
19.2-60.0 Vde
<25 W (dc)

10 ms @ 24 Vdc
50 ms @ 48 Vdc

3.15A

300 Vdc, 250 Vac
1500 A at 250 Vac
Time-lag T

3.15A

300 Vdc, 250 Vac
1500 A at 250 Vac
Time-lag T

SEL-751 Relay
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Output Contacts

General

Introduction and Specifications

The relay supports Form A, B, and C outputs.

Dialectric Test Voltages:

Impulse Withstand Voltage
(Unvp):

Mechanical Durability:

Standard Contacts

Pickup/Dropout Time:

DC Output Ratings

Rated Operational Voltage:
Rated Voltage Range:
Rated Insulation Voltage:
Make:

Continuous Carry:

Thermal:

Contact Protection:

2500 Vac

4700 V
100,000 no-load operations

<8 ms (coil energization to contact
closure)

250 Vdc

19.2-275 Vdc

300 Vde

30 A @ 250 Vdc per IEEE C37.90

6A @70°C
4A @385°C

S0Aforls

360 Vdc, 40 J MOV protection across
open contacts

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

24Vde 0.75A L/R =40 ms
48Vde 0.50A L/R =40 ms
125 Vde 030 A L/R =40 ms
250 Vde  0.20 A L/R =40 ms
Cyclic (2.5 cycles/second) per IEC 60255-0-20:1974:
24Vde 0.75A L/R =40 ms
48Vde 0.50A L/R =40 ms
125Vde 030A L/R =40 ms
250 Vde  0.20 A L/R =40 ms
AC Output Ratings
Maximum Operational
Voltage (U,) Rating: 240 Vac
Insulation Voltage (U;) Rating
(excluding EN 61010-1): 300 Vac
Contact Rating Designation: B300

B300 (5 A Thermal Current, 300 Vac Max)

Maximum Current Max VA

Voltage 120 Vac 240 Vac —
Make 30A ISA 3600
Break 3A I5A 360
PF <0.35, 50-60 Hz

Utilization Category: AC-15

AC-15

Operational Voltage (Ue) 120 Vac 240 Vac
Operational Current (Ie) 3A 1.5A
Make Current 30A 15A
Break Current 3A 1.5A

Electromagnetic loads > 72 VA, PF < 0.3, 50-60 Hz

Voltage Protection Across
Open Contacts:

270 Vac, 40 J

Fast Hybrid (High-Speed, High-Current Interrupting)

DC Output Ratings
Rated Operational Voltage:
Rated Voltage Range:

Rated Insulation Voltage:

SEL-751 Relay

250 Vdc
19.2-275 Vdc
300 Vdc

Instruction Manual

Make:
Carry:

1 s Rating:
Open State Leakage Current:

MOV Protection (maximum
voltage):

Pickup Time:

Dropout Time:

30 A @ 250 Vdc per IEEE C37.90

6 A @70°C
4A @85°C

50 A
<500 pA

250 Vac/330 Vdc
<50 ps, resistive load

<8 ms, resistive load

Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:

48 Vdc 10.0 A
125 Vdc 10.0 A
250 Vdc 10.0 A

L/R =40 ms
L/R =40 ms
L/R =20 ms

Cyclic Capacity (4 cycles in 1 second, followed by 2 minutes idle for
thermal dissipation) per IEC 60255-0-20:1974:

48 Vdc 10.0 A

125 Vdc 10.0 A

250 Vdc 10.0 A
AC Output Ratings

L/R =40 ms
L/R =40 ms
L/R =20 ms

See AC Output Ratings for Standard Contacts.

Optoisolated Control Inputs

When Used With DC Control Signals

250 V:

220 V:

125 V:

110 V:

48 V:

24 V:

ON for 200.0-312.5 Vdc
OFF below 150 Vdc

ON for 176-275 Vdc
OFF below 132 Vdc

ON for 100.0-156.2 Vdc
OFF below 75 Vdc

ON for 88.0-137.5 Vdc
OFF below 66 Vdc

ON for 38.4-60.0 Vdc
OFF below 28.8 Vdc

ON for 15-30 Vdc
OFF below 5 Vdc

When Used With AC Control Signals

250 V:
220 V:
125 V:
110V:
48 V:
24V:

Current Draw at Nominal DC
Voltage:

Rated Impulse Withstand
Voltage (Ujpy):

ON for 170.6-312.5 Vac
OFF below 106 Vac

ON for 150.2-275 Vac
OFF below 93.3 Vac

ON for 85-156.2 Vac
OFF below 53 Vac

ON for 75.1-137.5 Vac
OFF below 46.6 Vac

ON for 32.8-60 Vac
OFF below 20.3 Vac

ON for 14-30 Vac
OFF below 5 Vac

2mA (at 220-250 V)
4 mA (at 48-125 V)
10 mA (at 24 V)

4000 V
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Analog Output (Optional)

1A0
Current: 4-20 mA
Voltage: —
Load at 1 mA: —
Load at 20 mA: 0-300 Q
Load at 10 V: —
Refresh Rate: 100 ms

% Error, Full Scale, at 25°C: <*1%

Select From:

Analog Inputs (Optional)

4 A0
+20 mA
+10V
0-15 kQ
0-750 Q
>2000 Q
100 ms
<+0.55%

Analog quantities available in the relay

Maximum Input Range: +20 mA

+10V

Operational range set by user
Input Impedance: 200 € (current mode)

>10 kQ (voltage mode)

Accuracy at 25°C:
With User Calibration:

Without User Calibration:

Accuracy Variation With

Temperature: (+20 mA or +10 V)

Arc-Flash Detectors (Optional)

Multimode fiber-optic receiver/transmitter pair

Fiber Type: 1000 um diameter, 640 nm wavelength,
plastic, clear-jacketed, or black-
jacketed

Connector Type: V-Pin

Frequency and Phase Rotation

System Frequency: 50, 60 Hz
Phase Rotation: ABC, ACB
Frequency Tracking: 15-70 Hz

Time-Code Input
Demodulated IRIG-B
On (1) State: Vih 222V

Format:

Off (0) State: V; <08V
Input Impedance: 2kQ
Synchronization Accuracy

Internal Clock: +1 us
Synchrophasor Reports

(e.g., MET PM): +10 ps
All other reports: +5 ms
Simple Network Time

Protocol (SNTP) Accuracy

Internal Clock: +5 ms

Unsynchronized Clock Drift: 2 minutes per year typical

Communications Ports
Standard EIA-232 (2 ports)

Location: Front Panel
Rear Panel
Data Speed: 300-38400 bps
Date Code 20170927

0.05% of full scale (current mode)
0.025% of full scale (voltage mode)

Better than 0.5% of full scale at 25°C
+0.015% per °C of full-scale

EIA-485 Port (optional)
Location:

Data Speed:
Ethernet Port (optional)
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Rear Panel
300-19200 bps

Single/Dual 10/100BASE-T copper (RJ45 connector)
Single/Dual 100BASE-FX (LC connector)

Standard Multimode Fiber-Optic Port

Location:

Data Speed:

Rear Panel
300-38400 bps

Fiber-Optic Ports Characteristics

Port 1 (or 1A, 1B) Ethernet
Wavelength:

Optical Connector Type:
Fiber Type:

Link Budget:

Typical TX Power:

RX Min. Sensitivity:

Fiber Size:

Approximate Range:

Data Rate:

Typical Fiber Attenuation:

Port 2 Serial
Wavelength:

Optical Connector Type:
Fiber Type:

Link Budget:

Typical TX Power:

RX Min. Sensitivity:
Fiber Size:
Approximate Range:
Data Rate:

Typical Fiber Attenuation:

1300 nm
LC
Multimode
16.1 dB
—-15.7 dBm
-31.8 dBm
62.5/125 pm
~6.4 km

100 Mbps
-2 dB/km

820 nm

ST
Multimode
8 dB

-16 dBm
-24 dBm
62.5/125 pm
~1 km

5 Mbps

—4 dB/km

Channels 1-8 Arc-Flash Detectors (AFDI)

Diagnostic Wavelength:
Optical Connector Type:
Fiber Type:

Typical TX Power:

Point Sensor

Minimum Receive
Sensitivity:

Point Sensor Diagnostic
Worst Case Loss:

Link Budget:

Black-Jacketed Fiber Worst
Case Loss:

Black-Jacketed Fiber Typical

Loss:

ST or V-Pin Connector Splice

Loss:

Approximate Range:

Instruction Manual

640 nm
V-Pin
Multimode
-12dBm

-52.23 dB

—28 dB
12.23 dB

-0.19 dBm

—0.17 dBm

-2.00 dB

Asmuch as 35 m
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Specifications

Fiber Sensor

Minimum Receive

Sensitivity: -29.23 dB
Link Budget: 17.23 dB
Clear-Jacketed Fiber Worst

Case Loss: —0.19 dBm
Clear-Jacketed Fiber Typical

Loss: —0.17 dBm
ST or V-Pin Connector Splice

Loss: -2.00dB

Approximate Range: As much as 70 m

Optional Communications Cards

Option 1: EIA-232 or EIA-485 communications
card
Option 2: DeviceNet communications card

Communications Protocols

SEL, Modbus, DNP3, FTP, TCP/IP, Telnet, SNTP, IEC 61850
Edition 2, IEC 60870-5-103, PRP, MIRRORED BITS, EVMSG,
C37.118 (synchrophasors), and DeviceNet.

Operating Temperature

IEC Performance Rating: —40° to +85°C (—40° to +185°F)
(per IEC/EN 60068-2-1 and
TIEC/EN 60068-2-2)

Note: Not applicable to UL applications.

Note: Two-line display contrast is impaired for temperatures below
—20°C and above +70°C.

Note: Touchscreen display is impaired for temperatures below —20°C
and above +70°C.

DeviceNet Communications

Card Rating: +60°C (+140°F) maximum

Optoisolated Control Inputs:  As many as 26 inputs are allowed in
ambient temperatures of 85°C or less.

As many as 34 inputs are allowed in
ambient temperatures of 75°C or less.

As many as 44 inputs are allowed in
ambient temperatures of 65°C or less.

Operating Environment

Pollution Degree: 2
Overvoltage Category: 11
Atmospheric Pressure: 80-110 kPa
Relative Humidity: 5-95%, noncondensing

Maximum Altitude Without
Derating (consult the factory
for higher altitude derating): 2000 m
Dimensions
144.0 mm (5.67 in.) X 192.0 mm (7.56 in.) X 147.4 mm (5.80 in.)

Weight
2.7 kg (6.0 1b)

Relay Mounting Screw (#8-32) Tightening Torque
1.4 Nm (12 in-Ib)
1.7 Nm (15 in-Ib)

Minimum:

Maximum:

Instruction Manual

Terminal Connections

Terminal Block
Screw Size: #6

Ring Terminal Width: 0.310-inch maximum

Terminal Block Tightening Torque
0.9 Nm (8 in-1b)
1.4 Nm (12 in-Ib)

Minimum:
Maximum:
Compression Plug Tightening Torque
0.5 Nm (4.4 in-1b)
1.0 Nm (8.8 in-1b)

Minimum:
Maximum:

Compression Plug Mounting Ear Screw Tightening Torque

Minimum: 0.225 Nm (1.6 in-1b)
Maximum: 0.25 Nm (2.2 in-lb)
Type Tests

Electromagnetic Compatibility Emissions

EN 61000-6-4:2007 Class A

FCC 47 CFR 15.109:2014 Class A
FCC 47 CFR 15.109(g):2014 Class A
IEC 60255-26:2013 Class A

EN 61000-6-4:2007 Class A
FCC 47 CFR 15.107:2014 Class A
IEC 60255-26:2013 Class A

Conducted Emissions:

Radiated Emissions:

Electromagnetic Compatibility Immunity

IEC 60255-26:2013; Section 7.2.8
Severity Level: 10 Vrms

IEC 61000-4-6:2008
Severity Level: 10 Vrms

IEC 61000-4-2:2008
IEC 60255-26:2013; Section 7.2.3
IEEE C37.90.3:2001

Severity Level 4

8 kV contact discharge

15 kV air discharge

IEC 61000-4-4:2011

IEC 60255-26:2013; Section 7.2.5
4kV @ 5.0 kHz

2kV @ 5.0 kHz for comm. ports

IEC 61000-4-8:2009
Severity Level: 1000 A/m for 3
seconds
100 A/m for 1 minute
TEC 61000-4-9: 2001
Severity Level: 1000 A/m
IEC 61000-4-10:2001
Severity Level: 100 A/m

IEC 60255-26:2013; Section 7.2.11
IEC 60255-26:2013; Section 7.2.12
IEC 60255-26:2013; Section 7.2.13
IEC 61000-4-11:2004
IEC 61000-4-17:1999
IEC 61000-4-29:2000

IEC 61000-4-3:2010

IEC 60255-26:2013; Section 7.2.4
10 V/m

IEEE C37.90.2-2004
35 V/m

Conducted RF Immunity:

Electrostatic Discharge
Immunity:

Fast Transient, Burst
Immunity:

Magnetic Field Immunity:

Power Supply Immunity:

Radiated RF Immunity:
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Surge Immunity:

Surge Withstand Capability

Immunity:

Environmental
Cold:

Damp Heat, Cyclic:

Damp Heat, Steady State:

Dry Heat:

Enclosure Protection:

Vibration Resistance:
Endurance:
Response:

Shock Resistance:
Withstand:
Response:
Bump:

Seismic Resistance:

Quake Response:

Safety
Dielectric Test (Hi-Pot):

Impulse Voltage Test:

Date Code 20170927

IEC 61000-4-5:2005
IEC 60255-26:2013; Section 7.2.7
2 kV line-to-line
4 kV line-to-earth
IEC 60255-26:2013; Section 7.2.6
EN 61000-4-18:2010
2.5 kV common mode
1 kV differential mode
1 kV common mode on comm. ports
IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient

1EC 60068-2-1:2007
Severity Level: 16 hours at —40°C

TIEC 60068-2-30:2005
Severity Level: 25°C to 55°, 6 cycles,
Relative Humidity: 95%

TEC 60068-2-78:2001
Severity Level: 93% RHMin, 40°C;
10 days

IEC 60068-2-2:2007
Severity Level: 16 hours at +85°C

IEC 60529:2001 + CRDG:2003

IP65 enclosed in panel (2-line display
models)

IP54 enclosed in panel (touchscreen
models)

1P20 for terminals

IP50 for terminals enclosed in the dust-
protection assembly (protection
against solid foreign objects only
(SEL Part #915900170). 10°C
temperature derating applies to the
temperature specifications of the relay.

IEC 60255-21-1:1988
Class 2
Class 2
IEC 60255-21-2:1988
Class 1
Class 2
Class 1
IEC 60255-21-3:1993
Class 2

IEC 60255-27:2013; Section 10.6.4.3
IEEE C37.90-2005
Severity Level: 2500 Vac on contact
inputs, contact outputs, and analog
inputs. 3100 Vdc on power supply.
Type Tested for 1 minute.

1IEC 60255-27:2013
Section 10.6.4.2 ac or dc
Severity Level: 0.5 J, 5 kV
IEEE C37.90:2005
Severity Level: 0.5 J, 5 kV

Introduction and Specifications
Specifications

Processing Specifications and Oscillography

AC Voltage and
Current Inputs:

Frequency Tracking Range:

Digital Filtering:

Protection and
Control Processing:

Arc-Flash Processing:

Oscillography
Length:
Sampling Rate:

Trigger:

Format:

Time-Stamp Resolution:

Time-Stamp Accuracy:

Sequential Events Recorder

Time-Stamp Resolution:

Time-Stamp Accuracy
(with respect to time
source):

Relay Elements

32 samples per power system cycle
15-70 Hz

One-cycle cosine after low-pass analog
filtering. Net filtering (analog plus
digital) rejects dc and all harmonics
greater than the fundamental.

Processing interval is 4 times per power
system cycle (except for math
variables and analog quantities, which
are processed every 25 ms). Analog
quantities for rms data are derived
from data averaged from the previous
8 cycles

Arc-Flash light is sampled 32 times per
cycle.

Arc-Flash current, light, and 2 fast
hybrid outputs are processed 16 times
per cycle.

15, 64, or 180 cycles

16 samples per cycle unfiltered,
4 samples per cycle filtered

Programmable with Boolean expression

ASCII and Compressed ASCII
Binary COMTRADE (32 samples per
cycle unfiltered)

1 ms

+5 ms

1 ms

Sms

Instantaneous/Definite-Time Overcurrent (50P, 50G, 50N, 500)
Pickup Setting Range, A Secondary:

5 A models:
1 A models:
200 mA model:

Accuracy:

Time Delay:

Pickup/Dropout Time:

Instruction Manual

0.25-100.00 A, 0.01 A steps

0.05-20.00 A, 0.01 A steps

0.01-4.00 A, 0.01 A steps (50N)

+3% plus +0.02 » Iyonm A secondary
(Steady State)

+5% plus +0.02 « Iyopm A secondary
(Transient)

+6% plus +0.02 * Iyom A secondary
(Transient for 50Q)

0.00-400.00 seconds, 0.01 seconds
steps

0.1-400.0 seconds, 0.1 second steps
(50Q)

<1.5 cycles

SEL-751 Relay



SEL-751 Relay

Introduction and Specifications
Specifications

Arc-Flash Instantaneous Overcurrent (50PAF, 50NAF)
Pickup Setting Range, A Secondary:

5 A models: 0.50-100.00 A, 0.01-A steps
1 A models: 0.10-20.00 A, 0.01 A-steps
Accuracy: 0 to +10% of setting plus +0.02 * Inonm
A secondary (Steady State pickup)
Pickup/Dropout Time: 2-5 ms/1 cycle

Arc-Flash Time-Overlight (TOL1-TOL8)

Pickup Setting Range, % of  3.0-80.0% (Point Sensor)
Full Scale: 0.6-80.0% (Fiber Sensor)

Pickup/Dropout Time: 2-5 ms/1 cycle

Inverse-Time Overcurrent (51P, 51G, 51N, 51Q)
Pickup Setting Range, A Secondary:

5 A models: 0.25-24.00 A, 0.01 A steps (51N)

1 A models: 0.05-4.80 A, 0.01 A steps (51N)
Accuracy: +5% of setting plus +0.02 « Iyom A

secondary (Steady State pickup)

Time Dial

US: 0.50-15.00, 0.01 steps

1IEC: 0.01-1.50, 0.01 steps

Accuracy: +1.5 cycles, plus +4% between 2 and 30

multiples of pickup (within rated
range of current)

IEC Thermal Element (491EC)
Setting Range: Trip Pickup, 1-150%

Alarm Pickup, 1-100%

+2% (for I = Iyom)

+5% (for 0.4 * Inom < I < Inom)

Pickup Accuracy:

Time to Trip/Reset Accuracy: +5% plus +0.5 s of the calculated value

Undervoltage (27P, 27PP, 27S)

OFF, 2.00-300.00 V (Phase elements,
phase-to-phase elements with delta
inputs or synchronism voltage input)

OFF, 2.00-520.00 V (Phase-to-phase
elements with wye inputs)

Setting Range:

Accuracy: +1% of setting plus +0.5 V
Time Delay: 0.00-120.00 seconds, 0.01-second steps
Pickup/Dropout Time: <1.5 cycles

Overvoltage (59P, 59PP, 596, 590, 595)

OFF, 2.00-300.00 V (Phase elements,
phase-to-phase elements with delta
inputs or synchronism voltage input)

OFF, 2.00-520.00 V (Phase-to-phase
elements with wye inputs)

Setting Range:

Accuracy: +1% of setting plus +0.5 V
Time Delay: 0.00-120.00 seconds, 0.01-second steps
Pickup/Dropout Time: <1.5 cycles

Inverse-Time Undervoltage (271)

OFF, 2.00-300.00 V (Phase elements,
positive-sequence elements, phase-to-
phase elements with delta inputs or
synchronism-check voltage input)

OFF, 2.00-520.00 V (Phase-to-phase
elements with wye inputs)

Setting Range:

Instruction Manual

Accuracy:
Time Dial:

Accuracy:

+1% of setting plus +0.5 V
0.00-16.00 s

+1.5 cyc plus £4% between 0.95 and
0.1 multiples of pickup

Inverse-Time Overvoltage (591)

Setting Range:

Accuracy:
Time Dial:

Accuracy:

Harmonic Blocking

Pickup Range (% of
fundamental):

Pickup Accuracy
(A secondary):

Time Delay Accuracy:

Vector Shift (78VS)
Pickup Setting Range:
Accuracy:

Voltage Supervision
Threshold:

Pickup Time:

Power Elements (32)

Instantaneous/Definite Time,
3 Phase Elements Type:

OFF, 2.00-300.00 V (Phase elements,
sequence elements, or phase-to-phase
elements with delta inputs or
synchronism voltage input)

OFF, 2.00-520.00 V (Phase-to-phase
elements with wye inputs)

+1% of setting plus 0.5 V
0.00-16.00 s

+1.5 cyc plus +4% between 1.05 and
5.5 multiples of pickup

5-100%

5 A Model: £5% plus +0.10 A of
harmonic current

1 A Model: £5% plus +0.02 A of
harmonic current

+0.5% plus +0.25 cycle

2.0-30.0 deg, 0.1-degree increment
+10% of the pickup setting, +1 degree
20.0-100.0% * VNOM

<3 cycles

+W, -W, +VAR, -VAR

Pickup Setting Range, VA Secondary:

5 A models:
1 A models:

Accuracy:

Time Delay:
Pickup/Dropout Time:

Power Factor (55)
Setting Range:

Accuracy:

Time Delay:

1.0-6500.0 VA, 0.1 VA steps

0.2-1300.0 VA, 0.1 VA steps

+0.10 A « (L-L voltage secondary) plus
+5% of setting at unity power factor
for power elements and zero power
factor for reactive power elements
(5 A nominal)

+0.02 A « (L-L voltage secondary) plus
+5% of setting at unity power factor
for power elements and zero power
factor for reactive power elements
(1 A nominal)

0.0-240.0 seconds, 0.1-second steps

<10 cycles

OFF, 0.05-0.99

+5% of full scale
for current > 0.5 * Inom

1-240 seconds, 1-second steps
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Frequency (81)
Setting Range:

Accuracy:

Time Delay:
Pickup/Dropout Time:

Off, 15.00-70.00 Hz

+0.01 Hz (V1 >60 V) with voltage
tracking

+0.05 Hz (I1 >0.8 * Iyopn) With current
tracking

0.00-240.00 seconds, 0.01 second steps

<4 cycles

Rate-of-Change of Frequency (81R)

Setting Range:
Accuracy:

Time Delay:

Synchronism Check (25)

Pickup Range, Secondary
Voltage:

Pickup Accuracy, Secondary

Voltage:

Slip Frequency Pickup Range:

Slip Frequency Pickup
Accuracy:

Phase Angle Range:
Phase Angle Accuracy:

OFF, 0.10-15.00 Hz/s
+100 mHz/s, plus +3.33% of pickup
0.10-60.00 seconds, 0.01 second steps

0.00-300.00 V

+1% plus 0.5 volts (over the range of
2-300 V)

0.05 Hz-0.50 Hz

+0.02 Hz
0-80°

+4°

Load-Encroachment Detection

Setting Range
5 A Model:

1 A Model:

Forward Load Angle:
Forward Load Angle:
Accuracy

Impedance Measurement:

Angle Measurement:

0.10-128.00 ohms secondary,
0.01 ohms steps

0.50-640.00 ohms secondary,
0.01 ohms steps

—90° to +90°
+90° to +270°

+5% plus £0.5 ohms

+3°

Station Battery Voltage Monitor

Operating Range:
Pickup Range:

Pickup accuracy:

Timers
Setting Range:

Accuracy:

RTD Protection
Setting Range:

Accuracy:

RTD Open-Circuit Detection:
RTD Short-Circuit Detection:

RTD Types:
RTD Lead Resistance:
Update Rate:

Noise Immunity on RTD
Inputs:

RTD Trip/Alarm Time Delay:

Date Code 20170927

0-350 Vdc (300 Vdc for UL purposes)
20.00-300.00 Vdc
+2% of setting plus +2 Vdc

Various

+0.5% of setting plus +1/4 cycle

Off, 1-250°C

+2°C

>250°C

<-50°C

PT100, NI1100, NI120, CU10
25 ohm max. per lead

<3s

As high as 1.4 Vac (peak) at 50 Hz or
greater frequency

Approx. 6 s

Metering

Introduction and Specifications
Specifications

Accuracies are specified at 20°C, nominal frequency, ac currents within
(0.2-20.0) * Iyom A secondary, and ac voltages within 50-250 V
secondary (1.33-6.67 V secondary with 8 V LEA option), unless

otherwise noted.

Phase Currents:

Three-Phase Average Current:

IG (Residual Current):

IN (Neutral Current):

11 Positive-Sequence Current:

312 Negative-Sequence
Current:

System Frequency:

Line-to-Line Voltages:

Three-Phase Average
Line-to-Line Voltage:

Line-to-Ground Voltages:

Three-Phase Average

Line-to-Ground Voltages:

Voltage Imbalance (%):

V1 Positive-Sequence
Voltage:

3V2 Negative-Sequence
Voltage:

Real Three-Phase Power
(kW):

Reactive Three-Phase Power

(kKVAR):

Apparent Three-Phase Power

(kVA):
Power Factor:

RTD Temperatures:

Energy Meter

Accumulators:

ASCII Report Resolution:

Accuracy:

Instruction Manual

+1% of reading, +1° (£2.5° at 0.2-0.5 A
for relays with Iyop = 1 A)

+1% of reading

+2% of reading, +2° (£5.0° at 0.2-0.5 A
for relays with Iyop = 1 A)

+1% of reading, +1° (+2.5° at 0.2-0.5 A
for relays with Iyop =1 A)

+1.6 mA and +1% (0.04—4.0 A) (0.2 A
nominal channel IN current input)

+2% of reading

+2% of reading

+0.01 Hz of reading for frequencies
within 15-70 Hz (V1 > 60 V)

+1% of reading, +1° for voltages
+1% of reading for voltages within
24-264 V

+1% of reading, +1° for voltages within
24-264 V (0.64-7.04 V for LEA
inputs)

+1% of reading for voltages within
24-264 V (0.64-7.04 V for LEA
inputs)

+2% of reading

+2% of reading for voltages within
24-264 V (0.64-7.04 V for LEA
inputs)

+2% of reading for voltages within
24-264 V (0.64-7.04 V for LEA
inputs)

+3% of reading for 0.10 < pf < 1.00
+3% of reading for 0.00 < pf < 0.90

+3% of reading
+2% of reading

+2°C

Separate IN and OUT accumulators
updated once per second, transferred
to nonvolatile storage 4 times per day.

0.001 MWh

The accuracy of the energy meter
depends on applied current and power
factor as shown in the power metering
accuracy specifications above. The
additional error introduced by
accumulating power to yield energy is
negligible when power changes slowly
compared to the processing rate of
once per second.

SEL-751 Relay
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SEL-751 Relay
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Specifications

Synchrophasor Accuracy

Maximum Message Rate
Nominal 60 Hz System: 60 messages per second
Nominal 50 Hz System: 50 messages per second

The voltage accuracy specifications are only applicable for the model

options with standard voltage inputs (not applicable to LEA option).

The current accuracy specifications are applicable for all 1 A and 5 A
options.

Note: For the SEL-751 current only model, the accuracy specifications

for currents are only applicable when the applied signal frequency
equals FNOM.

Accuracy for Voltages

Level 1 compliant as specified in IEEE C37.118 under the following
conditions for the specified range.

Conditions

» At maximum message rate
» When phasor has the same frequency as the positive-sequence
voltage

» Frequency-based phasor compensation is enabled PHCOMP :=Y)

» The narrow bandwidth filter is selected (PMAPP := N)

Range

Frequency: +5.0 Hz of nominal (50 or 60 Hz)
Magnitude: 30 V=250 V

Phase Angle: —179.99° to 180.00°

Out-of-Band Interfering
Frequency (Fs): 10 Hz < Fs < (2 « FNOM)
Accuracy for Currents

Level 1 compliant as specified in IEEE C37.118 under the following
conditions for the specified range.

Conditions

» At maximum message rate
» When phasor has the same frequency as the positive-sequence

voltage
» Frequency-based phasor compensation is enabled
(PHCOMP :=Y)
» The narrow bandwidth filter is selected (PMAPP := N)
Range
Frequency: +5.0 Hz of nominal (50 or 60 Hz)
Magnitude: (0.4-2) * Inom Anom =1 A or 5 A)
Phase Angle: —179.99° to 180.00°

Out-of-Band Interfering
Frequency (Fs): 10 Hz < Fs £ (2 « FNOM)

Instruction Manual
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Section 2
Installation

Overview

The first steps in applying the SEL-751 Feeder Protection Relay are installing
and connecting the relay. This section describes common installation features
and requirements.

To install and connect the relay safely and effectively, you must be familiar
with relay configuration features and options. You should carefully plan relay
placement, cable connections, and relay communication.

This section contains drawings of typical ac and dc connections to the
SEL-751. Use these drawings as a starting point for planning your particular
relay application.

The instructions for using the versatile front-panel custom label option are
available on the SEL-751 product page on the SEL website. With custom
labels, you can use SELOGIC control equations and slide-in configurable
front-panel labels to change the function and identification of target LEDs.

Relay Placement

Proper placement of the SEL-751 helps to ensure years of trouble-free
protection. Use the following guidelines for proper physical installation of the
SEL-751.

Physica| Location You can mount the SEL-751 in a sheltered indoor environment (a building or
an enclosed cabinet) that does not exceed the temperature and humidity rat-
ings for the relay. The relay is IEC EN61010-1 rated at Installation/ Overvolt-
age Category II and Pollution Degree 2. This rating allows mounting of the
relay indoors or in an outdoor (extended) enclosure where the relay is pro-
tected against exposure to direct sunlight, precipitation, and full wind pres-
sure, but neither temperature nor humidity are controlled.

You can place the relay in extreme temperature and humidity locations. (See
Operating Temperature and Operating Environment on page 1.16.) For

EN 61010 certification, the SEL-751 rating is 2000 m (6560 ft) above mean
sea level. In North America, the relay is approved for Hazardous Locations
Class I, Division 2, Groups A, B, C, and D, and temperature class T4A in the
maximum surrounding air temperature of 50°C.

Date Code 20170927 Instruction Manual SEL-751Relay



2.2 | Installation

1/0 Configuration

Relay Mounting

To flush mount the SEL-751 in a panel, cut a rectangular hole with the dimen-
sions shown in Figure 2.1. Use the supplied front-panel gasket for protection
against dust and water ingress into the panel. The relay is rated IP65 when the
two-line display model is enclosed in a panel and rated IP54 when the touch-
screen display model is enclosed in a panel. For extremely dusty environ-
ments, use the optional IP50-rated terminal dust-protection assembly
(protection against solid foreign objects only) (SEL Part 915900170).

A 10°C-temperature derating applies to the temperature specifications of the
relay when using Part 915900170.

CHASSIS
>
9
SIDE g (ero) [/ PANEL CUTOUT
>
] ]
112 J 5.80 5.47
(28.5) (147.4) (139.0)
LEGEND
in
T (mm) i9089b

7.56
(192.0) FRONT
5.67
(144.0)
Figure 2.1 Relay Panel-Mount Dimensions

Refer to Section 1: Introduction and Specifications, Models, Options, and
Accessories on page 1.5 for information on mounting accessories.

1/0 Configuration

SEL-751 Relay

Your SEL-751 offers flexibility in tailoring I/O to your specific application. In
total, the SEL-751 has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z.
Slots A, B, and Z are base unit slots, each associated with a specific function.
Optional digital/analog I/0, communications, RTD, and voltage cards are
available for the SEL-751. Figure 2.2 shows the slot allocations for the cards.

Because installations differ substantially, the SEL-751 offers a variety of card
configurations to provide options for the many diverse applications. Choose
the combination of option cards most suited for your application from the fol-
lowing selection.
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Installation | 2.3
1/0 Configuration

SELECT Power Supply With 1/0 (Slot A) i<

SELECT Processor and
Communications Card (Slot B)

SELECT I/0 Expansion Card (Slot C)

SELECT I/0 Expansion Card (Slot D)

SELECT I/0 Expansion Card (Slot E)

SELECT 4 ACI/3 AVI Card (Slot 2) (&

Rear-Panel Slot

A B (o8 D E z
Software 1 n/a 3 4 5 n/a
Reference (e.g., OUT101) (e.g., IN301) [(e.g., OUT401) (e.g., AI501)
Description Power 51'1pp1y and CPU/comm. card® [Comm. or input/ |Input/output¢ |Input/output¢ or volt- |4 AQI/3 AVI '
/0 card? output® card or RTD card  |age/arc-flash card  |card in base unit
Card Type
SELECT EIA-232/485 . n/a n/a n/a
SELECT DeviceNet . n/a n/a n/a
SELECT 3 DI/4 DO/1 AO (one card per relay) . . . n/a
SELECT 4 DI/4 DO . . . n/a
SELECT 4 DI/3 DO (1 Form B, 2 Form C) . . . n/a
SELECT 8 DI . . . n/a
SELECT 8 DO . . . n/a
SELECT 8 Al . . . n/a
SELECT 14 DI . . . n/a
SELECT 4 Al/4 AO (one card per relay) . . . n/a
SELECT 10 RTD n/a . n/a n/a
SELECT 2 AVI/4 AFDI (MOT...x70x...) n/a n/a . n/a
SELECT 2 AVI/4 AFDI (MOT...xLOx...) n/a n/a . n/a
SELECT 8 AFDI (MOT...x77x...) n/a n/a . n/a
SELECT 4 ACI/3 AVI (MOT...x81/82/83/85/86/87x...) n/a n/a n/a .
SELECT 4 ACI/3 AVI (MOT...xL1/L2/L3/L5/L6/L7x...) n/a n/a n/a .
SELECT 4 ACI (MOT...xA1/A2/A3/A5/A6/A7x...) n/a n/a n/a .

o

Power supply, two inputs, and three outputs.

IRIG-B, EIA-232/485, fiber-optic serial and/or Ethernet ports (the IRIG-B input option is available on terminals BO1, BO2 for all models
except models with a fiber-optic Ethernet port (Port 1) and dual copper Ethernet port (Port 1) that have Port 3 as an EIA-232 serial port and
can input IRIG-B via the EIA-232 port and an SEL communications processor). IRIG-B input is also supported via Port 2 (EIA-232 fiber-optic
serial port).

¢ Digital or analog.

o

Figure 2.2 Slot Allocations for Different Cards
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1/0 Configuration
Power Supp|y Card Select appropriate power supply option for the application:
PSI0/2 DI/3 DO > High Voltage: 110-250 Vdc, 110-240 Vac, 50/60 Hz
(Slot A) » Low Voltage: 24-48 Vdc
Select the appropriate digital input voltage option: 125 Vdc/Vac, 24 Vdc/Vac,
48 Vdc/Vac, 110 Vdc/Vac, 220 Vdc/Vac, or 250 Vdc/Vac.
This card is supported in Slot A of the SEL-751. It has two digital inputs and
three digital outputs (two normally open Form A contact outputs and one
Form C output). Table 2.1 shows the terminal designation for the
PSIO/2 DI/3 DO card.
Table 2.1 Power Supply Inputs (PS10/2 DI/3 DO) Card Terminal Designations
Side-Panel Terminal Descriotion
Connections Label | Number P
)
O o @ Ground connection
01 — +/H é
02— =N % A01, A02 Power supply input terminals
03 ]
o) A3, A04 OUT101, driven by OUT101 SELOGIC
05 — control equation
ouT_02
06 A05, A06 OUT102, driven by OUT102 SELOGIC
07 control equation
08 j ouT 03 AO7, A08, A09 OUTI103, driven by OUT103 SELOGIC
control equation
09
10 o A10, A1 IN101, drives IN101 element
11 A12, A1l IN102, drives IN102 element
12 IN_02
INPUTS: =
A 100
D ——————
Communications Select the communications ports necessary for your application from the fol-

lowing base-unit options shown in Table 2.2.

Ports (Slot B)

Table 2.2 Communications Ports

Port Location Feature Description
F Front Panel Standard Nonisolated EIA-232 serial port
1 Rear Panel Optional (Single/Dual) Isolated 10/100BASE-T

Ethernet copper port or 100BASE-FX
Ethernet fiber-optic port

2 Rear Panel Optional Isolated multimode fiber-optic serial
port with ST connectors

3 Rear Panel Standard Either nonisolated EIA-232 or isolated
EIA-485 serial port

PORT F supports the following protocols:
» SELBOOT
» Modbus RTU Slave
» SEL ASCII and Compressed ASCII
» SEL Settings File Transfer

SEL-751 Relay Instruction Manual Date Code 20170927
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» Event Messenger
» (37.118 (Synchrophasor Data)

PORT 1 (Ethernet) supports the following protocols:
» SEL ASCII and Compressed ASCII

SEL Fast Meter

SEL Fast Operate

SEL Fast SER

SEL Fast Message Unsolicited Write

SEL Settings File Transfer

C37.118 (Synchrophasor Data)

Modbus TCP/IP

DNP3 LAN/WAN

IEC 61850

Simple Network Time Protocol (SNTP)

FTP

YYVYY Y VY VY Y YVYYY

\

Telnet

PORT 2 and PORT 3 support the following protocols:
» Modbus RTU Slave

SEL ASCII and Compressed ASCII

SEL Fast Meter

SEL Fast Operate

SEL Fast SER

SEL Fast Message Unsolicited Write

SEL Settings File Transfer

SEL MIRRORED BITs (MBA, MBB, MBSA, MBSB, MBTA,
MBTB)

Y Y Y VY VY YVYY

Event Messenger

DNP3 Level 2 Outstation
C37.118 (Synchrophasor Data)
IEC 60870-5-103

Y Y VYYy

Communications Card Either the DeviceNet (see Appendix H: DeviceNet Communications) or the
EIA-232/EIA-485 communications card is supported in Slot C. The
EIA-232/EIA-485 card provides one serial port with one of the following two
serial port interfaces:

» Port 4A, an isolated EIA-485 serial port interface

» Port 4C, a nonisolated EIA-232 serial port interface, supporting
the +5 Vdc interface
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1/0 Configuration

Current/Voltage Card
(4 ACI/3 AVI)

/\WARNING

Before working on a CT circuit, first
apply a short to the secondary
winding of the CT.

SEL-751 Relay

Select either EIA-232 or EIA-485 functionality through use of the Port 4
Setting COMM Interface. Table 2.3 shows the port number, interface, and type
of connector for the two protocols.

Table 2.3 Communications Card Interfaces and Connectors

Port Interface Connectors
4A EIA-485 5-pin Euro
4C EIA-232 D-sub

The communications card supports all of the following protocols:
» Modbus RTU Slave

SEL ASCII and Compressed ASCII

SEL Fast Meter

SEL Fast Operate

SEL Fast SER

SEL Fast Message Unsolicited Write

SEL Settings File Transfer

SEL MIRRORED BITS (MBA, MBB, MB8A, MB8B, MBTA,
MBTB)

YY VY VY Y YY

Event Messenger

DNP3 Level 2 Outstation
C37.118 (Synchrophasor Data)
IEC 60870-5-103

Y Y VvYYy

MOT...x81x...(1 A phase, 1 A neutral CTs), or ...x85x...(5 A phase,

5 A neutral CTs), or ...x82x...(1 A phase, 5 A neutral CTs), or ...x86x...
(5 A phase, 1 A neutral CTs) or ...x83x...(1 A phase, 200 mA neutral CTs),
or ...x87x...(5 A phase, 200 mA neutral CTs). Supported in Slot Z of the
SEL-751, this card has current inputs for three-phase CTs, neutral current
CTs, and 300 Vac voltage inputs for three-phase (wye or delta) PTs.

MOT...xL1x...(1 A phase, 1 A neutral CTs), or ...xL5x...(5 A phase, 5 A
neutral CTs), or ...xL2x...(1 A phase, 5 A neutral CTs), or ...xL6x... (5 A
phase, 1 A neutral CTs) or ...xL3x... (1 A phase, 200 mA neutral CTs), or
...XxL7x...(5 A phase, 200 mA neutral CTs). Supported in Slot Z of the
SEL-751, this card has current inputs for three-phase CTs, neutral current
CTs, and 8 Vac LEA voltage inputs for three-phase (wye or delta) PTs.

The 4 ACI/3 AVI current/voltage card inputs terminal designation for the card
with LEA voltage inputs and the regular voltage inputs is as shown in
Table 2.4.
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Table 2.4 Current/Voltage Inputs (4 ACI/3 AVI) Card Terminal Designations

Side-Panel Terminal Description
Connections Label | Number P
ACI
201 o Z01 1A, A-Phase current input
702 1A 202
203 203 1B, B-Phase current input
1B 204
Z04
705 IC, C-Phase current input
T 206
206
207 IN, Neutral current input
Z07 e N 708
208
AVI
209 VA, A-Phase voltage input
Z09—VA | VA
210 VB, B-Phase voltage input
Z10—VB VB
(COM) PAll VC, C-Phase voltage input
z11—ve | vc
712 N, common connection for VA, VB, VC
Z12—N |com
WYE [OPEN
DELTA
Current Card (4 ACI) Table 2.5 Current Inputs (4 ACI) Card Terminal Designations
Side-Panel Terminal Description
Connections Label | Number P
ACI
201 o 201 1A, A-Phase current input
702 1A 202
203 o 203 1B, B-Phase current input
1B 204
Z04
205 IC, C-Phase current input
0 e 206
206
207 IN, Neutral current input
Z07 e N 208
208
| —
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1/0 Configuration

Voltage/Arc-Flash
Detection Inputs Card
(2 AVI/4 AFDI)

Eight Arc-Flash
Detection Inputs
(8 AFDI)

SEL-751 Relay

MOT...x70x... Supported only in Slot E of the SEL-751, this card has 300
Vac synchronism-check voltage input (VS), station dc battery monitor input
(VBAT), and four fiber-optic transmit and receive inputs (AF1-AF4).

MOT...xLO0x... Supported only in Slot E of the SEL-751, this card has 8 V
LEA synchronism-check voltage input (VS), station dc battery monitor input
(VBAT), and four fiber-optic transmit and receive inputs (AF1-AF4).

The terminal designations for both MOT...x70x... and ...xLO0x... are shown
in Table 2.6.

Table 2.6 Voltage/Arc-Flash Detection Inputs (2 AVI/4 AFDI) Card Terminal
Designations

Side-Panel Terminal Description
Connections Label | Number P
EO1 VS, synchronism-check voltage input
B ‘ E02 NS, common connection for synchronism-check volt-
£02 — NS age input
£03 — VBA‘H E03 VBAT+ station battery (positive) voltage input
\ . . .
£04 — VBAT- E04 VBAT- station battery (negative) voltage input
E05 AF1 Channel TX and RX Inputs
T E06 AF2 Channel TX and RX Inputs
03— 'A‘F' y E07 AF3 Channel TX and RX Inputs
E06—e A‘FZ ° E08 AF4 Channel TX and RX Inputs
EO7 — @ AF3 @
\
EO8 — @ AF4 e

MOT...x77x... Supported only in Slot E of the SEL-751 relay, this card has
eight arc-flash fiber-optic transmit and receive inputs (AF1-AFS8). Table 2.7
shows the terminal designations.

Table 2.7 Eight Arc-Flash Detection Inputs (8 AFDI) Card Terminal
Designations

Side-ParTeI Terminal Description
Connections Label [ Number
TX | RX EO1 AF1 Channel TX and RX Inputs
E02 AF2 Channel TX and RX Inputs
o "“F‘ ° E03 AF3 Channel TX and RX Inputs
0z —e A‘FZ ° E04 AF4 Channel TX and RX Inputs
03 —eAF3e E05 AFS5 Channel TX and RX Inputs
04 —e A‘F“ E06 AF6 Channel TX and RX Inputs
05 —e Al—s . EO7 AF7 Channel TX and RX Inputs
06 — .Al—s. E08 AF8 Channel TX and RX Inputs
o —entre
o —onrae
Instruction Manual Date Code 20170927



Installation | 2.9
1/0 Configuration

Ana|0q |nputs Card SupporFed in any nonbase unit slot (Slot. C through S.lot E), this card has eight
analog inputs. Table 2.8 shows the terminal designation.
(8A|) log inputs. Table 2.8 shows the t 1 designat

Table 2.8 Eight Analog Inputs (8 Al) Card Terminal Designations

Side-Panel Terminal

P
Connections Label | Number LS

01
02 Eﬂ ALO1 01, 02 Alx01, Transducer Input x01
03 E%l ALO2 03,04 AlIx02, Transducer Input x02
04
05 Ell>:| 05, 06 AlIx03, Transducer Input x03
Al_03
06 07,08 AIx04, Transducer Input x04
o7
08 Eil Alos 09,10 AIx05, Transducer Input x05
09 E[|>:| 1,12 Alx06, Transducer Input x06
A1_05
10 13,14 AIx07, Transducer Input x07
11
12 Eﬂ AlO6 15,16 AIx08, Transducer Input x08
B
AIO7
14
15 Ell>:|
Al_08
16

a x =3, 4,0r5 (e.g., Al401, Al402, etc., if the card is installed in Slot D).

Ana |0q Supported in any one of the nonbase unit slots (Slot C through Slot E), this card
has four analog inputs and four analog outputs (A0). Table 2.9 shows the
InPUtS/OUtPUtS Card terminal designation.

(4 Al/4 AO)
Table 2.9 Four Analog Inputs/Four Analog Outputs (4 Al/4 AO) Card
- Terminal Designations

NOTE: Analog inputs cannot - -
provide loop power. Each analog SIde-Par}eI Terminal Descriptiona
output is self powered and has an Connections Label | Number
isolated power supply.
.
o1 EE‘AO o 01,02 AOx01, Analog Output x01
02 i 03, 04 AOx02, Analog Output x02
03
04 EE‘ A0_02 05, 06 AOx03, Analog Output x03
05 EE' 07,08 AOx04, Analog Output x04
AO_03
Zi 09,10 AIx01, Transducer Input x01
08 EE‘ AC_04 1,12 Alx02, Transducer Input x02
00 13,14 AlIx03, Transducer Input x03
10 EE' AlO1 15,16 Alx04, Transducer Input x04
11
AI_02
12
B
AI_03
14
. B
AI_04
16
~———

a8 x=3, 4, or 5 (e.g., Al401, Al402, etc., if the card is installed in Slot D).
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Installation
1/0 Configuration

/0 Card
(3 DI/4 DO/1 AO)

NOTE: Analog output is self
powered and has an isolated power
supply.

NOTE: All digital inputs and digital
outputs (including high-current,
high-speed hybrid) connections are
polarity neutral.

RTD Card (10 RTD)

NOTE: All comp/shield terminals

are internally connected to relay
chassis.

SEL-751 Relay

Supported in one nonbase unit slot (Slot C, D, or E), this card has three digital
inputs, four digital outputs, and one analog output. Table 2.10 shows the
terminal designations.

Table 2.10 1/0 (3 DI/4 DO/1 AO) Card Terminal Designations

Side-Panel Terminal Descriptiona
Connections Label [ Number P

or 71 oUT o1 01, 02 OUTx01, driven by OUTx01 SELOGIC

02 j - control equation

* 3 ouroz | 03,04  OUTx02, driven by OUTx02 SELOGIC

04 control equation

05 ]

s ) %= | 0506  OUTx03, driven by OUTx03 SEL0GIC

07 control equation

j ouT_04

08 07,08 OUTx04, driven by OUTx04 SELOGIC
control equation

09 <+

10 E>:|_A°—°' 09,10 AOx01, Analog Output 1

" ED N o 1,12 INxO1, drives INxO1 element

:i 13,14 INx02, drives INx02 element

1a ED ooz 15,16 INx03, drives INx03 element

15

E) IN_03
16
INPUTS: =
| —

a8 x=3, 4, or5 (e.g.,, OUT401, OUT402, etc., if the card is installed in Slot D).

Supported in Slot D only, this card has 10 three-wire RTD inputs. Table 2.11
shows the terminal designations.

Table 2.1 RTD (10 RTD) Card Terminal Designations

Side-Panel Terminal Dt
Connections Label [ Number P
o1 + RTD1 01 RTDO1 (+)
g§ C_OMF/ SHLD
0 3 roz 02 RTDOI (-)
06 — coup/sio 03 RTDO1 Comp/Shield
07
% — T o4 RTD02
09 iOMP/SHLD (+)
i} @ o |05 RTD02 (1)
12 COMP/ SHLD
3 i RTDS 06 RTD02 Comp/Shield
15 COMP/ SHLD 07 RTDO3 (+)
16 +
s _ RTD6 08 RTDO3 (-)
18 COMP/ SHLD .
10 }+ . 09 RTDO03 Comp/Shield
21 C_OMP/SHLD ° .
22 -+
>3 (© RD8 o .
24 COMP/ SHLD
25 -+ . .
26 _ RTD9
7 COMP/ SHLD
28 RTDI10 (+
22 + RTD10 )
30 awp/ SHLD 29 RTDlO (—)
30 RTD10 Comp/Shield

Instruction Manual
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| /0 Card (4 DI /3 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four
digital inputs, one Form B digital output (normally closed contact output) and
two Form C digital output contacts. Table 2.12 shows the terminal
designations.

Table 2.12 Four Digital Inputs, One Form B Digital Output, Two Form C
Digital Outputs (4 DI/3 DO) Card Terminal Designations

Side-Panel Terminal

I
Connections Label | Number DS

o } ouror| 01,02 OUT01, driven by OUTx01 SELOGIC

02 control equation
03

03, 04, 05 OUTx02, driven by OUTx02 SELoGIC

04 out_o0z control equation

g: — 06,07,08  OUTx03, driven by OUTx03 SELOGIC
control equation
o7 0ouT_03

09,10 INxO1, drives INxO1 element
o - 1,12 INx02, drives INx02 element
10 E) InN-o1 13,14 INx03, drives INx03 element
" E) N 02 15,16 INx04, drives INx04 element
12

13
E;.N_oa

14

15
E)m_m

16

INPUTS: =~

a8 x=3, 4, or5 (e.g.,, OUT401, OUT402, etc. if the card is installed in Slot D).

| /0 Card (4 DI /4 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has four
digital inputs and four outputs. The four outputs are either all normally open
contact outputs or all fast hybrid (high-speed, high-current interrupting) out-
puts. Table 2.13 shows the terminal designations.

F‘I’E: Al digital inputs and digita ;:E:i:ajﬁDesFioql:\ratDi?ri\?I Inputs/Four Digital Outputs (4 DI/4 DO) Card

outputs (including high-current, high-

speed hybrid) connections are polarity Side-Panel Terminal

Aoy
neutral. Connections Label | Number DS

01 01, 02 OUTx01, driven by OUTx01 SELoGIC
02 j out_ot control equation
S oot o2 03,04 OUTx02, driven by OUTx02 SELOGIC
04 h control equation

-
j 0uT_03 05,06 OUTx03, driven by OUTx03 SELoGIC
o8 control equation

-
s ) | o708 OUTx04, driven by OUTx04 SELOGIC
control equation

09

o E) IN_O1 09,10 INxO1, drives INxO1 element
" E) N oz 1,12 INx02, drives INx02 element
:2 13,14 INx03, drives INx03 element
14 ED IN-03 15,16 INx04, drives INx04 element
15

E) IN_04
16
INPUTS: =
| —

a x=3,4,or5(e.g., OUT401, OUT402, etc., if the card is installed in Slot D).
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| /0 Card (8 D|) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight
digital inputs. Table 2.14 shows the terminal designations.
Table 2.14 Eight Digital Inputs (8 DI) Card Terminal Designations
Side-Panel Terminal Descrintiona
Connections Label | Number P
 — —
o1 ED No1 01,02 INx01, drives INxO1 element
02
03 03,04 INx02, drives INx02 element
04 ED -0z 05, 06 INx03, drives INx03 element
o E) IN03 07,08 INx04, drives INx04 element
06
o7 E} 09,10 INx05, drives INx05 element
IN_04
08 1,12 INx06, drives INx06 element
09 E) 13,14 INx07, drives INxO7 element
IN_05
10 15,16 INx08, drives INx08 element
11
E) IN_06
12
13
E) IN_O7
14
15
E) IN_08
16
INPUTS: =~
a x=3, 4, or5 (e.g.,, OUT401, OUT402, etc. if the card is installed in Slot D).
| /0 Card (8 DO) Supported in any nonbase unit slot (Slot C through Slot E), this card has eight

digital outputs. Table 2.15 shows the terminal designations.

Table 2.15 Eight Digital Outputs (8 DO) Card Terminal Designations

Side-Panel Terminal

P
Connections Label | Number LS

(— —
o1 3 ouT 01 01,02 OUTx01, driven by OUTx01 SELOGIC
02 control equation
03
0UT_02 03, 04 OUTx02, driven by OUTx02 SELoGIC
o4 control equation
05
0 ) O 05,06 OUTx03, driven by OUTx03 SELOGIC
07 — control equation
ouT_04 .
08 07,08 OUTx04, driven by OUTx04 SELOGIC
control equation
09 ] .
OUT_05 09,10 OUTx05, driven by OUTx05 SELOGIC
10 control equation
11
2 ouT_06 1,12 OUTx06, driven by OUTx06 SELOGIC
13— control equation
) U 3 OUTx07, driven by OUTx07 SELOGIC
15— control equation
j ouT_08
16 15,16 OUTx08, driven by OUTx08 SELOGIC

control equation

a x=3, 4, or5 (e.g.,, OUT401, OUT402, etc. if the card is installed in Slot D).

The 8 DO card shown previously is all Form A contacts. Refer to the SEL-751
Model Option Table for all the variants available (8A, 8B, 4A/4B, 2A/6B, 6A/2B).
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| /0 Card (]4 D|) Supported in any nonbase unit slot (Slot C through Slot E), this card has four-
teen digital inputs. Table 2.16 shows the terminal designations.

Table 2.16 Fourteen Digital Inputs (14 DI) Card Terminal Designations

Side-Panel Terminal

oo
Connections Label | Number DS

01 INx01, drives INxO1 element
ot -Op ot gp INx02, drives INx02 element
02 -O-4 IN_02
03 -0 IN_03 03 INx03, drives INx03 element
04 O IN_04 04 INx04, drives INx04 element
05 —-O-4 IN_05 05 INx05, drives INx05 element
06 —O-¢9 IN_06 06 INx06, drives INx06 element
07 -O¢ INO7 07 INx07, drives INx07 element
08 — com 08 COM
09 O IN.08 09 INx08, drives INx0O8 element
10 —O IN_09 10 INx09, drives INx09 element
11 -0 IN_10 n INx10, drives INx10 element
12 -O¢ IN_11 12 INx11, drives INx11 element
13 -Op IN12 13 INx12, drives INx12 element
14 ~Op IN13 14 INx13, drives INx13 element
15 —O-¢ IN_14

15 INx14, drives INx14 element
16 — com

16 COM
INPUTS: =

a x=3, 4, or5 (e.g.,, OUT401, OUT402, etc. if the card is installed in Slot D).

Card Configuration Changing card positions or expanding on the initial number of cards requires
P d no card programming; the relay detects the new hardware and updates the
rocedure software accordingly (you still have to use the SET command to program the

I/O settings).

The SEL-751 offers flexibility in tailoring I/O to your specific application.
The SEL-751 has six rear-panel slots, labeled as Slots A, B, C, D, E, and Z. Slots
A, B, and Z are base unit slots, each associated with a specific function.
Optional digital/analog I/O, communication, RTD, arc-flash detectors, and
voltage/current cards are available for the SEL-751 in Slots C, D, and E.
Figure 2.2 shows the slot allocations for the cards. Because installations differ
substantially, the SEL-751 offers a variety of card configurations that provide
options for the many diverse applications. Choose the combination of option
cards most suited for your application.

Swapping Optional 1/0 Boards

When an I/0 board is moved from one slot to a different slot, the associated
settings for the slot the card is moved from are lost. For example, if a

4 DI/4 DO card is installed in Slot 4 (Slot D), the SELOGIC control equation
settings OUT401-404 would be available. If OUT401 = IN101 AND 51P1T,
and the card is moved to a different slot, then the OUT4xx settings are lost.
This is true for all the digital and analog 1/O cards.
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1/0 Configuration

Adding Cards to Slots C, D, E, and Z
The SEL-751 Relay can be upgraded by adding as many as three (3) optional

cards.

Installation

Perform the following steps to install any one of these option cards into Slots
C, D, E, or Z of the base unit.

Step 1.

Step 2.
Step 3.

Step 4.

Step 5.

Step 6.

Step 7.
Step 8.

Step 9.

Step 10.

Step 11.
Step 12.
Step 13.

Step 14.

SEL-751 Relay

Instruction Manual

Remove the power supply voltage from terminals AO1+ and A02-
and remove the ground wire from the green ground screw.

Disconnect all the connection plugs.

Remove the eight (8) screws on the rear and remove the rear
COVEr.

Remove the plastic filler plate covering the slot associated with
the option card being installed.

Insert the option card in the correct slot.

Make sure the contact fingers on the printed circuit board are
bent at an approximate 130° angle relative to the board for
proper electromagnetic interference protection.

Before reattaching the rear cover, check for and remove any
foreign material that may remain inside the SEL-751 case.

Carefully reattach the rear cover.

Reinstall the eight (8) screws that secure the rear cover to the
case.

Apply power supply voltage to terminals AO1+ and A02- and
reconnect the ground wire to the green ground screw.

If the option card is in the proper slot, the front panel displays
the following:

STATUS FAIL

X Card Failure

If you do not see this message and the ENABLED light is turned
on, the card was inserted into the wrong slot. Begin again at
Step 1.

If you do see this message, then proceed to Step 11.

Press the ESC pushbutton.

Press the Down Arrow pushbutton until STATUS is highlighted.
Press the ENT pushbutton.

The front panel displays the following:
STATUS
ReTay Status

Press the ENT pushbutton.

The front panel displays the following:
Serial Num

000000000000000000000000
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Step 15. Press the ENT pushbutton.
The front panel displays the following:

Confirm Hardware

Config (Enter)
Step 16. Press the ENT pushbutton.

The front panel displays the following:
Accept New Config?

No Yes
Step 17. Select Yes and press the ENT pushbutton.

The front panel displays the following:
Config Accepted
Enter to Reboot

Step 18. Press the ENT pushbutton.

The relay restarts and the ENABLED light is turned on to indicate
the option card was installed correctly.

After reconfiguration, the relay updates the part number, except
for the following indicated digits. These digits remain
unchanged, i.e., these digits retain the same character as before
the reconfiguration. Also, a communications card installed in
Slot C is reflected as an empty slot in the part number. A regular
4 DI/4 DO card and a hybrid 4 DI/4 DO card have the same
device ID. When interchanging these two cards, the part
number for the respective slots should be updated manually.
Use the Status command to view the part number.

PART NUM = 751001B5X1X7086020X

Use the PARTNO command from the 2AC level to enter the
exact part number of the relay.

Step 19. Update the side-panel drawing with the drawing sticker
provided in the option card kit. If necessary, replace the rear
panel with the one applicable for the option card and attach the
terminal-marking label provided with the card to the rear-panel
cover. Also, contact SEL for an updated product serial number
label with the updated part number.

Step 20. Reconnect all connection plugs and add any additional
wiring/connectors required by the new option card.
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Slot B CPU Board Replacement

When replacing the Slot B card, please do the following:

1.

2.

Ensure that the card has the latest firmware from the factory.

Review the firmware revision history for the changes that were
made; note that new settings added, if any, might affect existing
settings in the relay or its application.

Save all settings and event reports before replacing the card.

If the IEC 61850 protocol option was used previously, verify
that the IEC 61850 protocol is still operational after the
replacement. If not, reenable it. Refer to Protocol Verification for
Relays With IEC 61850 Option in Appendix B: Firmware
Upgrade Instructions.

Perform the following steps to replace the existing CPU board with a new

board:

Step 1. Turn off the power to the relay.

Step 2. Use a ground strap between yourself and the relay.

Step 3. Disconnect the terminal blocks and CT/PT wires.

Step 4. Remove the rear panel.

Step 5. Remove the main board from its slot and insert the new board.

Step 6. Install the new rear panel and reconnect the terminal blocks and
CT/PT wires.

Step 7. Apply new side stickers to the relay.

Step 8. Turn on the relay and log in via terminal emulation software.

Step 9. Issue the STA command and accept the new configuration.

Step 10. From Access Level 2, type CAL to enter the CAL level.
Do not modify any calibration settings other than those listed in
this procedure.
The CAL level default password is CLARKE.

Step 11. From the CAL level, issue the SET C command.

Step 12. Enter the serial number and part number to the appropriate
values, then type END and save the settings.

Step 13. Issue the STA C command to reboot the relay.

Step 14. Issue the STA command to verify that the serial number and
part number of your relay are correct.

Slot A Power Supply Card

If replacing a power supply card, change the part number accordingly by using

the PARTNO

command from the 2AC level. Install new side stickers on the

side of the relay.

SEL-751 Relay Instruction Manual Date Code 20170927



Analog Input Card
Voltage/Current
Jumper Selection

Analog Output (AO)
Configuration Jumper

NOTE: Analog inputs cannot provide
loop power. Each analog output is self
powered and has an isolated power
supply.

NOTE: There is no jumper between
pins 5 and 6 for a voltage analog
output selection.

Date Code 20170927

Installation
1/0 Configuration

Figure 2.3 shows the circuit board of an analog I/O board. Jumper x (x = 1-8)
determines the nature of each channel. For a current channel, insert Jumper x
in position 1-2; for a voltage channel, insert Jumper x in position 2-3.
JMPX JMPX

- -

1T 2 3 T2 3
Position 1-2 =1 (current) mode Position 2 - 3 = V (voltage) mode

(default position)
Where "JMPX" is the jumper for Al channel "X"

Figure 2.3 Circuit Board of Analog I/0 Board, Showing Jumper Selection
Figure 2.4 shows the locations of JMP1 through JMP4 on an analog output

board. You can select each of the four analog output channels as either a
current analog output or a voltage analog output.

ednr vdir
2dINr

IdAr

Figure 2.4 JMP1 Through JMP4 Locations on 4 Al/4 AO Board

You need to insert three jumpers for a current analog output selection and two
jumpers for a voltage analog output selection. For a current analog output
selection, insert a jumper between Pins 1 and 2, Pins 5 and 6, and Pins 9 and
10. For a voltage analog output selection, insert a jumper between Pins 3
and 4, and Pins 7 and 8. Figure 2.5 shows JMP4 selected as a current analog
output. The current analog output selection is the default setting for JMP1
through JMP4. Figure 2.6 shows JMP1 selected as a voltage analog output.

JMP4 Selected as Current Output JMP1 Selected as Voltage Output

o O
— 8"‘:‘|:|7 [
= o1 ololls]
- 4 [[a][=] 3 =

o

L

Figure 2.5 Current Output Jumpers Figure 2.6 Voltage Output Jumpers
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2.18 | Installation
1/0 Configuration

Password, Breaker
Control, and SELBoOT
Jumper Selection

SEL-751 Relay

Figure 2.7 shows the major components of the Slot B card in the base unit.
Notice the three sets of pins labeled A, B, and C.

B[] pefault
H- ofo]o| Positions
A

T
T
[
=
sy

ofe|e]e| Password
o|o| Bypassed
A

JMPT _ Remote

H' o|o|e| Breaker
|

ofo|e| Control
C Allowed

(o[ [@lo]o] SELBOOT
o[ |- o] Forced

Figure 2.7 Pins for Password, Breaker Control, and SELB0OOT Jumper

Pins labeled A bypass the password requirement, pins labeled B enable
breaker control, and pins labeled C force the relay to the SEL operating sys-
tem called SELBOOT. In the unlikely event that the SEL-751 experiences an
internal failure, communication with the relay may be compromised. Forcing
the relay to SELBOOT provides you with a way to download new firmware. To
force the relay to SELBOOT, place the jumper in position C, as shown in
Figure 2.7 (SELBOOT Forced). After the relay is forced to SELBOOT, you can
only communicate with it via the front-panel port.

To gain access to Level 1 and Level 2 command levels without passwords,
place the jumper in Position A, as shown in Figure 2.7 (Password Bypassed).
Although you gain access to Level 2 without a password, the alarm contact
still closes momentarily when accessing Level 2. See Table 2.17 for the func-
tions of the three sets of pins and their jumper default positions.

Table 2.17 Jumper Functions and Default Positions

Pin8s | Jumper Default Position Description
A Not bypassed (requires password) Password bypass
B On (breaker control enabled) Enable breaker control2
C Not bypassed (not forced SELBOOT) SELBoOOT Forced

a Enable/disable serial port, front panel, and Fast Operate commands for the breaker control.
The jumper position affects the breaker control using the OPEN or CLOSE commands and
output contact control using the PULSE command via the serial port, the front-panel menu-
driven user interface, or the communications protocols. The jumper position does not affect
the operation of the local bits, the remote bits, or the front-panel programmable pushbuttons.

Instruction Manual Date Code 20170927
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Relay Connections

Relay Connections

Side-Panel and Rear- The physical layout of the connectors on the side-panel and rear-panel
| Di diagrams of seven sample configurations of the SEL-751 are shown in
Pane Dlagrams Figure 2.8 through Figure 2.14.
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Relay Connections
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(A) Side-Panel Input and Output Designations
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Figure 2.9 Single Copper Ethernet, EIA-485 Communication, 8 DO (Form A) Card, 4 Al/4 AO Card, and
2 AVI1/4 AFDI Voltage Option With Arc-Flash Detector Inputs (Relay MOT 751201A2A6X70810320)
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No Ethernet, EIA-232 Serial Communications, EIA-232/EIA-485 Communications

Card, 8 DI Card, and 8 DO Card (Form A) (Relay MOT 751401AA03A2A850000)
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(A) Side-Panel Input and Output Designations

Figure 2.11

+ SEE DOCUMENTATION FOR INPUT VOLTAGE RATING
(A) Side-Panel Input and Output Designations

(B) Rear-Panel Layout

Figure 2.12 Dual Copper Ethernet, 4 DI/4 DO Card, 14 DI Card, 8 AFDI With Arc-Flash Detector

Inputs, 4 ACI/3 AVI Card With 5 A Phase, 200 mA Neutral, and Three-Phase AC Voltage Inputs (300 Vac)

(Relay MOT 7515S1A1A4A77870671)
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Figure 2.13 Dual Copper Ethernet, 14 DI Card, 8 DO (Form B) Card, 2 AVI/4 AFDI Card With LEA Vsync, Vbat
Inputs, and 4 Arc-Flash Detection Inputs, 4 ACI/3 AVI Card With 5 A Phase, 200 mA Neutral, and Three-Phase
LEA Voltage Inputs (8 Vac) (Relay MOT 751501A4A2BLOL70671)
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Figure 2.14 Dual 10/100 Base-T Ethernet, EIA-232 Rear Port, Without Single Multimode ST Fiber-Optic Serial
Port Rear, With DeviceNet Card, Fast Hybrid 4 DI/4 DO Card, 8 DI Card and 4 ACI Card (No Voltage Inputs)
(Relay MOT 751001AA3CA3AA50F30)
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Power Connections
/N\DANGER

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

/N\CAUTION

Equipment components are sensitive
to electrostatic discharge (ESD).
Undetectable permanent damage can
result if you do not use proper ESD
procedures. Ground yourself, your
work surface, and this equipment
before removing any cover from this
equipment. If your facility is not
equipped to work with these
components, contact SEL about
returning this device and related SEL
equipment for service.

Grounding (Earthing)
Connections @

Serial Ports

Installation
Relay Connections

The POWER terminals on the rear panel (A01(+/H) and A02(—/N)) must connect
to 110-240 Vac, 110-250 Vdc, or 24-48 Vdc (see Power Supply on page 1.13
for complete power input specifications). The POWER terminals are isolated
from chassis ground. Use 14 AWG (2.1 mm?2) to 16 AWG (1.3 mm?2) size wire
to connect to the POWER terminals.

For compliance with IEC 60947-1 and IEC 60947-3, place a suitable external
switch or circuit breaker in the power leads for the SEL-751; this device
should interrupt both the hot (+/H) and neutral (=/N) power leads. The maxi-
mum current rating for the power disconnect circuit breaker or optional over-
current device (fuse) should be 20 A.

Operational power is internally fused by a power supply fuse. See Field Ser-
viceability on page 2.50 for details. Be sure to use fuses that comply with
IEC 60127-2.

You must connect the ground terminal labeled GND on the rear panel to a rack
frame or switchgear ground for proper safety and performance. Use 14 AWG
(2.1 mm?) wire less than 2 m (6.6 feet) in length for the ground connection.

Because all ports (F, 2, 3, and 4) are independent, you can communicate to any
combination simultaneously. Although serial Port 4 on the optional communi-
cations card consists of an EIA-485 (4A) and an EIA-232 (4C) port, only one
port is available at a time. Use the Port 4 communications interface COM-
MINF setting to select between EIA-485 and EIA-232.

The serial port EIA-485 plug-in connector accepts wire size AWG 24 through
AWG 12. Strip the wires 8 mm (0.31 inches) and install with a small slotted
screwdriver. All EIA-232 ports accept 9-pin D-subminiature male connectors.

For connecting devices at distances farther than 100 feet, where metallic cable
is not appropriate, SEL offers fiber-optic transceivers or the fiber-optic port.
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.

IRIG-B Time-Code Input

Date Code 20170927

The SEL-751 accepts a demodulated IRIG-B time signal to synchronize the
internal clock with an external source. Three options for IRIG-B signal input
are given, but you should use only one at a time. You can use IRIG-B (B01 and
B02) inputs or an SEL communications processor via EIA-232 serial Port 3.
The available communications processors are the SEL-2032, SEL-2030,
SEL-2020, and the SEL-2100 Logic Processor. You can also use the
SEL-3530 Real-Time Automation Controller (RTAC) to provide IRIG-B
input.

The models with fiber-optic Ethernet and dual copper Ethernet do not have
the terminals BO1 and BO2 for IRIG-B but have IRIG-B input via EIA-232
Port 3. The third option for IRIG-B is via fiber-optic serial Port 2. Use an
SEL-2812MT Transceiver to connect to the SEL-2030, SEL-2032, or
SEL-3530 RTAC and bring the IRIG-B signal with the EIA-232 input. Use a
fiber-optic cable pair with ST connectors (SEL-C805 or SEL-C807) to con-
nect to Port 2 on the SEL-751. Refer to Section 7: Communications for details
on IRIG-B connections examples and on SEL-2401/2407/2404 for time
source.

Instruction Manual
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2.24 | Installation
Relay Connections

Ethernet Port

The SEL-751 can be ordered with an optional single/dual 10/100BASE-T or
100BASE-FX Ethernet port. Connect to Port 1 of the device by using a
standard RJ45 connector for the copper port and an LC connector for the fiber-
optic port.

Fiber-Optic Serial Port

The optional fiber-optic serial port is compatible with the SEL-2812 Fiber-
Optic Transceivers with IRIG-B, the SEL-2814 Fiber-Optic Transceivers, or
the SEL-2600 RTD Module.

SEL-751 Relay Instruction Manual Date Code 20170927



/0 Diagram

NOTE: All digital inputs
and digital outputs
(including high-current,
high-speed hybrid)
connections are polarity
neutral.

Installation | 2.25

Relay Connections

A more functional representation of two of the control (I/O) connections is
shown in Figure 2.15 and Figure 2.16.

As Many as Four
Analog Outputs Fiber-Optic Cable
External to SEL2600 Series 1"
[ Contacts /+ \
AO7 AO5|  AO3 DO]‘ DOZ‘ 007‘ DOB‘ ‘
01f DO
Lols] [sls A0401 A0404 (M) ®Y
=
g] —54 TETES SELT51 Relay
Al401 AI404 IRIG-B
+ - + -
a08| 09| A0s| A04| D09 D10 pis| D] Boi| B0

As Many as Four

-IRIG-B
Analog Inputs

Figure 2.15 Control I/0 Connections—4 Al/4 AO Option in Slot D and Fiber-Optic Port in Slot B

NOTE: AllRTD
Comp/Shield terminals
are internally connected
to the relay chassis and

As Many as Ten

ground.

Figure 2.16 Control I/0 Connections—Internal RTD Option in Slot D

Notes:

Date Code 20170927

RTD Inputs
~
RTDOI RTDIO
H External — : : : — I
[~ Contacts
AO7 A05| A03] D01 D02 DO3 D28 D29 D30
+ - COmP/ = COMP/
- o |- SHLD SHLD
o o o
=7 T = =
T3 /: T3T3 SEL-751 Relay
IRIG-B
A08|  A09| AO6| A04 BOI| B0Z|
+[RIG-B
-IRIG-B

The chassis ground connector located on the
rear-panel card Slot A must always be
connected to the local ground mat.

Power supply rating (110-240 Vac,
110-250 Vdc or 2448 Vdc) depends on
relay part number.

Optoisolated inputs IN101 and IN102 are
standard and located on the card in Slot A.

All optoisolated inputs are single-rated: 24,
48, 110, 125, 220, or 250 Vac/Vdc. Standard
inputs IN101/102 can have a different rating
than the optional IN401/402/403/404 (not
shown).

Instruction Manual

» Output contacts OUT101, OUT102, and
OUT103 are standard and are located on
the card in Slot A.

» The analog (transducer) outputs shown
are located on the optional I/O
expansion card in Slot D.

» The fiber-optic serial port is located on
the card in Slot B. A Simplex 62.5/125
um fiber-optic cable is necessary for
connecting to an SEL-2600 Series RTD
Module. This fiber-optic cable should be
1000 meters or shorter.

SEL-751 Relay
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NOTE: RTD inputs are not internally
protected for electrical surges

(IEC 60255-22-1and IEC 60255-22-5).
External protection is recommended
if you want surge protection.

Analog Output Wiring

NOTE: Connection of dc voltage to
the analog output terminals could
result in damage to the relay.

Table 2.18 shows the maximum cable lengths for the RTD connections.

Table 2.18 Typical Maximum RTD Lead Length

RTD Lead AWG Maximum Length (meters)
26 184 m
24 290 m
22 455 m
20 730 m
18 1155 m

Connect the two terminals of the analog output as shown in Figure 2.17. Also
connect the analog output cable shield to ground at the relay chassis ground,
programmable logic controller (PLC), or meter location. Do not connect the
shield to ground at both locations.

Analog Output
o1 Meter
AO_O1 ETEI or
oz PLC

Relay Chassis Ground

Figure 2.17 Analog Output Wiring Example

AC/DC Control Connection Diagrams

Fail-Safe/Nonfail-Safe
Tripping

NOTE: Fast hybrid contacts are
designed for fast closing (50 ps) only.
Fail-safe mode operating time (time
to open the contacts) for fast-hybrid
contacts is <8 ms (the same time as
for a normal output contact).

SEL-751 Relay

This section describes fail-safe versus nonfail-safe tripping, describes voltage
connections, and provides the ac and dc wiring diagrams.

Figure 2.18 shows the output OUT103 relay coil and Form C contact. When the
relay coil is de-energized, the contact between AOT and AO8 is open while the
contact between AO7 and A09 is closed.

A0T
Contacts shown with
Rgllg]ggil - 7~ 0UTI03 elay coll de-energized
® O
A08 A09

Figure 2.18 Output OUT103 Relay Output Contact Configuration
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The SEL-751 provides fail-safe and nonfail-safe trip modes (setting
selectable) for all output contacts. The following occurs in fail-safe mode:

» The relay coil is energized continuously if the SEL-751 is
powered and operational.

» When the SEL-751 generates a trip signal, the relay coil is de-
energized.

» The relay coil is also de-energized if the SEL-751 power supply
voltage is removed or if the SEL-751 fails (self-test status is

fTCT Breaker Trip Coil

52A

B 1

Figure 2.19 O0OUT103 Contact Fail-Safe and Nonfail-Safe Options

TTCT Breaker Trip Coil

52A

FAIL).
Figure 2.19 shows fail-safe and nonfail-safe wiring methods to control
breakers.
Circuit Breaker |
Fail-Safe | Nonfail-safe
(Electrically Held) | OUTI03FS = N
OUT103FS=Y i A08
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Voltage Connections

NOTE: Current limiting fuses in
direct-connected voltage applications
are recommended to limit short-
circuit arc-flash incident energy.

With the voltage inputs option, you can connect the ac voltages directly, use a
wye-wye VT connection (set DELTA_Y := WYE), an open-delta VT
connection (set DELTA_Y := DELTA), or a single-phase VT (set

SINGLEV :=Y). Figure 2.20 and Figure 2.21 show the methods of
connecting single-phase and three-phase voltages.

When the voltage inputs to the relay are connected in wye as shown in
Figure 2.21 (a): Direct Connection, Figure 2.21 (b): Wye-Wye VT Connec-
tions With LEA Inputs) or Figure 2.21 (c): Wye-Wye VT Connection, the relay
computes the zero-sequence voltage as the following:

3V0=VA + VB +VC

When the voltage inputs to the relay are connected via an open-delta VT as
shown in Figure 2.21 (d)-Figure 2.21 (f), the relay cannot calculate zero-
sequence voltage (3V0). Relay functions that require zero-sequence voltage
may be disabled, unless another 3V0 voltage source is supplied to the relay
via terminal VS-NS and VSCONN is set to 3VO as in Figure 2.21 (e) and
Figure 2.21 (). With setting VSCONN := 3V0, voltage input VS (terminals
VS, NS) expects 3VO0 voltage (VS =3V0 = VA + VB + VC) with the polarity
shown in the figures. Setting VSCONN := 3VO0 disables the synchronism-
check element. To enable synchronism check element set VSCONN := VS.
Set VSCONN accordingly per your application needs.

Some installations do not have all three voltage phases available to connect to
the relay as shown in Figure 2.20 (a) and Figure 2.20 (b). In such cases set
DELTA_Y to WYE or DELTA according and set SINGLEV :=Y. In those
cases the relay will disable some of the voltage based functions as specified in
Table 4.4.

(a) Single Phase-Neutral VT Connection (b) Single Phase-Phase VT Connection
(DELTA_Y := WYE and SINGLEV := Y) (DELTA_Y := DELTA and SINGLEV :=Y)
A B C A B C
F1
‘gg T -20%0vn s [EOL v vsfE
L0}yg s [E02 v nsf2
SEL-T51 SEL-751
ALY Ve
212 N N
Figure 2.20 Single-Phase Voltage Connections
SEL-751 Relay Instruction Manual Date Code 20170927
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(@) Direct Connection (Grounded System) (b) Wye-Wye Connected LEA Sensors
(Set DELTA_Y := WYE) (Set DELTA_Y := WYE)
Note: N terminal must be connected to ground. This
F1, F2, and F3 are fuses is normally accomplished inside the sensor.
ABC A
i 709 Fof B 709 Fol
¢ VA VS| . C ,— VA VS|
i 710 £02
T VB NSF* 20} e N lE2
SEL-751 SEL-751
F3 Al 3 Al
T3 Ve S 3 Ve
=
212 212

It “

(c) Wye-Wye VT Connection (d) Open-Delta VT Connection
(Set DELTA_Y := WYE and VSCONN := VS ) (Set DELTA_Y := DELTA and VSCONN := VS)
A B C F A B C o

[aa]

209|VA VS |01

209
i e
o T 0lyg st o _oZ10]VB NS [EO2
’_% ;_‘ SEL-751 L§ g —l— SEL-751
< B -
[ [

o
~

m F3 Al
j g; 3 v T Ve
L 3
e, LZ12|N
(e) Open-Delta and Broken-Delta (3V0) VT Connections (f) Open-Delta and Broken-Delta (3V0) VT Connections
(Set DELTA_Y := DELTA and VSCONN := 3V0) (Set DELTA_Y := DELTA and VSCONN := 3V0)
A B C ABC

F1
o 209 209
. g . = 3 g—,‘ T VA
7R F2
710 VB 0 10 VB
j ] % g
F3
- T — e o3 ce AT

SEL-751
Broken-Delta L2z, Broken-Delta [ 212

3 .3\“‘ F4_ o ) .MA F4_Eor
3 .va —AL s ,3\/8 T TFvs

3 .3\/ 1T ™ .3 _T_EozNS
C = Ve -

SEL-751
N

RN

Figure (b) shows LEA inputs, which support only wye-wye connections. Refer to Under- and Overvoltage Functions on
page 4.97 and LEA Ratio and Angle Correction Factors (Global Settings) on page 4.8 for the LEA settings and ratio
correction factor calculations.

Figure (d) shows an open-delta VT connection with B-Phase (Z10) grounded. You can choose to ground A-Phase or
C-Phase instead of B-Phase, as shown in figures (e) and (f), provided all other connections remain as shown. Terminals
EO1or EO2 can be used to input VAB voltage from the bus to the VS/NS input on the relay with NS terminal grounded.

Figure 2.21 Voltage Connections
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Potential Transformer
Ratios and PT
Nominal Secondary
Voltage Settings

SEL-751 Relay

The relay setting PTR is the overall potential ratio from the primary system to
the relay phase voltage inputs VA-VB-VC-N. For example, on a 12.5 kV
phase-to-phase primary system with wye-connected 7200:120 V PTs (setting
DELTA_Y := WYE, and the relay wired as shown in Figure 2.21 (c)), the
correct PTR setting is 60. For the same 12.5 kV system connected through
12470:115 V PTs in an open-delta configuration (setting

DELTA_Y := DELTA, and the relay wired as shown in Figure 2.21 (d),
Figure 2.21 (e) or Figure 2.21 (f)), the correct PTR setting is 108.44.

Single-phase voltage connections follow the same rationale. Refer to

Figure 2.20 (a) and Figure 2.20 (b). For example, with a single-phase voltage
connection to the VA-N terminals (DELTA_Y := WYE and SINGLEV :=Y)
from a 12.5 kV phase-to-phase primary system with a line-neutral connected
7200:120 V PT, the correct PTR setting is 60. For the same 12.5 kV system
connected through 12470:115 V PTs in a line-to-line configuration
(DELTAL_Y := DELTA and SINGLEV :=7Y) the correct PTR setting is
108.44.

The relay setting PTRS is the overall potential ratio from the synchronizing or
broken-delta voltage source to the relay VS-NS voltage inputs. For example,
in a synchronism-check application (setting VSCONN := VS), with phase-to-
ground voltage connected from a 12.5 kV phase-to-phase primary system
through a 7200:120 V PT, the correct PTRS setting is 60.

In an application that uses a broken-delta PT connection to create a 3V0 zero-
sequence voltage signal (setting VSCONN := 3V0 and the relay VS-NS termi-
nals wired as shown in Figure 2.21 (e) or Figure 2.21 (f)) with three PTs con-
nected wye (primary)/broken delta (secondary) with ratios of 7200:120, the
correct PTRS setting is 60. If the application includes a step-down trans-
former in addition (not show in the figure), it must also be included in the
overall PTRS ratio calculation. If a 400:250 step-down instrumentation trans-
former is in the circuit, the correct PTRS setting would be 60 ¢ 1.6 = 96.00.

Settings PTR and PTRS are used in the event report and METER commands
to report power system values in primary units. Settings PTR and PTRS are
also used when the setting VSCONN := 3V(, to scale the measured VS volt-
age into the same voltage base as voltage inputs VA-VB-VC-N for certain
directional functions in Section 4: Protection and Logic Functions. If no VTs
are connected to voltage inputs VA-VB-VC-N, make setting PTR the same
value as setting PTRS. The ratio of the PTRS and PTR settings (PTRS/PTR)
must be less than 1000 and greater than 0.001 when VSCONN := 3VO0. The
relay setting VNOM is the nominal secondary voltage connected to voltage
inputs VA-VB-VC-N. For wye-connected or delta-connected PTs, VNOM is
the phase-to-phase secondary voltage value.

For example, for a 10 kV (phase-to-phase) system with wye-connected VTs
rated 7200:120 V (PTR := 60), the setting for VNOM would be:

10000 V/60 = 166.66 V. For a 12.5 kV (phase-to-phase) system with open-
delta connected VTs rated 14000:115 V (PTR := 121.74), the setting for
VNOM would be 12500 V/121.74 = 102.68 V.

The SEL-751 automatically sets VNOM := OFF and hides the setting when
the setting SINGLEV := Y. In Table 4.4, a setting of SINGLEV := OFF is
shown to disable/turn-off a number of features. Effectively, VNOM := OFF
signifies that a full three-phase voltage source is not connected to voltage
inputs VA-VB-VC-N. Even with VNOM := OFF, voltage can still be con-
nected to voltage inputs VA-VB-VC-N (for example, single-phase voltage
connected to voltage input VA-N), as discussed.

Instruction Manual Date Code 20170927
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Station DC Battery Use the station dc battery monitor (one of the options available with the
it Voltage Card options) in the SEL-751 to alarm for undervoltage and
Monitor overvoltage dc battery conditions and to view how station dc battery voltage

fluctuates during tripping, closing, and other dc control functions. The
monitor measures station dc battery voltage applied to the rear-panel terminals
EO03 (VBAT+) and E04 (VBAT-) of the SELECT 2 AVI/4 AFDI voltage/arc-
flash card in Slot E. Refer to Section 5: Metering and Monitoring for details
on the station dc battery monitor function and settings.

AC / DC Connections Figure 2.22 shows typical phase and neutral current connections for a feeder
d licati application. Figure 2.23 through Figure 2.32 show ac/dc connection diagrams
an App Ications for various applications. See Figure 2.20 and Figure 2.21 for other voltage
connections.
A BUS
B
C
e
201
T = O
702 =
[
. 703
g:— 1B SEL-751

52

FEEDER -

The current transformers and the SEL-751
chassis must be grounded in the relay cabinet.

Figure 2.22 Typical Current Connections
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A
B
< C
LM"UU\J
I' m,_rrq
|
l
4 ' | Y + N
N VC VB VA
Forward
Tripping
Direction
SEL-751 RELAY
.. S e S R
. < . fip
i § IA 0UTI03 Tp s Circuit
|__ +  Coll
. — }—/H/— (=) Close
L] L
§ 18 ootz == | Close 508 Cireuit
+  Coll
[ 1 4.—/”/— (=) Breaker
° c ouT —E @ Failure
XXX Lock  86B Tri
—l_—, () Out Cir[éuit
.
52 - —to Bus Relay
° —,—_ (Fast Bus Trip Scheme)
IN OUTxxx _|__
(*+)
= ouTI01 — — —to Annunciator, RTU,
) ALARM L] SEL-2032/2030/2020,
---9--- VS | 0 SEL-3530 RTAC
L - NS e
INXxx _| Breaker Status
= n (+)
FEEDER ‘) ozh
- J

Voltages are necessary for voltage elements, synchronism-check elements, voltage-polarized directional elements, fault
location, and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-configurable optional digital inputs and
outputs. Voltage channel VS is shown connected with VSCONN := VS for use in voltage and synchronism-check elements
and voltage metering. You can use the VS voltage channel for other voltage inputs such as 3VO from a broken delta PT
connection by setting VSCONN := 3VO for use with zero-sequence voltage polarized directional elements. Setting
VSCONN := 3VO0 disables synchronism-check elements.

Channel IN provides current Iy for the neutral ground overcurrent elements. Separate from Channel IN, the residual
ground overcurrent elements operate from the internally derived residual current Ig (Ig = 3lg =I5 + Ig + I¢). But in this
residual connection example, the neutral ground and residual ground overcurrent elements operate the same because

IN = IG‘

Figure 2.23 SEL-751 Provides Overcurrent Protection and Reclosing for a Distribution Feeder
(Includes Fast Bus Trip Scheme) (Delta-Connected PTs)
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A
B
* C
! (ﬂ UoT Lud
||I ‘( L
[y \j ' + N
N Vi VB VA
Forward
Tripping
Direction
SEL-751 RELAY
[ )
= (=) Trip
° N 0UTIO3 L . l_ Circuit
Trip  52A
T () o
[ B ouTIo Circuit
Close  52B
T () Co
s 4'—/‘/1/— (-) Breaker
r ° —,—_ @ Failure
IC OUTxxx T | lock 86B Trip
- (+ Out Circuit
52 °
°
§ IN
= ouTioN s - —to Annunciator, RTU,
ALARM SEL-2032/2030/2020,
or SEL-3530 RTAC
*)
VS E— 0
INXXX Breaker Status
(+)
— NS 2
= INXxx (%
T+~ -from Feeder Relays
A : (Fast Bus Trip Scheme)
B . /
C
BUS

Voltages are necessary for voltage elements, synchronism-check elements, voltage-polarized directional elements, fault
location, and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-configurable optional digital inputs and
outputs. Voltage channel VS is shown connected with VSCONN := VS for use in voltage and synchronism-check elements
and voltage metering. You can use VS voltage channel for other voltage inputs such as 3VO from a broken delta PT
connection by setting VSCONN := 3VO for use with zero-sequence voltage polarized directional elements. Setting
VSCONN := 3VO0 disables synchronism-check elements.

Channel IN provides current Iy for the neutral ground overcurrent elements. Separate from Channel IN, the residual
ground overcurrent elements operate from the internally derived residual current Ig (Ig = 3lg = o *+ Ig * I¢). But in this
residual connection example, the neutral ground and residual-ground overcurrent elements operate the same because
lN = IG'

Although automatic reclosing is probably not necessary in this example, output contact 0UT102 can close the circuit
breaker via initiation from various means (serial port communications, optoisolated input assertion, etc.) with desired
supervision (e.g., synchronism check).

INxxx is shown for use with a fast bus trip scheme. The fast bus trip scheme is often referred to as a reverse-interlocking
or zone-interlocking scheme.

Figure 2.24 SEL-751 Provides Overcurrent Protection for a Distribution Bus (Includes Fast Bus Trip Scheme)
(Wye-Connected PTs)
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TRANSFORMER BANK
o e A
° L YYe B
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- X ] Uod Ll
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L g Y y ' v )
- = N VC VB VA
=
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=
=
s
S SEL-751 RELAY
4®—| () Trip
I . L A - Circut
1A 0uTI03 Trip  52A
1 I__ #  Coll
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[ § 1B 0UTI02 Close  52B Circuit
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4‘—/”/—(—) Breaker
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1 —|—_ R Circuit
°
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-9 -——-¢ 'N ®
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LINE :
- %

Voltage Channel VS does not need to be connected. Here, it is shown connected for use in voltage and synchronism-
check elements and voltage metering. See Figure 2.21 (d and e) on for synchronism-check VS connection (VSCONN :=
VS) and broken-delta VS connection (VSCONN := 3V0).

In this example, current Channel IN provides current polarization for a directional element used to control ground
overcurrent elements. Separate from Channel IN, the residual ground overcurrent elements operate from the internally
derived residual current Ig (Ig = 3lg =I5 + Ig + I¢).

Figure 2.25 Transmission Line Directional Overcurrent Protection and Reclosing With Current-Polarization
Source Connected to Channel IN (Wye-Connected PTs)
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Voltages are necessary for voltage elements, synchronism-check elements, voltage-polarized directional elements, fault
location, and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-configurable optional digital inputs and
outputs.

Although automatic reclosing is probably not necessary in this example, output contact OUT102 can close the circuit
breaker via initiation from various means (serial port communications, optoisolated input assertion, etc.), with desired
supervision (e.g., hot bus check).

For sensitive earth fault (SEF) applications, the SEL-751 should be ordered with channel IN rated at 0.2 A nominal. See
AC Current Input specifications on page 1.13. See neutral ground overcurrent element pickup specifications in Table 4.9
and Table 4.15.

Figure 2.26 SEL-751 Provides Overcurrent Protection for a Delta-Wye Transformer Bank (Wye-Connected PTs)
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Voltages are necessary for voltage elements, synchronism-check elements, voltage-polarized directional elements, fault
location, and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-configurable optional digital inputs and

outputs.

Although automatic reclosing is probably not necessary in this example, output contact OUT102 can close the circuit
breaker via initiation from various means (serial port communications, optoisolated input assertion, etc.), with desired

supervision (e.g., hot bus check).

Figure 2.27 SEL-751 Provides Overcurrent Protection for a Transformer Bank With a Tertiary

Winding (Wye-Connected PTs)

SEL-751 Relay
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current transformer.

Pass neutral (N) through the core-balance CT only if the neutral is brought out and it is grounded only at the source.

Voltages are necessary for voltage elements, synchronism-check elements, voltage-polarized directional elements, fault
location, and metering (e.g., voltage, KW, KVAR). INxxx and OUTxxx indicate user-configurable optional digital inputs and

outputs.

Although automatic reclosing is probably not necessary in this example, output contact OUT102 can close the circuit
breaker via initiation from various means (serial port communications, optoisolated input assertion, etc.), with desired

supervision.

Figure 2.28 SEL-751 Provides Overcurrent Protection for an Industrial Distribution Feeder
(Core-Balance Current Transformer Connected to Channel IN)
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current transformer.

The lower CT wiring option (with the core-balance current transformer) is the preferred option (greater sensitivity; no

false residual currents due to CT saturation, etc.).

Directional control for a low-impedance grounded system is selected with setting ORDER containing S. Directional
control for a high-impedance grounded system is selected with setting ORDER := U (see Table 4.19-Table 4.21).

Nondirectional sensitive earth fault (SEF) protection is also available.

Figure 2.29 SEL-751 Provides Overcurrent Protection for a High-Impedance or Low-Impedance

Grounded System (Wye-Connected PTs)
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current transformer.

Directional control for a Petersen coil-grounded system is selected with setting ORDER containing P (see Table 4.19-
Table 4.21). Nondirectional sensitive earth fault (SEF) protection is also available.

Figure 2.30 SEL-751 Provides Overcurrent Protection for a Petersen Coil-Grounded System
(Wye-Connected PTs)
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current transformer.

Directional control for an ungrounded system is selected with setting ORDER := U (see Table 4.19-Table 4.21).
Nondirectional sensitive earth fault (SEF) protection is also available.

Figure 2.31 SEL-751 Provides Overcurrent Protection for an Ungrounded System (Wye-Connected PTs)
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current transformer.

Directional control for an ungrounded system is selected with setting ORDER := U (see Table 4.19-Table 4.21).
Nondirectional sensitive earth fault (SEF) protection is also available.

The voltage inputs can accept open-delta PT (three-wire) connection (as shown) when setting DELTA_Y := DELTA.
VB must be externally tied to N, as shown.

The zero-sequence voltage 3Vq (from the “broken-delta” connection) is shown coming from a step-down
instrumentation transformer, and connecting to voltage input VS-NS. To use this connection, make setting VSCONN :=
3Vo. Make group setting PTRS as shown in Section 4: Protection and Logic Functions.

The step-down transformer is required when the maximum expected residual voltage exceeds the relay voltage channel
rating.

The polarity of voltage input VS-NS connection should be verified prior to placing the relay into service.

Figure 2.32 SEL-751 Provides Overcurrent Protection for an Ungrounded System (Open-Delta Connected PTs,
Broken-Delta 3VO Connection)
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Arc-Flash Protection: System Installation

Light-Sensor
Installation

SEL-751 Relay

This section describes an arc-flash system installation, the sensor
characteristics, and an arc-flash application. Refer to Section 4: Protection
and Logic Functions for a description of arc-flash protection and the relay
settings. Section 11: Testing and Troubleshooting gives a description of the
commissioning tests to verify the installation. Also, refer to Application Guide
AG2011-01: Using the SEL-751 and SEL-751A for Arc-Flash Detection,
available on the SEL website, for more details.

Figure 2.33 shows main system components comprising: current input card,
the arc-flash/voltage input card with sensor terminal block, and the fiber-
optic-based point-sensor assembly. Figure 2.10 shows the rear-panel layout
and the side-panel I/0 designations for a relay model with the 2 AVI/4 AFDI
card for arc-flash protection. Figure 2.12 shows the rear-panel layout and the
side-panel I/O designations for a relay model with the 8 AFDI card. Installa-
tion instructions for the 8 AFDI card are similar to the 2 AVI/4 AFDI card.

Figure 2.33 SEL-751 With a 2 AVI/4 AFDI Option Card and the Fiber-Optic-
Based Point-Sensor

An arc-flash system installation starts by selecting the best sensor location
and the safest path for bringing the sensor fibers back to the relay. The actual
sensor location varies depending on the type of switchgear being protected.
Although arc-flash light is easily reflected off painted surfaces, make sure to
avoid shadows/light obstruction caused by the insulating baffles or moving
parts of the breaker truck assembly.

While fiber-optic sensors are inherently nonconductive, they are not intended
for direct contact with energized parts, and must be suspended within 25 mm
(1 in) of the grounded surface. Make sure to observe the original high-voltage
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clearance and creepage requirements. Sensors should be permanently affixed
through the use of supplied mounting grommets or permanent cable ties.
Figure 2.34 shows an example of a typical black-jacketed fiber installation.

Figure 2.34 Black-Jacketed Fiber installation Example

Fiber-bending radius must be kept greater than 50 mm (2 in). Care should be
exercised when crossing from a moving part (such as control cabinet door) to
a stationary switchgear enclosure. Use standard wiring practices with bundled
fibers and well-defined strain relief points. Additional attention is necessary
to prevent moving parts, such as a breaker truck assembly, from inadvertently
damaging the arc-flash sensor fibers. Although easily detected by the sensor
diagnostics, such problems can be eliminated through careful installation
planning. Once routed, fiber sensors are connected to the SEL-751 as shown
in Figure 2.33.

Point-Sensor The point-sensor is optimized for monitoring confined switchgear spaces
Installati where the distance between sensors and the potential sources of arc (ener-
nstallation gized parts) can be kept below 2 m. Such spaces typically include breaker

compartments, outgoing and incoming cable compartments, and potential
transformer (PT) compartments. Figure 2.35 shows a schematic diagram of
the point-sensor assembly.

Dual V-Pin
Latch Black-Jacketed Fiber Zipcord Duplex Sensors
V-Pin - . [
Terminators < 1o
1-35 Meters
B e e -

Figure 2.35 Point-Sensor Assembly

The sensor is mounted flush on the switchgear cabinet wall, using a standard
1/4-inch hole. Mounting steps are shown in Figure 2.36.

1/4" diameter hole

-
v '\ d
g

T |

1. Mounting Grommet Insertion 2.5ensor Insertion
(1/4" diameter hole) (1/4" diameter hole)

Figure 2.36 Point-Sensor Installation
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The point sensor is omnidirectional with a slight loss of sensitivity at the fiber
entry point. Figure 2.37 through Figure 2.39 show the sensor directivity
pattern. The point sensor must be located in clear view of the energized parts,
which are most likely to cause an arc-flash event.

70°

80°

90°

100°

1oe

200° 160°
190° 170°
180°

Figure 2.37 Point-Sensor Directivity (0-360° Around the Mounting Plane)

100°

1oe

190° 170°
180°

Figure 2.38 Point-Sensor Directivity (Front to Back, Above the Mounting
Plane)
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190° 170°
180°

Figure 2.39 Point-Sensor Directivity (Left to Right, Above the Mounting

Plane)
Fiber Sensor The clear-jacketed fiber sensor is optimized for monitoring of large distrib-
tallati uted resources, such as switchgear system bus enclosures. The clear-jacketed
Installation fiber sensor is omnidirectional and can be mounted in close proximity to the

switchgear enclosure walls. Figure 2.40 shows a schematic diagram of the
clear-jacketed fiber sensor. Figure 2.41 shows a clear-jacketed fiber sensor
mounting example photo.

Clear-Jacketed Fiber

Dual V-Pin V-Pin or
Latch ST Splice

Black-Jacketed Fiber Zipcord Duplex Connector

V-Pin
Terminators 1 |

"A" Meters

Total loop length =2 ¢ A + B (allowed range 3 to 70 meters)
Range for A: 1 to 30 meters
Range for B: 1 to 50 meters

Figure 2.40 Clear-Jacketed Fiber Sensor Assembly
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Figure 2.41 Clear-Jacketed Fiber Sensor Mounting Example

A clear-jacketed fiber sensor consists of the major components shown in

Figure 2.42. Two connector options (V-pin and ST) are available to transition from
the black-jacketed to the clear-jacketed fiber section, as shown in Figure 2.43. The
ST connector option is generally superior because of positive locking.

Connector Splice Clear-Jacketed Fiber

Bushing (V-Pin) Trans't'?\?_cﬁgneCtorSCIear-Jacketed

Fiber Sensor
Section

Figure 2.42 Clear-Jacketed Fiber Sensor Components (V-Pin Style)

Black-Jacketed
Fiber Section

For correct operation, a clear-jacketed fiber sensor must be located within 2 m of
the arcing site, with at least 0.5 m of the fiber sensor exposed to the light. The max-
imum length of the clear-jacketed fiber sensor is limited to 70 m and includes both,
clear-jacketed fiber and black-jacketed fiber sections (the black-jacketed section is
counted twice because of its dual-fiber construction). Transition between the two
sections is accomplished by using a connector splice as shown in Figure 2.43.

5/16" diameter hole

ST Connection (3/8" diameter hole) V-Pin Connection (5/16" diameter hole)

Figure 2.43 Clear-Jacketed Fiber Sensor Showing Transition From Clear- to Black-Jacketed Fiber Section
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The clear-jacketed fiber loop should be returned through the same general
area as the forward path, providing dual opportunity to sense the same arc-
flash event. This approach ensures that the maximum distance between the
relay and the light-producing event remains below 35 m, irrespective of the
SEL-751 dual V-pin connector orientation.

App"cation Examp|e Figure 2.44 shows a typical switchgear application example with one incom-
ing and two radial (outgoing) feeders. All three feeders are protected with an
SEL-751 controlling breakers 1, 2, and 3. Radial feeder breakers 2 and 3 must
be tripped for downstream faults, normally located in the outgoing cable ter-
mination compartment. To obtain better coverage, multiple sensors can be
installed in the same compartment, as shown in the lower right corner of the
Figure 2.44 with sensors marked LS1 and LS2.

Bus compartment and the outgoing breaker compartments for breakers 2 and
3 are protected by the incoming feeder breaker 1, with sensors LS1, LS2, and
LS3 connected directly to the incoming feeder relay (upper right hand corner
of Figure 2.44). Sensor LS1 is implemented as a clear-jacketed fiber loop
enclosing entire length of the bus.

When desired, you can use radial feeder relays sensors (such as LS3 con-
nected to the lower right hand relay) to transfer trip the upstream breaker.
Logic equations for this function are shown in Output Logic Programming in
Section 4: Protection and Logic Functions.

SEL-751

O
>
O

T
T

Gl ©

m
m
=)

SEL-751 s SEL-751

O
4A>
0
O
4A>
0

__________________

g o
g o

LS1-LS4 are arc-flash detection inputs, point or clear-jacketed fiber sensors.

Figure 2.44 Switchgear Application Example

Orderinq Arc-Flash Arc-flash fiber sensors can be ordered with or without splices. To configure
Fib the standard multimode fiber-optic arc-flash detection point and fiber-loop
iber Sensors sensor cable assemblies without additional splice connectors, use the C804

Multimode Fiber-Optic Arc-Flash Detection (AFD) Sensors Model Option
Table (MOT). For multimode fiber optic arc-flash detection sensors with addi-
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NOTE: Jacketed fiber in a zipcord
duplex configuration includes two
fiber lengths. Loss calculations must
account for the total length of the
fiber. This is accounted for in the
examples as a “x 2" multiplier.

tional splice connectors, refer to the SEL-C814 Arc-Flash Detection (AFD)
Fiber Cables and Accessories MOT. The losses and budget values shown in
Table 2.19 are typical values.

Table 2.19 Optical Budget Calculations

Link Budget? Loss DataP

Bare-Fiber Sensor 17 dB ST connector splice 2dB

Point Sensor 12.25 dB V-Pin connector splice 2dB
Bare-fiber 0.175 dB/m
Jacketed fiber 0.175 dB/m

a Link budget is calculated after allowing for the losses of the dual V-pin latch. When using a
point sensor it allows for the sensor loss as well.

b Link losses are calculated by adding up the fiber loss and the splice connector losses. The link
losses should be less than the link budget.

Link Optical Loss Calculation Examples

This example shows a bare-fiber sensor with two V-Pin or ST connectors and
an A dimension of 15 meters and a B dimension of 40 meters. Two connectors
is the standard configuration, as shown in Figure 2.45.

Link Budget 17 dB
— (2 dB x # of connector splices) -4 dB
—(0.175 dB/m x A dimension x 2) -5.25dB
—(0.175 dB/m x B dimension) -7dB

Total Link Losses = -16.25 dB

Clear-Jacketed Fiber

Dual V-Pin V-Pinor - _—_—_—_—-_2
Latch ST Splice

Black-Jacketed Fiber Zipcord Duplex Connector

V-Pin
Terminators (T |

A Meters

Figure 2.45 Bare-Fiber Sensor Assembly With Two Splices

This example shows a point sensor with an A dimension of 30 m, as shown in
Figure 2.46.

Link Budget 12.25 dB
—(0.175 dB/m x A dimension x 2) -10.5dB
Total Link Losses = -10.5dB
Dual V-Pin
Latch Black-Jacketed Fiber Zipcord Duplex ~ Sensors
V-Pin - . [
Terminators i 4 1o 9
1-35 Meters
B e e e e -

Figure 2.46 Point Sensor Assembly
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Splice connectors can be added for the arc-flash fiber sensors to meet the
shipping needs for large switchgears that require multiple splits for transpor-
tation. For multimode fiber-optic arc-flash detection sensors with additional
splice connectors, refer to the SEL-C814 Arc-Flash Detection (AFD) Fiber
Cables and Accessories MOT.

Ordering Examples Using the SEL-C814 Model Option Table

This example of a bare-fiber sensor with four ST connectors and an A
dimension of 15 meters, as shown in Figure 2.47, shows the part numbers
generated using an SEL-C814 MOT and the link optical loss calculations. Two
connectors is the standard configuration.

Link Budget 17 dB
— (2 dB x # of connector splices) -8 dB
—(0.175 dB x A dimension x 2) -5.25dB
Link Losses = available for B meters 3.75dB
+(0.175 dB/m) 21.42 meters

maximum B dimension

Dual V-Pin Latch-V-Pin ST-ST Connector
Terminated Black-Jacketed Terminated Clear-Jacketed
Fiber, Zipcord Duplex Cable Fiber, Simplex Cable

P/N C814BSLO15 P/N C814CSS007

= S

Clear-Jacketed Fiber

Dual V-Pin gjack-Jacketed
Latch P/N C814CSS007

V-Pin Fiber Zipcord ST Connector
Terminators \ DW'{ Splices \ 2 N

100SSJ¥189 N/d

A Meters

Note: To complete the fiber assembly, you will also need to
order two ST Connector Splice bushings with P/N 915900151  P/N C814CSS007

Figure 2.47 Bare-Fiber Sensor Assembly With Two Additional ST Splice
Connectors

This example of a point sensor with two V-pin connectors, as shown in
Figure 2.48, shows the part numbers generated using a C814 MOT and the
link optical loss calculations.

Link Budget 12.25dB
— (2 dB x # of connector splices) -4 dB
Link Losses = available for A meters 8.25dB
+(2x0.175 dB/m) 23.6 meters

maximum A dimension
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Dual V-Pin Latch-V-Pin Terminated V-Pin to Point Sensor Terminated
Black-Jacketed Fiber Black-Jacketed Fiber
Zipcord Duplex Cable Zipcord Duplex Cable

P/N C814BVL006 P/N C814BVPO17
< - . N\
= =T )
Dufltv'rfm Black-Jacketed
vin oS Fib%r Zilpcord V-Pin Connector Sensor

Terminators \ upex\ / Splices /

\ O —

01-35 Meters
B it R -
A Meters

Note: To complete the fiber assembly, you will also need to order two ST connector
splice bushings with P/N 915900148.

Figure 2.48 Point Sensor Assembly With Two V-Pin Splice Connectors

Field Serviceability

/N\CAUTION

Equipment components are sensitive
to electrostatic discharge (ESD).
Undetectable permanent damage can
result if you do not use proper ESD
procedures. Ground yourself, your
work surface, and this equipment
before removing any cover from this
equipment. If your facility is not
equipped to work with these
components, contact SEL about
returning this device and related SEL
equipment for service.

Fuse Replacement

/N\DANGER

Disconnect or de-energize all external
connections before opening this
device. Contact with hazardous
voltages and currents inside this
device can cause electrical shock
resulting in injury or death.

SEL-751 Relay

The SEL-751 firmware can be upgraded in the field; refer to Appendix B:
Firmware Upgrade Instructions for firmware upgrade instructions. You may
know when a self-test failure has occurred by configuring an output contact to
create a diagnostic alarm as explained in Section 4: Protection and Logic
Functions. By using the metering functions, you can determine whether the
analog front-end (not monitored by relay self-test) is functional. Refer to
Section 11: Testing and Troubleshooting for detailed testing and
troubleshooting information.

The only two components that can be replaced in the field are the power sup-
ply fuse and the real-time clock battery. A lithium battery powers the clock
(date and time) if the external power source is lost or removed. The battery is
a 3 V lithium coin cell, Ray-O-Vac BR2335 or equivalent. At room tempera-
ture (25°C), the battery will operate nominally for 10 years at rated load.
When the relay is powered from an external source, the battery experiences a
low self-discharge rate. Thus, battery life can extend well beyond 10 years.
The battery cannot be recharged.

To replace the power supply fuse, perform the following steps:

Step 1. De-energize the relay.

Step 2. Remove the eight rear-panel screws and the relay rear panel.
Step 3. Remove the Slot A printed circuit board.

Step 4. Locate the fuse on the board.

Step 5. Remove the fuse from the fuse holder.

Step 6. Replace the fuse with a BUSS S505 3.15A (ceramic),

Schurter T 3.15A H 250V, or equivalent.
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Real-Time Clock
Battery Replacement

/N\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. See Owner's Manual
for safety instructions. The battery
used in this device may present a fire
or chemical burn hazard if mistreated.
Do not recharge, disassemble, heat
above 100°C or incinerate. Dispose of
used batteries according to the
manufacturer’s instructions. Keep
battery out of reach of children.

Date Code 20170927

Step 7.
Step 8.
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Insert the printed circuit board into Slot A.

Replace the relay rear panel and energize the relay.

To replace the real-time clock battery, perform the following steps:

Step 1.
Step 2.
Step 3.
Step 4.
Step 5.

Step 6.
Step 7.
Step 8.
Step 9.

De-energize the relay.

Remove the eight rear-panel screws and the relay rear panel.

Remove the Slot B printed circuit board.

Locate the battery clip (holder) on the board.

Carefully remove the battery from beneath the clip.
Properly dispose of the old battery.

Install the new battery with the positive (+) side facing up.
Insert the printed circuit board into Slot B.

Replace the relay rear panel and energize the relay.

Set the relay date and time.
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Overview

Section 3
PC Software

SEL provides many PC software solutions (applications) to support the
SEL-751 Relay and other SEL devices. Table 3.1 lists SEL-751 software

solutions.
Table 3.1 SEL Software Solutions

Part Number Product Name Description

SEL-5010 SEL-5010 Relay Assistant Software Manages a connection directory and settings of
multiple devices.

SEL-5030 ACSELERATOR QuickSet SEL-5030 Software See Table 3.2.

SEL-5032 ACSELERATOR Architect SEL-5032 Software Configures IEC 61850 communications.

SEL-5036 ACSELERATOR Bay Screen Builder SEL-5036 Software | Designs and manages bay screens in conjunction
with SEL-5030 for the SEL-751 with color
touchscreen display.

SEL-5040 ACSELERATOR Report Server SEL-5040 Software Automatically retrieves, files, and summarizes
reports.

SEL-5601 ACSELERATOR Analytic Assistant SEL-5601 Software | Converts SEL Compressed ASCII event report files
to oscillography.

SEL-5801 SEL-5801 Cable Selector Software Selects the proper SEL cables for your application.

This section describes how to get started with the SEL-751 and
ACSELERATOR QuickSet. QuickSet is a powerful setting, event analysis, and
measurement tool that aids in setting, applying, and using the SEL-751.

Table 3.2 shows the suite of QuickSet applications provided for the SEL-751.

Table 3.2 ACSELERATOR QuickSet SEL-5030 Software (Sheet 1 of 2)

Application

Description

Rules-Based Settings Editor

HMI

Design Templates?

Event Analysis

Bay Control

Setting Database Management

Date Code 20170927

Provides online or offline device settings that include interdependency checks. Use this feature to
create and manage settings for multiple devices in a database.

Provides a summary view of device operation. Use this feature to simplify commissioning
testing.

Allows you to customize device settings to particular applications and store those settings in
Design Templates. You can lock settings to match your standards or lock and hide settings that
are not used.

Provides oscillography and other event analysis tools.

Allows you to design new bay screens and edit existing bay screens by launching ACSELERATOR
Bay Screen Builder SEL-5036 Software for SEL-751 relays with the color touchscreen display.

QuickSet uses a database to manage the settings of multiple devices.
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Table 3.2 AcCSELERATOR QuickSet SEL-5030 Software (Sheet 2 of 2)

Application Description

Terminal Provides a direct connection to the SEL device. Use this feature to ensure proper communication
and directly interface with the device.

Help Provides general QuickSet and device-specific QuickSet context help.

a Available only in licensed versions of QuickSet.

Setup

Communications

SEL-751 Relay

Follow the steps outlined in Section 2: Installation to prepare the SEL-751 for
use. Perform the following steps to initiate communications:

Step 1.

Step 2.
Step 3.

Connect the appropriate communications cable between the
SEL-751 and the PC.

Apply power to the SEL-751.

Start ACSELERATOR QuickSet.

QuickSet uses relay communications Port 1 through Port 4, or Port F (front
panel) to communicate with the SEL-751. Perform the following steps to
configure QuickSet to communicate effectively with the relay.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Select Communications from the QuickSet main menu bar, as
shown in Figure 1.

%3 AcSELerator QuickSet® - C:\Program Files\SEL\AcSELerator\QuickSel
Fie Edt View |Commurications | Tools Windows Help
Discornect
letwork Address Book...
B Temine Cirl+T
Lecaing 3

[PO] R[] [open: Comnected  [10.10.52.243 23 [rerminal = Tenet i xfer = FTP

Figure 3.1 Serial Port Communications Dialog Box

Select the Parameters submenu to display the screen shown in
Figure 3.2.

Configure the PC port to match the relay communications
settings.

Configure QuickSet to match the SEL-751 default settings by
entering Access Level 1 and Access Level 2 passwords in the
respective text boxes.

For network communications, select Network from the Active
Connection Type drop-down menu and enter the network
parameters as shown in Figure 3.3.

For the SEL-751, always select FTP as the File Transfer
Option.

Exit the menus by clicking OK when finished.
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Terminal
x| X
Active Connection Type Active Connection Type
ISeriaI j Il‘-let‘;-.'ork j
Serial |Netw0rk| Modem I Serial  Metwork |M0dem I
Device Connection Mame
rData Speed Host IP Address
% Auto detect 2400 £ 33400
10.10.52.243
300 4300 £ 57800 I
800 £ 9800 £ 115200 Port Number
1200 19200 [z3
rData Bits top Bits arity ile Transfer Option
~8 2 AR « FTP " RawTCP
 0dd
L o " Even € Telnet [l
FRTS/CTS TR e 10
ser
& of = Off {* On
|FrPUsER
- TS
e ’—’}' Off {* On Password
Level One Password
Level Two Password
Save to Address Book |
QK I Cancel Apply Help QK I Cancel | Apply | Help |
Figure 3.2 Serial Port Communication Parameters Figure 3.3 Network Communication Parameters
Dialog Box Dialog Box
Terminal
Terminal Window Select Communications > Terminal on the ACSELERATOR QuickSet main

menu bar to open the terminal window (see Figure 3.4).

3 =lox

w @ | om

| Parameters,,.  Cirl+R

Metwork Address Book...

i Terminal Ctrl+T

Logaing 3

|TXD [ rem ] |Disc0nneched |10.10.52.243 23 |Termina|=TeIn

Figure 3.4 Communications Menu

The terminal window is an ASCII interface with the relay. This is a basic
terminal emulation. Many third-party terminal emulation programs are
available with file transfer encoding schemes. Open the terminal window by
either clicking Communications > Terminal or by pressing <Ctrl+T>.
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Settings Database Management and Drivers

Terminal Logging

Drivers and Part
Number

NOTE: The SEL display package and
customer display package versions
are only displayed in the touchscreen
display model.

Verify proper communications with the relay by opening a terminal window,
pressing <Enter> a few times, and verifying that a prompt is received. If a
prompt is not received, verify proper setup.

To create a file that contains all terminal communications with the relay, select
Terminal Logging in the Communications > Logging menu, and specify a
file at the prompt. QuickSet records communications events and errors in this
file. Click Communications > Logging > Connection Log to view the log.
Clear the log by selecting Communications > Logging > Clear Connection
Log.

After clicking Communications > Terminal, access the relay at Access
Level 1. Issue the ID command to receive an identification report, as shown in
Figure 3.5.

=ID <Enter>
"FID=SEL-751-X397-V0-Z007003-D20170305" , "08BC"
"BFID=BOOTLDR-R500-V0-Z000000-D20090925" , "0952"
"CID=9B42", "025E"

"DEVID=SEL-751","0408"

"DEVCODE=77","0316"
"PARTNO=751001B6X3X7183021X" , "06D9"
"CONFIG=11251201","03F0"

"SEL DISPLAY PACKAGE=1.0.32768.873","086A"
"CUSTOMER DISPLAY PACKAGE=1.542556555","099A"
"iedName =TEMPLATE","05DC"

"type =SEL_751","04B0"

"configVersion =ICD-751-R100-V0-Z001001-D20070326","0D75"

Figure 3.5 Device Response to the ID Command

Locate and record the Z-number (Z001001) in the FID string. The first portion
of the Z-number (Z001...) determines the QuickSet relay settings driver
version when you are creating or editing relay settings files. The use of the
Device Editor driver version is discussed in more detail later in this section—
see Settings Editor (Editor Mode) on page 3.9. Compare the part number
(PARTNO=7510XXXXXXXXXXXXXX) with the Model Option Table (MOT) to
ensure the correct relay configuration. The SEL display package version can
be found in 7able A.3. The customer display package (CDP) version has a
unique ID code based on the total number of seconds from

1/1/2000 to the time stamp when the Bay Screen project file was created.

Settings Database Management and Drivers

SEL-751 Relay

ACSELERATOR QuickSet uses a database to save relay settings. QuickSet
contains sets of all settings files for each relay specified in the Database
Manager. Choose appropriate storage backup methods and a secure location
for storing database files.
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Database Man ager Select File > Database Manager on the main menu bar to create new
databases and manage records within existing databases.

Settings Database

Step 1. Open the Database Manager to access the database. Click
File > Database Manager. A dialog box appears.

The default database file already configured in QuickSet is
Relay.rdb. This database contains example settings files for the
SEL products with which you can use QuickSet.

Step 2. Enter descriptions for the database and for each relay or relay
in the database in the Database Description and Settings
Description dialog boxes.

Step 3. Enter special operating characteristics that describe the relay settings
in the Settings Description dialog box. These can include the
protection scheme settings and communications settings.

Step 4. Highlight one of the relays listed in Settings in Database and select
the Copy option button to create a new collection of settings.

QuickSet prompts for a new name. Be sure to enter a new
description in Settings Description.

Copy/Move Settings Between Databases

Step 1. Select the Copy/Move Settings Between Databases tab to
create multiple databases with the Database Manager; these
databases are useful for grouping similar protection schemes or
geographic areas.

Step 2. Click the Open B option button to open a relay database.

Step 3. Type a filename and click Open.

a. Highlight a device or setting in the A database,

b. Select Copy or Move, and click the > button to create a
new device or setting in the B database.

Step 4. Reverse this process to take devices from the B database to the
A database. Copy creates an identical device that appears in
both databases. Move removes the device from one database
and places the device in another database.

Create a New Database, Copy an Existing Database
To create and copy an existing database of devices to a new database:

Step 1. Click File > Database Manager, and select the Create New
Database button. QuickSet prompts you for a file name.

Step 2. Type the new database name (and location if the new location
differs from the existing one), and click Save. QuickSet
displays the message Settings [path and filenamel was
successfully created.

Step 3. Click OK.

Date Code 20170927 Instruction Manual SEL-751Relay



3.6 | PC Software
Settings

To copy an existing database of devices to a new database:

Step 1. Click File > Database Manager, and select the Copy/Move
Settings Between Databases tab in the Database Manager
dialog box.

QuickSet opens the last active database and assigns it as
Database A.

Step 2. Click the Open B button; QuickSet prompts you for a file
location.

Step 3. Type a new database name, click the Open button, and click
Yes; the program creates a new empty database. Load devices
into the new database as in Copy/Move Settings Between
Databases on page 3.5.

Settings

ACSELERATOR QuickSet offers the capability of creating settings for one or
more SEL-751 Relays. Store existing relay settings downloaded from
SEL-751 Relays with QuickSet, creating a library of relay settings, then
modify and upload these settings from the settings library to an SEL-751.
QuickSet makes setting the relay easy and efficient. However, you do not have
to use QuickSet to configure the SEL-751; you can use an ASCII terminal or a
computer running terminal emulation software. QuickSet provides the
advantages of rules-based settings checks, SELOGIC control equation
Expression Builder, operator control and metering HMI, event analysis, and
help.

Settmq s Editor The Settings Editor shows the relay settings in easy-to-understand categories.
The SEL-751 settings structure makes setting the relay easy and efficient.
Settings are grouped logically, and relay elements that are not used in the
selected protection scheme are not accessible. For example, if there is only
one analog card installed in the relay, you can access settings for this one card
only. Settings for the other slots are dimmed (grayed) in the QuickSet menus.
QuickSet shows all of the settings categories in the settings tree view. The
settings tree view remains constant whether settings categories are enabled or
disabled. However, any disabled settings are dimmed when accessed by
clicking an item in the tree view.

Settinqs Menu QuickSet uses a database to store and manage SEL relay settings. Each unique
relay has its own record of settings. Use the File menu to Open an existing
record, create and open a New record, or Read relay settings from a connected
SEL-751 and then create and open a new record. Use Tools menu to Convert
and open an existing record. The record is opened in the Setting Editor as a
Setting Form (template) or in Editor Mode.
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Table 3.3 File/Tools Menus
Menus Description
<<, >> Use these navigation menu buttons to move from one cate-
gory to the next
File > New Open a New record
File > Open Open an existing record
File > Read Read device settings and then create and open a new record
Tools > Settings > Convert | Convert and open an existing record

File > New

Selecting the New menu item creates new settings files. QuickSet makes the
new settings files from the driver that you specify in the Settings Editor
Selection dialog box. QuickSet uses the Z-number in the FID string to create a
particular version of settings. To get started making SEL-751 settings with the
Settings Editor in the Editor Mode, select File > New from the main menu
bar, and SEL-751 and 004 from the Settings Editor Selection window as
shown in Figure 3.6.

‘E Settings Editor Selection - Settings Database | g
Device Family Device Model Version Example FID

SEL-551 PN =EL 751 001 SEL-751-RNXK-ZOOTXNN-VX-DXXNXXKKX

SEL-587 SEL-751A 002

SEL-651 003 The first three numbers following the -Z is the Device
SEL-700 004 Setting Version Mumber (SVM).

SEL-701 005

SEL-710 006

SEL-731 Driver Information

SEL-734 ) )

SEL-735 Mame: SEL-751 007 Settings Driver

SEL-743 Version:  6.4.0.60

SEL-751

SEL-737 L Date: 1f19/2017 12:08:22 FM

SEL-849

SEL-2100

SEL-2411

SEL-2414

SEL-2431

SEL-2440

SEL-2523 S

Install Devices [ oK l I Cancel ]

Figure 3.6 Selection of Drivers

After the relay model and settings driver selection, QuickSet presents the
Device Part Number dialog box. Use this dialog box to configure the Relay
Editor to produce settings for a relay with options determined by the part
number, as shown in Figure 3.7. Press OK when finished.
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SEL-751 Relay

Device Part Number

Part Number: 751 0|0 * *|0 X 0 * 0/X/810/0/0*

Firmware Opti
[ D = Standard Fimware -

Jser Interd

[ 0 = English Language Support - ]

Position C:

[ DX = Empty - }

Position [

[ 0 = Empty - }

Position E

[ DX = Empty - ]

Position Z:

[ 81=1APhase, 1 ANeutral, and 3-Phase AC Voltage Input }

Front Panel Options-

[ 0 = 8 Pushbutions and Z Line LCD Display - }

ﬁ = No Ethemet, EIA-232 Rear. 5T Fiber Port - ]
[ 0 = Standard - ]

Figure 3.7 Update Part Number

Figure 3.8 shows the Settings Editor screen. View the bottom of the Settings
Editor window to check the Settings Driver number. Compare the QuickSet
Settings Driver number and the first portion of the Z-number in the FID string
(select Tools > HMI > HMI > Status). These numbers must match. QuickSet
uses this first portion of the Z-number to determine the correct Settings
Editor to display.

E AcSELerator® QuickSet - [Settings Editor - New Settings 1 (SEL-751 007 vé.... | = | = £3 |
File Edit View Communications Tools Windows Help Language =
G6GBEBEIHG 8B 00 R @@ ol

Global -
Group 1 SEI—'751 Settll'lgs
Group 2

Group 3 Feeder Protection Relay
Group 4
Front Panel
Repaort
Port F

Port 1

Port 2

Port 3

Port 4
Modbus User Map Z-Number

DMNP Maps q
|EC 60870-5-1 Els]
Touchsc

Part#: 7€00M0X000X810000  Global : Global ¥ Relay.rdb
TXDD RXDD Disconnected 10.10.52.230 23 Terminal = Telnet File Xfer = FTP

0000000000000 00e

Figure 3.8 New Setting Screen

File > Open

The Open menu item opens an existing device from the active database folder.
QuickSet prompts for a device to load into the Settings Editor.
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File > Read

When the Read menu item is selected, QuickSet reads the device settings
from a connected device. As QuickSet reads the device, a Transfer Status
window appears. QuickSet uses serial protocols to read settings from SEL

devices.
Tools > Settmg S > Use the Convert menu item to convert from one settings version to another.
C t Typically, you would use this utility to upgrade an existing settings file to a
onver newer version because devices are using a newer version number. QuickSet

provides a Convert Settings report that shows missed, changed, and invalid
settings created as a result of the conversion. Review this report to determine
whether changes are necessary.

Settinqs Editor Use the Settings Editor (Editor Mode) to enter settings. These features
dit d include the QuickSet settings driver version number (the first three digits of
(E itor Mo e) the Z-number) in the lower left corner of the Settings Editor.
Entering Settings
NOTE: Setting changes made during Step 1. Click the + marks and the buttons in the Settings Tree View to
the edit session are not read by the .
relay unless they are transferred to expand and select the settings you want to change.

the relay with a Send menu item. . 3 3 .
Step 2. Use Tab to navigate through the settings, or click on a setting.
Step 3. To restore the previous value for a setting, right-click the mouse
over the setting and select Previous Value.

Step 4. To restore the factory-default setting value, right-click in the
setting dialog box and select Default Value.

Step 5. If you enter a setting that is out of range or has an error,
QuickSet shows the error at the bottom of the Settings Editor.
Double-click the error listing to go to the setting and enter valid
input.

Expression Builder

SELOGIC control equations are a powerful means for customizing device
NOTE: Be sure to enable the performance. QuickSet simplifies this process with the Expression Builder, a
functions you need (Logic Settings > rules-based editor for programming SELOGIC control equations. The
SELocic Enable) before using Expression Builder organizes device elements, analog quantities, and
Expression Builder. p g_ N > g9 >

SELOGIC control equation variables.

Access the Expression Builder

Use the Ellipsis buttons -/ in the Settings dialog boxes of Settings Editor
windows to create expressions, as shown in Figure 3.9.
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[ AcSELerator® Quickset - (Settings Editor - New Settings 1 (SEL-751 006 v6.03.127)] T . T R E 2
Fle Edt View Commuricatins Tools Windows Help Language -2
OGBIHD BB (00 R |ewr| am

© Global o - - -
4-0 Gow 1 SELogic Variables and Timers
Set1
2 e logc1 SVOIPU SV_Tmer Pickup (seconds)
© SELogic Enables 0.00 Range = 0.00 to 3000.00
© SELoge Latch Bts
@ SELogic Variables and Timers SV01DO SV_Timer Dropout (seconds) L
© SELogic Counters 0.00 Range = 0.00 to 3000.00
© Math Varisbles
© SotA SV01 SV_Input (SELogic)
© SktC WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR (27P1T OR 27P2T) AND NOT L (=]
i
o SEETR—— o
© Mimored Bts Transmt SELogic E¢ -
® Geoticaloge 1 WDGTRIP OR BRGTRIP OR OTHTRIP OR AMBTRIP OR (27P1T OR 27P2T) AND NOT LOP
© Growp2 < [ Concel
© Growp 3
0 Gups 00 HE06 NEEEE @
© Front Panel
© Repott
© PotF 4 RelagWord Bits o] [PHA FRZCLAA  ITUNEB
Pt 1 3 Phase Povier PHE FAZCLAB  ITUNEC
oh Active Gioup IPHLC FAZOLAC  LA3
o Andlog Inputwarrin| || |JPHCLE - HIALA Lha
© Pot3 9 Inp _| [sPHEVE  HAIE LRE
© Poté ArcFlah | |oona HIATC LRC
© Modbus User Map Breaker Mondtor/F i DDNB HIAZA NTUNE_&
© DNP Maps Close/Open Commai || | DDNC HIAZ B NTUNE_B
EC 60870-5-103 M Date and Time DADIS  HIAZC NTUNE_C
“ 705103 Vep Demand DEDIS  HIFIA OREDHIF1
DICOIS  HFIE OREDHIF2
Net = -
poreetet DLZLRA  HIFIC
! DLZCLRE  HIFZA
Distoton Indetc DRt HiFes
Ethernet DUPA. HIF2_C
Faul dentiication DUPB HIFER
Frequency DUPC HIFMODE
i) DVADIS  HIFREC
,,‘z",s OVELDIS  INLHIF
o e ~| ovcois  TUNEA
« i »
Created Expression |5 e <0010 000
SV0SDO SV_Timer Dropout (seconds) E”|DS|S Button
0.25 Range = 0.00 to 3000.00
V05 SV_Input (SELogic)
o208 TE208 109 WO o SV @)
SVOGPU SV_Tmer Pickup (seconds)
0.00 Range =0.00 to 3000.00
SVO6DO SV_Tmer Dropout (seconds)
0.00 Range =0.00 to 3000.00
5V06 SV_Input (SELogic)
3 = + || 507U sv_Timer Picup (seconds) s
Part?: 75100004X5077810670 _ Logic 1 : SELogic Variables and Timers % Vault T51A Setting 20150513.db

Figure 3.9 Expressions Created With Expression Builder

Expression Builder Organization
The Expression Builder dialog box is organized into two main parts
representing the left side (LVALUE) and right side (RVALUE) of the
SELOGIC control equation. The LVALUE is fixed for all settings.

Using the Expression Builder

Use the right side of the equation (RVALUE) to select broad categories of
device elements, analog quantities, counters, timers, latches, and logic
variables. Select a category in the RVALUE tree view, and the Expression
Builder displays all operands for that category in the list box at the bottom
right side. Directly underneath the right side of the equation, choose operators
to include in the RVALUE. These operators include basic logic, rising- and
falling-edge triggers, expression compares, and comments.

Touchscreen Settings and Bay Screen Builder
The touchscreen settings are available when the touchscreen display option is
selected as part of the front-panel options. This option provides you with the
ability to design bay screen one-line diagrams with the help of Bay Screen
Builder SEL-5036 Software. For more information, refer to Bay Screens
Design Using QuickSet and Bay Screen Builder on page 9.6.

File > Save

Select the Save menu item from the File menu item of the Settings Editor
once settings are entered into QuickSet to ensure that the settings are not lost.
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File > Send

To transfer the edits made in the QuickSet edit session, you must send the
settings to the relay. Select Send from the File menu. In the dialog box that
opens, select the settings section you want transferred to the relay by checking
the appropriate box.

Edit > Part Number

Use this menu item to change the part number if it was entered incorrectly
during an earlier step.

Text Files

Select Tools > Settings > Import and Tools > Settings > Export on the
QuickSet menu bar to import or export settings from or to a text file. Use this
feature to create a small file that can be more easily stored or sent
electronically.

Event Analysis

ACSELERATOR QuickSet has integrated analysis tools that help you retrieve
information about relay operations quickly and easily. Use the event
information that the SEL-751 stores to evaluate the performance of a system
(select Tools > Events > Get Event Files). Figure 3.10 shows composite
screens for retrieving events.

7 AcSELerator® QuickSet - [Event History] = I:||5|
File Edit Yiew Communications Tools ‘Windows Help Language = e
AERIHD |[20E |00 |f|wr|om |

Device: SEL-751 SEL-751-X303-¥0-Z006002-D20151027

Options

BmiTiogs Get Selected Events
4 Samples / Cycle - Filtered j Trigger New Event
Befresh Event History

Event History

[£2] 10101 _10/29/2015 16:42:03.561 CA T
(10100 10/29/2015 13:51:00.034 4BG T

[Ready [ 4
lTXD|:| rRxp [] lDisconnected [10.10.55.150 23 [TerminaI=TeInet IFiIe transfer = YModem I

Figure 3.10 Composite Screens for Retrieving Events

Event Waveforms QuickSet allows you to download three types of event data captures from the
- relay: event reports that use 4 samples/cycle filtered data, 32 samples/cycle
NOTE: High-impedance fault events unfiltered (raw) data, or high-impedance fault data. See Section 10: Analyzing
are only available with the Arc Sense E ts for inf i di ts. Use the Opti £ i .
technology (AST) option. The HIF vents for information on recording events. Use the Options function in
Events can take as long as an hour to Figure 3.10 to select the 32 samples/cycle unfiltered (raw) data event, or high-

download (at 38400 baud). Increase

the baud rate before downloading, impedance fault data (default is 4 samples/cycle filtered data).
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View Event Hi Story You can retrie\{e event ﬁles stored in the relay and transfer these files to a
computer. For information on the types of event files and data capture, see
Section 10: Analyzing Events. To download event files from the device, click
Tools > Events > Get Event Files. The Event History dialog box appears, as
shown in Figure 3.10.

The SEL-751 is capable of capturing three types of events (4 samples/cycle
filtered, 32 samples/cycle raw, and high-impedance fault). These three types
of events can be captured in either the compressed ASCII (.cev) or
COMTRADE format. QuickSet allows for downloading of the .cev events.
For information on how to download COMTRADE events from the relay see
Section 10: Analyzing Events. The drop-down menu under Event Type allows
the selection of which type of event to retrieve using QuickSet.

Get Event Highlight the event you want to view (e.g., Event 3 in Figure 3.10), select the
event type with the Options Event type function (4 samples or 32 samples),
and click the Get Selected Event button. When downloading is complete,
QuickSet queries whether to save the file on your computer, as shown in

Figure 3.11.
2] x]
Savein: IL'f)QuickSet j €] i s N

\JJEVENTS
@Hosﬂ(eys
@Session_ﬂﬂ
@TmpCom
) TmpFTRFiles

File name: I?E‘I_‘I CEV j Save I
Save as type: IEvent Report Files {"cev) j Cancel |

2|

Figure 3.1 Saving the Retrieved Event

Enter a suitable name in the File name text box, and select the appropriate
location where QuickSet should save the event record.

View Event Files To view the saved events, you need the SEL-5601 software package. Use the
View Event Files function from the Tools > Events menu to select the event
you want to view (QuickSet remembers the location where you stored the
previous event record). Use View Combined Event Files to simultaneously
view as many as three separate events.
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Click on Tools > HMI > HMI to bring up the screen shown in Figure 3.12.
The HMI tree view shows all the functions available from the HMI function.
Unlike the self-configuration of the device, the HMI tree remains the same
regardless of the type of cards installed. For example, if no Analog Input card
is installed, the Analog Input function is still available, but the device

responds as follows:

No Analog Input Card Present.

The device overview screen provides an overview of the device. The Contact
I/0O portion of the window displays the status of the two inputs and three
outputs of the main board. You cannot change these assignments.

=l

O
(O]

@ BRKRFALL . AUX 4
O

Device Yoltage

VAB = 0.00 Vv
VBC
VCA

vDC

oo

oo
kS

User-Defined Targets (Double-Click on Target Label)

MNA NA MNA NA

[ [ [ [ [

MA A MA A

[ [ [ [ [

D

Q ENABLED
LOCK

() DISABLED

(O BLOCK CLOSE

CLOSE
(O BREAKER CLOSED

O
TRIP
() BREAKER OPEN
|

MNA

MA

*# Device ID: SESEL-751 (SEL-751 001 HMI Driver)
Phasars Device Overview
Fundamental -
MinMax Melering
Demand Device Current
Peak n Sl
Energy = E
Synchrophasor Le Ot
W = 0004
AMS © - es3a
Thermal s e
High Impedance Fault B = o0
Histogram High Impedance Fac | gy = gloo
High Impedance Fault Log
Remote Analogs FREQ 60.00 Hz
Math Variables FREQS 60.00 Hz
Analog Inputs
Light Intensity
Sreaker Wear )
Load Profile Contact 11O
Targets 101 102
Status O
e ouT101 ouT102 ouT103
Control Window O [ O
NA NA NA
NA NA NA
N (S
Disable Update | 4
[sEL-751 001 HMI Driver  [Driver Version: 5.0.2.47  [Driver Date:  [Configuration: Default 1

Figure 3.12 Device Overview Screen

You can assign any Relay Word bit to the 16 user-defined target LEDs. To
change the present assignment, double-click on the text above the square you
want to change. After double-clicking on the text, a box with available Relay
Word bits appears in the lower left corner of the screen. Select the appropriate
Relay Word bit, and click the Update button to assign the Relay Word bit to
the LED. To change the color of the LED, click in the square and make your

selection from the color palette.
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SEL-751 Relay

The front-panel LEDs display the status of the 24 front-panel LEDs. Use the
front-panel settings to change the front-panel LED assignment. The Fundamental,
Min/Max, Energy, etc., screens display the corresponding values.

Click on the Targets button to view the status of all the Relay Word bits.
When a Relay Word bit has a value of 1 (ENABLED = 1), the Relay Word bit
is asserted. Similarly, when a Relay Word bit has a value of 0 (RB02 = 0), the
Relay Word bit is deasserted.

The Status and SER screens display the same information as the ASCII STA
and SER commands.

Figure 3.13 shows the control screen. From here you can reset metering data
clear the Event History, SER, MIRRORED BITS report, LDP, or trigger events.
You can also reset the targets, synchronize with IRIG, and set the time and
date. If supported, you can run arc-flash sensor diagnostic tests.

ioix
Device Overview )
Phasars Control Window
Fundamental Metering
'“""-‘"“‘a; Eneray Demand Peak MinfMax  Breaker Wear
D
i Reset Reset Reset Reset Reset
Energy
Synchrophasor rRecords
RMS History SER MinoredBiis Fepart  LDF Event
Thermal i "
B dance Clear ear Clear Clear Trigger
Histogram High Impedance Fal| High Impedance Fault
High Impedance Fault Log o T
e s (e T
- Math Varisbles
~Analog Inputs ~Arc-Flash Sensor Diagnostics
- Light Intensity
-~ Breaker Wear Initiate Arc-Flash Test
- Load Profile
- Target
e @ Ssencort Disgrostics @) Sensor 1 Ambient Light Messursment
seR @ Sersor2Diagnostics () Sensor 2 Ambient Light Measurement
@ Sensor3Disgnostics (@) Sensar 3 Ambient Light Measuement
@ Sersord Diagnostics () Sensor 4 Ambient Light Measurement
~Trip/Close
@  Breaker Close Close
() BreskerOpen ﬁ
rPulse
Dutput Seconds
= Pulse
rTarget. IRIG. Date. Time
Device Date Format Date Time
TagetResel | IRIGSwme | fior = [ pseon: 7] St [sasaren =) Sat
rRemote Bits
RB01 RB02 RB03 RB04 RB05 RB06 RB0O7 RBO8
I I I e O I i |
RB03 RB10 RB11 RB12 RB13 RB14 RB15 RB16
I I e I i |
RB17 RB18 RB19 RB20 RB21 RB22 RB23 RB24
O O 0o 0o & [ -
A _’I RB25 RB26 RB27 RB28 RB29 RB30 RB31 RB32
I I e I i |

Disable Update

[SEL-751001 HMI Driver  [Driver Version: 5.0.2.47  [Driver Date:  [Configuration: Default 1

Figure 3.13 Control Screen
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Language Support

NOTE: If the SEL-751is connected
to any SEL communications
processor (SEL-203x or RTAC), the
corresponding LANG port setting
must be set to ENGLISH.

Date Code 20170927

To control the Remote bits, click on the appropriate square, then select the

operation from the box shown in Figure 3.14.

Remote Bits

Femate Bit RBOT

o
Ooes
Opue

Figure 3.14 Remote Operation Selection

PC Software | 3.15
Meter and Control

QuickSet has multi-language support. Click on the Language menu to choose

from English, Spanish, French, or Chinese, as seen in Figure 3.15. Selecting
any of these choices converts the menu items in QuickSet to the selected

language.

T ————
AcSELerator® QuickSet - [Settings Editor - New Settings 1 (SEL-751 007 ) e

File Edit View Communications Tools Windows Help

L1

aBIRA

B R O

2000000000000 00@

Global

Group 1

Group 2

Group 3

Group 4

Front Panel
Report

Port F

Port 1

Port 2

Port 3

Port 4

Modbus User Map
DMNP Maps

|EC 60870-5-103 Map
Touchscreen

SEL-751 Se|

Feeder Protection

Language

English
espariol
Francais
portugués
Turk
S (R F

Part#: 75100000X000x810000

Global : Global

TXD[] RXD[] Disconnected 10.10.52.230 23 Terminal = Telnet File Xfer = FTP

Figure 3.15 Language Support Options

Additionally, if Spanish or English is selected from the Language menu, the
relay settings displayed by QuickSet are converted into the corresponding

language as shown in Figure 3.16.
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‘E AcSELerator® QuickSet - [Editor de Ajustes - New Seftings 1 (SEL-751 007 v6.4.2.61 EE
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Figure 3.16 Spanish Settings QuickSet Display

NOTE: Once the HMI screen is
displayed in QuickSet, the LANG
setting does not affect the displayed
HMI. To change the language of the
HMI, the HMI must be closed, and the
LANG setting must be changed, and
the HMI reopened.

SEL-751 Relay

Each communications port (serial or Ethernet) on the SEL-751 can be
independently set to display either English or Spanish. Changing the port
setting LANG to SPANISH or ENGLISH results in the QuickSet HMI and all
of its available functions to display in the corresponding language. For
example, if the Control Window is selected in the HMI while the setting
LANG := SPANISH, QuickSet displays the Control Window (Ventana de
Control) in Figure 3.17.
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Meter and Control

Figure 3.17 Spanish Control Window (Ventana de Control) Display
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ACSELERATOR QuickSet Help

ACSELERATOR QuickSet Help

Various forms of ACSELERATOR QuickSet help are available, as shown in
Table 3.4. Press <F1> to open a context-sensitive help file with the
appropriate topic as the default.

Table 3.4 QuickSet Help

Help Description
General QuickSet Select Help from the main menu bar
SEL-751 Settings Select Settings Help from the Help menu bar

while the Settings Editor is open.

Database Manager Select Help from the bottom of the Database
Manager window

SEL-751 Relay Instruction Manual Date Code 20170927



Section 4

Protection and Logic Functions

Overview

NOTE: Each SEL-751is shipped with
default factory settings. Calculate the
settings for your application to
ensure secure and dependable
protection. Document and enter the
settings (see Section 6: Settings).

Date Code 20170927

This section describes the SEL-751 Feeder Protection Relay settings, includ-
ing the protection elements and basic functions, control I/O logic, as well as the set-
tings that control the communications ports and front-panel displays.

This section includes the following subsections:

Application Data. Lists information that you need to know about the
protected equipment before calculating the relay settings. Lists the
settings for protection elements included in all models of the SEL-751.

Group Settings (SET Command).

ID Settings and Configuration Settings. Lists the ID settings and the
settings that configure the relay inputs to accurately measure and
interpret the ac current and voltage input signals.

Low-Energy Analog (LEA) Voltage Inputs. Discusses the settings
associated with LEA voltage inputs.

Overcurrent Elements. Lists the settings associated with overcurrent,
time-overcurrent and directional elements.

High-Impedance Fault Detection With Arc Sense Technology. Lists the
settings associated with high-impedance fault detection.

Second- and Fifth-Harmonic Blocking Logic. Lists the settings associated
with second- and fifth-harmonic blocking logic.

RTD-Based Protection. Lists the settings associated with the RTD inputs.
You can skip this subsection if your application does not include RTD
inputs.

IEC Thermal Elements. Lists the settings associated with IEC thermal
elements.

Under- and Overvoltage Functions. Lists the settings associated with the
under- and overvoltage elements.

Synchronism-Check Elements. Lists the settings associated with
synchronism-check elements.

Power Elements. Lists the settings associated with power elements.

Power Factor Elements. Lists the settings associated with power factor
elements.

Loss-of-Potential (LOP) Protection. Lists the logic and settings associated
with the LOP element.

Vector Shift Element. Lists the settings associated with vector shift logic.
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Overview

Frequency Protection. Lists the settings associated with over/under
frequency, rate-of-change-of-frequency and fast rate-of-change-of-
frequency.

Trip/Close Logic. Lists Trip and Close logic.

Reclose Supervision Logic. Describes the logic that supervises automatic
reclosing when an open interval time times out—a final condition
check right before the close logic asserts the close output contact.

Reclose Logic. Describes all the reclosing relay settings and logic
necessary for automatic reclosing (besides the final close logic and
reclose supervision logic described previously).

Demand Metering. Lists the settings associated with demand metering.

Logic Settings (SET L Command). Lists the settings associated with latches,
timers, and output contacts.

Global Settings (SET G Command). Lists the settings that allow you to
configure the relay to your power system, date format, analog inputs/
outputs, and logic equations of global nature.

Synchrophasor Measurement. Describes Phasor Measurement Unit
(PMU) settings for C37.118 Protocol.

Breaker Failure Setting. Lists the settings and describes the logic for the
flexible breaker failure function.

Arc-Flash Protection. Lists the settings for the arc-flash elements
including arc-flash overcurrent and time-overlight elements.

Analog Inputs. Describes analog input functionality, lists the settings and
gives an example.

Analog Outputs. Describes analog output functionality, lists the settings
and gives an example.

Station DC Battery Monitor. Describes station dc battery monitor function
and lists the settings.

Breaker Monitor. Lists the settings and describes the breaker monitor
function that you can use for scheduling circuit breaker maintenance.

Digital Input Debounce. Provides the settings for digital input dc debounce
or ac debounce mode of operation.

Data Reset. Lists the data reset SELOGIC control equation settings for
resetting targets, energy metering, max/min metering, demand
metering and peak demand metering.

Access Control. Describes the SELOGIC control equation setting you
would use for disabling settings changes from the relay front panel.

Time Synchronization Source. Describes the setting you would use for
choosing IRIG1 or IRIG2 as the time synchronization source.

89A and 89B Disconnect Switch Status SELocic Control Equations.
Describes the settings and logic associated with the disconnect
switches.

Local/Remote Breaker Control. Describes the local/remote breaker control
function.

Port Settings (SET P Command). Lists the settings that configure the relay
front- and rear-panel serial ports.
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NOTE: The DeviceNet port
parameters can only be set at the rear
of the relay on the DeviceNet card
(see Figure H.1).

Protection and Logic Functions
Application Data

Front-Panel Settings (SET F Command). Lists the settings for the front-panel
display, pushbuttons, and LED control.

Report Settings (SET R Command). Lists the settings for the sequential
event reports, event, and load profile reports.

DNP Map Settings (Set DNP n Command, n =1, 2, or 3). Shows the DNP user
map register settings.

Modbus Map Settings (SET M Command). Shows the Modbus user map
register settings.

See Section 6: Settings for a list of all settings (SEL-751 Settings Sheets) and
various methods of accessing them. All current and voltage settings in the
SEL-751 are in secondary.

You can enter the settings by using the front-panel SET RELAY function (see
Section 8: Front-Panel Operations), the serial port (see Section 7: Communi-
cations), the EIA-485 port (see Appendix E: Modbus RTU Communications),
or the Ethernet port (see Section 7: Communications).

Application Data

43

It is faster and easier for you to calculate settings for the SEL-751 if you col-
lect the following information before you begin:

» System phase rotation and nominal frequency

» Current transformer primary and secondary ratings and
connections

» Voltage transformer or low-energy analog (LEA) voltage
sensor ratios and connections, if used

» Type and location of resistance temperature devices (RTDs), if
used

» Highest expected load current

» Expected fault current magnitudes for ground and three-phase
faults

Group Settings (SET Command)

ID Settings

Date Code 20170927

All models of the SEL-751 have the identifier settings described in Table 4.1.

Table 4.1 Identifier Settings

Setting Name :=

Setting Prompt Setting Range Factory Default

UNIT ID LINE 1 16 Characters RID := SEL-751
UNIT ID LINE 2 16 Characters TID := FEEDER RELAY

The SEL-751 prints the Relay and Terminal Identifier strings at the top of the
responses to serial port commands to identify messages from individual relays.

Instruction Manual

SEL-751 Relay
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Group Settings (SET Command)

Configuration
Settings

SEL-751 Relay

Enter as many as 16 characters, including letters A—Z (not case sensitive),
numbers 0-9, periods (.), dashes (-), and spaces. Suggested identifiers include
the location or number of the protected feeder.

The CT ratio settings configure the relay to accurately scale measured values
and report the primary quantities. Calculate the phase and neutral current CT
ratios by dividing the primary rating by the secondary rating.

Table 4.2 CT Configuration Settings

Setting Name :=

Setting Prompt Factory Default

Setting Range

PHASE CT RATIO 1-5000 CTR =120

NEUTRAL CT RATIO 1-5000 CTRN :=120

EXAMPLE 4.1 Phase CT Ratio Setting Calculation

Consider an application where the phase CT rating is 100:5 A.
Set CTR :=100/5 := 20.

Table 4.3 shows the voltage settings. The voltage configuration settings con-
figure the relay voltage inputs to correctly measure and scale the voltage sig-
nals. The relay can be ordered with different secondary voltage input
configurations—standard voltage inputs rated for 300 Vac or LEA voltage
inputs rated for 8 Vac. Refer to Figure 2.21 for different voltage connections.

Table 4.3 Voltage Configuration Settings

Setting Prompt Setting Range i:::::'?/ ';:'f'::;:
PHASE PT RATIO 1.00-10000.00 PTR :=180.00
PHASE LEA RATIO 37.50-500000.00 LEA_R :=180.00
PHASE LEA SCALE 1.00-13333.33% LEA_SC :=4.80
SYNCV PT RATIO 1.00-10000.00 PTRS :=180.00
SYNCV LEA RATIO 37.50-500000.00 LEA_S_R :=180.00
SYNCV LEA SCALE 1.00-13333.33% LEA_S_SC :=4.80
XFMR CONNECTION WYE, DELTA DELTA_Y := DELTA
VS CONNECTION VS, 3V0 VSCONN :=VS
LINE VOLTAGE OFF, 20.00-250.00 vP VNOM :=120.00
SINGLE V INPUT Y, N SINGLEV :=N

@ Autocalculated.

b The line voltage setting range is 20.00-480.00 if DELTA_Y := WYE.

The voltage configuration settings configure the relay voltage inputs to cor-
rectly measure and scale the voltage signals. The relay can be ordered with
different secondary voltage input configurations—standard voltage inputs

rated for 300 Vac or LEA voltage inputs rated for 8 Vac. Refer to Figure 2.21
for different voltage connections.

The PTR and PTRS settings are applicable and available for setting when the
relay is ordered with standard voltage inputs (300 Vac). The LEA_R,
LEA_SC,LEA_S_R, and LEA_S_SC settings are applicable to the relay with
LEA inputs (8 Vac). The LEA_R and LEA_S_R settings are settable while the
LEA_SC and LEA_S_SC settings are autocalculated by the relay and not
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available for setting as explained in Low-Energy Analog (LEA) Voltage Inputs.
The DELTA_Y, VSCONN, VNOM, and SINGLEYV settings are applicable to
either of the voltage input options.

Set the phase PT ratio (PTR) setting equal to the VT ratio. The synchronism-
check voltage input VS is an optional single phase-to-neutral or phase-to-
phase voltage input. Set the synchronism-check voltage input PT ratio (PTRS)
setting equal to the VT ratio of the VS input.

EXAMPLE 4.2 Phase VT Ratio Setting Calculations

Consider a 13.8 kV feeder application where you use 14400:120 V rated
voltage transformers (connected in open delta).

Set PTR :=14400/120 := 120 and DELTA_Y := DELTA.

Set the phase LEA ratio (LEA_R) setting equal to the marked LEA sensor
ratio. The synchronism-check voltage input VS is an optional single phase-to-
neutral or phase-to-phase voltage input. Set the synchronism-check voltage
input LEA ratio (LEA_S_R) setting equal to the marked LEA sensor ratio of
the VS input.

EXAMPLE 4.3 Phase LEA Ratio Setting Calculations

Consider a 13.8 kV feeder application where you have a 2500:1 ratio LEA
sensor (connected in wye).

Set LEA_R := 2500/1:= 2500 and DELTA_Y := WYE.

When phase-to-phase potentials are connected to the relay, set DELTA_Y to
DELTA. When phase-to-neutral potentials are connected to the relay, set
DELTA_Y to WYE.

In applications where only a single voltage is available, set SINGLEV equal
to Y. As shown in Figure 2.20, the single voltage must be connected to the
A-phase input, but it can be an A-N or an A-B voltage. Be sure to set
DELTA_Y equal to WYE for an A-N input or DELTA_Y equal to DELTA for
an A-B input voltage. When you set SINGLEV equal to Y, the relay perfor-
mance changes in the following ways:

» Power and Voltage Elements. When you use one voltage, the
relay assumes that the system voltages are balanced in both
magnitude and phase angle. Power, power factor, and positive-
sequence impedance are calculated assuming balanced
voltages.

» Metering. When you use one voltage, the relay displays
magnitude and phase angle for the measured PT. The relay
displays zero for the magnitudes of the unmeasured voltages.
Balanced voltages are assumed for power, power factor, VG,
and 3V2 metering.

Table 4.4 Effect on Group Settings When SINGLEV := Y (Sheet 10f 2)

Identifier Settings

Group Setting Change Reason

VNOM Forced to OFF and hidden Loss-of-Potential logic
requires three-phase voltage.

Line Parameter Settings

Z1IMAG, Z1ANG, Hidden Impedance calculations
ZOMAG, Z0OANG, require three-phase voltage.
Z0SMAG, Z0OSANG
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Protection and Logic Functions
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VNOM Range Check

SEL-751 Relay

Table 4.4 Effect on Group Settings When SINGLEV := Y (Sheet 2 of 2)

Identifier Settings

Group Setting

Change

Reason

Enable Settings
EDIR

ELOAD, EFLOC

Directional Element Settings (available when EDIR := Y

ORDER

50PDIRP, Z2F, Z2R,
a2, k2, 50QFP, 50QRP

Overvoltage Elements

59G1P, 59G2P,
59Q1P, 59Q2P

27In0Q (n=1, 2)

59In0Q (n=1, 2, 3, 4)

Vector Shift Settings
E78VS

Setting may be forced to OFF
and hidden

Forced to N and hidden

Refer to Table SET.2: Range
Dependencies for the ORDER
Setting for the ORDER setting
dependencies on the SINGLEV
setting.

Hidden

Forced to OFF and hidden

Refer to Table SET.3: Range
Dependencies for 271 Operating
Quantities

Refer to Table SET.4: Range
Dependencies for 591 Operating
Quantities

Hidden

See Table SET.1: Range
Dependencies for the EDIR
Setting.

These functions require
three-phase voltage.

or AUTO)

Associated directional ele-
ment requires three-phase
voltage.

Associated voltage ele-
ments require three-phase
voltage.

These functions require
three-phase voltage.

These functions require
three-phase voltages.

These functions require
three-phase voltages.

Element enable requires
three-phase voltages

The relay performs a range check for the VNOM setting that depends upon the
voltage-input delta or wye configuration. When the setting DELTA_Y is DELTA,
then the allowed range of the VNOM is OFF, 20-250 V (1-1). When the setting
DELTA_Y is WYE, then the allowed range of VNOM is OFF, 20480 V (1-1).

Note that the VNOM setting is always in line-to-line voltage, even when set
for a wye configuration. You should be careful to use a solidly-grounded wye
system for VNOM inputs greater than 250 V (I-1) to avoid a 1.73 increase in
terminal voltages from a line-to-ground fault.

EXAMPLE 4.4 VNOM Setting Calculation for Standard Voltage
Inputs

Consider a 10 kV (phase-to-phase) system with wye-connected VTs rated
7200:120 (PTR := 60).

The setting for VNOM would be VNOM :=10000/60 := 166.67.

In the case of LEA sensors, the calculated VNOM should be scaled by

37.5 (300/8) to set VNOM at the 300 V base as shown in the following exam-
ple. The scaling (37.5) is explained in Low-Energy Analog (LEA) Voltage
Inputs.
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EXAMPLE 4.5 VNOM Setting Calculation for LEA Voltage Inputs

Consider a10 kV (phase-to-phase) system with a wye-connected LEA sensor
with a ratio of 2500:1 (LEA_R := 2500).

The setting for VNOM would be VNOM :=10000/2500 + 37.5 := 150.0

Table 4.5 Main Relay Functions That Change With VNOM := OFF

When VNOM :=

Relay Function Numeric Value When VNOM := OFF
Load-encroachment logic Available Not available

(enable setting ELOAD)

Negative-sequence and posi- Available DIRQE is disabled, FDIRP/ RDIRP
tive-sequence voltage polar- disabled, ground directional ele-
ized directional elements ment ORDER setting choice “Q”

not selectable

Phase and negative-sequence Available Not available (defaults to “nondirec-
element directional control tional” in levels DIR1-DIR4)
Loss-of-potential logic Available Not available
Voltage unbalance logic Available Not available
Vector shift element Auvailable Not available

Low-Energy Ana|og The SEL-751 can be ordered with different secondary ac input voltage config-

LEA) Volt | t urations—standard voltage inputs rated for 300 V and LEA voltage inputs
( ) oltage Inputs rated for 8 V. The LEA voltage inputs are suitable for C37.92 compliant high-

impedance sensors, such as capacitive voltage dividers and resistive voltage
dividers (see Figure 4.1).

VoItage Divider

SEL-751

Vpri

> Voltage Input
(8 Vac LEA Input)

|
/1
o
o
=
2
&

Figure 4.1 Low-Energy Analog Voltage Sensor (Capacitive Voltage Divider)

Derived LEA Scale for 8 Vac LEA Voltage Inputs and Voltage-Related

Settings
Irrespective of the voltage input option, standard (300 Vac) or LEA (8 Vac),
all the voltage related settings are based at 300 V. For example, the 59 element
pickup range for standard voltage inputs is 2.0-300.0 V and this range will
remain the same for LEA inputs as well. To maintain the same 300 V base
across different voltage options, such as LEA inputs, the relay scales up the
input signal by a factor of 37.5 (300 V/8 V). Likewise, you can scale the volt-
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age related pickup settings accordingly to convert the settings from 8 V to
300 V base. Refer to Example 4.6. With LEA voltage inputs the relay sees

8 Vac on the voltage inputs as 300 Vac secondary (8 * 37.5 = 300 V). Further,
to realize accurate primary voltage metering, the relay uses the derived LEA
scales, LEA_SC and LEA_S_SC. These scale factors are autocalculated by
the relay based on LEA_R and LEA_S_R settings, respectively. The LEA
scale is derived as follows:

LEA_SC =LEA_R ¢ (8/300)
where LEA_R is the marked LEA sensor ratio.

The ratio of Vpri to V. of the voltage divider shown in Figure 4.1 is referred
to as true ratio. Ideally, the marked LEA sensor ratio should equal the true
ratio. If not, apply the following additional ratio correction factors.

For example, if an LEA sensor has an LEA sensor ratio of 1400:1,
LEA_R = 1400
LEA_SC = 1400  8/300 = 37.33

EXAMPLE 4.6 Voltage Setting Conversion to 300 V Base

A voltage divider (10000 ratio) is connected between a 12.47 kV system
(7.2 KV line-to-neutral) and the LEA inputs.

7200V /10000 =072 V

(actual voltage divider output to the 8 Vac LEA inputs;
8 V base)

072V - (300/8) =27 V
(the relay thinks it is looking at 27 V on a 300 V base, not
0.72 Von an 8 V base)

27 Vis the nominal adjusted secondary voltage—-adjusted by the 300/8
factor from an 8 V base to a 300 V base. For this same example, ifa 0.8 V
output of the 8 Vac LEA (8 V base) is deemed an overvoltage condition,
then an overvoltage element pickup setting (e.g., 59P1P) could be set at
59P1P = 0.8 V + (300/8) = 30 V (300 V base).

LEA Ratio and Angle Correction Factors (Global Settings)

In the SEL-751 with LEA voltage inputs, Global settings VARCF, VBRCEF,
VCRCE, VSRCEF, VAPAC, VBPAC, VCPAC, and VSPAC are applied to their
respective voltage inputs, VA, VB, VC, and VS. These normalized secondary volt-
ages are used throughout the SEL-751. Refer to Table 4.69 under Global Set-
tings for these settings.

Ratio Correction Factors (RCF) for Voltage Inputs

The ratio correction factor (RCF) settings minimize the magnitude error by
compensating for the irregularities (on a per-phase basis) of the voltage divid-
ers connected between the primary voltage system and the LEA inputs. The
derivation of the RCF value for a voltage divider for a particular phase is
defined as follows:

true ratio Vpri/Vsec _ Vpri

ker = markedratio = LEA R~ V__ eLEA R

Equation 4.1
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where:
Vpri = test vgl?age applied to the primary side of the volt-
age divider
sc = Tresultant voltage measured on the secondary side of
the voltage divider
True ratio = Vpri /' Vee

Marked = LEA_R =effective nominal LEA sensor ratio of the
ratio voltage divider connected between the primary
voltage system and the LEA input.

The marked LEA sensor ratio of the voltage divider is always provided by the
manufacturer and often the per phase RCF values are also provided.

If the voltage divider is perfect, then

Vi / Viee = LEA_R and RCF = 1.000

Therefore, the measured voltage divider performance equals the marked ratio
of the voltage divider, as given by the manufacturer. But such perfect condi-
tions are usually not the case.

If the voltage divider is putting out more voltage (V
expected for an applied voltage input (V_ .), then

sec) than nominally

pri
Vi / Viee < LEA_R and RCF < 1.000

An example of an RCF value less than 1.000 is found in Example 4.7. In this
example, setting VBRCF = 0.883 brings down the too-high voltage on voltage
input VB (0.82 V is brought down to nominal 0.72 V).

If the voltage divider is putting out less voltage (V) than nominally

expected for an applied voltage input (Vpri), then

Vi / Viee > LEA_R and RCF > 1.000

EXAMPLE 4.7 Normalizing Voltages With Ratio Correction Factors

A voltage divider is connected to the 8 Vac LEA voltage inputs (see
Figure 4.1). The RCF values per phase for the voltage divider are given as
follows:

Varer = 1.078 (voltage input VA)
Vgrer = 0.883 (voltage input VB)
Vegrer = 1112 (voltage input VC)
The marked ratio of the voltage divider is given as:
LEA_R =10000

What are the true ratios of each phase of the voltage divider?
true ratio = Vpri/VSEC
Vpri and Vg, are measured in manufacturer tests to derive RCF values as
shown in Equation 4.1 and accompanying explanation. From Equation 4.1:
RCF « LEA_R = Vpri/Vsec = true ratio
1.078 + 10000 = 10780 (true ratio for voltage input VA)
0.883 + 10000 = 8830 (true ratio for voltage input VB)
1112 + 10000 = 11120 (true ratio for voltage input VC)
Note that these true ratios vary from 8830 to 11120, while the marked ratio
of the voltage divider is given as 10000.
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Consider what is happening in Example 4.7. First, assume the primary voltage
(V) is the same magnitude for each phase. When this primary voltage is run
through the respective true ratios, the secondary voltage outputs vary widely.
Presuming a primary voltage of 12.47 kV (7.2kV line-to-neutral), the resultant
secondary voltages are listed below:

7200 V / 10780 = 0.67 V (true secondary voltage to voltage input VA)
7200 V /8830 = 0.82 V (true secondary voltage to voltage input VB)
7200 V /11120 = 0.65 V (true secondary voltage to voltage input VC)

Note that the true secondary voltages to voltage inputs VA and VC are running

low (below the normalized secondary voltage 0.72 V = 7200 V / 10000), while
the voltage to voltage input VB is running high (above the normalized second-
ary voltage 0.72 V). But the RCF values adjust these true secondary voltages
to normalized secondary voltage:

0.67 V + 1.078 = 0.72 V (normalized voltage from voltage input VA)
0.82 V +0.883 = 0.72 V (normalized voltage from voltage input VB)
0.65V +1.112 =0.72 V (normalized voltage from voltage input VC)

Again, the normalized secondary voltage (0.72 V) is the same for all three
phases in this example, because the primary voltage is assumed to be the same
magnitude for each phase (7200 V). The relay uses these normalized second-
ary voltages for all the voltage-based protection elements and metering. The
true secondary voltages cannot be seen (via the SEL-751) unless the RCF val-
ues are set to unity (RCF := 1.000).

Phase Angle Compensation (PAC) for Voltage Inputs

Line Parameter
Settings

SEL-751 Relay

Use the VAPAC, VBPAC, VCPAC, and VSPAC voltage phase-angle correc-
tion Global settings for the voltage inputs VA, VB, VC, and VS, respectively.
These settings compensate for the phase error caused by the voltage divider
and the cable connected to the relay. Use a positive phase angle correction set-
ting if the resulting phase error is negative and vice versa. For example, if the
resulting phase error on the VA input is —1.00 degree, then set VAPAC := 1.00
degrees.

Table 4.6 Line Parameter Settings

Setting Prompt Setting Range '_S_:(t::::.?, ';:;'::I:t:

POS SQ LN Z MAG 0.10-510.00 ohms*® ZIMAG :=2.14%

POS SQ LN Z ANG 5.00-90.00 deg Z1ANG = 68.86

ZERO SQ LN Z MAG 0.10-510.00 ohms? ZOMAG := 6.38*

ZERO SQ LN Z ANG 5.00-90.00 deg Z0OANG :=72.47

ZERO SQ SR Z MAG 0.10-510.00 ohms? ZOSMAG := .36°

ZERO SQ SR Z ANG 0.00-90.00 deg Z0SANG :=84.61

LINE LENGTH 0.10-999.00 LL :=0.10-999

a 1S,Ztt:i_rll_gs ranges and default ohm values shown are for 5 A nominal CT rating. Multiply by 5 for
s.
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The line would typically use line impedance settings ZIMAG, Z1ANG,

NOTE: The relay does not require ZOMAG, and ZOANG in the fault locator and in automatically making direc-

'S'TSG'TES“\PCE zeht.t('j”gsﬂ‘:" hen S‘t*tt,t'”g tional element settings Z2F, Z2R, ZOF, and ZOR. Use a corresponding line
=Y,an laes these settings . .

from the SET and SHO commands. 9 length setting (LL) in the fault locator.

If the protected line belongs to a hybrid power system, such as shown in
Figure 4.46, refer to ZOMTA—Zero-Sequence Maximum Torque Angle for
information on the ZOMTA setting.

On both hybrid and solidly grounded power systems, ZOANG must be set to
the actual zero-sequence line angle to allow correct fault locator operation for
forward faults involving ground.

The line impedance settings ZIMAG, Z1ANG, ZOMAG, and ZOANG are set
in Q secondary. Line impedance (2 primary) is converted to €2 secondary:

Q primary * (CTR/PTR) = Q) secondary

where:
CTR = phase (IA, IB, IC) current transformer ratio
PTR = phase (VA, VB, VC) potential transformer ratio

Line length setting LL is unitless and corresponds to the line impedance set-
tings. For example, if a particular line length is 15 miles, enter the line imped-
ance values (Q secondary) and then enter the corresponding line length:

LL = 15.00 (miles)

If this length of line is measured in kilometers rather than miles, then enter:

LL = 24.14 (kilometers)

Fault Location The relay reports the fault location if the EFLOC setting := Y and the fault
locator operates successfully after an event report is generated. If the fault
locator does not operate successfully, $$$$3$$ is listed in the field. Fault loca-
tion is based on the line impedance settings ZIMAG, Z1ANG, ZOMAG, and
Z0OANG:; source impedance settings ZOSMAG and ZOSANG:; and correspond-
ing line length setting LL. Because the fault locating function requires three-
phase voltages, the Group setting EFLOC cannot be set to Y when Group
setting VNOM := OFF. Similarly, the Group setting EFLOC is hidden and set
to N internally when the Group setting SINGLEV :=Y or the relay is ordered
with no voltage inputs.

Table 4.7 Fault Locator Setting

Setting Name :=

Setting Prompt Setting Range Factory Default

FLT LOC ENABLE Y,N EFLOC :=N

OVe rcurre nt E|ements Four levels of instantaneous/definite-time elements are available for phase,
neutral, residual, and negative-sequence overcurrent as shown in Table 4.8
through Table 4.11 and in Figure 4.2.

Each element can be torque controlled through the use of appropriate
SELOGIC control equations (for example, when SOP1TC :=IN401, the 50P1
element is operational only if IN401 is asserted).

Date Code 20170927 Instruction Manual SEL-751Relay
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Protection and Logic Functions
Group Settings (SET Command)

NOTE: 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
methods provides an elegant solution
for ensuring dependable short-circuit
overcurrent element operation.

NOTE: When using the output of
harmonic blocking logic to torque-
control 50 elements set with a pickup
greater than 8 « INOM, the harmonic
blocking could nullify the peak
detector feature of the
corresponding 50 element. Refer to
the Second- and Fifth-Harmonic
Blocking Logic on page 4.86.

SEL-751 Relay

Table 4.8 Maximum Phase Overcurrent Settings

Setting Prompt Setting Range ?:(t::::_?, ';er:z;:
MAXP OC TRIP LVL OFF, 0.25-100.00 A* 50PIP := 10.00
0.05-20.00 A® 50P1P :=2.00
MAXP OC TRIP DLY OFF, 0.00-400.00 sec 50P1D := 0.00
MAXP OC TRQ CON SELOGIC S0PITC := 1
MAXP OC TRIP LVL OFF, 0.25-100.00 A® 50P2P := 10.00
0.05-20.00 A® 50P2P := 2.00
MAXP OC TRIP DLY OFF, 0.00-400.00 sec 50P2D := 0.00
MAXP OC TRQ CON SELOGIC 50P2TC := 1
MAXP OC TRIP LVL OFF, 0.25-100.00 A® 50P3P := 10.00
0.05-20.00 A® 50P3P := 2.00
MAXP OC TRIP DLY OFF, 0.00-400.00 sec 50P3D := 0.00
MAXP OC TRQ CON SELOGIC S0P3TC := 1
MAXP OC TRIP LVL OFF, 0.25-100.00 A® 50P4P := 10.00
0.05-20.00 A® 50P4P := 2.00
MAXP OC TRIP DLY OFF, 0.00-400.00 sec 50P4D := 0.00
MAXP OC TRQ CON SELOGIC 50P4TC := 1

@ For Iyom = 5 A.
For lyom = TA.

The phase instantaneous overcurrent elements (S50P1 through 50P4; see

Figure 4.2) normally operate by using the output of the one cycle cosine-fil-
tered phase current. During severe CT saturation, the cosine-filtered phase
current magnitude can be substantially reduced because of the high harmonic
content and reduced magnitude of the distorted secondary waveform. If the
overcurrent element relied only on the output of the cosine-filtered secondary
current, the operation of any high-set instantaneous overcurrent element might
be severely delayed and jeopardized. For any phase instantaneous overcurrent
element in the SEL-751 that is set greater than eight times the relay current
input rating (40 A in a 5 A relay), the overcurrent element also operates on the
output of a bipolar peak detector if the current waveform is highly distorted, as
is the case with severe CT saturation. This ensures fast operation of the 50Pn
phase overcurrent elements even with severe CT saturation.

‘When the harmonic distortion index exceeds the fixed threshold, which indi-
cates severe CT saturation, the phase overcurrent elements operate on the out-
put of the peak detector. When the harmonic distortion index is below the
fixed threshold, the phase overcurrent elements operate on the output of the
cosine filter.
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NOTE: If channel IN is rated 0.2 A
nominal, then it is recommended that
50NND (n =1-4) be set to at least a
minimum 2-cycle time delay.

NOTE: When a switch or breaker
closes, the three poles may not close
at the same time, creating a
momentary current unbalance
condition. To override this condition
use an overcurrent trip delay (for
example, 50NND := 0.05 s).

Date Code 20170927

Table 4.9 Neutral Overcurrent Settings

Protection and Logic Functions
Group Settings (SET Command)

Setting Prompt

Setting Range

NEUT OC TRIP LVL

NEUT OC TRIP DLY
NEUT OC TRQ CON
NEUT OC TRIP LVL

NEUT OC TRIP DLY
NEUT OC TRQ CON
NEUT OC TRIP LVL

NEUT OC TRIP DLY
NEUT OC TRQ CON
NEUT OC TRIP LVL

NEUT OC TRIP DLY
NEUT OC TRQ CON

OFF, 0.25-100.00 A®
0.05-20.00 A®

0.01-4.00 A€
OFF, 0.00—400.00 sec
SELoGIC

OFF, 0.25-100.00 A®
0.05-20.00 A®

0.01-4.00 A€
OFF, 0.00—400.00 sec
SELoGIC

OFF, 0.25-100.00 A®
0.05-20.00 A®

0.01-4.00 A€
OFF, 0.00—400.00 sec
SELoGIC

OFF, 0.25-100.00 A®
0.05-20.00 A®

0.01-4.00 A€
OFF, 0.00—400.00 sec
SELoGIC

Setting Name :=
Factory Default
SON1P := OFF
50N1D :=0.50
SONITC :=1
SON2P := OFF
S0N2D :=0.50
SON2TC :=1
SON3P := OFF
S0N3D :=0.50
SON3TC :=1
50N4P := OFF
50N4D :=0.50
SON4TC :=1

@ For Iyom = 5 A.
P For Iyom = 1 A
€ For Iyow = 0.2 A.

The relay offers two types of ground fault detecting overcurrent elements. The
neutral overcurrent elements (SON1T through SON4T) operate with current
measured by the IN input. The residual (RES) overcurrent elements (SOGIT
through 50G4T) operate with the current derived from the phase currents.

Instruction Manual
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4.14 | Protection and Logic Functions

Group Settings (SET Command)

1A (A-Phase Current Magnitude) 1Al
B (B-Phase Current Magnitude) i8]
c (C-Phase Current Magnitude) Iic|
Current
,/_—|_\ 16 Magnitude (Maximum Phase Current Magnitude) IP|
wﬂ/ Calculations
——{ Negative-Sequence (Core-Balance Current Magnitude) IIN|
Current Calculation| |
IN (Residual Current Magnitude)
liG]
Settings - .
PHROT (Negative-Sequence Current Magnitude) 1312]
Relay
Word
Bits
50P1P - 50ATP
||A|——-o4> +
8| :/C . 50B1P
" ./C . 50C1P
50P1TCJ
67PnP/50PP ®
50PnP N " 67PnT/50PnT ®
||P|—o/c + 0 n n
50PnTC —DJ
PRDIR(D — 67NNP/SONNP B
50NnD
50NnP -
N — . . 67NnT/50NnT ®
50NnTC —DJ
NnDIR @ — 676nP/506nP (5)
50GnP - 506nD
16| -~ . . 676n1/506nT ®
506nTC —
GNDIR® — 670nP/500nP &
500nP - 00 670n1/500nT
|3|2|—o/c + 0 nT/500T ©
50QnTC —
OnDIR (@) —

® To Figure 4.41; @ From Figure 4.35; @ From Figure 4.34; ® From Figure 4.40; ® Residual Current Magnitude IIGl

is the calculated residual current. Not shown in the figure, Relay Word bit ORED5O0T is asserted if any of the 50PnT, 67PnT,
50NNT, 67NnT, 50GnT, 67GnT, 50QnT or 67QnT Relay Word bits are asserted (n =1to 4).

When For Trip

For Pickup

Nonfunctional

EDIR :=Y or AUTO

Use 67PnT, 67NnT, 67QnT,
and 67GnT

Use 67PnP, 67NnP, 67QnP,
and 67GnP

50PnT, 50NNnT, 50QnT, 50GnT,
50PnP, 50NnP, 50QnP, and 50GnP

EDIR :=Nor?®

Use 50PNnT, 50NNT, 50QnT,
and 50GnT

Use 50PnP, 50NnP, 50QnP,
and 50GnP

67PnT, 67NNT, 67QnT, 67GnT,
67PnP, 67NnP, 67QnP, and 67GnP

@ When the directional control option is not ordered and EDIR is automatically set to N and hidden.

Figure 4.2

SEL-751 Relay

Instantaneous Overcurrent Element Logic

Instruction Manual
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NOTE: When a switch or breaker
closes, the three poles may not close
at the same time, creating a
momentary current unbalance
condition. To override this condition
use an overcurrent trip delay (for
example, 50GnD = 0.05 s).

NOTE: When a switch or breaker
closes, the three poles may not close
at the same time, creating a
momentary current unbalance
condition. To override this condition
use an overcurrent trip delay (for
example, 50QnD = 0.05 s).

Date Code 20170927

Protection and Logic Functions
Group Settings (SET Command)

When a core-balance CT is connected to the relay IN input, as in Figure 2.28,
use the neutral overcurrent element to detect the ground faults. Calculate the
trip level settings based on the available ground fault current and the core-

balance CT ratio.

Table 4.10 Residual Overcurrent Settings

Setting Prompt

Setting Range

RES OC TRIP LVL

RES OC TRIP DLY
RES OC TRQ CON
RES OC TRIP LVL

RES OC TRIP DLY
RES OC TRQ CON
RES OC TRIP LVL

RES OC TRIP DLY
RES OC TRQ CON
RES OC TRIP LVL

RES OC TRIP DLY
RES OC TRQ CON

OFF, 0.25-100.00 A?
0.05-20.00 A®

OFF, 0.00—400.00 sec
SELOGIC

OFF, 0.25-100.00 A®
0.05-20.00 A®

OFF, 0.00—400.00 sec
SELOGIC

OFF, 0.25-100.00 A®
0.05-20.00 A®

OFF, 0.00—400.00 sec
SELOGIC

OFF, 0.25-100.00 A®
0.05-20.00 A®

OFF, 0.00—400.00 sec
SELOGIC

Setting Name :=
Factory Default
50G1P := OFF
50G1D :=0.50
50GITC :=1
50G2P := OFF
50G2D :=0.50
50G2TC =1
50G3P := OFF
50G3D :=0.50
50G3TC =1
50G4P := OFF
50G4D :=0.50
50G4TC =1

@ For Iyom = 5 A.
For Iygy = 1A.

Table 4.1 Negative-Sequence Overcurrent Settings

Setting Prompt

Setting Range

NSEQ OC TRIP LVL

NSEQ OC TRIP DLY
NSEQ OC TRQ CON
NSEQ OC TRIP LVL

NSEQ OC TRIP DLY
NSEQ OC TRQ CON
NSEQ OC TRIP LVL

NSEQ OC TRIP DLY
NSEQ OC TRQ CON
NSEQ OC TRIP LVL

NSEQ OC TRIP DLY
NSEQ OC TRQ CON

OFF, 0.25-100.00 A?
0.05-20.00 A®

OFF, 0.0-400.0 sec
SELoGIC

OFF, 0.25-100.00 A?
0.05-20.00 A®

OFF, 0.0-400.0 sec
SELoGIC

OFF, 0.25-100.00 A®
0.05-20.00 A®

OFF, 0.0-400.0 sec
SELoGIC

OFF, 0.25-100.00 A®
0.05-20.00 A®

OFF, 0.0-400.0 sec
SELOGIC

Setting Name :=
Factory Default
50Q1P := OFF
50Q1D :=0.2
50QITC =1
50Q2P := OFF
50Q2D :=0.2
50Q2TC :=1
50Q3P := OFF
50Q3D :=0.2
50Q3TC :=1
50Q4P := OFF
50Q4D :=0.2
50Q4TC :=1

a -
For Iyom = 5 A.
For Iyoy = 1A

The relay offers four negative-sequence overcurrent elements to detect phase-
to-phase faults, phase reversal, single phasing, and unbalance load.

Instruction Manual
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4.16 | Protection and Logic Functions
Group Settings (SET Command)

When the overcurrent trip delay (S0P1D through 50P4D, SON1D through
50N4D, 50G1D through 50G4D and 50Q1D through 50Q4D) is set to OFF,
the time delayed overcurrent element is disabled and the output Relay Word
bits (S0P1T through 50P4T, SONIT through SON4T, S0G1T through 50G4T
and 50Q1T through 50Q4T) keep deasserted.

Pickup and Reset Time Curves

NOTE: The pickup time curve in
Figure 4.3 is not valid for conditions
with a saturated CT, where the
resultant current to the relay is
nonsinusoidal.

Figure 4.3 and Figure 4.4 show pickup and reset time curves applicable to all
nondirectional instantaneous overcurrent elements with sinusoidal waveforms
applied (60 Hz or 50 Hz relays). These times do not include output contact
operating time and, thus, are accurate for determining element operation time
for use in internal SELOGIC control equations. Output contact pickup/dropout
time is approximately 4 ms (0.25 cycle for a 60 Hz relay; 0.20 cycle for a

50 Hz relay).

1.6
_ 1.4K
L 12
=) 1'%\ —=— Maximum
g 08 ini
E \.\‘\ —e— Minimum
g 06 <
é 0.4 \
a-
0.2
0

1.2 2 3 4 5 6 7 8 9 10
Applied Current (Multiples of Pickup Setting)
Figure 4.3 Instantaneous Overcurrent Element Pickup Time Curve

& 2
£ i
> 15 :
- | p| —8— Maximum
E —e— Minimum
2 05

OI

12 2 3 4 5 6 7 8 9 10

Applied Current (Multiples of Pickup Setting)
Figure 4.4 Instantaneous Overcurrent Element Reset Time Curve

Time-Overcurrent Elements

SEL-751 Relay

One level of inverse-time element is available for A-, B-, C-phases, and nega-
tive-sequence overcurrent. Also, two levels of inverse-time elements are avail-
able for maximum phase, neutral, and residual overcurrent. See Table 4.12
through Table 4.16 for available settings.

You can select from five U.S. and five IEC inverse characteristics. Table 4.17
and Table 4.18 show equations for the curves and Figure 4.10 through

Figure 4.19 show the curves. The curves and equations shown do not account
for constant time adder and minimum response time (settings 51_CT and
51_MR respectively, each assumed equal to zero). Use the 51_CT if you want
to raise the curves by a constant time. Also, you can use the 51_MR if you
want to ensure the curve times no faster than a minimum response time.
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Protection and Logic Functions
Group Settings (SET Command)

Each element can be torque controlled through use of appropriate SELOGIC
control equations (e.g., when 51P1TC :=IN401 the 51P1 element is opera-
tional only if IN401 is asserted).

Table 4.12 A-, B-, and C-Phase Time-Overcurrent Settings

Setting Prompt

Setting Range

Setting Name :=
Factory Default

TOC TRIP LVL OFF, 0.25-24.00 A%, S1AP = 6.00
0.05-4.80 A® S51AP:=12

TOC CURVE SEL Ul, U2, U3, U4, US, 51AC := U3
C1,C2,C3,C4,C5

TOC TIME DIAL 0.50-15.00°, S1ATD :=3.00
0.01-1.50¢

EM RESET DELAY Y,N 51ARS :=N

CONST TIME ADDER 0.00-1.00 sec 51ACT := 0.00

MIN RESPONSE TIM 0.00-1.00 51AMR :=0.00

TOC TRQ CONTROL SELOGIC S1ATC =1

TOC TRIP LVL OFF, 0.25-24.00 A%, 51BP := 6.00
0.05-4.80 A® 5IBP:=1.2

TOC CURVE SEL Ul, U2, U3, U4, US, 51BC := U3
C1,C2,C3,C4,C5

TOC TIME DIAL 0.50-15.00°, 51BTD := 3.00
0.01-1.50¢

EM RESET DELAY Y,N 51BRS := N

CONST TIME ADDER 0.00-1.00 sec 51BCT := 0.00

MIN RESPONSE TIM 0.00-1.00 51BMR := 0.00

TOC TRQ CONTROL SELOGIC 5IBTC := 1

TOC TRIP LVL OFF, 0.25-24.00 A%, 51CP := 6.00
0.05-4.80 A® 51CP:=1.2

TOC CURVE SEL Ul, U2, U3, U4, US, 51CC := U3
C1,C2,C3,C4,C5

TOC TIME DIAL51_C 0.50-15.00°, 51CTD := 3.00
0.01-1.50¢

EM RESET DELAY Y,N 5ICRS :=N

CONST TIME ADDER 0.00-1.00 sec 51CCT := 0.00

MIN RESPONSE TIM 0.00-1.00 51CMR := 0.00

TOC TRQ CONTROL SELOGIC 51CTC := 1

3 For Iyom = 5 A.

® For Iyom = 1 A

¢ For51_C:=U_.

4 For51_C:=C_.
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4.18 | Protection and Logic Functions

Group Settings (SET Command)

SEL-751 Relay

The phase time-overcurrent elements, 51AT, 51BT, and 51CT, respond to
A-, B-, and C-phase currents, respectively, as shown in Figure 4.5.

Relay
Word
Bits.
» 51AP Pickup
) 51AT Phase
Setting Time-Overcurrent Element
Curve Timing and Reset Timing
P Torque Control Switch - g = S51AT Curve
Al que OOV Settings Timeout
(From Figure 4.1) 51AP Pickup
SELocic | 51AC Curve Type = SIAR  Reset
Setting SELoGIC 51ATD Time Dial
SIATC Torque Control 51ARS Electromechanical
Reset? (Y/N)
51ACT Const. Time Add.
51AMR Min. Response

Logic State of 51ATC Controls the Torque Control Switch

51ATC Torque Control Setting

State Switch Position 51ARS = Reset Timing
Logical 1 Closed Y Electromechanical
Logical 0 Open N 1Cycle

Note: 51AT element shown above; 51BT and 51CT are similar.
Figure 4.5 Phase Time-Overcurrent Elements 51AT, 51BT, and 51CT

Table 4.13 Maximum Phase Time-Overcurrent

Setting Prompt

Setting Range

Setting Name :=
Factory Default

TOC TRIP LVL OFF, 0.25-24.00 A%, 51P1P :=6.00
0.05-4.80 A® 51P1P:=12

TOC CURVE SEL Ul, U2, U3, U4, U5, C1,C2, C3, | 51P1C := U3
C4,C5

TOC TIME DIAL 0.50-15.00°, 51P1TD :=3.00
0.01-1.50¢

EM RESET DELAY Y, N 51PIRS :=N

CONST TIME ADDER 0.00-1.00 sec 51P1CT :=0.00

MIN RESPONSE TIM 0.00-1.00 51PIMR :=0.00

TOC TRQ CONTROL SELOGIC 51PITC := 1

TOC TRIP LVL OFF, 0.25-24.00 A?, 51P2P :=6.00
0.05-4.80 A® 51P2P:=1.2

TOC CURVE SEL Ul, U2, U3, U4, U5, C1, C2, C3, | 51P2C := U3
C4,C5

TOC TIME DIAL 0.50-15.00°, 51P2TD :=3.00
0.01-1.50¢

EM RESET DELAY Y, N 51P2RS :=N

CONST TIME ADDER 0.00-1.00 sec 51P2CT :=0.00

MIN RESPONSE TIM 0.00-1.00 51P2MR := 0.00

TOC TRQ CONTROL SELOGIC 51P2TC =1

3 For Iyom = 5 A.

® For Iyom =1 A

¢ For51_C:=U_.

9 For 51_C:=C_.
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Protection and Logic Functions
Group Settings (SET Command)

The maximum phase time-overcurrent elements, SIP1T and 51P2T, respond
to the highest of A-, B-, and C-phase currents as shown in Figure 4.6.

4.19

Relay
Word
Bits.
= 51PnP (Pickup)
) 51PnT Phase
Setting Time-Overcurrent Element
SiPnP O Curve Timing and Reset Timing
Torque Control Switch g ; - 51PnT (Curve
o]l NG b Settings Timeout
51PnP Pickup
SELoGIC » 5IPnC_ Curve Type - 5IPnR (Reset)
Setting 51PnTD  Time Dial
SPnTC 51PnRS  Electromechanical
Reset? (Y/N)
@ PR 5IPnCT  Const. Time Add.
5IPnMR  Min. Response
Torque
Control Torque Control Setting
State Switch Position 51PnRS= Reset Timing
Logical 1 Closed Y Electromechanical
Logical 0 Open N 1Cycle

n=1or?2.

@ From Figure 4.2; @ To Figure 4.41.
Figure 4.6 Maximum Phase Time-Overcurrent Elements 51P1T and 51P2T

Table 4.14 Negative-Sequence Time-Overcurrent Settings

Setting Prompt

TOC TRIP LVL

TOC CURVE SEL

TOC TIME DIAL

EM RESET DELAY
CONST TIME ADDER
MIN RESPONSE TIM
TOC TRQ CONTROL

n Setting Name :=
ST RENTE Factory Default
OFF, 0.25-24.00 A?, 51QP :=6.00
0.05-4.80 A® 51QpP:=1.2
Ul, U2, U3, U4, U5, Cl1, C2, 51QC:=U3
C3,C4,C5
0.50-15.00¢, 51QTD :=3.00
0.01-1.50¢
Y, N 51QRS :=N
0.00-1.00 sec 51QCT :=0.00
0.00-1.00 S51QMR :=0.00
SELoGIC 51QTC =1

@ For Iyom = 5 A.
® For Iygy =1A.
¢ For51_C:=U_.
4 For51_C:=C_.
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4.20 | Protection and Logic Functions

Group Settings (SET Command)

SEL-751 Relay

The negative-sequence time-overcurrent element 51QT responds to the 312
current as shown Figure 4.7.

Relay
Word
Bits
» 51QP  Pickup
. 51QT Residual
Setting Time-Overcurrent Element
_510P O Curve Timing and Reset Timing
i - ] = 51QT Curve
312 Torque C%Sw ch . Settings e
510P Pickup
SELogic = 51QC Curve Tpe H 51QR Reset
Setting 51QTD Time Dial
5107C 510RS Electromechanical
Reset? (Y/N)
QIDIR 510CT  Const. Time Add.
51QMR  Min. Response
Torque
Control Torque Control Setting
State Switch Position 51QRS= Reset Timing
Logical 1 Closed Y Electromechanical
Logical 0 Open N 1Cycle

® From Figure 4.2; @ Figure 4.40.

Figure 4.7 Negative-Sequence Time-Overcurrent Element 51QT

False negative-sequence current can transiently appear when a circuit breaker
is closed and balanced load current suddenly appears. To avoid tripping for
this transient condition, do not use a time-dial setting that results in curve
times slower than three cycles.

Table 4.15 Neutral Time-Overcurrent Settings (Sheet 1 of 2)

Setting Prompt

Setting Range

Setting Name :=
Factory Default

TOC TRIP LVL

TOC CURVE SEL

TOC TIME DIAL

EM RESET DELAY
CONST TIME ADDER
MIN RESPONSE TIM
TOC TRQ CONTROL
TOC TRIP LVL

TOC CURVE SEL

TOC TIME DIAL

EM RESET DELAY
CONST TIME ADDER

Instruction Manual

OFF, 0.25-24.00 A®
0.05-4.80 AP

10.00-960.00 mA®

U1, U2, U3, U4, U5,
C1,C2,C3,C4,C5

0.50-15.00¢
0.01-1.50°

Y, N
0.00-1.00 sec
0.00-1.00
SELogGIC

OFF, 0.25-24.00 A®
0.05-4.80 A®

10.00-960.00 mA

U1, U2, U3, U4, US,
C1,C2,C3,C4,C5

0.50-15.00¢
0.01-1.50°

Y, N
0.00-1.00 sec

5IN1P := OFF
5IN1C := U3
5IN1TD :=1.50
5INIRS :=N
5INICT :=0.00
5INIMR :=0.00
5INITC :=1
51N2P := OFF
5IN2C := U3
5IN2TD := 1.50
5IN2RS :=N
51IN2CT :=0.00
Date Code 20170927
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Protection and Logic Functions

Group Settings (SET Command)

Table 4.15 Neutral Time-Overcurrent Settings (Sheet 2 of 2)

Setting Prompt

Setting Range

Setting Name :=
Factory Default

MIN RESPONSE TIM
TOC TRQ CONTROL

0.00-1.00

SELOGIC

51N2MR := 0.00
SIN2TC =1

For lyom = 5 A.
For Iyom = 1A.
For Iyom = 0.2 A.
For 51_C:= U_.
For 51_C:=C_.

® a o0 oo

The neutral time-overcurrent elements, SIN1T and 51N2T, respond to neutral
channel current IN as shown Figure 4.8.

Relay
Word
Bits

= 5INn1P Pickup

. 5INnIT Neutral
Setting Time-Overcurrent Element
SINTP . pr o h Curve Timing and Reset Timing o et Cure
orque Control Switc B ot n
@ IN 4 o=+ Settings Timeout
5INnIP Pickup
SELosic ® 5INnIC  Curve Type = 5INnIR Reset
Setting 5INnITD  Time Dial
SINnTC 5INnIRS  Electromechanical
Reset? (Y/N)
NIDIR 5INnICT  Const. Time Add.
5INnIMR  Min. Response

n=1or2

Controls the Torque Control Switch

5INnITC Torque Control Setting

State Switch Position S5INNIRS = Reset Timing
Logical 1 Closed Y Electromechanical
Logical 0 Open N 1Cycle

® From Figure 4.2; @ Figure 4.35
Figure 4.8 Neutral Time-Overcurrent Elements SIN1T and SIN2T

Table 4.16 Residual Time-Overcurrent Settings (Sheet10of 2)

Setting Prompt

Setting Range

Setting Name :=
Factory Default

TOC TRIP LVL

TOC CURVE SEL
TOC TIME DIAL

EM RESET DELAY
CONST TIME ADDER
MIN RESPONSE TIM
TOC TRQ CONTROL

TOC TRIP LVL

TOC CURVE SEL

OFF, 0.25-24.00 A%,
0.05-4.80 AP

Ul, U2, U3, U4, U5,Cl1, C2,
C3,C4,C5

0.50-15.00°,
0.01-1.50¢

Y, N

0.00-1.00 sec
0.00-1.00

SELOGIC

OFF, 0.25-24.00 A?,
0.05-4.80 A®

Ul, U2, U3, U4, U5, C1, C2,
C3,C4,C5

Instruction Manual

51G1P :=0.50
51G1P:=0.10

51G1C:=U3

51GITD :=1.50

51GIRS :=N
51GICT :=0.00
51GIMR :=0.00
S51IGITC =1
51G2P :=0.50
51G2P:=0.10

51G2C:=U3

SEL-751 Relay
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Protection and Logic Functions
Group Settings (SET Command)

Table 4.16 Residual Time-Overcurrent Settings (Sheet 2 of 2)

. . Setting Name :=
Setting Prompt Setting Range Factory Default
TOC TIME DIAL 0.50-15.00¢, 51G2TD :=1.50

0.01-1.509

EM RESET DELAY Y, N 51G2RS :=N
CONST TIME ADDER 0.00-1.00 sec 51G2CT :=0.00
MIN RESPONSE TIM 0.00-1.00 51G2MR :=0.00
TOC TRQ CONTROL SELoGIC 51G2TC =1

@ For Iyom = 5 A.

® For Iyom =1 A

€ For51_C:=U_.

4 For51_C:=C_.

The residual time-overcurrent elements, SIG1T and 51G2T, respond to
residual current IG as shown in Figure 4.9.

Relay
Word
Bits.
» 516nP Pickup
) 51GnT Residual
Setting Time-Overcurrent Element
% > Curve Timing and Reset Timing
i - . - 516nT Curve
li| Torque COO@SM chi, Settings e
516nP Pickup
SELosic - 516nC  Curve Tpe = 51GnR Reset
Setting Torgue 516nTD  Time Dial
56nTC Control 516nRS  Electromechanical
Reset? (Y/N)
GIDIR 516nCT  Const. Time Add.
51GnMR  Min. Response
Torque
Control Torque Control Setting
State Switch Position 516nRS= Reset Timing
Logical 1 Closed Y Electromechanical
Logical 0 Open N 1Cycle
n=1or2

@ From Figure 4.2; @ From Figure 4.34
Figure 4.9 Residual Time-Overcurrent Elements 51G1T and 51G2T

Time-Overcurrent Curves

NOTE: The time-overcurrent curves
in Figure 4.10 through Figure 4.19
show operating times flattening at

M =30 (30 multiples of pickup). This
is true for the overcurrent pickup set
equal to the CT nominal rating (Iyop)
and no significant dc offset. The
flattening may start at different
points depending on the actual
pickup setting, e.qg., if pickup is

4.8 * Iyow: the curve starts flattening
at M =30/4.8 = 6.25.

SEL-751 Relay

The following information describes the curve timing for the curve and time
dial settings made for the time-overcurrent elements (see Figure 4.5 through
Figure 4.9). The U.S. and IEC time-overcurrent relay curves are shown in
Figure 4.10 through Figure 4.19. Curves U1, U2, and U3 (Figure 4.10 through
Figure 4.12) conform to IEEE C37.112-1996 IEEE Standard Inverse-Time
Characteristic Equations for Overcurrent Relays.
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Relay Word Bit OREDSIT

Relay Word bit OREDSIT is asserted if any of the Relay Word bits 51AT, 51BT,
51CT, 51PIT, 51P2T, 51N1T, 51N2T, 51GI1T, 51G2T, or 51QT are asserted.

Table 4.17 Equations Associated With U.S. Curves

Curve Type Operating Time Reset Time Figure
Ul (Moderately Inverse) Figure 4.10
tp =TD- (0.0226+%} t,=TD-+ ( 1.08 )
M 1M
U2 (Inverse) Figure 4.11
t, = TD (0.180+ 593 ) t,=TDs ( 5’952>
M -1 1-M
U3 (Very Inverse) Figure 4.12
t, = 7D+ (0.0963 + 255) = 0+ (22
M1 1-M
U4 (Extremely Inverse) Figure 4.13
(, = 1D+ (00352+ 291 (= 10+ (2]
-1 1-M
US (Short-Time Inverse) Figure 4.14
t,=TD+ (0.00262 + %} t,=TDs ( 0'3232)
M2 1M
where:
= operating time in seconds (see Note on page 4.22)
t, = electromechanical induction—disk emulation reset time in seconds (if you select electromechanical reset setting)
TD = time-dial setting
M = applied multiples of pickup current [for operating time (tp), M>1; for reset time (t,), M<1]
Table 4.18 Equations Associated With IEC Curves
Curve Type Operating Time Reset Time Figure
C1 (Standard Inverse) Figure 4.15
-1 1-M
C2 (Very Inverse) Figure 4.16
L O
B -M
C3 (Extremely Inverse) Figure 4.17
, = 1D (22 = 0 (22
M -1 _ M
C4 (Long-Time Inverse) 120 120 Figure 4.18
t = TDe (—) = TD. (_)
» T = TD* (7
C5 (Short-Time Inverse) Figure 4.19
t,=TD: (_(?(-)25 ) o TDe ( 4.85)
M -1 ' 1-M

where:

= operating time in seconds (see Note on page 4.22)
t, = electromechanical induction—disk emulation reset time in seconds (if you select electromechanical reset setting)

TD = time-dial setting

M = applied multiples of pickup current [for operating time (tp), M>1; for reset time (t,), M<1]

Date Code 20170927
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Directional Control
for Neutral-Ground
and Residual-Ground
Overcurrent Elements
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IEC Long-Time Inverse Curve: C4

o
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IEC Short-Time Inverse Curve: C5

The directional control for overcurrent elements is enabled by making direc-
tional control enable setting EDIR. Setting EDIR and other directional control
settings are described in Directional Control Settings on page 4.53.

Six directional elements are available to control the neutral ground and resid-
ual ground overcurrent elements. Not all are available simultaneously. These

six directional elements are:

» Negative-sequence voltage-polarized directional element

Zero-sequence voltage-polarized directional element

>
» Channel IN current-polarized directional element
>

Zero-sequence voltage-polarized directional element (low-
impedance grounded system)

\

(Petersen coil-grounded system)

Wattmetric and incremental conductance directional elements

» Zero-sequence voltage-polarized directional element
(ungrounded/high-impedance grounded system)

Instruction Manual
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Enable Directional

Relay Relay Directional  Relay Direction
Elements with Setting Internal ~ Word Bit Directional ~ Word Bit Element  Word Bit Forward/ Directional
Enables  Outputs Elements Outputs Routing  Outputs  Reverse Logic Control
Level 1GIDIR
> DIRGF/
DIRGR
—] -
@ @ Level 2 G2DIR
SN/ | Level 3GIDR___
50NR
ORDER=U - . Unqrounded/ EB|||;N/ Level 4 G4DIR
©) High-Impedance
DIRNE > @ Level TNIDIR
A DIRNF/
DIRNR
. >
@ @ Level 2 N2DIR
Level 3N3DIR
Level 4 N4DIR

to Residual Ground
Time-Overcurrent

Elements@

to Residual Ground
Inst./Def.-Time
Overcurrent Elements

to Neutral Ground
Time-Overcurrent

Elements@

to Neutral Ground
Inst./Def.-Time
Overcurrent Elements

@ Figure 4.25; @ Figure 4.31; ® Figure 4.32; ® Figure 4.33; ® Figure 4.34; ® Figure 4.35; @ Residual Time-

Overcurrent Elements 51G1T and 51G2T; ® Figure 4.2; ® Figure 4.8; @ Figure 4.9.

Figure 4.21

Elements (Ungrounded/High-Impedance Grounded Systems; ORDER := U)

Table 4.19 Available Ground Directional Elements

General Logic Flow of Directional Control for Neutral Ground and Residual Ground Overcurrent

MO Corresponding
Ground
ohiDls Directional i Corresponding
Setting Enables (and X Availability
Choices Element (and System Figures
SR Grounding)
Grounding)
Q Negative- DIRQGE Figure 4.23, All models (not
sequence Figure 4.26 dependent on
voltage-polarized neutral channel
v Zero-sequence DIRVE Figure 4.24, LIND
voltage-polarized Figure 4.27
1 Channel IN DIRIE Figure 2.25, Models with a
current polarized Figure 4.24, 1Aor5A
Figure 4.28 nominal neutral
channel (IN)
NOTE: The neutral channel (IN) can s? Zero-sequence DIRNE (Low- Figure 2.28, Models with a
also be ordered as a 0.2 A nominal voltage-polar- impedance) Figure 4.25, 0.2 A nominal
neutral channel without directional . N
option for use as nondirectional ized (Low- Figure 4.29 neutral channel
sensitive earth fault (SEF) protection. impedance) (IN)
P? Wattmetric and DIRNE Figure 2.30,
incremental (Petersen coil) Figure 4.25,
conductance Figure 4.30
(Petersen coil)
Ut Zero-sequence DIRNE Figure 2.28,
voltage- (Ungrounded/ Figure 2.29,
polarized high-impedance) Figure 2.31,
(Ungrounded/ Figure 4.25,
high-impedance) Figure 4.31

@ s, P, and U are mutually exclusive—they cannot be listed together in the ORDER setting.

Instruction Manual
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Table 4.20 Best Choice Ground Directional Element Logic

Resultant ground directional
element preference (indicated below with
corresponding internal enables;

ORD.ER run element that corresponds to highest ORDER. Set'tlnq
Setting S N ) Combination
Combinations choice internal enable that is asserted; Availability
system grounding in parentheses)
1st Choice 2nd Choice 3rd Choice
OFF No ground directional elements enabled All models
(independent on
Q DIRQGE neutral channel
Qv DIRQGE DIRVE [INT)
\% DIRVE
vQ DIRVE DIRQGE
1 DIRIE Additional
setting
IQ DIRIE DIRQGE combinations for
Qv DIRIE DIRQGE DIRVE models with a
l1Aor5A
v DIRIE DIRVE nominal neutral
IvVQ DIRIE DIRVE DIRQGE channel (IN)
QI DIRQGE DIRIE
QIv DIRQGE DIRIE DIRVE
QVI DIRQGE DIRVE DIRIE
VI DIRVE DIRIE
VIQ DIRVE DIRIE DIRQGE
VQI DIRVE DIRQGE DIRIE
VS DIRVE DIRNE (Low- Additional
impedance) setting
binations f
vQs DIRVE DIRQGE | DIRNE (Low- | “Omoinations for
. P models with a
impedance) 0.2 A nominal
QVS DIRQGE DIRVE DIRNE (Low- | neutral channel
impedance) INy?
P DIRNE
(Petersen coil)
QP DIRQGE DIRNE
(Petersen coil)
QVP DIRQGE DIRVE DIRNE
(Petersen coil)
VP DIRVE DIRNE
(Petersen coil)
vQP DIRVE DIRQGE DIRNE
(Petersen coil)
U DIRNE
(Ungrounded/
high-imped-
ance)

@ s, P, and U are mutually exclusive and are the last (or only) listed choice for the order setting.

Instruction Manual
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Table 4.21 Ground Directional Element Availability by Voltage Connection Settings

Availability® When Availability® When Availability® When Availability® When
Element VNOM = OFF VNOM = OFF VNOM = OFF VNOM = OFF
Designation VSCONN = VS VSCONN = 3VO0 VSCONN = VS VSCONN = 3VO0
in ORDER _ _
Setting DELTA_Y = DELTA_Y = DELTA_Y = WYE or DE"TA—Y S DE"TA—Y e
WYE DELTA DELTA Y = DELTA DELTA_Y = DELTA, or | DELTA_Y = DELTA, or
- SINGLEV = Y SINGLEV =Y
Q Yes Yes Yes No® NoP
\ Yes No Yes No® Yes
1 Yes Yes Yes Yes Yes
S Yes No Yes No® Yes
P Yes No Yes No® Yes
U Yes No Yes No® Yes

@ Subject to availability of elements by relay model shown in Table 4.19 and Table 4.20.
b The displayed setting range for the ORDER setting may show these element choices, but the relay will not accept these choices when a

settings save is attempted.

NOTE: If setting SINGLEV:=Y then,
setting VNOM is set to OFF.

NOTE: When group settings
SINGLEV :=Y and VSCONN = 3VO0,
EDIR cannot be set to AUTO.

NOTE: When VNOM = OFF, setting
VSCONN = VS and the relay has a

0.2 A nominal neutral rating, EDIR can
only be set to N.

SEL-751 Relay

Figure 4.20 and Figure 4.21 give an overview of how these directional ele-
ments are enabled and routed to control the neutral ground and residual
ground overcurrent elements.

Note in Figure 4.20 and Figure 4.21 that setting ORDER enables the direc-
tional elements. Setting ORDER can be set with the elements listed and
defined in Table 4.19, subject to the setting combination constraints in
Table 4.20. Note that Table 4.19 and Table 4.20 also list the directional ele-
ment availability, per model (according to the neutral channel [IN] rating).

Table 4.21 details the availability of the ground directional elements for the
various combinations of the DELTA_Y, VSCONN, SINGLEYV, and VNOM
settings. If none of the ground directional elements are available (per

Table 4.19 through Table 4.21), setting EDIR (directional control enable) can
only be set to N. Refer to Figure 2.20 and Figure 2.21 for information on
DELTA_Y, VSCONN, and SINGLEV settings and how they translate to phys-
ical connections.

Also, note that Table 4.19 through Table 4.21 (and lower left-hand corner of
Figure 4.20) detail the mutual exclusivity of ORDER setting choices I, S, P,
and U. If particular directional elements are not available (because of model
type) or are not listed in setting ORDER, these elements are defeated and non-
operational.

For example, suppose that setting choice S is listed in setting ORDER. By vir-
tue of not being available or not being listed in setting ORDER, the directional
elements corresponding to setting choices I, P, and U (see Table 4.19,

Figure 4.20, and Figure 4.21) are defeated and nonoperational. So, for
unavailable setting choice I, corresponding internal enable DIRIE = logical 0
and directional outputs FDIRI = logical 0 and RDIRI = logical 0. Similarly,
for the directional elements corresponding to unlisted setting choices P and U,
the logic outputs are at a logical O state.

The order in which these directional elements are listed in setting ORDER
determines the priority in which they operate to provide Best Choice Ground
Directional Element logic control. See the discussion on setting ORDER in
Directional Control Settings on page 4.53.
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Internal Enables
Refer to Figure 4.20, Figure 4.21, Figure 4.23, Figure 4.24, and Figure 4.25.

Table 4.19 lists the internal enables and their correspondence to the ground
directional elements.

Note that Figure 4.23 has extra internal enable DIRQE, which is used in the
directional element logic that controls negative-sequence and phase overcur-
rent elements (see Figure 4.36).

Also, note that if a loss-of-potential condition occurs (Relay Word bit LOP
asserts), all the internal directional enables (except for DIRIE) are disabled
(see Figure 4.23, Figure 4.24, and Figure 4.25), unless VSCONN = 3V0. In
that case, the directional-element enables in Figure 4.24 and Figure 4.25 are
not affected by LOP.

The channel IN current-polarized directional element (with corresponding
internal enable DIRIE; Figure 4.24) does not use voltage in making direction
decisions, thus a loss-of-potential condition does not disable the element.
Refer to Figure 4.73 and accompanying text for more information on loss-of-
potential.

The settings involved with the internal enables (e.g., settings a2, k2, a0, aON)
are explained in Directional Control Settings on page 4.53.

Switch Between Iy and I; for Low-Impedance Grounded and

Ungrounded/High-Impedance Grounded Systems

If an ungrounded or high-impedance grounded system (setting ORDER := U)
has appreciable circuit length, the capacitance levels can be such that appre-
ciable current flows for a ground fault. A low-impedance grounded system
(setting ORDER contains S) can also have appreciable current flow for a
ground fault.

The 0.2 A nominal neutral channel (IN) can measure up to 5 A secondary.
Under certain conditions, the logic in Figure 4.25 (and Figure 4.29 and
Figure 4.31) switches from monitoring neutral channel current I to monitor-
ing residual ground current I 5. Residual ground current I 5 is derived inter-
nally from phase current channels IA, IB, and IC; I is effectively 31, and has a
much higher upper range than neutral channel current I. As shown in
Figure 4.22, the relay uses the settings CTR and CTRN, along with the magni-
tudes of I and I, to determine when current Iy might exceed 5 amperes.
When such a condition is detected, the relay switches to I 5. The switching
logic is designed such that the switch may occur when neutral current is less
than 5 amperes.
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Relay

[IN] Word

Bits

47 A sec. Latch —
—9 Set Output — GNDSW

’_O Reset
6] ——+ , 201
INOM/100 ——|—

0

Settings Reset has priority

50A .m —_
O ASECTTTR 0O

CTR N 47 A-sec *100 INOM = Rating of phase current inputs
CTRN INOM

Figure 4.22 Logic for Relay Word bit GNDSW

Relay Word bit GNDSW indicates whether the directional element for low-
impedance grounded or ungrounded/high-impedance grounded systems is
operating on neutral channel (IN) current Iy, (GNDSW = logical 1) or on resid-
ual ground current I instead (GNDSW = logical 0).

This switching of currents (from Iy to I;) requires the SONFP/50NRP settings
(based on current Iy) in the Figure 4.24 logic to be effectively changed to the
new I base. This is done internally with CT ratio settings:

SONFP « CTRN/CTR (I base)
S0NRP ¢« CTRN/CTR (I base)

If the logic in Figure 4.25 (and Figure 4.29 and Figure 4.31) operates on neu-
tral current I, then settings SONFP and SONRP are not adjusted, and just
operate as:

SONFP (I base)
S0NRP (I base)

This transition is “seamless” if the lower detection threshold of the residual
ground current I 5 (0.05 A secondary for 5 A nominal phase; 0.01 A secondary
for 1 A nominal) effectively overlaps with the upper detection threshold of
neutral channel current I (5 A secondary):

CTR/CTRN < (5 A/0.05 A) = 100 (5 A nominal phase inputs)
CTR/CTRN < (5 A/0.01 A) =500 (1 A nominal phase inputs)

There is no effective overlap if:
CTR/CTRN > 100 (5 A nominal phase inputs)
CTR/CTRN > 500 (1 A nominal phase inputs)

With no effective overlap, when the neutral channel current Iy exceeds the
upper detection threshold of neutral channel IN (5 A secondary), the unit still
operates on the neutral channel current I until the lower detection threshold
of the residual ground current I; (0.05 A secondary for 5 A nominal phase;
0.01 A secondary for 1 A nominal) is reached. It is better to have effective
overlap:

CTR/CTRN < 100 (5 A nominal phase inputs)
CTR/CTRN < 500 (1 A nominal phase inputs)
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This Iy to I (or I to Iy) current switching discussed for Figure 4.25,

Figure 4.29, and Figure 4.31 also has an effect on zero-sequence impedance
settings ZOF and ZOR (see Figure 4.29 and Figure 4.31). ZOF and ZOR (Q sec-
ondary) are set in reference to the phase current inputs (IA, IB, and IC; residual
current I is derived internally from these phase currents). However, settings
Z0F and ZOR are applied to Figure 4.29 and Figure 4.31, where neutral cur-
rent I (from neutral current channel IN) is also applied when GNDSW is
asserted. Settings ZOF and ZOR are adjusted internally (with CT ratio settings)
to operate on this I current base:

Z0F « CTRN/CTR (I base)
ZOR * CTRN/CTR (I base)

If the logic in Figure 4.25, Figure 4.29, and Figure 4.31 operates on residual
current I, as a result of current switching, then settings ZOF and ZOR are not
adjusted, and just operate as:

Z0F (I base)
Z0R (I base)

Zero-Sequence Voltage Sources

The directional elements that rely on zero-sequence voltage 3V, (ORDER set-
ting choices: V, S, P, and U, shown in Figure 4.27 and Figure 4.29 through
Figure 4.31) may use either a calculated 3V0 from the wye-connected volt-
ages VA, VB, and VC, or a measured 3VO0 from the VS channel, which is typ-
ically connected to a broken-delta PT secondary. Setting VSCONN selects the
zero-sequence voltage source to be used by the affected directional elements.

When VSCONN := 3V(, the measured voltage on terminals VS-NS is scaled by
the ratio of Group settings PTRS/PTR to convert it to the same voltage base as
the VA, VB, and VC terminals, and the resulting signal is applied to the direc-
tional element “3V0” inputs.

When VSCONN := VS, the calculated zero-sequence voltage from terminals
VA, VB, and VC is applied to the directional element “3V0” inputs, provided that
the relay is connected to wye-connected PTs (DELTA_Y := WYE). If the
relay is connected to open-delta PTs (DELTA_Y := DELTA), 3V0 cannot be
calculated from the VA, VB, and VC terminals, and the directional elements that
require zero-sequence voltage are unavailable.

When testing the relay, it is important to note that the METER command VG
(3V0) quantity, when available, is always the calculated value from the wye-
connected PT inputs, even when VSCONN := 3V(. The METER command
VS quantity is always the measured value from the VS-NS terminals.

Refer to Figure 2.21: Voltage Connections (e) and (f) for Broken-Delta VS
Connection (setting VSCONN := 3VO0).

Best Choice Ground Directional Element Logic

The Best Choice Ground Directional Element logic determines which direc-

tional element should be enabled to operate. The neutral ground and residual
ground overcurrent elements set for directional control are then controlled by
this enabled directional element.

Table 4.20 is the embodiment of the Best Choice Ground Directional Element
logic. Note in Table 4.20 that any of the directional elements corresponding to
S, P, or U that operate on 0.2 A nominal neutral channel (IN) are listed last (or
by themselves) in any of the available setting combinations for the ORDER
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setting. This is because preference is given to selected directional elements
that operate off of bigger signals (i.e., directional elements corresponding to Q
and V). Setting choice “I” cannot be listed with S, P, or U.

Figure 4.20 shows no control emanating from the Best Choice Ground Direc-
tional Element logic to the directional elements corresponding to S or P
(Figure 4.29, and Figure 4.30, respectively). This Best Choice Ground Direc-
tional Element logic for the directional elements corresponding to S or P is
effectively handled with the “disable inputs” (internal enables DIRQGE and
DIRVE) running into the internal enable logic of Figure 4.25. If neither
DIRQGE nor DIRVE are asserted (and thus their corresponding directional
elements are not enabled), then the internal enable logic of Figure 4.25 is free
to run for the last directional element selected in setting ORDER (if S or P is
the last element listed in setting ORDER).

Setting choice U (ungrounded/high-impedance grounded) can only be listed
by itself (ORDER := U), so Best Choice Ground Directional Element logic is
irrelevant in this case just as it is also irrelevant when Q, V, I, or P are listed by
themselves in setting ORDER.

Directional Elements

Refer to Figure 4.20, Figure 4.21, and Figure 4.26 through Figure 4.31. The
Best Choice Ground Directional Element logic in Table 4.20 determines
which directional element will run.

Note in Figure 4.30 that the incremental conductance directional element out-
puts FDIRC/RDIRC do not propagate to directional outputs FDIRN/RDIRN,
respectively, as do the wattmetric directional element outputs FDIRW/
RDIRW. Incremental conductance elements are used more for alarming pur-
poses than for controlling overcurrent elements for tripping. Incremental con-
ductance elements provide more sensitivity for detecting high-resistance faults
on Petersen coil-grounded systems (as compared to the wattmetric elements).
For more information on the operation and application of incremental conduc-
tance elements for Petersen coil- (resonant) grounded systems, see the paper:
Review of Ground Fault Protection Methods for Grounded, Ungrounded, and
Compensated Distribution System by Jeff Roberts, Hector Altuve, and Daqing
Hou, presented at the 28th Annual Western Protective Relay Conference, Spo-
kane, Washington, October 22-24, 2001.

Directional Element Routing

Refer to Figure 4.20, Figure 4.21, Figure 4.32, and Figure 4.33. The direc-
tional element outputs are routed to the forward (Relay Word bits DIRGF and
DIRNF) and reverse (Relay Word bits DIRGR and DIRNR) logic points and
then on to the direction forward/reverse logic in Figure 4.34 and Figure 4.35.

Loss of Potential
Note if all the following are true:

» Enable setting EFWDLOP =Y,
» Global setting VSCONN := VS,

» A loss-of-potential condition occurs (Relay Word bit LOP
asserts),

» And internal enable DIRIE (for channel IN current-polarized
directional element) is not asserted
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then the forward logic point (Relay Word bit DIRGF in Figure 4.32 and
DIRNF in Figure 4.33) asserts to logical 1, thus, enabling the residual ground
(Figure 4.34) and neutral ground (Figure 4.35) overcurrent elements that are
set direction forward (with settings DIR1 := F, DIR2 :=F, etc.). These direc-
tion forward overcurrent elements effectively become nondirectional and pro-
vide overcurrent protection during a loss-of-potential condition.

If Global setting VSCONN := 3V0 and setting EFWDLOP :=Y, the LOP con-
dition will not cause the forward directional outputs to assert when either
directional element enable DIRVE or DIRNE is asserted, as shown at the top
of Figure 4.32 and Figure 4.33. In this situation, the elements that are enabled
by signals DIRVE and DIRNE are still able to operate reliably during a loss-
of-potential condition, so there is no need to force the forward outputs to
assert. However, when DIRVE or DIRNE are not asserted, a standing LOP
condition will force the forward outputs to assert continuously. Consider this
when determining residual- and neutral-ground overcurrent element pickup
settings and time delay settings, so that “load conditions” do not cause a for-
ward-set ground directional overcurrent element to pick up and start timing.

As detailed previously in Internal Enables on page 4.31, some or all of the
voltage-based directional elements are disabled during a loss-of-potential con-
dition. Thus, the overcurrent elements controlled by these voltage-based direc-
tional elements are also disabled. However, this disable condition is
overridden for these overcurrent elements set direction forward if setting
EFWDLOP =Y.

Refer to Figure 4.73 and accompanying text for more information on loss-of-
potential.

Direction Forward/Reverse Logic
Refer to Figure 4.20, Figure 4.21, Figure 4.34, and Figure 4.35.

The forward (Relay Word bit DIRGF in Figure 4.34 and DIRNF in

Figure 4.35) and reverse (Relay Word bit DIRGR in Figure 4.34 and DIRNR
in Figure 4.35) logic points are routed to the different levels of overcurrent
protection by the level direction settings DIR1 through DIR4 and correspond-
ing GnDIR and NuDIR (n = 1-4) Relay Word bits.

Table 4.25 shows the overcurrent elements that are controlled by each level
direction setting. Note in Table 4.25 that all the time-overcurrent elements
(51_T elements) are controlled by the DIR1 level direction setting.

If a level direction setting (e.g., DIR1) is set:

DIRT= N (nondirectional)

then the corresponding Level 1 directional control outputs in Figure 4.34 and
Figure 4.35 assert to logical 1. The referenced Level 1 overcurrent elements in
Figure 4.34 and Figure 4.35 are then not controlled by the directional control
logic.

See the beginning of Directional Control Settings on page 4.53 for a discus-
sion of the operation of level direction settings DIR1 through DIR4 when the
directional control enable setting EDIR is set to EDIR := N.

In some applications, level direction settings DIR1 through DIR4 are not flex-
ible enough in assigning the desired direction for certain overcurrent elements.
Directional Control Provided by Torque Control Settings on page 4.77
describes how to avoid this limitation for special cases.
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® From Figure 4.73; @ From Figure 4.24; ® to Figure 4.26 and Figure 4.37;
® to Figure 4.37 and Figure 4.38; ®to Figure 4.25, Table 4.19, and Table 4.20.

Figure 4.23 Internal Enables (DIRQE and DIRQGE) Logic for Negative-
Sequence Voltage-Polarized Directional Elements
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® From Figure 4.73; @ to Figure 4.27 and Figure 4.28; ® to Figure 4.25 and
Figure 4.27; ® to Figure 4.23, Figure 4.32, Figure 4.33, Table 4.19, and Table 4.20;
® to Figure 4.28.

Figure 4.24 Internal Enables (DIRVE and DIRIE) Logic for Zero-Sequence
Voltage-Polarized and Channel IN Current-Polarized Directional Elements
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NOTE: Residual ground current | is
used in place of neutral current I
under certain circumstances. See
Switch Between Iy and I for Low-
Impedance Grounded and
Ungrounded/High-Impedance
Grounded Systems on page 4.31.
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50NFP

Relay
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SELOGIC
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EDIRIV

DIRNE
(Internal
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®

@ From Figure 4.73; @ to Figure 4.29 and Figure 4.31; ® to Figure 4.20,
Figure 4.21, Figure 4.29, Figure 4.30, Figure 4.31, Table 4.19, and Table 4.20;

® from Figure 4.23; ® from Figure 4.24.

Figure 4.25 Internal Enable (DIRNE) Logic for Zero-Sequence Voltage-
Polarized Directional Elements (Low-Impedance Grounded, Petersen Coil-
Grounded, and Ungrounded/High-Impedance Grounded Systems)

Refer to EDIRIV—SELo0GIC Control Equation Enable on page 4.76 for infor-

mation on using SELOGIC setting EDIRIV.
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® From Table 4.20; @ to Figure 4.32 and Figure 4.33; ® from Figure 4.23.

Figure 4.26 Negative-Sequence Voltage-Polarized Directional Element for
Neutral Ground and Residual Ground Overcurrent Elements

Instruction Manual

SEL-751 Relay

4.39



4.40 | Protection and Logic Functions
Group Settings (SET Command)

SEL-751 Relay

Relay
Word
Bit

® s06F

Forward

Threshold

Relay
Word
Bit

O

Best Choice

DIRVE is highest

I_D

@ Ground
Directional
Logic

3V

I

(Residual)

(Ig=3lp)
Reverse

choice that is asserted

Y

Enable

Rel3Vy(I5-1ZZOMTAY']
20-—0

lIl2

Threshold

Relay
Word
Bit

® 506

Reverse Threshold 7

\

A X0

R

RO

Forward Threshold L

\

Direction Element Characteristics

Forward Threshold:

If ZOF Setting <0, Forward Threshold = 0.75 « ZOF - 0.25 «|——

If ZOF Setting > 0, Forward Threshold =1.25 + ZOF - 0.25 « |[—

Reverse Threshold:

If ZOR Setting > 0, Reverse Threshold = 0.75 « ZOR + 0.25 «|——

If ZOR Setting < 0, Reverse Threshold =1.25 + ZOR +0.25 « [—

Relay
Word
Bits
FDIRV
(Forward)

RDIRV
(Reverse)

® From Table 4.20; @ to Figure 4.32 and Figure 4.33; @ from Figure 4.24.
Figure 4.27 Zero-Sequence Voltage-Polarized Directional Element

The 3VO0 input to Figure 4.27 may be either a calculated value (when
VSCONN := VS and DELTA_Y := WYE) or a measured value (when
VSCONN :=3V0). See Zero-Sequence Voltage Sources on page 4.33.
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® From Table 4.20; @ to Figure 4.32 and Figure 4.33; ® from Figure 4.24.
Figure 4.28 Channel IN Current-Polarized Directional Element
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® From Figure 4.30 and Figure 4.31; @ to Figure 4.32 and Figure 4.33;
® from Figure 4.25.

Figure 4.29 Zero-Sequence Voltage-Polarized Directional Element (Low-
Impedance Grounded Systems)

The 3V0 input to Figure 4.29 may be either a calculated value (when
VSCONN := VS and DELTA_Y := WYE) or a measured value (when
VSCONN :=3V0). See Zero-Sequence Voltage Sources on page 4.33.
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® From Figure 4.29 and Figure 4.31; @ to Figure 4.32 and Figure 4.33; ® from Figure 4.25.

Figure 4.30 Wattmetric and Incremental Conductance Directional Elements (Petersen Coil-Grounded Systems)

The 3V0 input to Figure 4.30 may be either a calculated value (when

VSCONN :

WYE) or a measured value (when

VS and DELTA_Y :

VSCONN :=3V0). See Zero-Sequence Voltage Sources on page 4.33.
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NOTE: Residual ground current I is
used in place of neutral current I
under certain conditions. See Switch
Between Iy and I for Low-Impedance
Grounded and Ungrounded/High-
Impedance Grounded Systems on
page 4.31
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® From Figure 4.29 and Figure 4.30; @ to Figure 4.32 and Figure 4.33;
® from Figure 4.25.
Figure 4.31 Zero-Sequence Voltage-Polarized Directional Element
(Ungrounded/High-Impedance Grounded Systems)
The 3VO0 input to Figure 4.31 may be either a calculated value (when
VSCONN := VS and DELTA_Y := WYE) or a measured value (when
VSCONN :=3V0). See Zero-Sequence Voltage Sources on page 4.33.
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® From Figure 4.24; @ from Figure 4.25; ® from Figure 4.73;
® from Figure 4.26; ® from Figure 4.27; ® from Figure 4.28;
@ from Figure 4.29, Figure 4.30, or Figure 4.31; ® to Figure 4.34.
Figure 4.32 Routing of Directional Elements to Residual Ground
Overcurrent Elements
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@ From Figure 4.24; @ from Figure 4.25; ® from Figure 4.73;
® from Figure 4.26; ® from Figure 4.27; ® from Figure 4.28;
@ from Figure 4.29, Figure 4.30, or Figure 4.31; ® to Figure 4.35.

Figure 4.33 Routing of Directional Elements to Neutral Ground Overcurrent
Elements

The 3V0 input to Figure 4.30 may be either a calculated value (when
VSCONN := VS and DELTA_Y := WYE) or a measured value (when
VSCONN :=3V0). See Zero-Sequence Voltage Sources on page 4.33.

Instruction Manual SEL-751Relay



4.46 | Protection and Logic Functions
Group Settings (SET Command)

SEL-751 Relay

Relay
Word
Bits

DIRGF

©)
DIRGR

® From Figure 4.32; @ Figure 4.9; ® Figure 4.2.
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Figure 4.34 Direction Forward/Reverse Logic for Residual Ground
Overcurrent Elements
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@ From Figure 4.33; @ Figure 4.8; ® Figure 4.2.

Figure 4.35 Direction Forward/Reverse Logic for Neutral Ground
Overcurrent Elements

The directional control for overcurrent elements is enabled by making direc-
tional control enable setting EDIR. Setting EDIR and other directional control
settings are described in Directional Control Settings on page 4.53.

The negative-sequence voltage-polarized directional element controls the neg-
ative-sequence overcurrent elements. Negative-sequence voltage-polarized
and positive-sequence voltage-polarized directional elements control the
phase overcurrent elements. Figure 4.36 gives an overview of how the nega-
tive-sequence voltage-polarized and positive-sequence voltage-polarized
directional elements are enabled and routed to control the negative-sequence
and phase overcurrent elements.

If three-phase voltage signals are not available, make the setting VNOM =
OFF. If SINGLEV :=, setting VNOM is set to OFF. This turns off the nega-
tive-sequence voltage-polarized and positive-sequence voltage-polarized ele-
ments to prevent them from operating on false voltage quantities, yet still
allows the Best-Choice Ground Directional Element logic, if available, to
operate for ground faults. This shut-down logic is shown in the center portions
of Figure 4.23 and Figure 4.38.
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Directional Direction
Internal  Relay Word Directional RelayWord  Element  Relay Word  Forward/  Directional
Enables BitOutputs Flements  Bit Qutputs  Routing  Bit Outputs Reverse Logic _Control

QIDIR Level 1 to Negative-Sequence
500F/ - Time-Overcurrent
500R | Negative- | ppjro/ DIRQF/ Element ()
® Sequence | RORO DIROR
oltage = o @ Q2DIR Level 2 to Negative-Sequence
DIRGE Polg)zed | AR evel Instantaneous/Definite
Q3DIR Level 3 Time Overcurrent
Elements
Q4DIR Level 4
@ —
PIDIR Level 1 to Phase

Time-Overcurrent

gosite | Fomey DIRPF/ Elements
RDIRP DIRPR
(Disable) F\’l(;)lgl?igggi =~ >~ @ P2DIR Level 2 to Phase
— Instantaneous/Definite
P3DIR Level 3 Time Overcurrent
Elements
P4DIR Level 4
—

® Figure 4.23; @ Figure 4.37; ® Figure 4.38; ® Figure 4.39; ® Figure 4.40; ® Figure 4.41; @ Figure 4.7;
Figure 4.2; @ Figure 4.6; @ Figure 4.2.

Figure 4.36 General Logic Flow of Directional Control for Negative-Sequence and Phase Overcurrent Elements

The directional control for negative sequence and phase overcurrent elements
is intended to control overcurrent elements with pickup settings above load
current to detect faults. In some applications, it may be necessary to set a sen-
sitive overcurrent element to detect currents in one direction (reverse, for
example) and a less sensitive overcurrent element for the other direction (for-
ward). In such applications, with default relay logic, a reverse overcurrent ele-
ment with pickup setting below forward load may operate for some remote,
unbalanced, reverse faults. If possible, overcurrent element pickup settings
should be set above the current expected for load in either direction. If this is
not possible, refer to the technical paper Use of Directional Elements at the
Utility-Industrial Interface by Dave Costello, Greg Bow, and Martin Moon,
available on the SEL website, or contact SEL for assistance.

Internal Enables
Refer to Figure 4.23 and Figure 4.36.

The internal enable DIRQE corresponds to the negative-sequence voltage-
polarized directional element.

Note that Figure 4.23 has extra internal enable DIRQGE, which is used in the
directional element logic that controls the neutral ground and residual ground
overcurrent elements (see Figure 4.20).

The settings involved with internal enable DIRQE in Figure 4.23 (e.g., set-
tings a2, k2) are explained in Directional Control Settings on page 4.53.

Directional Elements
Refer to Figure 4.36, Figure 4.37, and Figure 4.38.

If a loss-of-potential condition occurs (Relay Word bit LOP asserts), the nega-
tive-sequence voltage-polarized and positive-sequence voltage-polarized
directional elements are disabled (see Figure 4.23 and Figure 4.38).

Refer to Figure 4.73 and accompanying text for more information on loss-of-
potential.
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Note in Figure 4.36 and Figure 4.38 that the negative-sequence voltage-polar-
ized directional element has priority over the positive-sequence voltage-polar-
ized directional element in controlling the phase overcurrent elements. The
negative-sequence voltage-polarized directional element operates for unbal-
anced faults while the positive-sequence voltage-polarized directional element
operates for three-phase faults.

Note also in Figure 4.38 that the assertion of ZLOAD disables the positive-
sequence voltage-polarized directional element. ZLOAD asserts when the
relay is operating in a user-defined load region (see Figure 4.7).

Directional Element Routing
Refer to Figure 4.36 and Figure 4.39.

The directional element outputs are routed to the forward (Relay Word bits
DIRQF and DIRPF) and reverse (Relay Word bits DIRQR and DIRPR) logic
points and then on to the direction forward/reverse logic in Figure 4.40 and
Figure 4.41.

Loss-of-Potential
If EFWDLOP :=Y and a loss-of-potential condition occurs (Relay Word bit
LOP asserts), then the forward logic points (Relay Word bits DIRQF and
DIRPF) assert to logical 1, thus enabling the negative-sequence and phase
overcurrent elements that are set direction forward (with settings DIR1 :=F,
DIR2 :=F, etc.). These direction forward overcurrent elements effectively
become nondirectional and provide overcurrent protection during a loss-of-
potential condition.

As detailed previously (in Figure 4.23 and Figure 4.38), voltage-based direc-
tional elements are disabled during a loss-of-potential condition. Thus, the
overcurrent elements controlled by these voltage-based directional elements
are also disabled. But this disable condition is overridden for the overcurrent
elements set direction forward if setting EFWDLOP :=Y.

Refer to Figure 4.73 and accompanying text for more information on loss-of-
potential.

Direction Forward/Reverse Logic
Refer to Figure 4.36, Figure 4.40, and Figure 4.41.
The forward (Relay Word bits DIRQF and DIRPF) and reverse (Relay Word

bits DIRQR and DIRPR) logic points are routed to the different levels of over-
current protection by the level direction settings DIR1 through DIR4.

Table 4.25 shows the overcurrent elements that are controlled by each level
direction setting. Note in Table 4.25 that all the time-overcurrent elements
(51_T elements) are controlled by the DIR1 level direction setting.

If a level direction setting (e.g., DIR1) is set:

DIRT= N (nondirectional)
then the corresponding Level 1 directional control outputs in Figure 4.40 and
Figure 4.41 assert to logical 1. The referenced Level 1 overcurrent elements in

Figure 4.40 and Figure 4.41 are then not controlled by the directional control
logic.
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NOTE: When SINGLEV =Y, Group
setting VNOM is hidden and forced to
OFF internally.

SEL-751 Relay

If Group setting VNOM := OFF, then the directional control outputs in
Figure 4.40 and Figure 4.41 assert to logical 1. This effectively makes the
phase and negative-sequence elements nondirectional, even in cases where
EDIR can still be set.

See the beginning of Directional Control Settings on page 4.53 for a discus-
sion of the operation of level direction settings DIR1 through DIR4 when the
directional control enable setting EDIR is set to EDIR := N.

In some applications, level direction settings DIR1 through DIR4 are not flex-
ible enough in assigning the desired direction for certain overcurrent elements.
Directional Control Provided by Torque Control Settings on page 4.77
describes how to avoid this limitation for special cases.

Relay
Word

Bit
50QF Relay
@ Word

Forward N Bits.
Threshold —— FDIRQ
- — (Forward)

Relay
Word
Bits

(@) DIRQE

—

Enable L
R {O)
\

e — =Re[\/z~(I2~1AZ1ANG)"] »

| I1p? N L
Reverse _ | ol RFEIRO
Threshold (Reverse)

Relay
Word
Bit

T

A X2
72 PLANE

Reverse Threshold 7

R2
/—\
Forward Threshold l
Direction Element Characteristics
Forward Threshold:
If Z2F Setting <0, Forward Threshold = 0.75 « Z2F - 0.25 - \ll_:
V2
If Z2F Setting > 0, Forward Threshold =1.25 « Z2F - 0.25 T
Reverse Threshold:
If Z2R Setting > 0, Reverse Threshold = 0.75 « Z2R + 0.25 * \ll_:
V2
If Z2R Setting < 0, Reverse Threshold =1.25 « Z2R + 0.25 + T

® To Figure 4.38 and Figure 4.39; @ from Figure 4.23.

Figure 4.37 Negative-Sequence Voltage-Polarized Directional Element for
Negative-Sequence and Phase Overcurrent Elements
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Forward

Reverse

(270°)
All'internal phase-to-phase distance-type elements forward ——
Relay
Word
Bits

Relay
Word
Bits

@ RDIRQ Neg.-Seq. Dir. Element Has Priority

[90° +Z1ANG] > £Z; >[-90° + ZIANG]

FDIRP
(Forward)

Allinternal phase-to-phase distance-type elements reverse
@ FDIRQ Neg.-Seq. Dir. Element Has Priority

VPOLY Pos.-Seq. Polarizing Voltage Present

@ 7L0AD Load Condition

@ Lo Loss-of-Potential

L

lo

RDIRP
(Reverse)

L]

|

VNOM = OFF
[Ip-lg] ——+
[1g-1cl
“C_lAl +
*—-
50PDIRP - V3

———50PDIR

T\ Setting [fixed at (phase channel nominal rating) « (0.1) when enable setting ELOAD = Y]
@ From Figure 4.54; @ from Figure 4.37; ® from Figure 4.73; ® to Figure 4.39.
Figure 4.38 Positive-Sequence Voltage-Polarized Directional Element for

Phase Overcurrent Elements
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Setting
EFWDLOP = Y

Bits  Loss-of-
@_LOP Potential
° DIRQF

FDIRQ ;/ (Forward)
@

RDIRQ f DIRQR

(Reverse)

®

®

DIRPR
RDIRP (Reverse)

®

° DIRPF
FDIRP D L (Forward)

@ From Figure 4.73; @ from Figure 4.37; ® from Figure 4.38;
® to Figure 4.40; ® to Figure 4.41.

Figure 4.39 Routing of Directional Elements to Negative-Sequence and
Phase Overcurrent Elements

Level Direction

Relay Settings
Word e
Bit DIRT = F — Forward Directional
DIRQF Forward Control ]
@ Level 1 tso Negative-
- QIDIR equence
DIRI=N Time-Overcurrent
Element
DIRT=R —
DIR2 = F ——
DIR2 =N
DIRZ =R to Negative-
: Sequence
Setting Instantaneous/
VNOM = OFF— Definite-Time
Overcurrent
DIR3 = F — Elements
Level 3
DIR3 =N 03DIR
DIR3 =R —
DIR4 =F —
DIR4=N
Relay
Word
Bit . DIR4 =R —
@DIROR everse

® From Figure 4.39; @ Figure 4.7; ® Figure 4.2.

Figure 4.40 Direction Forward/Reverse Logic for Negative-Sequence
Overcurrent Elements
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Directional
Control
Level1 to Phase
PIDIR Time-Overcurrent

Elements

@

to Phase

Group Settings (SET Command)

Overcurrent

Level

Direction

Relay Settings

Word -

Bit DIRT=F —— Forward

DIRPF. Forward

@ DIRT=N
DIR1=R —
DIR2 = F ——
DIR2=N
DIR2 =R —

Setting

VNOM = OFF—¢

DIR3 = F ——
DIR3=N
DIR3 =R —
DIR4 = F ——
DIR4 =N

Relay

Word

Bit R DIR4 =R —
DIRPR everse

@ From Figure 4.39; @ Figure 4.6; ® Figure 4.2.

®

Level 4
P4DIR

Figure 4.41 Direction Forward/Reverse Logic for Phase Overcurrent

Elements

Table 4.22 and Table 4.23 show all the directional element settings. The

Wattmetric element settings for Petersen coil-grounded systems are shown in

Table 4.23.

Table 4.22 Directional Control Settings (Sheet 10f 2)

Instantaneous/
Definite-Time

Elements

Setting Prompt

Setting Range

Setting Name :=
Factory Default

DIR CONTROL ENBL
FWD DIR ON LOP
DIR CONTROL LVL1
DIR CONTROL LVL2
DIR CONTROL LVL3
DIR CONTROL LVL4
GND DIR PRIORITY
PH DIR 3PH LVL
FWD DIR Z2 LVL
REV DIR 72 LVL

Y, AUTO, N
Y, N
F,R,N
F,R,N
FER,N

FER,N

0.50-10.00 A®

Instruction Manual

Q. V,1U,S, P, OFF?

—128.00 to 128.00 ohm®
—128.00 to 128.00 ohm ©

Z2F :=-0.06¢
Z2R :=0.06¢

EDIR :=N
EFWDLOP =Y
DIR1:=N
DIR2 :=N
DIR3 :=N
DIR4 :=N
ORDER := OFF

SOPDIRP := 3.00°

SEL-751 Relay
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Table 4.22 Directional Control Settings (Sheet 2 of 2)

Setting Prompt

Setting Range

Setting Name :=
Factory Default

FWD DIR NSEQ LVL
REV DIR NSEQ LVL
11 RST FAC 12/11

10 RST FAC 12/10
FWD DIR RES LVL
REV DIR RES LVL
RES FACTOR IG/IN
MAX TRQ ANG

11 RST FAC 10/11
FWD DIR Z0 LVL
REV DIR Z0 LVL
ZRO SQ MX TQ ANG

FWD DIR LVL

REV DIR LVL

RES FACTOR
ENABLE V0 IN DIR

0.25-5.00 A®

0.25-5.00 A®

0.02-0.50

0.10-1.20

0.05-5.00 A®

0.05-5.00 A®

OFF, 0.001-0.100
0.00-85.00 deg
0.001-0.50

~128.00 to 128.00 ohm®
~128.00 to 128.00 ohm®

-90.00 to —5.00 deg and +5.00 to
+90.00 deg

0.005-5.000 A
0.005-5.000 A¢
0.001-0.500
SELoOGIC

50QFP :=0.50°
50QRP := 0.25°
a2 :=0.10

k2 = 0.20
50GFP :=0.50°
50GRP :=0.25"
KGN := OFF
INMTA := 0.00
a0 :=0.10

ZOF :=3.20
ZOR :=3.4
ZOMTA := 72.47

50NFP :=0.010
SONRP :=0.005
a0n :=0.001
EDIRIV =1

@ Refer to Table 4.21 and Table SET.2 on page SET.6 of the SEL-751 Settings Sheets for the
availability of different ORDER setting options based on voltage connection and nominal

rating neutral CT.

o

Table 4.23 Wattmetric Settings

Setting ranges and default values shown are for 5 A nominal CT rating.
Divide by 5 for 1 A CTs.

Setting ranges and default values shown are for 5 A nominal CT rating.
Multiply by 5 for 1 A CTs.

Setting ranges are for 0.2 A nominal neutral CT.

Setting Prompt

Setting Range

Setting Name :=
Factory Default

3V0 59 PICKUP

FWD WATT PICKUP
REV WATT PICKUP
WATTMETRIC DLY

1-430V
0.001-150 W
0.001-150 W
0.0-18000.0 sec

S9RES =22
DIRWFP :=0.5
DIRWRP :=0.5
DIRWD :=0.5

The directional control for overcurrent elements is enabled by making direc-

tional control enable setting EDIR. Setting EDIR has setting choices:

» Y enable directional control

» N disable directional control

» AUTO enable directional control and set many of the
directional element settings automatically

If directional control enable setting EDIR := N, directional control is disabled
and no directional control settings are made. All level direction settings are set

internally as:

Instruction Manual
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DIRT= N (no directional control for Level 1 overcurrent elements)

DIR2 = N (no directional control for Level 2 overcurrent elements)

DIR3 = N (no directional control for Level 3 overcurrent elements)

DIR4 = N (no directional control for Level 4 overcurrent elements)
With the above settings, the directional control outputs in Figure 4.34,
Figure 4.35, Figure 4.40, and Figure 4.41 assert to logical 1. The overcurrent

elements referenced in Figure 4.34, Figure 4.35, Figure 4.40, and Figure 4.41
are then not controlled by the directional control logic.

NOTE: Depending on relay model There is one case that does not allow Group setting EDIR :=Y or AUTO. If all

and DELTA_Y := DELTA and : Ny
SINGLEV =Y, Group setting EDIR three of the following are true, EDIR can only be set to “N.

might not offer the AUTO settings

choice, or EDIR might be hidden. When » The relay model has a 0.2 A or 0.05 A nominal neutral channel.
EDIR is hidden, it is internally set to N. .
See discussion following Table 4.21. »  Setting VSCONN := VS.

» Setting VNOM := OFF.

Settings Made Automatically

If the directional control enable setting EDIR is set:

EDIR:= AUTO
then the following directional control settings are calculated and set automati-
cally:
Z2F, Z2R, 50QFP, 50QRP, a2, k2, 50GFP, 5S0GRP, a0, ZOF, ZOR, and
ZOMTA
NOTE: Settings Z2F, Z2R, ZOF, and If
ZOR are calculated based on the line
impedance settings ZIMAG and EDIR = AUTO

ZOMAG. Enter ZIMAG and ZOMAG

values appropriate for the application then ZOMTA is set equal to ZOANG and ZOMTA is hidden.
when EDIR := AUTO.

Once these settings are calculated automatically, they can only be modified if
the user goes back and changes the directional control enable setting to
EDIR :=Y.

Setting EDIR := AUTO is designed for line protection applications where CT
polarity is such that the forward tripping direction is toward the line, as shown
in Figure 2.22. When EDIR := AUTO and negative-sequence or zero-
sequence voltage is low, the negative-sequence and zero-sequence directional
elements declare unbalanced faults forward. Where directional elements are
used in applications that do not involve lines, or where the CT polarity is
reversed, setting EDIR := AUTO might be inappropriate. See Application
Guide AG2009-17, Enabling Sensitive Directional Elements for Non-Line
Protection Applications with SEL-351 Series Relays, or contact SEL for assis-
tance.

The remaining directional control settings are not set automatically if setting
EDIR := AUTO. They have to be set by the user, whether setting
EDIR := AUTO or Y. These settings are:

NOTE: Group settings KGN and DIR1, DIR2, DIR3, DIR4, ORDER, 50PDIRP, KGN, INMTA, 50NFP,
TMTA are only available when 50NRP, aON, 59RES, DIRWFP, DIRWRP, DIRWD, and EDIRIV

(EDIRIV is a SELOGIC setting)

All these settings are explained in detail in the remainder of this subsection.
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Settings

DIR1-Level 1 Overcurrent Element Direction Setting

DIR2-Level 2 Overcurrent Element Direction Setting
DIR3-Level 3 Overcurrent Element Direction Setting
DIR4-Level 4 Overcurrent Element Direction Setting

Not all these directional control settings (set automatically or by the user) are
used in every application. The following are directional control settings that
are hidden/not made for particular conditions:

Table 4.24 Directional Control Settings Not Made for Particular Conditions

Settings hidden/not made:

for condition:

50PDIRP
50GFP, 50GRP, a0
Z0F, ZOR, ZOMTA

59RES, DIRWFP, DIRWRP,
DIRWD

S5ONFP, 50NRP, aON
KGN, INMTA
INMTA

setting ELOAD :=Y

setting ORDER does not contain P

setting KGN := OFF

setting ORDER does not contain V or I

setting ORDER does not contain V or S

setting ORDER does not contain S or U

setting ORDER does not contain I or EDIR := AUTO

Setting Range:

F = Direction Forward

R = Direction Reverse

N = Nondirectional

Table 4.25 shows the overcurrent elements that are controlled by each level
direction setting. Note in Table 4.25 that all the time-overcurrent elements
(51_T elements) are controlled by the DIR1 level direction setting.

Figure 4.34, Figure 4.35, Figure 4.40, and Figure 4.41 show the logic imple-
mentation of the control listed in Table 4.25.

Table 4.25 Overcurrent Elements Controlled by Level Direction Settings DIR1 Through DIR4 (Corresponding
Overcurrent Element Figure Numbers in Parentheses)

Level
Direction Phase Neutral Ground Residual Ground Negative-Sequence
Settings
DIR1 67P1P (Figure 4.2) 67NI1P (Figure 4.2) 67GI1P (Figure 4.2) 67QI1P (Figure 4.2)
67P1T (Figure 4.2) 67NIT (Figure 4.2) 67GIT (Figure 4.2) 67QIT (Figure 4.2)
51P1P (Figure 4.6) 51N1P (Figure 4.8) 51GIP (Figure 4.9) 51QP (Figure 4.7)
51PIT (Figure 4.6) 5INIT (Figure 4.8) S1GIT (Figure 4.9) 51QT (Figure 4.7)
51P2P (Figure 4.6) 51N2P (Figure 4.8) 51G2P (Figure 4.9)
51P2T (Figure 4.6) 51N2T (Figure 4.8) 51G2T (Figure 4.9)
DIR2 67P2P (Figure 4.2) 67N2P (Figure 4.2) 67G2P (Figure 4.2) 67Q2P (Figure 4.2)
67P2T (Figure 4.2 67N2T (Figure 4.2) 67G2T (Figure 4.2) 67Q2T (Figure 4.2)
DIR3 67P3P (Figure 4.2) 67N3P (Figure 4.2) 67G3P (Figure 4.2) 67Q3P (Figure 4.2)
67P3T (Figure 4.2) 67N3T (Figure 4.2) 67G3T (Figure 4.2) 67Q3T (Figure 4.2)
DIR4 67PAP (Figure 4.2) 67N4P (Figure 4.2) 67GAP (Figure 4.2) 67Q4P (Figure 4.2)
67PAT (FFigure 4.2) 67NAT (Figure 4.2) 67GAT (Figure 4.2) 67QAT (Figure 4.2)

SEL-751 Relay
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In some applications, level direction settings DIR1 through DIR4 are not flex-
ible enough in assigning the desired direction for certain overcurrent elements.
Directional Control Provided by Torque Control Settings on page 4.77
describes how to avoid this limitation for special cases.

ORDER-Ground Directional Element Priority Setting

Setting ORDER can be set with the elements listed and defined in Table 4.19,
subject to the setting combination constraints in Table 4.20 and Table 4.21.
Note that Table 4.19 and Table 4.20 also list directional element availability
per model (according to the neutral channel [IN] rating). Table 4.21 lists the
ground directional element availability as a result of the voltage connection
settings.

The order in which the directional elements are listed in setting ORDER
determines the priority in which these elements operate to provide Best
Choice Ground Directional Element logic control.

For example, if setting:
ORDER = QVS

then the first listed directional element (Q = negative-sequence voltage-polar-
ized directional element; see Figure 4.26) is the first priority directional ele-
ment to provide directional control for the neutral ground and residual ground
overcurrent elements.

If the negative-sequence voltage-polarized directional element is not operable
(i.e., it does not have sufficient operating quantity as indicated by its internal

enable, DIRQGE, not being asserted; see Figure 4.23), then the second listed
directional element (V = zero-sequence voltage-polarized directional element;
see Figure 4.27) provides directional control for the neutral ground and resid-
ual ground overcurrent elements.

If the zero-sequence voltage-polarized directional element is not operable
(i.e., it does not have sufficient operating quantity as indicated by its internal
enable, DIRVE, not being asserted; see Figure 4.24), then the third listed
directional element (S = zero-sequence voltage-polarized directional element
[low-impedance]; see Figure 4.29) provides directional control for the neutral
ground and residual ground overcurrent elements.

If the zero-sequence voltage-polarized directional element (low-impedance) is
not operable (i.e., it does not have sufficient operating quantity as indicated by
its internal enable, DIRNE [low-impedance], not being asserted; see

Figure 4.25), then no directional control is available. The neutral ground and
residual ground overcurrent elements will not operate, even though these ele-
ments are designated with the DIRn (n = 1-4) settings to be directionally con-
trolled (see Figure 4.34 and Figure 4.35).

Another example, if setting:
ORDER = V

then the zero-sequence voltage-polarized directional element (V = zero-
sequence voltage-polarized directional element; see Figure 4.27) provides
directional control for the neutral ground and residual ground overcurrent ele-
ments at all times (assuming it has sufficient operating quantity). If there is not
sufficient operating quantity during an event (i.e., internal enable DIRVE is
not asserted; see Figure 4.24), then no directional control is available. The
neutral ground and residual ground overcurrent elements will not operate,
even though these elements are designated with the DIRn (n = 1-4) settings to
be directionally controlled (see Figure 4.34 and Figure 4.35).
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If setting:
ORDER = OFF

then all of the ground directional elements are inoperable. Note in Figure 4.34
and Figure 4.35 that setting ORDER := OFF effectively makes the neutral
ground and residual ground overcurrent elements nondirectional (the direc-
tional control outputs of Figure 4.34 and Figure 4.35 are continuously
asserted to logical 1).

Petersen Coil Considerations for Setting ORDER. Note in Figure 4.34
that if setting ORDER := P, the residual ground overcurrent elements are not
controlled by the directional control logic (much like when ORDER := OFF).
In such a scenario, where only the wattmetric directional element provides
ground overcurrent element directional control (setting ORDER := P), pre-
sumably there is no bypass around the Petersen coil. With the tuned Petersen
coil in place (and not shorted out by a bypass), very little current flows for a
ground fault. With such low current levels, the neutral-ground overcurrent ele-
ments (referenced in Figure 4.35) are the elements that detect the ground fault,
not the residual-ground overcurrent elements (referenced in Figure 4.34). The
residual ground overcurrent elements (including forward and reverse fault
detectors SOGF and 50GR, respectively; see Figure 4.24) should be set above
any ground fault current level with the Petersen coil in place.

If there is a bypass around the Petersen coil and the bypass is used at times
(i.e., shorting out the Petersen coil), much higher currents can flow for a
ground fault when the bypass is closed. In such a scenario, setting ORDER
should be set something like ORDER := QP or ORDER := QVP (see

Table 4.20). Then, the residual ground elements (Figure 4.34) are controlled
by the directional control logic and provide directional protection for higher
ground fault currents.

50PDIRP—-Phase Directional Element Three-Phase Current Pickup

The 50PDIRP setting is set to pick up for all three-phase faults that need to be
covered by the phase overcurrent elements. It supervises the positive-sequence
voltage-polarized directional elements FDIRP and RDIRP (see Figure 4.38).

If the load-encroachment logic is enabled (enable setting ELOAD :=Y), then
setting SOPDIRP is not made or displayed, but is fixed internally at:

0.5 A secondary (5 A nominal phase current inputs, IA, IB, IC)

0.1 A secondary (1 A nominal phase current inputs, IA, IB, IC)

Z2F—Forward Directional Z2 Threshold
Z2R-Reverse Directional Z2 Threshold

Z2F and Z2R are used to calculate the Forward and Reverse Thresholds,
respectively, for the negative-sequence voltage-polarized directional elements
(see Figure 4.26 and Figure 4.37).

If enable setting EDIR :=Y, settings Z2F and Z2R (negative-sequence imped-
ance values) are calculated and entered by the user, but setting Z2R must be
greater in value than setting Z2F by 0.1 Q) secondary.
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Z2F and Z2R Set Automatically. If enable setting EDIR := AUTO, set-

NOTE: If Z2F or Z2R exceeds the tings Z2F and Z2R (negative-sequence impedance values) are calculated auto-
tSEttinq rar}ge‘tth? tqhuantitttY is set to matically, using the positive-sequence line impedance magnitude setting
e upper limit of the setting range. Z1IMAG as follows:

Z2F = ZIMAG/2 (Q secondary)
Z2R = ZIMAG/2 + z (Q secondary; “z” listed in table below)

Relay Configuration z (QQ secondary)
5 A nominal current 0.2
1 A nominal current 1.0

Figure 4.44 and Figure 4.45 and supporting text concern the zero-sequence
impedance network, relay polarity, and the derivation of settings ZOF and
Z0OR. The same general approach outlined for deriving settings ZOF and ZOR
can also be applied to deriving settings Z2F and Z2R in the negative-sequence
impedance network, though the preceding method of automatically making
settings Z2F and Z2R usually suffices.

50QFP-Forward Directional Negative-Sequence Current Pickup

50QRP—-Reverse Directional Negative-Sequence Current Pickup

The 50QFP setting (312 current value) is the pickup for the forward fault
detector SOQF of the negative-sequence voltage-polarized directional ele-
ments (see Figure 4.23). Ideally, the setting is above normal load unbalance
and below the lowest expected negative-sequence current magnitude for
unbalanced forward faults.

The 50QRP setting (312 current value) is the pickup for the reverse fault detec-
tor 50QR of the negative-sequence voltage-polarized directional elements (see
Figure 4.23). Ideally, the setting is above normal load unbalance and below
the lowest expected negative-sequence current magnitude for unbalanced
reverse faults.

50QFP and 50QRP Set Automatically. If enable setting EDIR := AUTO,
settings SOQFP and S0QRP are set automatically at:
S0QFP = 0.50 A secondary (5 A nominal phase current inputs, |A, IB, IC)
50QRP = 0.25 A secondary (5 A nominal phase current inputs, IA, IB, IC)
50QFP = 0.10 A secondary (1 A nominal phase current inputs, IA, IB, IC)
50QRP = 0.05 A secondary (1 A nominal phase current inputs, IA, IB, IC)

a2—Positive-Sequence Current Restraint Factor, I/,
Refer to Figure 4.23.

The a2 factor increases the security of the negative-sequence voltage-polar-
ized directional elements. It keeps the elements from operating for negative-
sequence current (system unbalance), which circulates because of line asym-
metries, CT saturation during three-phase faults, etc.

a2 Set Automatically. If enable setting EDIR := AUTO, setting a2 is set
automatically at:

a2= 0.1
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SEL-751 Relay

For setting a2 = 0.1, the negative-sequence current (I,) magnitude has to be
greater than 1/10 of the positive-sequence current (I;) magnitude in order for
the negative-sequence voltage-polarized directional elements to be enabled
(L1 > 0.1 = L;1).

k2—Zero-Sequence Current Restraint Factor, I,/1,

Note the internal enable logic outputs in Figure 4.23:

» DIRQE—internal enable for the negative-sequence voltage-
polarized directional element that controls the negative-
sequence and phase overcurrent elements

» DIRQGE—internal enable for the negative-sequence voltage-
polarized directional element that controls the neutral ground
and residual ground overcurrent elements

The k2 factor is applied to internal enable DIRQGE. The negative-sequence
current (I,) magnitude has to be greater than the zero-sequence current (1)
magnitude multiplied by k2 in order for the DIRQGE internal enable (and fol-
lowing negative-sequence voltage-polarized directional element in

Figure 4.26) to be enabled:

|12| >k2e

I
Equation 4.2

This check ensures that the relay uses the most robust analog quantities in
making directional decisions for the neutral-ground and residual-ground over-
current elements.

The zero-sequence current (I)), referred to in the above application of the k2
factor, is from the residual current (I;), which is derived from phase currents
I, Iz, and I~

1
I, = <
3
3, =1,=1,+1p+]1
0 G 478 ¢ Equation 4.3

If both of the internal enables:

» DIRVE—internal enable for the zero-sequence voltage-
polarized directional element that controls the neutral-ground
and residual-ground overcurrent elements

» DIRIE—internal enable for the channel IN current-polarized
directional element that controls the neutral-ground and
residual-ground overcurrent elements

are deasserted, then factor k2 is ignored as a logic enable for the DIRQGE
internal enable. This effectively puts less restrictions on the operation of the
negative-sequence voltage-polarized directional element.

k2 Set Automatically. If enable setting EDIR := AUTO, setting k2 is set
automatically at:

k2= 0.2

For setting k2 := 0.2, the negative-sequence current (I,) magnitude has to be
greater than 1/5 of the zero-sequence current (I)) magnitude in order for the
negative-sequence voltage-polarized directional elements to be enabled (II,| >
0.2 ¢ Iyl). Again, this presumes at least one of the internal enables DIRVE or
DIRIE is asserted.
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50GFP—-Forward Directional Residual Ground Current Pickup

50GRP—-Reverse Directional Residual Ground Current Pickup

If setting ORDER does not contain V or I (no zero-sequence voltage-polarized
or channel IN current-polarized directional elements are enabled), then set-
tings SOGFP and S0GRP are not made or displayed.

The 50GFP setting (310 current value) is the pickup for the forward fault
detector SOGF of the zero-sequence voltage-polarized and channel IN current-
polarized directional elements (see Figure 4.24). Ideally, this setting is above
normal load unbalance and below the lowest expected zero-sequence current
magnitude for unbalanced forward faults.

The 50GRP setting (310 current value) is the pickup for the reverse fault detec-
tor S0GR of the zero-sequence voltage-polarized and channel IN current-
polarized directional elements (see Figure 4.24). Ideally, this setting is above
normal load unbalance and below the lowest expected zero-sequence current
magnitude for unbalanced reverse faults.

See Petersen Coil Considerations for Setting ORDER on page 4.58 for more
information on setting SOGFP and SOGRP for a Petersen coil-grounded sys-
tem.

50GFP and 50GRP Set Automatically. If enable setting EDIR := AUTO,
settings SOGFP and 50GRP are set automatically at:
50GFP = 0.50 A secondary (5 A nominal phase current inputs, IA, IB, IC)
SO0GRP = 0.25 A secondary (5 A nominal phase current inputs, IA, IB, IC)
S0GFP = 0.10 A secondary (1 A nominal phase current inputs, IA, IB, IC)
SOGRP = 0.05 A secondary (1 A nominal phase current inputs, IA, IB, IC)

Operation of the Channel IN Current-Polarized Directional Element

Figure 4.28 shows the logic for the current polarized directional element for
ground faults. Traditional elements of this type use the directional characteris-
tics shown in Figure 4.42, where the maximum torque line of the element is in
phase with the polarizing current, I. This is adequate for solidly-grounded
and most low-impedance grounded systems.

PN
67/\}‘ ,
Q d \
7/

Maximum
Torque Iy
Line

Figure 4.42 Traditional Channel IN Current-Polarized Directional Element
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In certain impedance grounded systems with high line charging capacitance,
capacitive currents can cause the traditional element to improperly declare
reverse currents as forward, causing unfaulted circuits to trip during ground
faults. This can be prevented by adjustment of the maximum torque angle
using the setting INMTA, as shown in Figure 4.43.

P Maximum
L Torque
\ v 101G
G Pt Line
\

e

Figure 4.43 Current-Polarized Directional Element Characteristic When
INMTA = 0.00

KGN—Neutral Restraint Factor

If setting ORDER does not contain I (no channel IN current-polarized direc-
tional elements are enabled), or EDIR := N, or EDIR := AUTO, then setting
KGN is not made or displayed and KGN is set to OFF internally.

When traditional operation of the Channel IN Current-Polarized Directional
Element is desired, set KGN := OFF. With this setting, the maximum torque
line of the element is in phase with the polarizing current, Iy, that is, INMTA
is effectively O (see Figure 4.42). This is the proper setting for solidly-
grounded and most impedance grounded applications.

When KGN is set to a value other than OFF, the measured residual current,
IG, must be greater than KGN ¢ I  CTRN/CTR before the element is
allowed to operate (see Figure 4.24). This provides additional security for the
directional element when there is false residual current because of mismatch
of the phase CTs of an unfaulted feeder. The neutral channel current, I, is
scaled by CTRN/CTR to place it on the same base as the residual current, 1.

INMTA-Neutral Maximum Torque Angle

If KGN := OFF, then setting INMTA is not made or displayed and INMTA is
set to 0 internally.

The polarizing quantity Iy, of the Channel IN Current-Polarized Directional
Element is rotated INMTA degrees counter-clockwise (see Figure 4.43).

See the technical paper Selecting Directional Elements for Impedance-
Grounded Distribution Systems by Ronald Lavorin, Daqing Hou, Hector J.
Altuve, Normann Fischer, and Fernando Calero, available on the SEL website
for more information on how to determine the settings for KGN and INMTA.

a0-Positive-Sequence Current Restraint Factor, |,/1,

If setting ORDER does not contain V or I (no zero-sequence voltage-polarized
or channel IN current-polarized directional elements are enabled), then setting
a0 is not made or displayed.
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NOTE: If ZOF or ZOR exceeds the
setting range, the quantity is set to
the upper limit of the setting range.

NOTE: ZOF and ZOR (Q secondary)
are set in reference to the phase
current channels IA, IB, and IC, as are
settings Z2F and Z2R. However,
settings ZOF and ZOR are applied to
Figure 4.29, and Figure 4.31, where
neutral current Iy, from neutral
current channel IN, is also applied.
Settings ZOF and ZOR are adjusted
internally (with CT ratio settings) to
operate on this Iy current base, when
needed (effectively, ZOF « CTRN/CTR
and ZOR « CTRN/CTR). See Internal
Enables on page 4.31.
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The a0 factor increases the security of the zero-sequence voltage-polarized
and channel IN current-polarized directional elements. This factor keeps the
elements from operating for zero-sequence current (system unbalance), which
circulates because of line asymmetries, CT saturation during three-phase
faults, etc. Refer to Figure 4.24.

The zero-sequence current (1)), referred to in the application of the a0 factor,
is from the residual current (I, which is derived from phase currents I A 1o
and [~

C

‘s
3
3y =1g = [, +1g+1

Iy =

Equation 4.4

a0 Set Automatically. If enable setting EDIR := AUTO, setting a0 is set
automatically at:

a0 := 0.1 For setting a0 := 0.1, the zero-sequence current (I;) magnitude
has to be greater than 1/10 of the positive-sequence current (I;) magnitude in
order for the zero-sequence voltage-polarized and channel IN current-polar-
ized directional elements to be enabled (1ol > 0.1 « IT; ).

Z0F-Forward Directional Z0 Threshold
ZOR—-Reverse Directional Z0 Threshold

If setting ORDER does not contain V or S (no zero-sequence voltage-polar-
ized directional element is enabled), then settings ZOF and ZOR are not made
by the user or displayed.

ZOF and ZOR are used to calculate the Forward and Reverse Thresholds,
respectively, for the zero-sequence voltage-polarized directional elements (see
Figure 4.27 and Figure 4.29).

If enable setting EDIR :=Y, settings ZOF and Z0OR (zero-sequence impedance
values) are calculated by the user and entered by the user, but setting ZOR
must be greater in value than setting ZOF by 0.1 Q secondary.

ZOF and ZOR Set Automatically. If enable setting EDIR := AUTO, set-
tings ZOF and ZOR (zero-sequence impedance values) are calculated automat-
ically, using the zero-sequence line impedance magnitude setting ZOMAG as
follows:

Z0F = ZOMAG/2 (2 secondary)
Z0R = ZOMAG/2 + z (Q2 secondary; “z” listed in table below)

Relay Configuration z (QQ secondary)

5 A nominal current 0.2

1 A nominal current 1.0

If setting ORDER := U (ungrounded or high-impedance grounded system; see
Figure 4.31), the following settings are made internally and hidden:

Z0F = -0.10 Q secondary
Z0R = 0.10 Q2 secondary
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Deriving ZOF and ZOR Settings. Figure 4.44 shows the voltage and current
polarity for an SEL-751 in a zero-sequence impedance network (the same
approach can be instructive for negative-sequence impedance analysis, t00).
For a forward fault, the SEL-751 effectively sees the sequence impedance
behind it as:

Zy = V(1) = =(V/1y)
Vfly = —Zy; (what the relay sees for a forward fault)

For a reverse fault, the SEL-751 effectively sees the sequence impedance in
front of it:

Zn =V,
VI = Zy (what the relay sees for a reverse fault)

If the system in Figure 4.44 is a solidly-grounded system (mostly inductive;
presume uniform system angle), and the load is connected line-to-neutral, the
impedance plot (in the R + jX plane) would appear as in Figure 4.45a, with
resultant ZOF and ZOR settings as in Figure 4.45b. The zero-sequence line
angle noted in Figure 4.45a (£/Z0MTA) is the same angle found in

Figure 4.27 and Figure 4.29 (in the equation box with the Enable line).

The preceding method of automatically making settings ZOF and ZOR (where
both ZOF and ZOR are positive values and ZOR > Z0F) usually suffices for
mostly inductive systems—Figure 4.44 and Figure 4.45 just provide a theoret-
ical background.

Zero-Sequence Reference Bus

—— Forward

-«—— Reverse
Figure 4.44 Zero-Sequence Impedance Network and Relay Polarity

AJX Reverse 4 Z

Zy=Ry+jXy (Reverse) |zN| |zN| > 70R

£ ZOMTA — Zero-Sequence Line Angle 70R

(Setting ZOANG)

V. 0 Z0R > Z0F

Z0F
-2y = -Ry - Xy (Forward) o] 20F-1a)

Forward
(a) Impedance Plot (b) ZOF and ZOR Settings

Figure 4.45 Zero-Sequence Impedance Plot for Solidly-Grounded, Mostly
Inductive System
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NOTE: STILL MAKE SETTING
ZOANG WHEN EDIR = Y

Even though setting ZOMTA is not
automatically set equal to the value of
setting ZOANG when enable setting
E32 =Y, setting ZOANG should still be
made for fault location purposes.
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ZOMTA-Zero-Sequence Maximum Torque Angle

The ZOMTA setting is at the heart of the zero-sequence voltage-polarized
directional element of Figure 4.27. ZOMTA is only available if both of the fol-
lowing conditions are true:

» enable setting EDIR := AUTO or Y
» setting ORDER contains the value “V” or “S”

Otherwise, ZOMTA is hidden and of no consequence. ZOMTA can be set one
of two ways:

» Ifenable setting EDIR := AUTO, then ZOMTA is automatically
set equal to the value of setting ZOANG (the setting range of
ZOMTA encompasses that of setting ZOANG).

As long as EDIR := AUTO, ZOMTA can be seen, but not
changed. This automatic setting mode is primarily for
traditional applications, where the angle of the zero-sequence
system impedance behind the relay is deemed to be essentially
the same as the angle of the zero-sequence line impedance in
front of it (see Figure 4.44 and Figure 4.45[a]).

» If enable setting EDIR :=Y, then ZOMTA is set independently
within its setting range.

This option is primarily used for such applications as low-
impedance grounded systems, which are discussed in the
balance of this subsection.

The distribution system in Figure 4.46 is low-impedance grounded at the sub-
station by either of the following methods:

» aresistance in the transformer bank neutral

» a grounding bank with a resistance in its broken-delta
secondary (effectively making it a neutral resistance)

- Feedern
| I
| I
e 2 Feederz
| |
*3le
'ﬂlay 2
<Y
e 1 \ Feederl _ _
| | %
=

Relay 1 Ground

Fault
Re

Figure 4.46 Low-Impedance Grounded Distribution System With a Ground
Fault on Feeder 1
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A grounding bank is installed if low-impedance grounding is desired at a sub-
station and the transformer bank is to remain ungrounded. Figure 4.46 also
shows a ground fault out on Feeder 1 (a forward fault from the perspective of
Relay 1). This example assumes that SEL-751 relays (Relay 1, Relay 2, etc.)
are installed at feeder positions in a distribution substation.

Figure 4.47 shows the resultant zero-sequence impedance network for the
ground fault on Feeder 1 in Figure 4.46. V y in Figure 4.47 is the zero-
sequence voltage seen by all the relays connected to the distribution substation
bus three-phase voltage.

|
| Zero-Sequence Reference Bus

P P P P

L 1 1
~JXCoq) 3Re< pocrr

-1 Resistance ——XCop -XCom)
Feeder 2 Feeder n
log l .
Transformer Vo
2, Bank (or |
' Grounding lo@) L I lom)
Bank) = Relay2 |

Feeder1

Figure 4.47 Zero-Sequence Impedance Network for Low-Impedance
Grounded Distribution System With a Ground Fault on Feeder 1

Impedance definitions for Figure 4.47:

> —jXCO(1 = zero-sequence capacitive reactance for Feeder 1 (the
faulted feeder)

> —jXCO(z) = zero-sequence capacitive reactance for Feeder 2

> —jXCO(n) = zero-sequence capacitive reactance for the
cumulative other feeders

»  Zyr = transformer bank (or grounding bank) zero-sequence
impedance

» Rg= neutral resistance, connected to transformer bank (or
grounding bank)

The zero-sequence capacitive reactance values of the feeders are much larger
than the zero-sequence feeder line impedances, so the zero-sequence feeder
line impedances are ignored in this fault analysis.

Current definitions for Figure 4.47:

> IO(I) = zero-sequence current flow for Feeder 1 (forward
direction for Relay 1)

» I = zero-sequence current flow for Feeder 2 (forward
direction for Relay 2)

SEL-751 Relay Instruction Manual Date Code 20170927



NOTE: APPLY ZOMTA TO
HIGH- RESISTANCE
GROUNDED SYSTEM?

This example for the ZOMTA setting
discussion addresses low-impedance
grounded systems. A high-resistance
grounded system (with its lower zero-
sequence current values for ground
fault conditions) requires that channel
IN be connected to a separate current
transformer, instead of in a factory-
standard residual connection with the
phase current channels.

Such a separate current transformer
would have the three primary phase
wires running through its core,
eliminating any false residual current.
Such current transformer applications
are often referred to by one of the
following names: flux-summing, core-
balance, zero-sequence, ground fault,
or window current transformers.

Other settings (see Figure 4.24 and
Figure 4.27) also have to be
considered to make sure they are
sensitive enough for a high-resistance
grounded system application.

The technical paper referenced at the
end of this subsection also discusses
directional element applications for
high-resistance grounded systems.
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> Iy = zero-sequence current flow for cumulative other feeders
(forward direction for relays on other feeders)

» g = zero-sequence current flow through neutral resistance R
and transformer bank (or grounding bank)

Presume there is a substantial capacitance-creating network (e.g., under-
ground cable) on the individual feeders. As cable capacitance increases,
capacitive reactance decreases, allowing for increased capacitive current flow.
For the ground fault in Figure 4.46 (a reverse fault from the perspective of
Relay 2), Relay 2 sees zero-sequence current Iy ,, flow toward the zero-
sequence capacitive reactance —jXCO(z). If this current flow is high enough, a
false trip may occur, unless otherwise prevented (e.g., by directional control).

Figure 4.48 plots the increase in zero-sequence current I resulting from
decreasing neutral resistance Rg.

. IO(n)

T lo@)

Figure 4.48 Decreasing Neutral Resistance R Results in Increasing Zero-
Sequence Current l¢

Decreasing Rg—2

_VO - L VO
Vectorially add currents To2) and Loy to Ing (per direction in Figure 4.47):
Tocty = Lo —Lo2)y = Lo

Figure 4.49 plots the increase in zero-sequence current 10(1) (seen by Relay 1)
resulting from decreasing neutral resistance R.

A IO(n)

Figure 4.49 Decreasing Neutral Resistance R Results in Increasing Zero-
Sequence Current I, (Seen by Relay 1)

In Figure 4.49, the lowest magnitude of zero-sequence current Tory (at

225 degrees from zero-sequence voltage V) represents a high-resistance
grounded system. The following (absolute value) comparisons are typically
true for a high-resistance grounded system:

» 3R5>>Z,; (ignore transformer bank [or grounding bank]
impedance Z )

» 3R = resultant impedance from the parallel combination of
Zero-sequence capacitive reactance values _jXCO(z) and
—jXCO(n) (the total capacitive reactance behind Relay 1)

As neutral resistance R 5 decreases, zero-sequence current 10(1) increases in
Figure 4.49. The system is moving away from being a high-resistance
grounded system toward being a low-resistance grounded system.
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The zero-sequence voltage/current vector values of Figure 4.49 are converted
(using polarity and impedances in Figure 4.47) to the apparent zero-sequence
impedances that the respective relays see, as plotted in Figure 4.50:

» Ground fault on Feeder 1 is in the forward direction for
Relay 1:

V/(-Iy(y)) = parallel combination of zero-sequence impedance
values _j%(CO(z)’ —jXCO(n), and 3R + Zyp

VO/IO(I) = —(parallel combination of zero-sequence impedance
values —jXC0(2), —jXCO(n), and 3R + Zyp)

VO/IO( H= the negative value of the aggregate zero-sequence
impedance behind Relay 1

» Ground fault on Feeder 1 is in the reverse direction for Relay 2:

Vi/lo) =-1XCo)
VO/IO(z) = the zero-sequence capacitive reactance for Feeder 2
in front of Relay 2

4 Xy

Relay 1
(forward fault)
Decreasing RGJD\'.?
_RO 9 RO

N

¢ Relay 2

(reverse fault)

¥ -iXo

Figure 4.50 Zero-Sequence Impedance Plots for Ground Fault on Low-
Impedance Grounded Distribution System

Presuming that all of the feeders in this distribution substation example have
roughly the same amount of capacitance-creating network (e.g., underground
cable), then the following applies:

» The Relay 1 apparent zero-sequence impedance plot in
Figure 4.50 is representative of a ground fault in front of any
relay in the substation (forward fault).

» The Relay 2 apparent zero-sequence impedance plot in
Figure 4.50 is representative of a ground fault behind any relay
in the substation (e.g., a ground fault on another parallel feeder;
reverse fault).

The forward/reverse impedance plots in Figure 4.50 appear asymmetric, espe-
cially when compared to Figure 4.45(a) for a solidly grounded system with
sources at each end. The ZOMTA setting in Figure 4.45(a) would (by inspec-
tion) be approximately 75 degrees.

Contrastingly, the ZOMTA setting for Figure 4.50 has to allow the forward/
reverse characteristic to fit in between the forward/reverse impedance plots.
The forward impedance plot is the most critical to accommodate—one defi-
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nitely wants to operate for a forward fault. This necessitates a ZOMTA setting
of approximately —40 degrees (for the lowest value of neutral resistance R(),
as shown in Figure 4.51 for this example. Necessary settings are as follows:

Group Settings
EDIR:=Y
Z0F = -0.05
Z0R = 0.05
ZOMTA := -40.00

Other directional settings also have to be made (see Figure 4.24 and
Figure 4.27).

All these settings, zero-sequence voltage, and zero-sequence current converge
on the zero-sequence voltage-polarized directional element in Figure 4.27
(and its preceding enable logic in Figure 4.24) to produce the directional char-
acteristic in Figure 4.51.

4 jXg

ZOF
Relay 1

(forward fault)
-Ro \ R

ZOMTA

Forward (negative value)

Reverse ¢ Relay 2
(reverse fault)

Y-

Figure 4.51 ZOMTA Setting Provides Forward/Reverse Ground Fault
Discrimination in a Low-Impedance Grounded Distribution System

For more details on applying the ZOMTA setting on low-impedance grounded
systems, refer to the following technical paper (available at selinc.com):

Selecting Directional Elements for Impedance-Grounded Distribution
Systems by Ronald Lavorin (Southern California Edison), Daqing Hou,
Héctor J. Altuve, Normann Fischer, and Fernando Calero (Schweitzer
Engineering Laboratories, Inc.)

In this paper, especially see pertinent discussion on modified DIRV (zero-
sequence voltage-polarized directional) elements in the following subsections:

» V. Modified Directional Elements for Low-Impedance-
Grounded Systems with High Charging Capacitances

» VI Analysis of a Practical Resistance-Grounded System

This subsection includes setting considerations involving the
transformer bank (or grounding bank) zero-sequence
impedance Z and the neutral resistance Rg.
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NOTE: 50NFP and 50NRP (A
secondary) are set in terms of the
neutral current Iy, from neutral
current channel IN. However, as
discussed in Internal Enables on
page 4.31, settings 50NFP and SONRP
are applied to Figure 4.25,

Figure 4.29, and Figure 4.31, where
residual current | (derived from
phase current channels IA, IB, and IC)
can be applied, depending on current
magnitudes. Settings 50NFP and
50NRP are adjusted internally to
operate on this residual current |5
base, when needed (effectively,
S5ONFP « CTRN/CTR and 50NRP «
CTRN/CTR).

SEL-751 Relay

50NFP-Forward Directional Neutral Ground Current Pickup
50NRP—-Reverse Directional Neutral Ground Current Pickup

If setting ORDER does not contain S or U (zero-sequence voltage-polarized
directional elements: low-impedance or ungrounded/high-impedance
grounded, are not enabled) or the model does not have a 0.2 A nominal neutral
channel (IN), then settings SONFP and SONRP are not made or displayed.

The S0NFP setting (Iy; current value) is the pickup for the forward fault detec-
tor SONF of the zero-sequence voltage-polarized directional elements: low-
impedance or ungrounded/high-impedance grounded (see Figure 4.25). Ide-
ally, this setting is above normal load unbalance and below the lowest
expected zero-sequence current magnitude for unbalanced forward faults.

The SONRP setting (I current value) is the pickup for the reverse fault detec-
tor SONR of the zero-sequence voltage-polarized directional elements: low-
impedance or ungrounded/high-impedance grounded (see Figure 4.25). Ide-
ally, this setting is above normal load/system unbalance and below the lowest
expected zero-sequence current magnitude for unbalanced reverse faults.

aON—-Positive-Sequence Current Restraint Factor, I/,

If setting ORDER does not contain S or U (zero-sequence voltage-polarized
directional elements: low-impedance grounded or ungrounded/high-imped-
ance grounded, are not enabled) or the model does not have a 0.2 A nominal
neutral channel (IN), then setting aON is not made or displayed.

Refer to Figure 4.25. The following comparison is made as part of internal
enable DIRNE (for low-impedance grounded and ungrounded/high-imped-
ance grounded systems):

Il > aON « IT|

I is the secondary current measured by neutral channel IN. I, is the positive-
sequence secondary current derived from the phase current channels IA, 1B, and
IC. Presumably, channel IN is connected in such a manner that it sees the sys-

tem zero-sequence current (e.g., channel IN is connected to a core-balance CT
through which the three phase conductors pass; in such a connection, channel
IN sees 31, zero-sequence current, I = 31); see Figure 2.29, Figure 2.31, and
Figure 2.32).

If a core-balance current transformer is connected to neutral channel IN, it
most likely has a different ratio, compared to the current transformers con-
nected to the phase current channels IA, IB, and IC (CT ratio settings CTRN and
CTR, respectively).

From a primary system study, load profile values, or metering values, derive
aON as follows:

aON = (31, pri./I; pri.) * (CTR/CTRN)
31, pri. = standing system unbalance current (zero-sequence; A primary)

I, pri. = maximum load current (positive-sequence; A primary)

Adjust the final setting value of aON from the above derived value of aON,
depending on your security philosophy, etc.

The aON factor increases the security of the zero-sequence voltage-polarized
directional elements: low-impedance grounded or ungrounded/high-imped-
ance grounded. It keeps the elements from operating for zero-sequence current
(system unbalance), which circulates because of line asymmetries, etc.
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S9RES—Wattmetric 3V, Overvoltage Pickup (Petersen Coil-Grounded
System)

If setting ORDER does not contain P (Petersen coil directional element is not
enabled) or the model does not have a 0.2 A nominal neutral channel (IN), then
setting SORES is not made or displayed.

Setting S9RES should be set greater than the value of 3V, zero-sequence volt-
age present for normal system unbalance. It is part of the enabling logic for
the wattmetric element part of the Petersen coil directional element (see
Figure 4.30).

The 3V, input to Figure 4.30 may come either from a calculation or from a
direct measurement, as described in Zero-Sequence Voltage Sources on

page 4.33. When using a broken-delta PT connection to terminals VS-NS as the
zero-sequence voltage source (VSCONN := 3V0), there are some special con-
siderations in making the SORES setting that are related to the scaling of the
VS-NS input signal. The S9RES setting must be entered on the same secondary
base as the voltage terminals VA, VB, and VC. See Settings Considerations for
Petersen Coil-Grounded Systems on page 4.73 for an example.

DIRWFP and DIRWRP—-Wattmetric Forward and Reverse Pickups

(Petersen Coil-Grounded System)

If setting ORDER does not contain P (Petersen coil directional element is not
enabled) or the model does not have a 0.2 A nominal neutral channel (IN), then
settings DIRWFP and DIRWRP are not made or displayed.

Quantities needed to make the DIRWFP and DIRWRP wattmetric pickups
calculations are:

3V, zero-sequence voltage in secondary (from inputs, VA, VB, VC; or input
VS when VSCONN := 3V0)

I current in secondary (from 0.2 A nominal neutral channel input, IN)

The 3V, input to Figure 4.30 may come either from a calculation or from a
direct measurement, as described in Zero-Sequence Voltage Sources on

page 4.33. When using a broken-delta PT connection to terminals VS-NS as the
zero-sequence voltage source (VSCONN := 3V0), there are some special con-
siderations in making the DIRWFP and DIRWRP settings that are related to
the scaling of the VS-NS input signal. The DIRWFP and DIRWRP settings
must be entered on the same secondary base as the voltage terminals VA, VB,
and VC. See Settings Considerations for Petersen Coil-Grounded Systems on
page 4.73 for an example.

I is the current measured by current channel IN. Channel IN is connected in
such a manner that it monitors the system zero-sequence current (e.g., channel
IN is connected to a window CT through which the three phase conductors
pass and thus monitors 31, zero-sequence current, see Figure 2.30). With such
a connection:

Iy =3I,

In Figure 2.30, only one feeder position is shown, but one can imagine the bus
extending to the right, with other feeder positions. The Petersen coil in the
transformer neutral is tuned to cancel out the cumulative zero-sequence line
capacitance of all the connected feeders. The Petersen coil and the zero-
sequence line capacitance are a parallel LC circuit. In a “tuned state,” they cre-
ate a high impedance circuit and thus a power system that is essentially
ungrounded (with much less current flow than a traditional ungrounded sys-
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tem). In such an optimum tuned state, little current flows through the Petersen
coil. Some Petersen coils are continually adjusted automatically, as load lev-
els/system topology change, so that tuning remains optimum. The “tuned cir-
cuit” resists sustaining an arc, so many ground faults are self-extinguished by
the circuit itself (no circuit breaker operation necessary).

Consider a permanent line-to-ground fault out on the feeder in Figure 2.30
(refer to the relay and feeder shown in Figure 2.30 as Relay 1 and Feeder 1,
respectively; other feeders on the same bus, though not shown in Figure 2.30,
are then Relay 2/Feeder 2, etc.). In the zero-sequence network view in
Figure 4.52, Relay 2 (on unfaulted Feeder 2) sees mostly capacitance in front
of it. Assuming a “tuned circuit,” IO = (0 at the fault. Thus, the entire zero-
sequence capacitance shown in Figure 4.52 is canceled out by the inductance
of the Petersen coil. So, with Feeder 1 capacitance C, in front of Relay 1, the
system behind Relay 1 appears net inductive.

I
| Zero-Sequence Reference Bus

Py Py Py Py
— Eg?lersen 0 L,
Feeder 2 Feedern
Vo
2
Transformer
Bank | 3
0(2) B |
Relay 2 |

L
o

]
g—!—| Relay 1
ooy |

Feeder1
lo = 0 (Tuned System)
|

Figure 4.52 Zero-Sequence Impedance Network for Ground Fault on Feeder 1

Figure 4.53 shows the zero-sequence vector relationships described above for
Figure 4.52 (note: the zero-sequence currents Loty and Iy are what the relays
respectively “see,” per standard current transformer connections—see

Figure 2.30). The vectors shown in Figure 4.53 are perhaps somewhat over-
dramatic as far as angle differences—they are primarily for illustrative pur-
poses.

There is always some resistance in a circuit and thus the V; and I, vector rela-
tionship is not 90 degrees, as shown in Figure 4.53. This system resistance
provides the “real power component” with which the wattmetric directional
element (Figure 4.30) operates. Whether the zero-sequence network behind
Relay 1 appears net capacitive or net inductive, the wattmetric (real power)
portion for Relay 1/faulted Feeder 1 (labeled “WF”) is polar-opposite of the
wattmetric (real power) portion for Relay 2/unfaulted Feeder 2 (labeled
“WR?”). The calculations for the DIRWFP and DIRWRP wattmetric pickups
are made as follows:
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Real (3Vy * conjugate [31,]) = 13Vl « 13[y] * cos(£L3V,— £3],) =
13Vl Il ® cos(£L3V, - ZIy)

The cosine part of the previous calculation reveals forward or reverse fault
direction: forward faults produce negative calculation values and reverse faults
produce positive calculation values on Petersen coil-grounded systems. Calcu-
late the DIRWFP and DIRWRP wattmetric pickup settings (in watts second-
ary), with a margin of more sensitivity than the minimum detected ground
faults (forward and reverse, respectively). Enter wattmetric settings as positive
values.

Relay 1/ Faulted Feeder1 Relay 2 / Unfaulted Feeder 2

Net inductive behind . log) lo@)

Relay 1 (tuned or over-{ : X\ »

Calculated "positive"-"| :
wattmetric value | |

|
L/ V. (reverse fault)y 1 !
0 |

01

compensated system) " | | Vo Capacitive in |
: | front of Relay 2 :
o |
, |
Calculated "negat|ve"\:M| — Vb
wattmetric value | | Pl 0
(forward fault) | : 'WR:
o
P
|

Net capacitive behind
Relay T (under-q |
compensated system)

Figure 4.53 Wattmetric Element Operation for Ground Fault on Feeder 1

The sum of settings DIRWFP and DIRWRP must be 0.1 watts secondary or
greater:

DIRWFP + DIRWRP > 0.1 watts secondary

In Figure 4.53, the calculated wattmetric value for a forward fault is a negative
value (shown as WF), while that for a reverse fault is a positive value (shown
as WR). Again, corresponding settings DIRWFP and DIRWRP are both
entered as positive values, with some margin of sensitivity. The above

“0.1 watts secondary” rule is effectively the minimum distance between set-
tings DIRWFP and DIRWRP in the wattmetric plane (setting DIRWFP is put
on the “negative” side of the wattmetric plane: i.e., “~DIRWFP”; see

Figure 4.30).

DIRWD—Wattmetric Delay (Petersen Coil-Grounded System)

If setting ORDER does not contain P (Petersen coil directional element is not
enabled) or the model does not have a 0.2 A nominal neutral channel (IN), then
setting DIRWD is not made or displayed.

Settings Considerations for Petersen Coil-Grounded Systems

The Petersen coil elements require a zero-sequence voltage source, which is
calculated from voltages V4, Vy, and V- when the relay is wye connected
(DELTA_Y := WYE and VSCONN := VS), or which is measured from the VS
channel when the relay is connected to a broken-delta 3V, source and
VSCONN :=3VO0. Three of the required Petersen coil element settings,
S9RES, DIRWFP, and DIRWRP, depend on the type of 3V, voltage source
and on the PTR and PTRS group settings.
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When VSCONN := VS and the relay is wye connected (DELTA_Y := WYE),
the 3V, source is in secondary volts on the VA, VB, VC input terminal base. In
fact, 3VO is calculated from the measured Vus Vi, and Ve voltages. The
59RES, DIRWFP, and DIRWRP settings are set in terms of this same base.

An example system similar to Figure 2.30, with wye-connected PTs (PT ratio
7200:120; setting PTR = 7200/120 = 60) and a core-flux summation CT

(CT ratio 50:5; setting CTRN = 50/5 = 10), is used to demonstrate the
required setting scaling.

If the desired zero-sequence voltage pickup for the Wattmetric element in pri-
mary 3V, is 400 V primary, obtain the proper setting for S9RES by dividing
the primary voltage by the PT ratio for voltage inputs VA, VB, and VC:

_ Voprimary _ 400V primary _
S9RES = TR %0 = 6.67 V secondary

If the desired forward Wattmetric element threshold is 24 kW primary, and the
desired reverse threshold is 10 kW primary, the correct settings are:

W primary 24000 W primary

DIRWFP = = = 40.000 W secondary
PTRe+ CTRN 60« 10

DIRWRP = —wprimary _ 10000 W primary _ ¢ c67 \w secondary
PTR+ CTRN 60+ 10

When VSCONN := 3V0, with a broken-delta 3V, voltage source connected to
the VS channel (terminals VS-NS), PTRS must be properly set to give the signal
on the VS channel the correct scaling in primary units, as displayed under VS in
the METER command response, available via serial port or front panel.

The example value PTRS := 96, as specified in Potential Transformer Ratios
and PT Nominal Secondary Voltage Settings on page 2.30, is used for subse-
quent examples. The relay internally converts the VS channel signal to the VA,
VB, VC voltage base before using it as the 3V, quantity, as shown in Table 4.26.
Thus, when the zero-sequence voltage pickup for the Wattmetric element is
known in terms of the system primary voltage level, the required calculation
for setting S9RES is the same as the calculation for the VSCONN := VS
example shown previously, which converts the primary zero-sequence voltage
value into a secondary value on the VA, VB, VC input terminal base.

Using the example quantities from the VSCONN := VS subsection:

_ Voprimary _ 400V primary _
S9RES = TR - %0 = 6.67 V secondary

Note that the primary voltage is divided by the PTR setting, not the PTRS set-
ting.

Similarly, the derivation of the DIRWFP and DIRWRP settings, if they are
known in primary Watts, follows the same formula as before:

W primary _ 24000 W primary
PTRe+ CTRN 60+ 10

DIRWFP =

= 40.000 W secondary

W primary _ 10000 W primary — 16.667 W secondary
PTR+ CTRN 60« 10

DIRWRP
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However, if the desired voltage pickup for the Wattmetric element is known in
terms of VS channel volts (secondary), then the setting value must be scaled by
PTRS/PTR prior to entry. This prescaling makes the SO9RES setting match the
scaling the relay does when it internally converts the VS channel value to the
VA, VB, VC voltage base.

For our example system, the desired 3V, pickup in terms of the voltage
applied to channel VS is:

_ 'V primary
Voltage value (VS channel base) = ~PTRS
The example 3V, pickup value in terms of the voltage applied to channel VS
is:
400 V primary _

Voltage value (VS channel base) = —9¢ - 4.167 V secondary

The 59RES setting is determined as follows:

PTRS

S59RES TR

V secondary (VS base) ¢

4.167 % = 6.67 V secondary

As expected, this is the same value as before.

Similarly, if the desired Wattmetric pickup for the Wattmetric element is
known in terms of VS channel volts (secondary) and IN channel current (sec-
ondary), then the setting value must be scaled by PTRS/PTR prior to entry.
This prescaling makes the DIRWFP and DIRWRP settings match the scaling
the relay does when it converts the VS value into the VA, VB, VC voltage base.

For our example system, the desired Wattmetric pickup in terms of the voltage
applied to channel VS and the current applied to channel IN is:

W primary

Wattmetric value (VS and IN Base) = ——
PTRS+ CTRN

Forward = 24000 W / (96 « 10) = 25 W secondary
Reverse = 10000 W / (96 » 10) = 10.417 W secondary

The DIRWFP and DIRWRP settings are determined as follows:

DIRWFP = W secondary (VS and IN base) ¢ 1%9
=25We % = 40.000 W secondary (VA, VB, VC, and IN base)
DIRWRP = W secondary (VS and IN base) * 1;7;1;5
96
= 10.41 .« —
0417 W 0

16.667 W secondary (VA, VB, VC, and IN base)
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These details are important in relay testing, when the signal applied to the VS-
NS terminals represents a 3V, zero-sequence voltage signal, and

VSCONN :=3V0. When making test settings or interpreting test results,
remember that the relay scales the measured value by PTRS/PTR before using
it in the Petersen coil directional element and in the various zero-sequence
voltage-polarized directional elements.

Table 4.26 Effect of Settings VSCONN and DELTA_Y on Petersen Coil Directional Elements

Relay Function

When VSCONN := VS and
DELTA_Y := WYE

When VSCONN := VS and
DELTA_Y := DELTA

When VSCONN := 3VO
(DELTA_Y := WYE or DELTA,
and SINGLEV :=Y)

Wattmetric and incremental
conductance elements

Use 3V0 calculated from V,,

ORDER cannot be set to con-
tain “P” (no zero-sequence

Use Vg ¢ (PTRS/PTR) as 3V0
polarizing voltage.?

V- V¢ as polarizing voltage.

(ORDER setting choice “P”). voltage source is available)

@ The PTRS/PTR adjustment brings the broken-delta 3VO quantity to the same base voltage as the relay settings 59RES, DIRWFP, and
DIRWRP, which are based on the VA, VB, VC voltage base.

EDIRIV-SELocIc Control Equation Enable
Refer to Figure 4.24 and Figure 4.25.

SELOGIC control equation setting EDIRIV must be asserted to logical 1 to
enable the zero-sequence voltage-polarized and channel IN current-polarized
directional elements for directional control of neutral ground and residual
ground overcurrent elements.

For most applications, set EDIRIV directly to logical 1:
EDIRIV =1 (numeral 1)

For situations where zero-sequence source isolation can occur (e.g., by open-
ing a circuit breaker) and result in possible mutual coupling problems for the
zero-sequence voltage-polarized and channel IN current-polarized directional
elements, SELOGIC control equation setting EDIRIV should be deasserted to
logical 0. In this example, connect a circuit breaker auxiliary contact from the
isolating circuit breaker to the SEL-751:

EDIRIV = IN102 (52a connected to optoisolated input IN102)

Almost any desired control can be set in SELOGIC control equation setting
EDIRIV.

Ungrounded/High-Impedance Grounded System Considerations for
Setting EDIRIV

On ungrounded/high-impedance grounded systems (when setting

ORDER := U), phase-to-phase or unbalanced three-phase faults can cause the
ungrounded/high-impedance grounded element to operate on false quantities.
To prevent this situation, SELOGIC setting EDIRIV may be used as follows:

EDIRIV := V1600D * !DIRQE

The V1GOOD Relay Word bit (V1IGOOQOD asserts if the positive sequence
voltage is greater than 75%*VNOM/sqrt(3) and deasserts during a three-phase
fault, and the DIRQE Relay Word bit (see Figure 4.23) asserts during a phase-
to-phase fault. If either one of these occur, the EDIRIV setting evaluates to
logical 0, and the ungrounded/high-impedance grounded directional element
is blocked (see Figure 4.25).

SEL-751 Relay Instruction Manual Date Code 20170927



Protection and Logic Functions | 4.77
Group Settings (SET Command)

When a switch or breaker closes, the three poles may not close at the same
time, creating a momentary current unbalance condition. To avoid any possi-
ble operation of the ungrounded/high-impedance grounded element for this
momentary current unbalance condition, use the EDIRIV SELOGIC to over-
ride this condition, as in the following example.

EDIRV :=SVOIT OR.....
SVO1PU := 0.05
SV01DO := 0.00
SVO01 :=52A

Directional Control For most applications, the level direction settings DIR1 through DIR4 are
. used to set overcurrent elements direction forward, reverse, or nondirectional.
Provided by To rque Table 4.25 shows the overcurrent elements that are controlled by each level
Control Settings direction setting. Note in Table 4.25 that all the time-overcurrent elements
(51_T elements) are controlled by the DIRI level direction setting. See
Figure 4.34, Figure 4.35, Figure 4.40, and Figure 4.41.

Suppose that the Level 1 overcurrent elements should be set as follows:
67P1P direction forward
67G1P direction forward
51P1T direction forward
51N1T nondirectional

51GI1T direction forward

To accomplish this, the DIR1 setting is “turned off,” and the corresponding
SELOGIC torque-control settings for the above overcurrent elements are used
to make the elements directional (forward or reverse) or nondirectional. The
required settings are:
DIR1= N (“turned oft”; see Figure 4.34, Figure 4.35, Figure 4.40, and
Figure 4.41)

50P1TC = DIRPF (direction forward; see Figure 4.2)

50G1TC = DIRGF (direction forward; see Figure 4.2)

51PITC = DIRPF (direction forward; see Figure 4.6)

5INITC = 1 (nondirectional; see Figure 4.8)

51G1TC = DIRGF (direction forward; see Figure 4.9)
This is just one example of using SELOGIC control equation torque control
settings to make overcurrent elements directional (forward or reverse) or non-
directional. This example shows only Level 1 overcurrent elements (controlled

by level direction setting DIR1). The same setting principles apply to the other
levels as well. Many variations are possible.

Load-Encroachment The load-encroachment logic (see Figure 4.54) and settings are enabled/ dis-
Logi abled with setting ELOAD. If the Group setting VNOM := OFF, then ELOAD
0gic is not available. See Table 4.3 for more details on the VNOM setting.

The load-encroachment feature allows certain elements (system backup, phase
directional, etc.) to be set without regard for load levels. For example, to
obtain necessary system backup sensitivity, you may want to set the imped-
ance element reach very long. Because of the long reach setting, the phase dis-
tance element would pick up during heavy load.
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Load-Encroachment Settings

The SEL-751 phase directional elements are supervised by a load- encroach-
ment function that prevents element misoperation under heavy load. You must
set load impedance magnitude and angles to the necessary values to enable
load-encroachment supervision. 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 the phase protection element reach the set-

tings without concern for misoperation under heavy load.

Table 4.27 Load-Encroachment Settings

Setting Prompt Setting Range '_S_:;:::g, "I;:rf';il:t:
LOAD ENCROACH EN Y, N ELOAD =N
FWD LD IMPEDANCE 0.10-128.00 ohm? ZLF := 6.50%
POS-FWD LD ANGLE -90.00 to 90.00 deg PLAF :=30.00
NEG-FWD LD ANGLE -90.00 to 90.00 deg NLAF :=-30.00
REV LD IMPEDANCE 0.10-128.00 ohm? ZLR :=6.50%
POS-REV LD ANGLE 90.00 to 270.00 deg PLAR :=150
NEG-REV LD ANGLE 90.00 to 270.00 deg NLAR :=210.00

@ Setting ranges and default ohm values shown are for 5 A nominal CT rating. Multiply by 5 for
1ACTs.

Note that a positive-sequence impedance calculation (Z,) is made in the load-
encroachment logic in Figure 4.54. Load is largely a balanced condition, so
apparent positive-sequence impedance is a good load measure. The load-
encroachment logic operates only if the positive-sequence current (I,) is
greater than the positive-sequence threshold defined in Figure 4.54. For a bal-
anced load condition, I; = phase current magnitude.

Forward load (load flowing out) lies within the hatched region labeled
ZLOUT. Relay Word bit ZLOUT asserts to logical 1 when the load lies within
this hatched region.

Reverse load (load flowing in) lies within the hatched region labeled ZLIN.
Relay Word bit ZLIN asserts to logical 1 when the load lies within this
hatched region.

Relay Word bit ZLOAD is the OR-combination of ZLOUT and ZLIN:
ZLOAD :=ZLOUT OR ZLIN
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Figure 4.54 Load-Encroachment Logic

Load-Encroachment Examples

EXAMPLE 4.8 Load-Encroachment Setting Example
Example system conditions:
Nominal Line-Line Voltage: 230 kV
Maximum Forward Load: 800 MVA
Maximum Reverse Load: 500 MVA
Power Factor (Forward Load): 0.90 lag to 0.95 lead
Power Factor (Reverse Load): 0.80 lag to 0.95 lead
CT ratio: 2000/5 = 400
PT ratio: 134000/67 = 2000

The PTs are connected line-to-neutral.
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EXAMPLE 4.9 Convert Maximum Loads to Equivalent Secondary
Impedances
Start with maximum forward load:
800 MVA -« (1/3) = 267 MVA per phase
230 kV « (1/4 3) =132.8 kV line-to-neutral
267 MVA - (1/132.8 kV) * 1000kV/MV) = 2010 A primary
2010 A primary « (1/CT ratio) = 2010 A primary * (400) = 5.03 A
secondary
132.8 kV + (1000 V/kV) =132800 V primary

132800 V primary « (1/PT ratio) = 132800 V primary *
(2000) = 66.4 V secondary

Now, calculate the equivalent secondary impedance:

66.4 V secondary _
S0 A secandary = 132 € secondary

This secondary value can be calculated more expediently with the following
equation:

(line-line voltage in kV)2 e CT ratio
3-phase load in MVA ¢ PT ratio

Again, for the maximum forward load:

2307« 400

= 13.2 Q secondary
800« 2000

To provide a margin for setting ZLF, multiply by a factor of 0.9:

ZLF = 13.2 Q secondary * 0.9

11.90 QO secondary

For the maximum reverse load:

2307« 400

= 21.1 Q secondary
500 « 2000

Again, to provide a margin for setting ZLR:

ZLR = 21.1 secondary * 0.9

19.00 Q secondary

EXAMPLE 4.10 Convert Power Factors to Equivalent Load Angles

The power factor (forward load) can vary from 0.90 lag to 0.95 lead.
Setting PLAF := cos™ (0.90) = 26°
Setting NLAF := cos™(0.95) = -18°

The power factor (reverse load) can vary from 0.80 lag to 0.95 lead.
Setting PLAR :=180° - cos™ (0.95) = 180° - 18° = 162°
Setting NLAR := 180" + cos™ (0.80) =180 + 37° = 217"
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High-Impedance Fault
Detection With Arc
Sense Technology

NOTE: Detecting high-impedance
faults has challenged utilities and
researchers for years, especially in
situations where a fault occurs on
asphalt or dry sand or generates little
or virtually no fault current. As is
commonly known, not all HIFs are
detectable. Detecting HIFs potentially
reduces the risks associated with
these faults. The SEL HIF detection
method increases the likelihood that
an HIF is detected.

NOTE: High-impedance fault
detection using Arc Sense technology
is only applicable for solidly grounded
and low-impedance grounded
systems.
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High-impedance faults (HIF) are short-circuit faults with fault currents smaller
than those a traditional overcurrent protective relay can detect. Almost all HIFs
involve the ground directly or indirectly. The main causes of HIFs are tree
branches touching a phase conductor; dirty or failing insulators that cause flash-
overs between a phase conductor and the ground; or downed conductors
touching the ground.

Staged downed-conductor fault tests in North America indicate that downed
conductor HIFs generate quite small fault currents. The HIF current of multi-
grounded systems depends highly on the surface types upon which a conduc-
tor falls, and the fault current varies from zero to less than 100 amperes.

The probability of HIF detection is dependent on the type of surface involved
(asphalt, reinforced concrete, grass, etc.) and the moisture content of the sur-
face (dry/wet). Both of these factors affect the conductivity, as seen by the
fault current levels in Figure 4.55. While it is not possible to detect an HIF on
an asphalt surface, the probability of HIF detection increases for more conduc-
tive surfaces (e.g., wet grass). Low levels of fault current make it extremely
difficult to detect all HIFs while preventing the relay from causing nuisance
trips/alarms. Refer to the technical paper High-Impedance Fault Detection—
Field Tests and Dependability Analysis by Daqing Hou, available at
selinc.com, for more information.

Reinforced
Concrete

Wet Grass
Dry Grass
Wet Sand
Dry Sand

Asphalt

0 20 40 60 80
Typical Fault Current (A) at 7200 V Line-to-Ground

Figure 4.55 High-Impedance Fault Current Levels Depend on Ground
Surface Type

High-impedance fault detection with Arc Sense technology (AST) is available
in select SEL-751 models. The part number indicates whether or not the relay
supports high-impedance fault detection.

HIF detection is based on the odd-harmonics and inter-harmonic components
present in the current signal. HIF detection requires the current to be at least
five percent of the nominal load current.

The HIF detection method shown in Figure 4.56 incorporates the following
key elements:

» An informative quantity that reveals HIF signatures as much as
possible without being affected by loads and other system
operation conditions.

» A running average of the quantity that provides a stable
prefault reference.
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» An adaptive tuning feature that learns and tunes out feeder
ambient load conditions. (Note: A minimum of 0.05 ¢ Iy
load current is expected for successful tuning.)

» Decision logic to differentiate an HIF condition from other
system conditions such as switching operations and noisy loads.

The HIF detection element derives a Sum of Difference current (SDI) that rep-
resents the total non-harmonic contents of the phase currents to detect an HIF
signature. An averaging filter generates a stable reference of SDI and adapts to
the ambient conditions of feeder loads. In turn, an adapted detection threshold
is established based on the trends of the measured SDI and you would use
decision logic to separate normal trending from the existence of an HIF on the
distribution system. The SEL technical paper, Detection of High-Impedance
Faults in Power Distribution Systems by Daqing Hou, details additional infor-
mation about this HIF detection method.

Additional HIF detection logic measures the total odd-harmonic content
(ISM), maintains long-term and short-term histograms of ISM, and generates
HIF alarms by comparing the difference between two histograms. When the
difference between the two histograms is not substantial, the long-term histo-
gram is updated through an IIR filtering process from the short-term histo-
gram. The long-term histogram therefore adapts to the feeder ambient load
conditions and increases the overall HIF detection security.
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(a) Block Diagram of HIF Detection Odd-Harmonic

ISMA
FIR Smoothing —|_, Statistics = HIAT_A
Detection Signal .
[A — Generation 1 T Difference
imiting . .
Averager | Decision Logic1 = HIFT_A
(b) Detection Signal Generation ISM Odd-Harmonic
Near 2-cyc memory
{“ASk-ll"'“ASk-Z -SRATw'}
e )
1-Cycle
W o s ——> FIR gilter ISMA,
runs every 2-cyc
(c) Block Diagram of HIF Detection Non-Harmonic
SDIA
Detection Signal o [IR Limiting I‘: . _ . ) P=HIA2_A
[A—w Generation 2 > Averager 2 » Trending and Memory > Decision Logic 2 L HIF2_A
A A A
Y
= Adaptive Tuning - Blocking Conditions
(d) Detection Signal Generation SDI Non-Harmonic
M M2
1-cyc memory 2-cyc memory
(A 1A .} {DIA ,..DIA .}
IAL at 32 s/cyc k1 k32 k1 k63
(freq. tracked) *IAk-BZ DIA,. °c k63
AL, DIA,

SDIA,

runs every 2-cycle

Note: A-phase logic is shown above; B-phase and C-phase are similar.
Figure 4.56 HIF Detection Block Diagram

HIF Detection Settings

NOTE: It is recommended to use
EHIF := Y for field tests and follow the
initial tuning process.

Date Code 20170927

Table 4.28 lists the relay settings corresponding to high-impedance fault
detection. High-impedance fault detection is enabled by group setting

EHIF :=Y or T. When EHIF is set to Y, the detection algorithm begins calcu-
lating a running average of the applicable algorithm quantity to provide a sta-
ble prefault reference. This initial tuning asserts Relay Word bits ITUNE_x
(where x = A, B, C). This process takes 24 hours but is interrupted by a change
in the EHIF setting value, a change in the FNOM setting value, a loss of load
current, or a relay trip condition.

Once interrupted, the initial tuning restarts the next time the relay detects load
current. If necessary, it can be restarted with the INI HIF command or by
asserting the programmable SELOGIC control equation HIFITUNE. See INI
HIF Command in Section 7: Communications for more information on the
INI HIF command. After the initial tuning process, the relay retains the
learned value for four hours. If a line is de-energized for more than four hours,

Instruction Manual SEL-751Relay
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NOTE: A minimum of 0.05 « INOM
load current is expected for
successful tuning of the HIF
detection algorithm.

SEL-751 Relay

the relay restarts the initial tuning process upon the re-energization of the line.
When EHIF is set to T, the detection algorithm bypasses the 24-hour tuning
process and is available immediately for testing purposes. The relay must be
tracking frequency in order for the high-impedance fault detection algorithm
to work; if the relay is not tracking frequency, the algorithm is disabled.

The SEL-751 can be applied to systems where long-term reconfiguration
occurs. For example, long-term distribution system reconfiguration may occur
during certain abnormal conditions to minimize the number of people that are
affected. Such reconfiguration can impact the effectiveness of the HIF algo-
rithm. The HIF algorithm adapts to minor changes in load, but large changes
may cause the long-term reference quantity to inaccurately represent the exist-
ing system conditions. To prevent system reconfiguration from adversely
impacting the performance of the HIF algorithm, the programmable SELOGIC
control equation HIFITUNE can be used to restart the 24-hour initial tuning
process after the system has reconfigured.

High-impedance fault detection sensitivity is controlled by the group SELOGIC
control equation setting HIFMODE. Assertion of this logic equation sets Relay
Word bit HIFMODE and increases the sensitivity of the detection algorithm.

Table 4.28 High-Impedance Fault (HIF) Detection Settings

Setting Prompt Setting Range i:i::;% "I;:rf:il:t:
HIF EN Y,N, T EHIF :=N

HIF DETECTION SENSITIVITY SELOGIC HIFMODE :=0
HIF EVENT REPORT EXT. TRIGGER? SELOGIC HIFER :=0
BEGIN 24 HOUR INITIAL HIF TUNING | SELOGIC HIFITUNE := 0

@ SEL recommends that you use edge-triggered Relay Word bits in the HIFER SELoGIc equation;
otherwise, there may be issues when triggering multiple reports if the HIFER SELoGIC
equation has multiple Relay Word bits and one of the Relay Word bits is asserted for a
prolonged period of time (e.g., HIFER := R_TRIG 51G1P OR R_TRIG 51G1T).

EXAMPLE 4.11 HIFMODE Programming and Operation

As detailed previously, assertion of the HIFMODE SELocIc control equation
controls the sensitivity of the high-impedance fault detection algorithm.
Field experience may suggest that downed conductor events that lead to
high-impedance faults might occur more frequently during periods of storm
activity. Furthermore, conductor configuration could make it likely that a
downed conductor might initially create a high-current fault by making
temporary contact with another conductor. This fault would be detected and
cleared; disappearing upon a successful autoreclosure. The downed
conductor would then be creating a high-impedance fault. It is during this
time that it would be desirable to increase the sensitivity of the high-
impedance fault detection algorithm. For example, a successful reclosure
Relay Word bit could trigger a timer input. The dropout period of the timer
is set to the period of time that is desired for increased detection sensitivity.

Enter the following Group Settings:
EHIF ;=Y
HIFMODE := SV16T AND 52A
Enter the following Logic Settings:
SV16PU := 0.00 # Pickup set to 0.00 sec

SV16DO0 := 1800 # Dropout set to 30.0 minutes on a 60 Hz
system

SV16 := R_TRIG 79RI # (in reclose cycle state)
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EXAMPLE 4.12 HIFITUNE Operation
For this example, assume that the following conditions occur:
» The HIF algorithm is operating in normal tuning mode.

» The system configuration changes permanently or for the
long term. (The line that the SEL-751is protecting may have
picked up/dropped off significant load.)

Since the line configuration being monitored by the SEL-751 has changed,
the load characteristics of the system may have also changed. You should
consider forcing the HIF algorithm into the 24-hour initial tuning mode by
asserting (manually or remotely) the SELoGIC control equation, HIFITUNE,
or by issuing the INI HIF command.

While the recloser is timing towards the reset state after a successful reclosure
Relay Word bit 79RI asserts the output for SV Timer 16. The timer stays
asserted for the duration of the dropout setting, which is 30 minutes in this
example. During this 30 minutes, the timer assertion maintains the assertion of
HIFMODE, assuring a window of time for increased sensitivity of the HIF
detection algorithm.

Group SELOGIC control equation setting HIFER allows for the automatic trig-
gering of HIF detection event reports. Assertion of HIFER sets the Relay
Word bit HIFREC and triggers an event report.

HIF Detection Logical Outputs

The SEL-751 indicates HIF detection through the Relay Word Bit outputs
detailed in Table 4.29. You can use Relay word bits in custom logic program-
ming to indicate high-impedance fault detection activity.

Because the small amount of fault current from an HIF may not be a danger to
power system operation, service continuity may be enhanced by using HIF
detection to only alarm for a downed conductor (i.e., not including the
HIF1_x, HIA1_x, HIF2_x, and HIA2_x Relay Word bits in the TRIP equation
directly). The utility may dispatch a crew to patrol the affected feeder without
interrupting service to customers and may issue a public advisory notice about
the danger. The ultimate decision depends on the operational policies of your
utility.

Table 4.29 HIF Relay Word Bits (Sheet 1of 2)

Date Code 20170927

HIF Activity Relay Word Bits

HIF ISM ALARM HIA1_A, HIA1_B, HIA1_C
HIF SDI ALARM HIA2_A, HIA2_B, HIA2_C
HIF ISM FAULT HIF1_A, HIF1_B, HIF1_C
HIF SDI FAULT HIF2_A, HIF2_B, HIF2_C
HIF Externally Triggered Event HIFER

HIF Detection Mode Sensitivity HIFMODE

HIF Event Report is being collected HIFREC

Freeze and retain the learned HIF quanti-
ties during a system disturbance

Current Disturbance
Voltage Disturbance
Disable HIF Decision Logic

Initial HIF Tuning in Progress

Instruction Manual

FRZCLRA, FRZCLRB, FRZCLRC

DIA_DIS, DIB_DIS, DIC_DIS
DVA_DIS, DVB_DIS, DVC_DIS
DL2CLRA, DL2CLRB, DL2CLRC
ITUNE_A, ITUNE_B, ITUNE_C
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Table 4.29 HIF Relay Word Bits (Sheet 2 of 2)

HIF Activity

Relay Word Bits

Begin 24-Hour Initial HIF Tuning Process
Normal HIF Tuning in Progress

Increase the HIF Tuning Threshold
Decrease the HIF Tuning Threshold

HIFITUNE, INI_HIF

NTUNE_A, NTUNE_B, NTUNE_C
DUPA, DUPB, DUPC

DDNA, DDNB, DDNC

Load Reduction Detected LRA, LRB, LRC, LR3

HIF Detection Event Reports and Histories

The SEL-751 stores HIF detection information as compressed events and as
event summaries, logs, and histories. See High-Impedance Fault Event Sum-
mary on page 10.30, High-Impedance Fault Compressed Event Report on
page 10.34, and Figure 7.20, Figure 5.15: MET H (HIF) Command Response,
Figure 7.28: LOG H (HIF) Command Response, and Figure 7.27: HSG Com-
mand Response for more information.

When a distribution feeder supplies many transformers, magnetizing inrush
currents may cause sensitive overcurrent elements to operate when the line is
energized. The second-harmonic blocking logic can prevent this by blocking
such elements until inrush currents have subsided. As shown in Figure 4.57
and Figure 4.58, this logic uses the ratio of the second-harmonic content of
each phase to the fundamental current of the same phase to calculate the per-
cent harmonic content. The fifth-harmonic blocking logic is analogous to the
second-harmonic logic.

Second- and Fifth-
Harmonic Blocking
Logic

When the SELOGIC torque-control equation HBL2TC evaluates to logical 1,
and if the second-harmonic content of a particular phase (e.g., IAHC2 for
A-phase in Figure 4.57) exceeds the adjustable pickup threshold HBL2P for
the pickup time delay HBL2PU, the blocking Relay Word bit for that phase
asserts. Once the output is asserted, if the second-harmonic content falls below
the threshold for the dropout time delay HBL2DO, the output deasserts. If any
of the phase outputs asserts, Relay Word bit HBL2T also asserts. The same
logic applies to fifth-harmonic blocking.

Settings Relay
HBL2P Hord
100 - HBL2PU Its

+ } —————— HBL2AT
[IAHC2| [ HBL2DO
lIA]
0.05*INOM —MMM-
IA| ———+

SELocic
Setting

HBL2TC
Figure 4.57 A-Phase Second Harmonic Blocking
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Word
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HBL2AT ﬁ_v\ Bit
HBL2BT HBL2T
HBL2CT 1
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Figure 4.58 Three-Phase Second- and Fifth-Harmonic Blocking Logic

Table 4.30 Second-Harmonic Blocking Settings

Setting Prompt Setting Range i:::::.% ';:rfr;il:t:
2ND HARM BLOCK [ Y,N EHBL2 :=N
2ND HARM PU 5-100% HBL2P := 10
2ND HARM PU DLY | 0.00-320.00 sec HBL2PU :=0.00
2ND HARM DO DLY | 0.00-320.00 sec HBL2DO :=0.00
2ND HARM TC SELOGIC HBL2TC =1
5TH HARM BLOCK Y,N EHBLS5 :=N
5TH HARM PU 5-100% HBLS5P := 10
5TH HARM PUDLY | 0.00-320.00 sec HBL5PU :=0.00
5TH HARM DO DLY | 0.00-320.00 sec HBLS5DO :=0.00
5TH HARM TC SELoOGIC HBLSTC :=1

Second- and fifth-harmonic blocking elements are typically used to supervise
sensitive overcurrent elements. CT saturation during faults can cause the relay

to measure harmonic currents. The harmonic blocking elements may also

assert briefly when the fundamental frequency current changes. Either condi-
tion might delay the supervised element. Set an unsupervised element above
the expected inrush current to provide fast protection during large faults. Set

the harmonic blocking timer pickup for more than one cycle in applications
that cannot tolerate the element operating because of current changes.

EXAMPLE 4.13 Instantaneous Overcurrent Element Blocking

In this example, including second-harmonic blocking element HBL2T in the
torgue-control equation for Level 1 phase overcurrent element 67P1 helps
prevent operation because of transformer inrush.

50P1P := 10.00 A

50P2P :=20.00 A

50P1D := 0.03 sec

S50P1TC := IHBL2T

50P2TC :=1

TR := ...+ 67P1T + 67P2T +...
The Level 1time delay 5OP1D allows time for the blocking element to assert.
Level 2 phase overcurrent element setting 5S0P2P is high enough that the
element does not operate when the line is energized but low enough to
operate for high current faults when current transformer saturation or
fundamental frequency current change might briefly block the Level1
element.

EXAMPLE 4.14 Time-Overcurrent Element Blocking

For time-overcurrent elements, it may be desirable for the element to
continue timing when transformer inrush is detected, yet trip the breaker if
the time-overcurrent element remains asserted after the inrush conditions
have subsided.
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51P1P := 6.00 A
51AP :=10.00 A
51BP :=10.00 A
51CP:=10.00 A
HBL2DO := 0.03 sec
51P1TC :=1

51ATC =1

51BTC :=1

51CTC :=1

TR := ...+ 51P1T * IHBL2T + 51AT + 51BT + 51CT +...
ER := ...+ /51PIP + /51PIT +...

In this example, 51P1T is allowed to assert regardless of the state of the
second-harmonic blocking element. However, 51P1T cannot cause a trip if
HBL2T is asserted. Dropout timer HBL2DO ensures that the blocking
condition is maintained until 51P1T deasserts. If electromechanical reset is
disabled (51P1RS := N), 51P1T remains asserted for 1 cycle after the phase
current falls below pickup setting 51P1P. HBL2DO may be increased to
provide additional security should the second-harmonic current fall below
the pickup threshold before the fundamental frequency current falls below
the overcurrent element pickup. Because the relay may not trip when 51P1T
asserts, the ER Event Report Trigger SELoGIC control equation is modified to
trigger an event report. This event report can be used to evaluate the
effectiveness of the harmonic blocking and determine if setting
adjustments are necessary.

EXAMPLE 4.15 Changing the Pickup of a Time-Overcurrent
Element

Use the second-harmonic blocking elements to increase the pickup current
of a time-overcurrent element during inrush conditions without changing
the time delay characteristics. For example,

51P1P := 6.00 A
51AP :=15.00 A
51BP :=15.00 A
51CP:=15.00 A

50P3P :=12.00 A
51P1TC := 'HBL2T + 50P3

51ATC :=1
51BTC :=1
51CTC =1

TR := ...+ 51PT + 51AT + 51BT + 51CT +...

In this example, the maximum-phase time-overcurrent element operates if
the harmonic blocking element is deasserted or the phase current exceeds
the Level 3 phase instantaneous overcurrent setting. If harmonic blocking is
asserted and the phase current is below the Level 3 phase instantaneous
overcurrent setting, the time-overcurrent element 51P1P does not operate.
Thus the pickup of the maximum-phase time-overcurrent element 51P1is
increased from 6 amperes secondary to 12 amperes secondary during
inrush. Once the maximum phase current exceeds SOP3P, the timing of the
51P1 element does not change, so coordination is maintained for large faults.

As shown in Figure 4.6, if the torque control equation 51PTC deasserts, the
Level 1 phase time-overcurrent element may fully or partially reset. When
second-harmonic blocking elements are included in torque control
equations for time-overcurrent elements, the element will need to time
from reset after the blocking element deasserts. Consider this when
evaluating time-overcurrent coordination and when reviewing event reports
in which harmonic blocking has operated.
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RTD-Based Protection

RTD Input Function

When you connect an SEL-2600 RTD Module (select E49RTD := EXT) or
order the internal resistance temperature device (RTD) card option (select
E49RTD :=INT), the SEL-751 offers several protection and monitoring func-
tions, settings for which are described in Table 4.31. See Figure 2.15 for the
RTD module fiber-optic cable connections. If the relay does not have internal
or external RTD inputs, set E49RTD := NONE.

NOTE: The SEL-751 can monitor as
many as 10 RTDs connected to an
internal RTD card or as many as

12 RTDs connected to an external
SEL-2600 RTD Module. Table 4.31
shows Location, Type, and Trip/Warn
Level settings only for RTD1; settings
for RTD2-RTD12 are similar.

NOTE: RTD curves in SEL products
are based on the DIN/IEC 60751
standard.

Table 4.31 RTD Settings

Setting Prompt

Setting Range

Setting Name :=
Factory Default

RTD ENABLE
RTD1 LOCATION

INT, EXT, NONE
OFF, WDG, BRG, AMB, OTH

E49RTD := NONE
RTD1LOC := OFF

RTD1 TYPE PT100, NI100, NI120, CU10 RTDITY :=PT100
RTD1 TRIP LEVEL OFF, 1-250°C TRTMP1 := OFF
RTD1 WARN LEVEL OFF, 1-250°C ALTMP1 := OFF
WIND TRIP VOTING Y, N EWDGYV :=N
BEAR TRIP VOTING Y, N EBRGV :=N

RTD Location

Date Code 20170927

The relay allows you to independently define the location of each monitored
RTD by using the RTD location setting, RTDnLOC.

Define the RTD location settings by using the following suggestions:

» If an RTD is not connected to an input or has failed in place and is
not to be replaced, set the RTD location for that input equal to OFF.

» For RTDs embedded in motor stator windings, set the RTD
location equal to WDG.

» For inputs connected to RTDs measuring bearing race
temperature, set the RTD location equal to BRG.

» For the input connected to an RTD measuring ambient motor
cooling air temperature, set the RTD location equal to AMB.
Only one ambient temperature RTD is allowed.

» For inputs connected to monitor temperatures of another
apparatus, set the RTD location equal to OTH.

If an RTD location setting is equal to OFF, the relay does not request that an
RTD type setting be entered for that input.
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RTD Type

The four available RTD types for setting RTD»TY are:
» 100-ohm platinum (PT100)
» 100-ohm nickel (N1100)
» 120-ohm nickel (N1120)
» 10-ohm copper (CU10)

RTD Trip/Warning Levels

NOTE: To improve security, RTD
ALARM and TRIP are delayed by
approximately 6 seconds.

SEL-751 Relay

The SEL-751 provides temperature warnings and trips through use of the RTD
temperature measurements and the warning and trip temperature settings,
ALTMPn and TRTMPn, in Table 4.17.

The relay issues a winding temperature warning if any of the healthy winding
RTDs (RTD location setting equals WDG) indicate a temperature greater than
the relay RTD warning temperature setting. The relay issues a winding tem-
perature 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 winding trip voting setting EWDGV
equals Y. Only one excessive temperature indication is necessary if the wind-
ing trip voting is not enabled. The bearing trip voting, EBRGV, works similarly.

The warning and trip temperature settings for bearing, ambient, and other
RTD types function similarly, except that trip voting is not available for ambi-
ent and other RTDs.

To disable any of the temperature warning or trip functions, set the appropriate
temperature setting to OFF.

Only healthy RTDs can contribute temperatures to the warning and trip func-
tions. The relay includes specific logic to indicate if RTD leads are shorted or
open. Table 4.32 lists the RTD resistance versus temperature for the four sup-
ported RTD types.

Table 4.32 RTD Resistance Versus Temperature (Sheet 1of 2)

Temp (°F) | Temp (°C) | 100 Platinum | 120 Nickel | 100 Nickel | 10 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
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Table 4.32 RTD Resistance Versus Temperature (Sheet 2 of 2)

Temp (°F) | Temp (°C) | 100 Platinum [ 120 Nickel | 100 Nickel | 10 Copper
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
410 210.00 179.53 315.31 249.80 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

IEC Thermal Elements The SEL-751 implements three independent thermal elements that conform to
the IEC 60255-149 standard. Use these elements to activate a control action or
issue a warning or alarm when your power line overheats as a result of adverse
operating conditions. For simplicity, the equations used to represent the ther-
mal element calculations are presented in generic form. These equations are
applicable to all three elements (n = 1, 2, and 3) presented in Table 4.33.

The relay computes the thermal level, THRL, of the protected equipment. The
thermal level is a ratio between the estimated actual temperature of the equip-
ment and the steady state temperature of the equipment when the equipment is
operating at a maximum current value.

For each thermal element, you can select two sets of heating time constants
(TCONH]Ix], x = 1 or 2) and two sets of cooling time constants (TCONC][x],
x =1 or2)to cover a variety of heating and cooling conditions. The SELOGIC
setting THST allows the user to switch between the two time constants. When
THST = 0, the element uses the heating and cooling time constants
TCONH][1] and TCONC][ 1], respectively. When THST = 1, the corresponding
element uses the heating and cooling time constants TCONH[2] and
TCONC]J2], respectively.

The relay computes the thermal level using the following equations:

If THIEQ > IEQPU

_ TCONHIx] )

THRL, = (THRL’*I).(TCONH[JC] ¥ Al

(TH]EQt)2
+

At
ie) *(TeowanTIE) < FAVB

Equation 4.5

Date Code 20170927 Instruction Manual SEL-751Relay



4.92 | Protection and Logic Functions
Group Settings (SET Command)

If THIEQ < IEQPU
THRL, = (THRL, ;) ( _TCONCIx] )
t = -1)°
TCONClx] + At Equation 4.6
where:
THRL, = The thermal level at time ¢
THRL, | = The thermal level from the previous processing
interval
At = The processing interval for the element, which is once
every power system cycle (i.e., 50 or 60 Hz). Af is
expressed in seconds for use in Equation 4.5 and
Equation 4.6.
THIEQ = The equivalent heating current at time ¢, given in per

unit

IEQPU = The equivalent heating current pick up threshold
setting, given in per unit

IMC = The maximum continuous current, given in per unit

TCONH[x] = User-selectable equipment hot time constant which
models the thermal characteristics of the equipment
when it is energized in state x. The TCONH[x] setting
is in minutes and expressed in seconds for use in
Equation 4.5, Equation 4.6, and Equation 4.11.

TCONC][x] = User-selectable equipment cold time constant that
models the thermal characteristics of the equipment
when it is de-energized in state x. The TCONCJ[x]
setting is in minutes and expressed in seconds for use
in Equation 4.5, Equation 4.6, and Equation 4.12

FAMB = The ambient temperature factor

x = State of the thermal element that decides the set of
time constants to use; x can be 1 or 2

The relay calculates the equivalent heating current, THIEQ, according to
Equation 4.7.

THIEQ = THRO
NOM Equation 4.7
where:
THRO = User-selectable thermal model operating current
Iyoy) = Nominal current rating of the input associated with

THRO operating current (i.e., 1l Aor5 A)

Additionally, the relay calculates the maximum continuous current (IMC),
according to Equation 4.8:

IMC = KCONS e [BAS Equation 4.8
where:
KCONS = User-selectable maximum operating temperature of
the equipment
IBAS = Basic current value in per unit
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Lastly, the relay computes the ambient temperature factor, FAMB, according
to Equation 4.9:

TMAX-40°C
FAMB = —Fcv———
IMAX-TAMB Equation 4.9
where:
TMAX = User-selectable maximum operating temperature of
the equipment
TAMB = Ambient temperature measurement from user-

selectable temperature probe

The thermal capacity used is a percentage representation of how close to the
thermal limit the protected power apparatus is. It is calculated using
Equation 4.10.

THTCU, TRL | 1o
¢ = — e

(THLT/100) Equation 4.10
If FAMB o [THIEQI/IMC]2 >THLT/100, the relay calculates the time
before trip using Equation 4.11. This indicates an overload condition before
the thermal level reaches the alarm or tripping threshold. The time indication
allows an operator to take appropriate actions ahead of time.

THTRIP, =

FAMB o [THIEQ/IMC]Z —~THRL,
TCONH[x] e In

FAMB-[THIEQt/IMC]z—THLT/IOO X
Equation 4.11

If FAMB o [THIEQ/IMC]Z < THLT/100, the relay reports 9999 seconds.

If the thermal lockout Relay Word bit THRLT is asserted and
THIEQ < IEQPU, the relay calculates the time to release the thermal element
using Equation 4.12.

THRL, )

THRLS, = TCONC[x] ¢ In (THLTDR e THLT/100

Equation 4.12

Otherwise, the relay does not calculate the time to lockout release.
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Thermal Element Logic

Figure 4.59 shows the thermal alarming and tripping logic for each of the
three thermal elements (n = 1, 2, or 3).

Relay
Word
Setting  THRLN =100 h Bt
2etng SEEEEEEEN P THRLTn
THLTn -
N R
THLTDRn * THLTn————{+
Relay
Word
Setting  THRLN =100 A Bt
eting n s 0 THRLAN
THLAR -
N R
THLADRn * THLAN—————{+
n=1,2,0r3.

Figure 4.59 Thermal Alarm and Trip Logic

When considering settings levels for the thermal elements alarming and trip-
ping functions, note from Equation 4.5 that the relay calculates the steady
state thermal level as shown in Equation 4.13:

THIEQ) 2
Tiic.) ©FAMB

THRLSS = (
Equation 4.13

From this equation, the per-unit thermal level that the relay computes depends
on the per unit current flowing through the equipment (THIEQ), and the
KCONS and IBAS settings. These make up the IMC value and the ambient
temperature factor, FAMB. Given this information, you can set the thermal
level alarm and trip thresholds when considering the various operating current
levels and temperatures that the equipment may be subjected to.

The relay makes the three calculated thermal levels THRL# available as
analog quantities. Additionally, the three thermal level alarming Relay Word
bits, THRLAR®, as well as the three thermal level tripping Relay Word bits,
THRLTn, are available.

Figure 4.60 shows the logic for thermal element current overload.

Relay
Word

Bit
THOVLnl

THIEQN,
IMCn

n=1,2,or3.
Figure 4.60 Thermal Element Current Overload Logic

Thermal Element Settings

See Table 4.33 for a list of the prompt, ranges, and default settings for the fol-
lowing thermal element settings. The enable IEC thermal element (E491EC)
setting enables 1, 2, or 3 independent thermal elements.
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The ambient temperature measurement (TAMB) setting specifies the remote
thermal device (RTD), such as the SEL-2600, internal RTD card, or remote
analogs input that are used to measure the ambient temperature surrounding
the device. The ambient temperature measured, TAMB, is used to calculate
the ambient temperature factor, FAMBn (n = 1-3), as defined by Equation 4.9.
If TAMB is set to OFF, FAMB# is then forced to 1. If TAMB is not set to OFF,
the FAMB# value is supervised by the THAMBH Relay Word bit. If this bit is
asserted, indicating the ambient temperature measurement is accurate, then
the relay computes the FAMB# values using Equation 4.9. If the THAMBH
bit is deasserted, then the FAMBn#n value is forced to 1.

If TAMB := RA, the THAMBH bit asserts when the relay receives five con-
secutive healthy data packets. A healthy packet is a valid data packet with the
received temperature measurement in the data packet within —50°C to
+250°C. The THAMBH bit has a dropout time of THAMBDO seconds and
deasserts if no healthy data packets are received for THAMBDO seconds.

If TAMB := RTD, the relay looks at the internal status bits associated with the
ambient temperature RTD (RTDrLOC := AMB, where n = 1-10 for

E49RTD :=INT, and n = 1-12 for E4A9RTD := EXT). The THAMBH bit deas-
serts if any one of the internal status bits associated with the ambient RTD
assert, indicating open, short, diagnostic fail, or communication fail.

The TAMBLOC setting specifies the location of the ambient temperature
measurement. If the ambient temperature measurement is from an RTD, then
this setting should be the number of the ambient temperature measurement
RTD. If the ambient temperature measurement is from a remote analog, then
this setting should be the number of the remote analog receiving the ambient
temperature measurement.

The THAMBDO setting defines the dropout time of THAMBH, the ambient
temperature measurement health Relay Word bit.

The thermal model operating quantity (THRO#) must use a current that
includes all of the additional heating effects of the current passing through the
protected equipment. For this reason, the operating current choices are the
three individual phase rms currents or the IMAX current, which is the maxi-
mum rms current seen among the three-phase currents.

The basic current value in per unit (IBASn) setting accounts for the specified
limiting value of the current for which the relay is required not to operate at
when considering steady state conditions. The product of the basic current
value, IBASn (n = 1-3), and the basic current correction factor, KCONSn
(described below), is the maximum continuous current, IMC, used by the
relay in computing the thermal level.

The basic current correction factor (KCONS#) setting dictates the maximum
continuous load current of the protected equipment. The product of the basic
current value, IBAS#, and the basic current correction factor, KCONSH, is the
maximum continuous current, IMCn, used by the relay in computing the ther-
mal level.

The thermal element time constant state switch (THSTn) setting enables the
user to switch between two thermal element time constant states. The two
states correspondingly use two sets of time constants for thermal calculation
to cover the variety of heating and cooling conditions.

The heating thermal time constant (TCONHn#nx) setting defines the heating
thermal time constant of thermal element r in state x of the equipment when
the equipment is energized (i.e., when the current is above the IEQPU value).
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The cooling thermal time constant (TCONCn) setting defines the cooling ther-
mal time constant of thermal element  in state x of the equipment when the
equipment is de-energized (i.e., when the current is below the IEQPU value).

The thermal level alarm limit (THLAR) setting specifies the percentage ther-
mal level when the relay asserts the thermal alarm Relay Word bit.

The thermal level trip limit (THLT#) setting specifies the percentage thermal
level when the relay asserts the thermal trip Relay Word bit.

The maximum temperature of the equipment (TMAXn) setting specifies the
maximum operating temperature of the protected equipment. This setting is
used to calculate FAMB# (see Equation 4.9). When TAMB := OFF, the
TMAXn setting is ineffective, i.e., the relay does not use TMAX# in the
FAMB# calculation and FAMB# is forced to 1.

The thermal element reset (RSTTHn) setting specifies the conditions that reset
the thermal element n calculation to 0.

The equivalent heating current pickup value in per unit IEQPUn) is used by
the relay to switch between the hot and cold time constant thermal equations.
This setting defines what the equipment considers to be insignificant operating
current that results in negligible heating effects. Typically this value is very
close to zero, corresponding to when the protected equipment is de-energized.

The thermal level trip dropout ratio (THLTDR®#) setting defines the dropout
ratio of thermal level trip. If the thermal level drops below THLTDR#
THLTn, Relay Word bit THRLT resets.

The thermal level trip dropout ratio (THLADRR®) setting defines the dropout
ratio of thermal level alarm. If the thermal level drops below THLADR#
THLAn, Relay Word bit THRLA resets.

Table 4.33 IEC Thermal Element Settings (Sheet 10f 2)

Setting Name :=

Setting Prompt Setting Range Factory Default?
ENABLE IEC THML ELEM N, 1-3 E49IEC := N
AMB TMP SRC OFF, RTD, RA TAMB := OFF
AMB TMP SRC LOC 1-12,if TAMB :=RTD | TAMBLOC :=1
1-128, if TAMB := RA
TMP HLTH DO TIME 0.1-900.0 sec THAMBDO := 1.0
OPERATING QTY IARMS, IBRMS, THRO1 :=IARMS
ICRMS, IMAX THRO?2 := IBRMS
THRO3 := ICRMS
BASIC CURR VALUE 0.1-3.0 PU IBASn :=1.0
CURRENT CORR FAC 1.00-2.00 KCONS#n :=1.00
CURRENT PU 0.05-1.0 PU IEQPUn :=0.05
TIME CONS SWI SELOGIC THSTn :=0
HEAT TIME CONS 1-500 min TCONHnx := 60
COOL TIME CONS 1-500 min TCONCnx := 60
TRIP PU 1-150% THLT# := 100
ALARM PU 1-100% THLAnR :=50
TRIP DO RATIO 0.01-0.99 PU THLTDRn :=0.98
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Table 4.33 IEC Thermal Element Settings (Sheet 2 of 2)

Setting Name :=

SR [P Factory Default?®

Setting Range

ALARM DO RATIO 0.01-0.99 PU THLADRn :=0.98
MAXIMUM TMP 80-300°C TMAXn := 155
RESET THML SELogcIC RSTTHn :=0

@ n=1-3and x =1-2.

When you connect the SEL-751 voltage inputs to phase-to-phase connected
VTs (single-phase or three-phase), as in Figure 2.20 or Figure 2.21, the relay
provides two levels of phase-to-phase overvoltage and undervoltage elements.

When you connect the SEL-751 voltage inputs to phase-to-neutral connected
VTs (single-phase or three-phase), as in Figure 2.20 or Figure 2.21, the relay
provides two levels of phase-to-neutral, phase-to-phase overvoltage and
undervoltage elements. Two levels of negative-sequence overvoltage elements
are available when the VTs are connected in three-phase as shown in

Figure 2.21. Two levels of zero-sequence overvoltage elements are available
when the voltage inputs are connected in wye configuration

(DELTA_Y := WYE) as shown in Figure 2.21. When a synchronism voltage
input is present (e.g., VS input shown in Figure 2.21) the SEL-751 provides
two levels of VS under- and overvoltage elements. You can use these elements
to control reclosing logic described later.

Each of the elements has an associated time delay, except the three-phase

under- and overvoltage elements, 3P27 and 3P59. You can use these elements
as you choose for tripping and warning. Figure 4.61 and Figure 4.62 show the
logic diagrams for the undervoltage and overvoltage elements, respectively. To

disable any of these elements, set the level settings equal to OFF.

Table 4.34 Undervoltage Function

Setting Prompt Setting Range ?:2:::_3 ';Z'f':“::
UV TRIP1 LEVEL OFF, 2.00-300.00 V 27P1P := OFF
UV TRIP1 DELAY 0.00-120.00 sec 27P1D :=0.50
UV TRIP2 LEVEL OFF, 2.00-300.00 V 27P2P := OFF
UV TRIP2 DELAY 0.00-120.00 sec 27P2D :=5.00
PP UV TRIP1 LEVEL OFF, 2.00-300.00 V* 27PP1P := OFF
PP UV TRIPI LEVEL OFF, 2.00-520.00 Vb 27PP1P := OFF
PP UV TRIP1 DELAY 0.00-120.00 sec 27PP1D :=0.50
PP UV TRIP2 LEVEL OFF, 2.00-300.00 V*# 27PP2P := OFF
PP UV TRIP2 LEVEL OFF, 2.00-520.00 V° 27PP2P := OFF
PP UV TRIP2 DELAY 0.00-120.00 sec 27PP2D :=0.50
UVS LEVEL 1 OFF, 2.00-300.00 V 27S1P := OFF
UVS DELAY 1 0.00-120.00 sec 27S1D :=0.50
UVS LEVEL 2 OFF, 2.00-300.00 V 27S2P := OFF
UVS DELAY 2 0.00-120.00 sec 27S2D :=0.50

8 Setting range shown is for DELTA_Y := DELTA.
b Setting range shown is for DELTA_Y := WYE.
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Table 4.35 Overvoltage Function

Setting Prompt

Setting Range

Setting Name :=
Factory Default

OV TRIP1 LEVEL
OV TRIP1 DELAY
OV TRIP2 LEVEL
OV TRIP2 DELAY

PP OV TRIP1 LEVEL
PP OV TRIP1 LEVEL
PP OV TRIP1 DELAY
PP OVTRIP2 LEVEL

PP OV TRIP2 LEVEL
PP OV TRIP2 DELAY

ZS OV TRIP1 LVL
ZS OV TRIP1 DLY
ZS OV TRIP2 LVL
ZS OV TRIP2 DLY

NSQ OV TRIP1 LVL
NSQ OV TRIPI DLY
NSQ OV TRIP2 LVL
NSQ OV TRIP2 DLY

UVS LEVEL 1
UVS DELAY 1
UVS LEVEL 2
UVS DELAY 2

Off, 2.00-300.00 V
0.00-120.00 sec
Off, 2.00-300.00 V
0.00-120.00 sec
Off, 2.00-300.00 V?
Off, 2.00-520.00 V°
0.00-120.00 sec
Off, 2.00-300.00 V*
Off, 2.00-520.00 V°
0.00-120.00 sec
Off, 2.00-300.00 V
0.00-120.00 sec
Off, 2.00-300.00 V
0.00-120.00 sec
Off, 2.00-300.00 V
0.00-120.00 sec
Off, 2.00-300.00 V
0.00-120.00 sec
Off, 2.00-300.00 V
0.00-120.00 sec
Off, 2.00-300.00 V
0.00-120.00 sec

59P1P := OFF
59P1D :=0.50
59P2P := OFF
59P2D :=5.00
59PP1P := OFF
59PP1P := OFF
59PP1D :=0.50
59PP2P := OFF
59PP2P := OFF
59PP2D :=5.00
59G1P := OFF
59G1D :=0.50
59G2P := OFF
59G2D :=5.00
59Q1P := OFF
59Q1D :=0.50
59Q2P := OFF
59Q2D :=5.00
59S1P := OFF
59S1D :=0.50
59S2P := OFF
59S2D :=0.50

8 Setting range shown is for DELTA_Y := DELTA.
b Setting range shown is for DELTA_Y := WYE.
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(Minimum Phase Voltage Magnitude) vPmin|
VAB or VA (Minimum Phase-to-Phase Voltage Magnitude) \VPPmin|
VBC or VB Voltage
Magnitud Maxi Phase Voltage Magnitud
P Caalgﬂllaltjioi (Maximum Phase Voltage Magnitude) IvPmax|
N (Maximum Phase-to-Phase Voltage Magnitude) VPPmax|
[vs|
When DELTA_Y := WYE
Relay
Word
|VPmin| Bits
27P1
21PIP + 21PD
2TPIT
- 0
21P2
27P2P + 27P2D
27P2T
- 0
21P1P
E—
|VPmax| 3pP27
When DELTA_Y := DELTA
Relay
Word
71— Bits.
3p21
|VPPmay| ———— -
When DELTA_Y := DELTA or WYE
Relay
[VPPmin| Word
Bits
27PP1
21PPIP + 21PPID
27PPIT
- 0
27PP2
2PP2P + 2PP2Y
27PP2T
- 0
|vs|
2181
s + 211
21817
- 0
2152
21s2p + 252
21821
- 0

Note: 27S1P, 27S2P, 27P1P, 27P2P, 27PPIP, and 27PP2P are settings

Figure 4.61 Undervoltage Element Logic
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When DELTA_Y := WYE

Relay
Word
|vPmax| Bits
59P1
59PIP - 59P1D
59PIT
* 0
59p2
59p2p - 59p2D
59P2T
+ 0
59p1p ————— 959
| VPmin | ————+
When DELTA_Y := DELTA or WYE
Relay
Word
|VPPmax| Bits
59PP1
59PPIP - 59PPT
59PPIT
* 0
59PP2
59PP2P - 59PP2
59PP2T
* 0
[3v2]
5901
5901P - 59010
59017
+ 0
5902
5902p - 5902
59027
* 0
[VS| —
5981
5951P - 59510
59817
+ 0
5952
5952P - 59520
59521
L. 0

Note: 59S1P, 59S2P, 59P1P, 59P2P, 59PP1P, 59PP2P, 59Q1P, 5902P, 59GIP, and 59G2P are settings

Figure 4.62 Overvoltage Element Logic

SEL-751 Relay

3vo|

59G1P

Relay
Word
Bits

5962P

59PPIP ———————
| vPPmin | ——

VAB or VA
VBC or VB
VCA or VC

N

Instruction Manual

59G1T

5961
59G1D
0

5962

59620,

59621

!

When DELTA_Y := DELTA

Relay
Word
Bit

3P59

+
(Maximum Phase Voltage Magnitude) [VPmax]
(Maximum Phase-to-Phase Voltage Magnitude) [vPPmax|
Voltage (Minimum Phase Voltage Magnitude) vPmin|
Magnitude (Minimum Phase-to-Phase Voltage Magnitude) '
Calculation |VPPmin|

(Negative-Sequence Voltage Magnitude)
(Zero-Sequence Voltage Magnitude)

3v2|
[3vo|
|vs|
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Inverse-Time The SEL-751 provides two inverse-time undervoltage protection elements
(2711 and 2712). Based on relay hardware options and settings, the 271 ele-

UnderVOItaqe ment offers the flexibility of using various analog quantities as operating

Protection quantities. The availability of these analog quantities is contingent on the set-

tings DELTA_Y, VSCONN, and SINGLEYV, as indicated in Table 4.36.

Table 4.36 Operating Quantities for the 271 Element

Settings Operating Quantities Available in 27In0Q Setting Range®
DELTA_Y | VSCONN | SINGLEV | VAB VBC VCA VA VB vC Vi VS MINLL | MINLN
DELTA 3V0 N # # # — — — # — # —
DELTA 3V0 Y # — — — — — — — — —
DELTA VS N # # # — — — # # # —
DELTA VS Y # — — — — — — # — —
WYE VS N $ $ $ # # # # # $ #
WYE VS Y — — — # — — — # — —
WYE 3V0 N $ $ $ # # # # — $ #
WYE 3V0 Y — — — # — — — — — —
# =2.00-300.00 V $ =2.00-520.00 V — Operating quantity is not available
The "#" and "$" signs indicate the setting range for 27InP (n = 1or 2).
@ The physical meanings of the operating quantities are described as follows:
VAB: Magnitude of A-to-B-phase voltage VC: Magnitude of C-phase voltage
VBC: Magnitude of B-to-C-phase voltage V1: Magnitude of positive-sequence voltage
VCA: Magnitude of C-to-A-phase voltage VS: Magnitude of Vsync voltage
VA: Magnitude of A-phase voltage MINLL: Magnitude of the minimum phase-to-phase voltage
VB: Magnitude of B-phase voltage MINLN: Magnitude of the minimum phase-to-neutral voltage

Figure 4.63 shows the inputs, settings and outputs of the inverse-time under-
voltage element.

Relay

Word

Bits

» 27In

271 Inverse-Time
Settings Undervoltage Element
27InP + Settings
— —— 27InT
200 @ P 27InP Pick up value

27InCRV  Curve selection
27InCFA  Coefficient A
27InCFB  Coefficient B L - 27INRS
27InCFC  Coefficient C
27InTD Time dial
27InTTR  Time to reset
27InTC Torque control

27InTC T
n=1or2. @ Referto Table 4.36.
Figure 4.63 Logic Diagram of the Inverse-Time Undervoltage Element

When the fundamental frequency component of the operating quantity falls
below the pickup setting (27InP), Relay Word bit 27In asserts. The timer does
not start to integrate unless the operating quantity falls below 0.975 ¢ 27InP.
The inverse-time undervoltage protection element has the characteristic
defined by Equation 4.14.
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27InCFA

27[710Q) 27InCFC
~ 27InP

TTT, = 27InTD o | 2/ 1MCFB+

Equation 4.14
The settings used are listed in Table 4.37.

Table 4.37 Inverse-Time Undervoltage Settings

Setting Prompt Setting Range ?:::::_?{ ';Z';:I::
271 ENABLE Y, N E27In:=N
OPERATING QTY | Refer to Table 4.36 271n0Q := VAB
PICKUP LVL Refer to Table 4.36 271InP := 120.00
CURVE CURVEA, CURVEB, COEF | 27InCRV := CURVEA
COEFF A 0.00-3.00 27InCFA := 1
COEFF B 0.00-3.00 27InCFB :=0
COEFF C 0.01-3.00 27InCFC := 1
TIME DIAL 0.00-16.00 27InTD :=1.00
RESET TIME 0.00-1.00 sec 27InTTR := 0.01
TRQ CONTROL SELoGIC 27InTC =1

The SEL-751 provides three curve options for each of the 271 elements, setta-
ble via the 27InCRYV setting—CURVEA, CURVEB, and COEF (user pro-
grammable curve). CURVEA is compliant with IEC 60255-127 and is the IEC
standard curve as shown in Figure 4.64. CURVEB is a non-standard curve as
shown in Figure 4.64. The curve option COEF is the user programmable
curve. Set the coefficient related settings 27InCFA, 27InCFB and 27InCFC to
realize the curve that meets your application needs. Table 4.38 shows the
parameters of the three curves. Note that when 27InCRV is set to CURVEA or
CURVERB the coefficient related settings 27InCFA, 27InCFB and 27InCFC
are forced to the values shown in Table 4.38 and hidden.

Table 4.38 Specification Of Inverse-Time Undervoltage Protection Element

Curve Defining Constants
Curve Description

27InCFA | 27InCFB | 27InCFC
Curve A 1 0 1
Curve B 0.98 1.28 2.171
Programmable Curve 0.00-3.00 | 0.00-3.00 | 0.01-3.00

n=1or2.

When the operating quantity exceeds the pickup level, 271nP, then the output
remains deasserted. If the operating quantity exceeds the pickup level for the
reset time setting, 27InTTR, then the time integrator resets to 0.
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) Curve A , Curve B
10 10 ] /l/
L]
| Il
| /]
i il
I
) /] %)
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o /] 5]
& | & [ Time Dial= 10
£ ) . £ Time Dial =5
= Time Dial =10 i
= ] / [ ] .
Time Dial'=5 Time Dial =2
Time Dial-£ 2 Time Dial =1
[
Time Dial = 1
" " Multiples of Pickup " " " " Multiples of Pickup M "’
Figure 4.64 Inverse Time-Undervoltage Element Curves
Inverse-Time There are four inverse-time overvoltage elements (591) available. Based on
0 It relay hardware options and settings, the 591 element offers the flexibility of
vervoliage using various analog quantities as operating quantities. The availability of
Protection these analog quantities is contingent on the settings DELTA_Y, VSCONN,

and SINGLEY, as indicated in Table 4.39.

Table 4.39 Operating Quantities for the 591 Element

Settings Operating Quantities Available in 59In0Q Setting Range®
DELTA_Y | VSCONN | SINGLEV | VAB|VBC|VCA| VA | VB | VC | VG Vi |3V2|3VO| VS |MAXLL|MAXLN

DELTA 3V0 N # # # — — — — # # # — # —
DELTA 3VO0 Y # e e e et Bt e e B # — — —
DELTA VS N # # # — | - — | — # # — # # —
DELTA VS Y # — — — — — — — — — # — —
WYE VS N $ $ $ # # # # # # — # $ #
WYE VS Y — | — | — # el e e et e # — —
WYE 3V0 N $ $ $ # # # # # # # | — $ #
WYE 3V0 Y — | — | — # e e e e # — — —

# =2.00-300.00 V $ =2.00-520.00 V — Operating quantity is not available

The "#" and "$" signs indicate the setting range for 59InP (n =1, 2, 3, or 4).

@ The physical meanings of the operating quantities are described as follows:

VAB: Magnitude of A-to-B phase voltage
VBC: Magnitude of B-to-C phase voltage
VCA: Magnitude of C-to-A phase voltage
VA: Magnitude of A-phase voltage
VB: Magnitude of B-phase voltage
VC: Magnitude of C-phase voltage
VG: Magnitude of zero-sequence voltage

Date Code 20170927

V1: Magnitude of positive-sequence voltage

3V2: Magnitude of negative-sequence voltage

3V0: Magnitude of measured zero-sequence voltage from VS channel
VS: Magnitude of Vsync voltage

MAXLL: Magnitude of the maximum phase-to-phase voltage

MAXLN: Magnitude of the maximum phase-to-neutral voltage
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Figure 4.65 shows the inputs, settings and outputs of the inverse-time
overvoltage element.

Relay

Word

Bits

= 59In

591 Inverse-Time
Settings Overvoltage Element
59InP + Settings
— — 59InT
0@ P 59InP Pick up value

59InCRV  Curve selection
59InCFA  Coefficient A
59InCFB  Coefficient B L 59InRS
59InCFC  Coefficient C
59InTD Time dial
59InTTR  Time to reset
59InTC Torque control

59InTC T

n=1,230r4. @ Referto Table 4.39.
Figure 4.65 Logic Diagram of the Inverse-Time Overvoltage Element

When the fundamental frequency component of the operating quantity
exceeds the pickup setting, 591nP, Relay Word bit 591n asserts. The timer
won't start to integrate unless the operating quantity exceeds 1.025 ¢ 59InP.
The inverse-time overvoltage protection element has the characteristic defined
by Equation 4.15.

59InCFA
TTT, = 59InTD o | > 1MCEB+ SganQ)soanFc_l

59InP
Equation 4.15

The settings used are listed in Table 4.40.

Table 4.40 Inverse-Time Overvoltage Settings

Setting Prompt Setting Range Setting Name := Factory Default
591 ENABLE Y, N E59In =N
OPERATING QTY | Refer to Table 4.39 59In0Q := VAB
PICKUP LVL Refer to Table 4.39 59InP :=120.00
CURVE CURVEA, CURVEB, 59InCRYV := CURVEA
CURVEC, COEF
COEFF A 0.00-6.00 59InCFA := 3.88
COEFF B 0.00-3.00 59InCFB := 0.96
COEFF C 0.01-3.00 59InCFC :=2.00
TIME DIAL 0.00-16.00 59I»TD :=1.00
RESET TIME 0.00-1.00 sec 59InTTR :=0.01
TRQ CONTROL SELoGIC 59InTC :=1

The SEL-751 provides four curve options for each of the 591 elements, setta-
ble via the 59InCRV setting—CURVEA, CURVEB, CURVEC, and COEF
(user-programmable curve). The characteristics of Curve A, Curve B, and
Curve C are shown in Figure 4.66.
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The curve option COEF is the user-programmable curve. Set the coefficient
related settings 591nCFA, 59InCFB, and 591nCFC to realize the curve that
meets your application needs. Table 4.41 shows the parameters of the three
curves. Note that when 59InCRYV is set to CURVEA, CURVEB, or CURVEC
the coefficient related settings 591nCFA, 591nCFB, and 591nCFC are forced to
the values shown in Table 4.41 and hidden.

Table 4.41 Specification of Inverse-Time Overvoltage Protection Element

Curve Defining Constants
Curve Description

59InCFA | 59InCFB | 59InCFC
Curve A 3.88 0.96 2
Curve B 5.64 0.24 2
Curve C 0.14 0 0.02
Programmable Curve 0.00-6.00 | 0.00-3.00 | 0.01-3.00

n=1,2, 3, or4.

When the operating quantity remains lower than the pickup level, 59InP, then
the output remains deasserted. If the operating quantity gets lower than the
pickup level for the reset time setting, 59InTTR, then the time integrator resets

to 0.
Curve A Curve B Curve C
10° - - 10° - - 10° - -
10° 10° 10?
\
: Time Dial =10 |
K4 \ Time Dial =5 ]
& ——Time Dial =10 Wl 10t ,
< \ : \ Time Dial=2"]
2 ~— TimeDial=5| \ ]
(S \ , \\ Time Dial-=10 ] : Time Dial-=1-|
— TimeDial=2 Time Dial = 5
P —
wr B wE TimeDial=2] 2}
Time Dial =1
0t P a 6 8 0 9 P a 6 8 0 9 ) 2 6 8 10
Multiples of Pickup Multiples of Pickup Multiples of Pickup

Figure 4.66 Inverse Time-Overvoltage Element Curves
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Synchronism-Check

Elements

NOTE: The synchronism-check
element is only available when

VSCONN := VS.

VP = 25RCF*VPH

where VPH = VA, VB, VC,
VAB, VBC, or VCA
depending on
the SYNCPH setting.

Setting
25VHI

> W

Setting VS

25VL0

Figure 2.23, and Figure 2.24 show examples where synchronism check can be
applied. Synchronism-check voltage input VS is connected to one side of the

circuit breaker, on any phase you want. The other synchronizing phase (VA, VB,
or VC voltage inputs) on the other side of the circuit breaker is setting selected.

The two synchronism-check elements use the same voltage window (to assure
healthy voltage), frequency window (FNOM =5 Hz), and slip frequency set-
tings (see Figure 4.67 and Figure 4.68). They have separate angle settings.

If the voltages are static (voltages not slipping with respect to one another) or
setting TCLOSD := OFF, the two synchronism-check elements operate as
shown in the top of Figure 4.68. The angle settings are checked for synchro-

nism-check closing.

If the voltages are not static (voltages slipping with respect to one another),
the two synchronism-check elements operate as shown in the bottom of
Figure 4.68. The angle difference is compensated by breaker close time, and
the breaker is ideally closed at a zero-degree phase angle difference, to mini-

mize system shock.

+ High Threshold

i

VP Within Bits
"Healthy Voltage" Window ———

— Low Threshold

+ High Threshold

R
L/

VS Within
"Healthy Voltage" Window

- Low Threshold

(FNOM + 5) Hz

FREQ

(FNOM -5) Hz

® Figure 4.68
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Setting
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Setting
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0
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L/
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Slip
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Figure 4.67 Synchronism-Check Voltage Window and Slip Frequency Elements
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Relay
Word
Bits ’
? Slip Frequency Element
\)
VP = 25RCF*VPH
where VPH = VA, VB, VC,
VAB, VBC, or VCA ] Angle
Angle Difference

depending on

the SYNCPH setting. Difference
Calculator | (absolute value)
R
Relay
Word
. ) Bits
Settings - Synchronism-Check Element 1 -—
25ANG] —Maximum Angle 1 . 25A1
- Synchronism-Check Element 2
25ANG2 —Maximum Angle 2 . 25A2
Operation of Synchronism-Check Elements if voltages VP
and VS are static (not slipping):
slip frequency < 0.005 Hz or:
Setting TCLOSD = OFF
Operation of Synchronism-Check Elements if voltages VP
and VS are slipping:
0.005 Hz <slip frequency < setting 25SF and:
Setting TCLOSD # OFF
. Synchronize at
0 Angle Difference = 0°
Relay
Word
Bits
? Slip Frequency Element
Slip
Frequency
® A
VP = 25RCF*VPH o
where VPH = VA, VB, VC,
VAB, VBC, or VCA, We— Angle
depending on the Angle i
SYNCPH setting. Difference | 2ureence
Calculator (absolute value-
VS —— compensated by
) setting TCLOSD)
Settings
Breaker Close Time
_ DICaKer L1056 1IME | :
TCLOSD Synchronism-
J | Check
Maximum Angle 1 Element 1 25A1
25ANG1 +
Synchronism-
Check
’ i Element 2
Maximum Angle 2 25A2
25ANG2 g + 5
Angle

Difference Increasing

Last Check of
SELoGIC Setting
T9CLS (@)

® From Figure 4.67; @ see Figure 4.81.
Figure 4.68 Synchronism-Check Elements

These synchronism-check elements are explained in detail in the following
text.
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Voltage Input VS Connected Phase-to-Phase or Beyond Delta-Wye Transformer

Sometimes synchronism-check voltage VS cannot be in phase with voltage
VA, VB, or VC (wye connected PTs) or VAB, VBC, or VCA (delta-connected
PTs). This happens in applications where voltage input VS is connected

» Phase-to-phase when using a wye-connected relay
» Phase-to-neutral when using a delta-connected relay

» Beyond a delta-wye transformer

For such applications requiring VS to be at a constant phase angle difference
from any of the possible synchronizing voltages (VA, VB, or VC; VAB, VBC,
or VCA), an angle setting is made with the SYNCPH setting (see Table 4.42
and Setting SYNCPH on page 4.108).

Table 4.42 Synchronism-Check Settings

. . Setting Name :=
Setting Prompt Setting Range Factory Default
NOTE: The synchronism-check SYNCH CHECK Y, N E25:=N
element is only available when
VSCONN := VS. VS WINDOW LOW 0.00-300.00 V 25VLO :=105.00
VS WINDOW HIGH 0.00-300.00 V 25VHI := 130.00
V RATIO COR FAC 0.50-2.00 25RCF :=1.00
MAX SLIP FREQ 0.05-0.50 Hz 25SF :=0.20
MAX ANGLE 1 0-80 deg 25ANGI1 =25
MAX ANGLE 2 0-80 deg 25ANG2 :=40
SYNCH PHASE VA, VB, VC, or 0, 30, 60, 90, 120, [ SYNCPH := VA
150, 180, 210, 240, 270, 300, 330
deg lag VA?
SYNCH PHASE VAB, VBC, VCA, or 0, 30, 60,90, [ SYNCPH := VAB
120, 150, 180, 210, 240, 270, 300,
330 deg lag VAB®
BRKR CLOSE TIME OFF, 1-1000 ms TCLOSD :=50
BLK SYNCH CHECK | SV BSYNCH :=52A

@ Range shown for DELTA_Y := WYE.
b Range shown for DELTA_Y := DELTA.

Setting SYNCPH

Enable the two single-phase synchronism-check elements by setting E25 :=Y.

Wye-Connected Voltages

The angle setting choices (0, 30, ..., 300, or 330 degrees) for setting SYNCPH
are referenced to VA, and they indicate how many degrees VS constantly lags
VA. In this case, voltage input VA-N has to be connected and has to meet the
“healthy voltage” criteria (settings 25VHI and 25VLO—see Figure 4.68). For
situations where VS cannot be in phase with VA, VB, or VC, the angle setting
choices (0, 30, ..., 300, or 330 degrees) are referenced to VA.

NOTE: Settings SYNCPH := 0 and
SYNCPH := VA are effectively the
same (voltage VS is directly
synchronism checked with voltage
VA; VS does not lag VA). The relay
displays the setting entered (SYNCPH
:= VA or SYNCPH := 0).

Delta-Connected Voltages
The angle setting choices (0, 30, ..., 300, or 330 degrees) for setting SYNCPH
are referenced to VAB, and they indicate how many degrees VS constantly
lags VAB. In this application, voltage input VA-VB has to be connected and has
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NOTE: Settings SYNCPH := 0 and to meet the “healthy voltage” criteria (settings 25VHI and 25VLO—see

SYNCPH := VAB are effectively the Figure 4.67). For situations where VS cannot be in phase with VAB, VBC, or
same (voltage VS is directly VCA, the angle setting choices (0, 30, ..., 300, or 330 degrees) are referenced
synchronism checked with voltage to VAB

VAB; VS does not lag VAB). The relay
displays the setting entered . . .
(SYNCPH := VAB or SYNCPH := 0). Figure 2.23 shows a relay wired with delta-connected phase PTs, and a

C-phase-to-ground connected VS-NS input. With ABC rotation, the correct
SYNCPH setting for this example is 270 degrees, the amount that VC lags
VAB. However, the setting angle is 90 degrees for the ACB phase rotation.

Use the voltage ratio correction factor (setting 25RCF) to compensate magni-
tude of the phase voltage to match the synchronism voltage VS. Many appli-
cations require 25RCF := 1.00, however some applications may need a
different setting. For example, Figure 2.23 requires 25RCF := PTR /
(1.732*PTRS). This is 0.58 if the PTR and PTRS are equal.

See the Application Guide entitled Compensate for Constant Phase Angle Dif-
ference in Synchronism Check with the SEL-351 Relay Family (also applies to
SEL-751) for more information on setting SYNCPH with an angle setting.

Synchronism-Check Elements Voltage Inputs

The two synchronism-check elements are single-phase elements, for both of
which you would use single-phase voltage inputs VP and VS:

1. VP Phase input voltage (VA, VB, or VC*25RCF for Delta_Y :=
Wye; VAB, VBC, or VCA*25RCF for Delta_Y := Delta), designated
by setting SYNCPH (If SYNCPH is set to one of the angle
settings, then VP = VA*25RCF or VAB*25RCF depending on the
Delta_Y setting.)

2. VS Synchronism-check voltage, from SEL-751 rear-panel
voltage input VS

For example, if the rear-panel voltage input VS-NS is connected to B-phase (or
BC phase-to-phase for delta) then set SYNCPH := VB (or VBC for delta). The
voltage across terminals VB-N (or VB-VC for delta) is synchronism checked with
the voltage across terminals VS-NS (see Figure 2.23).

System Frequencies Determined from Voltages VA (or VAB for Delta)
and VS

To determine slip frequency, first determine the system frequencies on both
sides of the circuit breaker. Voltage VS determines the frequency on one side.
Voltage VP determines the frequency on the other side.

Synchronism-Check Elements Operation
Refer to Figure 4.67 and Figure 4.68.

Voltage Window

Refer to Figure 4.67. Single-phase voltage inputs VP and VS are compared to a
voltage window, to verify that the voltages are “healthy” and lie within setta-

ble voltage limits 25VLO and 25VHLI. If both voltages are within the voltage

window, the following Relay Word bits assert:

59VP indicates that voltage VP is within voltage window setting limits
25VLO and 25VHI
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59VS indicates that voltage VS is within voltage window setting limits
25VLO and 25VHI

Other Uses for Voltage Window Elements

If voltage limits 25VLO and 25VHI are applicable to other control schemes,
you can use Relay Word bits 59VP and 59VS in other logic at the same time
that you use them in the synchronism-check logic.

If you are not using synchronism check, you can still use Relay Word bits
59VP and 59VS in other logic, with voltage limit settings 25VLO and 25VHI
set as desired. Enable the synchronism-check logic (setting E25 :=Y) and
make settings 25L.0O, 25HI, and 25RCF. Apply Relay Word bits S9VP and
59VS in the logic scheme you want, using SELOGIC control equations. Even
though synchronism-check logic is enabled, you do not need to use the syn-
chronism-check logic outputs (Relay Word bits SF, 25A1, and 25A2).

Block Synchronism-Check Conditions

Refer to Figure 4.67. The synchronism-check element slip frequency calcula-
tor runs if both voltages VP and VS are healthy (59VP and 59VS asserted to
logical 1) and the SELOGIC control equation setting BSYNCH (Block Syn-
chronism Check) is deasserted (= logical 0). Setting BSYNCH is most com-
monly set to block synchronism-check operation when the circuit breaker is
closed (synchronism check is only necessary when the circuit breaker is
open):

BSYNCH := 52A (see Figure 4.80)
In addition, you can block synchronism-check operation when the relay is
tripping:

BSYNCH :=... OR TRIP

Slip Frequency Calculator

Refer to Figure 4.67. The synchronism-check element Slip Frequency Calcu-
lator in Figure 4.67 runs if voltages VP and VS are healthy (59VP and 59VS
asserted to logical 1) and the SELOGIC control equation setting BSYNCH
(Block Synchronism Check) is deasserted (= logical 0). The Slip Frequency
Calculator output is:

Slip Frequency = fP — £S (in units of Hz = slip cycles/second)
fP = frequency of voltage VP (in units of Hz = cycles/second)

fS = frequency of voltage VS (in units of Hz = cycles/second)

A complete slip cycle is one single 360-degree revolution of one voltage (e.g.,
VS) by another voltage (e.g., VP). Both voltages are thought of as revolving
phasor-wise, so the “slipping” of VS past VP is the relative revolving of VS
past VP.

For example, in Figure 4.67, if voltage VP has a frequency of 59.95 Hz and
voltage VS has a frequency of 60.05 Hz, the difference between them is the
slip frequency:

Slip Frequency = 59.95 Hz — 60.05 Hz = -0.10 Hz = -0.10 slip cycles/
second
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The slip frequency in this example is negative, indicating that voltage VS is
not “slipping” behind voltage VP, but in fact “slipping” ahead of voltage VP.
In a time period of one second, the angular distance between voltage VP and
voltage VS changes by 0.10 slip cycles, which translates into:

0.10 slip cycles/second ¢ (360°/slip cycle) ¢ 1 second = 36°

Thus, in a time period of one second, the angular distance between voltage VP
and voltage VS changes by 36 degrees.

The absolute value of the Slip Frequency output is run through a comparator
and if the slip frequency is less than the maximum slip frequency setting,
25SF, Relay Word bit SF asserts to logical 1.

Angle Difference Calculator

The synchronism-check element Angle Difference Calculator in Figure 4.68
runs if the slip frequency is less than the maximum slip frequency setting
25SF (Relay Word bit SF is asserted).

Voltages VP and VS Are “Static". Refer to top of Figure 4.68. If the slip
frequency is less than or equal to 0.005 Hz, the Angle Difference Calculator
does not take into account breaker close time—it presumes voltages VP and
VS are “static” (not “slipping” with respect to one another). This would usually be
the case for an open breaker with voltages VP and VS that are paralleled via
some other electric path in the power system. The Angle Difference Calcula-
tor calculates the angle difference between voltages VP and VS:

Angle Difference = I(LVP — £LVS)I

For example, if SYNCPH := 90 (indicating VS constantly lags VP = VA by
90 degrees), but VS actually lags VA by 100 angular degrees on the power
system at a given instant, the Angle Difference Calculator automatically
accounts for the 90 degrees and:

Angle Difference = 1(£ VP — £ VS)I = 10°

Also, if breaker close time setting TCLOSD := OFF, the Angle Difference
Calculator does not take into account breaker close time, even if the voltages
VP and VS are “slipping” with respect to one another. Thus, synchronism-
check elements 25A1 or 25A2 assert to logical 1 if the Angle Difference is
less than corresponding maximum angle setting 25ANG1 or 25ANG2.

Voltages VP and VS Are “Slipping". Refer to bottom of Figure 4.68. If the
slip frequency is greater than 0.005 Hz and breaker close time setting
TCLOSD = OFF, the Angle Difference Calculator takes the breaker close time into
account with breaker close time setting TCLOSD (set in ms; see Figure 4.69).
The Angle Difference Calculator calculates the Angle Difference between
voltages VP and VS, compensated with the breaker close time:

Angle Difference = I(LVP — £VS) + [(fP — £S) « TCLOSD « (1 /1000) *
(360°/slip cycle)]l

Angle Difference Example (Voltages VP and VS are “Slipping"). Refer
to bottom of Figure 4.68. For example, if the breaker close time is 100 ms, set
TCLOSD := 100. Presume the slip frequency is the example slip frequency
calculated previously. The Angle Difference Calculator calculates the angle
difference between voltages VP and VS, compensated with the breaker close
time:

Angle Difference = I(LVP — £VS) + [(fP — £S) « TCLOSD « (1 / 1000) *
(360°/slip cycle)]l
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Intermediate calculations:
=-0.10 Hz =-0.10 slip cycles/second

NOTE: The angle compensation in

Fi 4.69 h t —

g 355 spear it ey (1P~ 15) = (59.95 Hz - 60,05 Hy) =
TCLOSD (1 /1000) = 0.1 second

general illustrative purposes only.
Resulting in:

Angle Difference
=I(LVP - £VS) + [(fP — £S) « TCLOSD « (1 / 1000) * (360°/slip cycle)]l
=1(LVP - £VS) + [-0.10 = 0.1 « 360°]I

=1(LVP - £VS)-3.6°
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Figure 4.69 Angle Difference Between VP and VS Compensated by Breaker
Close Time (fP < fS and VP Shown as Reference in This Example)

During the breaker close time (TCLOSD), the voltage angle difference
between voltages VP and VS changes by 3.6 degrees. This angle compensa-
tion is applied to voltage VS, resulting in derived voltage VS*, as shown in

Figure 4.69.
Date Code 20170927
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The top of Figure 4.69 shows the Angle Difference decreasing—VS* is
approaching VP. Ideally, circuit breaker closing is initiated when VS* is in
phase with VP (Angle Difference = 0 degrees). Then when the circuit breaker
main contacts finally close, VS is in phase with VP, minimizing system shock.

The bottom of Figure 4.69 shows the Angle Difference increasing—VS* is
moving away from VP. Ideally, circuit breaker closing is initiated when VS* is
in phase with VP (Angle Difference = 0 degrees). Then when the circuit
breaker main contacts finally close, VS is in phase with VP. But in this case,
VS* has already moved past VP. To initiate circuit breaker closing when VS*
is in phase with VP (Angle Difference = 0 degrees), VS* has to slip around
another revolution, relative to VP.

Synchronism-Check Element Outputs

Synchronism-check element outputs (Relay Word bits 25A1 and 25A2 in
Figure 4.68) assert to logical 1 for the conditions explained in the following
text.

Voltages VP and VS Are “Static” or Setting TCLOSD := OFF. To imple-
ment a simple fixed-angle synchronism-check scheme, set TCLOSD := OFF

and 25SF = 0.50. With these settings, the synchronism check is performed as
described in the top of Figure 4.68.

If there is the possibility of a high slip frequency, exercise caution if you use
synchronism-check elements 25A1 or 25A2 to close a circuit breaker. A high
slip frequency and a slow breaker close could result in closing the breaker out-
side the synchronism-check window. Qualify the breaker close command with
a time delay, such as:

SVO06 := 25A1
CL :=CC and SVO6T

Set SVO6PU with enough pickup delay to ensure that the slip frequency is low
enough for the circuit breaker to close within the synchronism-check window.

Voltages VP and VS Are “Slipping" and Setting TCLOSD = OFF.

Refer to bottom of Figure 4.68. If VP and VS are “slipping” with respect to
one another and breaker close time setting TCLOSD # OFF, the Angle Differ-
ence (compensated by breaker close time TCLOSD) changes through time.
Synchronism-check element 25A1 or 25A2 asserts to logical 1 for any one of
the following three scenarios.

1. The top of Figure 4.69 shows the Angle Difference
decreasing—VS* is approaching VP. When VS* is in phase
with VP (Angle Difference = 0 degrees), synchronism-check
elements 25A1 and 25A2 assert to logical 1.

2. The bottom of Figure 4.69 shows the Angle Difference
increasing—VS* is moving away from VP. VS* was in phase
with VP (Angle Difference = 0 degrees), but has now moved
past VP. If the Angle Difference is increasing, but the Angle
Difference is still less than maximum angle settings 25ANG1
or 25ANG?2, then corresponding synchronism-check elements
25A1 or 25A2 assert to logical 1.

In this scenario of the Angle Difference increasing, but still
being less than maximum angle settings 25ANGI1 or 25ANG2,
the operation of corresponding synchronism-check elements
25A1 and 25A2 becomes less restrictive. Synchronism-check
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Synchronism-Check
Applications for

Automatic Reclosing
and Manual Closing

SEL-751 Relay

breaker closing does not have to wait for voltage VS* to slip
around again in phase with VP (Angle Difference = 0 degrees).
There might not be enough time to wait for this to happen.
Thus, the “Angle Difference = 0 degrees” restriction is eased
for this scenario.

3. Refer to Reclose Supervision Logic on page 4.131.

Refer to the bottom of Figure 4.81. If timer 79CLSD is set
greater than zero (e.g., 79CLSD := 100 ms) and it times out
without SELOGIC control equation setting 79CLS (Reclose
Supervision) asserting to logical 1, the relay goes to the
89lockout state (see top of Figure 4.82).

Refer to the top of Figure 4.81. If timer 79CLSD is set to zero
(79CLSD := 0.00), SELOGIC control equation setting 79CLS
(Reclose Supervision) is checked only once to see if it is
asserted to logical 1. If it is not asserted to logical 1, the relay
goes to the lockout state.

Refer to the top of Figure 4.69. Ideally, a circuit breaker closing
is initiated when VS* is in phase with VP (Angle Difference =
0 degrees). Then when the circuit breaker main contacts finally
close, VS is in phase with VP, minimizing system shock. But
with time limitations imposed by timer 79CLSD, this may not
be possible. To try to avoid going to the lockout state, the
following logic is employed.

If 79CLS has not asserted to logical 1 while timer 79CLSD is
timing (or timer 79CLSD is set to zero and only one check of
79CLS is made), the synchronism-check logic at the bottom of
Figure 4.68 becomes less restrictive at the “instant” timer
79CLSD is going to time out (or make the single check). It
drops the requirement of waiting until the decreasing Angle
Difference (VS* approaching VP) brings VS* in phase with VP
(Angle Difference = 0 degrees). Instead, it just checks to see
that the Angle Difference is less than angle settings 25ANG1 or
25ANG2.

If the Angle Difference is less than angle setting 25ANGI or
25ANG?2, then the corresponding Relay Word bit, 25A1 or 25A2,
asserts to logical 1 for that “instant” (asserts for 1/4 cycle).

For example, if SELOGIC control equation setting 79CLS
(Reclose Supervision) is set as follows:

79CLS :=25A10R...

and the angle difference is less than angle setting 25ANG] at
that “instant,” setting 79CLS asserts to logical 1 for 1/4 cycle,
allowing the sealed-in open interval time-out to propagate on to the
close logic in Figure 4.80. Element 25A2 operates similarly.

Refer to Trip/Close Logic on page 4.128 and Reclose Supervision Logic on
page 4.131.

For example, set 2ANGI1 = 15 degrees and use the resultant synchronism-
check element in the reclosing relay logic to supervise automatic reclosing,

e.g.,
79CLS := 25A10R ... (see Figure 4.81)
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Set 25ANG?2 = 25° and use the resultant synchronism-check element in man-
ual close logic to supervise manual closing (for example, assert IN301 to initi-
ate manual close), e.g.,

CL :=IN301 AND (25A2 OR...) (see Figure 4.80)

In this example, the angular difference across the circuit breaker can be
greater for a manual close (25 degrees) than for an automatic reclose
(15 degrees).

A single output contact (e.g., OUT102 := CLOSE) can provide the close func-
tion for both automatic reclosing and manual closing (see Figure 4.80 for
logic output).

You can enable as many as two independent three-phase power elements in the
SEL-751. Each enabled element can be set to detect real power or reactive
power. When voltage inputs to the relay are from delta-connected PTs or when
you use a single voltage input, the relay cannot account for unbalance in the
voltages in calculating the power. When you use one voltage (only the VA or
VAB) and set SINGLEV :=Y, the relay assumes that the system voltages are
balanced in both magnitude and phase angle. Power and power factor are cal-
culated assuming balanced voltages. Take this into consideration in applying
the power elements.

Power Elements

Table 4.43 Voltages When Setting SINGLEV := Y

DELTA_Y Setting PHROT Setting Voltages

VA =1Val £¢°

VB = IVal £¢-120°
VC = IVal £¢+120°

WYE ABC

WYE ACB VA = [Val £¢°
VB = IVal £$+120°

VC = [Val £$-120°

DELTA ABC VAB = [Vabl £¢°
VBC = [Vabl £$-120°

VCA =|Vabl £$+120°

DELTA ACB VAB = |Vabl £¢°
VBC = [Vabl Z$+120°

VCA =IVabl £$-120°

With SELOGIC control equations, the power elements provide a wide variety
of protection and control applications. Typical applications are:

» Overpower and/or underpower protection/control
» Reverse power protection/control

» VAR control for capacitor banks

Table 4.44 Power Element Settings (Sheet 10f 2)

Setting Name :=

Setting Prompt Factory Default

Setting Range

Date Code 20170927

ENABLE PWR ELEM N, 3P1, 3P2 EPWR =N

3PH PWR ELEM PU OFF, 1.0-6500.0 VA® (sec- | 3PWRI1P := OFF
ondary)

PWR ELEM TYPE +WATTS, -WATTS, PWRIT := +VARS

+VARS, -VARS
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Table 4.44 Power Element Settings (Sheet 2 of 2)

. . Setting Name :=
Setting Prompt Setting Range Factory Default
PWR ELEM DELAY 0.0-240.0 s PWRID :=0.0
3PH PWR ELEM PU OFF, 1.0-6500.0 VA® (sec- | 3PWR2P := OFF
ondary)

PWR ELEM TYPE +WATTS, -WATTS, PWR2T := +VARS
+VARS, -VARS

PWR ELEM DELAY 0.0-240.0 s PWR2D :=0.0

@ The range shown is for 5 A input; range for 1 A input is OFF, 0.2-1300.0 VA.

EPWR :=3P1 enables one three-phase power element. Set EPWR :=3P2 if
you want to use both elements.

Set the element pickup, 3PH PWR ELEM PU, to the values you want.
Figure 4.70 shows the power element logic diagram and Figure 4.71 shows
the operation in the Real/Reactive power plane.

Switch A Switch B
= L

P
AN 2 Cycle /

Average

Relay
Q—— ° «(-1) Word
2 2 4 Bits
Setting
3PWRnP 3PWRnP
PWRnD,
Wheren=10r2 Vgl b — 3PWRNnT
0
Setting ‘ Switch A ‘ Switch B
PWRnT Position Position
+WATTS 1 1 Wecl® o
-WATTS 1 2 BC . * IVBCI = IVABI if setting SINGLEV := Y
+VARS 2 1
-VARS 2 2 20V

Figure 4.70 Three-Phase Power Elements Logic
The power element type settings are made in reference to the load convention:
» +WATTS: positive or forward real power
» —WATTS: negative or reverse real power
» +VARS: positive or forward reactive power

» —VARS: negative or reverse reactive power

The two power element time delay settings, PWR1D and PWR2D, can be set
to have no intentional delay for testing purposes. For protection applications
involving the power element Relay Word bits, SEL recommends a minimum
time delay setting of 0.1 second for general applications. The classical power
calculation is a product of voltage and current, to determine the real and reac-
tive power quantities. During a system disturbance, because of the high sensi-
tivity of the power elements, the changing system phase angles and/or
frequency shifts may cause transient errors in the power calculation.

The power elements are not supervised by any relay elements other than the
minimum voltage check shown in Figure 4.70. If the protection application
requires overcurrent protection in addition to the power elements, there may
be a race condition, during a fault, between the overcurrent element(s) and the
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power element(s) if the power element(s) are still receiving sufficient operat-

ing quantities. Use the power element time delay setting to avoid such race

Reverse
(Leading)

Note: Highlighted area represents pickup region

Forward
(Lagging)

3PWRZ  =———fF——= 3PWRI

Set as Reactive Power Elements
Figure 4.71 Power Elements Operation in the Real/Reactive Power Plane

Power Factor

Elements Setting Prompt Setting Range 22:2:’3 ';aerf:z;:
PF LAG TRIP LEVL OFF, 0.05-0.99 SS5LGTP := OFF
PF LD TRIP LEVEL OFF, 0.05-0.99 SS5LDTP := OFF
PF TRIP DELAY 1-240 sec 55TD :=1
PF LAG WARN LEVL OFF, 0.05-0.99 55LGAP := OFF
PF LD WARN LEVEL OFF, 0.05-0.99 SSLDAP := OFF
PF WARN DELAY 1-240 sec 55AD =1
PF ARMING DELAY 0-5000 55DLY :=0
If the measured power factor falls below the leading or lagging level for longer
than the time-delay setting, the relay can issue a warning or trip signal. The
power factor elements are enabled S5DLY seconds after Relay Word 52A is
Date Code 20170927 Instruction Manual SEL-751Relay

Reverse

conditions.
Reactive Reactive
Power } Power
(I v
PWRIT= 7
+VARS %
/ (type) /
LLLLLZL < spyip
(pickup) Real
» Real / é Power
Power PWRIT=
WATTS 7
/ /'/////7 *(3P.WKRZP) (type)
pickup
il )
7 { {
(type)
///////// 3PWR2P 3PWRIP
(pickup) (pickup)

Forward

3PWR2 <—|—> 3PWRI

Set as Real Power Elements

Table 4.45 Power Factor Settings
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Loss-of-Potential
(LOP) Protection

asserted (breaker closed), however when 55DLY := 0 the element is always
enabled irrespective of the 52A status. Figure 4.72 shows the logic diagram
for the power factor elements. You can use these elements to detect synchro-
nous motor out-of-step or loss-of-field conditions. Refer to Figure 5.1 for the
relay power measurement convention.

Relay
Word

_Bit Tospry

528 —]
J]

Measured -

Power Factor
PF Leading
Settings
— *—
55LDAP + Relay
_ Word
550D SBits.
— 55A
0
O
55LGAP +
o—|
55LDTP +
P 551
— 55T
0
—O
55LGTP +

Figure 4.72 Power Factor Elements Logic

The SEL-751 sets Relay Word bit LOP (loss-of-potential) upon detecting a
loss of relay ac voltage input such as that caused by blown potential fuses or
by the operation of molded-case circuit breakers. Because accurate relaying
potentials are necessary for certain protection elements (undervoltage 27 ele-
ments, for example), you can use the LOP function to supervise these protec-
tion elements. Refer to Figure 4.73 for the LOP logic.

The relay declares an LOP when there is more than a 20 percent drop in the
measured positive-sequence voltage (V1) with no corresponding magnitude or
angle change (greater than a pre-determined threshold) in positive-sequence
(I1), negative-sequence (I2), or zero-sequence currents (10).

If this condition persists for 1 second, then the relay latches the LOP Relay
Word bit at logical 1. The relay resets LOP when the positive-sequence volt-
age (V1) returns to a level greater than 0.75 « Nominal Voltage while negative-
sequence voltage (V2) and zero-sequence voltage (VO) are both less than 5 V
secondary (VNOM is a relay setting).
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Settings
The LOP function is always active unless blocked by the corresponding
SELOGIC control equation, LOPBLK (see Table 4.46 for the setting and
Figure 4.73 for the LOP logic). The default value is LOPBLK := 0. Certain
switching operations can result in LOP assertion when the drop in V1 is
greater than 20 percent with no or very little change in sequence currents.
Consider using LOPBLK to avoid assertion of LOP under such conditions.
You must incorporate the LOP function in a SELOGIC control equation to
supervise relay protection elements (see Example 4.16).

Table 4.46 Loss-of-Potential (LOP) Setting

Setting Name :=

Setting Prompt Setting Range Factory Default

LOP BLOCK SELoGIC LOPBLK :=0

LOP Impact on Other Protection Elements

Undervoltage and directional power elements require accurate relaying poten-
tials for correct operation. It is critical that the relay detects an LOP condition
and prevents operation of these elements. For example, when dropping a
wrench on the phase-voltage input fuse holders, the relay LOP logic accu-
rately determines that this loss of input voltages is an LOP condition and does
not trip if the LOP Relay Word bit supervises selected tripping elements (see
Example 4.16). If you are using voltage-determined relay elements for trip-
ping decisions, then blocking these elements is crucial when the voltage com-
ponent is no longer valid.

EXAMPLE 4.16 Supervising Voltage-Element Tripping With LOP
The factory-default setting supervises undervoltage trip by the LOP as
shown by the following:
SVO1:= ... OR (27P1T OR 27P2T) AND NOT LOP
Similarly, if you want the additional voltage-affected elements (e.g., 55T) to

act only when there are correct relaying potentials voltage, use the
following in the equation:

... OR (27P1T OR 27P2T OR 55T) AND NOT LOP ...
and remove 55T from TR

You can supervise each element separately or as a group when these
elements occur in the trip equations, as shown in this example.
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[V,|>105V

ALV, |>20%

Vyou = OFF

SELoic
Setting

Relay
Word
Bit
1s
_OO N\ . 0 Lop
. 0

LOPBLK

[1,]> 01 el ——
AL >10° D
Al 15070 g — |

[1,1> 01 ey
A Z1,>10°

Dii[>—:[>°
Ally|> 0101 ——— | Is

[1g] > 0101y

Ally[>01e |NDM—,_

| V;|>0.75 « Nominal Voltage —\;O
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Teye
: 0

Vol<sv—I

Note: lo is 1A or 5 A depending on the part number.

Iyoy is the phase secondary input rating.

—R Q

(RESET has priority)

Figure 4.73 Loss-of-Potential (LOP) Logic

LOP Monitoring and Alarms

Vector Shift Element

SEL-751 Relay

You should take steps to immediately correct an LOP problem so that normal
protection is rapidly re-established. Include the LOP Relay Word bit in an out-
put contact alarm to notify operation personnel of abnormal voltage input con-
ditions and failures that can be detrimental to the protection system
performance if not quickly corrected.

The vector shift element is used to detect islanding conditions of distributed
generators (DGs) or loss of mains, and disconnect these DGs from the utility
network under these conditions. Failure to trip islanded generators can lead to
problems relating to out-of-synchronism reclosing, equipment damage, unsta-
ble operation, degradation of power quality and personnel safety.

The vector shift element in the SEL-751 is designed for applications where a
DG is connected to either the utility or other main generators that require fast
disconnection upon detection of an islanding condition. The vector shift ele-
ment operates within three cycles providing fast and reliable island detection;
this operating time is fast enough to prevent out-of-synchronism reclosing of
the network feeders avoiding generator damage and any adverse affects.

Islanding is a three-phase phenomenon: therefore, the vector shift monitoring
is performed on all of the three phases of the voltage signals. Detection of a
vector shift condition occurs when there are sudden phase variations on all
three phases of the voltage waveforms. At the moment of islanding, the sud-
den change in load current causes a sudden change in the periods of the volt-
age signals. This element measures the difference in the present period
duration and a reference period (as explained below). This difference is then
converted to degrees and compared against the user-defined setting
78VSAPU.
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Vector Shift Element Logic

The logic diagram of the vector shift element in Figure 4.74 displays the steps
performed to detect an islanding condition:

» Zero-crossing based period estimation

» Angle shift calculation and angle shift threshold check
» Angle shift count calculator
>

Blocking conditions

! Zero-Crossing Angle Shift ;
VA Detector Calculation | m— Caffu'ﬂ{m
VB! Zero-Crossing Angle Shift ; OUTPUT =1
Detector Calculation ol ————— if count > 4
Ve Zero-Crossing Angle Shift N
Detector Calculation ol ——
Setting
78VSAPU
VA ——+ Bi
—— - 78VSO
_O

\vg| + R
./

Ive' +
Settings 1
78YS59  VNOM' |
100 V3
T8VSBL
VNOM := OFF

"The logic diagram shown applies when DELTA_Y := WYE.
When DELTA_Y := DELTA, the quantities VA, VB, and VC are replaced by VAB, VBC, and VCA, respectively. In addition, VNOM is not divided by /3.
The element is disabled when VNOM := OFF.

Figure 4.74 Logic Diagram of the Vector Shift Element

The element performs period calculations on each of the voltage inputs, VA,
VB, and VC. Zero-crossing detection logic is used to perform the period calcu-
lations. The time stamps of two consecutive positive-going zero-crossings or
two consecutive negative-going zero-crossings are used in determining the
period. The relay establishes a reference period for each phase using the previ-
ous 32 period measurements. The initialization period for this element
requires at least 16 cycles of voltage signal to establish an accurate reference
period. During the initialization period, this element does not detect an island-
ing condition.

In each quarter-cycle, the relay calculates the difference between the present
period on each phase with the corresponding reference period. This difference
is expressed in degrees to determine the angle shift and compared against the
setting 78VSAPU. If the calculated angle shift is greater than the angle shift
threshold setting 78 VSAPU, the comparator output for the corresponding
phase will be one; this output is fed to the angle shift count calculator logic.
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The count calculator receives angle shift detection information from all three
phases and records the number of times that the angle shift threshold of all
phases has been exceeded in two consecutive quarter-cycles. If the angle shift
count exceeds four and no blocking conditions exist, 78 VSO is asserted indi-
cating an islanding or loss of mains condition.

Power system short circuit conditions can also cause the voltage angle change
to exceed the angle shift setting threshold. To prevent possible false tripping,
the vector shift element is blocked for undervoltage conditions. If any of the
phase voltages fall below the voltage supervision threshold setting 78VS59,
the output of the vector shift element is blocked. You can program the
78VSBL SELOGIC control equation to provide additional blocking conditions
as required in your application.

Depending on the DG loading conditions, a vector shift occurs once when an
islanding event happens, causing a change in two consecutive period measure-
ments after which the voltage stabilizes. For this reason, a delayed operation
of the element is not applicable. Although the vector shift element allows for
fast and reliable detection of DG islanding conditions, the limitation of this
element needs to be realized. This element is based on the sudden phase
change in the voltage waveform. If there is no load current change between the
DG and the utility at the point of common coupling, there is no vector shift
and this element does not detect the islanding condition. For this element to
operate properly, the load change must be at least 20 percent of the rated
power of the DG.

The vector shift element (78VS) and the fast rate-of-change-of-frequency ele-
ment (81RF) can be used to detect islanding conditions. The vector shift ele-
ment is designed to detect islanding conditions at the moment when the
islanding condition happens and typically responds within 1.5-3 cycles after
the islanding condition occurs. On the other hand, 8 1RF is designed to detect
islanding conditions during and after the voltage shift occurs; the 81RF
element complements the 78VS element by providing more dependable
protection.

Vector Shift Element Settings

See Table 4.47 for the range and default settings for the vector shift element.

Set E78VS :=Y to enable the vector shift element. Set the vector shift angle
pickup threshold setting 78VSAPU to the desired angle to detect a vector shift
condition. The factory-default value of this setting is 10 degrees. Determine
this setting based on the generator impedance and your studies.

The vector shift voltage supervision threshold setting 78VS59 defines the
minimum voltage magnitude required for this element in percentage of the
nominal voltage setting VNOM. The factory-default threshold is 80 percent of
the VNOM setting. If VNOM setting is OFF, then the vector shift element is
turned off.

The vector shift SELOGIC control equation, 78 VSBL, allows you to define
additional blocking conditions of the vector shift element. For instance, block
the element for a few cycles when the DG breaker is closed to keep the ele-
ment secure from operating under this condition.
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Frequency Protection

NOTE: The relay measures system
frequency for these elements with the
positive-sequence voltage if the
voltage input is present and the
applied positive-sequence voltage is
greater than 10 volts. Otherwise, the
relay uses positive-sequence current
as long as the minimum magnitude is
0.1+ (Nominal CT Rating). The
measured frequency is set to nominal
frequency setting (FNOM) if the signal
is below the minimum level.

NOTE: Additionally, the Relay Word
bit OREDS8IT := 81D1T OR 81D2T OR ...
81D6T.
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Table 4.47 Vector Shift Element Settings
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Setting Prompt

Setting Range

Setting Name :=
Factory Default

EN VECTOR SHIFT
VS ANGLE PU THR
VS VOLT SUPV THR
VS BLOCK

Y, N
2.0-30.0 deg
20.0-100.0%
SELogGIC

E78VS :=N
78VSAPU :=10.0
78VS59 =80
78VSBL :=0

The SEL-751 provides six trip over- or underfrequency elements with inde-
pendent level and time-delay settings. Table 4.48 lists the ranges and settings.
When an element level setting is less than the nominal frequency setting, the
element operates as an underfrequency element. When the level setting is greater
than the nominal frequency setting, the element operates as an overfrequency ele-
ment. Figure 4.75 shows the logic diagram for the frequency elements.

Table 4.48 Frequency Settings

Setting Prompt

Setting Range

FREQI TRIP LEVEL
FREQ1 TRIP DELAY?
81D1 TRQCTRL
FREQ2 TRIP LEVEL
FREQ2 TRIP DELAY?
81D2 TRQCTRL
FREQ3 TRIP LEVEL
FREQ3 TRIP DELAY?
81D3 TRQCTRL
FREQ4 TRIP LEVEL
FREQ4 TRIP DELAY?
81D4 TRQCTRL
FREQ5 TRIP LEVEL
FREQS5 TRIP DELAY?
81D5 TRQCTRL
FREQ6 TRIP LEVEL
FREQ6 TRIP DELAY?
81D6 TRQCTRL

OFF, 15.00-70.00 Hz
0.00-240.00 sec
SELoGIC

OFF, 15.00-70.00 Hz
0.00-240.00 sec
SELoGIC

OFF, 15.00-70.00 Hz
0.00-240.00 sec
SELogGIC

OFF, 15.00-70.00 Hz
0.00-240.00 sec
SELogGIC

OFF, 15.00-70.00 Hz
0.00-240.00 sec
SELoGIC

OFF, 15.00-70.00 Hz
0.00-240.00 sec

SELOGIC

Setting Name :=
Factory Default
81D1TP := OFF
81DITD := 1.00
81DITC :=1
81D2TP := OFF
81D2TD := 1.00
81D2TC =1
81D3TP := OFF
81D3TD := 1.00
81D3TC :=1
81D4TP := OFF
81D4TD := 1.00
81DA4TC =1
81D5TP := OFF
81D5STD :=1.00
81DSTC :=1
81D6TP := OFF
81D6TD := 1.00
81D6TC :=1

2 Frequency element time delays are best set no less than five cycles. The relay requires at
least three cycles to measure frequency.
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Rate-of-Change-of-
Frequency (81R)
Protection

SEL-751 Relay

freq +
81DnTP -

81DnTP = FNOM
81DnTP < FNOM

FREQTRK

[ 1

81DnTD,
>7 — 81DnT
0

81DnTC

n = Frequency Elements 1-6
freq = Measured Frequency
81DnTP = Frequency Pickup Setting
FNOM = Nominal Frequency Setting

81DnTD = Over- and Underfrequency Element Pickup Time Delay

81DnT = Definite-Time Delayed Over- and Underfrequency Element Relay Word Bit
FREQTRK = Relay Is Tracking Frequency
81DnTC = SELocic Setting for Torque Control of Frequency Element

Figure 4.75 Over- and Underfrequency Element Logic

Frequency changes occur in power systems when there is an unbalance
between load and active power generated. Typically, generator control action
adjusts the generated active power and restores the frequency to nominal
value. Failure of such control action may lead to system instability unless
remedial action, such as load shedding, is taken. You can use the rate-of-
change-of-frequency element to detect and initiate a remedial action. The
SEL-751 provides four rate-of-change-of-frequency elements. Table 4.49
shows the settings available for the elements.

Table 4.49 Rate-of-Change-of-Frequency Settings (Sheet 10f 2)

Setting Prompt

Setting Range

Setting Name :=
Factory Default

ENABLE 81R

81R VOLTAGE SUP
81R CURRENT SUP
81R1 TRIP LEVEL
81R1 TREND

81R1 TRIP DELAY
81R1 DO DELAY
81R1 TRQCTRL
81R2 TRIP LEVEL
81R2 TREND

81R2 TRIP DELAY
81R2 DO DELAY
81R2 TRQCTRL
81R3 TRIP LEVEL
81R3 TREND

81R3 TRIP DELAY
81R3 DO DELAY
81R3 TRQCTRL

Instruction Manual

N, 1-4

OFF, 12.5-300.0 V
OFF, 0.1-2.0 * Tg,®
OFF, 0.10-15.00 Hz/sec
INC, DEC, ABS
0.10-60.00 sec
0.00-60.00 sec
SELocIC

OFF, 0.10-15.00 Hz/sec
INC, DEC, ABS
0.10-60.00 sec
0.00-60.00 sec
SELocIC

OFF, 0.10-15.00 Hz/sec
INC, DEC, ABS
0.10-60.00 sec
0.00-60.00 sec
SELogIC

E8IR :=N
81RVSUP :=12.5
81RISUP := OFF
81RITP := OFF
81RITRND := ABS

81R1TD :=1.00
81R1DO :=0.00
8IRITC :=1

81R2TP := OFF

81R2TRND := ABS

81R2TD :=1.00
81R2DO :=0.00
81R2TC :=1

81R3TP := OFF

81R3TRND := ABS

81R3TD :=1.00
81R3DO :=0.00
81R3TC := 1
Date Code 20170927
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8IRVSUP
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+

+ -
8IRISUP = OFF

Setting 81RnTp
where n=1-4

8IRVSUP = OFF —\
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Table 4.49 Rate-of-Change-of-Frequency Settings (Sheet 2 of 2)

Setting Prompt

Setting Range

Setting Name :=
Factory Default

81R4 TRIP LEVEL
81R4 TREND

81R4 TRIP DELAY
81R4 DO DELAY
81R4 TRQCTRL

OFF, 0.10-15.00 Hz/sec
INC, DEC, ABS
0.10-60.00 sec
0.00-60.00 sec
SELocIC

81R4TP := OFF
81R4TRND := ABS

81R4TD :=1.00
81R4DO := 0.00
81R4TC :=1

a Inowm is nominal rating of the phase CTs (1 A or 5 A).

Use E81R setting to enable the number of elements you want; Figure 4.76
shows the element logic. The SEL-751 measures frequency (mf1) and second
frequency (mf2) after a time window (dt) determined by Trip Level setting
(81RATP). Hysteresis is such that pickup is 100 percent of 81RnTP setting
and dropout is 95 percent. Table 4.50 shows the time windows for different
trip level settings. Additionally, the Relay Word bit ORED8IRT :=81R1T OR
81R2T OR 81R3T OR 81R4T.

mf2 > FNOM

L

+
1795%

.

—
8I1RNTRND = INC

mf2 < FNOM
L

o *(-) 4+

1T95%

.

—
8IRNTRND = DEC

— ABS —|

+
1T 95%

8IRNTRND = ABS

v

3SEC

FREQTRK

Figure 4.76 81R Frequency Rate-of-Change Scheme Logic

Date Code 20170927

" Bit
} e

Relay

PU=BIRNTD  yord

DO
DO = 81RnDO

Table 4.50 Time Window Versus 81RnTP Setting (Sheet 1of 2)

4.125

81RNnTP Setting (Hz/sec)

Time Window (Cycles)

15.00-2.33
2.32-1.17
1.16-0.78
0.77-0.58
0.57-0.47
0.46-0.38
0.37-0.33

3
6
9
12
15
18
21
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Table 4.50 Time Window Versus 81RnTP Setting (Sheet 2 of 2)

81RNnTP Setting (Hz/sec) Time Window (Cycles)
0.32-0.29 24
0.28-0.26 27
<0.25 30

Set 81Rn Trend to INC or DEC to limit operation of the element to increasing
or decreasing frequency respectively. Also, when set to INC or DEC the ele-
ment is supervised by nominal frequency, FNOM. Set the trend to ABS if you
want the element to disregard the frequency trend.

Voltage and current supervision: A minimum positive-sequence voltage and/
or current is necessary for the operation of the §1R element when the levels
are specified by the 81RISUP and 81RVSUP settings, respectively. Set
81RISUP := OFF if no current supervision is necessary and similarly
81RVSUP := OFF if no voltage supervision is necessary. In any case, the ele-
ment is also supervised by Relay Word FREQTRK, which ensures that the
relay is tracking and measuring the system frequency.

Use the Relay Word bit 81R#T to operate output contacts to open appropriate
breaker(s) as necessary for your load-shedding scheme.

Fast Rate-of-Change- The fast rate-of-change-of-frequency protection, 81RF, provides a faster

_ response compared to the frequency (81) and rate-of-change-of-frequency
of Frequency (81 R F) (81R) elements. The fast operating speed makes the 81RF element suitable for
Protection detecting islanding conditions.

The element uses a characteristic (see Figure 4.77) based on frequency deviation
from nominal frequency (DF = FREQ — FNOM) and rate-of-change-of-fre-
quency (DF3C) to detect islanding conditions. The element uses a time win-
dow of three cycles to calculate the value of DF3C. Under steady-state
conditions, the operating point is close to the origin. During islanding condi-
tions, depending on the accelerating or decelerating of the islanded system,
the operating point enters Trip Region 1 or Trip Region 2 of the characteristic.
The elements uses the settings 81RFDFP in Hz and 8 1RFRP in Hz/s to config-
ure the characteristic (see Table 4.51).

DF3C Hz/s
(df/dt calculated over 3-cycle window)
|

+8IRFRP -

- = DF (FREQ-FNOM) Hz
: +8IRFDFP
-0.2
- -81RFRP

Figure 4.77 81RF Characteristics
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An explanation of ways to mitigate Aurora threats to power systems can be
found in the SEL technical paper, Mitigating the Aurora Vulnerability With
Existing Technology, available on the SEL website. More detailed application
considerations can be found in the SEL Application Guide, AG2010-03, Aurora
Mitigation Using the SEL-751 Relay, also available on the SEL website.

Table 4.51 Fast Rate-of-Change-of-Frequency Settings

Setting Prompt Range Setting Name := Factory Default

ENABLE 81RF Y, N E81RF :=N

FREQDIF SETPOINT 0.1-10.0 Hz 81RFDFP := 1.0

DFDT SETPOINT 0.2-15.0 Hz/sec 81RFRP :=2.5

81RF PU DELAY 0.10-1.00 sec 81RFPU :=0.10

81RF DO DELAY 0.00-1.00 sec 81RFDO :=0.10

81RF VOLTAGE BLK OFF, 2-300 V* 81RFVBLK := OFF
OFF, 2-520 V° 81RFVBLK := OFF

81RF CURRENT BLK | OFF, 0.1-20 A * Iyy; | 8IRFIBLK := 10 * Iy

81RF BLOCK SELoOGIC 81RFBL :=0

81RF BLOCK DO 0.02-5.00 sec 81RFBLDO := 1.00

@ Setting range shown is for DELTA_Y := DELTA.
b Setting range shown is for DELTA_Y := WYE.

Figure 4.78 shows the logic diagram of the 81RF element. Enable the element
by setting ES1RF to Y (Yes). Settings 81RFDFP and 8§ 1RFRP configure the
81RF characteristics. These settings are typically coordinated with the fre-
quency (81) and rate-of-change-of-frequency (81R) element settings. The
slope of the characteristic, 81RFSLP, shown in the logic diagram is equal to
—1 « (81RFRP/81RFDFP).

Use 81RFVBLK or 81RFIBLK to block the operation of the 8 1RF element for
undervoltage or overcurrent fault conditions. You can use the §1RFBL
SELOGIC control equation to include additional blocking elements. 8 1RFI
asserts if the operating point is in Trip Region 1 or Trip Region 2. Program the
81RFT Relay Word bit in one of the relay outputs for the intended operation.
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0.1sec
(@ FREQTRK
0 sec
Relay
® F3c + N ® vgqtrd
_ L 8IRFPY L
@ o _ + — 8IRFT
- —C_/ BIRFDO
3 - @
T L BIRFP
+
®) BIRFSLP ]
@ swrerre IRF]
&
02 Ha/s - }
+
0.1Hz -
-02 Hals + 37
-0.1Hz +
SELocic
Setting
81RFBL 81RFBL
0
@ stk ' — 8IRFBLK
@ @lvepmin| - —] BIRFBLDO
@ Relay Word bit FREQTRK = 1, means relay is tracking frequency.
@S]RHB:;\K' - > @ 81RFRP, 81RFDFP, 81RFPU, 81RFDO, 81RFVBLK, 8IRFIBLK are settings.
+
(3 DF3Cis dffdt calculated over 3-cycle window (Hz/s).
(@ DFis the difference (FREQ-FNOM) in Hz.

e (® BIRFSLP = - (8IRFRP/BIRFDFP).
® <|IB| +

(® |1Al, 1B, [ic| are A-, B-, and C-phase current magnitudes.
@ VpP**=|VPP| min
.| When 81RFIBLK := OFF, the input is held at a high value such that 81RFBLK is logical 0.

licl
AN @ When 81RFVBLK := OFF, the input is held to zero such that 81RFBLK is logical 0.

Figure 4.78 81RF Fast Rate-of-Change-of-Frequency Logic

+

Tnp /C|ose Logic The SEL-751 tripping logic is designed to trip the circuit breakers. The relay
logic lets you define the conditions that cause a trip, the conditions that
unlatch the trip, and the performance of the relay output contact. Figure 4.79
illustrates the tripping logic.
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NOTE: The factory-default

assignment of the Relay Word bit TRIP Table 4.52 Trip/Close Logic Settings
is the output OUT103. See Table 4.65
for the output contacts settings. Setting Prompt Setting Range Setting Name := Factory Default
MIN TRIP TIME 0.0-400.0 sec TDURD :=0.5
CLOSE FAIL DLY OFF, 0.0-400.0 sec | CFD :=1.0
TRIP EQUATION NY% TR := ORED50T OR ORED51T OR
ORED81T OR REMTRIP OR OC
OR SV04T
REMOTE TRIP EQN SV REMTRIP :=0
UNLATCH TRIP N ULTRIP := NOT (51P1P OR 51G1P
OR 5INIP OR 52A)
BRKR N/O CONT SV 52A:=0
BRKR N/C CONT SV 52B := NOT 52A
CLOSE EQUATION SV CL :=SV03T AND LT02 OR CC
UNLATCH CLOSE SV ULCL:=0
. Relay
Serial Port
Command TAR R Vg?trsd
TARGET RESET o TRGTR
Pushbutton TRGTR
Comm.
Target Reset
SELoeIc
Settings
RSTTRGT ’ Tlsl?’stD
52A — L
RSTLED = Y — Unlatch
ULTRIP Trip
® Trips TRIP
0
>
TDURD: .
Trigger

Events

Figure 4.79 Trip Logic

The trip logic settings, including the SELOGIC control equations, are described
in the following text.

TDURD Minimum Trip Time

This timer establishes the minimum time duration for which the TRIP Relay
Word bit asserts. This is a rising-edge initiated timer.

Trips initiated by the TR Relay Word bit (includes OPEN command from
front-panel and serial ports) are maintained for at least the duration of the min-
imum trip duration time (TDURD) setting.

TR Trip Conditions SELocic Control Equation

The SEL-751 TR SELOGIC control equation provides the trip logic to trip the
breaker. The Relay Word bit TRIP is associated with the TR SELOGIC control
equation.
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The default TR setting is shown in Table 4.52 and includes protective ele-
ments Relay Word bits, front panel or serial port (including Modbus and Devi-
ceNet) initiated OPEN command (Relay Word bit OC), and remote trips
(Relay Word bit REMTRIP).

The trip conditions trigger an event report. The relay controls the tripping out-
put contact(s) when the Relay Word bit TRIP appears in an output contact
SELOGIC control equation. Default relay settings have output 0UT103 set to
TRIP and fail-safe setting OUTI03FS at N (see Fuail-Safe/Nonfail-Safe Tripping

on page 2.26).
NOTE: You can use an indirect Set the TR SELOGIC control equation to include an OR combination of all the
mapping (e.g., SVO1) as in the factory- : . _
default setting. See Table 4.62 for the Relgy Word b1t§ that you want to cause the relay to trip. The fagtory default
SVOT1 settings. setting already includes all commonly necessary Relay Word bits.

REMTRIP Remote Trip Conditions SELocIc Control Equation

The REMTRIP SELOGIC control equation is intended to define a remote trip
condition. For example, the following settings trip the breaker by input IN303
via REMTRIP.

REMTRIP := IN303
TR := ... OR REMTRIP

The HMI displays Remote Trip to indicate the trip by Remote trip logic.

You can map any Relay Word bit or SELOGIC control equation to the REM-
TRIP to trip the breaker. For example, you can map a control input to REM-
TRIP. Add REMTRIP to the TR SELOGIC control equation (as in the default
settings) to quickly see from the HMI target that it was a Remote Trip that
tripped the breaker.

Unlatch Trip Logic

Following a fault, the trip signal is maintained until all of the following condi-
tions are true:

NOTE: Factory default setting of the » Minimum trip duration time (TDURD) passes.

ULTRIP provides an automatic reset of

the trip when breaker opens and » The TR SELOGIC control equation result deasserts to logical 0.
selected 50/51 elements are not

picked up. » One of the following occurs:

> Unlatch Trip SELOGIC control equation setting
ULTRIP asserts to logical 1.

> Target Reset SELOGIC control equation setting
RSTTRGT asserts to logical 1.

> Target Reset Relay Word TRGTR asserts. The TRGTR
is asserted when the front-panel TARGET RESET
pushbutton is pressed or a target reset serial port
command is executed (ASCII, Modbus, or DeviceNet).

52A and 52B Breaker Status SELocIc Control Equations

— ) ) Use the SELOGIC settings 52A and 52B to map the respective breaker auxil-
NOTE: For the disconnect switch . . .
settings and logic, refer to iary contacts to the relay. Because the 52B contact is not always available for

Disconnect Switch Symbol Settings the purpose of reducing the number of I/O required, the breaker status logic
and Status Logic. For the

touchscreen relay option, refer to does not include the 52B. contact. The relgy uses the 52A Relay Word bit as
Table 9.3 for typical disconnect the status of the breaker in conjunction with the protection elements and trip
switch symbols. For the settings and close logic. The default 52B setting is NOT 52A. The factory-default set-
related to bay control disconnect i . )

switch symbols, refer to Table 9.5 and ting assumes no auxiliary contact connection (52A :=0).

the corresponding descriptions.
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NOTE: For the settings related to
the local/remote breaker control
function, refer to Local/Remote
Breaker Control on page 9.3. For
breaker control via the front panel
pushbuttons, refer to Front-Panel
Operator Control Pushbuttons on
page 8.15. For breaker control via the
two-line display, refer to Control
Menu on page 8.9. For breaker
control via the touchscreen, refer to
Breaker Control Via the Touchscreen
on page 9.5.

Reclose Supervision
Logic

NOTE: The close logic is inoperative
if 52A is set to O in SEL-751 models
with reclosing option.

Date Code 20170927

Protection and Logic Functions
Group Settings (SET Command)

If you connect the breaker auxiliary contacts to digital inputs, you must
change the factory-default logic equations for 52A and 52B. For example, set
52A :=1IN101 and 52B :=IN102 if you connect the 52a and 52b contacts to
inputs IN101 and IN102, respectively.

The SEL-751 Relay with the touchscreen display option additionally provides
the ability to design detailed single-line diagrams and display the breaker and
disconnect switch status. Refer to Table 9.1 for typical circuit breaker symbols
available for display on the bay screens. For settings related to bay control
breaker symbols, refer to Table 9.5 and the corresponding description.

CL Close SELocIc Control Equation

The SEL-751 Close Logic offers three ways to close the circuit breaker:
» Conditions mapped to CL

» Front-panel or serial port (including Modbus and DeviceNet)
CLOSE command

» Automatic reclosing when open interval times out (qualified by
SELOGIC control equation setting 79CLS—see Figure 4.81).

The relay controls the closing output contact(s) when the Relay Word bit
CLOSE appears in an output contact SELOGIC control equation. Default relay
settings have output OUT102 set to CLOSE. See Figure 2.23 for typical close
circuit connection.

Set the CL SELOGIC control equation to include an OR-combination of all
Relay Word bits that you want to cause the relay to close breaker. The factory-
default setting already includes all commonly necessary Relay Word bits.

Unlatch Close Logic

Once the CLOSE bit is asserted it is sealed-in until any of the following condi-
tions are true:

» Unlatch Close SELOGIC control equation setting ULCL asserts
to logical 1.

» Relay Word 52A asserts to logical 1.

» Close failure Relay Word bit asserts to logical 1.

Close Failure Logic

Set the close failure delay (setting CFD) equal to highest breaker close time
plus a safety margin. If the breaker fails to close, the Relay Word CF asserts
for 1/4 cycle. Use the CF bit as desired.

Note that one of the inputs into the close logic in Figure 4.80 is:

Reclosing Relay Open Interval Time-Out (qualified by 79CLS)

This input into the close logic in Figure 4.80 is the indication that a reclosing
relay open interval has timed out (see Figure 4.82), a qualifying condition
(SELoGIC control equation setting 79CLS) has been met, and thus automatic
reclosing of the circuit breaker should proceed by asserting the CLOSE Relay
Word bit to logical 1. This input into the close logic in Figure 4.80 is an output
of the reclose supervision logic in the following Figure 4.81.
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Reclosing Relay Open
Interval Time-Out
(qualified by T9CLS)

Close
Conditions
(other
than

SELOGIC ’
» automatic
Settings reclosing)

CL

Breaker Stat
20—

Unlatch Close

Reclose Initiate

Rising-Edge Detect

)
4

CLOSE output condition)

CFD=0FF —Q : 0

(If setting CFD := OFF, the Close Failure Timer
is inoperative and does not time limit the

Relay
Word
Bits
CLOSE
Close Failure Close Failure
Timer Pulses (logical 1)
CFD for one processing
CF —m intervalif Close
Failure Timer
times out (drives
reclosing relay to
lockout)
52A

® From Figure 4.81
Figure 4.80 Close Logic

SELoslc
Setting

Reclose Supervision

79CLS

Reclosing
Relay Open
Interval
Timeout

SELosic
Setting

Operation of Reclose Supervision Logic if
timer setting 79CLSD is set:

79CLSD =0
The above logic satisfies most applications.

Operation of Reclose Supervision Logic if timer setting

T9CLSD is set:
T9CLSD # 0 (e.g., 79CLSD = 60)

The logic below is used only in a few, unique applications.

Reclose Supervision

79CLS

Reclosing

Relay Open
Interval
Timeout

Relay
Word

Bits
CLOSE
79L0

SELoGIC
Settings
52A

T9RI

® To Figure 4.80
Figure 4.81

SEL-751 Relay

Lockout

Reclose Initiate

Rising-Edge

Ba

Reclosing

Relay Open

Interval Timeout
(qualified by 79CLS)

Relay
Word
Bit
RCSF

:

Reclose Supervision Failure

Pulses (logical 1) for one processing
interval and drives the reclose
state to lockout if SELoeic control
equation setting 79CLS is not
asserted to logical 1 at the instant a
reclosing relay open interval timer
times out.

Detect

Reclosing
. Relay Open

Interval

Timeout

(I setting 79CLSD = OFF,

the Reclose Supervision Limit
Timer is inoperative and does
not time limit the wait for the
Reclose Supervision condition,
T9CLS, to assert to logical 1)

—/ Reclose (qualified
Supervision Relay by 79CLS)
Limit Timer Word
79CLSD, Bit
RCSF
79CLSD = OFF ——Q 0

!

Reclose Supervision

Failure
Pulses (logical 1) for one
processing interval and
drives the reclose state
to lockout if Reclose
Supervision Limit Timer
times out.
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open interval 1
times out _L
Open Interval

; 7901 ——»
Timer
Reclose Supervision ——79CLSD -
Limit Timer

79CLS (Reclose ~
Supervision Condition)

RCSF (Reclose [ ]
Supervision Failure)

1 .
1-— One Processing
Interval

i

1

0UT102 = CLOSE ~ i
(Close Output Contact) |
1

79CLS not asserted. _T
79CLSD times out.

No Reclosing
Reclosing Proceeds

open interval 1
times out 1

Open Interval

Timer 790 ——>
Reclose Supervision —T79CLSD

Limit Timer

T9CLS (Reclose |__"
Supervision Condition)

[}

I

- i
RCSF (Reclose !
Supervision Failure) !
]

OUTI02 = CLOSE [
(Close Output Contact) i

T9CLS asserts before _f
79CLSD times out.

(Refer to Bottom of Figure 4.81)
Figure 4.82 Reclose Supervision Limit Timer Operation

Settings and General Operation
Figure 4.81 contains the following SELOGIC control equation setting:
79CLS (reclose supervision conditions—checked after
reclosing relay open interval time-out)
and setting:
79CLSD (Reclose Supervision Limit Time)

See the Table 4.54 for Recloser Control settings.

For Most Applications

Refer to the top of Figure 4.81.
For most applications, the Reclose Supervision Limit Time setting should be
set to zero seconds:

79CLSD :=0.00
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With this setting, the logic in the top of Figure 4.81 is operative. When an
open interval times out, the SELOGIC control equation reclose supervision
setting 79CLS is checked just once.

If 79CLS is asserted to logical 1 at the instant of an open interval time-out,
then the now-qualified open interval time-out propagates onto the final close
logic in Figure 4.81 to automatically reclose the circuit breaker.

If 79CLS is deasserted to logical O at the instant of an open interval time-out,
the following occurs:

» No automatic reclosing takes place.

» Relay Word bit RCSF (Reclose Supervision Failure indication)
asserts to logical 1 for one processing interval.

» Ifsetting E79 := 1, 2, 3, or 4, the reclosing relay is driven to the
lockout state.

» If setting E79 := C1, C2, C3, or C4, the reclosing relay
increments the shot counter and starts timing on the next open
interval. This operation emulates a rotating drum timer style
reclosing relay—going on to the next open interval time and
reclose opportunity if supervising conditions for the present
reclose opportunity are not satisfied. If the reclosing relay
increments to the last shot value (no more open intervals left;
see Figure 4.86 and Table 4.55), the reclosing relay is then
driven to the lockout state.

See Example 4.17.

For A Few, Unique Applications

Refer to the bottom of Figure 4.81 and Figure 4.82.

For a few unique applications, the Reclose Supervision Limit Time setting is
not set equal to zero seconds, e.g.,

79CLSD :=1.00 second

With this setting, the logic in the bottom of Figure 4.81 is operative. When an
open interval times out, the SELOGIC control equation reclose supervision set-
ting 79CLS is then checked for a time window equal to setting 79CLSD.

If 79CLS asserts to logical 1 at any time during this 79CLSD time window,
then the now-qualified open interval time-out propagates onto the final close
logic in Figure 4.80 to automatically reclose the circuit breaker.

If 79CLS remains deasserted to logical 0 during this entire 79CLSD time win-
dow, when the time window times out, the following occurs:

» No automatic reclosing takes place.

» Relay Word bit RCSF (Reclose Supervision Failure indication)
asserts to logical 1 for one processing interval.

» If setting E79 :=1, 2, 3, or 4, the reclosing relay is driven to
lockout state.

The logic in the bottom of Figure 4.81 is explained in more detail in the fol-
lowing text.
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Set Reclose Supervision Logic.
Refer to the bottom of Figure 4.81. If all the following are true:

» The close logic output CLOSE (also see Figure 4.80) is not
asserted (Relay Word bit CLOSE = logical 0).

» The reclosing relay is not in the lockout state (Relay Word bit
79LO = logical 0).

» The circuit breaker is open (52A = logical 0).

» The reclose initiation condition (79RI) is not making a rising
edge (logical O to logical 1) transition.

» The Reclose Supervision Limit Timer is not timed out (Relay
Word bit RCSF = logical 0).

then a reclosing relay open interval time-out seals as shown in Figure 4.81.
Then, when 79CLS asserts to logical 1, the sealed-in reclosing relay open
interval time-out condition propagates through Figure 4.75 and on to the close
logic in Figure 4.80.

Unlatch Reclose Supervision Logic.
Refer to the bottom of Figure 4.81. If the reclosing relay open interval time-
out condition is sealed-in, it stays sealed-in until one of the following occurs:

» The close logic output CLOSE (also see Figure 4.81) asserts
(Relay Word bit CLOSE = logical 1).

» The reclosing relay goes to the lockout state (Relay Word bit
79LO = logical 1).

» The circuit breaker closes (52A = logical 1).

» The reclose initiation condition (79RI) makes a rising-edge
(logical O to logical 1) transition.

» SELOGIC control equation setting 79CLS asserts
(79CLS = logical 1).

» The Reclose Supervision Limit Timer times out (Relay Word
bit RCSF = logical 1 for one processing interval).

The Reclose Supervision Limit Timer is inoperative if setting

79CLSD := OFF. With 79CLSD := OFF, reclose supervision condition 79CLS
is not time limited. When an open interval times out, reclose supervision con-
dition 79CLS is checked indefinitely until one of the other unlatch conditions
listed previously comes true.

The unlatching of the sealed-in reclosing relay open interval time-out condi-
tion by the assertion of SELOGIC control equation setting 79CLS indicates
successful propagation of a reclosing relay open interval time-out condition on
to the close logic in Figure 4.80. See Example 4.18.

EXAMPLE 4.17 Settings Example 1
Refer to the top of Figure 4.81 and Figure 4.83.

SEL-751 Relays are installed at both ends of a transmission line in a high-
speed reclose scheme. After both circuit breakers open for a line fault, the
SEL-751 (1) recloses circuit breaker 52/1 first, followed by the SEL-751(2)
reclosing circuit breaker 52/2, after a synchronism check across circuit
breaker 52/2.
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Bus1 Bus 2

L e o

J X A
1-Phase Py

SEL-751 (1) SEL-751(2)
1A, 1B, IC IA, 1B, 1C

% % VA, VB, VC VS N VA, VB, VC % %

3-Phase 3-Phase

¢
D

Figure 4.83 SEL-751 Relays Installed at Both Ends of a Transmission Line in
a High-Speed Reclose Scheme

SEL-751 (1) Relay

Before allowing circuit breaker 52/1to be reclosed after an open interval
time-out, the SEL-751(1) checks that Bus 1 voltage is hot and the
transmission line voltage is dead. This requires reclose supervision settings:
79CLSD := 0.00 seconds (only one check)
79CLS := 59VP AND 2751

where:
59VP = Bus1is hot
27S1 = monitored single-phase transmission line voltage

(channel VS) is dead

SEL-751 (2) Relay

The SEL-751(2) checks that Bus 2 voltage is hot, the transmission line
voltage is hot, and in synchronism after the reclosing relay open interval
times out, before allowing circuit breaker 52/2 to be reclosed. This requires
reclose supervision settings:

79CLSD := 0.00 seconds (only one check)

TOCLS := 25A1

where:

25A1 = selected Bus 2 phase voltage (VA, VB, or VC) is in
synchronism with monitored single-phase
transmission line voltage (channel VS) and both
are hot

Other Setting Considerations for SEL-751(1) and SEL-751(2) Relays

Refer to Skip Shot (79SKP) and Stall Open Interval Timing (79STL) Settings
on page 4.147.

SELOGIC control equation setting 79STL stalls open interval timing if it
asserts to logical 1. If setting 79STL is deasserted to logical 0, open interval
timing can continue. The SEL-751(1) has no intentional open interval timing
stall condition (circuit breaker 52/1 closes first after a transmission line fault):

79STL :=0

The SEL-751(2) starts open interval timing after circuit breaker 52/1 at the
remote end has re-energized the line. The SEL-751(2) has to see Bus 2 hot,
transmission line hot, and in synchronism across open circuit breaker 52/2 for
open interval timing to begin. Thus, SEL-751(2) open interval timing is
stalled when the transmission line voltage and Bus 2 voltage are not in syn-
chronism across open circuit breaker 52/2:

79STL := NOT 25A1
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A transient synchronism-check condition across open circuit breaker 52/2
could possibly occur if circuit breaker 52/1 recloses into a fault on one phase
of the transmission line. The other two unfaulted phases would be briefly
energized until circuit breaker 52/1 is tripped again. If channel VS of the
SEL-751(2) is connected to one of these briefly energized phases, synchro-
nism-check element 25A1 could momentarily assert to logical 1.

So that this possible momentary assertion of synchronism-check element
25A1 does not cause any inadvertent reclose of circuit breaker 52/2, make
sure the open interval timers in the SEL-751(2) are set with some appreciable
time greater than the momentary energization time of the faulted transmission
line. Or, run the synchronism-check element 25A1 through a programmable
timer before using it in the preceding 79CLS and 79STL settings for the
SEL-751(2) (see Figure 4.80). Note the built-in 2-cycle qualification of the
synchronism-check voltages shown in Figure 4.67.

EXAMPLE 4.18 Settings Example 2

Refer to subsection Synchronism-Check Elements on page 4.106. Also refer
to Figure 4.82 and Figure 4.83.

If the synchronizing voltages across open circuit breaker 52/2 are “slipping”
with respect to one another, the Reclose Supervision Limit Timer setting
79CLSD should be set greater than zero so there is time for the slipping
voltages to come into synchronism. For example:

79CLSD :=1.00 second

79CLS := 25A1

The status of synchronism-check element 25A1is checked continuously
during the 60-cycle window. If the slipping voltages come into synchronism
while timer 79CLSD is timing, synchronism-check element 25A1 asserts to
logical 1 and reclosing proceeds.

In the previous referenced subsection, note item 3 under Synchronism-
Check Element Outputs on page 4.113, Voltages VP and VS are “Slipping.”
Item 3 describes a last attempt for a synchronism-check reclose before
timer 79CLSD times out (or setting 79CLSD := 0.00 and only one check is
made).

If E79 := 3 (which allows three automatic reclose attempts) and the slipping
voltages fail to come into synchronism while timer 79CLSD is timing
(resulting in a reclose supervision failure, causing RCSF to assert for one
processing interval), then the reclosing relay goes to the lockout state.

If E79 := C3 (which allows three automatic reclose attempts) and the
slipping voltages fail to come into synchronism while timer 79CLSD is timing
(resulting in a reclose supervision failure, causing RCSF to assert for one
processing interval), then the reclosing relay increments the shot counter
and starts timing on the next open interval. This operation emulates a
rotating drum timer style reclosing relay—going onto the next open interval
time and reclose opportunity if supervising conditions for the present
reclose opportunity are not true. If the reclosing relay increments to the last
shot value (no more open intervals left; see Figure 4.86 and Table 4.55), the
reclosing relay is then driven to the lockout state.

Reclose LOgiC Note that input:
Reclosing Relay Open Interval Time-Out

in Figure 4.81 is the logic input that is qualified by SELOGIC control equation
setting 79CLS, and then propagated on to the close logic in Figure 4.80 to
automatically reclose a circuit breaker. The explanation that follows in this
reclosing relay subsection describes all the reclosing relay settings and logic
that eventually result in this open interval time-out logic input into

Figure 4.81. Other aspects of the reclosing relay are also explained. As many
as four (4) automatic reclosures (shots) are available.
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The reclose enable setting, E79, has setting choices N, 1, 2, 3, 4, C1, C2, C3,
and C4. Setting E79 := N defeats the reclosing relay. Setting choices 14 and
C1-C4 are the number of automatic reclosures (see Open Interval Timers on
page 4.141) you want. With setting choices 1-4, the reclosing relay goes to
the lockout state on reclose supervision failure (refer to Reclose Supervision
Logic on page 4.131).

With setting choices C1-C4, however, the reclosing relay does not go to the
lockout state on reclose supervision failure. Instead, the reclosing relay incre-
ments the shot counter and starts timing on the next open interval. This opera-
tion emulates a rotating drum timer style reclosing relay—going on to the next
open interval time and reclose opportunity when supervising conditions for
the present reclose opportunity are not true.

Reclosing Relay States and General Operation

Figure 4.84 explains in general the different states of the reclosing relay and
its operation.

/ Reset State \
The circuit breaker has been closed

for a qualifying reset time. The SEL-751 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 pushbutton LED 1A
labeled RECL RESET illuminated

Reset

Unsuccessful
Reclose
Initiation

Successful

Maintained Lockout Timer Reclose Successful
Lockout Condition Conditions / Times Initiation Reclose Initiation
Out
Lockout State
All automatic reclosing attempts are B Reclose Cycle State
unsuccessful, reclo§§ initiation is unsuccessful, | Al Automatic Reclosing The SEL-751 automatically recloses the
other lockout conditions occur, or the SEL-751 Attempts Unsuccessful circuit breaker after each successful
powers up. The relay returns to the reset state reclose initiation and corresponding set
after the circuit breaker is closed, the reset - Unsuccessful open interval time.
fimer times out, and there are no maintained Reclose Initiation Relay Word bit 79CY = logical

lockout conditions.

Relay Word bit 79L0 = ogical ~ Other Lockout Conditions
Front-panel pushbutton LED 1B
labeled RECL LOCKOUT illuminated

Power Up
Figure 4.84 Reclosing Relay States and General Operation
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Table 4.53 Relay Word Bit and Front-Panel Correspondence to Reclosing
Relay States

Reset 79RS RECL RESET (Pushbutton LED 1A)
Reclose Cycle 79CY
Lockout 79LO RECL LOCKOUT (Pushbutton LED 1B)

The reclosing relay is in one (and only one) of these states (listed in

Table 4.53) 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 the last shot at time
of reclose initiation (e.g., all automatic reclosing attempts are
unsuccessful—see Figure 4.82).

» 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 4.144).

» 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 4.146].

» The close failure timer (setting CFD) times out (see
Figure 4.80).

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

» The Reclose Supervision Limit Timer (setting 79CLSD) times
out (see Figure 4.81 and top of Figure 4.82) and the reclose
enable setting, E79, has setting choices N, 1, 2, 3, 4, C1, C2,
C3, and C4.

» 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).

The OPEN command is included in the reclosing relay logic via the factory
SELOGIC control equation settings:

79DTL := 0C OR ... (drive-to-lockout)
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Relay Word bit OC asserts for execution of the OPEN command. See OPEN
Command (Open Breaker) on page 7.43 for more information on the OPEN
command. Also, see Drive-to-Lockout and Drive-to-Last Shot Settings
(79DTL and 79DLS, Respectively) on page 4.146.

Reclosing Relay States and Settings/Setting Group Changes

If individual settings are changed for the active setting group or the active set-
ting group is changed, 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).

» The reset timer is loaded with reset time setting 79RSLD (see
discussion on reset timing later in this section).

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 circuit 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 immediately goes to the lockout state, because shot = last shot.

Defeat the Reclosing Relay

If any one of the following reclosing relay settings are made then the reclosing
relay is defeated, and no automatic reclosing can occur.

» Reclose enable setting E79 := N.
» Open Interval 1 time setting 79011 := 0.00.

If the reclosing relay is defeated, the following also occur:

» All three reclosing relay state Relay Word bits (79RS, 79CY,
and 79LO) are forced to logical O (see Table 4.53).

» All shot counter Relay Word bits (SHO, SH1, SH2, SH3, and
SH4) are forced to logical O (the shot counter is explained later
in this section).

» The front-panel LEDs RECL RESET and RECL LOCKOUT are both
extinguished.

Close Logic Can Still Operate When the Reclosing Relay Is Defeated

If the reclosing relay is defeated, the close logic (see Figure 4.80) can still
operate if SELOGIC control equation circuit breaker status setting 52A is set to
something other than numeral O or NA. Making the setting 52A := 0 or NA
defeats the close logic and also defeats the reclosing relay.
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For example, if 52A :=IN101, a 52A circuit breaker auxiliary contact is con-
nected to input IN101. If the reclosing relay does not exist, the close logic still
operates, allowing closing to take place via SELOGIC control equation setting
CL (close conditions, other than automatic reclosing). See Trip/Close Logic
for more discussion on SELOGIC control equation settings 52A and CL.

Reclosing Control Settings

The reclosing control settings are shown in Table 4.54:

Table 4.54 Reclosing Control Settings

Setting Prompt Setting Range i::::;% ';:rfr;i:t:
ENABLE RECLOSER N, 1-4, C1-C4, Shots E79 :=N

OPEN INTERVAL 1 0.00-3000.00 sec 79011 :=0.00

OPEN INTERVAL 2 0.00-3000.00 sec 79012 :=0.00

OPEN INTERVAL 3 0.00-3000.00 sec 79013 :=0.00

OPEN INTERVAL 4 0.00-3000.00 sec 79014 :=0.00

RST TM FROM RECL 0.00-3000.00 sec 79RSD := 15.00

RST TM FROM LO 0.00-3000.00 sec 79RSLD :=5.00
RECLS SUPV TIME OFF, 0.00-3000.00 sec 79CLSD := OFF
RECLOSE INITIATE SV 79RI := TRIP

RCLS INIT SUPVSN N 79RIS :=52A OR 79CY
DRIVE-TO-LOCKOUT SV 79DTL := OC OR SV04T
DRIVE-TO-LSTSHOT SV 79DLS := 79LO

SKIP SHOT SV 79SKP :=0

STALL OPN INTRVL SV 79STL := TRIP
BLOCK RESET TMNG SV 79BRS := TRIP

SEQ COORDINATION SV 79SEQ =0

RCLS SUPERVISION SV 79CLS =1

The operation of open interval timers is affected by SELOGIC control equation
settings discussed later in this section.

Open Interval Timers

The reclose enable setting, E79, determines the number of open interval time
settings that can be set. For example, if setting E79 := 3, the first three open
interval time settings in Table 4.54, are made available for setting.

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

In the factory settings in Table 4.54, the open interval 2 time setting 79012 is
the first open interval time setting set equal to zero:

79012 := 0.00 seconds
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Thus, open interval times 79012, 79013, and 79014 are not operable. In the
factory settings, both open interval times 79013 and 79014 are set to zero. But
if the settings were:

79012 := 0.00 seconds
790I3 :=15.00 seconds (set to some value other than zero)

open interval time 79013 would still be inoperative, because a preceding open
interval time is set to zero (i.e., 79012 := 0.00).

If open interval 1 time setting, 79011, is set to zero (79011 := 0.00 seconds),
no open interval timing takes place, and the reclosing relay is defeated.

The open interval timers time consecutively; they do not have the same
beginning time reference point. For example, with settings 790I1 := 0.50, and
79012 := 10.00, open interval 1 time setting, 79011, times first. If subsequent
first reclosure is not successful, then open interval 2 time setting, 79012, starts
timing. If the subsequent second reclosure is not successful, the relay goes to
the lockout state. See the example time line in Figure 4.85.

-a—Reset State+— Reclose Cycle State —>|<— Lockout State —

Trip Close Trip Close Trip
s ! !
I<j—> ja——79012=100 ————» (79013 =0)
Shot . 79011 =05 | :
—_———————————— ¥ - -
Counter (Last Shot = 2)

i f

Figure 4.85 Reclosing Sequence From Reset to Lockout With Example Settings

Open Interval Time-out

SELOGIC control equation setting 79STL (stall open interval timing) can be
set to control open interval timing (see Skip Shot (79SKP) and Stall Open
Interval Timing (79STL) Settings on page 4.147).

Determination of Number of Reclosures (Last Shot)
The number of reclosures is equal to the number of open interval time settings
that precede the first open interval time setting set equal to zero. The “last
shot” value is also equal to the number of reclosures.

In the previous example settings, two set open interval times precede open
interval 3 time, which is set to zero (79013 := 0.00):

79011 :=0.50
79012 :=10.00
790I3 :=0.00

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.

Observe Shot Counter Operation

Observe the reclosing relay shot counter operation, especially during testing,
using ASCII command TARGET (e.g., TARGET Command (Display Relay
Word Bit Status) on page 7.53 for detail).
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Reset Timer

The reset timer qualifies circuit breaker closure before taking the relay to the
reset state from the reclose cycle state or the lockout state. Circuit breaker sta-
tus is determined by the SELOGIC control equation setting 52A. (See Trip/
Close Logic on page 4.128 for more discussion on SELOGIC control equation
setting 52A.

Setting 79RSD. Qualifies closures when the relay is in the reclose cycle
state. These closures are usually automatic reclosures resulting from open
interval time-out.

It is also the reset time that the sequence coordination schemes (see Sequence
Coordination Setting (79SEQ) on page 4.150) use.

Setting 79RSLD. Qualifies closures when the relay is in the lockout state.
These closures are usually manual closures. These manual closures can
originate external to the relay, via the CLOSE command, or via the SELOGIC
control equation setting CL (see Figure 4.80).

Setting 79RSLD is also the reset timer the relay uses when it powers up, has
individual settings changed for the active setting group, or the active setting
group is changed (see Reclosing Relay States and Settings/Setting Group
Changes on page 4.140).

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 79RSD and 79RSLD settings are set independently (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 Setting (79BRS) on page 4.149).

Monitoring Open Interval and Reset Timing

Open interval and reset timing can be monitored with the following Relay
Word bits:

Relay Word Bits | Definition

OPTMN Indicates that the open interval timer is actively timing

RSTMN Indicates that the reset timer is actively timing

If the open interval timer is actively timing, OPTMN asserts to logical 1.
When the relay is not timing on an open interval (e.g., it is in the reset state or
in the lockout state), OPTMN deasserts to logical 0. The relay can only time
on an open interval when it is in the reclose cycle state, but just because the
relay is in the reclose cycle state does not necessarily mean the relay is timing
on an open interval. The relay only times on an open interval after successful
reclose initiation and no stall conditions are present (see Skip Shot (79SKP)
and Stall Open Interval Timing (79STL) Settings on page 4.147).

If the reset timer is actively timing, RSTMN asserts to logical 1. If the reset
timer is not timing, RSTMN deasserts to logical 0. See Block Reset Timing
Setting (79BRS) on page 4.149.
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Reclosing Relay Shot Counter

Refer to Figure 4.85. The shot counter increments for each reclose operation.
For example, when the relay is timing on open interval 1, 79011, 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 Determination of
Number of Reclosures (Last Shot) on page 4.142). The shot counter resets
back to shot = 0 when the reclosing relay returns to the Reset State.

Table 4.55 Shot Counter Correspondence to Relay Word Bits and Open
Interval Times

Shot Corresponding Relay Word Bit | Corresponding Open Interval
0 SHO 79011

1 SH1 79012

2 SH2 79013

3 SH3 79014

4 SH4

When the shot counter is at a particular shot value (e.g., shot = 2), the corre-
sponding 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 Setting (79SEQ) on page 4.150).

Reclose Initiate and Reclose Initiate Supervision Settings (79RI and
T9RIS, 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 O to logical 1 transition), setting 79RIS has to be
at logical 1 (79RIS :=logical 1) in order for open interval timing to be initi-
ated.

If 79RIS := logical O when setting 79RI senses a rising edge (logical 0 to logi-
cal 1 transition), the relay goes to the lockout state.

EXAMPLE 4.19 Factory Settings Example

With factory settings:
79RI := TRIP
T9RIS := 52A OR 79CY

the transition of the TRIP Relay Word bit from logical O to logical 1initiates
open interval timing only if the 52A or 79CY Relay Word bit is at logical 1
(52A =logical 1, or 79CY = logical 1). You must assign an input as the breaker
status input (e.g., 52A := IN101).

The circuit breaker has to be closed (circuit breaker status 52A = logical 1) at
the instant of the first trip of the auto-reclose cycle in order for the SEL-751
to successfully initiate reclosing and start timing on the first open interval.
The SEL-751is not yet in the reclose cycle state (79CY = logical O) at the
instant of the first trip.

Then for any subsequent trip operations in the auto-reclose cycle, the
SEL-751is in the reclose cycle state (79CY = logical 1) and the SEL-751
successfully initiates reclosing for each trip. Because of factory setting
79RIS := 52A OR 79CY, successful reclose initiation in the reclose cycle state
(79CY = logical 1) is not dependent on the circuit breaker status (52A). This
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allows successful reclose initiation for the case of an instantaneous trip, but
the circuit breaker status indication is slow—the instantaneous trip (reclose
initiation) occurs before the SEL-751 sees the circuit breaker close.

If a flashover occurs in a circuit breaker tank during an open interval (circuit
breaker open and the SEL-751 calls for a trip), the SEL-751 goes immediately
to lockout.

EXAMPLE 4.20 Additional Settings Example

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.

Presume input IN101is connected to a 52a circuit breaker auxiliary contact

(52A := IN101).
With setting:
79RI := NOT 52A

the transition of the 52A Relay Word bit from logical 1to logical O (breaker
opening) initiates open interval timing. Setting 79RI looks for a logical O to
logical 1 transition, thus Relay Word bit 52A is inverted in the 79RI setting.

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

settings:
79RI := NOT 52A
79RIS := TRIP

the transition of the 52A Relay Word bit from logical 1 to logical O 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 to initiate open interval timing. With a long enough
setting of the Minimum Trip Duration Timer (TDURD), the TRIP Relay Word
bit still asserts to logical 1 when the circuit breaker opens (see Figure 4.44).

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

If circuit breaker status indication (52A) is slow, additional setting change
ULCL := O (unlatch close; refer to Figure 4.80 and accompanying
explanation) may need to be made when 79RI := NOT 52A. ULCL := O avoids
going to lockout prematurely for an instantaneous trip after an auto-reclose
by not turning CLOSE off until the circuit breaker status indication tells the
relay that the breaker is closed. The circuit breaker anti-pump circuitry
should take care of the TRIP and CLOSE being on together for a short
period of time.

Other Settings Considerations

In Example 4.20, the preceding additional setting example, the reclose initiate
setting (79RI) includes input IN101, which is connected to a 52a breaker auxil-
iary contact (52A :=1IN101).

79RI := NOT 52A

If a 52b breaker auxiliary contact is connected to input IN101 (52A := NOT
IN101), the reclose initiate setting (79RI) remains the same.

If no reclose initiate supervision is desired, make the following setting:
79RIS :=1 (numeral 1)

Setting 79RIS :=logical 1 at all times. Any time setting 79R1 detects a
logical O to logical 1 transition, the relay initiates open interval timing (unless
prevented by other means).

If the following setting is made:
79RI := 0 (numeral 0)
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reclosing never takes place (reclosing is never initiated). The reclosing relay is
effectively inoperative.

If the following setting is made:
79RIS := 0 (numeral 0)

reclosing never takes place (the reclosing relay goes directly to the lockout
state any time reclosing is initiated). The reclosing relay is effectively inopera-
tive.

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 illumi-
nates.

79DTL has a 1 second dropout time. This keeps the drive-to-lockout condition
up 1 second after 79DTL has reverted back to 79DTL :=logical 0. This is use-
ful for situations where both of the following conditions are true:

» Any of the trip and drive-to-lockout conditions are “pulsed”
conditions (e.g., the OPEN command Relay Word bit, OC,
asserts for only 1/4 cycle—refer to Factory Settings Example
on page 4.146).

» Reclose initiation is by the breaker contact opening (e.g., 79RI
:= NOT 52A—refer to Additional Settings Example on
page 4.145).

Then the drive-to-lockout condition overlaps reclose initiation and the
SEL-751 stays in lockout after the breaker trips open.

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 Reclosing Relay Shot Counter on page 4.144).

EXAMPLE 4.21 Factory Settings Example

The drive-to-lockout factory setting is:
79DTL := 0C OR SV04T

Relay Word bit OC asserts for execution of the OPEN command. See the Note
in the lockout state discussion, following Table 4.53.

Relay Word bit SVO4T asserts for execution of the OPEN command from the
front-panel pushbutton (see Table 8.4 for more detail).

The drive-to-last shot factory setting is:

79DLS :=T9L0
One open interval is also set in the factory settings, resulting in last shot = 1.
Any time the relay is in the lockout state (Relay Word bit 79L0 = 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 =1):

79DLS :=T9L0 = logical1

Thus, the relay is driven to the lockout state (by setting 79DTL) and,
subsequently, last shot (by setting 79DLYS).

EXAMPLE 4.22 Additional Settings Example

To drive the relay to the lockout state for fault current greater than a
certain level when tripping (e.g., level of phase instantaneous
overcurrent element 50P3P), make settings similar to the following:

79DTL := TRIP AND 50P3P OR ...
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Additionally, if the reclosing relay should go to the lockout state for an
underfrequency trip, make settings similar to the following:

79DTL := TRIP AND 81IDIT OR ...

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 relay still goes to the lock-
out state (and to last shot) if an entire automatic reclose sequence is unsuc-
cessful.

Overall, settings 79DTL or 79DLS are necessary to take the relay to the lock-
out state (or to last shot) for immediate circumstances.

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

The skip shot setting 79SKP causes the relay to skip a reclose shot. Thus, the
relay skips an open interval time and uses the next open interval time instead.

If 79SKP = logical 1 at the instant of successful reclose initiation (see preced-
ing 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 4.55). If the new shot is the “last shot,” no open inter-
val timing takes place, and the relay goes to the lockout state if the circuit
breaker is open (see Lockout State on page 4.139).

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 4.55). 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 Lockout State on page 4.139).

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. Use the OPTMN Relay Word bit to monitor open interval timing
(see Monitoring Open Interval and Reset Timing on page 4.143).

EXAMPLE 4.23 Factory Settings Example

The skip shot function is not enabled in the factory settings:
79SKP := 0 (numeral O)

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 1still), the 79SKP setting is still processed. Once the trip
condition goes away (Relay Word bit TRIP = logical 0), open interval timing
can proceed.
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EXAMPLE 4.24 Additional Settings Example 1

With skip shot setting:
79SKP := 50P2P AND SHO

if shot = O (Relay Word bit SHO = logical 1) and phase current is greater than
the phase instantaneous overcurrent element 50P2 threshold (Relay Word
bit 50P2P = logical 1), at the instant of successful reclose initiation, the shot
counter is incremented from shot = O to shot = 1. Then, open interval 1 time
(setting 7901) is skipped, and the relay times on the open interval 2 time
(setting 79012) instead.

Table 4.56 Open Interval Time Example Settings

Correspondin Correspondin e e
Shot p q P 9 Example Setting
Relay Word Bit Open Interval
(seconds)
0 SHO 79011 0.50
1 SH1 79012 10

In Table 4.56, note that the open interval 1time (setting 79011) is a short
time, while the following open interval 2 time (setting 79012) is significantly
longer. For a high magnitude fault (greater than the phase instantaneous
overcurrent element 50P2 threshold), open interval 1time is skipped, and
open interval timing proceeds on the following open interval 2 time.

Once the shot is incremented to shot =1, Relay Word bit SHO = logical O and
then setting 79SKP = logical O, regardless of Relay Word bit 50P2P.

EXAMPLE 4.25 Additional Settings Example 2

If you use the SEL-751 Relay on a feeder with a line-side independent power
producer (cogenerator), the utility should not reclose into a line still
energized by an islanded generator. To monitor line voltage and block
reclosing, connect a line-side single-phase potential transformer to channel
VS on the SEL-751 as shown in Figure 4.86.

Generator

Bus1
R F—T——---------
fkiﬁj\ 1-Phase
SEL-751
IA, 1B, IC
8 8 VA, VB, VC VS
3-Phase

Figure 4.86 Reclose Blocking for Islanded Generator
If the line is energized, channel VS overvoltage element 5951 can be
set to assert. Make the following setting:
TOSTL := 59S10R ...

If line voltage is present, Relay Word bit 59S1 asserts, stalling open interval
timing (reclose block). If line voltage is not present, Relay Word bit 5951
deasserts, allowing open interval timing to proceed (unless some other set
condition stalls open interval timing).

EXAMPLE 4.26 Additional Settings Example 3

Refer to Figure 4.83 and accompanying setting example, showing an
application for setting 79STL.
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Other Settings Considerations

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

T9SKP := 0 (numeral 0)
T9STL := 0 (numeral 0)

Block Reset Timing Setting (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:

7T9RSD (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 does not begin timing again until 79BRS deasserts
to:

79BRS = logical 0

When reset timing starts again, the reset timer is fully loaded. Thus, successful
reset timing has to be continuous. Use the RSTMN Relay Word bit to monitor
reset timing (see Monitoring Open Interval and Reset Timing on page 4.143).

EXAMPLE 4.27 Factory Settings Example

The reset timing is blocked if Relay Word bit TRIP is asserted, regardless of
the reclosing relay state:

79BRS := TRIP

EXAMPLE 4.28 Additional Settings Example 1

The block reset timing setting is:
79BRS := (51P1P OR 51G1P) AND 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 4.84 and Table 4.53).

When the relay is in the reset or lockout states, Relay Word bit 79CY is
deasserted to logical O. 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 51P1 pickup
(51P1P) asserts momentarily]. But, this assertion has no effect on reset
timing because the relay is in the lockout state (79CY = logical O). The relay
times immediately on reset time 79RSLD and takes the relay from the
lockout state to the Reset State with no additional delay because 79BRS is
deasserted to logical O.

When the relay is in the Reclose Cycle State, Relay Word bit 79CY is
asserted to logical 1. Thus, the example 79BRS setting can function to block
reset timing if time-overcurrent pickup 51P1P or 51G1P is picked up while the
relay is in the Reclose Cycle State. This helps prevent repetitive “trip-
reclose” cycling.
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EXAMPLE 4.29 Additional Settings Example 2

If the block reset timing setting is:
79BRS := 51P1P OR 51G1P

then reset timing is blocked if time-overcurrent pickup 51P1P or 51G1P is
picked up, regardless of the reclosing relay state.

Sequence Coordination Setting (79SEQ)

SEL-751 Relay

The sequence coordination setting 79SEQ keeps the relay in step with a down-
stream line recloser in a sequence coordination scheme, which prevents over-
reaching SEL-751 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 previous two conditions are both true, and a set over-
current 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 4.87) has operated to
clear a fault. Incrementing the shot counter keeps the SEL-751 “in step” with
the downstream device, as is shown in Additional Settings Example I on
page 4.150 and Additional Settings Example 2 on page 4.152.

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 = O after the reset timer
times out. Reset timing is subject to SELOGIC control equation setting 79BRS
(see Block Reset Timing Setting (79BRS) on page 4.149).

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.

EXAMPLE 4.30 Factory Settings Example

Sequence coordination is not enabled in the factory settings:
79SEQ:=0

EXAMPLE 4.31 Additional Settings Example 1

With sequence coordination setting:
79SEQ := T9RS AND 51P1P

sequence coordination is operable only when the relay is in the Reset State
(79RS = logical 1). Refer to Figure 4.87 and Figure 4.88.
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SEL-751 Line Recloser é
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(Line Recloser)

51PIT
(SEL-751)

/

Fast Curve
(Line Recloser)
51PI IF I
Figure 4.87 Sequence Coordination Between the SEL-751 and a Line

Recloser

Assume 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-751 phase time-overcurrent element 51P1T is coordinated
with the line recloser fast curve. The SEL-751 single-phase time-overcurrent
elements 51AT, 51BT, and 51CT are coordinated with the line recloser slow
curve.

@ ® @ ® O] ® O]
bt ' + | +
T9SEQ := T9RS AND 51PIP l_l I—\ m

|
1
Shot Counter 0 =El >
1
1
1

SHO
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® Fault occurs beyond line recloser; @ fault cleared by line recloser fast curve; @ line recloser recloses into fault;
® fault cleared by line recloser slow curve.

Figure 4.88 Operation of SEL-751 Shot Counter for Sequence Coordination With Line Recloser (Additional
Settings Example 1)

If the SEL-751 is in the Reset State (79RS = logical 1) and then a
permanent fault beyond the line recloser occurs (fault current I in
Figure 4.87), the line recloser fast curve operates to clear the fault.
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NOTE: Sequence coordination can
increment the shot counter beyond
last shot in this example (last shot = 2
in this factory setting example) but no
further than shot = 4.

The following Example 2 limits
sequence coordination shot counter
incrementing.

SEL-751 Relay

The SEL-751 also sees the fault. The phase time-overcurrent pickup
51P1P asserts and then deasserts without tripping, incrementing the
relay shot counter from:

shot = O to shot =1

When the line recloser recloses its circuit breaker, the line recloser fast
curve operates again to clear the fault. The SEL-751 also sees the fault
again. The phase time-overcurrent pickup 51P1P asserts and then deasserts
without tripping, incrementing the relay shot counter from:

shot =1to 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 relay does not operate on its faster-set
phase time-overcurrent element 51P1 (51P1T is “below" the line recloser
slow curve) because the shot counter is now at shot = 2. For this sequence
coordination scheme, the SELoGIC control equation trip equation is:

TR := 51P1T AND (SHO OR SH1) OR 51AT OR 51BT OR 51CT

With the shot counter at shot = 2, Relay Word bits SHO (shot = 0) and SH1
(shot =1) are both deasserted to logical O. This keeps the 51PT phase time-
overcurrent element from tripping. The 51P1T phase time-overcurrent
element is still operative, and its pickup (51P1P) 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 SHO and SH1 both are deasserted to logical O.

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

EXAMPLE 4.32 Additional Settings Example 2

Review preceding Example 1.

Assume that the line recloser in Figure 4.87 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-751is set to operate once on 51P1T and then twice on
51AT, 51BT, or 51CT for faults between the SEL-751 and the line recloser. This
results in the following trip setting:

TR := 51P1T AND SHO OR 51AT OR 51BT OR 51CT

This requires that two open interval settings be made (see Table 4.54 and
Figure 4.85). This corresponds to the last shot being:

last shot =2

If the sequence coordination setting is:
79SEQ := T9RS AND 51P1P

and there is a permanent fault beyond the line recloser, the shot counter of
the SEL-751 increments all the way to shot = 4 (see Figure 4.88). If there is a
coincident fault befween the SEL-751 and the line recloser, the SEL-751 trips
and goes 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:
79SEQ := T9RS AND 51P1P AND SHO

Refer to Figure 4.89.

If the SEL-751 is in the Reset State (79RS = logical 0) with the shot counter
reset (shot = O; SHO = logical 1) and then a permanent fault beyond the line
recloser occurs (fault current I in Figure 4.87), the line recloser fast curve
operates to clear the fault. The SEL-751 also sees the fault. The phase time-
overcurrent pickup 51P1P asserts and then deasserts without tripping,
incrementing the relay shot counter from:

shot = 0 to shot =1

Now the SEL-751 cannot operate on its faster-set phase time-overcurrent
element 51P1T because the shot counter is at shot =1 (SHO = logical 0):

TR := 51P1T AND SHO OR 51AT OR 51BT OR 51CT = (logical 0) OR 51AT OR
51BT OR 51CT
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® Fault occurs beyond line recloser; @ fault cleared by line recloser fast curve; @ line recloser recloses into fault;

® fault cleared by line recloser slow curve.

Figure 4.89 Operation of SEL-751 Shot Counter for Sequence Coordination With Line Recloser (Additional

Settings Example 2)

Demand Metering

Date Code 20170927

The line recloser continues to operate for the permanent fault beyond it, but
the SEL-751 shot counter does not continue to increment. Sequence
coordination setting 79SEQ is effectively disabled by the shot counter
incrementing from shot = O to shot = 1.

79SEQ := T9RS AND 51P1P AND (logical 0) = Logical 0
The shot counter stays at shot = 1.

Thus, if there is a coincident fault between the SEL-751 and the line recloser,
the SEL-751 operates on 51AT, 51BT, or 51CT and then recloses 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 = O 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 =1as shown in Figure 4.89.

Reclose Supervision Setting (7T9CLS)

See Reclose Supervision Logic on page 4.131.

The SEL-751 provides demand and peak demand metering, selectable
between thermal and rolling demand types, for the following values:

» [A, IB, IC, phase currents (A primary)

» IG Residual ground current
(A primary; IG =310 = 1A + IB + IC)

» 312 Negative-sequence current (A primary)

Table 4.57 shows the demand metering settings. Also refer to Section 5:
Metering and Monitoring and Section 7: Communications for other related
information for the demand meter.
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Table 4.57 Demand Meter Settings

n . Setting Name :=
Setting Prompt Setting Range Factory Default
ENABLE DEM MTR THM, ROL EDEM := THM
DEM TIME CONSTNT 5, 10, 15, 30, 60 min DMTC =5
PH CURR DEM LVL OFF, 0.50-16.00 A® PHDEMP := 5.00*

OFF. 0.10-3.20 A ® PHDEMP :=1.00 b
RES CURR DEM LVL OFF, 0.50-16.00 A? GNDEMP := 1.00*
OFF,0.103.2 A" GNDEMP := 0.20°
312 CURR DEM LVL OFF, 0.50-16.00 A? 312DEMP := 1.00%
OFF, 0.10-3.2 A ® 312DEMP := 0.20°

@ For Iyom = 5 A.
P For Iyom = 1A

The demand current level settings are applied to demand current meter outputs
as shown in Figure 4.90.

Demand Current

Pickup Settings
Analog (A Secondary)
Quantities - Relay
Instantaneous _ gl?r”r]ear?tds PHDEMP V\éqtrd
Currents Demand Function PRSI Maximam h 1ts
IAD C t PHDEM
IA ——————Thermal (EDEM = THM) > Eg[ﬁg +
or
Rolling (EDEM =RoL) | ___ 120
Reset o ICD
Demand
Demand Function =
IGD CNDEMP GNDEM
16 » Thermal (EDEM = THM) +
(residual) or
Rolling (EDEM = ROL)
Reset
Demand
Demand Function =
312D 3loDEMP 312DEM
312 - Thermal (EDEM = THM) +
or
Serial Port Rolling (EDEM = ROL)
Command f Reset
METRD Demand

Figure 490 Demand Current Logic Outputs

For example, when residual ground demand current IGD exceeds correspond-
ing demand pickup GNDEMP, Relay Word bit GNDEM asserts to logical 1.
Use these demand current logic outputs (PHDEM, GNDEM, and 312DEM) to
alarm for high loading or unbalance conditions.

The demand values are updated approximately once a second. The relay stores
peak demand values to nonvolatile storage every six hours (it overwrites the
previous stored value if it is exceeded). Should the relay lose control power, it
restores the peak demand values saved by the relay.

Demand metering peak recording is momentarily suspended when SELOGIC
control equation setting FAULT is asserted (= logical 1). The differences between
thermal and rolling demand metering are explained in the following discussion.
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Comparison of Thermal and Rolling Demand Meters

The example in Figure 4.91 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 an instantaneous level of 1.0 per unit (a “step”).

Step Current

Input
ned 05 —

Instantaneous Current (per unit)

0——"-- I T -

| .
0 5 10 15 Time
(Minutes)

Thermal Demand
Meter Response

(EDEM = THM) 05

Thermal Demand Current (per unit)

-

Time
(Minutes)

3]
IS

S e R

]

J re——DMTC = 15 minutes ——1

Rolling Demand K

Meter Response
(EDEM = ROL)

. [ —

Rolling Demand Current (per unit)

Time
(Minutes)

Figure 4.91 Response of Thermal and Rolling Demand Meters to a Step Input
(Setting DMTC = 15 minutes)
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A—————————————
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5
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Thermal Demand Meter Response

The response of the thermal demand meter in Figure 4.91 (middle) to the step
current input (top) is analogous to the series RC circuit in Figure 4.92.

R

Figure 4.92 Voltage VS Applied to Series RC Circuit

In the analogy:

Voltage VS in Figure 4.92 corresponds to the step current input in
Figure 4.91 (top).

Voltage VC across the capacitor in Figure 4.92 corresponds to the
response of the thermal demand meter in Figure 4.91 (middle).

If voltage VS in Figure 4.92 has been at zero (VS = 0.0 per unit) for some
time, voltage VC across the capacitor in Figure 4.92 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 4.90 (middle) to the step cur-
rent input (top).

In general, as voltage VC across the capacitor in Figure 4.92 cannot change
instantaneously, the thermal demand meter response is not immediate either
for the increasing or decreasing applied instantaneous current. The thermal
demand meter response time is based on the demand meter time constant set-
ting DMTC (see Table 4.57). Note that in Figure 4.91, 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, refer-
enced to when you first apply the step current input.

The SEL-751 updates thermal demand values approximately every second.

Rolling Demand Meter Response

The response of the rolling demand meter in Figure 4.91 (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 (see Table 4.57). Note in Figure 4.91, 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.

The rolling demand meter integrates the applied signal (e.g., step current)
input in five-minute intervals. The integration is performed approximately
every second. The average value for an integrated five-minute interval is
derived and stored as a five-minute total. The rolling demand meter then
averages a number of the five-minute totals to produce the rolling demand
meter response. In the Figure 4.91 example, the rolling demand meter

Instruction Manual Date Code 20170927



Date Code 20170927

Protection and Logic Functions
Group Settings (SET Command)

averages the three latest five-minute totals because setting DMTC = 15
(15/5 = 3). The rolling demand meter response is updated every five minutes,
after a new five-minute total is calculated.

The following is a step-by-step calculation of the rolling demand response

example in Figure 4.91 (bottom).

Time = 0 Minutes. Presume that the instantaneous current has been at zero
for quite some time before “Time = 0 minutes” (or the demand meters were
reset). The three five-minute intervals in the sliding time-window at “Time = 0
minutes” each integrate into the following five-minute totals:

Five-Minute Totals

Corresponding Five-Minute Interval

0.0 per unit
0.0 per unit

0.0 per unit

0.0 per unit

—15 to —10 minutes
—10 to -5 minutes

-5 to 0 minutes

Rolling demand meter response at “Time = 0 minutes” = 0.0/3 = 0.0 per unit.

Time = 5 Minutes. The three five-minute intervals in the sliding time-win-
dow at “Time = 5 minutes” each integrate into the following five-minute

totals:

Five-Minute Totals

Corresponding Five-Minute Interval

0.0 per unit
0.0 per unit

1.0 per unit

1.0 per unit

—10 to -5 minutes
-5 to 0 minutes

0 to 5 minutes

Rolling demand meter response at “Time = 5 minutes” = 1.0/3 = 0.33 per unit.

Time =10 Minutes. The three five-minute intervals in the sliding time-win-
dow at “Time = 10 minutes” each integrate into the following five-minute

totals:

Five-Minute Totals

Corresponding Five-Minute Interval

0.0 per unit
1.0 per unit

1.0 per unit

2.0 per unit

-5 to 0 minutes
0 to 5 minutes

5 to 10 minutes

Rolling demand meter response at “Time = 10 minutes” = 2.0/3 = 0.67 per unit.
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Time = 15 Minutes. The three five-minute intervals in the sliding time-window
at “Time = 15 minutes” each integrate into the following 5-minute totals:

Five-Minute Totals Corresponding Five-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.

Logic Settings (SET L Command)

SELocIc Enables

Latch Bits

SEL-751 Relay

The following discussion lists the settings associated with latches, timers,
counters, math variables, and output contacts.

Table 4.58 shows the enable settings for latch bits (ELAT), SELOGIC control
equations (including timers) (ESV), Counters (ESC), and math variable equa-
tions (EMV). This helps limit the number of settings that you need to make.
For example, if you need six timers, only enable six timers.

Table 4.58 Enable Settings

Setting Prompt Setting Range Default Setting
SELoOGIC Latches N, 1-32 ELAT :=4
SV/Timers N, 1-32 ESV =5
SELoGIC Counters N, 1-32 ESC:=N

Math Variables N, 1-32 EMV =N

Latch control switches (latch bits are the outputs of these switches) replace
traditional latching devices. Traditional latching devices maintain output con-
tact state. The SEL-751 latch control switch also retains state even when
power to the device is lost. If the latch control switch is set to a programmable
output contact and power to the device is lost, the state of the latch control
switch is stored in nonvolatile memory, but the device de-energizes the output
contact. When power to the device is restored, the programmable output con-
tact returns to the state of the latch control switch after device initialization.
Traditional latching device output contact states are changed by pulsing the
latching device inputs (see Figure 4.93). Pulse the set input to close (set) the
latching device output contact. Pulse the reset input to open (reset) the latching
device output contact. The external contacts wired to the latching device inputs are
often from remote control equipment (e.g., SCADA, RTU).
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777777777

Traditional |
Latching —— Output 1
Relay Contact E

(-) ® L
Figure 493 Schematic Diagram of a Traditional Latching Device

Thirty-two latch control switches in the SEL-751 provide latching device
functionality. Figure 4.94 shows the logic diagram of a latch switch. The out-
put of the latch control switch is a Relay Word bit LTz (n = 01-32), called a

latch bit.
Relay
SELocIc Word
Setting Bits
SETn j—{H LTn

(Set) |—C
RSTn

(Reset)

(n = 01through 32)
Figure 4.94 Logic Diagram of a Latch Switch

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 RSTr assert to logical 1, setting RSTn has priority and latch bit LTn
deasserts to logical 0. You can use these latch bits in SELOGIC control equa-
tions to create custom logic for your application.

The SEL-751 includes 32 latches. Table 4.59 shows the SET and RESET
default settings for Latch 1 through Latch 4. The remaining latches are all set
to NA.

Table 4.59 Latch Bits Equation Settings

Settings Prompt | Setting Range | Setting Name := Factory Default

SETO1 SELoGIC SETO1 :=NA

RSTO1 SELoGIC RSTOI :=NA

SETO02 SELOGIC SETO02 := R_TRIG SV02T AND NOT LT02

RSTO2 SELOGIC RSTO02 := R_TRIG SV02T AND LT02

SET03 SELoOGIC SETO03 := PBO3_PUL AND LT02 AND NOT 52A

RSTO3 SELoGIC RSTO3 := (PBO3_PUL OR PB04_PUL OR
SV03T) AND LT03

SET04 SELOGIC SET04 := PB04_PUL AND 52A

RSTO04 SELoOGIC RSTO04 := (PBO3_PUL OR PB04_PUL OR
SV04T) AND LT04

SET32 SELOGIC SET32 :=NA

RST32 SELoGIC RST32 :=NA
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Latch Bits:
Nonvolatile State

Power LossS

The states of the latch bits (LTO1-LT32) are retained if power to the device is
lost and then restored. If a latch bit is asserted (e.g., LT02 := logical 1) when
power is lost, it is asserted (LTO2 := logical 1) when power is restored. If a
latch bit is deasserted (e.g., LT03 :=logical 0) when power is lost, it is deas-
serted (LTO3 :=logical 0) when power is restored.

Settings Change

If individual settings are changed, the states of the latch bits (Relay Word bits
LTO1 through LT32) are retained, as in the preceding Power Loss on

page 4.160 explanation. If the individual settings change causes a change in
SELOGIC control equation settings SETn or RSTrn (n = 1 through 32), the
retained states of the latch bits can be changed, subject to the newly enabled
settings SETn or RSTh.

Make Latch Control Switch Settings With Care

SELoaIc Control
Equation Variables/
Timers

SEL-751 Relay

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 a flash self-test failure. An average of 70 cumulative
latch bit state changes per day can be made for a 25-year device service life.

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 you use any optoisolated inputs in settings SETn and RSTn, the inputs each
have a separate debounce timer that can help in providing the necessary time
qualification.

Enable the number of SELOGIC control equations necessary for your applica-
tion. Only the enabled SELOGIC control equations appear for settings. Each
SELOGIC control equation variable/timer has a SELOGIC control equation set-
ting input and variable/timer outputs as shown in Figure 4.95. Timers SVO1T
through SV32T in Figure 4.95 have a setting range of 0.00-3000.00 seconds.
This timer setting range applies to both pickup and dropout times (SVaPU and
SVnDO, n =1 through 32).

Relay
SELOGIC Variable/ Word
Timer Input Settings Bits

\h——¢——————

SVnPU

> SWnT

SVnDO
Figure 4.95 SELocic Control Equation Variable/Timers SVO1/SVO1T-SV32T

You can enter as many as 15 elements per SELOGIC control equation, includ-
ing a total of 14 elements in parentheses (see Table 4.60 for more informa-
tion).
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SELocic Control Use the Boolean operators to combine values with a resulting Boolean value.
ti 0 t Edge trigger operators provide a pulse output. Combine the operators and
Equa lon uperators operands to form statements that evaluate complex logic. SELOGIC control

equations are either Boolean type or math type. Because you have already
used the equals sign (=) as an equality comparison, both Boolean type and
math type of SELOGIC control equation settings begin with an “assignment”
operator (:=) instead of with an equals sign.

Boolean SELOGIC control equation settings use logic similar to Boolean alge-
bra logic, combining Relay Word bits together with one or more of the Bool-
ean operators listed in Table 4.60. Math SELOGIC control equation settings
operate on numerical values, using one or more of the Mathematical operators
listed in Table 4.60. These numerical values can be mathematical variables or
actual real numbers.

The relay converts variables from decimal to integer before performing math
operations, i.e., scales it by multiplying by 128 followed by rounding. After
the math operations, the relay converts the result back from integer to decimal
by scaling the value down by 128 before reporting the results. This effectively
means that math calculations are rounded. See Example 4.33 for an explana-
tion on improving the accuracy of the math operations by managing the pro-
cessing order.

EXAMPLE 4.33 Improving the Accuracy of Math Operations

If MVOT1: = (60/4160) - 100,000, the relay performs the 60/4160 calculation
and scales it by 128, then rounds this up to a 2. The relay then multiplies it
by 100,000 and stores it as 200,000. When the number is reported it
divides out the scale factor (128) and reports 1562.5.

Alternately, If MVOT1 := (60 + 100,000) / 4160, the relay multiplies

(60 - 00,000) and then scales by 128 and then divides by 4160. This result is
then rounded and stored as 184,615. The relay then divides 184,615 by 128
and reports 1442.3.

Example 4.33 illustrates how important it is to avoid calculations where a
small number is divided by a large number followed by multiplication. It will
amplify the error significantly.

The executed result of a math SELOGIC control equation is stored in a math
variable. The smallest and largest values a math variable can represent are
—16777215.99 and +16777215.99, respectively. If the executed result exceeds
these limits, it is clipped at the limit value. For example, when the MVO01:=
executed result is —16777219.00, MVO01 is —16777215.99. Similarly, when the
MVO02 := executed result is +16777238.00, MVO02 is +16777215.99.

Comments can be added to both Boolean and math SELOGIC control equa-
tions by inserting a # symbol. Everything following the # symbol in a
SELOGIC control equation is treated as a comment. See Table 4.61 for this and
other Boolean and math operators and values.

Operator Precedence

When you combine several operators and operands within a single expression,
the SEL-751 evaluates the operators from left to right, starting with the high-
est precedence operators and working down to the lowest precedence. This
means that if you write an equation with three AND operators, for example
SVO01 AND SV02 AND SV03, each AND is evaluated from the left to the
right. If you substitute NOT SV04 for SV03 to make SVO1 AND SV02 AND
NOT SV04, the device evaluates the NOT operation of SV04 first and uses the
result in subsequent evaluation of the expression.
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Table 4.60 SELocic Control Equation Operators (Listed in Operator

Precedence)
Operator Function ::Jr:::i%:;\;z?c;?)oolean gadi
) parentheses Boolean and Mathematical
(highest precedence)
- negation Mathematical
NOT NOT Boolean
R_TRIG rising-edge trigger/detect Boolean
F_TRIG falling-edge trigger/detect Boolean
* multiply Mathematical
/ divide
+ add Mathematical
- subtract
<, >, <=, >= comparison Boolean
= equality Boolean
<> inequality
AND AND Boolean
OR OR Boolean (lowest precedence)

SEL-751 Relay

Parentheses Operator ()

You can use more than one set of parentheses in a SELOGIC control equation
setting. For example, the following Boolean SELOGIC control equation setting
has two sets of parentheses:

SV04 :=(SV04 OR IN102) AND (PBO1_LED OR RBO1)

In the previous example, the logic within the parentheses is processed first and
then the two parentheses resultants are ANDed together. Use as many as 14
sets of parentheses in a single SELOGIC control equation setting. The paren-
theses can be “nested” (parentheses within parentheses).

Math Negation Operator (-)
The negation operator — changes the sign of a numerical value. For example:
MVOI :=RBO1

When Remote bit RBO1 asserts, Math variable MVO01 has a value of 1, i.e.,
MVOI = 1. We can change the sign on MVO01 with the following expression:

MVO0I :=-1*RBO1

Now, when Remote bit RBO1 asserts, Math variable MVO01 has a value of -1,
ie., MVOl =-1.

Boolean NOT Operator (NOT)

Apply the NOT operator to a single Relay Word bit and to multiple elements
(within parentheses).

An example of a single Relay Word bit is as follows:
SVO01 := NOT RBO1
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When Remote bit RBO1 asserts from logical O to logical 1, the Boolean NOT
operator, in turn, changes the logical 1 to a logical 0. In this example, SVO01
deasserts when RBO1 asserts.

Following is an example of the NOT operator applied to multiple elements
within parentheses.

The Boolean SELOGIC control equation OUT101 setting could be set as fol-
lows:

OUT101 := NOT(RBO1 OR SV02)

If both RBO1 and SV02 are deasserted (= logical 0), output contact OUT101
asserts, i.e., OUT101 := NOT (logical 0 OR logical 0) = NOT (logical 0) =
logical 1.

In a Math SELOGIC control equation, use the NOT operator with any Relay
Word bits. This allows a simple if/else type equation, as shown in the
following example.

MVOI :=12 * IN101 + (MVO1 + 1) * NOT IN101

The previous equation sets MVO01 to 12 whenever IN101 asserts, otherwise it
increments MVO01 by 1 each time the equation is executed.

Boolean Rising-Edge Operator (R_TRIG)

Apply the rising-edge operator, R_TRIG, to individual Relay Word bits only;
you cannot apply R_TRIG to groups of elements within parentheses. When
any Relay Word bit asserts (going from logical O to logical 1), R_TRIG inter-
prets this logical 0 to logical 1 transition as a “rising edge” and asserts to
logical 1 for one processing interval.

For example, the Boolean SELOGIC control equation event report generation
setting uses rising-edge operators:

ER := R_TRIG IN101 OR R_TRIG IN102

The rising-edge operators detect a logical 0 to logical 1 transition each time
one of IN101 or IN102 asserts. Using these settings, the device triggers a new
event report each time IN101 or IN102 asserts anew, if the device is not
already recording an event report. You can use the rising-edge operator with
the NOT operator as long as the NOT operator precedes the R_TRIG operator.
The NOT R_TRIG combination produces a logical O for one processing inter-
val when it detects a rising edge on the specified element.

Boolean Falling-Edge Operator (F_TRIG)

Apply the falling-edge operator, F_TRIG, to individual Relay Word bits only;
you cannot apply F_TRIG to groups of elements within parentheses. The fall-
ing-edge operator, F_TRIG, operates similarly to the rising-edge operator, but
operates on Relay Word bit deassertion (elements going from logical 1 to
logical 0) instead of Relay Word bit assertion. When the Relay Word bit deas-
serts, F_TRIG interprets this logical 1 to logical O transition as a “falling
edge” and asserts to logical 1 for one processing interval, as shown in

Figure 4.96.
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Figure 4.96 Result of Falling-Edge Operator on a Deasserting Input

F_TRIG IN101

You can use the falling-edge operator with the NOT operator as long as the
NOT operator precedes the F_TRIG operator. The NOT F_TRIG combination
produces a logical O for one processing interval when it detects a falling edge
on the specified element.

Math Arithmetic Operators (*, /, +, and -)

If you use Relay Word bits (which are effectively Boolean resultants, equal to
logical 1 or logical 0) in mathematical operations, the relay treats these as
numerical values 0 and 1, depending on whether the Relay Word bit is equal to
logical O or logical 1, respectively.

Boolean Comparison Operators (<, », <=, and >=)

Comparisons are mathematical operations that compare two numerical values,
with the result being a logical O (if the comparison is not true) or logical 1 (if
the comparison is true). Thus, what starts out as a mathematical comparison
ends up as a Boolean resultant. For example, if the output of a math variable is
greater than a certain value, an output contact is asserted:

OUT103 :=MVO01> 8

If the math variable (MVO1) is greater than 8 in value, output contact OUT103
asserts (OUT103 = logical 1). If the math variable (MVO01) is less than or
equal to 8 in value, output contact OUT103 deasserts (OUT103 = logical 0).

Boolean Equality (=) and Inequality (<>) Operators

Equality and inequality operators operate similar to the comparison operators.
These are mathematical operations that compare two numerical values, with
the result being a logical O (if the comparison is not true), or logical 1 (if the
comparison is true). Thus, what starts out as a mathematical comparison, ends
up as a Boolean resultant. For example, if the output of a math variable is not
equal to a certain value, an output contact is asserted:

OUTI102 := MVO01<> 45

If the math variable (MVO01) is not equal to 45 in value, output contact
OUT102 asserts (effectively OUT102 :=logical 1). If the math variable
(MVO01) is equal to 45 in value, output contact OUT102 deasserts (effectively
OUT102 := logical 0). Table 4.61 shows other operators and values that you
can use in writing SELOGIC control equations.
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Table 4.61 Other SELocic Control Equation Operators/Values

Function Type
S:ﬁjreator/ Function (Boolean and/or
Mathematical)
0 Set SELOGIC control equation directly to logical O Boolean
(XXX :=0)
1 Set SELOGIC control equation directly to logical 1 Boolean
(XXX :=1)
# Characters entered after the # operator are not Boolean and
processed and deemed as comments Mathematical
\ Indicates that the preceding logic should be Boolean and
continued on the next line (“\” is entered only at the | Mathematical
end of a line)

If the device loses power or settings change, the SELOGIC control equation
variables/timers reset. Relay Word bits SVn and SVaT (n = 01-32) reset to
logical O after power restoration or a settings change. Figure 4.97 shows an
effective seal-in logic circuit, created by the use of Relay Word bit SV07
(SELoGIC control equation variable SV07) in SELOGIC control equation
SVOT7:

SV07 = (SV07 OR OUT101) AND (OUT102 OR 0UT401)

SV06PU

SV06 —— # ouTiol
SV06D0
SVO7PU
\ 1
0UTIO! 8 SVo7 = e
L/ svoroo| N
0UTI02 Lo 0UTI03
) > T
ouT401 : 4J47
0UT401
T

Figure 4.97 Example Use of SELocIc Variables/Timers

The SEL-751 includes 32 SELOGIC variables. Table 4.62 shows the pickup,
dropout, and equation settings for SV/Timers.

Table 4.62 SELocic Variable Settings (Sheet 10f 2)

Setting Prompt Setting Range gi::urﬁ b E LA
SV TIMER PICKUP 0.00-3000.00 SVO1PU :=0.00
SV TIMER DROPOUT 0.00-3000.00 SV01DO :=0.00
SV INPUT SELOGIC SV01 :=NA

SV TIMER PICKUP 0.00-3000.00 SVO02PU :=3.00
SV TIMER DROPOUT 0.00-3000.00 SV02DO :=0.00
SV INPUT SELOGIC SV02 := PB02
SV TIMER PICKUP 0.00-3000.00 SVO03PU :=0.00
SV TIMER DROPOUT 0.00-3000.00 SV03DO :=0.00
SV INPUT SELOGIC SV03 :=LT03
SV TIMER PICKUP 0.00-3000.00 SVO04PU :=0.00
SV TIMER DROPOUT 0.00-3000.00 SV04DO :=0.00
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Counter Variables

NOTE: These counter elements
conform to the standard counter
function block #3 in IEC 1131-3 First
Edition 1993-03 International
Standard for Programmable
controllers—Part 3: Programming
languages.

NOTE: If setting SCnnCD is set to NA,

the entire counter nn is disabled.

NOTE: If setting SCnnCU is set to NA,

the counter counts downwards only.

SEL-751 Relay

Table 4.62 SELocIic Variable Settings (Sheet 2 of 2)

Setting Prompt Setting Range gz::':lg I R

SV INPUT SELoOGIC SV04 :=LT04

SV TIMER PICKUP 0.00-3000.00 SVO5PU :=0.25

SV TIMER DROPOUT 0.00-3000.00 SVO05DO :=0.25

SV INPUT SELOGIC SV05 := (PB02 OR LT03 OR
LT04) AND NOT SVO5T

The pickup times of 0 for the SVO3PU and SV04PU settings shown previ-
ously provide immediate Close and Trip actions from front-panel pushbuttons.
For a delayed Close, set SVO3PU to the desired delay. Similarly, set SVO4PU
for a delayed Trip action. See Table 8.4 for more detail.

SELOGIC counters are up- or down-counting elements, updated every
processing interval.

Each counter element consists of one count setting, four control inputs, two
digital outputs, and one analog output. Figure 4.98 shows Counter 01, the first
of 32 counters available in the device.

Counter 01
SCotPY — Output
SELoclIc ScoiQu
SCOIR — SCo10D
SCOILD —
SCO1ICU — SCO1
SCOICD —|

Figure 4.98 Counter O1

Digital output SC01QD asserts when the counter is at position zero, and Digi-
tal output SCO1QU asserts when the counter reaches the programmable count
value. Use the reset input (SCO1R) to force the count to zero, and the analog
output (SCnn) with analog comparison operators. Table 4.63 describes the
counter inputs and outputs, and Table 4.64 shows the order of precedence of
the control inputs.

Table 4.63 Counter Input/Output Description (Sheet 1 of 2)

Name Type Description

SCnnLD | Active High Input Load counter with the preset value to assert the out-
put (SCnQU) (follows SELOGIC setting).

SCnnPV Input Value This Preset Value is loaded when SCrLD pulsed.
This Preset Value is the number of counts before the
output (SCnQU) asserts (follows SELOGIC setting).

SCnnCU [ Rising-Edge Input Count Up increments the counter (follows SELOGIC

setting).

SCnnCD | Rising-Edge Input Count Down decrements the counter (follows

SELOGIC setting).

SCnnR Active High Input Reset counter to zero (follows SELOGIC setting)
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Table 4.63 Counter Input/Output Description (Sheet 2 of 2)

Name Type Description

SCnnQU | Active High Output | This Q Up output asserts when the Preset Value
(maximum count) is reached (SCn = SCnPV, n =01
to 32).

SCnnQD [ Active High Output | This Q Down output asserts when the counter is
equal to zero (SCn =0, n =01 to 32).

SCnn Output Value This counter output is an analog value that you can
use with analog comparison operators in a SELOGIC
control equation and view using the COU command.

Table 4.64 Order of Precedence of the Control Inputs

Order Input

1 SCnnR

2 SCnnlLD
3 SCnnCU
4 SCnnCD

Figure 4.99 shows an example of the effects of the input precedence, with
SCO1PV set to 7. The vertical dashed line indicates the relationship between
SCO1CU first being seen as a rising edge and the resultant outputs. This indi-
cates that there is no intentional lag between the control input asserting and
the count value changing. Most of the pulses in the diagram are on every sec-
ond processing interval. The “one processing interval” valley is an example
where the CD and CU pulses are only separated by one processing interval.

SELoaic
Settings
SCOIR 1 [ 1 1
SCOILD L
SCOICU I LNUuwLIn 1 REREQiN

-

scoicp — ¢ AL Ui U P e

One Proces?inq Interval

Setting
SCOIPV =7 —-mmdlomm oo Y _ITizeme
Analog

SCo1

[SENNFRENTEN

Relay
Word
Bits
SCO1QU
SCo1QD I

Figure 499 Example of the Effects of the Input Precedence

%
i

The shaded areas illustrate the precedence of the inputs:
» When SCO1R is asserted, the SCOILD input is ignored.

» When SCO1R or SCO1LD is asserted, rising edges on the
SCO01CU or SCO1CD inputs are ignored.

Date Code 20170927 Instruction Manual SEL-751Relay



4.168

Protection and Logic Functions
Logic Settings (SET L Command)

Output Contacts

NOTE: When an output contact is not
used for a specific function you must
set the associated SELoGIc control
equation to either O or 1.

NOTE: Fast hybrid contacts are
designed for fast closing (50 us) only.
Fail-safe mode operating time (time
to open the contacts) for fast hybrid
contacts is <8 ms (same time as for a
normal output contact).

NOTE: Four digital outputs in Slot D
are shown. The outputs in Slots € and
E have similar settings.

SEL-751 Relay

» When input SCO1CU has a rising edge, a rising edge on
SCO1CD is ignored (unless SCO1 is already at the maximum
value SCO1PV (=7), in which case SCO1CU is ignored, and the
SCO1CD is processed). An example of this exception appears
in the previous diagram, just before the “one processing
interval” notation.

A maintained logical 1 state on the SCO1CU or SCO1CD inputs is ignored
(after the rising edge is processed). A rising edge received on the SCO1CU or
SCO1CD inputs is ignored when the SCOIR or SCO1LD inputs are asserted.

A maintained logical 1 on the SCO1CU or SCO1CD inputs does not get treated
as a rising edge when the SCO1R or SCO1LD input deasserts.

The same operating principles apply for all of the counters: SCO1-SCmm,
where mm = the number of enabled counters. When a counter is disabled by
setting, the present count value is forced to 0 (SCnn := 0), causing Relay Word
bit SCnnQD to assert (SCnnQD := logical 1), and Relay Word bit SCnnQU to
deassert (SCnnQU :=logical 0).

Table 4.65 Control Output Equations and Contact Behavior Settings

Setting Prompt Setting Range Setting Name := Factory Default

OUT101 FAIL-SAFE Y,N OUTI01FS :=Y

OUT101 SELoGIC OUT101 := HALARM OR SALARM

OUT102 FAIL-SAFE Y, N OUTI102FS :=N

OUT102 SELoGIC OUT102 := CLOSE

OUT103 FAIL-SAFE Y,N OUTI103FS :=N

OUT103 SELoGIC OUT103 := TRIP

OUT401 FAIL-SAFE Y, N OUT401FS :=N
OoUT401 SELogcIC OouUT401 :=0
OUT402 FAIL-SAFE Y, N OUT402FS :=N
0ouT402 SELogGIC OUT402 :=0
OUT403 FAIL-SAFE Y, N OUT403FS :=N
OouUT403 SELogcIC OUT403 :=0
OUT404 FAIL-SAFE Y, N OUT404FS :=N
OuUT404 SELogGIC OUT404 :=0

The SEL-751 provides the ability to use SELOGIC control equations to map
protection (trip and warning) and general-purpose control elements to the out-
puts. In addition, you can enable fail-safe output contact operation for relay
contacts on an individual basis.
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If the contact fail-safe is enabled, the relay output is held in its energized posi-
tion when relay control power is applied. The output falls to its de-energized
position when control power is removed. Contact positions with de-energized
output relays are indicated on the relay chassis and in Figure 2.15 and

Figure 2.16.

When TRIP output fail-safe is enabled and the TRIP contact is appropriately
connected (see Figure 2.19), the breaker is automatically tripped when relay
control power fails.

MIRRORED BITS See Appendix J: MIRRORED BITS Communications and SEL-751 Settings

. Sh for details.
Transmit SELoGIC cets Tor qetalls
Control Equations

Global Settings (SET G Command)

General Settings Table 4.66 General Global Settings
Setting Prompt Setting Range Setting Name := Factory Default
PHASE ROTATION ABC, ACB PHROT := ABC
RATED FREQ. 50, 60 Hz FNOM := 60
DATE FORMAT MDY, YMD, DMY [ DATE_F := MDY
MET CUTOFF THRES | Y,N METHRES =Y
FAULT CONDITION SELOGIC FAULT := 50G1P OR 50N1P OR
51P1P OR 51QP OR 50Q1P OR TRIP

The phase rotation setting tells the relay your phase labeling standard. Set
PHROT equal to ABC when B-phase current lags A-phase current by 120
degrees. Set PHROT equal to ACB when B-phase current leads A-phase cur-
rent by 120 degrees.

C B

PHROT = ABC PHROT = ACB

B
Figure 4.100 Phase Rotation Setting

Set the FNOM setting equal to your system nominal frequency. The DATE_F
setting allows you to change the relay date presentation format to the North
American standard (Month/Day/Year), the engineering standard (Year/
Month/Day), or the European standard (Day/Month/ Year).
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Event Messenger
Points

The METHRES setting governs how various metering functions behave when
the metered value is smaller than a fixed threshold. Refer to Small Signal Cut-
off for Metering on page 5.14 for more details.

Set the SELOGIC control equation FAULT to temporarily block maximum and
minimum metering, energy metering, and demand metering.

You can configure the SEL-751 to automatically send an ASCII message on a
communications port when the trigger condition is satisfied. Use the SET P

command to set PROTO := EVMSG on the desired port to select that port.
This feature is designed to send messages to the SEL-3010 Event Messenger,
however, you can use any device capable of receiving ASCII messages.

Table 4.67 Event Messenger Settings

. . Setting Name :=
Setting Prompt Setting Range Factory Default
EVE MSG PTS ENABL N, 1-32 EMP =N
MESSENGER POINT Off, 1 Relay Word bit MPTRO1 := OFF
MPO1 TRIGGER
MESSENGER POINT None, 1 analog quantity MPAQO1 := NONE
MPO1 AQ
MESSENGER POINT 148 characters MPTXOI :=
MPO1 TEXT
MESSENGER POINT Off, 1 Relay Word bit MPTR32 := OFF
MP32 TRIGGER
MESSENGER POINT None, 1 analog quantity MPAQ32 := NONE
MP32 AQ
MESSENGER POINT 148 characters MPTX32 =
MP32 TEXT

Set EMP to enable the number of message points you want.

Set each of MPTRxx (xx = 01-32) to the desired Relay Word bit, the rising
edge of which defines the trigger condition.

MPAQxx is an optional setting that you can use to specify an analog quantity
to be formatted into a single message as described next.

Use MPTXxx to construct the desired message. Note that by default the analog
quantity value, if specified, is added at the end of the message, rounded to the
nearest integer value (see Example 4.34).
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EXAMPLE 4.34 Setting MPTXxx Using the Default Location of

Analog Quantity
MPTXO1:= THE LOAD CURRENT IS
MPAQO1 value =157.44
Formatted message out when triggered: THE LOAD CURRENT IS 157
Location and resolution of the analog quantity value within the message
can be specified by using "%.pf",
where
% defines location of the value
p defines number of digits (as many as 6, defaults to 6 if
omitted)
f indicates floating point value (use %d if nearest whole
number is desired)

EXAMPLE 4.35 Setting MPTXxx With a Specified Location of

Analog Quantity
MPTXO1:= THE LOAD CURRENT IS %.2f AMPERES
MPAQO1 value =157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157.44
AMPERES

MPTXO01:= THE LOAD CURRENT IS %d AMPERES
MPAQOT1 value =157.44

Formatted message out when triggered: THE LOAD CURRENT IS 157
AMPERES

Table 4.68 Setting Group Selection

Setting Prompt Setting Range ?:;:::_3 ';:rf:z;:
GRP CHG DELAY 0400 sec TGR :=3
SELECT GROUP1 SELoOGIC SS1:=1
SELECT GROUP2 SELoGIC S$S2:=0
SELECT GROUP3 SELocIC S$S3:=0
SELECT GROUP4 SELoOGIC SS4:=0

The TGR setting defines the amount of time that the SS1, SS2, SS3, and SS4
SELOGIC control equation logic results must remain stable before the relay
enables a new setting group. Typically, a one-second delay is sufficient.

SS1, SS2, SS3, and SS4 are SELOGIC control equations that help define when
settings Groups 1, 2, 3, and 4 are active. With the settings shown previously,
SS1 is set equal to logical 1, thus setting Group 1 always is active.

Table 4.69 LEA Ratio and Phase Correction Settings for Phase Voltages

Setting Prompt Setting Range Setting Name := Factory Default
VA RATIO CORRECT 0.500-1.500 VARCEF := 1.000

VB RATIO CORRECT | 0.500-1.500 VBRCF := 1.000

VC RATIO CORRECT | 0.500-1.500 VCRCEF := 1.000

VA ANGLE CORRECT | -10.0 to 10.0 deg VAPAC :=0.0

VB ANGLE CORRECT | -10.0 to 10.0 deg VBPAC := 0.0

VC ANGLE CORRECT | -10.0 to 10.0 deg VCPAC :=0.0
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Table 4.70 LEA Ratio and Phase Correction Settings for Synchronism-Check

Voltage
Setting
Setting Prompt Setting Range Name := Factory
Default
VS RATIO CORRECT 0.500-1.500 VSRCEF := 1.000
VS ANGLE CORRECT —10.0 to 10.0 deg VSPAC :=0.0

The LEA ratio correction factor (RCF) settings—VARCEF, VBRCF, VCRCEF,
and VSRCF—compensate for irregularities (on a per-phase basis) of voltage
dividers connected between the primary voltage system and the corresponding
LEA inputs. The LEA phase correction (PAC) settings—VAPAC, VBPAC,
VCPAC, and VSPAC—compensate for the phase shift on the corresponding
channels caused by the voltage divider and the shielded cable bringing the
voltages to the SEL-751. Refer to Ratio Correction Factors (RCF) for Voltage
Inputs on page 4.8 for the discussion on the RCF and PAC settings.

The SEL-751 provides Phasor Measurement Control Unit (PMCU) capabili-
ties when connected to an IRIG-B time source. See Appendix I:
Synchrophasors for the description and Table I.1 for the settings.

Synchrophasor
Measurement

The SEL-751 supports several methods of updating the relay time and date.
For IRIG-B and Phasor Measurement Unit (PMU) synchrophasor applica-
tions, refer to Appendix I: Synchrophasors for the description and Table I.1 for
the settings. For SNTP applications, refer to Simple Network Time Protocol
(SNTP) on page 7.14. For time update from a DNP Master, see Time Synchro-
nization on page D.9.

Time and Date
Management Settings

Table 4.71 shows the time and date management settings that are available in
the Global settings.

Table 4.71 Time and Date Management Settings

Setting Name :=

SEL-751 Relay

Setting Description

Setting Range

Factory Default

IRIG-B Control Bits Definition
Offset From UTC

Month To begin DST
Week Of The Month To Begin DST
Day Of The Week To Begin DST

Local Hour To Begin DST
Month To End DST

Week Of The Month To End DST
Day Of The Week To End DST

Local Hour To End DST

NONE, C37.118

—24.00 to 24.00 hours,
rounds up to nearest 0.25
hour

OFF, 1-12
1-3,L

SUN, MON, TUE, WED,
THU, FRI, SAT, SUN

0-23
1-12
1-3,L

SUN, MON, TUE, WED,
THU, FRI, SAT, SUN

0-23

IRIGC := NONE
UTC_OFF :=0.00

DST_BEGM := OFF
DST_BEGW =2
DST_BEGD := SUN

DST_BEGH =2
DST_ENDM :=11
DST_ENDW :=1
DST_ENDD := SUN

DST_ENDH :=2
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IRIGC

IRIGC defines whether IEEE C37.118 control bit extensions are in use. Con-
trol bit extensions contain information such as Leap Second, UTC time, Day-
light Savings Time, and Time Quality. When your satellite-synchronized clock
provides these extensions, your relay adjusts the synchrophasor time-stamp
accordingly.

» IRIGC := NONE ignores bit extensions

» JRIGC := C37.118 extracts bit extensions and corrects
synchrophasor time accordingly

Coordinated Universal Time (UTC) Offset Setting

The SEL-751 has a Global setting UTC_OFF, settable from —24.00 to 24.00
hours, in 0.25 hour increments. The relay also uses the UTC_OFF setting to
calculate local (relay) time from the UTC source when configured for Simple
Network Time Protocol (SNTP) updating via Ethernet. When a time source
other than SNTP is updating the relay time, the UTC_OFF setting is not con-
sidered because the other time sources are defined as local time.

Automatic Daylight-Saving Time Settings
The SEL-751 can automatically switch to and from daylight-saving time, as
specified by the eight Global settings DST_BEGM through DST_ENDH. The
first four settings control the month, week, day, and time that daylight-saving
time shall commence, while the last four settings control the month, week,
day, and time that daylight-saving time shall cease.

Once configured, the SEL-751 changes to and from daylight-saving time
every year at the specified time. Device Word bit DST asserts when daylight-
saving time is active.

The SEL-751 interprets the week number settings DST_BEGW and
DST_ENDW (1-3, L = Last) as follows:

» The first seven days of the month are considered to be in
week 1.

» The second seven days of the month are considered to be in
week 2.

» The third seven days of the month are considered to be in
week 3.

» The last seven days of the month are considered to be in
week “L”.

This method of counting of the weeks allows easy programming of statements
like “the first Sunday”, “the second Saturday”, or “the last Tuesday” of a
month.

As an example, consider the following settings:

DST_BEGM :=3
DST_BEGW :=L
DST_BEGD := SUN
DST_BEGH :=2
DST_ENDM := 10
DST_ENDW :=3
DST_ENDD := WED
DST_ENDH :=3
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With these example settings, the relay enters daylight-saving time on the last
Sunday in March at 0200 h, and leave daylight-saving time on the third
Wednesday in October at 0300 h. The relay asserts Relay Word bit DST when
DST is active.

When you use an IRIG-B time source, the relay time follows the IRIG-B time,
including daylight-saving time start and end, as commanded by the time
source. If there is a discrepancy between the daylight-saving time settings and
the received IRIG-B signal, the relay follows the IRIG-B signal.

When using IEEE C37.118 compliant IRIG-B signals (e.g., Global setting
IRIGC := C37.118), the relay automatically populates the DST Relay Word
bit, regardless of the daylight-saving time settings.

When using regular IRIG-B signals (e.g., Global setting IRIGC := NONE),
the relay only populates the DST Relay Word bit of the daylight-saving time
settings are properly configured.

Simple Network Time Protocol (SNTP)

The SEL-751 Port 1 (Ethernet Port) supports the SNTP Client protocol. See
Section 7: Communications, Simple Network Time Protocol (SNTP) on
page 7.14 for a description and Table 7.5 for the settings.

Breaker Failure Table 4.72 Breaker Failure Setting

Settmq Setting Prompt Setting Range i:::::.% ';:'f';i;t:
52A INTERLOCK Y, N 52ABF :=N
CURRENT DETECTOR 0.10-10.00 A* 50BFP:=0.1
BK FAILURE DELAY 0.00-2.00 sec BFD :=0.50
AUX TIMER DELAY Off, 0.01-2.00 sec ATD :=OFF
BK FAIL INITIATE SELOGIC BFI =:R_TRIG TRIP

@ Setting ranges and default Amp values shown are for 5 A nominal CT rating. Divide by 5 for
1ACTs.

The SEL-751 provides flexible breaker failure logic (see Figure 4.101). In the
default breaker failure logic, assertion of Relay Word bit TRIP starts the BFD
timer if any of the phase current remains greater than the SOBFP setting. If any
of the phase current remains greater than the threshold (SOBFP) for BFD delay
setting, Relay Word bit BFT asserts. Use the BFT to operate an output relay to
trip appropriate backup breakers.
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Relay

Word
Bit
BFI —e
Aux Timer
0 BFD
—=BFT
ATD 0
52A
Setting
52ABF =Y
Max {la, Ib, Ic} +
50BFP ~~ Current Detector

Setting
Figure 4.101 Breaker Failure Logic

Changing the BFI or the 52ABF, ATD, 50BFP settings can modify the default
breaker failure logic.

» Set BFI := R_TRIG TRIP AND NOT IN102 if input IN102 is
manual trip only and breaker failure initiation is not desired
when the tripping is caused by this input.

» Set 52ABF :=Y if you want the breaker failure logic to bypass
the current detector when the breaker is closed.

» Aux timer (ATD) may be used to start the BFD timer in
sequential trip applications where the current detector may not
operate on initiation of the logic. If used, the ATD time must be
set lower than the BFD time setting for secure operation.

Arc-Flash Protection The SEL-751 offers advanced arc-flash protection capability aimed at
minimizing the hazards associated with high energy arc (faults) in metal-
enclosed and metal-clad switchgear. The system supports as many as eight
fiber-optic light sensors capable of detecting the high energy arc-flash events
and tripping the breaker within milliseconds of the fault. Light sensors are
supervised with an instantaneous overcurrent element offering enhanced
security against false trips. Each of the eight sensors can be routed to multiple
tripping outputs by using SELOGIC control equations, offering ultimate
flexibility in creating multiple protection zones (breaker truck cabinet, bus, PT
cubicle, etc.).

SEL-751 arc-flash protection is exceptionally fast. Typical relay operating
times are in the order of 2-5 ms when equipped with the optional fast hybrid
(high-speed) output card. With standard, electromechanical outputs, tripping time
increases to 7—13 ms. Fault clearing time is typically longer, determined by the
breaker operating time, which often adds three to five cycles.

This system supports two distinct types of fiber-optic light sensors. The first
type is the omni-directional point sensor optimized for installation in individ-
ual switchgear compartments. The second sensor is the clear-jacketed fiber
loop sensor optimized for protection of long, distributed resources, such as the
switchgear bus compartment. Supervision of both types of sensors comes
from use of a loopback-based attenuation measurement method, and you can
use both sensors interchangeably on each of the eight light inputs. Refer to
Application Guide AG2011-01: Using the SEL-751 and SEL-751A for Arc-
Flash Detection for more details.
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Arc-Flash Overcurrent Elements (50PAF, 50NAF)

NOTE: The SONAFP setting is not
available with the 0.2 A neutral
channel option.

Table 4.73 shows the settings for the arc-flash instantaneous overcurrent ele-
ments. Two elements are provided; the three-phase overcurrent element
SOPAF and the neutral overcurrent element SONAF.

Table 4.73 Arc-Flash Overcurrent Settings

Setting Name :=

Setting Prompt
Factory Default

Setting Range

AF PH OC TRP LVL OFF, 0.50-100.00 A? 50PAFP := OFF
0.10-20.00 A°

AFN OC TRP LVL OFF, 0.50-100.00 A® 50NAFP := OFF
0.10-20.00 A"

2 For Inom = 5 A (Phase and Neutral respectively).
® For Inom = 1A (Phase and Neutral respectively).

The arc-flash overcurrent elements use raw A/D converter samples, with the
sampling rate of 16 samples per cycle. Individual samples are compared with
the setting threshold as shown in Figure 4.102, followed by a security counter
requiring that two samples in a row be greater than the setting threshold.
Although both elements operate on instantaneous current values, additional
scaling is applied to present settings in the user-friendly “rms” format.

Fast overcurrent detectors do not reject harmonics and therefore have a natural
tendency to “overreach” under high harmonic load conditions. To avoid unin-
tended element pickup, Arc-flash trip level SOPAFP should be set at least 2
times the expected maximum load. Temporary activation of the arc-flash over-
current element during inrush/load pickup conditions is expected and is nor-
mally taken into account by the arc-flash “light based” supervision.

IA Sample + 2
1 1
6 Relay
Word
Bit
2 L
+
1B Sample j 50PAF
1 16
IC Sample + 2
Setting 50AFP - 16
Scaled to

Equivalent Sample
quiv P 50PAF Element Shown, 50NAF Element is Similar, responds to current measured by the IN input.

Figure 4.102 Arc-Flash Instantaneous Overcurrent Element Logic

Arc-Flash Time-Overlight Elements (TOL1 through TOL8)

The SEL-751 offers as many as eight fiber-optic light sensor inputs. Each
input is associated with one inverse time-overlight element offering enhanced
security coupled with exceptionally fast operation. Shape of the inverse-time
characteristic is fixed offering robust rejection of unrelated light events with-
out adding unnecessary settings. Table 4.74 shows the arc-flash time-overlight
element settings.

Each sensor channel has a user selectable sensor type (NONE, POINT, or FIBER)
representing the type of sensor installed. Keyword POINT represents a point sensor,
while the keyword FIBER represents a clear-jacketed fiber loop sensor.
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TOL Pickup parameter makes it possible to set the individual light threshold levels
for each of the eight sensors. Pickup level is expressed in the percent of full
scale, which is directly related to the light intensity level measured by the sen-
SOr.

When necessary, channel sensitivity can be compared to a light intensity level
expressed in lux as shown in Table 4.75. However, because light sensitivity is
associated with fiber length (which is installation dependent), TOL element settings
are expressed as a percentage of the available A/D converter range.

Table 4.74 Arc-Flash Time-Overlight Settings

4177

Setting Prompt

Setting Range

Setting Name :=
Factory Default

SENSOR 1 TYPE
TOL 1 PICKUP

SENSOR 2 TYPE
TOL 2 PICKUP

SENSOR 3 TYPE
TOL 3 PICKUP

SENSOR 4 TYPE
TOL 4 PICKUP

SENSOR 8 TYPE
TOL 8 PICKUP

AFD OUTPUT SLOT

NONE, POINT, FIBER

3.0-80.0 %
0.6-80.0 %"

NONE, POINT, FIBER

3.0-80.0 %
0.6-80.0 %"

NONE, POINT, FIBER

3.0-80.0 %
0.6-80.0 %"

NONE, POINT, FIBER

3.0-80.0 %
0.6-80.0 %"

NONE, POINT, FIBER

3.0-80.0 %
0.6-80.0 %"

101_3,301_4, 401_4

AFSENSI1 := NONE
TOLIP :=3.0

AFSENS2 := NONE
TOL2P :=3.0

AFSENS3 := NONE
TOL3P :=3.0

AFSENS4 := NONE
TOL4P :=3.0

AFSENSS := NONE
TOLSP :=3.0

AOUTSLOT :=101_3

@ Setting range with point sensor.
Setting range with fiber sensor.

The default processing interval in the SEL-751 is one-fourth of the power

system cycle. However, to obtain a faster arc-flash protection you can select
two outputs that are processed every 1/16 of a power system cycle. Use the
setting AOUTSLOT to select these outputs. For instance, if Slot 3 is selected
(AOUTSLOT :=301_4) the SELOGIC control equations OUT301 through
OUT304 are processed at 1/16 of a cycle rate. To get the fastest possible oper-
ate time use the contacts selected by the AOUTSLOT setting for tripping.
Figure 4.103 shows the TOL element logic diagram.
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IToL PU: 0
LS]—E+ |—
Setting - k ToLi

Touip DO: 1cycle

ITOL2 PU: 0
LS2 —E + |—
Setting - k ToLz

ToLzp DO: 1cycle

moL3 PU0
LS3 —E + |—
Setting - = ToL3

ToLsp DO: 1cycle

ITOL4 PU: 0
LS4 —E+ |—
Setting - k ToL4

ToL4p DO:1cycle

IToL8 PU0
LS8 —E+ |—
Setting - o ToLs

Tosp DO: 1cycle
Figure 4.103 Inverse Time-Overlight Element Logic

Figure 4.104 shows the inverse time-overlight element curve shape. The ele-
ment uses 32 samples per cycle data, processed 16 times per cycle. TOL ele-
ment algorithm ensures that the light must be present for a minimum of two
samples, regardless of the light level. It also ensures that for low light levels,
element operation cannot be delayed for more than % of a power system cycle.

4 )

25 %

|
7 ,
1 oy

0.5

Time [1/16 cycle]

10" 10° 10
Multiples of TOL Pickup

Figure 4.104 TOL Element Inverse Curve Characteristic

Setting the Arc-Flash Time-Overlight Element

Given the critical nature of the arc-flash protection function it is recommended
that the element be set based on the ambient light level. This approach guaran-
tees maximum sensitivity coupled with the fastest tripping time.
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Typical ambient light levels are shown in Table 4.75. It is easy to see, that the
arc-flash event significantly exceeds virtually all illumination levels normally
found in a substation environment. The only exception is exposure to direct
sunlight, which can easily reach or exceed arc-flash TOL element setting
thresholds.

TOL Pickup is typically set based on the ambient light level. Ambient light is
continuously measured and can be easily displayed by using the front-panel
METER > Light Intensity menu as well as MET L command. Set the TOL
pickup to the lowest possible light intensity level but greater than the highest-
expected ambient light intensity level at each light-sensor installation.

Table 4.75 Typical Ambient lllumination Light Levels

Light Level Example
50 lux Living room
80 lux Brightly lit room
500 lux Brightly lit office
1,000 lux TV studio
> 20,000 lux Direct sunlight
20,000 to >1,000,000 lux Arc-flash event®

2 A.D. Stokes, D. K. Sweeting, “Electric Arc Burn Hazards", IEEE Transactions on industry
applications, Vol. 42, No. 1. January/February 2006.

Arc-flash protection, in general, requires both the measuring of an overcurrent
(50PAF) and the detection of light (TOLn). The output logic should in most
cases be the AND of the S0PAF and TOLn outputs. In applications where
intermittent loss of load can be tolerated (noncritical loads), it may be
desirable to operate without overcurrent element supervision

(OUTxxx := TOLR), relying only on the light detection element instead of
having the overcurrent element (SOPAF) supervise the light element (TOLn) in
the output logic (OUTxxx := SOPAF AND TOL#). This approach offers
fastest tripping times, but is less secure (can be tripped with the light input
only).

Output Logic Programming

NOTE: When using fast hybrid
output contacts, do not use the

FAILSAFE mode for those outputs.

Date Code 20170927

As stated earlier, arc-flash protection involves detecting an overcurrent as well
as light (arc). Location of the light sensors and source(s) of the arc energy
must also be considered in developing the trip output logic. If the relay detects
both signals simultaneously, it is desirable to trip the “source breaker(s).”

The Relay Word bits for arc-flash protection (see Figure 4.102 and
Figure 4.103) are: 5S0PAF, 50NAF, TOL1, TOL2, TOL3, TOL4, TOLS, TOL6,
TOL7 and TOLS.

As described earlier, you select two output contacts for high-speed processing
by setting AOUTSLOT appropriately. You should use the high-speed contact,
instead of the default OUT103 shown in Table 4.65, for arc-flash tripping.
Also to ensure all the advantages of the trip logic (trip seal-in, event report
trigger, etc.) the arc-flash trip should be included in the trip equation TR (see
Table 4.52 and Figure 4.44 for detail).

To get additional speed, select the fast hybrid output option card (4D1/4DO).
This card contains trip duty rated solid state output contacts, which operate
within 50 ps (as much as 8 ms faster than the standard electromechanical
outputs).

Instruction Manual
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EXAMPLE 4.36 Output Logic Programming Example 1:
SEL-751 applied at the source breaker.

Assume light sensors LS1, LS2, and LS3 are located downstream of the
source breaker and output contacts in Slot 3 are selected for high-speed
processing (AOUTSLOT := 301_4).
Set:

OUT301FS :=N

OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2 OR TOL3) OR TRIP

TR := ORED50T OR OREDS51T OR ... OR (50PAF OR 50NAF) AND (TOL1 OR
TOL2 OR TOL3)

EXAMPLE 4.37 Output Logic Programming Example 2:
SEL-751 applied at the radial feeder breaker.

Assume light sensors LS1and LS2 are located downstream, LS3 is located
upstream of the feeder breaker, and output contacts in Slot 3 are selected
for the high speed processing (AOUTSLOT := 301_4).
Set:
OUT301FS := N, OUT302FS :=N
OUT301 := (50PAF OR 50NAF) AND (TOL1 OR TOL2) OR TRIP
OUT302 := TOL3
TR := ORED50T OR ORED51T OR ... OR (50PAF OR 50NAF) AND (TOL1 OR
TOL2)

Use the OUT302 contact to trip upstream breaker. Note that OUT302 does
not include overcurrent element supervision. When desired, this supervision
should be added by upstream relay(s). For instance, you can do the
following:

» Connect OUT302 of breaker 2 relay to drive IN302 of the
breaker 1relay

» Add IN302 to the OR string of TOLn in both OUT301 and TR
equations of breaker 1relay.

You can use MIRRORED BITS instead of IN302 for faster operation if desired.

An a|0g |nputs The SEL-751 tracks the power system frequency and samples the analog
inputs four times per power system cycle. For analog inputs, set the following
parameters for each input:

» Analog type
» High and low input levels
» Engineering units

Because of the flexibility to install different cards in the rear-panel slots on the
device, the setting prompt adapts to the x and y variables shown in

Figure 4.105. Variable x displays the slot position (3 through 5), and variable y
displays the transducer (analog) input number (1 through 4 or 8).

AlxOy

I— Inputs Number (1 through 8)
Slot Position (3 through 5)
Analog Input
Figure 4.105 Analog Input Card Adaptive Name
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Analog Input Calibration Process

In the analog input circuit, the dominant error is signal offset. To minimize the
signal offset, we adjust each of the device analog input channels by a compen-
sation factor. These compensation factors correct the signal offset errors to
within =1 mA or =1 mV.

Signal offset compensation factor calculation procedure:
Step 1. Turn the SEL-751 on and allow it to warm up for a few minutes.

Step 2. Set the analog inputs for each analog channel to the desired
range by using the AlxxxTYP, AlxxxL, AlxxxH, AlxxxEL, and
AlxxxEH settings (for example, £1 mA).

Step 3. Short each analog input in turn at the device terminals by using
short, low resistance leads with solid connections.

Step 4. Issue the command MET AI 10 to obtain 10 measurements for
each channel.

Step 5. Record these 10 measurements, then calculate the average of
the 10 measurements by adding the 10 values algebraically, and
dividing the sum by 10. This is the average offset error in
engineering units at zero input (for example, —0.014 mA).

Step 6. Negate this value (flip the sign) and add the result to each of the
ADxxxEL and AlxxxEH quantities. For this example, the new
ADxxxEL and AlxxxEH values are —0.986 mA and 1.014 mA.

Analog Input Setting Example

Assume we installed an analog card in Slot 3. On Input 1 of this analog card,
we connect a 4-20 mA transducer driven from a device that measures tem-
perature on a transformer load tap changer mechanism. For this temperature
transducer, 4 mA corresponds to —50°C, and 20 mA corresponds to 150°C.
You have already installed the correct hardware jumper (see Figure 2.3 for
more information) for Input 1 to operate as a current input. At power up, allow
approximately five seconds for the SEL-751 to boot up, perform self-diagnos-
tics, and detect installed cards.

Table 4.76 summarizes the steps and describes the settings we carry out in this
example.

Table 4.76 Summary of Steps (Sheet 10of 2)

Step Activity Terse Description

General 1 SET G Access settings for INPUT 1
AI30INAM

2 TX_TEMP Enter a Tag name

3 I Select type of analog input; “I” for current
Transducer 4 4 Enter transducer low output (LOW IN VAL)
High/Low
Output 5 20 Enter transducer high output (HI IN VAL)
Level 6 Degrees C Enter Engineering unit

7 -50 Enter Engineering unit value LOW

8 150 Enter Engineering unit value HIGH
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NOTE: The AlxOyNAM setting cannot
accept the following and issues the
Invalid Element message:

Analog Quantities

Duplicate Names

Other Al Names

NOTE: Because the SEL-751 accepts
current values ranging from

-20.48 to 20.48 mA, be sure to enter
the correct range values.

SEL-751 Relay

Table 4.76 Summary of Steps (Sheet 2 of 2)

Step Activity Terse Description

Low Warning/ 9 OFF Enter LOW WARNING 1 value
Alarm

10 | OFF Enter LOW WARNING 2 value

11 | OFF Enter LOW ALARM value
High Warning/ 12 |65 Enter HIGH WARNING 1 value
Alarm

13 |95 Enter HIGH WARNING 2 value

14 105 Enter HIGH ALARM value

Because the analog card is in Slot 3, type SET G AI301NAM <Enter> to go
directly to the setting for Slot 3, Input 1. Although the device accepts alphanu-
meric characters, the name AIxXOyNAM setting must begin with an alpha char-
acter (A through Z) and not a number. The device displays the following
prompt:

AI301 TAG NAME (8 Characters) AI301NAM:= AI3017

Use the Instrument Tag Name to give the analog quantity a more descriptive
name. This tag name appears in reports (EVENT, METER, and SUMMARY)
instead of the default name of AI301. SELOGIC control equations, Signal Pro-
files, and Fast Message Read use the default names. Use as many as eight
valid tag name characters to name the analog quantity. Valid tag names char-
acters are: 0-9, A—Z, and the underscore (_). For this example, we assign
TX_TEMP as the tag name.

Because this is a 4-20 mA transducer, enter I <Enter> (for current driven
device) at AI301TYP, the next prompt (enter V if this is a voltage-driven
device). The next two settings define the lower level (AI301L) and the upper
level (AI301H) of the transducer. In this example, the low level is 4 mA and
the high level is 20 mA.

AI301 TYPE (I,V) AI301TYP:= 1 2

The next three settings define the applicable engineering unit (AI301EU), the
lower level in engineering units (AI301EL) and the upper level in engineering
units (AI301EH). Engineering units refer to actual measured quantities, i.e., tem-
perature, pressure, etc. Use the 16 available characters to assign descriptive names
for engineering units. Because we measure temperature in this example, enter
“degrees C” (without quotation marks) as engineering units. Enter —-50
<Enter> for the lower level and 150 <Enter> for the upper level.

With the levels defined, the next six settings provide two warning settings and
one alarm setting for low temperature values, as well as two warning settings
and one alarm setting for high temperature values. State the values in engi-
neering units, not the setting range of the transducer. Note the difference
between low warnings and alarm functions and high warnings and alarm func-
tions: low warnings and alarm functions assert when the measured value falls
below the setting; high warnings and alarm functions assert when the mea-
sured values exceed the setting.

In this example, we measure the oil temperature of a power transformer, and we
want the following three actions to take place at three different temperature values:

» At 65°C, start the cooling fans
» At 95°C, send an alarm
» At 105°C, trip the transformer

Instruction Manual Date Code 20170927
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Because we are only interested in cases when the temperature values exceed
their respective temperature settings (high warnings and alarm functions), we
do not use the low warnings and alarm functions. Therefore, set the lower val-
ues (AI301LW1, AI301LW2, AI301LAL) to OFF, and the three higher values
as shown in Figure 4.106. Set inputs connected to voltage driven transducers
in a similar way.

=>>8ET G AI301NAM TERSE <Enter>

4183

Global
AI 301 Settings

AI301 TAG NAME (8 characters)

AI301NAM:= AI301
? TX_TEMP <Enter>

AI301 TYPE (I,V) AI301TYP:= I ? <Enter>
AI301 LOW IN VAL (-20.480 to 20.480 mA) AI301L := 4.000 ? <Enter>
AI301 HI IN VAL (-20.480 to 20.480 mA) AI301H = 20.000 ? <Enter>
AI301 ENG UNITS (16 characters)

AI301EU := mA

? degrees C <Enter>

AI301 EU LOW (-99999.000 to 99999.000) AI301EL := 4.000 ? -50 <Enter>
AI301 EU HI (-99999.000 to 99999.000) AI301EH := 20.000 ? 150 <Enter>
AI301 LO WARN L1 (OFF,-99999.000 to 99999.000) AI301LW1:= OFF ? <Enter>
AI301 LO WARN L2 (OFF,-99999.000 to 99999.000) AI301LW2:= OFF ? <Enter>
AI301 LO ALARM (OFF,-99999.000 to 99999.000)  AI301LAL:= OFF ? <Enter>
AI301 HI WARN L1 (OFF,-99999.000 to 99999.000) AI301HW1:= OFF ? 65 <Enter>
AI301 HI WARN L2 (OFF,-99999.000 to 99999.000) AI301HW2:= OFF ? 95 <Enter>
AI301 HI ALARM (OFF,-99999.000 to 99999.000) AI301HAL:= OFF ? 115 <Enter>

AI 302 Settings

AI302 TAG NAME (8 characters)

AI302NAM:= AI302
? END <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved
=>>

Figure 4.106 Settings to Configure Input 1 as a 4-20 mA Transducer
Measuring Temperatures Between -50°C and 150°C

Analog (DC Transducer) Input Board

Table 4.77 shows the setting prompt, setting range, and factory-default set-
tings for an analog input card in Slot 3. For the name setting (AI301NAM, for
example), enter only alphanumeric and underscore characters. Characters are not
case sensitive, but the device converts all lowercase characters to uppercase.
Although the device accepts alphanumeric characters, the name AI301NAM
setting must begin with an alpha character (A—Z) and not a number.

Table 4.77 Analog Input Card Settings in Slot 3 (Sheet 10f 2)

Setting Prompt

Setting Range

Setting Name :=
Factory Default

AI301 TAG NAME

8 characters 0-9, A—Z, _

AI30INAM := AI301

AI301 TYPE LV AI301TYP =1
AI301 LOW IN VAL —20.480 to +20.480 mA AI301L :=4.000
AI301 HI IN VAL —20.480 to +20.480 mA AI301H :=20.000
AI301 LOW IN VAL —-10.240 to +10.240 V AI301L := 0.000%
AI301 HIIN VAL —-10.240 to +10.240 V AI301H := 10.000*

AI301 ENG UNITS
AI301 EU LOW
AI301 EU HI
AI301 LO WARN 1
AI301 LO WARN 2
AI301 LO ALARM

16 characters

—99999.000 to +99999.000
—99999.000 to +99999.000

OFF, —99999.000 to +99999.000
OFF, —99999.000 to +99999.000
OFF, —99999.000 to +99999.000

Instruction Manual

AI301EU :=mA
AI301EL :=4.000
AI301EH :=20.000
AI301LW1 := OFF
AI301LW1 := OFF
AI301LAL := OFF

SEL-751 Relay



Protection and Logic Functions
Global Settings (SET G Command)

Analog Outputs

Table 4.77 Analog Input Card Settings in Slot 3 (Sheet 2 of 2)

Setting Name :=

G [ Factory Default

Setting Prompt

AI301 HI WARN 1 OFF, —99999.000 to +99999.000 | AI301HW1 := OFF

AI301 HI WARN 2 OFF, —99999.000 to +99999.000 | AI301HW2 := OFF

AI301 HI ALARM OFF, —99999.000 to +99999.000 | AI301HAL := OFF

@ Voltage setting range for a voltage transducer, i.e., when AI301TYP := V.

If an SEL-751 configuration includes the four analog inputs and four analog
outputs (4 Al/4 AO) card, the analog outputs are allocated to output numbers 1-4.
Figure 4.107 shows the x and y variable allocation for the analog output card.

AOx0y
I— Output Number (1 through 4)
Slot Position (3 through 5)

Analog Output
Figure 4.107 Analog Output Number Allocation

For an analog input/output card in Slot 3, setting AO301AQ identifies the analog
quantity we assign to Analog Output 1 (when set to OFF, the device hides all associ-
ated AOxQy settings and no value appears on the output). You can assign any

NOTE: The SEL-751 hides the
following settings with default values
when you use a 3 DI/4 DO/1 AO card:

AOXXITYP := |

AOxxIL :=4.000

AOxx1H := 20.000

SEL-751 Relay

of the analog quantities listed in Appendix L: Analog Quantities.

Table 4.78 shows the setting prompt, setting range, and factory-default
settings for an analog card in Slot 3.

Table 4.78 Analog Output Card Settings in Slot 3

Setting Prompt

Setting Range

Setting Name :=
Factory Default

AO301 ANALOG QTY
AO301 TYPE
AO301 AQTY LO

AO301 AQTY HI

AO301 LO OUT VAL
AO301 HIOUT VAL
AO301 LO OUT VAL
AO301 HIOUT VAL

Off, 1 analog quantity
LV

—2147483647.000 to
+2147483647.000

—2147483647.000 to
+2147483647.000

—20.480 to +20.480 mA
—20.480 to +20.480 mA
-10.240 to +10.240 V
—-10.240 to +10.240 V

AO301AQ := OFF
AO301TYP :=1
AO301AQL :=4.000

AO301AQH :=20.000

AO301L :=4.000
AO301H :=20.000
AO301L := 0.000*
AO301H := 10.000*

@ Voltage setting range for a voltage transducer, i.e., when AO301TYP := V.

EXAMPLE 4.38 Analog Quantity IA_MAG, A-Phase Current
Magnitude in Primary Amperes (O to 3000 A Range), Using a -20 to
+20 mA Analog Output Channel

In this example, assume we want to display in the control room the analog
quantity (refer to Appendix L: Analog Quantities) IA_MAG, A-Phase current
magnitude in primary amperes (0 to 3000 A range), using a -20 to +20 mA
analog output channel. We install an analog input/output card in Slot C
(SELECT 4 Al/ 4 AO) and set the card channel AO301, as shown in

Figure 4.7108. Note that the AO301 channel has to be configured as a
“current analog output” channel (refer to Figure 2.4through Figure 2.6).
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The display instrument expects -20 mA when the IA_MAG current is
0 A primary and +20 mA when it is 3000 A primary.

=>>SET G A0301AQ TERSE <Enter>

Global

AO 301 Settings

A0301 ANALOG QTY (OFF, 1 analog quantity)
A0301AQ := OFF

? IA_MAG <Enter>

A0301 TYPE (I,V) A0301TYP:= I ? <Enter>
A0301 AQTY LO (-2147483647.000 to 2147483647.000)

A0301AQL:= 4.000 ? 0 <Enter>
A0301 AQTY HI (-2147483647.000 to 2147483647.000)

AO301AQH:= 20.000 ? 3000 <Enter>
A0301 LO OUT VAL (-20.480 to 20.480 mA) A0301L := 4.000 ? -20<Enter>
A0301 HI OUT VAL (-20.480 to 20.480 mA) AO301H := 20.000 ? 20<Enter>

AO 302 Settings

A0302 ANALOG QTY (OFF, 1 analog quantity)
A0302AQ := OFF

? END <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved

=>>

Figure 4.108 Analog Output Settings

Station DC Battery The station dc battery monitor in the SEL-751 can alarm for under- or over-
Monit voltage dc battery conditions and give a view of how much the station dc bat-
onitor tery voltage dips when tripping, closing, and other dc control functions take

place. Refer to Station DC Battery Monitor on page 5.15 for a detailed
description and Table 5.9 for settings.

Breaker Monitor The breaker monitor in the SEL-751 helps in scheduling circuit breaker main-
tenance. Refer to Breaker Monitor on page 5.19 for a detailed description and
Table 5.11 for settings.

D|g|ta| |nput To comply with different control voltages, the SEL-751 offers dc debounce
D b modes as well as ac debounce modes. Therefore, if the control voltage is dc,
epounce select the dc mode of operation, and if the control voltage is ac, select the ac

mode of operation. In general, debounce refers to a qualifying time delay before
processing the change of state of a digital input. Normally, this delay applies to both
the processing of the debounced input when you use it in device logic and the
time stamping in the SER. Following is a description of the two modes.

DC Mode Processing (DC Control Voltage)

Figure 4.109 shows the logic for the dc debounce mode of operation. To select
the dc mode of debounce, set IN101D to any number between 0 and 65000
ms. In Figure 4.109, Input IN101 becomes IN101R (internal variable), after
electrical isolation. On assertion, IN101R starts Debounce Timer, producing
Relay Word bit IN101 after the debounce time delay. The debounce timer is a
pickup/dropout combination timer, with debounce setting IN101D applying to
both pickup (pu) and dropout (do) timers, i.e., you cannot set any timer indi-
vidually. For example, a setting of IN101D := 20 ms delays processing of the
input signal by 20 ms (pu) and maintains the output of the timer (do) for 20
ms. Relay Word bit IN101 is the output of the debounce timer. If you do not
want to debounce a particular input, still use Relay Word bit IN101 in logic
programming, but set the debounce time delay to 0 IN101D :=0).
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Debounce Timer Relay
Word
Py Bit
Input IN1O1 Electrical INOIR___ - INIOT
Isolator
do

Figure 4.109 DC Mode Processing

AC Mode Processing (AC Control Voltage)

SEL-751 Relay

Figure 4.110 shows IN101R from Input IN101 applied to a pickup/dropout
timer. Different from the dc mode, there are no time settings for the debounce
timer in the ac mode: the pickup time delay is fixed at 2 ms, and the dropout
time is fixed at 16 ms. Relay Word bit IN101 is the output of the debounce
timer. To select the ac mode of debounce, set IN101D := AC.

Relay

Debounce Timer Word

2ms _Bit

INOIR ——— —— IN101
16 ms

Figure 4.110 AC Mode Processing

Figure 4.111 shows a timing diagram for the ac mode of operation. On the ris-
ing edge of IN101R, the pickup timer starts timing (points marked 1 in
Figure 4.111). If IN101R deasserts (points marked 2 in Figure 4.111) before
expiration of the pickup time setting, Relay Word bit IN101 does not assert, and
remains at logical 0. If, however, IN101R remains asserted for a period longer
than the pickup timer setting, then Relay Word bit IN101 asserts to a logical 1.

IN101R Asserted;
DPUT counts X] i 1 i
INTOIR N\
INTOTR Asserted;
22

1
I
22 i DPUT Counts 22
I
INT0TR Deasserted; i 1 "IN101R Deasserted;
DDOT Counts : E DDOT Counts
I
Relay Word :2 i Dropout Time
Bit IN101 —ims |- T (bms) /_:_
I I
DPUT = Debounce Pickup Timer Debounce Pickup Debounce Dropout
- . Timer Expires; Timer Expires;
D_DOT. . Deboun.ce Dropout Timer Relay Word Bit Relay Word Bit
1= Rising Edge: DPUT Counts INI0T Asserts INI01 Deasserts

2 = Falling Edge: DDOT Counts

Figure 4.111 Timing Diagram for Debounce Timer Operation When Operating
in AC Mode

Deassertion follows the same logic. On the falling edge of IN101R, the drop-
out timer starts timing. If IN101R remains deasserted for a period longer than the
dropout timer setting, then Relay Word bit IN101 deasserts to a logical 0.

Table 4.79 shows the settings prompt, setting range, and factory-default set-
tings for a card in Slot C. See the SEL-751 Settings Sheets for a complete list of
input debounce settings.
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Data Reset

NOTE: You cannot use the high-
speed outputs selected by
AOUTSLOT setting being Form A in
fail safe mode, so these should be
disabled (set OUTxxxFS := N).

Access Control

NOTE: DSABLSET does not disable

the setting changes from the serial
ports.

Time Synchronization

Source

Date Code 20170927

Table 4.79 Slot C Input Debounce Settings

Protection and Logic Functions
Global Settings (SET G Command)

Setting Prompt

Setting Range

IN301 Debounce
IN302 Debounce
IN303 Debounce
IN304 Debounce
IN305 Debounce
IN306 Debounce
IN307 Debounce
IN308 Debounce

AC, 0-65000 ms
AC, 0-65000 ms
AC, 0-65000 ms
AC, 0-65000 ms
AC, 0-65000 ms
AC, 0-65000 ms
AC, 0-65000 ms
AC, 0-65000 ms

Setting Name :=
Factory Default
IN301D := 10
IN302D := 10
IN303D := 10
IN304D := 10
IN305D := 10
IN306D := 10
IN307D := 10
IN308D := 10

The RSTTRGT setting resets the trip output and front-panel TRIP LED, pro-
vided there is no trip condition present. See Figure 4.79 for more details. The
RSTENRGY and RSTMXMN settings reset the Energy and Max/Min Meter-
ing values respectively. You should assign a contact input (for example, RST-
TRGT :=1IN401) to each of these settings if you want remote reset. The RSTDEM
and RSTPKDEM settings reset demand and peak-demand. See Figure 4.90
for the demand current logic diagram.

Table 4.80 Data Reset Settings

Setting Prompt Setting Range '—S_:z::)r:lt‘;, "Il)ae'fr;zl:t:
RESET TARGETS SELoOGIC RSTTRGT :=0
RESET ENERGY SELoGIC RSTENRGY :=0
RESET MAX/MIN SELOGIC RSTMXMN :=0
RESET DEMAND SELoOGIC RSTDEM :=0
RESET PK DEMAND SELoOGIC RSTPKDEM :=0

The DSABLSET setting defines conditions for disabling all setting changes
from the front-panel interface. To disable setting changes from the front-panel
interface, assign a contact input (e.g., DSABLSET := IN402) to the
DSABLSET setting. When Relay Word bit DSABLSET asserts, you can view
the device settings from the front-panel interface, but you can only change set-
tings through use of the serial port commands. Table 4.81 shows the prompt,
range, and factory-default name for this setting.

Table 4.81 Setting Change Disable Setting

Setting Name :=

Setting Prompt Factory Default

Setting Range

DISABLE SETTINGS SELogGIC DSABLSET :=0

The SEL-751 accepts a demodulated IRIG-B time signal. Table 4.82 shows
the setting to identify the input for the signal. Set TIME_SRC := IRIG1 when
you use relay terminals BO1/B02 or EIA-232 serial Port 3 for the time signal
input. When you use fiber-optic Port 2 for the signal, set the

TIME_SRC :=IRIG2. Refer to IRIG-B Time-Code Input on page 2.23 and
IRIG-B on page 7.6 for additional information.

Instruction Manual
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Table 4.82 Time Synchronization Source Setting

Setting Name :=

Setting Prompt Setting Range Factory Default

IRIG TIME SOURCE IRIG1, IRIG2 TIME_SRC :=1RIG1

89A and 89B The SEL-751 supports as many as ﬁ.ve monitor—gnly, two-position discon-

Di t Switch nects. For the disconnect switch settings and logic, refer to Disconnect Switch
Isconnect switc Symbol Settings and Status Logic on page 9.2. The SEL-751 Relay with the
Status SELoGIC touchscreen display option additionally provides the ability to design detailed

Control E ti single-line diagrams and display the breaker and disconnect switch status.
ontrol tquations Refer to Table 9.3 for typical disconnect switch symbols available for display
on the bay screens. For the settings related to bay control disconnect switch
symbols, refer to Table 9.5 and the corresponding description.

Local / Remote The SEL-751 supports local/remote control of the breaker through supervision
B ker Control of the OC and CC breaker control bits. For the settings related to the local/
reaker Lontro remote control function, refer to Local/Remote Breaker Control on page 9.3.

For breaker control via front-panel pushbuttons, refer to Front-Panel Operator
Control Pushbuttons on page 8.15. For breaker control via the two-line dis-
play, refer to Control Menu on page 8.9. The touchscreen allows you to con-
trol the breaker through two applications, Bay Screens and Breaker Control.
For breaker control via the touchscreen display, refer to Breaker Control Via
the Touchscreen on page 9.5.

Port Settings (SET P Command)

The SEL-751 provides settings that allow you to configure the parameters for
the communications ports. See Section 2: Installation for a detailed descrip-
tion of port connections. On the base unit: Port F (front panel) is an EIA-232
port; Port 1is an optional Ethernet port(s); Port 2 is an optional fiber-optic
serial port; and Port 3 (rear) is optionally an EIA-232 or EIA-485 port. On the
optional communications card, you can select Port 4 as either EIA-485 or
EIA-232 (not both) with the COMMINEF setting. See Table 4.83 through
Table 4.88 for the port settings, also see appropriate Appendix for additional
information on the protocol (DNP, MODBUS, IEC-61850, DeviceNet, Syn-
chrophasors, and MIRRORED BITS) of interest.

PORT F Table 4.83 Front-Panel Serial Port Settings (Sheet 1of 2)
Setting Prompt Setting Range ?:‘t:::::_‘\;, ';:'f";z;:
ENABLE PORT Y, N EPORT :=Y
PROTOCOL SEL, MOD, EVMSG, PMU PROTO := SEL
MAXIMUM ACCESS LEVEL | 1,2,C MAXACC :=2
SPEED 300-38400 bps SPEED := 9600
DATA BITS 7, 8 bits BITS :=8
PARITY O,E,N PARITY :=N
STOP BITS 1, 2 bits STOP :=1
PORT TIME-OUT 0-30 min T_OUT =5
HDWR HANDSHAKING Y, N RTSCTS :=N

SEL-751 Relay Instruction Manual Date Code 20170927



PORT1

IMPORTANT: Upon relay initial
power up or Port 1setting changes or
Logic setting changes, you may have
to wait as long as two minutes before
an additional setting change can
occur. Note that the relay is functional
with protection enabled, as soon as
the ENABLED LED comes ON (about 5-10

seconds from power up).
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Table 4.83 Front-Panel Serial Port Settings (Sheet 2 of 2)

Setting Prompt

Setting Range

Setting Name :=
Factory Default

LANGUAGE ENGLISH, SPANISH
SEND AUTOMESSAGE Y, N
MODBUS SLAVE ID 1-247

LANG := ENGLISH
AUTO =N
SLAVEID :=1

Table 4.84 Ethernet Port Settings (Sheet 10f 2)

Setting Prompt

Setting Range

Setting Name :=
Factory Default

ENABLE PORT
IP ADDRESS
SUBNET MASK

DEFAULT ROUTER
ENABLE TCP KEEP-ALIVE
TCP KEEP-ALIVE IDLE RANGE

TCP KEEP-ALIVE INTERVAL
RANGE

TCP KEEP-ALIVE COUNT
RANGE

OPERATING MODE

FAILOVER TIMEOUT

PRIMARY NETPORT

PRP ENTRY TIMEOUT

PRP DESTINATION ADDR LSB
PRP SUPERVISION TX INTERVAL
NETWRK PORTA SPD

NETWRK PORTB SPD

ENABLE TELNET
MAXIMUM ACCESS LEVEL
LANGUAGE

TELNET PORT
TELNET CONNECT BANNER

TELNET TIME OUT

Instruction Manual

Y, N
Z2Z.yYY.XXX.WWW

15 characters

15 characters
(Y, N)

1-20 sec
1-20 sec

1-20

FIXED, FAILOVER,
SWITCHED, PRP

OFF, 0.10-65.00 sec
A,B

400-10000 msec
0-255

1-10 sec

AUTO, 10, 100
Mbps

AUTO, 10, 100
Mbps

Y,N
1,2,C

ENGLISH,
SPANISH

23, 1025-65534

254 characters

1-30 min

EPORT :=Y
IPADDR :=192.168.1.2

SUBNETM :=
255.255.255.0

DEFRTR :=192.168.1.1

ETCPKA =Y
KAIDLE := 10
KAINTV =1
KACNT :=6
NETMODE :=
FAILOVER
FTIME :=1.00
NETPORT := A

PRPTOUT := 500
PRPADDR :=0
PRPINTV :=2
NETASPD := AUTO

NETBSPD := AUTO

ETELNET =Y
MAXACC :=2
LANG := ENGLISH

TPORT :=23

TCBAN := TERMINAL
SERVER

TIDLE := 15
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Table 4.84 Ethernet Port Settings (Sheet 2 of 2)

Setting Prompt

Setting Range

Setting Name :=
Factory Default

FAST OP MESSAGES

Y,N

FASTOP :=N

NOTE: The FAST OP MESSAGES setting only functions when using SEL Fast Operate protocol to
operate/set/pulse breaker bits and remote bits. This setting has no effect on Modbus, DNP, or

IEC 61850 protocols.

ENABLE FTP

FTP MAXIMUM ACCESS LEVEL
FTP USER NAME

FTP CONNECT BANNER

FTP IDLE TIME-OUT

ENABLE IEC 61850 PROTOCOL
ENABLE IEC 61850 GSE
ENABLE MMS FILE SERVICES
ENABLE MODBUS SESSIONS
MODBUS MASTER IP ADDRESS
MODBUS MASTER IP ADDRESS
MODBUS TCP PORT 1

MODBUS TCP PORT 2

MODBUS TIMEOUT 1

MODBUS TIMEOUT 2

ENABLE PMU PROCESSING”
ENABLE DNP SESSIONS®
ENABLE SNTP CLIENT!

Y,N
1,2,C
20 characters

254 characters

5-255 min

Y, N

Y, N

Y,N

0-2

222.yyy XXX.WWW
222.yyy XXX.WwWw
1-65534

1-65534

15-900 sec
15-900 sec

0-2

0-5

OFF, UNICAST,
MANYCAST,
BROADCAST

EFTPSERV =Y
FTPACC :=2
FTPUSER := FTPUSER

FTPCBAN := FTP
SERVER

FTPIDLE :=5
E61850 :=N

EGSE :=N
EMMSES =N
EMOD :=0
MODIP1 :=0.0.0.0
MODIP2 :=0.0.0.0
MODNUM1 :=502
MODNUM2 := 502
MTIMEOLI :=15
MTIMEO?2 := 15
EPMIP :=0

EDNP :=0

ESNTP := OFF

MODIP1and MODIP2 cannot share an address and must be unique (except when 0.0.0.0, which

effectively disables security and allows any master to communicate).

descriptions.

a o

Port Number Settings Must be Unique

See Table D.1 for a complete list of the DNP3 session settings.
See Table 7.5 for a complete list of SNTP settings and their descriptions.

See Appendix I: Synchrophasors for a complete list of synchrophasor settings and their

When making the SEL-751 Port 1 settings, port number settings cannot be
used for more than one protocol. The relay checks all of the settings shown in
Table 4.85 before saving changes. If a port number is used more than once, or
if it matches any of the fixed port numbers (20, 21, 23, 102, 502), the relay
displays an error message and returns to the first setting that is in error or con-

tains a duplicate value.

Table 4.85 Port Number Settings That Must be Unique (Sheet 1of 2)

Setting Name Setting Required When
TPORT Telnet Port Always
MODNUMI1? | Modbus TCP Port 1 EMOD >0
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PORT 2

NOTE: For additional settings when
PROTO := MBxx, see Table J.5 as well
as MIRRORED BITS Transmit SEL0GIC
Control Equations.

For additional settings when
PROTO := DNP, see Table D.7 for a
complete list of the DNP3 session
settings.

Refer to Appendix G: IEC 60870-5-103
Communications for more information
on IEC 60870-6-103.

NOTE: All port settings are hidden if
the relay is ordered without the Port 2
option. See the SEL-751 MOT for
details.

PORT 3

NOTE: For additional settings when
PROTO := MBxx, see Table J.5 as well
as MIRRORED BITS Transmit SELOGIC
Control Equations.

For additional settings when
PROTO := DNP, see Table D.7 for a
complete list of the DNP3 session
settings.

Refer to Appendix G: IEC 60870-5-103
Communications for more information
on IEC 60870-6-103.
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Table 4.85 Port Number Settings That Must be Unique (Sheet 2 of 2)

Setting Name Setting Required When

MODNUM?2? | Modbus TCP Port 2 EMOD > 1

PMOTCP1 PMU Output 1 TCP/IP (Local) | PMOTSI1 := TCP, UDP_T, or UDP_U
Port Number

PMOTCP2 PMU Output 2 TCP/IP (Local) | PMOTS2 := TCP, UDP_T, or UDP_U
Port Number

DNPNUM DNPTCP and UDP Port EDNP >0

SNTPPORT SNTPIP (Local) Port Number ESNTP # OFF

@ MODNUM1 and MODNUM2 can have the same port number. The relay displays an error
message if this number matches with the port numbers of other protocols.

Table 4.86 Fiber-Optic Serial Port Settings

Setting Prompt

Setting Range

Setting Name :=
Factory Default

ENABLE PORT
PROTOCOL

MAXIMUM ACCESS
LEVEL

SPEED

DATA BITS
PARITY

STOP BITS
PORT TIME-OUT
LANGUAGE

SEND AUTOMESSAGE

FAST OP MESSAGES
MODBUS SLAVE ID

Y,N
SEL, DNP, MOD, EVMSG, PMU,

MBA, MBB, MB8A, MB8B, MBTA,

MBTB, 103
1,2,C

300-38400 bps

7, 8 bits

O,E,N

1, 2 bits

0-30 min

ENGLISH, SPANISH

Y,N
Y,N
1-247

EPORT :=Y
PROTO := SEL

MAXACC :=2

SPEED := 9600
BITS :=8
PARITY :=N
STOP :=1
T_OUT =5

LANG :=
ENGLISH

AUTO =N
FASTOP :=N
SLAVEID :=1

Table 4.87 Rear-Panel Serial Port (EIA-232) Settings (Sheet 10f 2)

Setting Prompt

Setting Range

Setting Name :=
Factory Default

ENABLE PORT
PROTOCOL

MAXIMUM ACCESS
LEVEL

SPEED

DATA BITS
PARITY

STOP BITS
PORT TIMEOUT

Y, N
SEL, DNP, MOD, EVMSG, PMU,

MBTB, 103
1,2,C

300-38400 bps
7, 8 bits
O,E,N

1, 2 bits

0-30 min

Instruction Manual

MBA, MBB, MB8A, MB8B, MBTA,

EPORT :=Y
PROTO := SEL
MAXACC :=2
SPEED := 9600
BITS :=8
PARITY :=N
STOP :=1
T_OUT:=5

SEL-751 Relay



Protection and Logic Functions
Port Settings (SET P Command)

PORT 4

NOTE: For additional settings when
PROTO := MBxx, see Table J.5 as well
as MIRRORED BITS Transmit SELoGIC
Control Equations.

For additional settings when
PROTO := DNP, see Table D.7 for a
complete list of the DNP3 session
settings.

Refer to Appendix G: IEC 60870-5-103
Communications for more information
on IEC 60870-6-103.

SEL-751 Relay

Table 4.87 Rear-Panel Serial Port (EIA-232) Settings (Sheet 2 of 2)

Setting Prompt Setting Range Iiae::::nr‘\;/ ';:’f:i I:t=
HDWR HANDSHAKING | Y, N RTSCTS :=N
LANGUAGE ENGLISH, SPANISH LANG :=
ENGLISH
SEND AUTOMESSAGE | Y,N AUTO =N
FAST OP MESSAGES Y, N FASTOP :=N
MODBUS SLAVE ID 1-247 SLAVEID :=1

Table 4.88 Rear-Panel Serial Port (EIA-232/EIA-485) Settings

Setting Name :=

Setting P t
etting Promp Factory Default

Setting Range

ENABLE PORT Y, N EPORT :=Y
PROTOCOL SEL, MOD, DNET, DNP, PROTO := SEL

EVMSG, PMU, MBA, MBB,

MBSA, MB8B, MBTA, MBTB,

103
MAXIMUM ACCESS 1,2,C MAXACC =2
LEVEL
COMM INTERFACE 232, 485 COMMIINF :=232
SPEED 300-38400 bps SPEED := 9600
DATA BITS 7, 8 bits BITS :=8
PARITY O,E,N PARITY :=N
STOP BITS 1, 2 bits STOP :=1
PORT TIMEOUT 0-30 min T_OUT =5
HDWR HANDSHAKING | Y,N RTSCTS :=N

LANGUAGE ENGLISH, SPANISH LANG := ENGLISH
SEND AUTOMESSAGE | Y,N AUTO =N

FAST OP MESSAGES Y, N FASTOP :=N
MODBUS SLAVE ID 1-247 SLAVEID :=1

The EPORT and MAXACC settings provide users with access controls for the
corresponding port. Setting EPORT to N disables the port and hides the
remaining port settings. The MAXACC setting selects the highest access level
for the port.

Set the speed, data bits, parity, and stop bits settings to match the serial port
configuration of the equipment that is communicating with the serial port.

After Port Timeout minutes of inactivity on a serial port at Access Level 2, the
port automatically returns to Access Level 0. This security feature helps pre-
vent unauthorized access to the relay settings if the relay is accidentally left in
Access Level 2. If you do not want the port to time out, set Port Timeout equal
to 0 minutes.

Set PROTO := SEL (standard SEL. ASCII protocol), MOD (Modbus RTU pro-
tocol), or one of the MIRRORED BITS protocols, as necessary for your applica-
tion. For detailed information, refer to Appendix C: SEL Communications
Processors, Appendix E: Modbus RTU Communications, Appendix F: IEC
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61850 Communications, Appendix G: IEC 60870-5-103 Communications,
Appendix H: DeviceNet Communications, Appendix I: Synchrophasors, and
Appendix J: MIRRORED BITS Communications.

Use the MBT option if you are using a Pulsar MBT9600 baud modem (see
Appendix J: MIRRORED BITS Communications for more information). With this
option set, the relay transmits a message every second processing interval and
the device deasserts the RTS signal on the EIA-232 connector. Also, the
device monitors the CTS signal on the EIA-232 connector, which the modem
deasserts if the channel has too many errors. The modem uses the device RTS
signal to determine whether the MB or MB8 MIRRORED BITS protocol is in
use.

The relay EIA-232 serial ports support software (XON/XOFF) flow control. If
you want to enable support for hardware (RTS/CTS) flow control, set the
RTSCTS setting equal to Y.

On Ports F, 1, 2, 3, and 4, when PROTO := SEL, use the LANG setting to
communicate with the relay in English or Spanish. Refer to the SEL-751 Relay
Command Summary for the commands.

Set the AUTO :=Y to allow automatic messages at a serial port.

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 C: SEL Communications Processors for the description of the
SEL-751 Fast Operate commands.

Set PROTO := DNET to establish communications when you use the Devi-
ceNet card. Table 4.89 shows the additional settings, which can be set only at
the rear on the DeviceNet card. Once the relay detects the DeviceNet card, all
Port 4 settings are hidden. Refer to Appendix H: DeviceNet Communications
for details on DeviceNet.

Table 4.89 Rear-Panel DeviceNet Port Settings

Setting Name Setting Range

MAC_ID 0-63

ASA 8 Hex characters assigned by factory
DN_Rate 125, 250, 500 kbps

Front-Panel Settings (SET F Command)

General Settmq S The SEL-751 supports various front-panel options (see Table 1.4). This sec-
tion covers all of the front-panel related settings, except the touchscreen dis-
play settings. Refer to Table 9.5 for the touchscreen display settings. The
touchscreen display settings are not settable via the SET F command.

Local bits provide control from the front panel (local bits), and display points
display selected information on the LCD display. However, you need to first
enable the appropriate number of local bits and display points necessary for
your application. When your SEL-751 arrives, four display points are already
enabled, but no local bits are enabled. If more display points are necessary for
your application, use the EDP setting to enable as many as 32 display points.
Use the ELB setting to enable as many as 32 local bits. The EDP setting and
the corresponding display point settings are not available for the touchscreen
display model. The touchscreen display model provides you with the ability to
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configure bay screens with analog and digital labels, similar to the display
point functionality in the two-line display model. Refer to Section 9: Bay Con-
trol for the procedure to create configurable bay screens.

Table 4.90 Display Point and Local Bit Default Settings

Setting Setting Prompt Range Default
EDP? DISPLAY PTS ENABL N, 1-32 4
ELB LOCAL BITS ENABL N, 1-32 N

@ The setting EDP is not supported in the touchscreen display model.

To optimize the time you spend on setting the device, only the number of
enabled display points and enabled local bits become available for use. Use
the front-panel LCD timeout setting FP_TO as a security measure. If the dis-
play is within an Access Level 2 function when a timeout occurs, such as the
device setting entry, the function is automatically terminated (without saving
changes) after inactivity for this length of time. After terminating the function,
the front-panel display returns to the default display. The FP_TO setting is not
available in the touchscreen display model. Refer to Section 9: Bay Control
for the touchscreen display settings.

If you prefer to disable the front-panel timeout function during device testing,
set the LCD timeout equal to OFF. Use the front-panel LCD contrast setting
FP_CONT to adjust the contrast of the liquid crystal display. The FP_CONT
setting is not available in the touchscreen display model. Use the front-panel
auto-message setting FP_AUTO to define displaying of Trip/Warning mes-
sage. Set FP_AUTO either to OVERRIDE or add to the Rotating display when
the relay triggers a Trip/Warning message. Refer to Table 9.5 for the equiva-
lent touchscreen display settings. Note that the FP_AUTO setting is not avail-
able in the touchscreen display model. The touchscreen display provides
settings that allow you to choose from a wide range of screens, including cus-
tom screens, that can be displayed as part of the rotating display. The touch-
screen automatically flashes a screen overriding the rotating display in the
case of trip or diagnostic failures. Refer to Section 8: Front-Panel Operations
for more information on trip and diagnostic messages. Set RSTLED :=Y to
reset the latched LEDs automatically when the breaker or contactor closes.

Table 4.91 LCD Display Settings

NOTE: All Target LED settings can

be found in Table 4.98 Setting Setting Prompt Range Default
FP_TO? LCD TIMEOUT OFF, 1-30; min 15
FP_CONT? LCD CONTRAST 1-16 10
FP_AUTO? FP AUTOMESSAGES OVERRIDE, OVERRIDE
ROTATING
RSTLED CLOSE RESET LEDS Y, N Y
MAXACC? MAXIMUM ACCESS 1,2
LEVEL

@ The settings FP_TO, FP_CONT, FP_AUTO, and MAXACC are not supported in the touchscreen
display model.

The MAXACC setting (under Front-Panel Settings) selects the highest access
level for the front-panel. If MAXACC is set to 1, the front panel only allows
metering and read access to settings. If MAXACC is set to 2, the front panel
allows breaker control and read/write access to settings.
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Di sp|ay Points Use display points to view either the state of internal relay elements (Boolean
information) or analog information on the LCD display. Although the LCD
screen displays a maximum of 16 characters at a time, you can enter as many
NOTE: The rotating display is as 60 valid characters. Valid characters are 0-9, A-Z, -, /,", {, }, space. For
;‘Ecdjﬁﬁﬂ.appm*'mate'y every two (2) text exceeding 16 characters, the LCD displays the first 16 characters, then
scrolls through the remaining text not initially displayed on the screen.

Boolean Display Point Entry Composition

Boolean information is the status of Relay Word bits (see Appendix K: Relay
Word Bits). In general, the legal syntax for Boolean display points consists of
the following four fields or strings, separated by commas:

Relay Word Bit Name, “Alias”, “Set String”, “Clear String”.

where:

Name = Relay Word bit name (IN101, for example). All binary
quantities occupy one line on the front-panel display (all
analog quantities occupy two lines).

Alias = A more descriptive name for the Relay Word bit (such as
TRANSFORMER 3), or the analog quantity (such as
TEMPERATURE).

Set String = State what should be displayed on the LCD when the
Relay Word bit is asserted (CLOSED, for example)

Clear String = State what should be displayed on the LCD when the
Relay Word bit is deasserted (OPEN, for example)

Any or all of Alias, Set String, or Clear String can be empty. Although the
relay accepts an empty setting Name as valid, a display point with an empty
Name setting is always hidden (see the following). Commas are significant in
identifying and separating the four strings. Use quotation marks only if the
text you enter for Alias, Set String, or Clear String contains commas or spaces.
For example, DPO1 = Name, Text is valid, but Name, Alias 3 is not valid (con-
tains a space). Correct the Alias name by using the quotation marks: Name,
“Text 3”. You can customize the data display format by entering data in
selected strings only. Table 4.92 shows the various display appearances result-
ing from entering data in selected strings.

Hidden (No Display)
A display point is hidden when settings are entered (DPn = XX, where n =01
through 32 and XX = any valid setting), but nothing shows on the front-panel
display. Table 4.92 shows examples of settings that always, never, or condi-
tionally hide a display point.
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Table 4.92 Settings That Always, Never, or Conditionally Hide a Display Point

z;?‘?‘:zlrrer:\;t:;;\‘:tomation Name | Alias Set String | Clear String | Comment

DPO1 :=IN101, TRFR1, CLOSED, OPEN | IN101 [ TRFR1 CLOSED | OPEN Never hidden

DPO1 :=IN101, TRFR1 IN101 | TRFR1 — — Never hidden

DPO1 := NA — — — — Always hidden

DPO1 :=1IN101,,, IN101 | — — — Always hidden

DPO1 :=IN101, TRFR1,, IN101 | TRFR1 — — Always hidden

DPO1 :=IN101, TRFR1, CLOSED, IN101 | TRFR1 CLOSED |— Hidden when IN101 is deasserted
DPO1 :=IN101, “TRFR 1”,, OPEN IN101 [ TRFR 1 — OPEN Hidden when IN101 is asserted
DPO1 := 1,{} 1 {1} — — Empty line

DPO1 := 1,“Fixed Text” 1 Fixed Text | — — Displays the fixed text

DPO1 :=0 0 — — — Hides the display point

SEL-751 Relay

Following are examples of selected display point settings, showing the result-
ing front-panel displays. For example, at a certain station we want to display the
status of both HV and LV circuit breakers of Transformer 1. When the HV circuit
breaker is open, we want the LCD display to show: TRFR 1 HV BRKR: OPEN,
and when the HV circuit breaker is closed, we want the display to show: TRFR
1 HV BRKR: CLOSED. We also want similar displays for the LV breaker.

After connecting a Form A (normally open) auxiliary contact from the HV cir-
cuit breaker to Input IN101 and a similar contact from the LV circuit breaker to
Input IN102 of the SEL-751, we are ready to program the display points, using
the following information for the HV breaker (LV breaker similar):

» Relay Word bit—IN101

>
>

Alias—TRFR 1 HV BRKR:

Set String—CLOSED (the form a [normally open] contact

asserts or sets Relay Word bit IN101 when the circuit breaker is
closed)

Clear String—OPEN (the form a [normally open] contact

deasserts or clears Relay Word bit IN101 when the circuit
breaker is open)

Name, Alias, Set String, and Clear String

When all four strings have entries, the relay reports all states.

Table 4.93 Entries for the Four Strings

Name Alias Set String Clear String
IN101 TRFR 1 HV BRKR | CLOSED OPEN
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Figure 4.112 shows the settings for the example, using the SET F command.
Use the > character to move to the next settings category.

=>>SET F TERSE <Enter>

Front Panel

General Settings

DISPLY PTS ENABL (N,1-32) EDP

1
IS

? > <Enter>

Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"

(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DPO1 (60 characters)
DPO1 1= RID,"{16}"

? IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DPO2 (60 characters)

DP0O2 1= TID,"{16}"

? IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN <Enter>
DISPLAY POINT DPO3 (60 characters)

DP03 := IAV, "IAV CURR {5} A"

? END <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved

=>>

Figure 4.112 Display Point Settings

Figure 4.113 shows the display when both HV and LV breakers are open (both
IN101 and IN102 deasserted). Figure 4.114 shows the display when the HV
breaker is closed, and the LV breaker is open (IN101 asserted, but IN102 still
deasserted).

TRFR 1 HV BRKR:=)OPEN
TRFR 1 LV BRKR:=JOPEN

TRFR 1 HV BRKR:=)CLOSED'
TRFR 1 LV BRKR:=JOPEN

Figure 4.114 Front-Panel Display—HV Breaker Closed, LV Breaker Open

~—=

Name String, Alias String, and Either Set String or Clear String Only

The following discusses omission of the Clear String; omission of the Set
String gives similar results. Omitting the Clear String causes the relay to only
show display points in the set state, using the SET F command as follows:

DPO1 1= RID, “{16}”
? IN101,"TRFR 1 HV BRKR:",CLOSED <Enter>

When the Relay Word bit IN101 deasserts, the relay removes the complete
line with the omitted Clear String (TRFR 1 HV BRKR). When both breakers
are closed, the relay has the set state information for both HV and LV
breakers, and the relay displays the information as shown in Figure 4.115.
When the HV breaker opens (LV breaker is still closed), the relay removes the
line containing the HV breaker information because the Clear String
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information was omitted. Because the line containing the HV breaker
information is removed, the relay now displays the LV breaker information on
the top line, as shown in Figure 4.116.

TRFR 1 HV BRKR:
TRFR 1 LV BRKR:

—————— ~

CLOSED!
CLOSED!

[l
N——

1
7

[TRFR 1LV BRKR:=]CLOSED

Figure 4.116 Front-Panel Display—HV Breaker Open, LV Breaker Closed

If you want the relay to display a blank state when IN101 deasserts instead of
removing the line altogether, use the curly brackets {} for the Clear String, as
follows:

DPO1 := RID, “{16}”
? IN101,"TRFR 1 HV BRKR:",CLOSED,{} <Enter>

When Input IN101 now deasserts, the relay still displays the line with the HV
breaker information, but the state is left blank, as shown in Figure 4.117.

TRFR 1 HV BRKR:
TRFR 1 LV BRKR:

Figure 4.117 Front-Panel Display—HV Breaker Open, LV Breaker Closed

[l

N———

=)

—

o

%

m

o
N

Name Only

SEL-751 Relay

Table 4.94 shows an entry in the Name String only (leaving the Alias string,
Set String, and Clear String void). Using the SET F command, select DPO1.
Set DPOI as follows.

DPO1 1= RID, “{16}”
? IN101 <Enter>

Table 4.94 Binary Entry in the Name String Only

Name Alias Set String Clear String

IN101 — — —

Figure 4.118 shows the front-panel display for the entry in Table 4.94. Input
IN101 is deasserted in this display (IN101=0), but changes to IN101=1 when

Input IN101 asserts.
[IN101=0 ]

Figure 4.118 Front-Panel Display for a Binary Entry in the Name String Only
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Analog Display Point Entry Composition

In general, the legal syntax for analog display points consists of the following
two fields or strings:

Name, “User Text and Formatting.”

where:

Name = Analog quantity name (AI301 for example). All analog
quantities occupy two lines on the front-panel display
(all binary quantities occupy one line on the display).
User text and Display the user text, replacing the numerical

numerical formatting {width.dec,scale} with the value of Name,

formatting scaled by “scale”, formatted with total width “width”
and “dec” decimal places. Name can be either an analog
quantity or a Relay Word bit. The width value includes
the decimal point and sign character, if applicable. The
“scale” value is optional; if omitted, the scale factor
is 1. If the numeric value is smaller than the string size
requested, the string is padded with spaces to the left of
the number. If the numeric value does not fit within the
string width given, the string grows (to the left of the
decimal point) to accommodate the number.

Unlike binary quantities, the relay displays analog quantities on both display
lines. Table 4.95 shows an entry in the Name string only (leaving the User
Text and Formatting string void) with the following syntax:

Table 4.95 Analog Entry in the Name String Only

Name Alias Set String Clear String

AI301 — — —

Figure 4.119 shows the front-panel display for the entry in Table 4.95. Using
the SET F command, select DPO1. Set DPO1 as follows:

DPO1 1= RID, “{16}”
? AI301 <Enter>

AI301
5.36 mA

Figure 4.119 Front-Panel Display for an Analog Entry in the
Name String Only

Name and Alias

For a more descriptive name of the Relay Word bit, enter the Relay Word bit
in the Name String, and an alias name in User Text and Formatting String.
Table 4.96 shows a Boolean entry in the Name and Alias Strings (DP01) and
an entry in the Name and User Text and Formatting Strings (DP02), using the
SET F command, select DPO1. Set DPO1 as follows:

DPO1 := RID, “{16}”
? IN101,"INPUT IN101:" <Enter>
DPO2 ;= TID, “{16}”

? AI301,TEMPERATURE: <Enter>
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Table 4.96 Entry in the Name String and the Alias Strings

Name Alias Set String Clear String
IN101 INPUT IN101 — —
AI301 TEMPERATURE — —

Figure 4.120 shows the front-panel display for the entry in Table 4.96. Input
IN101 is deasserted in this display (0), and the display changes to INPUT
IN101=1 when Input IN101 asserts.

INPUT IN101:=0
[ ] (a) Boolean

0.024 mA

Figure 4.120 Front-Panel Display for an Entry in (a) Boolean Name and Alias
Strings and (b) Analog Name and User Text and Formatting Strings

TEMPERATURE :
(b) Analog

If the engineering units are set, then the front-panel display shows the engi-
neering units. For example, in the Group setting example, we set AI301EU to
degrees C. With this setting, the front-panel display looks as shown in

Figure 4.121.

(a) Boolean

TEMPERATURE:
(b) Analog
0.024 degree C
Figure 4.121 Front-Panel Display for an Entry in (a) Boolean Name and Alias

Strings and (b) Analog Name, User Text and Formatting Strings,
and Engineering Units

[INPUT IN101:=0 ]

For fixed text, enter a 1 in the Name String, then enter the fixed text as the
alias text. For example, to display the word DEFAULT and SETTINGS on two
different lines, use a display point for each word, i.e., DPO1 = 1,“DEFAULT”
and DP02 = 1,“SETTINGS.” Table 4.97 shows other options and front-panel
displays for the User Text and Formatting settings.

Table 4.97 Example Settings and Displays

Example Display Point Setting Value

Example Display

AI301,"TEMP {4} deg C"
AI301,"TEMP = {4.1}"
AI301,"TEMP = {5}"
AI301,"TEMP = {4.2,0.001} C"
AI301,"TEMP HV HS1 = {4,1000}"
L{}

1,“Fixed Text”

0

TEMP 1234 deg C

TEMP := xx.x
TEMP := 1230
TEMP :=1.23C

TEMP HV HS1 =1234
Empty line
Fixed Text

Hides the display point

Following is an example of an application of analog settings. Assume we also
want to know the hot-spot temperature, oil temperature, and winding tempera-
ture of the transformer at a certain installation. To measure these temperatures,
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we have installed an analog card in relay Slot C, and connected 4-20 mA
transducers inputs to analog inputs AI301 (hot-spot temperature), AI302 (oil
temperature), and AI303 (winding temperature).

First enable enough display points for the analog measurements (e.g.
EDP =5). Figure 4.122 shows the settings to add the three transducer
measurements. (Use the > character to move to the next settings category).

=>>SET F TERSE <Enter>

Front Panel

General Settings

DISPLY PTS ENABL (N,1-32) EDP
LOCAL BITS ENABL (N,1-32) ELB

4 ? 5 <Enter>
? > <Enter>

Display Point Settings (maximum 60 characters):

(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"

DISPLAY POINT DPO1 (60 characters)

DPO1 := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN
? <Enter>

DISPLAY POINT DPO2 (60 characters)

DP02 1= IN102,"TRFR 1 LV BRKR:",CLOSED,OPEN
? <Enter>

DISPLAY POINT DPO3 (60 characters)
DPO3 := IAV, "IAV CURR {5} A"

? AI301,"HOT SPOT TEMP" <Enter>
DISPLAY POINT DP04 (60 characters)
DP04 := IG_MAG, "GND CURR {5} %"
? AI302,"OIL TEMPERATURE" <Enter>
DISPLAY POINT DPO5 (60 characters)
DPO5 1= IA_NMAG, "IA {7.1} A pri"
? AI303, "WINDING TEMP" <Enter>
Save changes (Y,N)? Y <Enter>
Settings Saved

=>>

Figure 4.122 Adding Temperature Measurement Display Points

With more than two display points enabled, the relay scrolls through all
enabled display points, thereby forming a rotating display, as shown in
Figure 4.123.

(_ )
TRFR 1 HV BRKR:=

Screen1
(TRFR 1 LV BRKR:=)
(HOT SPOT TEMP )

Screen 2
(xxx.xx degrees C
(0IL TEMPERATURE )

Screen 3
L 0.031 mA)
(WINDING TEMP

Screen 4
L 0.037 mA)
(TRFR 1 HV BRKR:=)

Screen1
(TRFR 1 LV BRKR:=)

Figure 4.123 Rotating Display

To change the temperature units to more descriptive engineering units, enter
the desired units with the ALxxxEU (e.g., AI302EU) setting.

Local bits are variables (LBnn, where nn means 01 through 32) that are
controlled from front-panel pushbuttons. Use local bits to replace traditional
panel switches. The state of the local bits is stored in nonvolatile memory
every second. When power to the device is restored, the local bits return to
their states after the device initialization. Each local bit requires three of the
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following four settings, using a maximum of 14 valid characters for the
NLBnn setting, and a maximum seven valid characters (0-9, A-Z, -, /, .,
space) for the remainder:

» NLBnn: Name the switch (normally the function that the switch
performs, such as SUPERV SW) that appears on the front-
panel display.

» CLBnn: Clear local bit. Enter the text that describes the
intended operation of the switch (this text appears on the
display) when LBnn deasserts (OPEN, for example).

» SLBnn: Set local bit. Enter the text that describes the intended
operation of the switch (this text appears on the display) when
LBnn asserts (CLOSE, for example).

» PLBu#un: Pulse local bit. When selecting the pulse operation,
LBnn asserts for only one processing interval before
deasserting again. Enter the text that describes the intended
operation when LBnn asserts (START, for example).

» Onmit either SLBnn or PLBnn (never CLBnn) by setting the
omitted setting to NA.

For the transformer in our example, configure two local bits: one to replace a
supervisory switch, and the other to start a fan motor. Local bit 1 replaces a
supervisory switch (SUPERV SW) and we use the clear/set combination.
Local bit 2 starts a fan motor (START) that only needs a short pulse to seal
itself in, and we use the clear/pulse combination. Figure 4.124 shows the set-
tings to program the two local bits.

=>>SET F TERSE <Enter>
Front Panel
General Settings

DISPLY PTS ENABL (N,1-32) EDP =5 ? <Enter>
LOCAL BITS ENABL (N,1-32) ELB =N ? 2 <Enter>
FP_TO = 15 ? > <Enter>

LCD TIMEOUT (OFF,1-30 min)

Display Point Settings (maximum 60 characters):
(Boolean): Relay Word Bit Name, "Alias", "Set String", "Clear String"
(Analog) : Analog Quantity Name, "User Text and Formatting"
DISPLAY POINT DPO1 (60 characters)

DPO1 := IN101,"TRFR 1 HV BRKR:",CLOSED,OPEN

? > <Enter>

Local Bits Labels:

LB_ NAME (14 characters; Enter NA to null)

NLBO1 =

? SPERV SW <Enter>

CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLBO1 H

? OPEN <Enter>

SET LB_ LABEL (7 characters; Enter NA to null)
SLBO1 i=

? CLOSE <Enter>

PULSE LB_ LABEL (7 characters; Enter NA to null)
PLBO1 H

? NA <Enter>

LB_ NAME (14 characters; Enter NA to null)

NLBO2 =

? FAN START <Enter>

CLEAR LB_ LABEL (7 characters; Enter NA to null)
CLB0O2 H

? OFF <Enter>

SET LB_ LABEL (7 characters; Enter NA to null)
SLB02 i=

? NA <Enter>

PULSE LB_ LABEL (7 characters; Enter NA to null)
PLBO2 H

? START <Enter>

Save changes (Y,N)? Y <Enter>

Settings Saved

=>>

Figure 4.124 Adding Two Local Bits
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Ta rqet LED Settings The SEL-751 offers the following types of LEDs. See Figure 8.2 and
Figure 8.27 for the programmable LED locations:

» One Enable and one TRIP tricolored LEDs
» Six tricolored Target LEDs
» Sixteen tricolored Pushbutton LEDs

You can program all 22 LEDs by using SELOGIC control equations, the only
difference being that the Target LEDs also include a latch function.

Target LEDs

The ENABLED and TRIP LEDs are not programmable. Except for choosing
the LED illuminated color (LEDENAC or LEDTRPC), they are fixed-function
LEDs. The ENABLED LED illuminates when the SEL-751 is powered cor-
rectly, is functional, and has no self-test failures. The TRIP LED illuminates and
latches in at the rising-edge of any trip that comes from the trip logic. The
LEDENAC setting is not supported in the touchscreen display model. For
touchscreen display relays, the illuminated color of the ENABLED LED is fixed
at green.

NOTE: If the LED latch setting Settings Tn_LEDL (n = 01 through 06) and Tn_LED (n = 01 through 06) con-

(TnLEDL) is set to Y, and TRIP asserts, trol the six front-panel LEDs. With Tn_LEDL set to Y, the LEDs latch the
the LED latches to the state at TRIP LED state at TRIP assertion. To reset these latched LEDs, the corresponding
assertion. The latched LED targets can . . .

be reset by using TARGET RESET if LED equation must be deasserted (logical 0) and one of the following takes place:

the target conditions are absent.

» Pressing TARGET RESET on the front panel.
» Issuing the serial port command TAR R.
» The assertion of the SELOGIC control equation RSTTRGT.

With TrLEDL settings set to N, the LEDs do not latch and directly follow the
state of the associated SELOGIC control equation setting.

Enter any of the Relay Word bits (or combinations of Relay Word bits) as con-
ditions in the Tn_LED SELOGIC control equation settings. When these Relay
Word bits assert, the corresponding LED also asserts.

Table 4.98 Target LED Settings (Sheet 10f 2)

Setting Prompt Setting Range? ?:2:::_3 ';2:::;:

ENA_LED COLOR" R,G, A LEDENAC := G

TRIP_LED COLOR R,G, A LEDTRPC :=R

TRIP LATCH T_LED Y, N TOILEDL :=Y

TARGET T_LED ASSERTED COLOR | R, G, A TOILEDC :=R

LED1 EQUATION SELOGIC TO1_LED := ORED50T

TRIP LATCH T_LED Y, N TO2LEDL :=Y

TARGET T_LED ASSERTED COLOR | R, G, A TO2LEDC :=R

LED2 EQUATION SELoGIC TO2_LED :=51AT OR
5IBTOR51CT OR 51PIT
OR 51P2T

TRIP LATCH T_LED Y, N TO3LEDL :=Y

TARGET T_LED ASSERTED COLOR | R, G, A TO3LEDC :=R
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Table 4.98 Target LED Settings (Sheet 2 of 2)

Setting Prompt

LED3 EQUATION

TRIP LATCH T_LED

TARGET T_LED ASSERTED COLOR

LED4 EQUATION

TRIP LATCH T_LED

TARGET T_LED ASSERTED COLOR

LEDS5 EQUATION

TRIP LATCH T_LED

TARGET T_LED ASSERTED COLOR

LED6 EQUATION

. a | Setting Name :=

SE RIS Factory Default

SELoGIC TO3_LED :=51INIT OR
51G1T OR 5IN2T OR
51G2T

Y, N TO4LEDL :=Y

R,G, A TO4LEDC :=R

SELoGIC TO4_LED :=51QT

Y, N TOSLEDL :=Y

R,G, A TOSLEDC :=R

SELoGIC TO5_LED :=81DIT OR
81D2T OR 81D3T OR
81D4T

Y, N TO6LEDL :=N

R,G, A TO6LEDC :=R

SELoGIC TO6_LED := (BFT OR
T06_LED) AND NOT
TRGTR

@ R =Red, G = Green, and A = Amber.
b The setting LEDENAC is not supported in the touchscreen display model.

Pushbutton LEDs

Enter any of the Relay Word bits (or combinations of Relay Word bits) as con-
ditions in the PBp_LED (p = 1A, 1B, . .. 8A, 8B) SELOGIC control equation
settings. When these Relay Word bits assert, the corresponding LED also
asserts. Table 4.99 shows the setting prompts, settings ranges, and default set-
tings for the LEDs.

Table 4.99 Pushbutton LED Settings? (Sheet 10f 2)

Setting Prompt

Setting Ranqeb

Setting Name := Factory Default

PB_LED ASSERTED/DEASSRTED COLORS
PB1A_LED EQUATION
PB_LED ASSERTED/DEASSRTED COLORS
PBIB_LED EQUATION
PB_LED ASSERTED/DEASSRTED COLORS
PB2A_LED EQUATION

PB_LED ASSERTED/DEASSRTED COLORS
PB2B_LED EQUATION

PB_LED ASSERTED/DEASSRTED COLORS
PB3A_LED EQUATION
PB_LED ASSERTED/DEASSRTED COLORS
PB3B_LED EQUATION

SEL-751 Relay

R,G,A,O
SELoGIC
R,G, A, O
SELogGIC
R,G,A,O
SELoGIC

R,G,A, O
SELoGIC

R,G, A, O
SELogGIC
R,G,A,O
SELoGIC

Instruction Manual

PBIALEDC := AO
PB1A_LED :=79RS
PBIBLEDC := AO
PBIB_LED :=79LO
PB2ALEDC := AO

PB2A_LED :=NOT LT02 OR SV02 AND NOT SV02T AND
SVO5T

PB2BLEDC := AO

PB2B_LED :=LT02 OR SV02 AND NOT SV02T AND
SVO5T

PB3ALEDC := AO
PB3A_LED := NOT LT02 AND NOT 52A
PB3BLEDC := AO

PB3B_LED :=52A OR SV03 AND NOT SV03T AND
SVOST
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Setting Prompt

Setting Range

b

Setting Name := Factory Default

PB_LED ASSERTED/DEASSRTED COLORS
PB4A_LED EQUATION
PB_LED ASSERTED/DEASSRTED COLORS
PB4B_LED EQUATION

PB_LED ASSERTED/DEASSRTED COLORS
PB5A_LED EQUATION
PB_LED ASSERTED/DEASSRTED COLORS
PB5B_LED EQUATION
PB_LED ASSERTED/DEASSRTED COLORS
PB6A_LED EQUATION
PB_LED ASSERTED/DEASSRTED COLORS
PB6B_LED EQUATION
PB_LED ASSERTED/DEASSRTED COLORS
PB7A_LED EQUATION
PB_LED ASSERTED/DEASSRTED COLORS
PB7B_LED EQUATION
PB_LED ASSERTED/DEASSRTED COLORS
PBSA_LED EQUATION
PB_LED ASSERTED/DEASSRTED COLORS
PB8B_LED EQUATION

R,G,A,O
SELoGIC
R,G, A, O
SELogGIC

R,G,A,O
SELoGIC
R,G,A,O
SELogGIC
R,G,A,O
SELoGIC
R,G,A,O
SELogGIC
R,G,A,O
SELoGIC
R,G,A,O
SELogGIC
R,G,A,O
SELoGIC
R,G,A,O
SELogGIC

PB4ALEDC := AO
PB4A_LED :=0
PB4BLEDC := AO

PB4B_LED := NOT 52A OR SV04 AND NOT SV04T AND

SVOST
PB5ALEDC := AO
PB5A_LED :=0
PBSBLEDC := AO
PB5B_LED :=0
PB6ALEDC := AO
PB6A_LED :=0
PB6BLEDC := AO
PB6B_LED :=0
PB7ALEDC := AO
PB7A_LED :=0
PB7BLEDC := AO
PB7B_LED :=0
PBSALEDC := AO
PB8A_LED :=0
PB8BLEDC := AO
PB8B_LED :=0

@ The pushbutton LED settings, PB5A/PB5B-PB8A/PB8B, are hidden for relay models with four-pushbuttons.
b Setting is a two-letter combination of the letters R, G, A, O, where: asserted/deasserted color choices: R = Red, G = Green, =Amber, O = Off.

Asserted and deasserted colors must be different.

Report Settings (SET R Command)

The report settings use Relay Word bits for the SER trigger as shown in
Table 4.101 (see Appendix K: Relay Word Bits for more information).

SER Chatter Criteria

The SER includes an automatic deletion and reinsertion function to prevent

overfilling of the SER buffer with chattering information. Each processing
interval the relay checks the Relay Word bits in the four SER reports for any
changes of state. When detecting a change of state, the relay adds a record to
the SER report containing the Relay Word bit(s), new state, time stamp, and
checksum (see Section 10: Analyzing Events for more information).

When detecting oscillating SER items, the relay automatically deletes these
oscillating items from SER recording. Table 4.100 shows the auto-removal settings.
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Table 4.100 Auto-Removal Settings

Settings Prompt Setting Range Factory Default
Auto-Removal Enable Y, N ESERDEL :=N
Number of Counts 2-20 counts SRDLCNT :=5
Removal Time 0.1-90.0 seconds SRDLTIM := 1.0

To use the automatic deletion and reinsertion function, proceed with the fol-
lowing steps:

Step 1. Set Report setting ESERDEL (Enable SER Delete) to Y to
enable this function.

Step 2. Select values for the setting SRDLCNT (SER Delete Count)
and the setting SRDLTIM (SER Delete Time) that mask the
chattering SER element.

Setting SRDLTIM declares a time interval during which the relay qualifies an
input by comparing the changes of state of each input against the SRDLCNT
setting. When an item changes state more than SRDLCNT times in an
SRDLTIM interval, the relay automatically removes these Relay Word bits
from SER recording. Once deleted from recording, the item(s) are ignored for
the next nine intervals. At the ninth interval, the chatter criteria is again
checked and, if the point does not exceed the criteria, it is automatically rein-
serted into recording at the starting of the tenth interval. You can enable or dis-
able the autodeletion function via the SER settings. Any autodeletion notice
entry is lost during changes of settings. The deleted items can be viewed in the
SER Delete Report (command SER D—refer to Section 7: Communications
for additional information).

SER Triqger Lists To capture element state changes in the SER report, enter the Relay Word bit
into one of the four SER (SER1 through SER4) trigger equations. Each of the
four programmable trigger equations allows entry of as many as 24 Relay
Word bits separated by spaces or commas; the SER report accepts a total of 96
Relay Word bits. Table 4.101 shows the settings prompt and default settings
for the four SER trigger equations.

Table 4.101 SER? Trigger Settings

Setting Prompt Setting Name := Factory Default

SER1 SERI1 :=IN101 IN102 SIP1T 51GIT 50P1P SONIT 5IN1T PBO1
PB02 PB03 PB04

SER2 SER2 := CLOSE 52A CC

SER3 SER3 :=81DIT 81D2T

SER4 SER4 := SALARM

@ Use as many as 24 Relay Word elements separated by spaces or commas for each setting.

Relay Word Bit Aliases Table 4.102 Enable Alias Settings

. . Setting Name :=
Setting Prompt Setting Range Factory Default
Enable ALIAS Settings (N, 1-20) N, 1-20 EALIAS =4
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To simplify your review of the information displayed in the SER record, the
relay provides the Alias setting function. Using the Alias settings, you can
change the way relay elements listed in the previous SER settings are dis-
played in the SER report. In addition, the Alias settings allow you to change
the text displayed when a particular element is asserted and deasserted. The
relay permits as many as 20 unique aliases, as defined by the Enable Alias Set-
tings (EALIAS) setting. Factory default alias settings are shown in

Table 4.103.

Define the enabled alias settings by entering the Rela