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Manual Overview

Preface

Date Code 20191107

The SEL-311C Instruction Manual describes common aspects of protection
relay application and use. It includes the necessary information to install, set,
test, and operate the relay and more detailed information about settings and
commands.

An overview of each manual section and topics follows:

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

Section 1: Introduction and Specifications. Describes the basic features
and functions of the SEL-311C and lists the relay specifications.

Section 2: Installation. Describes how to mount and wire the SEL-311C,
illustrates wiring connections for various applications, describes
operation of current board jumpers, and depicts relay front and rear
panels.

Section 3: Distance, Out-of-Step, Overcurrent, Voltage, Synchronism-

Check, and Frequency Elements. Describes the operation of the
instantaneous/definite-time overcurrent elements (phase, residual-
ground, and negative-sequence), time-overcurrent elements (phase,
residual-ground, and negative-sequence), voltage elements (single-
phase, phase-to-phase, etc.), synchronism-check elements, and
frequency elements.

Section 4: Loss-of-Potential, CCVT Transient Detection, Load-

Encroachment, and Directional Element Logic. Describes the operation of
loss-of-potential logic and its effect on directional elements;
disturbance detector logic, load-encroachment logic and its application
to phase overcurrent elements; voltage-polarized and current-polarized
directional elements, Best Choice Ground Directional Element® logic
and automatic settings.

Section 5: Trip and Target Logic. Describes the operation of general trip
logic, qualified trip logic, switch-onto-fault trip logic,
communications-assisted trip logic, breaker failure, and front-panel
target LEDs.

Section 6: Close and Reclose Logic. Describes the close logic operation
for automatic reclosures and other close conditions (e.g., manual close
initiation via serial port or optoisolated inputs).

Section 7: Inputs, Outputs, Timers, and Other Control Logic. Describes the
operation of optoisolated inputs IN101-IN106 and IN201-IN216, local
control switches (local bit outputs LB1-L.B16), remote control
switches (remote bit outputs RB1-RB32), latch control switches (latch
bit outputs LT1-LT16), multiple setting groups (six available),
programmable timers (timer outputs SV1T-SV16T), logic variables
(LV1-LV32), output contacts 0UT101-0UT107 and ALARM and OUT201-
0UT212, and rotating default displays.

Section 8: Metering and Monitoring. Describes the operation of the
breaker monitor, station battery monitor, instantaneous metering,
demand, energy, maximum/minimum, and synchrophasor metering.
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Section 9: Setting the Relay. Explains how to enter settings and also
contains the following setting reference information:

» Time-overcurrent curves (5 U.S. and 5 IEC curves)

» Settings Sheets for a general relay, SELOGIC® control equation,
Global, SER, text label, and port settings
The SEL-311C Settings Sheets can be photocopied and filled out to set
the SEL-311C.

Section 10: Communications. Describes serial, Ethernet, and USB
communications, port connector pinout/terminal functions,
communications cables, communications protocols, and ASCII
commands.

See SHO Command (Show/View Settings) on page 10.62 for a list of
the factory-default settings for the SEL-311C.

SEL-311C Command Summary. Briefly describes the serial port commands
that are described in detail in Section 10: Communications.

Section 11: Front-Panel Interface. Describes the front-panel operation of
pushbuttons and their correspondence to ASCII commands, local
control switches (local bit outputs LB1-LLB16), and rotating displays.

Section 12: Standard Event Reports and SER. Describes standard 15-, 30-,
60-, and 180-cycle event reports and Sequential Events Recorder
(SER) report.

Section 13: Testing and Troubleshooting. Describes general testing
philosophy, methods, and tools and relay self-tests and
troubleshooting.

Appendices
» Appendix A: Firmware, ICD, and Manual Versions

» Appendix B: Firmware Upgrade Instructions for
SEL-311C Relays With Ethernet

Appendix C: PC Software

Appendix D: Relay Word Bits

Appendix E: Analog Quantities

Appendix F: Setting SELoGIC Control Equations

Appendix G: Setting Negative-Sequence Overcurrent Elements
Appendix H: MIRRORED BITs Communications

Appendix I: SEL Distributed Port Switch Protocol

Y Y VY VY Y VY YVYY

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

Appendix K: Compressed ASCII Commands
Appendix L: DNP3 Communications

Appendix M: Fast SER Protocol

Appendix N: Synchrophasors

Appendix O: Modbus RTU and TCP Communications
Appendix P: IEC 61850
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Safety Information

» Appendix Q: Cybersecurity Features

» Appendix R: Fault Location and Supplemental Fault Location

and Impedance Data

SEL-311C Command Summary. Summarizes the serial port commands that
are fully described in Section 10: Communications.

Safety Information

Dangers, Warnings,

and Cautions I
/\DANGER

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

/\WARNING

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

/N\CAUTION

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

Safety Symbols

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

The following symbols are often marked on SEL products.

/N\CAUTION

Refer to accompanying documents.

/NATTENTION

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

Bl |@®]+ >

Manuel d’instructions
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Preface
Safety Information

Safety Marks

General Safety Marks

The following statements apply to this device.

/AWARNING

More than one live circuit. See diagram.

/NAVERTISSEMENT

Plus d'un circuit est sous tension. Voir schema.

B300 Relay Code

Maximum Current [A]

Courant Maximal [A]

120 V

240 V

Make Break

Make Break

30 3

15 1.5

/NCAUTION

There is danger of explosion if the battery is incorrectly replaced.
Replace only with Rayovac® 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 Rayovac® 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.

Connectors for input and supply must have overcurrent protec-
tion of 15 A maximum. Provide a 14 AWG copper ground con-
ductor.

Les connecteurs d’entrée et d’alimentation doivent avoir la protection
de surintensité de 15 A maximal. Utilisez un conducteur de mise a la
terre en cuivre de calibre 14 AWG.

For use in Pollution Degree 2 environment.

Pour I’utilisation dans un environnement de Degré de Pollution 2.

For use on a flat surface of a Type 1 enclosure.

Destiné a 'utilisation sur une surface plane d'un boitier de Type 1.

Terminal Ratings
Wire Material
Use copper supply wires suitable for 75°C (167°F).

Tightening Torque
Serial Port 1: 0.6-0.8 Nm (5-7 in-1b)
A Terminal Blocks: 1.1-1.3 Nm (9-12 in-1b)
B Terminal Blocks: 1.1-1.3 Nm (9-12 in-1b)
Z Terminal Blocks: 1.1-1.3 Nm (9-12 in-lb)

Spécifications des bornes
Type de filage

Utilisez des fils d'alimentation en cuivre appropriés pour
75°C (167°F).

Couple de serrage
Port Série 1 : 0,6-0,8 Nm (5-7 livres-pouce)
Borniers A : 1,1-1,3 Nm (9-12 livres-pouce)
Borniers B : 1,1-1,3 Nm (9-12 livres-pouce)
Borniers Z : 1,1-1,3 Nm (9-12 livres-pouce)

AC Voltage Inputs: 250 Vac rms continuous (UL).

Entrées de tension CA : 250 Vca rms continus (UL).

Other Safety Marks (Sheet 1 of 2)

/\DANGER

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

/\DANGER

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

/\WARNING

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

(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 accés non-
autorisé a I'équipement peut étre possible. SEL décline toute
responsabilité pour tout dommage résultant de cet accés non-
autorisé.

/AWARNING

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.

Instruction Manual

/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.
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Other Safety Marks (Sheet 2 of 2)

Preface
General Information

/\WARNING

Use of this equipment in a manner other than specified in this manual
can impair operator safety safeguards 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

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

/NAVERTISSEMENT

Avant de travailler sur un circuit TC, placez d'abord un court-circuit sur
I'enroulement secondaire du TC.

/N\CAUTION

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

/NATTENTION

Le relais contient des piéces sensibles aux décharges électrostatiques.
Quand on travaille sur le relais avec les panneaux avant ou du dessus
enlevés, toutes les surfaces et le personnel doivent étre mis a la terre
convenablement pour éviter les dommages a I'éguipement.

/NCAUTION

Never apply voltage signals greater than 9 V peak-peak to the low-
level test interface (J10) or equipment damage may result.

/NATTENTION

Au risque de causer des dommages a I'équipement, ne jamais
appliquer un signal de tension supérieur a 9 V créte a créte a
I'interface de test de bas niveau (J10).

General Information

Typographic
Conventions >

There are three ways to communicate with the SEL-311C:

Using a command line interface on a PC terminal emulation

window

» Using the front-panel menus and pushbuttons

» Using ACSELERATOR QuickSet® SEL-5030 Software

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

Example

Description

STATUS
<Enter>
<Ctrl+D>
Start > Settings

CLOSE
ENABLE
MAIN > METER

SELoGIC Control
Equations

Modbus®

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

PC software 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 visible on
the PC screen. The > character indicates submenus.

SEL trademarks and registered trademarks contain the
appropriate symbol on first reference in a section. In the
SEL-311C Instruction Manual, certain SEL trademarks appear
in small caps. These include SELOGIC control equations.

Registered trademarks of other companies include the registered
trademark symbol with the first occurrence of the term in a section.

Date Code 20191107
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xxiv | Preface
General Information

Examp|es This instruction manual uses several example illustrations and instructions to
explain how to effectively operate the SEL-311C. These examples are for
demonstration purposes only; the firmware identification information or
settings values included in these examples may not necessarily match those in
the current version of your SEL-311C.
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Section 1
Introduction and Specifications

This section includes the following overviews of the SEL-311C Relay:
» SEL-311C Models
» Specifications on page 1.2

SEL-311C Models

This instruction manual covers the SEL-311C models with screw terminal blocks and Ethernet communications.
Table 1.1 describes the distinguishing features of products covered and not covered by this manual. Use any row of
the table to distinguish between relays covered and not covered by this manual.

Table 1.1 SEL-311C Models

. s SEL-311C Relays Covered by This SEL-311C Relays Not Covered by This
Distinguishing Feature X .
Instruction Manual Instruction Manual
Product Name SEL-311C Transmission Protection System SEL-311C Protection and Automation System
Model Number? 0311C1 0311CO
Menu Navigation Pushbuttons Square with arrows inside buttons Round with arrows outside buttons

ololno 0000

STATUS OTHER  SET  CNTRL

4> AY

Operator Control Pushbutton Optional Not available on SEL-311C0

Ethernet Port(s) on Rear Panel Yes No
BNC Connector on Rear Panel Yes No
OUTI101, OUT102, and OUT103 Yes No

Polarity Indicators on Rear Panel

a8 The model numbers used in this table are derived from the SEL-311C ordering information sheets. These numbers should not be used to
order an SEL-311C. To order an SEL-311C, refer to the actual ordering information sheets.

The SEL-311C Transmission Protection System is also available with single-pole trip as model number 0311C2
and with high-speed distance elements as model number 0311C3. These models are covered by a separate
instruction manual.

The SEL-311C can be ordered as a horizontal or vertical rack mount, horizontal or vertical panel mount, or horizontal
or vertical projection panel mount (see Figure 2.2—Figure 2.6). Standard models come with six optoisolated inputs and
eight output contacts. Extra I/O boards can be ordered on any SEL-311C model with 3U chassis.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System



1.2 | Introduction and Specifications

Specifications

Specifications

Important: Do not use the following information to order an SEL-311C. Refer to the actual ordering information sheets.

Compliance

Frequency and Rotation
Note: 60/50 Hz system frequency and ABC/ACB phase rotation

Designed and manufactured under an ISO 9001 certified quality
management system

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

CE Mark

RCM Mark

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 a residential area is likely to cause harmful
interference in which case the user will be required to correct the
interference at his own expense.

are user-settable.

Frequency 40.1-65 Hz
Tracking Range: (V4 or I} [positive-sequence current]
required for frequency tracking;
tracking switches to I} if V4 <10 V).
Output Contacts
Standard
DC Output Ratings
Make: 30 A
Carry 6 A continuous carry at 70°C
4 A continuous carry at 85°C
1 s Rating: 50 A
MOV Protected: 270 Vac/360 Vdc/75
Pickup Time: Less than 5 ms

General
Terminal Connections

Note: Terminals or stranded copper wire. Ring terminals are
recommended. Minimum temperature rating of 75°C (167°F).

Tightening Torque
Terminals AO1-A28
Terminals BO1-B40
(if present):
Terminals Z01-Z27:
Serial Port 1
(EIA-485, if present):
AC Voltage Inputs
Nominal Range
Line to Neutral:
Line to Line (open delta):

Continuous:

Short-Term Overvoltage:

1.1-1.3 Nm (9-12 in-Ib)
1.1-1.3 Nm (9-12 in-Ib)

0.6-0.8 Nm (5-7 in-Ib)

67-120 Vrms

115-260 Vrms

300 Vrms
250 Vrms (UL)

600 Vac for 10 seconds

Dropout Time: Less than 5 ms, typical

Breaking Capacity (10,000 operations):

24V 0.75 A L/R =40 ms
48V 0.50 A L/R =40 ms
125V 030 A L/R =40 ms
250V 020 A L/R =40 ms
Cyclic Capacity (2.5 cycle/second):
24V 0.75 A L/R =40 ms
48V 0.50 A L/R =40 ms
125V 030 A L/R =40 ms
250V 020 A L/R =40 ms

Note: Make per IEEE C37.90-1989.

Note: Breaking and Cyclic Capacity per IEC 60255-0-20:1974.

Note: EA certified relays do not have MOV protected standard
output contacts.

AC Output Ratings

Maximum Operational
Voltage (U,) Rating:

Insulation Voltage (U;)
Rating (Excluding

240 Vac

SEL-311C-1 Transmission Protection System

0.03 VA @ 67 V;0.06 VA @ 120 V;
0.8 VA @ 300 V

Burden:

AC Current Inputs
IA, 1B, IC, and Neutral Channel IN

5 A Nominal: 15 A continuous (20 A continuous at
55°C), 500 A for 1 s,
linear to 100 A symmetrical,
1250 A for 1 cycle
Burden: 027VA@5A,251 VA @ 15A
1 A Nominal: 3 A continuous (4 A continuous at
55°C), 100 A for 1 s,
linear to 20 A symmetrical,
250 A for 1 cycle
Burden: 0.13VA@1A,131VA@3A
Power Supply
Rated: 125/250 Vdc nominal or 120/230 Vac
nominal
Range: 85-350 Vdc or 85-264 Vac
Burden: <25W
Rated: 48/125 Vdc nominal or 120 Vac nominal
Range: 38-200 Vdc or 85-140 Vac
Burden: <25W
Rated: 24/48 Vdc nominal
Range: 18-60 Vdc polarity dependent
Burden: <25W

Instruction Manual

EN 61010-1):
Utilization Category:

Contact Rating
Designation:

Voltage Protection
Across Open
Contacts:

Rated Operational
Current (I,):

Conventional Enclosed
Thermal Current
(Tipe) Rating:

Rated Frequency:

Electrical Durability
Make VA Rating:

Electrical Durability
Break VA Rating:

300 Vac

AC-15 (control of electromagnetic
loads > 72 VA)

B300 (B =5 A, 300 = rated insulation
voltage)

270 Vac, 40J

3 A @120 Vac
1.5 A @ 240 Vac

5A
50/60 +5 Hz
3600 VA, cos ¢ =0.3

360 VA, cos ¢ =0.3

High-Current Interruption for OUT101, OUT102,0UT103, and

Extra 1/0 Board
Make:
Carry

1 s Rating:
MOV Protection:
Pickup Time:

30A

6 A continuous carry at 70°C
4 A continuous carry at 85°C

50 A
330 Vdc/145 7
Less than 5 ms

Date Code 20191107



Dropout Time: Less than 8 ms, typical

Breaking Capacity (10,000 operations):

24V 10 A L/R =40 ms
48V 10A L/R =40 ms
125V 10A L/R =40 ms
250V 10A L/R =20 ms

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

24V 10 A L/R =40 ms
48V 10A L/R =40 ms
125V 10 A L/R =40 ms
250V 10 A L/R =20 ms

Note: Make per IEEE C37.90-1989.
Note: Do not use high-current interrupting output contacts to switch
ac control signals. These outputs are polarity dependent.
Note: Breaking and Cyclic Capacity per IEC 60255-0-20:1974.
Fast Hybrid (High-Speed High-Current Interrupting) Option

Make: 30 A

Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C

1 s Rating: 50 A

MOV Protection: 250 Vac /330 Vdc/ 1457

Pickup Time: Less than 200 ps

Dropout Time: Less than 8 ms, typical

Breaking Capacity (10,000 operations):

24V 10A L/R =40 ms
48V 10 A L/R =40 ms
125V 10A L/R =40 ms
250V 10 A L/R =20 ms

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

24V 10 A L/R =40 ms
48V 10A L/R =40 ms
125V 10 A L/R =40 ms
250 V 10A L/R =20 ms

Note: Make per IEEE C37.90-1989.
Note: Breaking and Cyclic Capacity per IEC 60255-0-20:1974.

SafeLock® Trip/Close Pushbuttons
Resistive DC or AC Load With Arc Suppression Disabled

Make: 30A
Carry: 6 A continuous carry
1 s Rating: 50 A
MOV Protection: 250 Vac/330 Vdc/130J
Breaking Capacity (2000 operations):
48V 0.50 A L/R =40 ms
125V 030 A L/R =40 ms
250V 0.20 A L/R =40 ms

Note: Make per IEEE C37.90-1989.
High-Interrupt DC Outputs With Arc Suppression Enabled

Make: 30A
Carry: 6 A continuous carry
1 s Rating: 50 A
MOV Protection: 330 Vde /1307
Breaking Capacity (2000 operations):
48V 10 A L/R =40 ms
125V 10 A L/R =40 ms
250V 10 A L/R =20 ms

Note: Make per IEEE C37.90-1989.
Breaker Open/Closed LEDs

250 Vdc:  on for 150-300 Vdc; 192-288 Vac
125 Vdc: on for 80-150 Vdc; 96-144 Vac
48 Vdc: on for 30-60 Vdc;
24 Vdc: on for 15-30 Vdc

Date Code 20191107
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Specifications

Note: With nominal control voltage applied, each LED draws
8 mA (max.). Jumpers may be set to 125 Vdc for 110 Vdc input
and set to 250 Vdc for 220 Vdc input.

Optoisolated Input Ratings

When Used With DC Control Signals

250 Vdc:
220 Vdc:
125 Vdc:
110 Vdc:
48 Vdc:
24 Vdc:

on for 200-300 Vdc;
on for 176-264 Vdc;
on for 105-150 Vdc;
on for 88—132 Vdc;
on for 38.4-60 Vdc;
on for 15-30 Vdc

off below 150 Vdc
off below 132 Vdc
off below 75 Vdc
off below 66 Vdc
off below 28.8 Vdc

When Used With AC Control Signals

250 Vdc:
220 Vdc:
125 Vde:  on for 89.
110 Vdc:  on for 75.
48 Vdc: on for 32.
24 Vdc: on for 12.

on for 170.6-300 Vac;
on for 150.3-264.0 Vac;

off below 106.0 Vac
off below 93.2 Vac

6-150.0 Vac; off below 53.0 Vac
1-132.0 Vac; off below 46.6 Vac
8-60.0 Vac;  off below 20.3 Vac
8-30.0 Vac

Note: AC mode is selectable for each input via Global settings
IN101D-IN106D and IN201D-IN216D. AC input recognition
delay from time of switching: 0.75 cycles maximum pickup,
1.25 cycles maximum dropout.

Note: All optoisolated inputs draw less than 10 mA of current at
nominal voltage or ac rms equivalent.

Time-Code Inputs

Relay accepts demodulated IRIG-B time-code input at Port 2, at the
rear-panel BNC input, or through the optional
SEL-2812-compatible fiber-optic serial port.

Port 2, Pin 4 Input
Current:

BNC Input Current:

BNC Input Voltage:

BNC Nominal Input
Impedance:

1.8 mA typical at4.5 V (2.5 kQ
resistive)

4 mA typical at 4.5 V (750 Q resistive
when input voltage is greater than 2 V)

2.2 V minimum

>1kQ

Synchronization Accuracy

Internal Clock:

Synchrophasor Reports
(e.g., MET PM,
EVE P, CEV P):

All Other Reports:

+1ps

+10 pus

+5ms

Simple Network Time Protocol (SNTP) Accuracy

Internal Clock:

+5 ms

Unsychronized Clock Drift

Relay Powered:
Communications Ports

EIA-232:

EIA-485:

Fiber-Optic Serial Port:

Wavelength:

Optical Connector Type:

Fiber Type:

Typical TX Power:

RX Min. Sensitivity:

Fiber Size:

Per Port Data Rate
Selections:

Instruction Manual

2 minutes per year typical

1 front, 2 rear

1 rear with 2100 Vdc of isolation, optional
SEL-2812-compatible port, optional
820 nm

ST

Multimode

—16 dBm

—24 dBm

62.5/125 pm

300, 1200, 2400, 4800, 9600, 19200,
38400, 57600

SEL-311C-1 Transmission Protection System
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1.4 | Introduction and Specifications

Specifications

USB: 1 front (Type-B connector, CDC class
device)

Ethernet: 2 standard 10/100BASE-T rear ports

(RJ45 connector)

1 or 2 100BASE-FX rear ports optional
(LC connectors)
Wavelength: 1300 nm
Optical Connector Type: LC connector
Fiber Type: Multimode fiber
Typical TX Power: —15.7 dBm
RX Min. Sensitivity: —30 dBm
Fiber Size: 62.5 ym

Internal Ethernet switch included with
second Ethernet port.

Dimensions
Refer to Figure 2.1.
Weight
111b (5.0 kg)—2U rack unit height relay
15 1b (6.8 kg)—3U rack unit height relay
Operating Temperature

—40° to +185°F (—40° to +85°C)
(LCD contrast impaired for temperatures below —20°C.)
Note: Temperature range is not applicable to UL-compliant
installations.

Type Tests

Environmental Tests

Cold: IEC 60068-2-1:2007 Environmental
testing procedures, Part 2-1:
Tests—Test Ad: Cold

IEC 60068-2-30:2005 Basic
environmental testing procedures, Part
2-30: Tests, Test Db and guidance:
Damp heat, cyclic (12 + 12-hour
cycle), (six-day type test)

Damp Heat, Cyclic:

Dry Heat: IEC 60068-2-2:2007 Environmental
testing procedures, Part 2-2:
Tests—Test Bd: Dry Heat

Environment: IEC 60529:2001 + CRDG:2003

Degrees of Protection Provided by
Enclosures (IP code): Object
penetration and dust ingress, IP30 for
category 2 equipment.

For use in a Pollution Degree 2
environment

Routine Dielectric and Impulse Tests

Current Inputs,
Optoisolated Inputs,

and Output Contacts: 2500 Vac for 10 s

3100 Vdc for 10 s
IEC 60255-5 Dielectric Tests: 2000
2500 Vac for 1 minute on analog
inputs, optoisolated inputs, and
output contacts
3100 Vdc for 1 minute on power supply
Impulse: IEC 60255-5:2000 Electrical relays,
Part 5: Insulation tests for electrical
relays. Section 6.1.3: Impulse Voltage
Tests, 0.5 Joule 5 kV

Electromagnetic Compatibility (EMC)
Conducted Emissions: IEC 60255-25:2000 Class A
1IEC 60255-25:2000 Class A

Power Supply:

Radiated Emissions:

Instruction Manual

RFI and Interference Tests

Fast Transient
Disturbance:

IEC 60255-22-4:2008 Electrical
disturbance tests for measuring relays
and protection equipment, Section 4:
Fast transient disturbance test,
Severity Level: Class A

4 kV, 5 kHz on analog and power
supply inputs

2 kV, 5 kHz on communications ports,
digital inputs, and digital outputs

IEC 60255-22-3:2007 Electrical relays,
Section 3: Radiated electromagnetic
field disturbance tests, Severity Level
3 (10 V/m)

IEEE C37.90.2-2004, Standard for
Withstand Capability of Relay
Systems to Radiated Electromagnetic
Interference from Transceivers, 35 V/m.

IEC 60255-22-1:2007 Electrical
disturbance tests for measuring relays
and protection equipment, Part 22-1:
1 MHz burst disturbance tests.
Severity Level 3 (2.5 kV common
mode, 2.5 kV differential)

IEEE C37.90.1-2002
2.5kV oscillatory; 4.0 kV fast transient

ESD: IEC 60255-22-2:2008 Electrical
disturbance tests for measuring relays
and protective equipment,
Electrostatic discharge tests, Severity
Level 4 (8 kV contact discharge all
points except serial ports, 15 kV air
discharge to all other points)

Vibration and Shock Tests

IEC 60255-21-2:1988 Electrical relays,
Part 21: Vibration, shock, bump, and
seismic tests on measuring relays and
protection equipment, Section Two:
Shock and bump tests, Class 1

IEC 60255-21-3:1993 Electrical relays,
Part 21: Vibration, shock, bump, and
seismic tests on measuring relays and
protection equipment, Section Three:
Seismic tests, Class 2

IEC 60255-21-1:1988 Electrical relays,
Part 21: Vibration, shock, bump, and
seismic tests on measuring relays and
protection equipment, Section One:
Vibration tests (sinusoidal), Class 1

Processing Specifications and Oscillography
AC Voltage and Current Inputs

128 samples per power system cycle, 3 dB low-pass filter cut-off
frequency of 3 kHz

Digital Filtering

Digital low-pass filter then decimate to 32 samples per cycle
followed by one-cycle cosine filter.

Net filtering (analog plus digital) rejects dc and all harmonics
greater than the fundamental.

Protection and Control Processing (Processing Interval)
4 times per power system cycle

Oscillography
Length: 15, 30, 60, or 180 cycles
Total Storage:

Radiated EMI:

Surge Withstand:

Shock and Bump:

Sinusoidal Vibration:

12 seconds of analog and binary

Sampling Rate: 128 samples per cycle unfiltered
32 and 16 samples per cycle unfiltered
and filtered
4 samples per cycle filtered
Trigger: Programmable with Boolean expression
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Format: ASCII and Compressed ASCIL
Binary COMTRADE (128 samples per

cycle unfiltered)

Time-Stamp Resolution: 1 ps when high-accuracy time source is
connected (EVE P or CEV P
commands).

1 ms otherwise.

Time-Stamp Accuracy:  See Time-Code Inputs on page 1.3.

Sequential Events Recorder
Time-Stamp Resolution: 1 ms

Time-Stamp Accuracy
(with respect to time
source): +5ms

Relay Element Pickup Ranges and Accuracies

Mho Phase-Distance Elements
Zones 1-4 Impedance Reach

OFF, 0.05 to 64 Q sec, 0.01 Q steps
(5 A nominal)

OFF, 0.25 to 320 Q sec, 0.01 Q steps
(1 A nominal)

Minimum sensitivity is controlled by
the pickup of the supervising
phase-to-phase overcurrent elements
for each zone.

Setting Range:

+5% of setting at line angle
for 30 < SIR < 60

+3% of setting at line angle
for SIR < 30

<5% of setting plus steady-state
accuracy

Zones 1-4 Phase-to-Phase Current Fault Detectors (FD)

0.5-170.00 Ap_p secondary,
0.01 A steps (5 A nominal)

0.1-34.00 Ap_p secondary,
0.01 A steps (1 A nominal)

+0.05 A and £3% of setting
(5 A nominal)

+0.01 A and £3% of setting
(1 A nominal)

<5% of pickup
Max. Operating Time: See Figure 3.13—Figure 3.16.
Mho and Quadrilateral Ground-Distance Element
Zones 1-4 Impedance Reach

Accuracy:

Transient Overreach:

Setting Range:

Accuracy:

Transient Overreach:

Mho Element Reach: OFF, 0.05 to 64 Q sec, 0.01 Q steps
(5 A nominal)
OFF, 0.25 to 320 Q sec, 0.01 € steps
(1 A nominal)
Quadrilateral OFF, 0.05 to 64 Q sec, 0.01 Q steps

(5 A nominal)
OFF, 0.25 to 320 Q sec, 0.01 € steps
(1 A nominal)

OFF, 0.05 to 50 Q sec, 0.01 Q steps
(5 A nominal)

OFF, 0.25 to 250 Q2 sec, 0.01 €2 steps
(1 A nominal)

Minimum sensitivity is controlled by
the pickup of the supervising phase
and residual overcurrent elements for

Reactance Reach:

Quadrilateral
Resistance Reach:

each zone.
Accuracy: +5% of setting at line angle
for 30 < SIR < 60
+3% of setting at line angle for SIR < 30
Line Angle: >45° (Quadrilateral)

Transient Overreach: <5% of setting plus steady-state accuracy
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Zones 1-4 Phase and Residual Current Fault Detectors (FD)

0.5-100.00 A secondary, 0.01 A steps
(5 A nominal)

0.1-20.00 A secondary, 0.01 A steps
(1 A nominal)

+0.05 A and *3% of setting
(5 A nominal)

+0.01 A and *3% of setting
(1 A nominal)

Setting Range:

Accuracy:

Transient Overreach: <5% of pickup

Max. Operating Time: See Figure 3.17-Figure 3.20.
Instantaneous/Definite-Time Overcurrent Elements

0.25-100.00 A, 0.01 A steps
(5 A nominal)
0.050-100.000 A, 0.010 A steps
(5 A nominal—for residual-ground
elements)
0.05-20.00 A, 0.01 A steps
(1 A nominal)
0.010-20.000 A, 0.002 A steps
(1 A nominal—for residual-ground
elements)
+0.05 A and +3% of setting
(5 A nominal)
+0.01 A and +3% of setting
(1 A nominal)

Pickup Range:

Steady-State
Pickup Accuracy:

Transient Overreach: +5% of pickup
0.00-16,000.00 cycles, 0.25 cycle steps

+0.25 cycle and +£0.1% of setting

Time Delay:
Timer Accuracy:
Note: See pickup and reset time curves in Section 3: Distance,
Out-of-Step, Overcurrent, Voltage, Synchronism-Check, and
Frequency Elements.
Breaker Failure Current Detectors and Logic

0.5-100.00 A, 0.01 A steps
(5 A nominal)

0.1-20.00 A, 0.01 A steps
(1 A nominal)

+0.05 A and £3% of setting
(5 A nominal)

+0.01 A and +3% of setting
(1 A nominal)

Pickup Range:

Steady-State Pickup
Accuracy:

Transient Overreach: +5% of pickup

Reset Time: <Icycle
Pickup Time: <1 cycle for current greater than
2 multiples of pickup
Time Delay: 0.00-6000.00 cycles, 0.25-cycle steps

Timer Accuracy:
Time-Overcurrent Elements

0.25-16.00 A, 0.01 A steps
(5 A nominal)

0.10-16.00 A, 0.01 A steps
(5 A nominal—for residual-ground
elements)

0.05-3.20 A, 0.01 A steps
(1 A nominal)

0.02-3.20 A, 0.01 A steps
(1 A nominal—for residual-ground
elements)

+0.05 A and £3% of setting
(5 A nominal)

+0.01 A and £3% of setting
(1 A nominal)

0.50-15.00, 0.01 steps (U.S.)
0.05-1.00, 0.01 steps (IEC)

Curve Timing Accuracy: +1.50 cycles and 4% of curve time for
current between 2 and 30 multiples of
pickup

+1.50 cycles and +4% of curve time for
current less than 1 multiple of pickup

+0.25 cycle and +0.1% of setting

Pickup Range:

Steady-State
Pickup Accuracy:

Time-Dial Range:

1.5
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Out-of-Step Elements

Blinders (R1) Parallel
to the Line Angle:

Blinders (X1)
Perpendicular
to the Line Angle:

Accuracy (Steady State):

Transient Overreach:

0.05 to 70 Q secondary

—0.05 to —70 Q secondary (5 A nominal)
0.25 to 350 € secondary

—0.25 to =350 Q secondary (1 A nominal)

0.05 to 96 Q secondary

—0.05 to —96 Q secondary (5 A nominal)
0.25 to 480 Q) secondary

—0.25 to —480 Q secondary (1 A nominal)

+5% of setting plus +0.01 A for SIR
(source to line impedance ratio) < 30
+10% of setting plus +0.01 A for
30 < SIR <60 (5 A nominal)

+5% of setting plus +0.05 A for SIR
(source to line impedance ratio) < 30
10% of setting plus £0.05 A for
30 < SIR <60 (1 A Nominal)

<5% of setting plus steady-state accuracy

Positive-Sequence Overcurrent Supervision

Setting Range

Accuracy

Transient Overreach:

1.0-100.0 A, 0.01 A steps (5 A nominal)
0.2-20.0 A, 0.01 A steps (1 A nominal)

+3% of setting plus +0.05 A
(5 A nominal)

+3% of setting plus £0.01 A
(1 A nominal)

< 5% of setting

Under- and Overvoltage Elements

Pickup Ranges

Wye-Connected
(Global setting
PTCONN = WYE):

Open-Delta Connected
(when available, by
Global setting
PTCONN = DELTA):

Steady-State Pickup
Accuracy:

Transient Overreach:

0.00-200.00 V, 0.01 V steps
(negative-sequence element)

0.00-300.00 V, 0.01 V or 0.02 V steps
(various elements)

0.00-520.00 V, 0.02 V steps
(phase-to-phase elements)

0.00-120.00 V, 0.01 V steps
(negative-sequence elements)

0.00-170.00 V, 0.01 V steps
(positive-sequence element)

0.00-300.00 V, 0.01 V steps
(various elements)

+0.5 V plus +1% for 12.5-300.00 V
(phase and synchronizing elements)

+0.5 V plus +2% for 12.5-300.00 V
(negative-, positive-, and
zero-sequence elements,
phase-to-phase elements)

+5% of pickup

Synchronism-Check Elements

Slip Frequency
Pickup Range:

Slip Frequency
Pickup Accuracy:

Phase Angle Range:
Phase Angle Accuracy:

0.005-0.500 Hz, 0.001 Hz steps

+0.003 Hz
0-80°, 1° steps
+4°

Under- and Overfrequency Elements

Pickup Range:

Steady-State plus
Transient Overshoot:

Pickup/Dropout Time:

40.10-65.00 Hz, 0.01 Hz steps
+0.01 Hz for 1 Hz step change
Maximum instantaneous element response

time to a step change in frequency (dF)

NFREQ = 50 Hz NFREQ = 60 Hz

|181DnP-Initial Freql < 0.5 IdFl 80 ms 67 ms
|181DnP-Initial Freql > 0.5 IdFI 120 ms 100 ms

SEL-311C-1 Transmission Protection System
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Time Delay: 2.00-16,000.00 cycles, 0.25-cycle steps
Timer Accuracy: +0.25 cycle and £0.1% of setting

Undervoltage Frequency 20.00-300.00 V| y (wye)
Element Block Range:  or Vi (open-delta)

Timers

Pickup Ranges: 0.00-999,999.00 cycles, 0.25-cycle
steps (reclosing relay and some
programmable timers)

0.00-16,000.00 cycles, 0.25-cycle steps

(some programmable and other
various timers)

Pickup and Dropout

Accuracy for all Timers:  +0.25 cycle and +0.1% of setting
Substation Battery Voltage Monitor

Pickup Range: 20-300 Vdc, 0.02 Vdc steps
Pickup accuracy: +2% of setting £2 Vdc

Fundamental Metering Accuracy

Accuracies are specified at 20°C, at nominal system frequency, and
voltage 67-250 V unless noted otherwise.

Va, Vg, Vi +0.2% (67.0-250 V; wye-connected)
+0.4% typical (250-300 V;
wye-connected)

Vag: Veo Vea: +0.4% (67.0-250 V; delta-connected)
+0.8% typical (250-300 V;
delta-connected)

Vg: +0.2% (67.0-250 V)
+0.4% typical (250-300 V)

3V, Vi, Vo
(3V( not available with +0.6% (67.0-250 V)
delta-connected inputs): +1.2% typical (250-300 V)

I, I, It +4 mA and £0.1% (1.0-100 A)
(5 A nominal)
+6 mA and £0.1% (0.25-1.0 A)
(5 A nominal)
+1 mA and £0.1% (0.2-20 A)
(1 A nominal)
+2 mA and £0.1% (0.05-0.2 A)
(1 A nominal)
Temperature coefficient:
[(0.0002%)/(°C)2] » (__°C —20°C)2
In: +4 mA and £0.1% (1.0-100 A)
(5 A nominal)
+6 mA and £0.1% (0.25-1.0 A)
(5 A nominal)
+1 mA and £0.1% (0.2-20 A)
(1 A nominal)
+2 mA and £0.1% (0.05-0.2 A)
(1 A nominal)
Temperature coefficient:
[(0.0002%)/(°C)2] » (__°C —20°C)2
1;, 31, 31y: +0.05 A and £3% (0.5-100 A)
(5 A nominal)
+0.01 A and 3% (0.1-20 A)
(1 A nominal)

Phase Angle Accuracy

I, Ip. Ic
5 A Nominal: £0.5° (1.0-100 A)
+£3°(0.25-1.0 A)
1 A Nominal: £0.5° (0.2-20 A)
£5°(0.05-0.2 A)
V. Vg, Ve, Vg £0.5°
Vag: Vi Vea: £1.0°
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MW/MVAR
(A, B, C, and three-phase; wye-connected voltages)
MW/MVAR
(three-phase; open-delta connected voltages; balanced conditions)
Accuracy
(MW/MVAR) at load angle
for phase current > 0.2  Iyoum:
0.35% / - 0° or 180° (unity power factor)
0.75% 1 1.50% +30° or £150°
1.50% / 0.75% +60° or £120°
-/0.35% +90° (power factor = 0)
Energy Meter
Accumulators: Separate IN and OUT accumulators
updated once every two seconds,
transferred to nonvolatile storage once
per day.
ASCII Report Resolution:  0.01 MWh
Accuracy: The accuracy of the energy meter

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

Synchrophasor Accuracy

Maximum Data Rate in Messages per Second

IEEE C37.118 Protocol: 60 (nominal 60 Hz system)
50 (nominal 50 Hz system)

SEL Fast Message
Protocol: 1

IEEE C37.118 Accuracy: Level 1 at maximum message rate when
phasor has the same frequency as
A-phase voltage, frequency-based
phasor compensation is enabled
(PHCOMP =Y), and the narrow
bandwidth filter is selected
(PMAPP = N).

Out-of-band interfering frequency (Fs)

test, 10 Hz < Fs < (2 « NFREQ).

Current Range: (0.1-2) e Inom Inom=1 A 0or 5 A)
Frequency Range: +5 Hz of nominal (50 or 60 Hz)
Voltage Range: 30 V-250 Vs

Phase Angle Range: —179.99° to 180°
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Section 2
Installation

Overview

Design your rack or panel installation by using the mounting and connection
information in this section. This section also includes information for 13
configuring the relay to your application.

This section covers the following topics:
» Relay Mounting
Front-Panel and Rear-Panel Connection Diagrams on page 2.3
Making Rear-Panel Connections on page 2.9
Making Communications Connections on page 2.17

SEL-311C AC/DC Connection Diagrams for Various
Applications on page 2.20

Y Y VYY

\

Circuit Board Connections and Jumpers on page 2.25

Relay Mounting

Rack Mount The SEL-311C rack-mount relay bolts easily into a standard 19-inch rack. See
Figure 2.1. From the front of the relay, insert four rack screws (two on each
side) through the holes on the relay mounting flanges.

Reverse the relay mounting flanges to cause the relay to project an additional
2.75 inches (70 mm) from the front of your mounting rack and provide
additional space at the rear of the relay for applications where the relay might
otherwise be too deep to fit.

Panel Mount The SEL-311C panel-mount option provides a clean look. Panel-mount relays
have sculpted front-panel molding that covers all installation holes. Cut your
panel and drill mounting holes according to the dimensions in Figure 2.1.
Insert the relay into the cutout, aligning four relay mounting studs on the rear
of the relay front panel with the drilled holes in your panel, and use nuts to
secure the relay to the panel.

The projection panel-mount option covers all installation holes and maintains
the sculpted look of the panel-mount option; the relay projects an additional
2.75 inches (70 mm) from the front of your panel. This ordering option
increases space at the rear of the relay for applications where the relay would
ordinarily be too deep to fit your cabinet.
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Front-Panel and Rear-Panel Connection Diagrams
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Figure 2.2—Figure 2.7 represent examples of different relay configurations. View the SEL-311C Model Option
Tables on our website for model options and additional front- and rear-panel drawings or contact your local SEL

sales representative.

Front-Panel and Rear-Panel Connection Diagrams

SEL-311C-1 Transmission Protection System
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Figure 2.2 SEL-311C Front- and Rear-Panel Drawings; 2U Horizontal Rack-Mount With Optional EIA-485 and

USB Ports and Optional SafeLock® Trip and Close Pushbuttons
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2.4

Front-Panel and Rear-Panel Connection Diagrams
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Figure 2.3 SEL-311C Front- and Rear-Panel Drawings; 3U Horizontal Panel Mount With Optional EIA-485 and

USB Ports, Optional SafeLock Trip/Close Pushbuttons, Optional Extra I/0 Board With 12 Standard Outputs and

8 Inputs, and Optional Single Fiber-Optic Ethernet Port.
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Figure 2.4 SEL-311C Front- and Rear-Panel Drawings; 3U Horizontal Rack-Mount With Optional Programmable
Operator Controls and Target LEDs, Optional USB Port and SafeLock Trip/Close Pushbuttons, Optional Extra 1/0

Board With 12 High-Current Interrupting Outputs and 8 Inputs, Optional EIA-485 Port, and Optional Dual Fiber

Ethernet Port
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Figure 2.5 SEL-311C Front- and Rear-Panel Drawings; 2U Vertical Rack Mount With Optional USB Port, Optional
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Figure 2.6 SEL-311C Front- and Rear-Panel Drawings; 3U Vertical Panel-Mount With Optional Programmable
Operator Controls and Target LEDs, Optional Front-Panel USB Port and SafeLock Trip/Close Pushbuttons,
Optional Extra 1/0 Board With Eight High-Speed, High-Current Interrupting Outputs and Eight Inputs, Optional
Dual Copper Ethernet, and Optional EIA-485 Port
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Front-Panel and Rear-Panel Connection Diagrams

Installation

2.8

Instruction Manual

Optional SafeLock Trip/Close Pushbuttons, Optional Extra I/0 Board With 4 Standard Outputs and 16 Inputs, and

Figure 2.7 SEL-311C Front- and Rear-Panel Drawings; 3U Horizontal Rack-Mount With Optional USB Port,
Optional Dual Copper/Fiber-Optic Ethernet With Fiber-Optic Serial Port
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Installation

Making Rear-Panel Connections

Making Rear-Panel Connections

Required Equipment
and General
Connection
Information

Chassis Ground

Power Supply

Output Contacts
/\WARNING

0UT101, 0UTI02, and OUTI03 are not
polarity-dependent in legacy SEL-311C
relays. See Table 1.1 for features that
distinguish a legacy SEL-311C from a
new SEL-311C. If you replace an older
SEL-311C with a newer style SEL-311C,
ensure that the connection polarity

for OUT101, 0UT102, and OUT103 is correct,

and ensure that 0UT101, 0UT102, and
0UT103 are not connected to ac loads.

Extra 1/0

Refer to Figure 2.16—Figure 2.20 for wiring examples of typical applications.

Tools: Phillips® or slotted-tip screwdriver

Parts: All screws in a standard relay shipment are size #6-32 Phil-slot. Contact
SEL for optional screw types.

Ring terminals are recommended. Maximum tongue width is 7.9 mm
(0.31 inches).

Ground the relay chassis at terminal Z27 by using a minimum #14 AWG
copper conductor.

Connect control voltage to POWER terminals. Note the polarity indicators on
terminals Z25(+) and Z26(-). Control power passes through these terminals to a
fuse and to the switching power supply. The control power circuitry is isolated
from the relay chassis ground.

For cULus-compliant installations, a 15 A circuit breaker with disconnecting
means must be installed in the power supply line to facilitate servicing the
unit.

Refer to Section 1: Introduction and Specifications for power supply ratings.
The relay power supply rating is listed on the serial number sticker on the
relay rear panel.

All relays come with polarity-dependent high-current interrupting output
contacts for OUT101, OUT102, and OUT103 and with standard contacts for
OUT104-ALARM.

See High-Current Interrupting Output Contacts on page 2.10.

0UT201-0UT212 can be ordered with standard or high-current interrupting
output contacts. An optional extra I/O board with eight high-speed,
high-current interrupting contacts is also available, as is an extra I/O board
with four standard output contacts.

Refer to Specifications on page 1.2 for output contact ratings. Refer to the part
number on the serial number sticker on the relay rear panel to determine the
number and type of output contacts on the extra I/O board of your relay.

Standard Output Contacts

Date Code 20191107

Model 0311 part numbers with a numeral “2” in the field in bold below
(sample part number) indicate 12 standard output contacts on the extra I/O
board (OUT201-OUT212):

0311C11HA3A5421

Standard output contacts are not polarity-dependent.

Instruction Manual

2.9
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Model 0311 part numbers with a numeral “4” in the field in bold below
(sample part number) indicate four standard output contacts on the extra I/O
board (OUT201-OUT204):

0311C11HA3A5441

High-Current Interrupting Output Contacts
All relay models have high-current interrupting output contacts for OUTI01,
0UT102, and OUT103. Model 0311 part numbers with a numeral “6” in the field
in bold below (sample part number) indicate 12 high-current interrupting
output contacts on the extra I/O board (OUT201-OUT212):

0311C11HA3A5461

High-current interrupting output contacts are polarity-dependent. Note the +
NOTE: Do not use the high-current pglarlty markings above terminals A01, A03, .AOS,.BOZ, B04, B06, . . ., B24 in
interrupting output contacts to switch Figure 2.4. The extra I/O board of the relay in Figure 2.3 does not show these
ac control signals. + polarity markings (because it is the rear panel for an extra I/O board with
standard output contacts).

As an example, consider the connection of terminals BO1and B02 (high-current
interrupting output contact OUT201) in a circuit. Terminal BO2 (+) must have a
higher voltage potential than terminal BO1 in the circuit. The same holds true
for output contacts 0UT202—-0UT212. For 0UT101, 0UT102, and OUT103, terminals
AO01, A03, and AO5 must have the higher potential.

Fast Hybrid High-Current Interrupting Output Contacts
Model 0311 part numbers with a numeral “5” in the field in bold below
indicate eight fast hybrid high-current interrupting output contacts on the extra
I/0 board (OUT201-OUT208):

0311C11HA3A5451

Fast hybrid high-current interrupting output contacts are not polarity-dependent and
may be used to switch either ac or dc loads. Short transient inrush current may flow
when a switch that is in series with the contact is closed while the contact is open.
This transient will not energize the circuit used in typical applications. Trip and close
coils and standard auxiliary relays will not pick up; however, an extremely sensitive
digital input or light duty, high-speed auxiliary relay may pick up for this condition.
The transient occurs when the capacitance of the output contact circuitry charges. A
third terminal (BO3 in Figure 2.6) provides a path for charging the capacitance when
the circuit is open.

Figure 2.8 shows some possible connections for this third terminal that will
eliminate the possibility of transients when closing a switch. Circuit load is
not shown. In general, the third terminal must be connected to the dc rail that
is on the same side as the open switch condition. If an open switch may exist
on either side of the output contact, only one condition may be considered.
Two open switches (one on each side of the contact) defeat the charge circuit.

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107
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BO1

B02 T VAV ‘? BO3 B02

T (+)
|
|
|
|
|
|

- /\v/\v/\v’ — -0 BO3

BO1
LOAD
Circuit for Charge

Current Internal to SEL-311C

Figure 2.8 Possible Connections for Fast High-Current Interrupting Output Contacts
(Third Terminal Connection Is Optional)

Optoisolated Inputs

SafeLock Trip and
Close Pushbuttons

NOTE: The SafeLock Trip and
Close pushbuttons are electrically
isolated from the rest of the relay.
To monitor the SafeLock trip and
close button activity in the relay,
wire an optoisolated input to each
controlled circuit, and then
monitor the input state by using

other relay functions. For example,

inputs can be monitored using the
Sequential Events Recorder (SER)
Report. For SER details see
Sequential Events Recorder (SER)
Report on page 12.28.

Date Code 20191107

The optoisolated inputs in the SEL-311C (e.g., IN102, IN207) are not
polarity-dependent. Refer to General Specifications on page 1.2 for
optoisolated input ratings.

Inputs can be configured to respond to ac or dc control signals via Global
settings IN101D-IN106D, IN201D-IN208D (extra I/O board Option 2, 5,
or 6), or IN201D-IN216D (extra I/O board Option 4).

Refer to the serial number sticker on the relay rear panel for the optoisolated
input voltage rating (listed under the LOGIC INPUT label).

Trip and close your circuit breaker or control other devices by using the
optional SafeL.ock Trip and Close pushbuttons even when the relay is without
power. Provide bright, easily visible breaker status or the status of other
devices by using the integral breaker status LEDs. These features are
electrically isolated and function independently of the rest of the relay.
Figure 2.21 shows example trip and close circuit connections in a dc system.
The SafeLock pushbuttons come configured from the factory for dc operation,
with the internal arc suppressor enabled. Safel.ock pushbuttons with the
internal arc suppressor enabled will not be damaged even if they are released
while trip or close current is still flowing. See Specifications on page 1.2 for
current interrupting capability. When the arc suppressor is enabled, terminal
Z16(+) must have a higher voltage potential than terminal Z15, and terminal
Z18(+) must have a higher voltage potential than terminal Z17.

To use an ac trip or close potential, the arc suppression must be disabled for
one or both pushbuttons. The arc suppressor should also be disabled when
connecting the pushbuttons to loads that do not require arc suppression, such
as certain magnetic actuator circuit breakers.

Jumpers on the pushbutton board in Figure 2.26 determine if the arc
suppressor on the SafeLLock pushbuttons is enabled or disabled. See
Specifications on page 1.2 for load current ratings that the pushbuttons can
switch without the assistance of the internal arc suppressors.

The breaker indicator LEDs are suitable for use in ac and dc systems. The
operating voltage ranges of the LEDs are configured by jumpers as shown in
Figure 2.26.

See Circuit Board Connections and Jumpers on page 2.25 for instructions
regarding access to circuit board jumpers.

Instruction Manual
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SafeLock Pushbutton Lock and Tagout

The SafeLock pushbuttons have an extra deep protective sleeve to prevent
inadvertent actuation (see Figure 2.9). Only an intentional button press will
activate the buttons. Rotate the protective sleeve 90 degrees clockwise to lock
the pushbuttons. In this locked position the button cannot be pressed, and the
tab on the protective sleeve aligns with the tab on the button base. Use the
aligned tabs to hang a lockout tag and prevent the button from being unlocked.

Figure 2.9 SafeLock Trip and Close Pushbuttons

To lock

Disabling the SafeLock Pushbutton Lock

/N\CAUTION

Ensure the button is unlocked before
proceeding. Trying to freeze a button
in the locked position may result in
damage to the button mechanism.

/NCAUTION

Ensure button is in unlocked position
before reseating screw. Inserting the
screw without the spacer with the
button in the locked position will
result in damage to the button.

SEL-311C-1 Transmission Protection System

Some applications do not permit a breaker control to be locked. Set-screws on
the back of the button body behind the relay front panel allow you to freeze
the rotating protective sleeve in the unlocked position, effectively disabling
the locking mechanism. Follow these steps while referring to Figure 2.10 to
disable the locking mechanism.

1. Remove the relay front panel.

2. Locate the back of the button to be frozen in the unlocked
position. Remove either mounting screw from the back of the
button. Remove the spacer from the mounting screw. Retain the
spacer in case you wish to enable the locking mechanism in the
future.

3. Reseat the mounting screw removed in Step 2 without the
spacer sleeve, being careful not to torque it past 4 in-1b
(0.5 Nm).

4. Test the button to ensure the protective sleeve will no longer
rotate (the button cannot be locked), and that the button still
moves when pressed.

5. Reinstall the relay front panel.

Remove and
retain spacer

Figure 2.10 Remove Spacer and Reseat Screw to Disable Locking Mechanism
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cUrrent Tra nsformer Note the polarity dots above terminals Z01, Z03, Z05, and Z07. Refer to
Figure 2.16—Figure 2.20 for typical CT wiring examples.

Inputs

/\WARNING

Before working on a CT circuit, first Refer to the serial number sticker on the relay rear panel for the nominal

sﬁmnags;otrget %#he secondary current ratings (5 A or 1 A) for the phase (IA, 1B, IC) and neutral (IN) current

inputs (listed under label AMPS AC).

Potential Transformer Note the si'gnal labels (VA, YB, VC, N, VS., NS) on terminals Z09-Z14. Figure 2.11
t shows the internal connection for terminals VA, VB, VC, and N. Note also that
|npU S VS-NS is a separate single-phase voltage input.

O Three pnase o VOItage Input Rating

many relay functions The continuous voltage input rating for the SEL-311C is 300 Vac.
including distance elements,

directional el ts, fault
|c;2:iirl1%r,]znz iTteaT,nsshfnug This voltage rating applies to the three-phase voltage inputs (VA-N, VB-N, VC-N)

fault type for front-panel as well as to the VS-NS voltage input. The voltage rating is for V when the

targets and event reports. . . .
relay is wye-connected (three-phase, four-wire), or V1, when the relay is
delta connected (three-phase, three-wire). The following three sections
explain the wye and delta voltage input connections.

Wye-Connected Voltages (Global Setting PTCONN = WYE)

Any voltage input (i.e., VA-N, VB-N, VC-N, or VS-NS) can be connected to
voltages as high as 300 V continuous. Figure 2.11 shows an example of
wye-connected voltages. System frequency is determined from voltage
connected to voltage input VA-N. Additionally, voltage input VS-NS measures
frequency on the other side of an open breaker for synchronism-check
applications. See Synchronism-Check Elements on page 3.55 and Frequency
Elements on page 3.71.

Delta-Connected Voltages (Global Setting PTCONN = DELTA)

Make Global setting PTCONN = DELTA to accept an open-delta PT
connection. Phase-to-phase voltages as high as 300 V continuous can be
connected to voltage inputs VA-N or VC-N, when the relay is connected as
shown in Figure 2.12 or Figure 2.20. This connection requires an external
jumper between the VB terminal (Z10) and the N terminal (Z12).

In this configuration, the relay cannot measure zero-sequence (3V0) voltage
from the input terminals VA-N or VC-N, because the open-delta connection
blocks zero-sequence voltage information. Relay functions that require
zero-sequence voltage (also called 3V0) may be disabled, unless another 3V0
voltage source is supplied to the relay via terminal VS-NS (see Broken-Delta VS
Connection (Global Setting VSCONN = 3V0) on page 2.14). Ground-distance
elements are disabled when PTCONN = DELTA.

Referring to Figure 2.12 and Figure 2.20, when Global setting PTCONN =
DELTA, the relay interprets the voltage signal detected across the VA-N
terminals as Vg, and the voltage signal detected across the VC-N terminals as
Vg (or —Vpe). Phase-to-phase voltage V-, is derived internally with the
equation Vcp = Vg — Vag. The relay does not use the voltage signal detected
across the VB-N terminals, which should effectively be zero because of the
jumper between VB and N. Unfiltered (raw) event reports are the only means by
which signals applied to relay voltage terminals VA-N, VB-N, and VC-N can be
directly observed. See Unfiltered Event Reports With PTCONN = DELTA on
page 12.17.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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System frequency is determined from voltage connected to voltage input VA-N.
Additionally, voltage input VS-NS measures frequency on the other side of an
open breaker for synchronism-check applications (see Synchronism-Check
Elements on page 3.55 and Frequency Elements on page 3.71).

Synchronism-Check VS Connection (Global Setting VSCONN = VS)

When setting VSCONN = VS, voltage input VS is in its traditional role of
voltage input for the synchronism-check elements. -Figure 2.16—Figure 2.20
show examples of synchronism-check voltage inputs applied to relay
terminals VS-NS. See Synchronism-Check Elements on page 3.55.

Broken-Delta VS Connection (Global Setting VSCONN = 3V0)

When Global setting PTCONN = DELTA, Global Setting VSCONN is
available. Setting VSCONN = 3VO0 adjusts the relay to accept a 3V,
zero-sequence voltage signal connected to voltage input VS-NS. This signal is
usually derived from PTs connected wye (primary)/broken-delta (secondary):

VS:VA+VB+VC:3V0'

This signal is passed to certain relay functions that require zero-sequence
voltage, such as zero-sequence voltage-polarized ground directional elements.
Because setting VSCONN = 3V0, these elements use the 3V, zero-sequence
voltage measured by the VS-NS voltage input.

To prevent a broken-delta voltage source from exceeding the rated voltage of
the relay voltage inputs, some applications require an external step-down
transformer. Figure 2.12 shows the PT wiring, including an instrumentation
step-down transformer, for using relay terminals VS-NS as a zero-sequence
voltage source. Group setting PTRS accommodates the ratio of the step-down
transformer. See Settings Explanations on page 9.16 for an example setting of
PTRS when VSCONN = 3V0. For a complete listing of the changes caused by
setting VSCONN = 3V0, see Table 9.6 and related discussions.

Selecting Global setting VSCONN = 3VO0 disables the synchronism-check
element. Therefore, input terminals VS-NS cannot be used for 3VO0
measurement and as a synchronism-check voltage input at the same time.

Polarity Check for VSCONN = 3V0

Refer to Figure 2.12. With setting VSCONN = 3V0, voltage input VS
(terminals VS-NS) expects 3V, voltage (Vg =3V =V, + Vg + V() with the
polarity shown. However, in a nonfault, balanced system condition, voltage
Vg =3V~ 0. The result is that a polarity problem with voltage input VS, such
as when secondary wires on terminals VS-NS are on the wrong terminals, will
not necessarily be apparent until a ground fault occurs or testing is performed.

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107
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Wye-Connected PT Example

A B C

VA
709

e e Setting
B PTCONN = WYE

SEL:311C Relay

VS
. o113

714
NS

Figure 2.1 Wye-Connected PTs With Phase-to-Ground Connected
Synchronism-Check Input

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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Open-Delta-Connected PT Example

A B C

Open-Delta Y’A

® ® 70
V

§ é j A VB

710

g ) Vep VC

¢ ° e i

N
12
— Setting
: . ! PTCONN = DELTA
I 11 OpenCircuit :
for Test SEL-311C Relay
/ Broken-Delta

Step-Down
Transformer

VS
1113

14
NS

Setting
— VSCONN =3V0

Figure 2.12 Broken-Delta Secondary Connection to Voltage Input VS,
Delta-Connected PTs

To verify the correct polarity on voltage input VS, perform the following test
on the primary side of one of the PTs connected in broken-delta secondary
(refer to Figure 2.12) and observe the resultant voltage phase angle
differences.

Open circuit the primary side of the PT connected to power system
A-phase. With the resultant collapse of secondary voltage V, (V =0) in
the broken-delta secondary circuit, the voltage at voltage input VS is:

VS:3V0:VA+VB+VC:VB+VC

Figure 2.13 shows the resultant voltage Vg, with respect to the
delta-connected power system voltages connected to the voltage inputs
VA, VB, VC (ABC rotation used in this example). For this scenario of the
collapse of secondary voltage V, (V4 = 0) in the broken-delta secondary,
note that voltage Vg is 150 degrees out-of-phase with voltage Vg (from
voltage input VA).

Use the METER command (via serial port or front panel) to compare
these voltage phase angles. If the phase angle difference between Vg and
Vg is 150 degrees (within a few degrees), then the polarity of voltage
input VS is deemed correct. If the phase angle difference between Vg and
Vg is 30 degrees (again, within a few degrees), then the secondary wires
from the broken-delta secondary in Figure 2.12 need to be swapped in
connection to terminals VS-NS.

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107
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Vea
‘\Vs
NOTE: When the relay is connected Vac
to open-delta PTs and Global setting VAB
PTCONN = DELTA, there is no “3V0"
value '”fthe METER command (via serial Figure 2.13 Resultant Voltage Vg From the Collapse of Voltage V, in the
port or front panel). Broken-Delta Secondary (Compared to the Delta-Connected Power System

Voltages)

Making Communications Connections

USB Port The optional front-panel USB port is intended for fast local access to the relay.
Use SEL-C664 cable to connect a personal computer to the relay USB port.
See Establishing Communications Using the USB Port on page 10.2.

Ethernet Ports The SEL-311C is equipped with either one or two fiber-optic or twisted-pair
rear-panel Ethernet ports. Connect the relay to an Ethernet switch by using
SEL-C807 fiber-optic cable with LC connectors, or SEL-C627 Cat 5 cable
with RJ45 connectors. Many computers support automatic crossover, so
SEL-C627 cable can also be used to connect the relay directly to these
computers. For computers that do not support automatic crossover, use
crossover SEL-C628 cable. See Establishing Communications Using an
Ethernet Port and Telnet or the Web Server on page 10.7.

The 1300 nm fiber-optic Ethernet ports are designed for 62.5um fiber with LC
connectors. The total link budget is 11 dB. See the Fiber-Optic Products and
Applications data sheet on the SEL website for instructions on how to
calculate fiber system losses.

Serial Ports Optional serial PORT10n all the SEL-311C models is either a 4-wire EIA-485 port or
an SEL-2812 compatible fiber-optic port. Either option can be configured for SEL
ASCII, SEL LMD, Modbus, DNP 3.0, PMU, or MIRRORED BITS protocols. The
EIA-485 plug-in connector accepts wire size AWG 24 to 12. Strip the wires 0.31
inches (8 mm) and install with a small slotted-tip screwdriver.

The optional 820 nm fiber-optic serial port is designed for multimode fiber
with ST connectors.

Table 2.1 shows the link budget when the SEL-311C is connected to various
SEL devices.

NOTE: The fiber-optic serial port Table 2.1 Link Budget

transmitter has a metal barrel. The

receiver has a plastic barrel. Remote Device Link Budget (db)
SEL-751A 8
SEL-2812 11
SEL-2505 11
Other SEL-311C or SEL-351 8

See the Fiber-Optic Products and Applications data sheet on the SEL website
for instructions on how to calculate fiber system losses. When paired with an
SEL-2812MT or SEL-2812FT fiber-optic transceiver and SEL
communications processor or automation controller, the fiber-optic serial port
operates as an IRIG-B input in addition to providing serial communications.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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NOTE: Listing of devices not
manufactured by SEL in Table 2.2 is
for the convenience of our customers.
SEL does not specifically endorse or
recommend such products, nor does
SEL guarantee proper operation of
those products, or the correctness of
connections, over which SEL has no
control.

IRIG-B Time-Code
Input

SEL-311C-1 Transmission Protection System

All EIA-232 ports accept 9-pin D-subminiature male connectors. PORT 2 and
PORT 3 can be configured for SEL ASCII, SEL LMD, Modbus, DNP 3.0,
PMU, or MIRRORED BITS protocols. PORT F can be configured for SEL ASCII,
SEL LMD, DNP 3.0, PMU, or MIRRORED BITS protocols. PORT 2 on all
SEL-311C models include the IRIG-B time-code signal input (see Table 10.4;
see the following discussion on IRIG-B time code input).

The pin definitions for all the ports are detailed in Table 10.4-Table 10.6.

Refer to Table 2.2 for a list of cables available from SEL for various
communication applications. Refer to Communications Cables on page 10.12
for detailed cable diagrams for selected cables.

For example, to connect any EIA-232 port to the 9-pin male connector on a
laptop computer, order cable number C234A and specify the length needed
(standard length is eight feet). To connect the SEL-311C PORT 2 to an SEL
communications processor or automation controller that supplies the
communication link and the IRIG-B time synchronization signal, order cable
number C273A. For connecting devices at distances over 50 feet, SEL offers
fiber-optic transceivers. The SEL-2800 family of transceivers provides
fiber-optic links between devices for electrical isolation and long-distance
signal transmission. Contact SEL for further information on these products.

Table 2.2 Communication Cables to Connect the SEL-311C to Other Devices

SEL-311C EIA-232 Connect to Device SEL Cable No
Serial Ports (gender refers to the device) .
All EIA-232 ports PC, 25-Pin Male (DTE) C227A
All EIA-232 ports Laptop PC, 9-Pin Male (DTE) C234A
All EIA-232 ports PC, USB C662
Front-panel USB PC, USB C664
port
All EIA-232 ports SEL communications processor, C272A
automation controller, or SEL-2100
without IRIG-B
2 SEL communications processor, C273A
automation controller, or SEL-2100
with IRIG-B
All ETIA-232 ports SEL-PRTU C231
All EIA-232 ports SEL-DTA2 C272A
2a Port-powered modem, 5 Vdc Powered C2202
3a
All EIA-232 ports Standard modem, 25-Pin Female (DCE) C222

a A corresponding main board jumper must be installed to power the modem with +5 Vdc
(0.5 A limit) from the SEL-311C. See Figure 2.22.

See Establishing Communications Using a Serial Port on page 10.1 for more
information.

The SEL-311C accepts a demodulated IRIG-B time signal to synchronize the
relay internal clock with an external source. The demodulated IRIG-B time
signal can come via an SEL. communications processor, automation controller,
or the SEL-2100 Logic Processor listed in Table 2.2, or from a
satellite-synchronized clock, such as the SEL-2407®, SEL-2404, or
SEL-2401. The IRIG-B time signal can be connected to the rear-panel BNC
connector labeled IRIG, to PORT 2, or to the optional fiber-optic serial port.
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Connect the rear-panel BNC connector directly to a high-accuracy
satellite-synchronized clock such as the SEL-2407 or SEL-2401 to
synchronize the relay internal clock within one microsecond and enable
high-accuracy synchrophasors. See Appendix N: Synchrophasors for more
information on enabling and using synchrophasors in the SEL-311C.

A demodulated IRIG-B time code can be input into serial PORT 2 by
connecting the port to an SEL communications processor or automation
controller by using SEL-C273A Cable.

Optional fiber-optic serial Port 1 can be used to bring IRIG-B Input to the
relay, as shown in Figure 2.14 and Figure 2.15, or directly from the fiber-optic
port of an SEL-2407.

Set switch to 232 for IRIG-B
from SEL Communications Processor
or Automation Controller

SEL Communications ST Connectors
Processor or
Automation Controller | SEL3MIC
B a1 SEL-2812MT Port
DB-9 Fiber-Optic Cables
SEL-C805, SEL-C807, or SEL-C808

Figure 2.14 IRIG-B Input VIA Fiber-Optic Port 1 (SEL Communications
Processor or Automation Controller Source)

Set switch to “J1" for IRIG input
from SEL-2401, etc.

3 3 SEL-311C
| | S !
! IED =] SEL-2812MT Port 1
! ! DB
i i Use Fiber-Optic Cabl
! ! M‘”]g'c';'“g SEL:CB05, SEL-CBOT, or SEL-C808
SEL-C654
SEL-2401 e
or
SEL-2407  [BNC
SEL-2404

Figure 2.15 IRIG-B Input VIA Fiber-Optic Port 1 (SEL-2401/2404/2407
Time Source)

The IRIG-B signal from the fiber-optic serial port is not suitable for
synchrophasor applications.

If IRIG-B signals are connected to multiple inputs, the relay selects the source
for time synchronization in the following order:

1. BNC connector
2. Port2
3. Optional Port 1 fiber-optic port
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SEL-311C AC/DC Connection Diagrams for Various Applications

SEL-311C AC/DC Connection Diagrams for Various
Applications

A
B
C
Lud Lud Ll
i éYT‘ éYT‘ 880
S a ~
8
=)
";; N VC VB VA
2
S SEL-311C RELAY
° L @ =0 Eirli'guit
%M ouTIo! Trip 52A
Jj E— @ Coil
[ ]
- e I CO——0 ffose,
B outio2 Close 52B
j E— @  Coi
L Breaker
0uTI03 Lock rp-
+T_ 0 Oouct Circuit
o -
i IN 0uT104
L] (+)
| 52 | - —+—---- to Annunciator, RTU, or SEL
ALARM % Communications Processor
*—-0——4¢ VS (+)
3 — ()
NS IN101 (E Breaker Status
)
- : 52A
LINE . y,

Voltage Channel VS is used in voltage and synchronism-check elements and voltage metering.

Current Channel IN does not need to be connected. Channel IN provides current for current-polarized directional
elements.

Figure 2.16 SEL-311C Provides Distance and Overcurrent Protection, Reclosing, and Synchronism Check for a
Transmission Line
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TRANSFORMER BANK
[ ] ) \
[ ] ) .
° ° C
Cud Lud Ll
P Veaaleaalinas
! 5 p .
i
=)
E N VC VB VA
g
£ SEL-311C RELAY
[ |
(O }— () Tri
l = ° %m ounml TT,C 52 O chtui
T Tip
+ *) Coil 52
N
(CO—H— (- Close
» ° §|B ouTioz = C|CC 528 © G
I T ose
+) Coil
"
. Break
T 3wl S
Ic ourio3 Lock ip
+T— +) guct Scheme
- 1x) (_)Comm.-
° i N OUTIOA 1 N4 Assisted
Trip
_T_ . (*) Scheme
| 52 | - —— - toAnnunciator, RTU, or SEL
ALARM I’E Communications Processor
e Vs )
% — ()
NS IN101 CE Breaker Status
= —=®
) 52A
L () Comm.-Assisted
IN102 (% Trip Scheme
LINE — o
: RX
\ J

Voltage Channel VS does not need to be connected. It is used only in voltage and synchronism-check elements and
voltage metering.

In this example, current Channel IN provides current polarization for a directional element used to control ground
elements.

Figure 2.17 SEL-311C Provides Distance and Overcurrent Protection and Reclosing for a Transmission Line
(Current-Polarization Source Connected to Channel IN)
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SEL-311C AC/DC Connection Diagrams for Various Applications

~«—— Forward Tripping Direction

eS|

ALARM
VA
VB
IN101
Ve
IN102
N

AOOM-MM0C

=
RX

.

\.

4 N\
SEL-311C RELAY
:3 )
NS
-y Tri
. O—I—0 i,
1A ouTiol Trip 52A
*) Coil
e (-) Close
° %IB 0UTIo2 toce 528 Circuit
) coil
Breaker
° @—J’F ) Failure
§ IC ouTIO3 Lock 86B Trip
*) out Scheme
Iz _,Comm.-
° (%) ( )Assisted
IN 0UT104 Trip
(+) Scheme

to Annunciator, RTU, or SEL
Communications Processor

Breaker Status

Comm.-Assisted
Trip Scheme

Voltage Channel VS does not need to be connected. It is used only in voltage and synchronism-check elements and

voltage metering.

Figure 2.18 SEL-311C Provides Distance and Overcurrent Protection and Reclosing for a Transmission Line With

Line-Connected Potential Transformers

SEL-311C-1 Transmission Protection System
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TRANSFORMER BANK o Forward Tripping Direction
° ° N A

e, el 1 ;
N- WTM 1 C

ud Lud Lud
ARANGRANARS
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N Ve VB VA
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LINE
S

,_—4( :)—H—(') Trip
Trip 52A Circuit

) Coil
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IB
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Close 52B Circuit
(+) Coil

S (_) Breaker
3 omel

Lock 868 Failure
*+) out % Trip Circuit
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’ § N outiod L L O
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+
NS
— ()
IN101 { Breaker Status
—HF ()

52A
IN102{ O Comm
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° _F|()|(_ *) Trip Scheme

.
Use compensator-distance elements for line protection through a delta-wye transformer.

Voltage VS does not need to be connected.

Figure 2.19 SEL-311C Line Protection Through a Delta-Wye Transformer by Using Compensator-Distance
Elements
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SEL-311C AC/DC Connection Diagrams for Various Applications
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The voltage inputs can accept open-delta PT (three-wire) connection (as shown) when Global setting PTCONN = DELTA.

Voltage terminal VB (Z10) must be tied to voltage terminal N (212), as shown.

Voltage Channel VS is shown connected for use in voltage and synchronism-check elements and voltage metering. See
Synchronism-Check VS Connection (Global Setting VSCONN = VS) on page 2.14. The synchronism-check voltage is
connected between phases B and C. To account for the phase difference between VA and VBC, use group setting SYNCP.

See Synchronism-Check Elements on page 3.55.

Figure 2.20 SEL-311C Provides Distance and Overcurrent Protection and Reclosing for a Transmission Line by
Using Compensator-Distance Elements (Delta Connected PTs and Line-to-Line Synchronism-Check Connection)

SEL-311C-1 Transmission Protection System
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Circuit Board Connections and Jumpers

+

12?2
u Pushbutton
7 Closed '\ 719 :|: 715
43
Local
2 T
-
L 52a Remote Trips/

Protection Trips

Figure 2.21 SEL-311C Example Wiring Diagram That Uses the SafeLock Trip/Close Pushbuttons

Circuit Board Connections and Jumpers

Accessing the Relay
Circuit Boards

/N\CAUTION

Remove all sources of voltage from
the relay before removing equipment
covers or disassembling the relay.

/NCAUTION

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

NOTE: Optional USB and Ethernet
connections reside on daughter cards
that attach to the bottom of the main
board. Be careful not to damage these
daughter cards when handling the
main board.

Date Code 20191107

To change circuit board jumpers or replace the clock battery, refer to
Figure 2.22—Figure 2.26 and perform the following steps:

Step 1.
Step 2.

Step 3.

Step 4.
Step 5.
Step 6.

De-energize the relay.

Remove any cables connected to communications ports on the
front and rear panels or the BNC connector on the rear panel.

Loosen the six front-panel screws (they remain attached to the
front panel), and remove the relay front panel.

Remove the ribbon cable from the front panel.
Remove the LED connectors from the front panel, if equipped.

Identify which boards must be removed to accomplish the
desired tasks.

a. For the Access jumper, Breaker Control jumper, serial
port +5 V jumpers, extra alarm output jumper, the
battery for the battery-backed clock, or the A/B output
jumpers for OUT101 through ALARM, remove the main
board only. The main board is the top most board in the
relay chassis. If the relay has not yet been installed in a
panel, the top cover can be removed by removing the
SEVen COover SCrews.

b. To access the A/B output jumpers for OUT201 through
OUT212 if equipped, remove the main board, then
remove the extra I/O board below the main board.

c. To access the arc suppression jumpers and the breaker
status LED voltage input jumpers on the SafeL.ock
pushbutton board, remove the relay top cover and main
board, then remove the extra I/O board below the main
board, if equipped. It is not necessary to remove the
SafeLock pushbutton board.
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Step 7. Disconnect circuit board cables as necessary to allow the
desired board and drawout tray to be removed. Removal of the
extra I/O board requires removal of the main board first.
Ribbon cables can be removed by grasping the connector of the
gray cable and pulling forward.

Step 8. Grasp the drawout assembly of the board and pull the assembly
from the relay chassis.

Step 9. Locate the jumper(s) or battery to be changed (refer to
Figure 2.22-Figure 2.26).

Make the desired changes. Note that the output contact jumpers
are soldered in place.

Step 10. When finished, slide the drawout assembly into the relay
chassis.

Step 11. Reconnect the cables and replace the relay front-panel cover.

Step 12. Replace any cables previously connected to the relay rear
panel.

Step 13. Re-energize the relay.

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107



Installation
Circuit Board Connections and Jumpers

OUTI07/Extra ALARM Jumpers

Factory
Default

2] — 0UTI07 = Normal Output

Extra Alarm
— OUT107 = Extra ALARM
o

Access and Breaker Control Jumpers

Factory
Default
7T @ Factory Use Only
[/ ]e| <~  Factory Use Only

o — Control Operations Enabled
[/ Te] << — Access Jumper Not Installed-
Password Protection Enabled

Disable
Control
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o
| @ — Control Operations Disabled
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e
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w
=
2
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=
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= o og
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SES | 25 e o
=92 s v ml//]elo =
= 228 = [ e
SSE X<
<mS
~ o
== =2
=5 =
== 22
S
5

SERIAL
PORT 3
(EIA-232)

JMP2
L]

Disable
Passwords
__ele
[ e : Access JéJmpetr Irtlstalled—bI ;
Password Protection Disable
771 < — and MAXACC Settings Bypassed
(Not recommended)

Serial Port Pin 1 Power Jumper

Factory
Default

— Port 2 +5 V Power Disabled
Le1”77] — Port 3 +5 V Power Disabled

Enable
Port 2 Power

% — Port 2 +5 V Power Enabled

Enable
Port 3 Power

% — Port 3 +5 V Power Enabled

+5V power can be enabled on both ports at the
same time (0.5 A maximum combined load).

Figure 2.22 Jumper, Connector, and Major Component Locations on the SEL-311C Main Board
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A
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0UT202

JMP2
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JMP3

0UT204

JMP4

0UT205

JMP5

0UT206

JMP6

0uT207

JMPT

OUTPUT CONTACTS

0UT208

JMP8

0UT209

JMP9

0UT210

JMP10

outan

JMPT

ouT212

JMP12

OPTOISOLATED INPUTS

POWER -1/0
CONNECTOR

Figure 2.23 Jumper, Connector, and Major Component Locations on the
SEL-311C Extra 1/0 Board With 12 Standard or High-Current Interrupting
Outputs (Extra I/0 Board Options 2 or 6)
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al ]
1
2l
al

0uT201

JMP1

0UT202

JMP2

0UT203

OUTPUT CONTACTS
JMP3

0UT204

JMP4

OPTOISOLATED INPUTS

POWER -1/0
CONNECTOR

Figure 2.24 Jumper, Connector, and Major Component Locations on the
SEL-311C Extra 1/0 Board With Four Standard Outputs (Extra I/0 Board
Option 4)
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SEL-311C-1 Transmission Protection System

OUTPUT CONTACTS

0uT201

0UT202

0UT203

0UT204

0UT205

0UT206

0uT207

0UT208

sIninininigininl

JMP1

OPTOISOLATED INPUTS

POWER -1/0
CONNECTOR

Figure 2.25 Jumper, Connector, and Major Component Locations on the
SEL-311C Extra 1/0 Board With Eight Fast, High-Current Interrupting Outputs
(Extra I/0 Board Option 5)
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Output Contact
Jumpers

/\WARNING

The jumpers that determine if an
output is Form A or Form B are
soldered into the circuit board. Follow
proper desoldering and soldering
procedures when changing those
jumpers, or return the relay to the
factory to have the jumpers changed.

“Extra Alarm”
Output Contact
Control Jumper

Access and Breaker
Jumpers

Date Code 20191107
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Figure 2.22, Figure 2.23, Figure 2.24, and Figure 2.25 show the exact location
of jumpers that determine output contact type (Form A or Form B). With a
jumper in the A position, the corresponding output contact is a Form A output
contact. A Form A output contact is open when the output contact coil is
de-energized and closed when the output contact coil is energized. With a
jumper in the B position, the corresponding output contact is a Form B output
contact. A Form B output contact is closed when the output contact coil is
de-energized and open when the output contact coil is energized. These
jumpers are soldered in place.

Note that the ALARM output contact is a Form B output contact and the other
output contacts are all Form A output contacts. This is how these jumpers are
configured in a standard relay shipment. Refer to Figure 7.28-Figure 7.30 for
examples of output contact operation for different output contact types. All
outputs on the Main Board and the standard output and high-current
interrupting extra I/O boards are jumper configurable. Only output OUT208
of the Fast, High-Current Interrupting Extra I/O Board is jumper configurable.
This output is shipped as a Form A contact. OUT201-OUT207 are fixed
Form A contacts.

The SEL-311C has one output contact designated as the alarm output and
labeled ALARM on the relay rear panel. This output can be programmed to
accommodate custom alarm schemes by using SELOGIC control equation
ALRMOUT. See Output Contacts on page 7.32. Often more than one alarm
output contact is necessary for applications such as local annunciation, remote
annunciation, or backup schemes. An extra alarm output contact can be
programmed without the addition of any external hardware. Output contact
OUT107 can be converted to operate as an “extra alarm” output contact by
moving a jumper on the main board.

Figure 2.22 shows the location, function, and default factory configuration of
JMP10, the jumper that controls OUT107. With the jumper in the OUT position,
the output contact operates regularly. With the jumper in the ALARM
position, the output contact is driven by the same signal that operates the
ALARM output contact.

If OUT107 is operating as an “extra alarm,” it is driven by the same signal that
operates the ALARM output contact. In a standard relay shipment, OUTIO7 will be
in the state opposite that of the ALARM output contact because the ALARM output
contact comes as a Form B output contact and all the other output contacts
(including OUT107) come as Form A output contacts.

The output contact type for any output contact on the main board can be
changed (see Output Contact Jumpers). Therefore, the ALARM output contact
and the “extra alarm” output contact can be configured as the same output
contact type if desired (e.g., both can be configured as Form B type output
contacts).

See Output Contacts on page 7.32 and Relay Self-Tests on page 13.7 for
details on the operation and settings for the ALARM and “extra alarm”
outputs.

Figure 2.22 shows the location, function, and factory-default configuration for
the Access and Breaker Control jumpers.

Use the Access jumper to enable access to any front-panel communications
port, any enabled rear-panel communications ports, and the front-panel user
interface. When the Access jumper is installed, passwords are disabled, and
connection to any enabled communications port is allowed full access to

Instruction Manual
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NOTE: The Access jumper was
formerly called the Password jumper.

EIA-232 Serial Port
Voltage Jumpers

inspect/change/reset all reports, settings, etc., to upgrade firmware, and to
control the circuit breaker (if the Breaker jumper is installed as described
below) without password authentication.

The Access jumper also affects the relay behavior for settings EPORT and
MAXACC when the relay turns on as follows:

» For the front-panel serial port (Port F), and the optional USB
port, the Access jumper overrides the port enable setting
EPORT = N, and enables the port(s) with EIA-232 Port F
default settings for PROTO, SPEED, BITS, PARITY, STOP,
and RTSCTS. If the Port F setting EPORT was already setto Y,
the front port(s) remain enabled, and the EIA-232 Port F uses
its previous settings.

» For the front-panel serial port (Port F), and the optional USB port,
the Access jumper overrides the Port F MAXACC setting and
allows access to security levels 1, B, 2, or C without a password.

» For rear-panel serial ports (Port 1, 2, or 3), and Ethernet Port 5
Telnet sessions, if that port has setting EPORT =Y, the Access
jumper overrides that port's MAXACC setting and allows
access to security levels 1, B, 2, or C without a password.

» For rear-panel serial ports (Port 1, 2, or 3), and Ethernet Port 5,
if that port has setting EPORT = N, the Access jumper has no
effect, and the port remains disabled.

Use the Breaker jumper to enable or disable breaker control OPEN, CLOSE and
PULSE commands through the SEL ASCII protocol and breaker operations
through the SEL Fast Operate protocol, DNP, Modbus, and the front-panel
menu-driven user interface. Note that the Breaker jumper does not supervise
operation of Local Bits, Remote Bits, or the Safel.ock Trip/Close pushbuttons.

Figure 2.22 shows the location, function, and default factory configuration of
the serial port Pin 1 power jumpers. These two jumpers connect or disconnect
+5 Vdc to Pin 1 on the corresponding EIA-232 serial ports. The +5 Vdc is
rated at 0.5 A maximum combined for both ports. See Table 10.6 for EIA-232
serial port pin functions.

In a standard relay shipment, the jumpers are “OFF” (not in place) so that the
+5 Vdc is not connected to Pin 1 on the corresponding EIA-232 serial ports.
Put the jumpers “ON” (in place) so that +5 Vdc is connected to Pin 1 on the
corresponding ETA-232 serial ports.

Condition of Acceptability for North American Product Safety Compliance

SafeLock Trip/Close
Pushbutton and
Breaker Status LED
Jumpers

SEL-311C-1 Transmission Protection System

To meet product safety compliance for end-use applications in North America,
use an external fused rated 3 A or less in-line with the +5 Vdc source on Pin 1.
SEL fiber-optic transceivers include a fuse that meets this requirement.

Jumpers on the pushbutton board are used to select the proper control voltage
for breaker open/closed indicating LEDs on the relay front panel. Figure 2.26
shows the jumper locations and their functions. The jumpers come preset from
the factory with the voltage range set the same as the control input voltage, as
determined by the part number at order time.

The voltage setting can be different for each LED. To access these jumpers,
the relay front cover, top cover, main board, and any Extra I/O board (if
present) must first be removed. See instructions and precautions in Accessing
the Relay Circuit Boards on page 2.25.
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NOTE: with arc suppression
enabled, the corresponding output
polarity marks must be followed
when wiring the control.

Clock Battery

/N\CAUTION

There is danger of explosion if the
battery is incorrectly replaced.
Replace only with Rayovac 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 20191107
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Jumpers on the pushbutton board in Figure 2.26 determine if the arc
suppressor on the Safel.ock pushbuttons is enabled or disabled. Disable the
arc suppressor when connecting the pushbuttons to loads that do not require
arc suppression, such as certain magnetic actuator circuit breakers, or when
controlling ac loads. See Specifications on page 1.2 for load current ratings
that the pushbuttons can switch without the assistance of the internal arc
suppressors. Arc suppression comes enabled from the factory.

ARC SUPPRESS | ARC SUPPRESS
TRIP- CLOSE | oN"DCONLY | OFF, AC ORDC
JMPT  JMP8 FAl

Lt o
g |
o il
o 5
2|z

5 o~ =~
o a = O
¢=0 U8 pg
z & o 0

/ N\

OPEN CLOSED 1o/ | 220/
LED LED 125V | 250V

JMPI MP2 | FZ2
JMP3 JMP4
JMPS  UMPe | FAD

24V

S
oo
<

NIn|S
SINIS

Figure 2.26 Jumper Locations for the SEL-311C SafeLock Pushbutton Board

Refer to Figure 2.22 for clock battery location (front of the main board). A
lithium battery powers the relay clock (date and time) if the external dc source
is lost or removed. The battery is a 3 V lithium coin cell. At room temperature
(25°C), the battery will nominally operate for 10 years at rated load.

If the dc source is lost or disconnected, the battery powers the clock. When the
relay is powered from an external source, the battery only experiences a low
self-discharge rate. Thus, battery life can extend well beyond the nominal

10 years because the battery rarely has to discharge after the relay is installed.
The battery cannot be recharged.

If the relay does not maintain the date and time after power loss, replace the
battery. Follow the instructions in Accessing the Relay Circuit Boards on
page 2.25 to remove the relay main board.

Step 1. Remove the battery from beneath the clip and install a new one.
The positive side (+) of the battery faces up.

Step 2. Reassemble the relay as described in Accessing the Relay
Circuit Boards on page 2.25.

Step 3. Set the relay date and time via serial communications port or
front panel (see Section 10: Communications or Section 11:
Front-Panel Interface, respectively).
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Section 3

Distance, Out-of-Step, Overcurrent,
Voltage, Synchronism-Check, and
Frequency Elements

Overview

This section provides a detailed explanation for each of the SEL-311C
protection functions. Each section provides an explanation of the function,
along with a list of the corresponding settings and Relay Word bits. Logic
diagrams are included for many functions.

The protection functions in this section are as follows:
» Distance Elements
»  Out-of-Step Characteristics on page 3.30

» Instantaneous/Definite-Time Overcurrent Elements on

page 3.37
» Time-Overcurrent Elements on page 3.44
» Voltage Elements on page 3.49
»  Synchronism-Check Elements on page 3.55
» Frequency Elements on page 3.71

Protection element accuracy information is listed in Specifications on page 1.2.

Distance Elements

Phase-Distance The SEL-311C Relay has four independent zones of phase-distance
El t protection. All zones are independently set. Zones 1 and 2 are fixed to operate
ements in the forward direction only. Zones 3 and 4 can be set to operate in either the

forward or reverse direction.

Choose from one of the two types of available phase-distance elements best suited
for your system by enabling as many as four zones by using the Group setting E21P:

» Select Positive-Sequence Memory Polarized Elements (Phase
Pairs) with E21P =1, 2, 3, or 4.

» Select Compensator-Distance Elements with E21P = 1C, 2C,
3C, or 4C.

» Disable all phase-distance elements with E21P = N.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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Distance Elements

The phase-distance element outputs are M 1P, M2P, M3P, and M4P for Zone 1
through Zone 4.

Only one type of phase-distance element may be enabled at a time. See
Phase-Distance Element Settings and Logic Diagrams on page 3.6 for
detailed information.

See Directional Control Settings on page 4.28 for details on specifying the
Zone 3 and Zone 4 direction by using Group settings DIR3 and DIR4.

Positive-Sequence Memory Polarized Elements (Phase Pairs)
The SEL-311C positive-sequence memory polarized elements are arranged in
phase pairs, MABn, MBCn, and MCAn, where n = Zone 1 through Zone 4.
The positive-sequence voltage polarization provides security and creates an
expanded mho characteristic. The phase pair distance elements operate on
phase-to-phase, phase-to-phase-to-ground, and three-phase faults.

For faults involving ground, the SEL-311C fault identification logic
determines the fault type and disables the mho element phase pairs that
include the grounded phase. This functionality is only available when using
wye-connected potential transformers (i.e., when Global setting PTCONN =
WYE).

Not Recommended for Use With Open-Delta Potential Transformers
Mho phase pair elements are not recommended in systems with open-delta
connected potential transformers. When PTCONN = DELTA, fault
identification logic cannot be used to supervise the mho phase pair elements,
and as a result, these elements may overreach for some
phase-to-phase-to-ground faults. The SEL-311C automatically removes the
E21P =1, 2, 3, 4 settings choices when initially making Global setting
PTCONN = DELTA (only the compensator setting choices E21P = 1C, 2C,
3C, and 4C remain).

For special applications it is possible to select the mho phase elements when
PTCONN = DELTA by making Group setting EADVS =Y. This selection will
then allow E21P =1, 2, 3, 4. For more information see Phase-Distance
Element Settings and Logic Diagrams on page 3.6.

For information on voltage connections see Potential Transformer Inputs on
page 2.13. For information on the PTCONN setting see Settings for Voltage
Input Configuration on page 9.16.

See Page 5 of the technical paper: “Evaluation of Distance and Directional
Relay Elements on Lines With Power Transformers or Open-Delta VTs” by
Karl Zimmerman and Dan Roth, 2005, available from selinc.com.

Compensator-Distance Phase Elements

Compensator-distance elements are included for distance relaying through
wye-delta transformer banks, for open-delta potential transformer
applications, and for applications that require a different operating principle
for backup relaying. The compensator-distance phase elements implemented
in the SEL-311C detect phase-to-phase, phase-to-phase-to-ground, and
three-phase faults.

The SEL-311C compensator-distance phase elements are arranged in
phase-to-phase (MPPn) and three-phase (MABCn) elements, where n = Zone
1 through Zone 4.

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107
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Compensator-distance elements are available for both wye-connected (Global
setting PTCONN = WYE) and open-delta connected (PTCONN = DELTA)
potential transformer applications.

Operating Principles of Phase-Distance Elements

A digital relay mho element tests the angle between a line drop-compensated
voltage and a polarizing (reference) voltage by using the following concepts.

Sampled currents and voltages are represented in the relay as vectors by using
the most recent sample as the real vector component and the sample taken one
quarter cycle earlier as the imaginary vector component. See Figure 12.9 and
Figure 12.10 for a description of this process.

» Ifvector V; =1Vl £0; and vector V, =V, £ 6,, then
V¢ (V, conjugate) = Vi e V¥ =[ IV 1« IV,l ] £ (0, -60,)

The angle of the vector quantity V; * V,* is the test angle of
the mho element.

» Test for V| » V,* balance point at 0; — 6, = 0 degrees by
calculating sin (8; — 6,). In a digital relay, this is done by
examining the sign (+ or —) of the imaginary component of V,
* Vy*, written Im(V; ¢ V,¥).

» Test for V; * V,* balance point at 0; — 6, = 90 degrees by
calculating cos (6; — 0,). In a digital relay, this is done by
examining the sign (+ or —) of the real component of V| ¢ V,*,
written Re(Vy  V,*).

Table 3.1 shows the different calculations used for the positive-sequence
polarized mho elements and compensator-distance mho elements. Notice that
the positive-sequence polarized mho element equation is the solution of
Equation 3.1 for the quantity “IZI,” which represents the relay reach at the
balance point. This equation is in the form of a line drop-compensated voltage
and a polarizing (reference) voltage.

0 = Re[(Z+ I-V)* Vmem*] Equation 3.1

Table 3.1 Phase-Distance Calculations (Sheet 1 of 2)

Positive-Sequence

Polarized Mho Element Compensator-Distance Mho Element

A-B-phase Phase-to-Phase Element (Forward direction, ABC phase rotation calculations shown)
Re(V, pe V, zmem*) mPP = Im[(V, p—Z* I,p)*(Vgc—Z* Ipc)*]
12 = Re(1£Z< 1,5 V pmem*)
B-C-phase Three-Phase Element (Forward direction, ABC phase rotation calculations shown)
" Re(Vyo® Vpomem*) mABC = Im[(V p—=Z* 1,5)(-V =025 V -mem)*]

" Re(1£Ze Ipp* Vyomem*)
C-A-phase mPP = Phase-to-phase torque calculation.

Positive torque restrains,
Re(Vey® Vi ymem*) q

1zl =
Re(1£Ze I-,* V- mem*)

negative torque operates.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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Table 3.1 Phase-Distance Calculations (Sheet 2 of 2)

Positive-Sequence

Polarized Mho Element Compensator-Distance Mho Element

Z = Impedance measurement mABC = Three-phase torque calculation.
at the line angle. Positive torque restrains,

negative torque operates.

Z = Replica line impedance at operating or balance point.

As mentioned previously, a digital relay mho element tests the angle between
a line drop-compensated voltage and a polarizing (reference) voltage.

Figure 3.1 through Figure 3.3 show the operating voltages “inside”
positive-sequence polarized mho elements and compensator-distance mho
elements. Note that V1mem is the polarizing voltage for the positive-sequence
polarized mho element and (Z I — V) is the line drop-compensated voltage.

In the compensator-distance phase-to-phase element, the polarizing voltage is
the unfaulted phase-to-phase voltage, and the line drop-compensated voltage
is the faulted phase-to-phase voltage. In the compensator-distance three-phase
element, the polarizing voltage is (jVog — 0.25 * Vcmem) and the line drop
compensated voltage is (Vag —Z * I5p).

The SEL-311C does not include logic to address voltage inversion and other
conditions that may occur on series-compensated lines. For these applications,
consider an SEL-400 series relay with series-compensation logic. For more
information on setting relays to protect series- compensated lines see SEL
Application Guide 2000-11: Applying the SEL-321 Relay on
Series-Compensated Systems.

1 X Restrain X Balance
9 s C0s(90°)=0
-~

;€08 (0)<0

I* Zsource I* Zsource

. Operate
X O ./ cos 9)>0

mAB > Zone Reach mAB = Zone Reach

I* Zsource

mAB <Zone Reach
Figure 3.1 Positive-Sequence Polarized Mho Element With Reach Equal to Line Impedance
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Ve
"
Q ) =
o I
= : >
‘ N 1\
W t
Vg A)
Vg Test Angle 6 <180° sin (8) > 0
4) Test Angle 6 <180° sin (6)> 0 Forward External BC Fault (Beyond Reach Setting)
Unfaulted
Vg &
=
Ll a
; {:::::::::: - =
EVB
Test Angle 6>180° sin (8) <0

Test Angle 6 <180° sin (8) > 0
Forward AB Internal Fault (Within Reach Setting)

Forward AB Fault Near Balance Point
Note: V,, Vg, and V¢ are internal element voltages, not system voltages.

Figure 3.2 Compensator-Distance Phase-to-Phase Element Operation

Ve N Vemem \‘\\ Vemem .

Forward External 3¢ Fault Forward Internal 3¢ Fault
(Beyond Reach Setting) (Within Reach Setting)

Note: V,, Vg, and V¢ are internal element voltages, not system voltages.

Figure 3.3 Compensator-Distance Three-Phase Element Operation
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Distance Elements

Phase-Distance Element Applications

Positive-sequence polarized and compensator-distance mho elements each
have different operating advantages in different protection environments, but
work equally well in the majority of transmission line applications. Consider
using compensator-distance elements when:

» A different phase-distance operating principle is desired for
backup relaying.

» Protecting a transmission line through a delta-wye transformer.
The compensator-distance element reaches through a
delta-wye transformer bank for phase-to-phase,
phase-to-phase-to-ground, and three-phase faults. Calculate the
total primary impedance as the sum of the per-unit transformer
and line impedances, then convert from per-unit to actual
primary impedance at the protected bus voltage. The
compensator-distance element measures impedance through
the transformer for all phase faults and will not overreach on
ground faults. See SEL Application Guide AG96-16: Applying
SEL Distance Relays on Lines with Power Transformers or
Open Delta VTs for more information.

» Blocking reclose on three-phase faults. Relay Word bits MPPn
(Zone/Level n phase-to-phase compensator-distance element)
and MABCn (Zone/Level n three-phase compensator-distance
element) may be used to discriminate between phase-to-phase
and three-phase faults in the SELOGIC® control equation
79DTL (drive-to-lockout).

79DTL = MABC2 * IMPP2 ...

Note that both three-phase and single-phase
compensator-distance elements will operate for A-B-phase
faults within the protected zone because the three-phase
element uses Vcmem (Ve memorized voltage) for polarizing.

» Protecting a transmission line equipped with open-delta
connected potential transformers. Compensator-distance
elements are available for both wye-connected (Global setting
PTCONN = WYE) and open-delta connected (PTCONN =
DELTA) potential transformer applications and perform well in
both configurations.

Phase-Distance Element Settings and Logic Diagrams

SEL-311C-1 Transmission Protection System

Table 3.2 lists the Phase-Distance Element settings. Group setting E21P
selects how many zones of mho phase-distance elements to enable and which
type. If E21P is set to N, the phase-distance elements are defeated. If E21P is
set to a value of n =1, 2, 3, or 4, that many positive-sequence memory
polarized elements (phase pairs) are enabled. If E21P is set to a value of 1C,
2C, 3C, or 4C, that many compensator-distance elements are enabled.

Only one type of phase-distance element may be enabled at a time. For
example, with E21P = 2C, in Figure 3.4 and Figure 3.5 the logic signal called
“C in E21P” disables the upper logic (MAB1 and MAB2) and enables the
lower logic (MPP1, MABC1, MPP2, MABC?2). In this example, the logic in
Figure 3.6 is not executed because the number in the E21P setting is less than
3.

Some of the settings in Table 3.2 are hidden under the control of the Enable
Advanced Settings (EADVS = N) group setting.
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The mho phase-distance element logic is shown in Figure 3.4 through
Figure 3.6. In each figure, the upper part of the logic diagram contains the

positive-sequence memory polarized elements (phase pairs) and the lower part

contains the compensator-distance elements.

For the mho phase pair elements, only the logic for AB pair is shown in detail

(upper portions of Figure 3.4 through Figure 3.6). The logic for phase pairs
BC and CA is similar, and the outputs are shown entering the OR gate that
generates the phase-distance element outputs M 1P, M2P, M3P, and M4P,

along with the compensator-distance element outputs MPPr and MABCn, n =

1 through 4.

Table 3.2 Distance Elements Settings

Mho Phase-Distance Elements (Zones 1-4)

Enable Setting for Mho
Phase

(E21P)a:

Setting range for Mho
Phase-Distance Elements
(Z1P-Z4P):

N, 14, 1CH4C
N = Disabled

1-4 Selects number of Positive-Sequence Memory
Polarized Elements (Phase Pairs)

1C—4C Selects number of Compensator-Distance Elements

OFF, 0.05 to 64 Q sec, 0.01 Q steps (5 A nominal)
OFF, 0.25 to 320 Q sec, 0.01 Q steps (1 A nominal)

Minimum sensitivity is controlled by the pickup of the super-
vising phase-to-phase overcurrent elements for each zone.

Phase-to-Phase Current Fault Detectors (Zones 1-4)

Setting Range for
Phase-to-Phase Current
Fault Detectors
(50PP1-50PP4)b:

Max. Operating Time:

0.50-170.00 Ap_p secondary, 0.01 A steps (5 A nominal)
0.10-34.00 Ap_p secondary, 0.01 A steps (1 A nominal)

See pickup and reset time curves in Figure 3.30 and

3.7

Figure 3.31.

a Selections 1-4 are unavailable if Global Setting PTCONN = DELTA and Group Setting
EADVS = N.
b |f setting EADVS = N, settings 50PP2-50PP4 are at minimum values and are hidden.

Considerations for Using Mho Phase Pair Elements With Open-Delta
Connected PTs
Mho phase pair elements are not recommended in systems with open-delta

connected potential transformers. The SEL-311C does not allow selection
E21P =1, 2, 3, or 4 when EADVS = N and PTCONN = DELTA.

The phase-pair mho elements properly handle phase-to-phase and three-phase
faults on open-delta connected systems, but certain faults involving ground
with fault resistance may be mischaracterized by the fault identification logic.
For this reason, the SEL-311C does not use fault identification logic to disable
the phase pair mho distance elements when PTCONN = DELTA. See Not
Recommended for Use With Open-Delta Potential Transformers on page 3.2.

As shown in the upper-middle portion of Figure 3.4 through Figure 3.6, when
Global setting PTCONN = DELTA, the SEL-311C fault identification logic is
not used for mho phase pair selection. The PTCONN = DELTA signal
prevents the fault identification logic outputs FSA and FSB from blocking the
AB phase pair mho element.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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SEL-311C-1 Transmission Protection System

This means that the AB phase pair element will be allowed to operate, subject
to the other enabling conditions, even during A-G or B-G ground faults, or
B-C-G and C-A-G line-line-ground faults when PTCONN =DELTA.
Similarly, the BC and CA phase pair mho elements may operate for unsuitable
fault types.

Normally the phase-to-phase current detector pickup settings SOPP1, S0PP2,
50PP3, and 50PP4 are set at minimum values for maximum distance element
sensitivity, which works well with wye-connected PTs. For open-delta
applications, consider setting SOPP1, SOPP2, 50PP3, and 50PP4 to higher
values. Use the results from a fault study to select the pickup for each zone to
be comfortably below the expected minimum fault current. This practice may
mitigate the risk of incorrect element selection. Settings SOPP2 through 50PP4
are accessible when EADVS =Y.

By contrast, the compensator-distance phase elements do not rely on fault
identification logic and are recommended for use in open-delta PT
applications with no other adjustments.

For information on the PTCONN setting see Settings for Voltage Input
Configuration on page 9.16.

Out-of-Step Block Differences in Mho Phase Pair Elements

When EOOS =Y, the out-of-step blocking input to the mho phase pair
elements in the SEL-311C differs between the Zone 1 and the remaining
zones. The main difference is that the Zone 1 logic in Figure 3.4 does not rely
on the UBD (Unblock Delay) setting, but instead uses the directional
negative-sequence definite-time overcurrent element 67Q1T to unblock. The
UBD timer is used for Zones 2, 3, and 4, along with the appropriate
negative-sequence directional element 32QF or 32QR. When EOOS = Y2, the
Zone 1 elements are not treated any differently than the remaining zones and
use the negative-sequence directional element 67QUBF to perform
unblocking. See Out-of-Step Blocking of Distance Elements on page 3.32 for
application details.
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Relay
Word

Bits
(unless noted)

Distance, Out-of-Step, Overcurrent, Voltage, Synchronism-Check, and Frequency Elements

® 320F
@ F32p
(Internal Element)

[1AB] —— 3

50PP1 — =
(Setting)

See Note TmAB<ZIP + X1

“C"in E21P

(Setting)
® 0SB

E00S
(Setting) |
6rQ1T

670UBF :.;\os—’—o

VPOLV

Switch S is in Position 2 when EQOS = Y2.
Otherwise, Switch S is in Position 1.

® CVTBL

® ILop

FSA
FSB

PTCONN = DELTA

(Setting)

® 0881 —g

I O

Distance Elements

Relay
Word
Bits

9

Zone 1Phase Distance Logic for AB Phase Pair. BC and CA Logic Is Similar.

MABI

Relay

Word

Bits

MBCI

MCA1 MiP
MABCI

MPP1

—O
VPOV — \
L/

(Internal Element)

18] —— |3

50PP1 -
(Setting)

|1BC| +

lIcA| .

See Note 2 ABC1< 0
(Calc)
"C"in E21P

(Setting)

Jl U

See Note 2PP1<0
(Calc)

MPP1

e

® 320F

®ILoP
® CVTBL

Zone 1 Compensator Distanc

e Logic

Note 1: mAB = A-Phase to B-Phase Distance Calculation, Z1P = Zone 1 Distance Setting, X1 = Zone 1 Extension from

Table 3.4 and Table 3.6.

Note 2: ABC1and PP1 are compensator-distance element calculations. Zone 1 extension, if active, is included in this

calculation.

® From Figure 4.20; @ from Figure 4.21; ® from Figure 3.26; ® from Figure 3.33; ® from Figure 4.9; ® from Figure 4.1.

Figure 3.4 Zone 1 Phase-Distance Logic
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Relay
Word

Bits
(unless noted)
® 320F
(Internal Element)
JIAB| ———

50PP2 —
(Advanced Setting)

See Note 1 mAB <Z2P
"C"in E21P

(Setting)
®0SB2

®320F ——

By

®5002 —

Switch S is in Position 2 when EQOS = Y2.
Otherwise, Switch S is in Position 1.
1

E00S
(Setting)

67QUBF

VPOLV
® ILoP

PTCONN = DELTA

FSA
FSB
—O

|
?—l Zone 2 Phase Distance Logic for AB
Phase Pair. BC and CA logic is similar.

(Setting)

VPOLV
®0sB2 —9

(Internal Element)

J1n8|

50PP2
(Advanced Setting)

lIB¢|

lIcA|

Relay
Word
Bits
MAB2

M2P

See Note 2 ABC2< 0
(Cale)

"C"in E21P

(Setting)

See Note 2PP2<0
(Calc)

® 320F
®ILOP

Note 1: mAB = A-Phase to B-Phase Distance Calculation, Z2P = Zone 2 Distance Setting.

Note 2: ABC2 and PP2 are compensator-distance element calculations.
® From Figure 4.20; ® from Figure 4.21; ® from Figure 3.26; ®@ from Figure 3.33; ® from Figure 4.1.

Figure 3.5 Zone 2 Phase-Distance Logic

SEL-311C-1 Transmission Protection System

\ MABC2
,__/ L/
_\\—\
— — J _)7 MPP2
Zone 2 Compensator Distance Logic
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Relay
Word
Bits
(unless noted)

DIRn = F
(Setting)
® 320F

F32p

(Internal Element)

(14B|

+

0PPn
(Advanced Setting)

See mAB <ZnP
Note 1 {maB>-znP
"C" in E21P

® 3208
@ R32P
(Internal Element)

®0SBn
® 320F —

® 500n-F UBD

® 320R 0

Relay
Word

Bits
MABn

MnP

DIRN = F — Switch S is in Position 2 when EQOS = Y2.
(Setting) Otherwise, Switch S is in Position 1.

E00S
(Setting) \1

67QUBF

67QUBR
VPOLV

® ILOP Zone 3 Phase Distance Logic for

FSA AB Phase Pair. BC and CA logic is similar.
] Oo—1 )

PTCONN = DELTA G
(Setting)

VPOLY ———

Y
oos—a_/

(Internal Element)

DIRn = F l_c

(Setting)

(Internal Element)

8]+

50PPn
(Advanced Setting)
|IBc| +

lical A

See Note 2 ABCTC<|O) —0
alc)

"C"in E21P
(Setting)

_v\ _\
) ) ) —
See Note 2 PPr:C;CO) — MPPn

® 320R —

MABCn

L
9

DIRn =F
(Setting)

®320F —1
® ILOP

Zone n Compensator Distance Logic
Note 1: mAB = A-Phase to B-Phase Distance Calculation, ZnP = Zone n Distance Setting, n = 3 for Zone 3, n = 4 for Zone 4.

Note 2: ABCn and PPn are compensator-distance element calculations, n = 3 for Zone 3, n = 4 for Zone 4.
® From Figure 4.20; @ from Figure 4.21; ® from Figure 3.26; ® from Figure 3.33; ® from Figure 4.1.

Figure 3.6 Zone 3 and Zone 4 Phase-Distance Logic
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Ground-Distance For wye-connected potential transformer applications, (when Global setting
| t PTCONN = WYE), the SEL-311C has four independent zones of mho and
Elements quadrilateral ground-distance protection. All zones are independently set.

Zones 1 and 2 are forward direction only, and Zones 3 and 4 can be set in
either the forward or reverse direction.

Not Available for Delta-Connected PTs

For open-delta connected PT applications (when Global setting PTCONN =
DELTA), the ground-distance elements are unavailable, and the relay
internally disables all settings in Table 3.3. For information on voltage
connections see Potential Transformer Inputs on page 2.13. For information
on the PTCONN setting see Settings for Voltage Input Configuration on
page 9.16.

Ground-Distance Element Settings and Logic Diagrams

Table 3.3 lists the settings for the ground-distance elements. Figure 3.7
through Figure 3.9 contain the logic for the mho ground-distance elements,
and Figure 3.10 through Figure 3.12 contain the logic for the quadrilateral
ground elements.

The mho ground-distance elements are enabled by the Group Setting
E21MG = 1-4. These elements use positive-sequence voltage polarization for
security and to create an expanded mho characteristic. Disable the mho
ground-distance elements by making Group Setting E2IMG = N.

The quadrilateral ground elements are enabled by the Group Setting

E21XG = 1-4. The directional polarizing quantity for the reactance portion of
the quadrilateral ground-distance element may be selected from
negative-sequence current or zero-sequence current if Advanced Settings are
enabled (Setting EADVS =Y). Disable the mho ground-distance elements by
making Group Setting E21XG = N.

As shown in Figure 3.7 through Figure 3.9, the mho and quadrilateral
ground-distance element outputs are combined as Z1G, Z2G, Z3G, and Z4G
for Zones 1 through 4.

Both types of ground-distance elements may be enabled at once.

See Directional Control Settings on page 4.28 for details on specifying the
Zone 3 and Zone 4 direction by using Group settings DIR3 and DIR4.

Out-of-Step Block Applies to Zone 1 Ground Elements

The SEL-311C Zone 1 ground-distance elements feature an out-of step block
function. When EOOS =Y, the Zone 1 logic in Figure 3.7 and Figure 3.10
uses the directional negative-sequence definite-time overcurrent element
67Q1T to defeat the OSB1 input. This allows the ground elements to operate
for a close-in fault during a out-of-step condition. When EOOS = Y2, the
Zone 1 ground-distance elements use the negative-sequence directional
element 67QUBF to perform unblocking. See Out-of-Step Blocking of
Distance Elements on page 3.32 for application details.
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Table 3.3 Ground-Distance Elements Settings

Distance Elements

Impedance Reach (Zones 1-4)

Enable Setting for Mho Ground (E21MG):
Quadrilateral Ground (E21XG):

Settings range for Mho elements (Z1IMG-Z4MG):

Settings range for Quadrilateral Reactance elements (XG1-XG4):

Settings range for Quadrilateral Resistance elements (RG1-RG4):

Phase and Residual Current Fault Detectors (Zones 1-4)

Setting Range for Phase and Residual Current Fault Detectors
50L1-50L42 and 50GZ1-50GZ44:

Other Settings

Settings range for zero-sequence compensation (ZSC) factor
magnitude

kOM 1b.c:
kOMDb-c:

Settings range for zero-sequence compensation (ZSC) factor angle
kOA1b.c:
kOAb:c:

Settings range for quadrilateral ground polarizing quantity (hidden
and set to 12 when EADVS = N)

XGPOL:

Settings range for nonhomogeneous correction angle (hidden
and set to —3 when EADVS = N)

TANG:

N, 1-4
N, 1-4

OFF, 0.05 to 64 Q sec, 0.01 Q steps (5 A nominal)
OFF, 0.25 to 320 Q sec, 0.01 Q steps (1 A nominal)

OFF, 0.05 to 64 Q sec, 0.01 Q steps (5 A nominal)
OFF, 0.25 to 320 Q sec, 0.01 Q steps (1 A nominal)

OFF, 0.05 to 50 Q sec, 0.01 Q steps (5 A nominal)

OFF, 0.25 to 250 Q sec, 0.01 Q steps (1 A nominal)
Minimum sensitivity is controlled by the pickup of the super-
vising phase and residual overcurrent elements for each zone.

0.50-100.00 A secondary, 0.01 A steps (5 A nominal)
0.10-20.00 A secondary, 0.01 A steps (1 A nominal)

AUTO, 0.000-6.000 unitless (Zone 1)
0.000-6.000 unitless (Zone 2, 3, 4 advanced setting hidden and
set to kOM1 when EADVS = N)

—180.0 to +180.0 degrees (Zone 1)
—180.0 to +180.0 degrees (Zones 2, 3, and 4 advanced setting
hidden and set to kOA1 when EADVS = N)

12 (negative-sequence current) or IG (zero-sequence current)
(advanced setting)

—45.0 to +45.0 degrees (advanced setting)

o o

are set equal to kOM1 and kOAT1 respectively.

If EADVS = N, levels 2—4 fault detectors are set at their minimum values and are hidden.
For most applications, set kOM1 and kOA1 according to Equation 3.2. When EADVS=N, zero-sequence compensation settings kOM and kOA

¢ When AUTO is entered into the kOM1 setting, the relay calculates the value for kOM1, kOA1, kOM, and kOA according to Equation 3.2. The
relay then replaces the AUTO selection with the calculated kOM1 value before the settings are saved. The kOA1, kOM, and kOA setting

entries can still be modified after kOM1 is set to AUTO.

kKOM12k0A1 =

_ (ZOMAG ZZ0ANG) - (ZIMAG £LZ1ANG)

Date Code 20191107
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Relay
Word
its
(unless noted)
@ 326F Zone 1 A-Phase Mho Ground Distance Logic.
[IA] + B and C Phase logic is similar.
50L1 -
(Setting)
lig| + Relay
Word
50621 - _Bits

(Setting) | MAGT
See Note 1 mAG < ZIMG + X1
FSA O
@0sB1 Switch Sis in
E00S Position 2 when
(Setting) . E00S = Y2,

67Q1T Otherwise,
3 Switch Sis in
67QUBF —g Position 1.
@V '
® 3P0 )
® ILOP
VPOLV

Note 1: mAG = A-Phase-to-Ground Distance Calculation, ZIMG = Zone 1 Distance Setting, X1 = Zone 1 Extension from
Table 3.4 or Table 37.

® From Figure 4.18; @ from Figure 3.26; ® from Figure 4.9; ® from Figure 5.3; ® from Figure 4.1.
Figure 3.7 Zone 1 Mho Ground-Distance Logic

Relay

Word

Bits
unless noted
® 326F

[1A

5012
(Advanced Setting)
16 Relay
el Word
Bits

Relay
Word
Bit
726

50622
(Advanced Setting) —
See Note 1 mAG < Z2MG )
FA——————————
®ILoP ’ )
VPOLY :CL/Zone 2 A-Phase Mho Ground Distance Logic.
B and C Phase Logic Is Similar.

Note 1: mAG = A-Phase-to-Ground Distance Calculation, Z2MG = Zone 2 Distance Setting.
® From Figure 4.18; @ from Figure 5.3; ® from Figure 4.1.

Figure 3.8 Zone 2 Mho Ground-Distance Logic
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Relay
Word
Bits

(unless noted)

® 326F

DIRn=F
(Setting)

[IA]

50Ln
(Advanced Setting)

li6|
506Zn
(Advanced Setting)

mAG < ZnMG

See

Note T ag s -znmg

FSA
®326R
®3P0

®lLop
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Distance, Out-of-Step, Overcurrent, Voltage, Synchronism-Check, and Frequency Elements

mp -

B-and C-Phase Logic Is Similar.

i

I

)
I

GUT

Zone 3 and 4 A-Phase Mho Ground Distance Logic.

Relay
Word
Bits

MAGn

Distance Elements

Relay
Word
_Bit

InG

Note 1: mAG = A-Phase-to-Ground Distance Calculation, ZnMG = Zone n Distance Setting, n = 3 for Zone 3, n = 4 for Zone 4.
® From Figure 4.18; @ from Figure 5.3; ® from Figure 4.1.

Figure 3.9 Zones 3 and 4 Mho Ground-Distance Logic

Relay
Word

Bits
(unless noted)
XGPOL = 16

(Advanced Setting)

DV TE>

@ 32068 ———

L

Zone 1 A-Phase Quadrilateral Ground Distance Logic.

B- and C-Phase Logic Is Similar.

® 326F

X6POL=12 ———

(Advanced Setting)

[IA

50L1
(Setting)
L]

50621
(Setting)

JU

—1 >

Relay
Word
Bit

3.15

XAG <XG1 + XI ———
-RG1<rAG < RGI
FSA ———

® 0SB

E00S
(Setting) 1
67Q1T .
Switch S is in Position 2 when EQOS = Y2.

67QUBF — S Otherwise, Switch S is in Position 1.
3P0 |
®ILOP )
@ CVTBL
VPOLV

Note 1: xAG = A-Phase-to-Ground Reactance Calculation, XG1 = Zone 1 Reactance Setting, X1 = Zone 1 Extension from
Table 3.4 or Table 3.7, rAG = A-Phase to Ground Resistance Calculation, RG1 = Zone 1 Resistance Setting.

® From Figure 4.14; @ from Figure 4.13; ® from Figure 4.18; ® from Figure 3.26; ® from Figure 5.3; ® from Figure 4.;
@ from Figure 4.9; ® from Figure 3.33.

See Notel

>7 XAGI
—0

Figure 3.10 Zone 1 Quadrilateral Ground-Distance Logic
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Relay
Word

its
(ules oted) Zone 2 A-Phase Quadrilateral Ground Distance Logic.

XGPOL = 16 |_ B- and C-Phase Logic Is Similar.

(Advanced Setting)

® 32068 ——
®326F

YGPOL =12 ———
(Advanced Setting)

JU

W ———+
5012 -
(Advanced Setting)
16] ———+
Relay
50622 ————— - Word
(Advanced Setting) I— Bit

See { XAG < X62

Note 1) -RG2 < rAG < RG2
FSA

® 3P0 \ AN
®ILoP

VPOLY ?}—/

Note 1: xAG = A-Phase-to-Ground Reactance Calculation, XG2 = Zone 2 Reactance Setting, rAG = A-Phase to Ground
Resistance Calculation, RG2 = Zone 2 Resistance Setting.

® From Figure 4.14; @ from Figure 4.13; ® from Figure 4.18; ® from Figure 5.3; ® from Figure 4.1.

Figure 3.11 Zone 2 Quadrilateral Ground-Distance Logic
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Relay

Word

Bits
unless noted

XGPOL = 16 Zone 3 and 4 A-Phase Quadrilateral Ground Distance Logic.
(Advanced Setting)

DINE |_ B- and C-Phase Logic Is Similar.
® 3206E I r

® 326F

XGPOL = 12
(Advanced Setting)

DIRn=F
(Setting)
[IA] ——*

50
(Advanced Setting)

N6} ——+

(Advanced Setting)

s XAG < XGn :>7_O Rel
elay

Word
Bit

L g XAGn

See
Note 1

XAG > -XGn

9

\ZRGN <TAG <RGn
XGPOL = 16

(Advanced Setting) |_
@ 32VE 41—[>7
@ 32068 —— .
® 326R

XGPOL =12 ——
(Advanced Setting)

FSA

oup TN
4/

VPOLV

Note 1: xAG = A-Phase-to-Ground Reactance Calculation, XGn = Zone n Reactance Setting, rAG = A-Phase to Ground
Resistance Calculation; RGn = Zone n Resistance Setting, n = 3 for Zone 3, n = 4 for Zone 4.

® From Figure 4.14; @ from Figure 4.13; ® from Figure 4.18; ® from Figure 5.3; ® from Figure 4.1.

Figure 3.12 Zones 3 and 4 Quadrilateral Ground-Distance Logic

Distance Element Figure 3.13 t.hrough Figure 3.20 shqw typical operating t.imes. for the
0 ti . SEL-311C distance elements. The diagrams show operating times at each test
perating Time point. Operating times are shown for both standard output contacts and Fast
Curves at Nominal Hybrid (High-Speed, High-Current Interrupting) outputs and include output
contact pickup time.
Frequency pIKp

For the distance element test, a fault was simulated at a location representing a
percentage of the Zone 1 reach setting. Tests were performed for source

impedance ratios (SIR) of 0.1, 1.0, 10.0, and 60.0. No pre-fault load current or
fault resistance was included. Operating times are the same for 50 Hz and 60 Hz.
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Figure 3.13 SEL-311C Phase Mho Element Operating Times, Standard Outputs (Three-Phase Faults)

Figure 3.14 SEL-311C Phase Mho Element Operating Times, Hybrid Outputs (Three-Phase Faults)
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Figure 3.15 SEL-311C Phase Mho Element Operating Times, Standard Outputs (Phase-to-Phase Faults)

Figure 3.16 SEL-311C Phase Mho Element Operating Times, Hybrid Outputs (Phase-to-Phase Faults)
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Figure 3.17 SEL-311C Ground Mho Element Operating Times, Standard Outputs (Single-Phase-to-Ground Faults)

Figure 3.18 SEL-311C Ground Mho Element Operating Times, Hybrid Outputs (Single-Phase-to-Ground Faults)
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Figure 3.19 SEL-311C Ground Quadrilateral Element Operating Times, Standard Outputs
(Single-Phase-to-Ground Faults)

Figure 3.20 SEL-311C Ground Quadrilateral Element Operating Times, Hybrid Outputs
(Single-Phase-to-Ground Faults)
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Additional Distance
Element Supervision

Zone 1 Extension

SEL-311C-1 Transmission Protection System

The SEL-311C uses Relay Word bit VPOLYV for positive-sequence memory
supervision of mho and quadrilateral characteristics. VPOLV asserts when the
memorized positive-sequence polarizing voltage is greater than 1 Volt.

The energy stored in the capacitance and reactance of a long transmission line
or a line with shunt reactors takes time to dissipate when the line conductors
are de-energized. Line-side potential transformers measure a voltage during
this time that can affect the positive-sequence memory voltage and other
calculations. The SEL-311C contains logic to detect this condition when all
three phases are open (3PO = logical 1).

When using the SEL-311C with wye-connected potential transformers (when
Global setting PTCONN = WYE), the following elements are supervised with
Fault Identification Selection (FIDS) logic.

» Mho phase pair (enabled by E21P = 1-4)
» Mho ground (enabled by E21MG = 1-4)
» Quadrilateral Ground (enabled by E21XG = 1-4)

The FIDS logic identifies the faulted phase(s) for all faults involving ground
by comparing the angle between 10 and 12. For example, when FIDS selects
A-phase, FSA asserts and enables A-phase ground-distance elements and
BC-phase distance elements. Distance elements BG, CG, AB, and CA are
blocked.

When the SEL-311C is connected to delta-connected potential transformers
(when Global setting PTCONN = DELTA), the ground-distance elements are
unavailable and the mho phase pair distance elements (enabled by E21P = 1-4
when EADVS =Y) are not supervised with FIDS logic. Use these mho phase
pair distance elements only in limited applications—see Considerations for
Using Mho Phase Pair Elements With Open-Delta Connected PTs on

page 3.7.

The compensator-distance elements (E21P = 1C—4C) are not supervised by
the FIDS logic and work equally well in either PT configuration. The
compensator-distance elements are recommended for delta-connected PT
applications.

The SEL-311C features two Zone 1 extension schemes, selected by Group
setting EZ1EXT:

» EZI1EXT = N disables Zone 1 extension and hides the
remaining settings.

» EZIEXT =Y enables the combined phase and ground Zone 1
extension scheme shown in Figure 3.21 and uses the settings
shown in Table 3.5.

» EZI1EXT =1 enables the independent phase and ground Zone 1
extension scheme, and allows external SELOGIC control
equations, as shown in Figure 3.22, and uses the settings
shown in Table 3.8.

Zone 1 Extension is used to allow fast clearing of faults over the entire length
of a protected line when communications-assisted tripping is not possible.
When communications-assisted tripping is used, set EZIEXT = N.
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Zone 1 Extension Settings Validation

For either type of Zone 1 Extension, the relay performs the following settings
validation to ensure the extended reach values are valid.

» Zone 1 and Zone 2 reach must be defined for each enabled
distance element type

» Zone 2 reach > 110% ¢ [Zone 1 reach] ¢ [extension multiplier]

If either of these checks fails, the relay or PC Software will display an error
message and not accept the settings.

Combined Phase and Ground Zone 1 Extension

NOTE: Because the ZIEXTD timer is
cleared during a settings change or
group change, Zone 1 extension may
begin immediately after the relay
initializes if the breaker is closed.

NOTE: When EZIEXT =Y, Relay Word
bits ZIXP and Z1XG exactly follow the
state of ZIX.

Date Code 20191107

When enabled by setting EZ1EXT =Y, this function modifies the reach of all
Zone 1 distance elements by multiplier setting Z1EXTM once the circuit
breaker has been closed for Z1EXTD time and 3PO deasserts. All Zone 1 reaches
retreat to their set reach when the breaker opens and 3PO asserts.

The required settings are shown in Table 3.5 and the logic diagram is shown in
Figure 3.21.

The Zone 1 reach cannot be extended if any of the following elements are
asserted: M1P, M2P, Z1G, Z2G, 51G, or 51Q.

As shown in Table 3.4, when the Relay Word bit Z1X is asserted, the relay
internally multiplies the Zone 1 phase and ground reach settings by the
Z1EXTM value, and uses the resulting extended reach settings in the enabled
Zone 1 distance elements (see Figure 3.4, Figure 3.7, and Figure 3.10). When
the Relay Word bit Z1X is deasserted, the relay uses the normal Zone 1 reach
settings in the enabled Zone 1 phase and ground-distance elements.

Table 3.4 Effect of Zone 1 Extension Multiplier When EZ1IEXT = Y

Effective Zone 1

Relay Word Bit | Phase-Distance

Effective Zone 1
Mho
Ground-Distance

Effective Zone 1
Quadrilateral
Ground-Distance

Z1X State: E(I:;“E:: ;e:;:.h Element reach Element Reach
9 e (Figure 3.7): (Figure 3.10):
Asserted Z1P « ZIEXTM Z1IMG * Z1IEXTM XGl1 » ZIEXTM
Deasserted Z1P ZIMG XGl1

Table 3.5 Combined Phase and Ground Zone 1 Extension Settings

Description

Setting

Setting Details

Zone 1 Extension (Y, I, N)

Zone 1 Extension Delay

Zone 1 Extension
Distance Multiplier

EZIEXT = Y {Yes}

Z1EXTD
(0.00 to 16000.00 cycles)

Z1EXTM
(1.00 to 4.00, unitless)

Setting choice “Y” enables the
internal extension logic and
exposes the following settings.

Sets the minimum time the
breaker must be closed before
extending the Zone 1 reach.

Sets the scalar by which all Zone 1
reach settings are multiplied.

Instruction Manual

SEL-311C-1 Transmission Protection System



Distance, Out-of-Step, Overcurrent, Voltage, Synchronism-Check, and Frequency Elements

Distance Elements

Relay
Word
Bits

®510 4'
@516

®MP A
— : s "
®MP Bits
© 226 0 IC
3P0 0 7
ZIEXTD . e
) 706
EZIEXT =N or |
(Setting)

® From Figure 3.36; @ from Figure 3.35; ® from Figure 3.4; ® from Figure 3.7;
® from Figure 3.5; ® from Figure 3.8; ® from Figure 5.3

Figure 3.21 Combined Phase and Ground Zone 1 Extension Logic

Independent Phase and Ground Zone 1 Extension

NOTE: When EZIEXT = |, Relay Word
bits Z1XP, Z1XG, and Z1X have separate
behavior. Z1X does not exactly follow

the state of Z1XP, and should be used
for testing only.

NOTE: The Independent Phase and
Ground Zone 1 Extension logic was not
available in legacy SEL-311C relays.
Legacy relays only featured the
combined extension logic.

SEL-311C-1 Transmission Protection System

When enabled by setting EZ1IEXT =1, the SEL-311C provides two more
settings to separately enable phase (EZ1EXTP =Y, N) and ground
(EZ1EXTG =Y, N) Zone 1 extension logic, and permits two SELOGIC control
equations to provide a direct means of controlling Zone 1 extension.

The required settings are shown in Table 3.8 and the logic diagram is shown in
Figure 3.22.

As shown in Table 3.6, when the Relay Word bit Z1XP is asserted, the relay
internally multiplies the Zone 1 phase reach settings by the ZIEXTMP value,
and uses the resulting extended reach settings in the enabled Zone 1
phase-distance element (see Figure 3.4). When the Relay Word bit Z1XP is
deasserted, the relay uses the normal Zone 1 reach settings in the enabled
Zone 1 phase-distance element.

Table 3.6 Effect of Zone 1 Phase Extension Multiplier When EZ1EXT = |

Effective Zone 1 Phase-Distance

Relay Word Bit Z1XP State Element Reach (Figure 3.4)

Asserted Z1P « ZIEXTMP

Deasserted Z1P

As shown in Table 3.7, when the Relay Word bit Z1XG is asserted, the relay
internally multiplies the Zone 1 ground reach settings by the ZIEXTMG
value, and uses the resulting extended reach settings in the enabled Zone 1
ground-distance elements (see Figure 3.7 and Figure 3.10). When the Relay
Word bit Z1XG is deasserted, the relay uses the normal Zone 1 reach settings
in the enabled Zone 1 ground-distance element.

Table 3.7 Effect of Zone 1 Ground Extension Multiplier When EZ1EXT = |

Relav Word Bit Effective Zone 1 Mho Effective Zone 1 Quadrilateral
Z1)‘(,G State Ground-Distance Element Ground-Distance Element
Reach (Figure 3.7) Reach (Figure 3.10)
Asserted ZIMG * ZIEXTMG XGl1 « ZIEXTMG
Deasserted Z1IMG XGl1
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Independent Phase and Ground Zone 1 Extension Settings

Distance Elements

Description

Setting

Setting Detail

Group Settings (SET n command, n = Setting Group 1to 6)

Zone 1 Extension (Y, I, N)

Zone 1 Phase Element Extension (Y, N)

Zone 1 Ground Element Extension (Y, N)

Zone 1 Extension Delay

Zone 1 Extension Phase-Distance Multiplier

Zone 1 Extension Ground-Distance Multiplier

EZ1EXT =1 {Independent}

EZIEXTP =Y {Yes)

EZIEXTG = Y {Yes)

Z1EXTD (0.00-16000.00 cycles)

Z1EXTMP (1.00—4.00, unitless)

Z1EXTMG (1.00—4.00, unitless)

Logic Settings (always visible) (SET L n command, n = setting group 1to 6)

Zone 1 extension—phase, external control

Zone 1 extension—ground, external control

Z1XPEC {SELOGIC control equation }
Z1XGEC {SELOGIC control equation}

Setting choice “I” enables external SELOGIC
control equations and exposes the following
two settings

Setting choice “Y” enables internal phase
extension logic

Setting choice “Y” enables internal ground
extension logic

Sets the minimum time the breaker must be
closed before extending the Zone 1 reach.
Setting exposed when either EZIEXTP =Y
or EZIEXTG =Y.

Sets the scalar by which all Zone 1 phase
reach settings are multiplied

Sets the scalar by which all Zone 1 ground
reach settings are multiplied

Control or override Zone 1 phase extension

Control or override Zone 1 ground extension

EZIEXT=YorN
EZIEXTG =Y

EZIEXT =1
EZIEXTP =Y

EZIEXT =1

Settings
ZIXPEC

Phase External Control

Relay
Word Bits

—
|

7IXP

Relay
Word Bits

®510
@516
G MP

®116
®MP
®126

®3pP0
ZIEXTD

Settings

=

AN

Internal
Control

ZIXGEC

Ground Externar Contror IIX6

v

® From Figure 3.36; @ from Figure 3.35; ® from Figure 3.4; ® from Figure 3.7;
® from Figure 3.5; ® from Figure 3.8; ® from Figure 5.3

Figure 3.22

Independent Phase and Ground Zone 1 Extension Logic

Internal Zone 1 Phase Reach Extension

NOTE: Because the ZIEXTD timer is
cleared during a settings change or
group change, Zone 1 extension may
begin immediately after the relay
initializes if the breaker is closed.

When EZ1EXTP =Y, this function modifies the reach of the enabled Zone 1
phase-distance element by the multiplier setting ZIEXTMP once the circuit
breaker has been closed for ZIEXTD time and 3PO deasserts. The Zone 1
reach retreats to its original value when the breaker opens and 3PO asserts.

The Zone 1 phase reach cannot be extended if any of the following elements
are asserted: M1P, M2P, Z1G, Z2G, 51G, or 51Q.

Date Code 20191107
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SEL-311C-1 Transmission Protection System

Internal Zone 1 Ground Reach Extension

When EZ1EXTG =Y, this function modifies the reach of the enabled Zone 1
ground-distance elements by the multiplier setting ZIEXTMG once the circuit
breaker has been closed for ZIEXTD time and 3PO deasserts. The Zone 1 reach
retreats to its original value when the breaker opens and 3PO asserts.

The Zone 1 ground reach cannot be extended if any of the following elements
are asserted: M1P, M2P, Z1G, Z2G, 51G, or 51Q.

External SELocIc Control Option

The independent phase and ground Zone 1 extension setting (EZ1EXT =1) allows
control of phase and ground Zone 1 extension by using SELOGIC control equations.

» ZIXPEC: Zone 1 extension—phase, external control

» ZI1XGEC: Zone 1 extension—ground, external control

At the top of Figure 3.22, the Z1XPEC SELOGIC control equation is
supervised by EZ1EXT.

When EZIEXT =1

» ZI1XPEC acts as direct control when the corresponding Zone 1
Phase Extension logic setting EZIEXTP = N.

In this scenario, the Z1XP Relay Word bit exactly follows the
SELOGIC control equation Z1XPEC.

» ZI1XPEC acts as an override when the corresponding Zone 1
Phase Extension logic setting EZIEXTP =Y.

In this scenario, the Z1XP Relay Word bit is the logical OR of
the SELOGIC control equation Z1XPEC, and the Phase Internal
Control logic in Figure 3.22.

When EZ1EXT = N or Y, Z1XPEC has no effect on the Zone 1 Phase
Extension function.

At the bottom of Figure 3.22, the Z1XGEC SELOGIC control equation is
supervised by EZ1EXT.

When EZIEXT =1

» Z1XGEC acts as direct control when the corresponding Zone 1
Ground Extension logic setting EZIEXTG = N.

In this scenario, the Z1XG Relay Word bit exactly follows the
SELOGIC control equation Z1XGEC.

» Z1XGEC acts as an override when the corresponding Zone 1
Ground Extension logic setting EZIEXTG =Y.

In this scenario, the Z1XG Relay Word bit is the logical OR of
the SELOGIC control equation Z1XGEC and the Ground
Internal Control logic in Figure 3.22.

When EZ1EXT = N or Y, Z1XGEC has no effect on the Zone 1 Ground
Extension function.

The SEL-311C factory default for the Zone 1 extension SELOGIC control
equation settings are shown below.

ZIXPEC=0 (=logical 0)

ZIXGEC =0 (= logical 0)
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The external control method for Zone 1 reach is not supervised by the three-pole
open status (3PO), or the elements M1P, M2P, Z1G, Z2G, 51G, and 51Q.

Settings Example. A system uses two control signals to separately enable
phase and ground Zone 1 phase extension. The phase control is to be
connected to optoisolated input IN201, and the ground control to IN202. Internal
control is not required on the phase element but is required 10 s after breaker
closure on the ground elements.

The design requires front-panel indication when each extension is active. The
system frequency is 50 Hz in this example.
Settings:

Global:

NFREQ = 50 Hz {nominal frequency}

IN201D =1.00 cycles {input debounce timer}

IN202D =1.00 cycles {input debounce timer}

Group 1:

EZIEXT=1 {independent phase and ground}
EZIEXTP =N {no internal phase extension control}
EZIEXTG =Y {enable internal ground extension control }
ZIEXTD = 500.00 cycles {10 s at 50 Hz}

ZIEXTMP =1.10 {110% phase reach}

ZIEXTMG =1.20 {120% ground reach}

Logic 1:

DP5=Z1XP {Use display point 5 for phase}

DP6 = Z1XG {Use display point 6 for ground}
ZIXPEC = IN201 {Phase external control }

Z1XGEC = IN202 {Ground external control }

Text:

DP5_1="PHASE Z1 EXT ON" {Phase active display point}
DP5_0 = “PHASE Z1 EXT OFF" {Phase inactive display point}
DP6_1="GND Z1 EXT ON" {Ground active display point}
DP6_0 = “GND Z1 EXT OFF" {Phase inactive display point}

Zone Time-Del ay The SEL-311C supports two philosophies of zone timing: independent or common
El t timing (see Figure 3.23). For the independent timing mode, the phase and
ements ground-distance elements drive separate timers for each zone. For the common

mode, the phase and ground-distance elements both drive a common timer.

Table 3.9 Zone Timing Settings

Settings Common Timer: 7Z1D-Z4D
Independent Phase Timer: Z1PD-Z4PD
Independent Ground Timer: | Z1GD-Z4GD

Ranges Pickup: OFF, 0.00-16,000.00 cycles, 0.25-cycle steps

Select independent zone timing by using Relay Word bits MnPT and ZnGT (where
n is the protection zone number) in the appropriate SELOGIC trip equation.

TR = M2PT + Z2GT + 51GT + 51QT
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Select common zone timing by using Relay Words bits ZnT (where 7 is the
protection zone number) in the appropriate SELOGIC trip equation.

TR =Z2T + 51GT + 51QT

Zone 2 Sequential Time Delay Logic

SEL-311C-1 Transmission Protection System

A sequential timing mode is available for the Zone 2 elements, with timing
that starts with the forward-set Zone 4 elements. This logic is shown at the
bottom of Figure 3.23.

This mode requires Zone 4 to be set in the forward direction to match Zone 2. Make
setting DIR4 = F as discussed in Directional Control Settings on page 4.28.

This timing mode allows a weak terminal that detects a forward fault with an
overreaching Zone 4 element to start timing for Zone 2, using the Zone 2
delay settings. If the remote line terminal trips first and causes the fault current
to redistribute, the local relay may pick up a Zone 2 element. Because the
Zone 2 sequential timer has already been partially or completely satisfied, the
sequential timing output can be used to trip the local terminal much faster than
a regular Zone 2 timer, which would just be starting to time. This helps
especially in applications that do not use communications-assisted tripping.

If the Zone 2 element does not pickup, the sequential timer output cannot assert.

If a fault starts out in Zone 2, the sequential timing logic output will assert at
the same time as the corresponding Zone 2 timers, because we expect the
forward set Zone 4 elements to assert for any Zone 2 fault.

No additional time-delay settings are required for the sequential timing logic,
because the Zone 2 delay settings Z2G, Z2PD, and Z2GD are used in the
sequential timers. The regular Zone 2 and Zone 4 timing functions use
separate timers and are still operable when the sequential timing is underway.

To use the sequential timing feature, include the appropriate Relay Word bits
Z2SEQT, M2PSEQT, or Z2GSEQT in the TR SELOGIC control equation as
required for your application.

Example settings that use a sequential common timer.

Group 1:
E21P = 4 (or 4C)
E2IMG = 4

and/or
E212G=4

22D =10.00 cycles
74D = 30.00 cycles

DIR4=F
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Logic 1:
TR = Z2SEQT + Z2T + ZAT + 51GT + 51QT
TRQUAL = M1P + Z1G
TRCOMM = M2P + Z26

The example TR expression includes Z2T, which covers the situation where
the Zone 4 element or time-delay settings are somehow set incorrectly. In
most expected cases, we know that the Z2SEQT element will assert before the
Z2T element, and the fault would be cleared before the Z2T element timer
could operate. Including the Z2T element is precautionary.

The TRCOMM setting in this example is included for discussion. If
communications are available, the sequential zone timing logic would not be
any faster, but would be a good backup if the communications were out of service.

Suspend Timing Logic
The timing of each common zone timer is frozen or suspended if the timer is
timing and the timer input drops out. The duration of the suspension is one
cycle. This feature prevents the timer resetting when a fault evolves (e.g.,
phase-to-phase to three-phase, phase-to-ground to phase-to-phase-to-ground).
If the timer expires, the suspension logic is blocked.

Availability Determined by Number of Distance Elements Enabled

If E21P, E21MG, and/or E21XG are set to anything but N, the common timers are
enabled according to the lower of the two enables. For example, if E21P = 3C and
E21MG =2, enable Z1D and Z2D (two Zones as defined by the E21MG setting).

When any zone time delay is set to OFF, the timer output is disabled, and the
corresponding delay element remains at logical 0 regardless of the distance
element status.

The sequential time-delay element M2PSEQT requires E21P =4 or 4C.

The sequential time-delay element Z2GSEQT requires E2IMG = 4 and/or
E21XG =4.

The sequential time-delay element Z2SEQT requires E21P = 4 or 4C and
[E2IMG = 4 and/or E21XG =4.]

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System



3.30 | Distance, Out-of-Step, Overcurrent, Voltage, Synchronism-Check, and Frequency Elements
Out-of-Step Characteristics

SUSPEND TIMING —¢ SUSPEND TIMING —¢

@ MP ZiD @ M2p 0
| — | — 1
@16 0 ® 1726 0
Z1PD 12PD
—— MIPT — M2PT
0 0
716D 726D
—— Z16T — 7267
0 0
Zone 1Delay Timer Logic Zone 2 Delay Timer Logic

SUSPEND TIMING —+ SUSPEND TIMING —+

©®M3P ) 230 ® Map ) 24D
— — 1
®136 0 ® 746 0
73D 74PD
—— M3PT — M4pT
0 0
736D 746D
—— 7307 — 7467
0 0
Zone 3 Delay Timer Logic Zone 4 Delay Timer Logic
O Mep
® 126
SUSPEND TIMING ﬁ
® Map ‘) N 0 D— 225EQT
® 246 7 000
12p D— M2PSEQT
0.00
226D :)— 226E0T
0.00

Zone 2 Sequential Time Delay Logic
® From Figure 3.4; @ from Figure 3.7; ® from Figure 3.5; ® from Figure 3.8; ® from Figure 3.6; ® from Figure 3.9.

Figure 3.23 Zone Timing Elements

Out-of-Step Characteristics

The out-of-step (OOS) detection logic detects stable or unstable power
swings. When the positive-sequence impedance remains between Zones 5

NOTE: The out-of-step logic cannot and 6 longer than the OOS blocking delay (setting OSBD), or the OOS
be used when setting ZIANG is less tripping delay (setting OSTD), the relay makes a decision to either block
than 45 degrees. In that case, setting S L.

E0OS must equal N. tripping or to allow tripping.

The OOS Relay Word outputs are used for alarming or controlling other equipment.

Normally, the Zone 5 and Zone 6 bottom reactance and left resistance element
settings are mirror images of the top reactance and right resistance element
settings (e.g., X1BS5 = —X1TS5). The SEL-311C makes these settings
automatically. Enable the advanced user settings to set these elements
individually (EADVS =Y).

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107
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The out-of-step block (OSB) functions in the SEL-311C are a simplified
version of those found in the SEL-421 Protection, Automation, and Control
System. Refer to the SEL-421 Application Handbook and SEL-421 Reference
Manual for application ideas and guidelines.

Another general reference is the SEL Application Guide 97-13: SEL-321-5 Relay
Out-of-Step Logic, although the terminology differs somewhat from the SEL-311C.

The OSB settings are summarized in Table 3.10, and the logic diagrams are
shown in Figure 3.25 and Figure 3.26. The Relay Word bit outputs are listed
in Table 3.14.

The timer setting UBOSBD, shown in Figure 3.25, is an adaptive setting calculated
by the relay. This adaptive setting, which is the expected duration of the swing
within the inner blinders, is based on the actual time it takes for the swing to travel
between the Zone 6 and Zone 5 blinders prior to moving into inner blinders. If the
swing stays between the inner blinders for a period longer than UBOSBD cycles, an
unblock signal is asserted. This logic allows the distance elements to operate should
a three-phase fault occur during a swing condition.

In the SEL-311C, the user can increase the adaptive setting UBOSBD in multiples
of setting UBOSBE If UBOSBF is set at a multiplier of one, the relay will calculate
the expected time to traverse the inner blinders based on the rate at which the swing
transitions from Zone 6 to Zone 5. Similarly, if UBOSBF is set at a multiplier of 4,
the relay will multiply the adaptive time setting by four.

The SEL-311C includes OSB latching logic. This includes the one second
dropout timer, the latch, and the UBOSB override shown in Figure 3.26. This feature
mimics the function performed by the SEL-421 relay OSBLTCH =Y setting.

Table 3.10 Out-of-Step Settings (Sheet 1 of 2)

Enable Setting:

EOOS=Y,Y2,N

Block Zone Settings (Zone 1-Zone 4):

Out-of-Step Block Time Delay?:
Pickup Ranges:

Enable Out-of-Step Tripping®:

Out-of-Step Trip Time Delay?:
Pickup Ranges:

Zones 5 and 6 Reactance and Resistance Elements

Settings range for Zone 5 and Zone 6
Reactance Reach:

Settings range for Zone 5 and Zone 6
Resistance Reach:

Advanced Settings (EADVS =Y) range for Zone 5 and Zone 6
Reactance Reach:

Advanced Settings (EADVS = Y) range for Zone 5 and Zone 6
Resistance Reach:

Inner Blinders:

Date Code 20191107
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00SBn=Y,N (n=1-4)

OSBD

0.50-8,000.00 cycles, 0.25-cycle steps
EOOST=N, L, O
OSTD

0.50-8,000.00 cycles, 0.25-cycle steps

X1TS5 and X1T6
0.05 to 96 Q sec, 0.01 Q steps (5 A nominal)
0.25 to 480 Q sec, 0.01 Q steps (1 A nominal)

R1RS5 and R1R6
0.05 to 70 Q sec, 0.01 Q steps (5 A nominal)
0.25 to 350 Q2 sec, 0.01 Q steps (1 A nominal)

X1B5 and X1B6
-96 to —-0.05 Q2 sec, 0.01 Q steps (5 A nominal)
—480 to —0.25 Q sec, 0.01 Q steps (1 A nominal)

RIL5 and R1L6
=70 to —0.05 Q sec, 0.01 Q steps (5 A nominal)
-350 to —0.25 Q sec, 0.01 Q steps (1 A nominal)

Set by the relay internally at 0.1 « ZIMAG or 0.25/Ixom>
whichever is greater.

3.31
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Out-of-Step Characteristics

Table 3.10 Out-of-Step Settings (Sheet 2 of 2)

Positive-Sequence Current Supervision Element SOABC

Setting Range for Positive-Sequence Current Supervision: 50ABCP

1.00-100.00 A secondary, 0.01 A steps (5 A nominal)
0.20-20.00 A secondary, 0.01 A steps (1 A nominal)

Negative-Sequence Current Unblock Time Delay¢: UBD (see Figure 3.5 and Figure 3.6)

Setting Range:

0.5-120.0 cycles, 0.25-cycle steps

Out-of-Step Angle Change Unblock Rate (Advanced Setting: EADVS =Y): | UBOSBF

Setting Range:

1-10 unitless

a8 OSBD must be set greater than OSTD (if enabled by EOOST = | or O) by at least 0.50 cycles.
b Option | enables tripping on the way into Zone 5; Option O enables tripping on the way out of Zone 5;
Option N disables OST (Out-of-Step Trip).
¢ UBD time only affects unblocking of Zone 2-Zone 4 phase pair elements when EOOS =Y. The UBD setting is not used when EOOS = Y2.

Out-of-Step Blocking
of Distance Elements

SEL-311C-1 Transmission Protection System

The SEL-311C OSB functions are similar to the conventional Out-of-Step
Logic of the SEL-421 relay. The four OSB control levels are individually
enabled by settings OOSB1 =Y, N through OOSB4 =Y, N.

The Relay Word bits OSB1-OSB4 from Figure 3.26 can be traced to the
distance element logic diagrams:

» Figure 3.4-Figure 3.6 (Phase-distance elements Zone 1
through Zone 4)

» Figure 3.7 (Mho ground element Zone 1)

» Figure 3.10 (Quadrilateral ground element Zone 1)
The relay offers two mutually exclusive ways to override the OOS blocking
logic, should an unbalanced fault occur during an OOS condition, depending
on whether EOOS is setto Y or Y2.

When EOOS =Y, negative-sequence overcurrent elements (67Q1T, 50Q2,
50Q3, and 50Q4) are used to defeat out-of-step blocking and allow
phase-distance and Zone 1 ground-distance elements to operate should an
unbalanced fault occur during a swing condition (see Figure 3.4— Figure 3.7
and Figure 3.10). For each zone with out-of-step blocking enabled via the
OOSB1, OOSB2, OOSB3, and OOSB4 settings, set ES0Q to enable the
corresponding negative-sequence overcurrent element. Select negative-sequence
overcurrent pickup settings S0Q1P-50Q4P so that the overcurrent element
asserts for unbalanced faults within the reach of the corresponding distance
elements, but does not assert for load conditions. Set Level 1 negative-sequence
overcurrent element torque-control equation 67Q1TC = 1.

When EOOS=Y, out-of-step blocking for distance Zone 1 is defeated when
Relay Word bit 67Q1T asserts after a time delay defined by setting 67Q1D.
Additionally, out-of-step blocking for distance Zones 2, 3, and 4 is defeated
after the corresponding negative-sequence overcurrent element asserts for a
time delay defined by setting UBD.

When EOOS = Y2, the relay does not use the negative-sequence overcurrent
elements to defeat out-of-step blocking and allow phase-distance and Zone 1
ground-distance elements to operate should an unbalanced fault occur during
a swing condition. Instead, the relay uses the positive-sequence current
restraint factor, a2, multiplied by three times the positive-sequence current
magnitude to supervise the 67QUBF and 67QUBR elements (see Figure 3.24
for more detail). If three times the negative-sequence current magnitude
exceeds this factor and if the relay has made a valid directional decision (32
elements), the relay asserts either the 67QUBF or the 67QUBR directional
element after a fixed time delay of 1.5 cycles. In this manner, the relay
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Out-of-Step Characteristics

removes out-of-step blocking for phase-distance elements and Zone 1
ground-distance elements during unbalanced faults (see Figure 3.4—
Figure 3.7 and Figure 3.10).

Relay

Word Relay
Bits Word
Bi
® 320F L
312 A 15CYC 67QUBF
a2-3- 1| 5 0CYC

(Setting)

I > 0w
01+ INOM - 05 cYC } 670UBR
® 3208

® From Figure 4.20.
Figure 3.24 Directional Element Signals 67QUBF and 67QUBR

Table 3.11 summarizes the differences between settings EOOS =Y and
EOOS =Y2.

Table 3.11 Differences Between EOOS = Y and EOOS = Y2 Settings and
Unblocking

3.33

EOOS =Y EOOS = Y2
Unblock Zone 1 67Q1T 67QUBF
Unblock Zone 2 50Q2 67QUBF
Unblock Zone 3 50Q3 67QUBF or 67QUBR
Unblock Zone 4 50Q4 67QUBF or 67QUBR
Settings E50Q, 50Q1P, 50Q2P, 50Q3P, 50Q4P, a2
67Q1D, 67Q1TC, UBD2, UBOSBF

a When setting EOOS = Y2, the unblock delay time is fixed at 1.5 cycles.

Unblocking for three-phase faults is provided by Relay Word bit UBOSB
(see Figure 3.25).

Table 3.12 and Table 3.13 summarize how the OSB signals are supervised by

different means depending on the distance element.

Table 3.12 0SB Blocking and Unblocking of Distance Elements (EOOS =Y)

Compensator

Element Phase-Pairs (3-phase MABCn) Ground Mho Ground Quad.
Setting (E21P =1, 2, etc.) (E21P = 1C, 2C, etc.) (E21MG =1, 2, etc.) (E21XG =1, 2, etc.)
OOSB1 =Y | OSBI, unblocked by 67Q1T2 OSB1,nonegative-sequence | OSB1, unblocked by OSB1, unblocked by
unblocking 67QI1Ta 67QI1Ta

OOSB2=Y | OSB2, unblocked by [50Q2 OSB2, no negative-sequence | Note¢ Note¢

AND 32QF]b asserted longer unblocking

than UBD timer setting
OOSB3 =Y | OSB3, unblocked by [50Q3 OSB3, nonegative-sequence | Note¢ Note¢
(DIR3 = F/R) | AND (32QF/32QR)]b asserted | unblocking

longer than UBD timer setting
OOSB4 =Y | OSB4, unblocked by [50Q4 OSB4, nonegative-sequence | Note¢ Note¢
(DIR4 = F/R) | AND (32QF/32QR)]b asserted | unblocking

longer than UBD timer setting

a Differs from legacy SEL-311C models. 67Q1T comes from Figure 3.33.
b Differs from legacy SEL-311C models. 32QF/32QR come from Figure 4.20.
¢ Element unaffected by OSB logic.
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Table 3.13 0SB Blocking and Unblocking of Distance Elements (EOOS = Y2)

Element Phase-Pairs g’_r::::::ﬁ:rsc“) Ground Mho Ground Quad.
Setting (E21P =1, 2, etc.) (E21P = 1C, 2C, etc.) (E21MG =1, 2, etc.) (E21XG =1, 2, etc.)
OOSBl1=Y OSBI1, unblocked by OSBI1, no negative-sequence | OSB1, unblocked by OSBI1, unblocked by
67QUBF unblocking 67QUBF 67QUBF
OOSB2=Y OSB2, unblocked by OSB2, no negative-sequence | Note? Note?
67QUBF unblocking
OOSB3 =Y OSB3, unblocked by OSB3, nonegative-sequence | Note? Note?
(DIR3 = F/R) 67QUBF/67QUBR unblocking
OOSB4=Y OSB4, unblocked by OSB4, no negative-sequence | Note?2 Note?
(DIR4 =F/R) 67QUBF/67QUBR unblocking
a Element unaffected by OSB logic.
Table 3.14 0OS Relay Word Bits
ReIaBygtV:ord Description ReIaByitV:ord Description
50ABC Positive-sequence current above threshold OST Out-of-step trip
X6ABC Impedance inside Zone 6 OSB1 Block Zone 1 during an out-of-step condition
X5ABC Impedance inside Zone 5 OSB2 Block Zone 2 during an out-of-step condition
UBOSB Unblock out-of-step blocking OSB3 Block Zone 3 during an out-of-step condition
OSB Out-of-step block OSB4 Block Zone 4 during an out-of-step condition
OSTI Incoming out-of-step trip 67QUBF | Negative-sequence forward directional element
OSTO Outgoing out-of-step trip 67QUBR [ Negative-sequence reverse directional element

The SEL-311C out-of-step trip function is enabled by setting EOOST = O for
outgoing (trip on the way out of Zone 5) or I for incoming (trip on the way in
to Zone 5) swings. The time-delay setting OSTD must be set less than the
OSBD setting by at least 0.50 cycles.

Out-of-Step Trip

The out-of-step trip application is similar to the SEL-421 relay, and there is no
built-in connection to the trip logic of the SEL-311C. For out-of-step tripping
applications, the OST Relay Word bit must be included in the relay TR
equation. For example, to force a trip on out-of-step, with no reclose, you
would include OST in these settings:

TR=...+0ST (add OST to the trip conditions SELOGIC control equation)
T9DTL = ...+ OST (add OST to the drive-to-lockout conditions)

NOTE: The OST, OSTI, and OSTO
Relay Word bits may only assert for
one processing interval, and may not
successfully activate the trip logic if
used in the TRQUAL SELocIc control
equation. Use them in the TR
equation, instead. See TRQUAL
Qualified Trip Conditions on page 5.2
for more information.

Refer to the SEL-421 Application Handbook for detailed out-of-step examples.
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Relay
Word
Bits
® 3P0
@ ILOP
M ———+ 50ABC
50ABCP ——— -
(Setting)
I @) st
m
VI — v Zone 6 Word

Re (1)

. Bits
X6ABC

T
[T
&

Zone 5

—C
X5ABC

[T
&5-

3-phase _
fault (Internal Function)

UBOSBD
>— UBOSB

/\
~—

® From Figure 5.3; @ from Figure 4.1.
Figure 3.25 Out-of-Step Zone Detection Logic
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Relay
Word
Bits
0SB
0STI
0ST
0ST0
0SB1 @
0SB2 ®
0SB3 @
0SB4 @

Reset takes priority
S
R

14 ]
CYc

7 ° O]

0
1sec
2 sec
0
)
.

O
o o
e (=
= —
7] 2
S <
-
D
2
3
= J
o O =5 - = [ o o > S > S > S
> o o o o o o
ggﬂ L 2 [ = = 2 ne n e =] =] =]
O = =2 — = = —s == ~ = =i <=
g== £ 8 23 8% 2 28 3% 2% 2% =%
H_/ [%2)
S¢ 22 €] 3L g¢ 8¢ 8¢ 8¢
@ [} [} o o o

® From Figure 3.25; @ to Figure 3.4, Figure 3.7, and Figure 3.10; ® to Figure 3.5; @ to Figure 3.6.
Figure 3.26 Out-of-Step Logic
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Instantaneous/Definite-Time Overcurrent Elements

Instantaneous/Definite-Time Overcurrent Elements

Phase Instantaneous / Four levels of phase instantaneous/definite-time overcurrent elements are
finite-Ti available. The different levels are enabled with the ESOP enable setting, as
Definite-Time shown in Figure 3.27 and Figure 3.28.

Overcurrent Elements

All phase instantaneous/definite-time overcurrent elements are available for
use in any tripping or control scheme.

Settings Ranges
Settings Range | Description
Pickup Settings 50P1P-50P4P
OFF, 0.25-100.00 A secondary 5 A nominal phase current inputs, IA, 1B, IC
OFF, 0.05-20.00 A secondary 1 A nominal phase current inputs, IA, 1B, IC

Definite-Time Settings 67P1D-67P4D
0.00-16000.00 cycles, in 0.25-cycle steps

Pickup Operation
The phase instantaneous/definite-time overcurrent element logic begins with
Figure 3.27. The pickup settings for each level (S0P1P-50P4P) are compared
to the magnitudes of the individual phase currents I, Ig, and I=. The logic
outputs are Relay Word bits and operate as follows (Level 1 example shown):

50A1 = 1 (logical 1), if I, > pickup setting SOP1P
= 0 (logical 0), if I, < pickup setting 50P1P
50B1 = 1 (logical 1), if Ig > pickup setting SOP1P
= 0 (logical 0), if Ig < pickup setting 50P1P
50C1 = 1 (logical 1), if I > pickup setting SOP1P
= 0 (logical 0), if I~ < pickup setting SOP1P
50P1 = 1 (logical 1), if at least one of the Relay Word bits S0A1,

50B1, or 50C1 is asserted (e.g., 50B1 = 1)
0 (logical 0), if all three Relay Word bits 50A1, 50B1, and
50CI1 are deasserted (50A1 =0, 50B1 =0, and 50C1 = 0)
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Relay
Word
Bits
i 50P1
Eableg Seiings jr >
Llevels (" 50PIP - o
.
Level1 -
(Setting < . 5081
E50P > 1)
N 50C1
\_ +
Ei}sopz
("50P2P - s012
.
Level 2 -
(Setting . 50B2
E50P > 2)
N 50C2
\ +
(50P3P - so3
.
Level 3 -
(Setting < 5083
E50P > 3) *
N 50C3
Ny +
(50P4P - 5004
Ia +
Level 4 -
setting < | 5084
E50P = 4) B +
- 5004
\_ lC +

Figure 3.27 Levels 1 Through 4 Phase Instantaneous Overcurrent Elements

These Relay Word bit outputs then become inputs to Figure 3.28. Ideally, set
50P1P > 50P2P > 50P3P > 50P4P so that instantaneous/definite-time
overcurrent elements 50P1-50P4 and 67P1-67P4 will display in an organized
fashion in event reports (see Figure 12.7 and Table 12.4).
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3.39

Relay
Enabled ngtr J
Levels ~ Relay its
Word 6_7P1
Bit
Level 1 @ 50P1 BEN)
S ) i ) -
>
Torque Control
(_ 67PITC
_—
Rel
WeO?(\jl 67P2
2 Bit
Leve .
(Setting < ® 50P2 N 67P2D .
E50P>2) SELOGIC
Setting ﬂ,__/ 0
6P2TC Torque Control
—
" Relay
Word 67P3
Bit
Level 3 i B
Setting < 0P N |
E50P23) SELOGIC — / .
Setting SELoGIC
Torque Control
_ 67P3TC
_—
Relay
Word ——————————— 67P4
Bit
Level 4 ThDA ALz
S ) -
= SELOGIC
67PATC Torque Control
—

® From Figure 3.27

Figure 3.28 Levels 1 Through 4 Phase Instantaneous/Definite-Time
Overcurrent Elements (With Torque Control)

Phase Instantaneous/Definite-Time Overcurrent Elements are Nondirectional

Unlike the ground and negative-sequence overcurrent elements, the
SEL-311C phase instantaneous/definite-time overcurrent elements do not
contain any built-in directional control.

If directional control is desired, refer to Overcurrent Directional Control
Provided by Torque-Control Settings on page 4.38.

Torque Control

NOTE: All overcurrent element
SELoGIC control equation
torque-control settings are set directly
to logical 1 (e.g., 67P1TC =1) for the
factory-default settings. See SHO
Command (Show/View Settings) on
page 10.62 for a list of the
factory-default settings.

Date Code 20191107

Levels 1 through 4 in Figure 3.28 have corresponding SELOGIC control
equation torque-control settings 67P1TC—-67P4TC. SELOGIC control equation
torque-control settings cannot be set directly to logical 0. The following are
torque-control setting examples for Level 1 phase instantaneous/definite-time
overcurrent elements 67P1/67P1T.

67P1TC =1 Setting 67P1TC set directly to logical 1:

Then phase instantaneous/definite-time overcurrent element 67P1 directly
follows the state of SOP1 from Figure 3.27, and definite-time element 67P1T
has an intentional time-delayed pickup defined by setting 67P1D.

67PITC = IN105 Input IN105 deasserted (67P1TC = IN105 = logical 0):

Then phase instantaneous/definite-time overcurrent elements 67P1/67P1T are
defeated and nonoperational, regardless of any other setting.

Input IN105 asserted (67P1TC = IN105 = logical 1):

Then phase instantaneous/definite-time overcurrent element 67P1 directly
follows the state of SOP1 from Figure 3.27, and definite-time element 67P1T
has an intentional time-delayed pickup defined by setting 67P1D.
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Sometimes SELOGIC control equation torque-control settings are set to
provide directional control. See Overcurrent Directional Control Provided by
Torque-Control Settings on page 4.38.

Combined Single-Phase Instantaneous Qvercurrent Elements

The single-phase instantaneous overcurrent element Relay Word bit outputs in
Figure 3.27 are combined together in Figure 3.29, producing Relay Word bit
outputs 50A, 50B, and 50C.

Relay Word bits 50A, 50B, and 50C can be used to indicate the presence or
absence of fault current in a particular phase.

Relay

Word

Bits. Relay
Word

A
4 55(?A2 Bits
50A
50A3
50A4
5081
5082
C)<<< 508
5083
5084
50C1
50C2
50C
50C3
\_ 504
® From Figure 3.27.

Figure 3.29 Combined Single-Phase Instantaneous Overcurrent Elements

Pickup and Reset Time Curves

NOTE: The pickup time curve in
Figure 3.30 is not valid for conditions
with a saturated CT, where the
resultant current to the relay is
nonsinusoidal.

SEL-311C-1 Transmission Protection System

Figure 3.30 and Figure 3.31 show pickup and reset time curves applicable to
all nondirectional instantaneous overcurrent elements with sinosoidal
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 for the various output types is defined in
Specifications on page 1.2. Add the appropriate time to the values from Figure 3.30
and Figure 3.31 to obtain expected operate times for testing and commissioning.

If instantaneous overcurrent elements are made directional (with standard
directional elements such as 32QF), the pickup time curve in Figure 3.30 is
adjusted as follows:

multiples of pickup setting < 4: add 0.25 cycle
multiples of pickup setting > 4: add 0.50 cycle
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1.6
R 1.4K
3 12,
S 1'%\\ —=— Maximum
E 08 N —e— Minimum
o 06 2 \'ﬁ—i\;\._.
2 04 \\

0.2

0

12 2 3 4 5 6 7 8 9 10
Applied Current (Multiples of Pickup Setting)

Figure 3.30 Nondirectional Instantaneous Overcurrent Element Pickup Time

Curve

> 2

£ L

o :

> | p| —m— Maximum
E —e— Minimum
g 05

&

OI

12 2 3 4 5 6 7 8 9 10
Applied Current (Multiples of Pickup Setting)

Figure 3.31 Nondirectional Instantaneous Overcurrent Element Reset Time

Curve
Residual-Ground Four levels of residual-ground instantaneous/definite-time overcurrent
t t / elements are available. The different levels are enabled with the ESOG enable
|nS dantaneous setting, as shown in Figure 3.32.

Deflmte Time In Figure 3.32 the Level 1 (67G1) and Level 2 (67G2) elements have their

Overcurrent Elements directional control fixed forward. Levels 3 and 4 have selectable forward or
reverse directional controls. See Directional Control Settings on page 4.28 for
details on specifying the Zone 3 and Zone 4 direction by using Group settings
DIR3 and DIR4.

The Level 2 and Level 3 residual-ground overcurrent elements are used in
some embedded functions in the SEL-311C. The connection is visible in the
logic diagrams where Relay Word bits 50G3, 67G2 or 67G3 are shown as inputs.
Some examples include Permissive Overreaching Transfer Trip logic, shown in
Figure 5.6, and Directional Comparison Blocking logic, shown in Figure 5.14.

To understand the operation of Figure 3.32, follow the explanation given for
Figure 3.27 and Figure 3.28, substituting residual-ground current I (I = 31y = I
+ Ig + ) for phase currents and substituting like settings and Relay Word bits.

Ideally, set S0G1P > 50G2P > 50G3P > 50G4P so that
instantaneous/definite-time overcurrent elements 50G1-50G4 and
67G1-67G4 will display in an organized fashion in event reports (see
Figure 12.7 and Table 12.4).
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Settings Ranges
NOTE: For pickup settings less than: Settings Range Description
0.25 A secondary (5 A nominal)
0.05 A secondary (1 A nominal) Pickup Settings 50G1P-50G4P

an additional 2-cycle time delay is
added on all residual-ground
instantaneous (50G1-50G4,
67G1-67G4) and definite-time
(67GIT-67GA4T) overcurrent elements.

0.050-100.00 A secondary in 0.010 A steps | 5 A nominal phase current inputs, IA, IB, IC
0.010-20.00 A secondary in 0.002 A steps 1 A nominal phase current inputs, IA, IB, IC

Any time delay provided by the Definite-Time Settings 67G1D-67G4D
definite-time settings (67G1D-67G4D) .
is in addition to this 2-cycle time delay. 0.00-16000.00 cycles, m 0.25-cycle steps

Pickup and Reset Time Curves
See Figure 3.30 and Figure 3.31.

Relay
Word Bits
(unless noted) Rely
Enabled [31] + Word Bits
Levels o 5061
5061P - —\
Level 1 (Semng)
E506>1 | 6761
(Setting) 67G1TC _
(SELOGIC) r 6761D
® 326F 6761T
0
'
A d 5062
5062P - N
Level 2 (Setting) 6762
£506>2 67621C J /
(Setting) | (seLosio) r G
@ 326F 67627
0
+
L 4 5063
5063P - —\
(Setting) | 663
67637C J/
(SEL0GIC) 6763D
Level 3
E506>3 ® 326F —— 6163T
(Setting) DR3=F 0
(Setting)
@ 326R
—C0
+
¢ 5064
5064P -
(Setting) \ _
67641C |
(SELOGIC) | S 6764
Level 4
£506 = 4 @ 326F I 6164T
(Setting) DRA=F 0
(Setting)
® 326R
—C0

® From Figure 4.18.

Figure 3.32 Levels 1 Through 4 Residual-Ground Instantaneous/Definite-Time Overcurrent Elements With
Directional and Torque Control

Neg ative-Sequence Four levels of negative-sequence instantaneous/definite-time overcurrent
elements are available. The different levels are enabled with the ES0Q enable

InStantaneousl setting, as shown in Figure 3.33.

Definite-Time

Overcurrent Elements
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In Figure 3.33 the Level 1 (67Q1) and Level 2 (67Q2) elements have their
directional control fixed forward. Level 3 and Level 4 have selectable forward
and reverse directional controls. See Directional Control Settings on

page 4.28 for details on specifying the Zone 3 and Zone 4 direction by using
Group settings DIR3 and DIR4.

The Level 2 and Level 3 negative-sequence overcurrent elements are used in
some embedded functions in the SEL-311C. The connection is visible in the
logic diagrams where Relay Word bits 50Q3, 67Q2 or 67Q3 are shown as
inputs. Some examples include Permissive Overreaching Transfer Trip logic,
shown in Figure 5.6, and Directional Comparison Blocking logic, shown in

Figure 5.14.
IMPORTANT: See Appendix G: T(') understand the 'operatlon of Flg.ure'3.33, foll'ow the explanation given for
Setting Negative-Sequence Figure 3.27 and Figure 3.28, substituting negative-sequence current:
Overcurrent Elements for information .
on setting negative-sequence 3 =14 + aZe Ig + a * I (Global setting PHROT = ABC)

overcurrent elements.

31, =1y + a2 ¢ I + a * I (Global setting PHROT = ACB)

where:
a=1 £120°
a2=1 £-120°

for phase currents and substituting like settings and Relay Word bits.

Ideally, set S0Q1P > 50Q2P > 50Q3P > 50Q4P so that
instantaneous/definite-time overcurrent elements 50Q1-50Q4 and
67Q1-67Q4 will display in an organized fashion in event reports (see
Figure 12.7 and Table 12.4).

Settings Ranges
Settings Range | Description
Pickup Settings 50Q1P-50Q4P
0.25-100.00 A secondary 5 A nominal phase current inputs, IA, IB, IC
0.05-20.00 A secondary 1 A nominal phase current inputs, IA, 1B, IC

Definite-Time Settings 67Q1D-67Q4D
0.00-16000.00 cycles, in 0.25-cycle steps
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Time-Overcurrent Elements

Pickup and Reset Time Curves

See Figure 3.30 and Figure 3.31.

Relay
Word
Bits
Enabled (unless
131, N Bits.
Level 1 5001P "[ o
E50021 (Setting) ; N\ ,
(Setting) 701TC [ / 6701
(SELOGIC) r 671D
®320F 67Q1T
0
.
° 5002
5002P )
(Seting) L N\
Level 2 6702
£50022 < 6702TC | )
(Setting) (SELOGIC) r 67020
0
.
° 5003
(" 5003P ,
(Setting) L \ 6703
6703TC | /
Level 3
5003 < (SELOGIC) [ 67030
(Setting) ®320F 67037
DIR3=F 0
(Setting)
~
@ 320R
—q
.
° 5004
5004P .
(Seting) L \
6704
Level 4 6704TC |
B500=4 < (ELOGO | S 6704
(Setting) ® 320F 67047
DIR4=F 0
(Setting)
@ 320R
—q

® From Figure 4.20.

Figure 3.33 Levels 1 Through 4 Negative-Sequence Instantaneous/Definite-Time Overcurrent Elements With

Directional and Torque Control

Time-Overcurrent Elements

Phase

Time-Overcurrent

Elements

SEL-311C-1 Transmission Protection System

One phase time-overcurrent element is available. This element is enabled with
the E51P enable setting as follows:

Table 3.15 Available Phase Time-Overcurrent Elements

Time-Overcurrent

Enabled With

Operating Current

See Figure

Element Setting
SIPT E51P=Y IApc,> maximum of Figure 3.34
A-, B-, and C-phase
currents
Instruction Manual Date Code 20191107
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Settings Ranges

Time-Overcurrent Elements

Besides the settings involved with the Torque-Control Switch operation in
Figure 3.34, the 51PT phase time-overcurrent element has the following

settings:

Table 3.16 Phase Time-Overcurrent Element (Maximum Phase) Settings

Setting Definition Range
51PP pickup 0.25-16.00 A secondary
(5 A nominal phase current inputs, IA, IB, IC)
0.05-3.20 A secondary
(1 A nominal phase current inputs, IA, IB, IC)
51PC curve type U1-US (U.S. curves) see Figure 9.1-Figure 9.10
C1-C5 (IEC curves)
51PTD time dial 0.50-15.00 (U.S. curves) see
Figure 9.1-Figure 9.10 0.05-1.00 (IEC curves)
51PRS electromechanical Y, N
reset timing
S1PTC SELOGIC control Relay Word bits referenced in Table D.2 or set
equation directly to logical 1 (=1)2
torque-control setting

a SELoclic control equation torque-control setting 51PTC cannot be set directly to logical O.

See Time-Overcurrent Curves on page 9.5 for additional time-overcurrent
element setting information.

Setting
51PP

lasc
(max. phase)

SELocic
Set

51PTC

Setting Torque Control
PIC ———

Torque-Conto{LSWi ch

/

SELoGIC

Relay
Word
Bits
= 5P Pickup
51PT Phase
Time-Overcurrent Element
Curve Timing and Reset Timin
o P e Gne
Settings eou
»| SIPP Pickup
51PC Curve Type > SIPR - Reset
51PTD Time Dial
51PRS Electromechanical
Reset? (Y/N)

Logic Point 51PTC Controls the Torque-Control Switch

Torque Control Setting
5IPTC State | Switch Position 51PRS = Reset Timing
Logical 1 Closed Y Electromechanical
Logical 0 Open N 1Cycle

Figure 3.34 Phase Time-Overcurrent Element 51PT
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51PT Element Logic Outputs

The logic outputs in Figure 3.34 are the Relay Word bits shown in Table 3.17.

Table 3.17 Phase Time-Overcurrent Element (Maximum Phase) Logic Outputs

Relay Word Bita Definition/Indication Application

51P Maximum phase current, I,gc, is | Element pickup testing or other
greater than phase time-overcur- | control applications.
rent element pickup setting 51PP.

51PT Phase time-overcurrent element | Tripping and other control
is timed out on its curve. applications. See Trip Logic on
page 5.1.
51PR Phase time-overcurrent element | Element reset testing or other
is fully reset. control applications.

a When E51P = N or 51PP = OFF, the relay deasserts all three Relay Word bit outputs.

51PT Element Torque-Control Switch Operation

Torque-Control Switch Closed
The pickup comparator in Figure 3.34 compares the pickup setting (51PP) to
the maximum phase current, I, if the Torque-Control Switch is closed.
Iogc is also routed to the curve timing/reset timing functions. The Relay Word
bit logic outputs operate as follows with the Torque-Control Switch closed:
51P = 1 (logical 1), if I5g¢ > pickup setting 51PP and the phase
time-overcurrent element is timing or is timed out on its curve
= 0 (logical 0), if [ygc < pickup setting S1PP
51PT = 1 (logical 1), if I5g¢ > pickup setting S1PP and the phase
time-overcurrent element is timed out on its curve
= 0 (logical 0), if I,p > pickup setting 51PP and the phase
time-overcurrent element is timing, but not yet timed out
on its curve
= 0 (logical 0), if [ygc < pickup setting S1PP
51PR = 1 (logical 1),ifIngc < pickup setting 51PP and the phase
time-overcurrent element is fully reset
= 0 (logical 0), if [sgc < pickup setting 51PP and the phase
time-overcurrent element is timing to reset (not yet fully reset)
= 0 (logical 0), if I,g¢ > pickup setting 51PP and the phase
time-overcurrent element is timing or is timed out on its curve

Torque-Control Switch Open
If the Torque-Control Switch in Figure 3.34 is open, maximum phase current,
Iopc, cannot get through to the pickup comparator (setting 51PP) and the
curve timing/reset timing functions. For example, suppose that the
Torque-Control Switch is closed, I5g¢ is shown below:

Iogc > pickup setting 51PP

and the phase time-overcurrent element is timing or is timed out on its curve.
If the Torque-Control Switch is then opened, I, g effectively appears as a
magnitude of zero (0) to the pickup comparator:

Ingc =0 A (effective) < pickup setting 51PP

This results in Relay Word bit 51P deasserting to logical 0. [, also
effectively appears as a magnitude of zero (0) to the curve timing/reset timing
functions, resulting in Relay Word bit 51PT also deasserting to logical 0. The
phase time-overcurrent element then starts to time to reset. Relay Word bit SIPR
asserts to logical 1 when the phase time-overcurrent element is fully reset.
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Torque Control
Refer to Figure 3.34.

NOTE: All overcurrent element

SELocic control equation SELOGIC control equation torque-control settings (e.g., SIPTC) cannot be set

torque-control settings are set directly directly to logical 0. The following are settings examples of SELOGIC control
to logical 1 (e.g., 51PTC = 1) for the 3 _ 1 1me-
factory-default settings, See SHO equation torque-control setting 51PTC for phase time-overcurrent element S1PT.
Command (Show/View Settings) on 51PTC = 1 Setting S1PTC set directly to logical 1:
page 10.62 for a list of the
factory-default settings. The Torque-Control Switch closes and phase time-overcurrent element
51PT is enabled and nondirectional.
51PTC = IN105

Input IN105 deasserted (S1PTC = IN105 = logical 0):

The Torque-Control Switch opens and phase time-overcurrent element
51PT is defeated and nonoperational, regardless of any other setting.

Input IN105 asserted (SIPTC = IN105 = logical 1):

The Torque-Control Switch closes and phase time-overcurrent element
51PT is enabled and nondirectional.

51PTC = M2P

The 51P/51PT uses the Zone 2 mho phase-distance element to provide
forward directional control.

Other SELOGIC control equation torque-control settings may be set to provide
directional control. See Overcurrent Directional Control Provided by
Torque-Control Settings on page 4.38.

Reset Timing Details (51PT Element Example)
Refer to Figure 3.34.

Any time current I, goes above pickup setting 51PP and the phase
time-overcurrent element starts timing, Relay Word bit 51PR (reset indication)
=logical 0. If the phase time-overcurrent element times out on its curve, Relay
Word bit S1PT (curve time-out indication) = logical 1.

Setting 51PRS = Y
If electromechanical reset timing setting 51PRS =Y, the phase
time-overcurrent element reset timing emulates electromechanical reset
timing. If maximum phase current, I, goes above pickup setting 51PP
(element is timing or already timed out) and then current I,gc goes below
51PP, the element starts to time to reset, emulating electromechanical reset
timing. Relay Word bit 51PR (resetting indication) = logical 1 when the
element is fully reset. See Time-Overcurrent Curves on page 9.5 for reset
curve equations.

Setting 5IPRS =N
If reset timing setting 51PRS = N, element 51PT reset timing is a 1-cycle
dropout. If current I, g goes above pickup setting S1PP (element is timing or
already timed out) and then current I, 5 goes below pickup setting 51PP,
there is a 1-cycle delay before the element fully resets. Relay Word bit 51PR
(reset indication) = logical 1 when the element is fully reset.

Residual-Ground To understand the operation of Figure 3.35, follow the explanation given for

. Figure 3.34 in Phase Time-Overcurrent Elements on page 3.44, substituting
Time-Overcurrent residual-ground current I (I = 31y =I5 + Ig + I-) for maximum phase
Element current I, g and substituting like settings and Relay Word bits.
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Time-Overcurrent Elements

Setting
51GP

Torque ControIcSWi C

=

lg
(residual)

SELocic

Setting Torque Control

51GTC

/

SELoGIC

Relay
Word
Bits
» 516G Pickup
51GT Residual Ground
Time-Overcurrent Element
Curve Timing and Reset Timin
g T e
Settings eou
»-| SIGP Pickup
516C Curve Type > SI0R  Reset
516TD  Time Dial
51GRS Electromechanical
Reset? (Y/N)

Logic Point 51GTC Controls the Torque Control Switch

Torque Control Setting
51GTC State | Switch Position 51GRS = Reset Timing
Logical 1 Closed Y Electromechanical
Logical 0 Open N 1Cycle

Figure 3.35 Residual-Ground Time-Overcurrent Element 51GT

Settings Ranges

Table 3.18 Residual-Ground Time-Overcurrent Element Settings

Setting Definition Range
51GP | pickup 0.10-16.00 A secondary
(5 A nominal phase current inputs, IA, IB, IC)
0.02-3.20 A secondary
(1 A nominal phase current inputs, IA, IB, IC)
51GC | curve type U1-US5 (U.S. curves) see Figure 9.1-Figure 9.10
C1-C5 (IEC curves)
51GTD | time dial 0.50-15.00 (U.S. curves) see Figure 9.1-Figure 9.10
0.05-1.00 (IEC curves)
51GRS | electromechanical Y, N
reset timing
51GTC | SELOGIC control Relay Word bits referenced in Table D.2 or set
equation torque-con- | directly to logical 1 (= 1)2
trol setting

a8 SELoclic control equation torque-control setting 51IGTC cannot be set directly to logical O.

The residual-ground time-overcurrent element 51GT is nondirectional. In
applications where directionality is required, see Overcurrent Directional
Control Provided by Torque-Control Settings on page 4.38. See

Negative-Sequence
Time-Overcurrent
Element

SEL-311C-1 Transmission Protection System

Time-Overcurrent Curves on page 9.5 for additional time-overcurrent element
setting information.

To understand the operation of Figure 3.36, follow the explanation given for
Figure 3.34 in Phase Time-Overcurrent Elements on page 3.44, substituting
negative-sequence current 31,

3, =1, + a2 Iy +a*Ic (ABC rotation)

31, =1, + a2 ¢ I+ a* Iy (ACB rotation)

where:
a=1 ~/£120°
a2=1 £-120°
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for maximum phase current I, g and like settings and Relay Word bits.

Relay
Word
Bits
» 510 Pickup
; 51QT Negative-Sequence
Setting Time-Overcurrent Element
50p —8 ——— Curve Timing and Reset Timing Curve
e —— Torque Control Switch > ™ 50T fineout
IMPORTANT: See Setting 3l N + Settings
Negative-Sequence 4 ]
Overcurrent Elements on page G.1 for »| JI0P Pickup b 510R  Reset
information on setting negative- g}g%n %“nr]‘éeDTi;'Fe
sequence overcurrent elements. 510RS Electromechanical
Reset? (Y/N)
St SELOGIC Logic Paint 51TC Controls the Torgue Control Switch
eting Torque Control
siarc Torque Control Setting
51QTC State | Switch Position 51QRS = Reset Timing
Logical 1 Closed Y Electromechanical
Logical 0 Open N 1Cycle
Figure 3.36 Negative-Sequence Time-Overcurrent Element 51QT
Settings Ranges
Table 3.19 Negative-Sequence Time-Overcurrent Element Settings
Setting Definition Range
51QP | pickup 0.25-16.00 A secondary
(5 A nominal phase current inputs, IA, IB, IC)
0.05-3.20 A secondary
(1 A nominal phase current inputs, IA, IB, IC)
51QC | curve type U1-US5 (U.S. curves) see Figure 9.1-Figure 9.10
C1-C5 (IEC curves)
51QTD | time dial 0.50-15.00 (U.S. curves) see Figure 9.1-Figure 9.10
0.05-1.00 (IEC curves)
51QRS | electromechanical Y, N
reset timing
51QTC | SELoGIC control Relay Word bits referenced in Table D.2 or set directly
equation torque- to logical 1 (= 1)2
control setting

a SELoclic control equation torque-control setting 51QTC cannot be set directly to logical O.

The negative-sequence time-overcurrent element 51QT is nondirectional. In
applications where directionality is required, see Overcurrent Directional Control
Provided by Torque-Control Settings on page 4.38. See Time-Overcurrent Curves on
page 9.5 for additional time-overcurrent element setting information.

Voltage Elements

Enable the general purpose voltage elements by making the enable setting:
EvoLT='Y

V0|tage Values The voltage elements operate off of various voltage values shown in Table 3.20.
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Table 3.20 Voltage Values Used by Voltage Elements

Voltage Description

Va A-phase voltage, from SEL-311C rear-panel voltage input VA2
Vg B-phase voltage, from SEL-311C rear-panel voltage input VB2
Ve C-phase voltage, from SEL-311C rear-panel voltage input V€2
VaB Phase-to-phase voltageb
Vac Phase-to-phase voltageb

Vea Phase-to-phase voltage

3Vy Zero-sequence (residual) voltage® ¢
Vv, Negative-sequence voltage
A% Positive-sequence voltage
mmtage VS cannot be used for Vg Synchronism-check voltage, from SEL-311C rear-panel voltage input VSd

3V0 measurement and as a
synchronism-check input at the same

[

Not available when delta connected (PTCONN = DELTA).
Measured directly when delta connected.

o

time. ¢ When PTCONN = WYE, the relay calculates zero-sequence voltage 3VO from the phase
voltage signals VA, VB, and VC, and uses the value to operate the zero-sequence voltage
elements 59N1 and 59N2. When PTCONN = DELTA, calculated zero-sequence voltage 3VO is
not available and the voltage elements 59N1 and 59N2 are disabled.
d Voltage VS can be used in the synchronism-check elements when Global setting VSCONN =
VS (see Synchronism-Check Elements on page 3.55). Voltage VS can be connected to a
zero-sequence voltage source (typically a broken-delta connection) when Global setting
VSCONN = 3VO (see Broken-Delta VS Connection (Global Setting VSCONN = 3V0) on
page 2.14). Voltage VS is also used in the two voltage elements listed in Table 3.22 and in
Figure 3.41, independent of the VSCONN setting.
V0|tage Element Table 3.21 through Table 3.23 list available voltage elements and the
Setti corresponding voltage inputs and settings ranges for SEL-311C relays. The
ettings Global setting PTCONN determines the relay voltage configuration as one of
the following:
»  Wye connected (PTCONN = WYE), use Table 3.21 and Table 3.22
» Delta connected (PTCONN = DELTA), use Table 3.22 and
Table 3.23
For more information on wye- and delta-connected voltage inputs, see
Settings for Voltage Input Configuration on page 9.16.
Table 3.21 Voltage Elements Settings and Settings Ranges
(Wye-Connected PTs) (Sheet 1 of 2)
Voltage Element Operating . . .
(Relay Word Bits) Voltage Pickup Setting/Range See Figure
H 27A Va 27P Figure 3.37
: Voltage element pickup =
settings should not be set near zero, 27B Vs 0.00-300.00 V' secondary
because they can assert or deassert
because of noise when no signal is 27C Ve
applied. SEL recommends a minimum
setting of 2.00 V. 3P27 =27A *27B *
27C
59A Va 59P, 0.00-300.00 V secondary
59B Vg
59C Ve
3P59 =59A * 59B *
59C
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Table 3.21

Voltage Elements Settings and Settings Ranges

(Wye-Connected PTs) (Sheet 2 of 2)

Voltage Elements

Voltage Element

Operating

(Relay Word Bits) Voltage Pickup Setting/Range See Figure
27AB Vap 27PP, 0.00-520.00 V secondary Figure 3.38
27BC Vpe
27CA Vea
59AB Vap 59PP, 0.00-520.00 V secondary
59BC Vic
59CA Vea
59N1 3Vy 59N1P, 0.00-300.00 V secondary
59N2 3V 59N2P, 0.00-300.00 V secondary

59Q V, 59QP, 0.00-200.00 V secondary
59Vl \'A 59V1P, 0.00-300.00 V secondary
Table 3.22 Voltage Elements Settings and Settings Ranges (VS Channel)
(\éfutaﬁvﬂzn;:st) O\r;zlrt:t;:q Pickup Setting/Range See Figure
27S Vg 27SP, 0.00-300.00 V secondary Figure 3.41
598 Vg 59SP, 0.00-300.00 V secondary
Table 3.23 Voltage Elements Settings and Settings Ranges
(Delta-Connected PTs)
(\F/;;IItaa:(\eNcE):;rE::) Oc::taat;r;q Pickup Setting/Range | See Figure
27AB Vag 27PP Figure 3.39
»7BC Vie 0.00-300.00 V secondary
27CA Vea
3P27 =27AB * 27BC * 27CA
59AB Vap 59PP
SOBC Vac 0.00-300.00 V secondary
59CA Vea
3P59 =59AB * 59BC * 59CA
59Q vV, 59QP Figure 3.40
0.00-120.00 V secondary
59Vl Vi@ 59V1P
0.00-170.00 V secondary

a See Positive-Sequence and Negative-Sequence Calculations When PTCONN = DELTA below for
details on how V1 and V2 are calculated when PTCONN = DELTA.

Positive-Sequence and Negative-Sequence Calculations When PTCONN = DELTA

Use the following equations to calculate the positive-sequence and
negative-sequence voltage for open-delta configurations when
PTCONN = DELTA. (Calculations are shown for ABC phase rotation. Swap

the results for ACB rotation.)
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Voltage Elements

SEL-311C-1 Transmission Protection System

Settings/
Voltages

21P

W= W] =

Relay
Word
Bits

2TA

21B

[Val
[Vl
Vel

21C

.

3pP27

59A

59P

598

59C

R
4

3P59

Figure 3.37 Single-Phase and Three-Phase Voltage Elements (Wye-Connected)
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Settings/
Voltages

27PP

[Vag!

Relay
Word
Bits

2TAB

21BC

Vel

[Veal

21CA

59AB

598C

59PP

[3Vol
59NIP

59CA

59N2P

59N1

Vol
59QP

59N2

vl

590

59VIP

Figure 3.38 Phase-to-Phase and Sequence Voltage Elements
(Wye-Connected PTs)

Settings/
Voltages

27PP

[Vag |

59V1

Relay
Word
Bits

21AB

278C

21CA

.

[Vge |

[Veu

3p27

59AB

59BC

59pPP

59CA

)
4

3P59

Figure 3.39 Phase-to-Phase Voltage Elements (Delta-Connected PTs)
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Settings/ Relay
Voltages Word
ﬁ > Bits
2 590
59QP -
[Vy] +
591
59VIP -

Figure 3.40 Sequence Voltage Elements (Delta-Connected PTs)

Settings/ Relay

Voltages Word

- Bits
21SP + —

21S

Vg ——o

+

59SP -

598

Figure 3.41 Channel VS Voltage Elements (Wye- or Delta-Connected PTs)

V0|tage Element Note that the voltage elements in Table 3.21 through Table 3.23, and
. Figure 3.37 through Figure 3.41 are a combination of “undervoltage”
t 8 g 8 g
opera on (Device 27) and “overvoltage” (Device 59) type elements. Undervoltage

elements (Device 27) assert when the operating voltage goes below the
corresponding pickup setting. Overvoltage elements (Device 59) assert when
the operating voltage goes above the corresponding pickup setting.

Undervoltage Element Operation Example
Refer to Figure 3.37 (top of the figure).
Pickup setting 27P is compared to the magnitudes of the individual phase
voltages Vu, Vg, and V. The logic outputs in Figure 3.37 are the following
Relay Word bits.

27A

1 (logical 1), if V < pickup setting 27P
= 0 (logical 0), if V4 2 pickup setting 27P
27B = 1 (logical 1), if Vg < pickup setting 27P

= 0 (logical 0), if Vg = pickup setting 27P
27C = 1 (logical 1), if V¢ < pickup setting 27P

= 0 (logical 0), if V¢ = pickup setting 27P
1 (logical 1), if all three Relay Word bits 27A, 27B,
and 27C are asserted (27A=1,27B=1,and 27C =1)
= 0 (logical 0), if at least one of the Relay Word bits
27A, 27B, or 27C is deasserted (e.g., 27A = 0)

3pP27

Overvoltage Element Operation Example
Refer to Figure 3.37 (bottom of the figure).

Pickup setting 59P is compared to the magnitudes of the individual phase
voltages Vu, Vg, and V. The logic outputs in Figure 3.37 are the following
Relay Word bits:

59A

1 (logical 1), if V > pickup setting 59P
= 0 (logical 0), if V5 < pickup setting S9P
59B = 1 (logical 1), if Vg > pickup setting 59P
= 0 (logical 0), if Vg < pickup setting 59P
59C = 1 (logical 1), if V > pickup setting 59P
= 0 (logical 0), if V- < pickup setting 59P
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3P59

1 (logical 1), if all three Relay Word bits 59A, 59B, and
59C are asserted (59A =1,59B =1, and 59C = 1)

= 0 (logical 0), if at least one of the Relay Word bits 59A,
59B, or 59C is deasserted (e.g., S9A = 0)

Synchronism-Check Elements

NOTE: If Global setting VSCONN =
3VO0, the synchronism-check elements
are unavailable, and E25 = N is the
only possible setting. See
Broken-Delta VS Connection (Global
Setting VSCONN = 3VO0) on page 2.14
for details.

Synchronism-Check
Elements Settings

NOTE: Setting 25ANG1= 0 or
25ANG2 = O disables the respective
synchronism-check element.

Date Code 20191107

Enable the two single-phase synchronism-check elements by making the
enable setting:

E25=Y

Figure 2.16-Figure 2.18 and Figure 2.20 show examples where
synchronism-check can be applied. Synchronism-check voltage input VS is
connected to one side of the circuit breaker, on any desired phase. 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 ensure
healthy voltage) and slip frequency settings (see Figure 3.42). They have
separate angle settings (see Figure 3.43). A ratio correction factor setting is
available to allow the voltage window settings to be used on systems that have
different secondary voltage levels on the VS terminal and the VA, VB, and VC
terminals.

If the voltages are static (voltages not slipping with respect to one another) or
setting TCLOSD = 0.00, the two synchronism-check elements operate as
shown in the top of Figure 3.43. The angle settings are checked for
synchronism-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 3.43. The angle difference is compensated by breaker close time, and
the breaker is ideally closed at a zero degree phase angle difference, to
minimize system shock.

These synchronism-check elements are explained in detail in the following text.

Table 3.24 Synchronism-Check Elements Settings and Settings Ranges
(Sheet 10of 2)

Setting Definition Range
25VLO | low-voltage threshold for “healthy voltage” window | 0.00-300.00 V secondary
25VHI | high-voltage threshold for “healthy voltage” window | 0.00-300.00 V secondary
25RCF voltage ratio correction factor 0.50-2.00, unitless

25SF maximum slip frequency 0.005-0.500 Hz
25ANGI1 | synchronism-check element 25A1 maximum angle | 0°-80°

25ANG2 | synchronism-check element 25A2 maximum angle | 0°-80°

Instruction Manual
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NOTE: Setting TCLOSD = 0.00 is
equivalent to TCLOSD = OFF in legacy
SEL-311C relays.

Setting SYNCP

Table 3.24 Synchronism-Check Elements Settings and Settings Ranges
(Sheet 2 of 2)

Setting Definition Range
SYNCP? [ synchronizing phase VA, VB, or VC
or (wye-connected voltages)

VAB, VBC, or VCA
(delta-connected voltages)

the number of degrees that synchronism-check 0°-330°, in 30° steps
voltage Vg constantly lags voltage V4 (any voltage connection)
(wye-connected) or Vg
(delta-connected voltages)

TCLOSD | breaker close time for angle compensation 0.00-60.00 cycles,
in 0.25 cycle steps
BSYNCH | SELOGIC control equation block Relay Word bits
synchronism-check setting referenced in Table D.1

a Unlike some previous SEL-311 relays, SYNCP selections VAB, VBC, and VCA are not available when
PTCONN = WYE; use an equivalent numeric setting instead.

Wye-Connected Voltages

NOTE ON SETTING SYNCP=0:
Settings SYNCP = 0 and SYNCP = VA
are effectively the same (voltage VS is
directly synchronism-checked with
voltage VA; VS does not lag VA). The
relay will display the setting entered
(SYNCP = VA or SYNCP = 0).

The angle setting choices (0, 30, ..., 300, or 330 degrees) for setting SYNCP
are referenced to V,, and they indicate how many degrees V¢ constantly lags
V,. In any synchronism-check application, voltage input VA-N always has to be
connected to determine system frequency on one side of the circuit breaker (to
determine the slip between Vg and V4 ). V, always has to meet the “healthy
voltage” criteria (settings 25VHI, 25VLO, and 25RCF—see Figure 3.42).
Thus, for situations where Vg cannot be in phase with V,, Vg, or V¢, itis
most straightforward to have the angle setting choices (0, 30, ..., 300, or 330
degrees) referenced to V4.

Delta-Connected Voltages

NOTE ON SETTING SYNCP=0:
Settings SYNCP = 0 and SYNCP = VAB
are effectively the same (voltage VS is
directly synchronism-checked with
voltage VAB; VS does not lag VAB).
The relay will display the setting
entered (SYNCP = VAB or SYNCP = 0).

The angle setting choices (0, 30, ..., 300, or 330 degrees) for setting SYNC
are referenced to Vg, and they indicate how many degrees V¢ constantly lags
Vg In any synchronism-check application, voltage input VA-VB always has to
be connected to determine system frequency on one side of the circuit breaker
(to determine the slip between Vg and V). Vg always has to meet the
“healthy voltage” criteria (settings 25VHI, 25VLO, and 25RCF—see

Figure 3.42). Thus, for situations where Vg cannot be in phase with Vg,
Ve or Ve, it is most straightforward to have the angle setting choices

(0, 30, ..., 300, or 330 degrees) referenced to Vxp.

Voltage Input VS Connected Phase-to-Phase or Beyond Delta-Wye
Transformer

SEL-311C-1 Transmission Protection System

Sometimes synchronism-check voltage Vg cannot be in phase with voltage
Va, Vg, or V¢ (wye connected PTs); Vag, Vg, or V4 (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

Instruction Manual Date Code 20191107
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For such applications, make a numerical angle selection with the SYNCP

setting (see Table 3.24 and Setting SYNCP).

Use the voltage ratio correction factor (setting 25RCF) to compensate
magnitude of the phase voltage to match the sync voltage VS. See Voltage
Window and SYNCP Settings Example on page 3.60 for an example

application.

The synchronism-check logic is shown in Figure 3.42 and Figure 3.43. Make
Group setting E25 =Y to access the settings and to enable this logic.

Setting
Wye-Connected: 25VHI + High Threshold N s\fol?(\j/
Select V,, Vg, or Ve - Vp Within Bits
with setting SYNCP; Setting r \ "Healthy Voltage" Window _ -, >°
if SYNCP = 0-330°, then Vp =V > )
Delta-Connected: Vp - 25RCF N
Select Vg, Vg, or Ve Low Threshold
with setting SYNCP;
if SYNCP = 0-330°, then Vp = Vg
+ High Threshold
— Vg Within
\ "Healthy Voltage" Wind
F ealthy Voltage" Window 50vs
VS D + —j
- Low Threshold
v e Setting + High Threshold
A (wye-connecte [ 25RCFl . ] V, or Vg Within
+ 25RCF AOT Vg
Vpp (delta-connected) — L \ "Healthy Voltage" Window o
Setting + —j
25VL0 Low Threshold
i =)
g Block Synchronism Check
BSYNCH 0 —|
Rel Verify frequency is True I— Enable
\Af a(\j/ > within 5 Hz of
or setting NFREQ
Bit
FREQOK
‘ Enable
Slip [Slip Freq = Freq Vp - Freq Vs] to Angle
Frequency » Difference
Calculator Calculator ®
Relay
Word
Bits
*— 7CYC —
+ SFAST
0
0.005 Hz
*— 7CYC
-0.005 Hz + SSLOW
0
Absolute Value
— 7CYC
Setting - . —E SF
25SF + 0}

® To Figure 3.43.

Figure 3.42 Synchronism-Check Voltage Window and Slip Frequency Elements
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Relay
Word
Bi .
Wye-Connected: @ SF Slip Frequency Element Enable
Select Vy, Vg, or Ve *
with setting SYNCP;
if SYNCP = 0-330°,
then Vp =V, Vp ——————————— Angle
Delta-Connected: Angle Difference
Select Vg, Ve, or Vey Difference
with setting SYNCP; Calculator | (absolute value)
if SYNCP = 0-330°,
then Vp=Vyg ) Vs ———————» Relay
Word
Settings i Anale - Synchronism-Check Element 1 —g;t:]
5ANGT —Maximum Angle N
. | - Synchronism-Check Element 2 502
25ANG2 Maximum Angle 2 .
L Operation of Synchronism-Check Elements if voltages Vp
and Vs are static (not slipping):
absolute value of the slip frequency < 0.005 Hz or
Setting TCLOSD = 0.00
Operation of Synchronism-Check Elements if voltages Vp and Vg are
slipping:
0.005 Hz < absolute value of the slip frequency < setting 25SF and
Setting TCLOSD # 0.00
R Synchronize at
0 Angle Difference = 0°
Relay
Word
Bits
? Slip Frequency Element
_ 2 Slip Enable
Wye-Connected: Frequency ¥
Select Vy, Vg, or Ve ®
with setting SYNCP;
if SYNCP = 0-330°,
then Vp =V, v )
Delta-Connected: P Angle I/;ir}?ésence
Select Vg, Ve, or Ve Difference
with setting SYNCP; Calculator | (absolute value-
if SYNCP = 0-330°, Vg ————————— ] compensated by
= setting TCLOSD)
then Vp =Yg J Settings ] k
ToLosp —Breaker Close Time | E\rflgitromsm-
*—— ‘
Maximum Angle 1 Elementl  p5yy
25ANG! +
Synchronism-
LD Check
J5ANG? Maximum Angle 2 . Element 2 25A2
Angle
Difference Increasing
Last Check of
SELoclIc Setting
79CLS (@)
® From Figure 3.42; ® See Figure 6.3.
Figure 3.43 Synchronism-Check Elements
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Synchronism-(:heck The two synchronism-check elements are single-phase elements, with
single-phase voltage inputs Vp and Vg used for both elements:
Elements Voltage

Vp Phase input voltage:
Inputs P pivottag

» V,, Vg, or V¢ for wye-connected voltages
» Vg, Vpes Vea for delta-connected voltages

when designated by an alphabetic setting SYNCP (e.g., if SYNCP = VB,
then Vp = VB),

or
» 'V, for wye-connected voltages
» Vg for delta-connected voltages

when designated by a numeric setting SYNCP (e.g., if SYNCP =
210 degrees, then Vp = V5, when PTCONN = WYE; Vp = V55 when
PTCONN = DELTA

VS Synchronism-check voltage, from SEL-311C rear-panel voltage input VS

For example, if Vp is designated as phase input voltage Vg (setting SYNCP =
VB) [or VBC (setting SYNCP = VBC) for delta], then rear-panel voltage input
VS-NS is connected to B-phase (or BC phase-to-phase for delta) on the other
side of the circuit breaker. The voltage across terminals VB-N (or VB-VC for delta) is
synchronism-checked with the voltage across terminals VS-NS (see

Figure 2.11, Figure 2.16—Figure 2.18, and Figure 2.20).

System Frequencies Determined from Voltages V, (or Vg for Delta) and Vg

To determine slip frequency, the relay determines the system frequencies on
both sides of the circuit breaker. Voltage V¢ determines the frequency on one
side. Voltage V, (for wye-connected voltage inputs) or voltage V,p (for
delta-connected voltage inputs) determines the frequency on the other side.
Thus, voltage terminals VA-N(or VA-VB for delta) have to be connected, even if
another voltage (e.g., voltage Vg for wye or Vg for delta) is to be
synchronized with voltage Vg.

In most applications, all three voltage inputs VA, VB, and VC are connected to the
three-phase power system and no additional connection concerns are needed for
voltage connection VA-N (or VA-VB for delta). The presumption is that the frequency
determined for A-phase (or AB phase-to-phase for delta) is also valid for B- and
C-phase (or BC and CA phase-to-phase for delta) in a three-phase power system.

However, for example, if voltage Vg (or Vg for delta) is to be synchronized
with voltage Vg and plans were to connect only voltage terminals VB-N and
VS-NS (or voltage terminals VB-VC and VS-NS for delta) then voltage terminals
VA-N (or VA-VB for delta) will also have to be connected for frequency
determination. If desired, voltage terminals VA-N can be connected in parallel
with voltage terminals VB-N (or voltage terminals VB-VA connected in parallel
with voltage terminals VB-VC for delta; connect voltage terminal VA to VC). In
such a nonstandard parallel connection, remember that voltage terminals VA-N
are monitoring B-phase (or voltage terminals VB-VA are monitoring BC
phase-to-phase for delta). This understanding helps prevent confusion when
observing metering and event report information or voltage element operation.

Another possible solution to this example for wye-connected relays
(synchronism-check voltage input VS-NS connected to V) is to make setting
SYNCP = 120 (the number of degrees that synchronism-check voltage Vg
constantly lags voltage V,) and connect voltage input VA-N to V4. Voltage
inputs VB and VC do not have to be connected.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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For delta-connected relays (synchronism-check voltage input VS$-NS connected
to V), make setting SYNCP = 120 (the number of degrees that
synchronism-check voltage Vg constantly lags voltage V,g) and connect
voltage inputs VA-VB to V4. Voltage input VC does not have to be connected.

System Rotation Can Affect Setting SYNCP
The solution in the preceding paragraph presumes ABC system rotation. If
voltage input connections are the same, but system rotation is ACB, then
setting SYNCP = 240 degrees (Vg constantly lags V, by 240°). See SEL
Application Guide AG2002-02, Compensate for Constant Phase Angle
Difference in Synchronism Check with the SEL-351 Relay Family for more
information on setting SYNCP with an angle setting.

» Voltage input VA connected to A-phase
» Voltage input VS connected to B-phase
» Setting SYNCP = 120 degrees (Vg constantly lags V5 by 120°)

Synchronism-Check Refer to Figure 3.42 and Figure 3.43.
Elements Operation
Voltage Window and SYNCP Settings Example

V, =14.400 kv A V,, = 24942 KV

nominal , nominal

phase-to-neutral ! 90° phase-to-phase
Y

C— 8B
A @
B 52 T
C *—
120.00 V 166.28 V
1201 VA" nominal nominal VS 1150
Setting
SYNCP =90°
v v
) A S < (Vslags V)
N SEL=311C NS

Figure 3.44 Example System With Synchronism-Check Voltage Connected Phase-To-Phase

The example system in Figure 3.44 illustrates two problems at one time:

» There are different voltage connections between VP (= VA)
and VS.

» There are different PT ratios between VP (= VA) and VS.

The SEL-311C has settings to simplify the use of synchronism-check
elements on this example system.

Use SYNCP to Account for Voltage Angle Differences

In the Figure 3.44 example, voltage input VA-N is connected phase-to-neutral
on one side of the breaker, but synchronism-check voltage input VS-NS is

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107
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connected phase-to-phase on the other side of the breaker. When the circuit
breaker is closed (representing an ideal synchronism-check condition) the
resultant voltage VS constantly lags voltage VA by 90° for a system with ABC
phase rotation. Thus, setting SYNCP is set:

SYNCP =90

The SYNCP = 90 setting accounts for this constant 90° phase angle difference
(voltage VS lags voltage VA) in checking synchronism between voltage VA
and voltage VS.

The SYNCP setting can bet set in 30° increments, from 0° to 330°, to handle various
connection combinations. For more examples, see SEL Application Guide
AG2002-02, Compensate for Constant Phase Angle Difference in Synchronism
Check with the SEL-351 Relay Family, available on the SEL website.

Use 25RCF to Account for Voltage Magnitude Differences

In the Figure 3.44 example, the voltage sources have different nominal
magnitudes. Part of the difference is from the connection type
(phase-to-neutral versus phase-to-phase), and part of the difference is from the
PT ratios (120:1 vs. 150:1).

To determine the required ratio correction, it is easiest to express the voltages
in secondary units:

VA-N .
. _ primary
VA-N nommalsecondary = “PTratio

_14.400kV « 1000 V/kV
- 120/1

120.00 V sec

VS-NS .
. _ primary

24.942 kV « 1000

150/1
= 166.28 V sec
NOTE: In applications where SYNCP The SEL-311C provides a ratio-correction factor .settmg, ZSBCF, to scale the:’
is set to VA, VB, VC (or VAB, VBC, VCA VA voltage to the VS voltage base. The synchronism-check “healthy voltage
when PTCONN = DELTA) the selected window settings may then be represented on the common scaling base.

signal is routed to Vp, and Vp is also

scaled by the 25RCF setting. . . . .
The required ratio correction factor setting may be calculated from the

nominal voltages:

VS nominal
VA-N nominal

_166.28
~ 120.00

1.386

25RCF

Round the value to two decimals: 1.39
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The setting range for 25RCF is 0.50 to 2.00. If the calculated correction factor
falls outside the 25RCEF setting range, consider changing potential transformer
taps or using auxiliary PTs to bring one or both of the voltage signals to a
different base. Additionally, the expected input voltages must be kept within
the relay voltage input ratings, as listed in Specifications on page 1.2.

For this example, the desired operation range for the synchronism-check logic
is the nominal voltage plus or minus 10 percent. The settings 25VHI and
25VLO must be entered for the VS-NS terminal voltage.

25VHI = VS nominal ¢ 110%

166.28 V nominal * 110%
18291V

25VLO = Vg nominal * 90%

166.28 V nominal * 90%
149.65 V

When Vg is between the 25VLO and 25VHI settings, the SEL-311C asserts
Relay Word bit 59VS.

As shown in Figure 3.45, the VA signal is automatically scaled to be
compared against the same 25VHI and 25VLO settings.

25VHI
25RCF

182911V
1.39

= 131.59V

25VHI equivalent for VA

25VLO
25RCF

149.65V
1.39

= 107.66V

25VLO equivalent for VA

During operation, the ratio corrected VA signal will satisfy the 25VLO
setting when VA > 107.66 V sec and will satisfy the 25VHI threshold when
VA < 131.59 V sec. When VA is in this range, the SEL-311C will assert Relay
Word bits S9VA and 59VP.

Outside the example case, when SYNCP = VB or VC {wye-connected} or
VBC or VCA {delta-connected}, the selected signal (VP) is also scaled by
25RCEF, and the relay operates the S9VP Relay Word bit with the same
thresholds as 59VA. When SYNCP is set to VA (or VAB for delta) or a
numeric setting 0-330 degrees (as in the Figure 3.44 example), VA is scaled
by 25RCF and is used for both the 59VA and 59VP logic.
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V secondary
(V. base)
A
Voltage Window
200 /
80 25VHI = 18291V :
I ey 25RCF -V,
160 /
25VL0 =149.65 V / L
140
L,V;m.twv
120 A
YL 0766V
100
—~ —~L o L

Measured V, ~ Measured V, Ratio-Corrected V,
Figure 3.45 25RCF Settings Example Showing V, Adjustment

The 25RCEF setting only affects the synchronism-check logic. The SEL-311C
metering and protection functions do not use the corrected value for V4 (or Vp).

Here are some other settings related to the example voltage connections.
PTR =120.00
PTRS = 150.00
VNOM = 120.00

These settings are included here for completeness and have no effect on the
synchronism-check logic.

Single-phase voltage inputs Vp (ratio corrected) and Vg are compared to a
voltage window, to verify that the voltages are “healthy” and lie within
settable voltage limits 25VLO and 25VHLI. If both voltages are within the
voltage window, the following Relay Word bits assert.

59VP indicates that voltage Vp (ratio corrected) is within voltage window
setting limits 25VLO and 25VHI

59VS indicates that voltage Vg is within voltage window setting limits
25VLO and 25VHI

As discussed previously, voltage V4 (or Vg for delta-connected voltage
inputs) determines the frequency on the voltage Vp side of the circuit breaker.
Voltage V, (ratio corrected) is also run through voltage limits 25VLO and
25VHI to ensure “healthy voltage” for frequency determination, with
corresponding Relay Word bit output S59VA.

Other Uses for Voltage Window Elements
If voltage limits 25VLO and 25VHI are applicable to other control schemes,
Relay Word bits S9VP, 59VS, and 59VA can be used in other logic at the same
time they are used in the synchronism-check logic.
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If synchronism check is not being used, Relay Word bits 59VP, 59VS, and
59VA can still be used in other logic, with voltage limit settings 25VLO and
25VHI set as desired. Enable the synchronism-check logic (setting E25 =Y)
and make settings 25VLO, 25VHI, and 25RCSF. Apply Relay Word bits
59VP, 59VS, and 59VA in desired logic scheme, using SELOGIC control
equations. Even though synchronism-check logic is enabled, the
synchronism-check logic outputs (Relay Word bits SF, SFAST, SSLOW,
25A1, and 25A2) do not need to be used.

Block Synchronism-Check Conditions

Refer to Figure 3.42.

The synchronism-check element slip frequency calculator runs if both
voltages Vp and Vg are healthy (59VP and 59VS asserted to logical 1) and the
SELOGIC control equation setting BSYNCH (Block Synchronism Check) is
deasserted (= logical 0). Setting BSYNCH is most commonly set to block
synchronism-check operation when the circuit breaker is closed (synchronism
check is only needed when the circuit breaker is open).

BSYNCH = 52A (see Figure 6.2)
In addition, synchronism-check operation can be blocked when the relay is
tripping.

BSYNCH =... + TRIP

Slip Frequency Calculator

SEL-311C-1 Transmission Protection System

Refer to Figure 3.42.

The synchronism-check element Slip Frequency Calculator in Figure 3.42
runs if voltages Vp, Vg, and V, (or Vg for delta) are healthy (S59VP, 59VS,
and 59VA asserted to logical 1) and the SELOGIC control equation setting
BSYNCH (Block Synchronism Check) is deasserted (= logical 0). The Slip
Frequency Calculator output is defined below.

Slip Frequency = fp — fg (in units of Hz = slip cycles/second)

fp = frequency of voltage Vp (in units of Hz = cycles/second) [determined
from V4 (or Vg for delta)]

fg = frequency of voltage Vg (in units of Hz = cycles/second)

A complete slip cycle is one single 360-degree revolution of one voltage (e.g.,
Vg) by another voltage (e.g., Vp). Both voltages are thought of as revolving
phasor-wise, so the “slipping” of Vg past Vp is the relative revolving of Vg
past Vp.

For example, in Figure 3.42, if voltage Vp has a frequency of 59.95 Hz and
voltage Vg 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

The slip frequency in this example is negative, indicating that voltage Vg 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 Vg 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 Vg changes by 36 degrees.

Instruction Manual Date Code 20191107



Distance, Out-of-Step, Overcurrent, Voltage, Synchronism-Check, and Frequency Elements | 3.65
Synchronism-Check Elements

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.

The SF Relay Word bit may not operate if the VP (= VA) frequency is
changing too quickly. This will not be an issue when the synchronism-check
elements are being used to verify phase alignment across breakers in
transmission systems with multiple paths. However, if one side of the circuit
breaker is expected to vary in frequency (perhaps it is connected to an intertie
line) the best configuration for using the synchronism-check element is to
connect the VA, VB, VC terminals (and thus VP) to the more stable system
(e.g., the power grid), while the VS terminal (VS) is connected to the intertie
with the smaller power system.

Generator Application for SSLOW and SFAST

Relay Word bits SSLOW and SFAST in Figure 3.42 indicate the relative slip
of voltages Vp (= V,), and Vg.

The SFAST, SSLOW, and SF operation over various slip frequencies is
summarized in Table 3.25 and Figure 3.46.

Table 3.25 SSLOW and SFAST Relay Word Bit Operating Range

Date Code 20191107

Slip Frequency Range Relay Word Bit SSLOW Relay Word Bit SFAST
(fp—fg) < —0.005 Hz logical 1 logical 0
-0.005 < (fp—fg) < 0.005 logical 0 logical 0
(fp—fg) = 0.005 Hz logical 0 logical 1
Slip
Frequency
(H) @
A
(Slip>0) 1
Systems are slipping SIST=1 @
+2.58F i
(selting) Systems are slippin
I g -1 @
+0.005
7/ /2
0.000 Systems are static
iz Z
‘ A
Systems are slipping
-25SF Y
(setting)
Systems are slipping sSLow=1 @
Slip<0) "y v

® Slip Frequency = Frequency of VA-N signal-Frequency of VS-NS signal @ From

Figure 3.42.

Figure 3.46 Graphical Depiction of SFAST, SSLOW, and SF Operation Range
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An application idea for SSLOW and SFAST is a small generator installation.

With some logic (perhaps to create pulsing signals), SSLOW and SFAST
might be used as signals (via output contacts) to the generator governor.
SSLOW indicates that the Vp (=V,) frequency is lower than the Vg
frequency, while SFAST indicates that the Vp (=V,) frequency is higher
than the Vg frequency. If the enable into the slip frequency calculator in
Figure 3.42 is disabled (e.g., SELOGIC setting BSYNCH asserts because
the breaker closes; BSYNCH = 52A + ...), then both SSLOW = logical 0
and SFAST = logical 0, regardless of slip frequency.

The SEL-311C SSLOW and SFAST outputs are available over a larger slip
frequency range than the synchronism-check element, and are independent of
the SF Relay Word bit. If the slip frequency is greater than the 25SF setting,
Relay Word bit SF will be deasserted (logical 0), and one of the SSLOW or
SFAST Relay Word bits may operate to indicate the polarity of the slip
frequency.

The SSLOW and SFAST Relay Word bits may not operate reliably if the Vp
(= V,) frequency is changing too quickly. The best configuration for using the
SSLOW and SFAST outputs is when the VA, VB, VC terminals (and thus Vp)
are connected to the most stable system (e.g., the power grid), while the VS
terminal (V) is connected to the “machine” side of the circuit breaker.

Angle Difference Calculator

SEL-311C-1 Transmission Protection System

The synchronism-check element Angle Difference Calculator in Figure 3.43
runs if the slip frequency is less than the maximum slip frequency setting
25SF (Relay Word bit SF is asserted).

Voltages Vp and Vg Are “Static"

Refer to top of Figure 3.43.

If the absolute value of the slip frequency is less than 0.005 Hz, the Angle
Difference Calculator does not take into account breaker close time—it
presumes voltages Vp and Vg are “static” (not “slipping” with respect to one
another). This would usually be the case for an open breaker with voltages Vp
and Vg that are paralleled via some other electric path in the power system.
The Angle Difference Calculator calculates the angle difference between
voltages Vp and Vg.

Angle Difference = I(£LVp — LV)l

For example, if SYNCP = 90 (indicating Vg constantly lags Vp = V4 by
90 degrees), but Vg actually lags V, by 100 angular degrees on the power
system at a given instant, the Angle Difference Calculator automatically
accounts for the 90 degrees.

Angle Difference = I(£ Vp — £ Vg)l = 10°

Also, if breaker close time setting TCLOSD = 0.00, the Angle Difference
Calculator does not take into account breaker close time, even if the voltages
Vp and Vg 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
25ANG?2, and the slip frequency is below setting 25SF.
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Voltages Vp and Vg Are “Slipping”
Refer to the bottom of Figure 3.43.

If the absolute value of the slip frequency is greater than or equal to 0.005 Hz
and breaker close time setting TCLOSD = 0.00, the Angle Difference
Calculator takes the breaker close time into account with breaker close time
setting TCLOSD (set in cycles; see Figure 3.47). The Angle Difference
Calculator calculates the Angle Difference between voltages Vp and Vg,
compensated with the breaker close time.

Angle Difference = (£Vp — £Vg) + [(fp — fg) * TCLOSD ¢ (1/NFREQ) ¢

(360°/slip cycle)]l
NFREQ is the Global setting that defines the nominal system frequency as
50 or 60 Hz.
Setting . Setting ,
25ANG1 N‘/_ 25ANGI /
‘ ,/(or 25ANG2) : (or 25ANG2) /
. La—Angle — /s
AN ! Difference ,/
\ H — o
' : / Angle Compensation
N | / for Breaker Close
\ ' ! Time TCLOSD \‘
\ V 4 . e
\ P ’

LAane Difference Decreasing (VS* Approaching VP)
rAngIe Difference Increasing (VS* Moving Away From VP)

Setting Setting
BANGT T ma—— 25ANGI

/ (or 25ANG2) ! (or 25ANGZ)\ ‘
\ 1 /

N | Angle Comp'ensation , )/
AN v for Breaker Close ™a/ ,/
\ N TimeTCLOSD ~/ /
\

. \ . Angle *:
\ Difference 1
\ ‘\ 1
1
\ \ !

Figure 3.47 Angle Difference Between Vp and Vg Compensated by Breaker
Close Time (fp < fg and Vp Shown as Reference in this Example)

Angle Difference Example (Voltages Vp and Vg Are "Slipping™)
Refer to the bottom of Figure 3.43.

For example, for a 60 Hz nominal system, if the breaker close time is

10 cycles, set TCLOSD = 10 and NFREQ = 60. Presume the slip frequency is
the example slip frequency calculated previously. The Angle Difference
Calculator calculates the angle difference between voltages Vp and Vg,
compensated with the breaker close time.
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NOTE: The angle compensation in
Figure 3.47 appears much greater
than 6 degrees. Figure 3.47 is for
general illustrative purposes only.

NOTE: For the synchronism check
algorithm to work as designed, the
frequency of both of the voltages
used, Vp and Vg, must be tracked. The
frequency tracking algorithm requires
a qualifications period of Vp and Vg,
which can cause an initial delay in the
assertion of synchronism check Relay
Word bits.

Angle Difference = I(£Vp — £LVg) + [(fp — fg) * TCLOSD » (1
second/60 cycles) * (360°/slip cycle)]l

Intermediate calculations.

(fp — £5) = (59.95 Hz - 60.05 Hz) = -0.10 Hz = -0.10 slip cycles/second
TCLOSD ¢ (1 second/60 cycles) = 10 cycles ¢ (1 second/60 cycles) =
0.167 second

Resulting in:

Angle Difference

=1(LVp - £LVg) + [(fp — fg) * TCLOSD ¢ (1 second/60 cycles) ¢
(360°/slip cycle)]l

=(LVp— £Vg) +[-0.10 + 0.167 * 360°]l
=(LVp— £Vg) - 6°]

During the breaker close time (TCLOSD), the voltage angle difference
between voltages Vp and Vg changes by 6 degrees. This 6-degree angle
compensation is applied to voltage Vg, resulting in derived voltage Vg¢*, as
shown in Figure 3.47.

The top of Figure 3.47 shows the Angle Difference decreasing—V ¢* is
approaching Vp Ideally, circuit breaker closing is initiated when Vg* is in
phase with Vp (Angle Difference = 0 degrees). Then when the circuit breaker
main contacts finally close, Vg is in phase with Vp minimizing system shock.

The bottom of Figure 3.47 shows the Angle Difference increasing—Vg* is
moving away from Vp Ideally, circuit breaker closing is initiated when Vg* is
in phase with Vp (Angle Difference = 0 degrees). Then when the circuit
breaker main contacts finally close, Vg is in phase with Vp But in this case,
V¢* has already moved past Vp To initiate circuit breaker closing when V¢*
is in phase with Vp (Angle Difference = 0 degrees), Vg* has to slip around
another revolution, relative to Vp.

Synchronism-Check Element Outputs

SEL-311C-1 Transmission Protection System

Synchronism-check element outputs (Relay Word bits 25A1 and 25A2 in
Figure 3.43) assert to logical 1 for the conditions explained in the following
text.

Voltages Vp and Vg Are “Static” or Setting TCLOSD = 0.00

Refer to the top of Figure 3.43.

If VP and VS are “static” (not “slipping” with respect to one another), the
Angle Difference between them remains constant—it is not possible to close
the circuit breaker at an ideal zero degree phase angle difference. Thus,
synchronism-check elements 25A1 or 25A2 assert to logical 1 if the Angle
Difference is less than the corresponding maximum angle setting 25ANG1 or
25ANG2.

Also, if breaker close time setting TCLOSD = 0.00, 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 the corresponding maximum angle setting 25ANG1 or
25ANG?2 and the slip frequency is below setting 25SF.
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Voltages Vp and Vg Are “Slipping” and Setting TCLOSD = 0.00
Refer to the bottom of Figure 3.43.If Vp and Vg are “slipping” with respect to
one another and breaker close time setting TCLOSD = 0.00, the Angle
Difference (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 3.47 shows the Angle Difference
decreasing—V ¢* is approaching Vp. When V¢* is in phase
with Vp (Angle Difference = 0 degrees), synchronism-check
elements 25A1 and 25A2 assert to logical 1.

2. The bottom of Figure 3.47 shows the Angle Difference
increasing—V¢* is moving away from Vp V¢* 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
breaker closing does not have to wait for voltage Vg* 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 6.5.

Refer to the bottom of Figure 6.4. If timer 79CLSD is set
greater than zero (e.g., 79CLSD = 60.00 cycles) and it times
out without SELOGIC control equation setting 79CLS (Reclose
Supervision) asserting to logical 1, the relay goes to the
Lockout State (see top of Figure 6.5).

Refer to the top of Figure 6.4. 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 3.47. 1deally, circuit breaker closing
is initiated when Vg* is in phase with Vp (Angle Difference = 0
degrees). Then when the circuit breaker main contacts finally
close, Vg 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 3.43
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 (Vg* approaching Vp) brings Vg* in phase
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Synchronism-Check Elements

Synchronism-Check
Applications for
Automatic Reclosing
and Manual Closing

SEL-311C-1 Transmission Protection System

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
25ANGI1 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:

T9CLS = 25A1 + ...

and the angle difference is less than angle setting
25ANGT1 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 6.3. Element 25A2 operates similarly.

Refer to Close Logic on page 6.2 and Reclose Supervision Logic on page 6.5.

For example, set 2ANGI1 = 15 degrees and use the resultant
synchronism-check element in the reclosing relay logic to supervise automatic
reclosing.

79CLS = 25A1 + ... (see Figure 6.4)

Set 25ANG2 = 25° and use the resultant synchronism-check element in
manual close logic to supervise manual closing (for example, assert IN106 or
issue the CLO command to initiate manual close) as shown below.

SV1=(/IN106 + CC) * !TRIP + SV1 * ISVIT * ITRIP * ICLOSE
CL=(SV1*25A2 +...) (see Figure 6.4)

Set SVIPU = N cycles, and SV1DO = 0.00 cycles. Choose N to represent the
maximum period that a manual close may be attempted. A typical setting for
N might be 50 to 600 cycles (approximately 1 to 10 seconds).

The timer effectively stretches the one processing interval CC pulse (asserted by the
CLOSE command, or via DNP, Modbus, or SEL Fast Operate protocols—see
Section 10) to improve the chances of closing if the synchronism-check element is
not asserted at the instant the command is received. Other possible inputs to initiate
manual closing include using a local bit (/LBn) or remote bit (/RBn), or
programmable operator control bit (PB#PUL), when available.

The rising edge operator “/” on IN106 prevents a maintained assertion to
logical 1 from creating a standing close condition. The !TRIP terms defeat the
manual close window if a relay trip is detected. The !CLOSE term cancels the
timing once the close logic is activated. Other conditions could be added to
defeat the manual close.

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
function for both automatic reclosing and manual closing (see Figure 6.3 logic
output).
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Testing The energy stored in the capacitance and reactance of a long transmission line
. takes time to dissipate, or ringdown, when the line conductors are

SynChron |Sm'c hECk de-energized. The SEL-311C contains logic to detect this condition, block

Elements frequency measurement, and cause Relay Word bit FREQOK to deassert. This

prevents operation of the synchronism-check elements. When testing these
elements, prevent operation of the ringdown detection by using one of the
following methods.

1. Apply balanced three-phase voltages with magnitude close to
Group setting VNOM.

2. Apply current greater than Group setting SOLP to at least one
phase.

This prevents Relay Word bit 3PO from asserting, which blocks
the ringdown detection logic.

3. Temporarily set Group settings E21P, E21XG, and E2IMG
to N to disable all distance elements.

4. Change Group setting EBBPT to Y temporarily.

This prevents the ringdown logic from blocking frequency
measurement.

Frequency Elements

Six frequency elements are available. The desired number of frequency
elements are enabled with the E81 enable setting as shown in Figure 3.49.

E81=N (none), 1 through 6

Frequency is determined from the voltage connected to voltage terminals VA-N.
Frequency elements are blocked by Relay Word bit 27B81. This control
prevents improper frequency element operation during faults. Relay Word bit
27B81 deasserts when all phase voltages have been greater than setting
27B81P for at least 30 cycles and the relay is using voltage for frequency
measurement. When the relay is using current for frequency measurement,
internal logic forces Relay Word bit 27B81 to assert, regardless of voltage

conditions.
Setting
27B81P
Voltages
Wye/Delta +
VA/VAB -
to Frequency Element
—|+ Logic (©)
VB/VBC -
Relay
Word
0 Bit
1t 30 27881
VC/NCA —— - CYC
® Figure 3.49.

Figure 3.48 Undervoltage Block for Frequency Elements

Frequency element accuracy information is listed in Specifications on page 1.2.
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Enabled
Frequency
Elements

Frequency Element 1
(Setting E81>1) <

Frequency Element 2
(Setting E81>2) <

Frequency Element 3
(Setting E81>3)

Frequency Element 4
(Setting E81>4)

Frequency Element 5
(Setting E81>5) <

Frequency Element 6
(Setting E81=16)

Relay
Word
Bits

27881

Measured System
Frequency (in Hz)

" Settings
(in Hz)

8iDIP

8ID1P > NFREQ

L 81D1P < NFREQ

81D2P
81D2P > NFREQ
81D2P < NFREQ

-

81D3P

81D3P > NFREQ

81D3P < NFREQ
-

81D4P
81D4P > NFREQ
81D4P < NFREQ

-

81D5P
81D5P > NFREQ

81D5P < NFREQ
-

81D6P
81D6P > NFREQ

81D6P < NFREQ
-

Undervoltage Condition

(from @)

h
+
—
| S
L+
h
+
—
—
L+
h
+
—
—
L+
+
—
R
L+
h
+
—
R
L+
h
+
—
R
L+

Overfrequency

Relay
Word
Bits

81 @

81D1D

Underfrequency

Overfrequency

.

81D1T

8102 @

8102D

81021

.

Underfrequency

Overfrequency

8ID3 @

81D3D

81D3T

.

Underfrequency

Overfrequency

8ID4 @

81D4D

.

Underfrequency

Overfrequency

81D4T

8ID5 @

81D5D

.

Underfrequency

Overfrequency

Underfrequency

® From Figure 3.48; @ 81D1-81D6 are for testing purposes only.

Figure 3.49 Levels 1 Through 6 Frequency Elements

SEL-311C-1 Transmission Protection System

Instruction Manual

81D5T

8106 @

81D6D

81D6T

.
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NOTE: Frequency is determined by a Table 3.26 Frequency Elements Settings and Settings Ranges

zero-crossing technique on voltage

V,. If voltage waveform offset occurs Setting Definition Range
(e.g., because of a fault), then the

frequency measurement can be 27B81P | undervoltage frequency element | 20.00-300.00 V secondary
disturbed for a few cycles. A 4-cycle or block (responds to V| 5 when

greater time delay (e.g., 81D1D = 5.00 Global setting PTCONN = WYE,

cycles) overrides this occurrence. As

with any protection, more sensitive responds to Vi when Global

settings (e.q., 81DnP set close to setting PTCONN = DELTA)

nominal frequency) may require more

delay. 81D1P | frequency element 1 pickup 40.10-65.00 Hz

81DI1D | frequency element 1 time delay 2.00-16000.00 cycles, in 0.25-cycle steps
81D2P | frequency element 2 pickup 40.10-65 .00 Hz
81D2D | frequency element 2 time delay 2.00-16000.00 cycles, in 0.25-cycle steps
81D3P | frequency element 3 pickup 40.10-65.00 Hz
81D3D | frequency element 3 time delay 2.00-16000.00 cycles, in 0.25-cycle steps
81D4P | frequency element 4 pickup 40.10-65.00 Hz
81D4D | frequency element 4 time delay 2.00-16000.00 cycles, in 0.25-cycle steps
81D5P | frequency element 5 pickup 40.10-65.00 Hz
81D5D | frequency element 5 time delay 2.00-16000.00 cycles, in 0.25-cycle steps
81D6P | frequency element 6 pickup 40.10-65.00 Hz
81D6D | frequency element 6 time delay 2.00-16000.00 cycles, in 0.25-cycle steps

Create Over- and Underfrequency Elements
Refer to Figure 3.49.

Note that pickup settings 81D 1P-81D6P are compared to setting NFREQ.
NFREQ is the nominal frequency setting (a Global setting), set to 50 or 60 Hz.

Overfrequency Element

For example, make settings:
NFREQ = 60 Hz (nominal system frequency is 60 Hz)
E81 > 1 (enable frequency element 1)
81D1P = 61.25 Hz (frequency element 1 pickup)
With these settings (§1D1P > NFREQ) the overfrequency part of frequency

element 1 logic is enabled. 81D1 and 81DIT operate as overfrequency
elements. 81D1 is used in testing only.

Underfrequency Element
For example, make settings:

NFREQ = 60 Hz (nominal system frequency is 60 Hz)
E81 > 2 (enable frequency element 2)
81D2P = 59.65 Hz (frequency element 2 pickup)
With these settings (§1D2P < NFREQ) the underfrequency part of frequency

element 2 logic is enabled. 81D2 and 81D2T operate as underfrequency
elements. 81D2 is used in festing only.
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Frequency Element
Operation
Overfrequency Element Operation

With the previous overfrequency element example settings, if the system frequency
is less than or equal to 61.25 Hz (81D1P = 61.25 Hz), frequency element 1 outputs:

NOTE: Refer to Figure 3.49.

81D1 = logical O (instantaneous element)
81DI1T = logical O (time delayed element)

If system frequency is greater than 61.25 Hz (§1D1P = 61.25 Hz), frequency
element 1 outputs are as shown below.

81D1 =logical 1 (instantaneous element)
81D1T =logical 1 (time delayed element)

Relay Word bit 81D1T asserts to logical 1 only after time delay 81D1D.

Underfrequency Element Operation

With the previous underfrequency element example settings, if system
frequency is less than or equal to 59.65 Hz (81D2P = 59.65 Hz), frequency
element 2 outputs are as shown below.

81D2 =logical 1 (instantaneous element)
81D2T = logical 1 (time delayed element)

Relay Word bit 81D2T asserts to logical 1 only after time delay 81D2D.

If system frequency is greater than 59.65 Hz (81D2P = 59.65 Hz), frequency
element 2 outputs are as shown below.

81D2 = logical 0 (instantaneous element)
81D2T = logical O (time delayed element)

Frequency Element Time Delay Considerations

The SEL-311C frequency element time-delay settings are specified in cycles, as
shown in Table 3.26. When determining the time-delay settings appropriate for an
application, keep in mind that the power system frequency will not be at the nominal
value (50 Hz or 60 Hz) when an overfrequency or underfrequency element times
out. The relay adjusts the processing algorithms to track the system frequency, and
this can make the time delay seem shorter or longer than anticipated.

For pickup settings that are close to the nominal frequency, or with short
duration delays, the nominal frequency may be used to convert the desired
time delay from seconds into cycles with negligible error.

However, for elements that have pickup settings (81DnP) set further from the
nominal frequency, or elements set with long time delays (81DnD), the over- or
underfrequency pickup setting may be used for the time-base conversion instead.

The observed time delay will depend on the frequency of the power system or
test set during the excursion, and whether the frequency change is applied as
step-change, a ramp, or some other function.

Overfrequency Element Settings Example

On a 60 Hz nominal system, the planner requires an overfrequency trip to
occur if the frequency exceeds 60.60 Hz for 30 seconds.
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Convert the time delay from seconds to cycles by using the pickup setting.

Delay =30 s°60.60 Hz
=30 s * 60.60 cycles/s
= 1818 cycles

Required settings.
81D1P = 60.60 Hz
81D1D = 1818.00 cycles

Using the example settings, if a 60.80 Hz signal is applied for testing, the
SEL-311C would be expected to assert 81D1T approximately

1818 cycles / 60.80 cycles/s = 29.90 s
after the instantaneous element (81D1) pickup.

If the nominal frequency 60 Hz conversion factor has been used instead, the
time-delay setting would have been 1800 cycles, and the same 60.80 Hz test
signal would be expected to assert 81D1T approximately 1800 cycles / 60.80
cycles/s =29.61 s after the instantaneous element (§1D1) pickup.

In this test example, the time-delay settings adjustment improves the timing
accuracy by about 1 percent.

Frequency Element Voltage Control
Refer to Figure 3.48 and Figure 3.49.

Note that all six frequency elements are controlled by the same undervoltage
element (Relay Word bit 27B81). For example, when Global setting PTCONN
= WYE, Relay Word bit 27B81 asserts to logical 1 and blocks the frequency
element operation if any voltage (V,, Vg, or V(o) goes below voltage pickup
27B81P. This control prevents erroneous frequency element operation
following fault inception.

The SEL-311C frequency measurement algorithm contains logic that
monitors line-side PT voltage signals for signs of frequency decay, such as
line ring-down after a breaker operation. In applications with bus-bar potential
transformers, the voltage signals are available even when the circuit breaker is
open. Set Loss-of-Potential logic setting EBBPT =Y to ensure proper
frequency element operation during open pole conditions.

Other Uses for Undervoltage Element 27B81
If voltage pickup setting 27B81P is applicable to other control schemes, Relay
Word bit 27B81 can be used in other logic at the same time it is used in the
frequency element logic.

If frequency elements are not being used, Relay Word bit 27B81 can still be
used in other logic, with voltage setting 27B81P set as desired. Enable the
frequency elements (setting E81 > 1) and make setting 27B81P. Apply Relay
Word bit 27B81 in desired logic scheme by using SELOGIC control equations.
Even though frequency elements are enabled, the frequency element outputs
(Relay Word bits 81D1T-81D6T) do not have to be used.

Frequency Element The instantaneous frequency elements (81D1-81D6) are used in testing only.
u The time-delayed frequency elements (§1D1T-81D6T) are used for underfre-
SE€S quency load shedding, frequency restoration, and other schemes.
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Section 4

Loss-of-Potential, CCVT Transient
Detection, Load-Encroachment, and
Directional Element Logic

Overview

This section gives a detailed description of the operation and settings for the
loss-of-potential logic, load-encroachment logic, and directional control logic
for overcurrent elements.

The following functions are discussed in this section:

» Loss-of-Potential Logic

» CCVT Transient Detection Logic on page 4.11
» Load-Encroachment Logic on page 4.12
>

Directional Control for Ground-Distance and
Residual-Ground Overcurrent Elements on page 4.16

\

Directional Control for Phase-Distance and
Negative-Sequence Overcurrent Elements on page 4.25

» Directional Control Settings on page 4.28

»  Overcurrent Directional Control Provided by Torque-Control
Settings on page 4.38

Loss-of-Potential Logic

The loss-of-potential (LOP) logic in the SEL-311C relay is used to detect
blown potential transformer fuses. The loss-of-potential Relay Word bits
(LOP and ILOP) can be used to disable distance elements, directional
elements and other logic that is affected by voltage elements or polarizing
voltage. Figure 4.1 shows how the logic outputs are routed to the other areas
of the relay.
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Loss-of-Potential Logic

Relay Relay
Word Word
it Bits
® 3P0 —» ————— LOP1
LOP2
LOP3
Vi, Vo, I, | Loss-of-Potential LOP4
2o Logic
Settings I, Y
VNOM —
LOPRST
EBBPT —= LOP
ELOP=Yor Y1 } ILoP®
ELOP=Y1 } O]
ELOP =Y J—®

® From Figure 5.3; @ to Figure 5.1; ® to Figure 3.4- Figure 3.10, Figure 4.13,
Figure 4.14, and Figure 4.21; ® to Figure 5.6; ® to Figure 4.18 and Figure 4.20.

Figure 4.1 Loss-of-Potential Logic Signal Routing

Inputs into the LOP logic are described in Table 4.1.

Table 4.1 LOP Logic Inputs

Inputs | Description

3PO Three-pole open condition
(indicates circuit breaker open condition see Figure 5.3)

SPO Single-pole open condition (see Figure 5.3)

\'A Positive-sequence voltage (V secondary)
I Positive-sequence current (A secondary)
I Zero-sequence current (A secondary)

Vv, Negative-sequence voltage (V secondary)

VNOM | PT nominal voltage setting (line-to-neutral, [wye-connected PTs] or
line-to-line [delta connected PTs], secondary)

ELOP | Loss-of-potential enable setting

EBBPT | Enable bus-bar PT setting

Figure 4.2 shows the full LOP logic diagram, and Table 4.2 lists the output
Relay Word bits.
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Loss-of-Potential Logic

Relay
Word
Bits
LOP1
ELOP=Y, Y1
(Setting) Relay
15 Word
vi— DI DCYC in Bits
V10— Detector _—8 o 0 ILOP
DVI 3 0
n—{ oI ; R Lop
|1(Iast ocle) | Detector 2r?
cYe RESET HAS
[0 — DIO » D|_Check PRIORITY
lo(last cye) | Detector 0 LOP3 +——
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Figure 4.2 Overall LOP Logic Diagram
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Loss-of-Potential Logic

NOTE: The term "voltage

transformer” (VT) may be used in
place of “potential transformer” (PT).

Relay Word Bit LOPI:
Breaker Closing LOP

Logic

LOP asserts immediately when LOP1, LOP2, or LOP4 assert. LOP latches if
LOP1 or LOP2 stay asserted for 15 cycles (indicated by LOP3). LOP
deasserts (or is prevented from asserting) if voltages are healthy for 10 cycles
(indicated by LOPRST).

Table 4.2 Loss-of-Potential Logic Outputs

Relay .

Word bit Full Name Description

LOP Loss-of-potential Loss-of-potential status. This output is always
available, regardless of ELOP setting.

ILOP Internal loss-of-potential Disables distance elements and certain direc-
tional elements when asserted. Requires set-
ting ELOP=Y or Y1.

LOP1 Loss-of-potential point 1 Breaker closing LOP logic asserted. Only
available when setting EBBPT = N.

LOP2 Loss-of-potential point 2 Drop in voltage without change in current
LOP logic asserted

LOP3 Loss-of-potential point 3 LOP latched

LOP4 Loss-of-potential point 4 Busbar PT LOP logic asserted. Only available
when setting EBBPT =Y.

DD Disturbance Detector Change in current detected during last 10
cycle period. Used for enhancing protection
security through TRQUAL setting and
EDDSOTF setting. See Trip Logic on
page 5.1.

LOPRST LOP Reset LOP Reset condition based on detection of
healthy voltages

To better understand the logic, the following sections describe the purpose of
each part of the logic.

Refer to the bottom of Figure 4.2 and Figure 4.3.

Line Side PTs

SEL-311C-1 Transmission Protection System

If the system uses line side PTs, as shown in the example in Figure 2.18, set
EBBPT = N (the default setting), which enables the LOP1 logic.

The breaker closing logic is armed for 20 cycles after detecting the breaker
closing (\3PO). During this time, if the loss of a voltage signal is detected, and
no fault is detected, LOP asserts.

In normal situations with no fault and no problems with the potential
transformers, when the breaker closes, balanced voltages and balanced
currents are expected to appear, and LOP1 stays deasserted for the entire
20-cycle window.

If instead the breaker closes with one phase of the PT circuit out of service,
the V2/V1 check and the V1 > 10 V check will both assert, and neither of the
imbalanced current checks I0/I1 nor 12/I1 will assert. After a two cycle
qualification time, LOP1 will assert.

The current checks prevent LOP1 from asserting during imbalanced current
conditions and low current conditions.

Instruction Manual Date Code 20191107



Relay Word Bit LOP2:
Drop in Voltage With
No Change in Current
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Loss-of-Potential Logic

This breaker closing logic was not designed to detect situations where all
potential transformers are out of service, when the positive-sequence voltage
is less than 10 V secondary. See Switch-Onto-Fault (SOTF) Trip Logic on
page 5.8 for methods of covering this case.

Settings
EBBPT = N svelac\jf
Vi>10v I_ BOIE
vi—{ V2V e —] LOP1
V2 —{Ratio Check ol —
MT— 10/
10 —Ratio Check
11— 12/
12 —{Ratio Check
Relay
Word
Bit
3P0 ] %
cve
Falling Edge

Figure 4.3 Breaker Closing LOP Logic (Relay Word Bit LOP1)

Refer to the top of Figure 4.2.

The main LOP logic (LOP2) is based upon measuring a decrease in the
magnitude of positive-sequence voltage without a simultaneous change
(magnitude or angle) in either the positive-sequence or the zero-sequence
currents. Figure 4.4 shows a processing flow chart of the logic.

Instruction Manual
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Loss-of-Potential Logic
START )

Y

LOP2 Yes
Asserted
?
No
Y
[V Yes
decreasing >———»
?
\

No
Yes h| I
~-«—— < changing
® ?
No
\
~-«——  changing
® 2
No
Y
Yes 10|
~————  changing
® 2
No
Y
Yes Z10
~——<  changing
® ?
Y
LOP2=0 LOP2 =1
L END

Figure 4.4 LOP2 Logic Processing Overview (Relay Word Bit LOP2)

The following text gives additional description of the steps in Figure 4.4.
Step 1. Is LOP2 asserted?
NO. Go to Step 2.

YES. Keep LOP2 asserted until one of Step 3—Step 7 have a
true result. This “seal-in” function memorizes the change in
positive-sequence in voltage.

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107
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Step 2. Magnitude of positive-sequence voltage is decreasing.

Measure positive-sequence voltage magnitude (called IV,
where k represents the present processing interval result) and
compare it to IV,| from one power system cycle earlier (called

Vi1 eycle))-

If lVl(k)l L4 09 4 lVl(k -1 cycle)l’ then assert LOP2 lf all Of the
conditions in the next steps (Step 3—Step 7) are satisfied.

Otherwise, jump to the end (LOP2 remains deasserted).

Step 3. Positive-sequence current magnitude not changing, and has not
changed in the last two cycles.

Measure positive-sequence current magnitude (II;)l) and
compare it to [y . 1 cycle)l from one cycle earlier. If this
difference is greater than 10 percent of nominal current,
deassert LOP2.

Otherwise, continue with Step 4.
This condition is memorized for two cycles.

Step 4. Positive-sequence current angle is not changing and has not
changed in the last two cycles.

Measure positive-sequence current angle (£I;;) and compare it
o ZIj 1 cycle) from one cycle earlier. If this difference is
greater than 5°, deassert LOP2.

Otherwise, continue with Step 5.

This condition is memorized for two cycles. If II1] < 0.05 ¢
Inoms this angle check does not block LOP2.

Step 5. Zero-sequence current magnitude is not changing and has not
changed in the last two cycles.

Measure zero-sequence current magnitude (I, |) and compare
it to o1 cycleyl from one cycle earlier. If this difference is
greater than 10 percent of nominal, deassert LOP2.

Otherwise, continue with Step 6.
This condition is memorized for two cycles.

Step 6. Zero-sequence current angle is not changing and has not
changed in the last two cycles.

Measure zero-sequence current angle (£l ) and compare it to
Zlok-1 cycle)- If this difference is greater than 5°, deassert
LOP2.

Otherwise, continue with Step 7.

This condition is memorized for two cycles. For security, this
declaration requires that II0l be greater than 1.6 percent of
INOM to override the LOP2 declaration.

Step 7. Is LOPRST or 3PO asserted, or is out-of-step active?
NO. Assert LOP2.
YES. Deassert LOP2 (LOPRST is described below).

If LOP2 is asserted, we declare a loss-of-potential condition (LOP asserts) as
shown in Figure 4.2.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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Loss-of-Potential Logic

Relay Word Bit LOP3:
LOP Latch Conditions

Relay Word Bit
LOPRST: LOP Reset
Conditions

Relay Word Bit LOP4:
LOP Logic for PT
Transfer Scheme
Applications

SEL-311C-1 Transmission Protection System

LOP asserts immediately when LOP1, LOP2, or LOP4 assert. However, we
delay latching LOP for 15 cycles to allow LOP1 and LOP2 transient
conditions to settle. Once voltages are healthy, we reset the latch. Figure 4.5
shows the LOP Latch logic.

Relay
Word

Bits - Relay
LOP1 [}cvc i Word
LOP2 0 Bit
o——LOP3

LOPRST

LoP, —d
3P“0‘ RESET HAS
PRIORITY

R

Figure 4.5 LOP Latch Logic (Relay Word Bit LOP3)

Once LOP is declared or LOP is latched, the logic can be reset once voltages
are healthy for 10 cycles.

. Relay
(Setting) — preonN = wye Word
V1> 0.80 - Vnom . 5 Bit
V1> 0.80 - Vnom —s }CYC —— LOPRST
3 DELTA 0
Vi— v/
V2 —— Ratio Check
DVi

Figure 4.6 LOP Reset Logic (Relay Word Bit LOPRST)

Only set EBBPT =Y when a PT transfer scheme, such as that shown in
Figure 4.7, is used; otherwise, the primary system configuration can result in
the bus PT being isolated while load is applied to the relay. When set to Y, the
relay enables the logic in Figure 4.8. As shown in Figure 4.2, the operation of
LOP4 directly affects the LOP output Relay Word bit, regardless of breaker
status 3PO.

When applying LOP Logic with some unique schemes (for example,
switching PTs in a Breaker-and-a-Half Scheme), the EBBPT =Y setting has
some additional advantages.

Consider the breaker-and-a-half scheme in Figure 4.7.
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BUS_1 BUS_2

BKI BK2
[] []
L L

[]
L

s

/‘Y‘T‘Y\

v Throw-Over
Switch
RELAY

Figure 4.7 Breaker-and-a-Half Scheme with PT Throw-Over Switch

Consider what could happen if we set EBBPT = N for the system in

Figure 4.7, and a fault occurs on BUS_1, with the relay getting its polarizing
voltage from the BUS_1 PT. In this case, LOP does not assert because fault
current is present. Once BK1 opens, LOP asserts, unless the fault is a
three-phase fault. Note that for a three-phase fault, the voltages are already O,
so there is no change in voltage. This means that distance elements could
operate before the PTs are switched if current is above load.

If EBBPT =Y, LOP asserts when BK1 opens, regardless of fault type, which
eliminates the possibility of an undesired operation during the PT switching.

With EBBPT =Y, LOP4 asserts and stays asserted when voltages are near
zero and no change in current is detected. The LOP4 condition is reset when
voltages are restored and are healthy for at least 10 cycles (LOPRST).

Setting

EBBPT = Y S Relay
0V Word Bit
——LOP4
" :|> 0
A i

DI_check

o

Unbalanced
Conditions
(from LOP1 Logic)

Relay
Word Bit
LOPRST

Figure 4.8 Busbar PT Logic (Relay Word Bit LOP4)

Unbalanced V0|tages In installations where unbalanced bus voltages are expected, setting
. = Y asserts an .
When Usmq EBBPT =Y LOP4 (and LOP)

EBBPT =Y If significant unbalanced bus voltages are expected in your system during
normal load conditions, consider setting EBBPT = N.

Settmq ELOP =Y If setting ELOP = Y or Y1 and a loss-of-potential condition occurs (Relay
Y1 Word bit LOP asserts to logical 1), directional element enable Relay Word bits
or 32QE, 32QGE, and 32VE, plus the positive-sequence voltage-polarized

directional element and all distance elements are disabled, except as discussed
in NOTE 1 (see Figure 4.13, Figure 4.14, Figure 4.21, and
Figure 3.4-Figure 3.12). The loss-of-potential condition makes the
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Loss-of-Potential Logic

Setting ELOP =Y

Setting ELOP =N

Using LOP to
Supervise
Undervoltage
Elements

SEL-311C-1 Transmission Protection System

voltage-polarized directional elements controlled by these internal enables
unreliable. The overcurrent elements controlled by these voltage-polarized
directional elements are also disabled unless overridden by conditions
explained in Setting ELOP =Y.

The channel IN current-polarized directional element (Figure 4.17) is
controlled by internal enable 32IE (Figure 4.14). This directional element is
not voltage-polarized and thus a loss-of-potential condition does not disable
the element.

In Figure 5.6, if setting ELOP = Y1 and LOP asserts, keying and echo keying
in the permissive overreaching transfer trip (POTT) logic are blocked.

NOTE 1: When Global setting VSCONN = 3V0, the zero-sequence
voltage-polarized ground directional element (ORDER setting V) is not
disabled by a loss-of-potential condition on relay inputs VA, VB, and VC because
this directional element uses the 3V, zero-sequence voltage that comes
directly from voltage input VS. This difference is shown in Figure 4.14 and
Figure 4.18, where Relay Word bit 3VO0 is used as a block signal for the
loss-of-potential signal. Relay Word bit 3VO0 is asserted (= logical 1) whenever
Global setting VSCONN = 3VO0. Refer to Settings for Voltage Input
Configuration on page 9.16.

Additionally, if setting ELOP =Y and a loss-of-potential condition occurs
(Relay Word bit LOP asserts to logical 1), overcurrent elements set direction
forward are enabled, except as discussed in NOTE 2 (see Figure 4.18 and
Figure 4.20). These direction forward overcurrent elements effectively
become nondirectional and provide overcurrent protection during a
loss-of-potential condition.

As detailed previously, voltage-based directional elements are disabled during
a loss-of-potential condition. Thus, the overcurrent elements controlled by
these voltage-based directional elements are also disabled. However, this
disable condition is overridden for the overcurrent elements set direction
forward if setting ELOP =Y.

NOTE 2: When Global setting VSCONN = 3V0, the zero-sequence voltage
polarized ground directional element (ORDER setting V) is not affected by a
loss-of-potential condition on relay inputs VA, VB, and VC because this
directional element uses the 3V, zero-sequence voltage that comes directly
from voltage input VS. Therefore, even if LOP is asserted and setting ELOP =
Y when Relay Word bit 3V0 is asserted (= logical 1), the relay will not force
an enable of ground elements set direction forward when the zero-sequence
voltage-polarized ground directional element enable (32VE) is asserted. This
difference is shown in Figure 4.18, where Relay Word bit 3V0 is combined
with Relay Word bit 32VE to create a block signal for the loss-of-potential
signal. Refer to Settings for Voltage Input Configuration on page 9.16.

If setting ELOP = N, the loss-of-potential logic still operates (Relay Word bit
LOP asserts to logical 1 for a loss-of-potential condition) but does not disable
any voltage-based directional elements (as occurs with ELOP =Y or Y1) or

enable overcurrent elements set direction forward (as occurs with ELOP =Y).

The LOP logic is intended to supervise distance, directional, and
load-encroachment elements. Exercise caution when using the
loss-of-potential logic to supervise undervoltage elements. Under certain low
load conditions, undervoltage can cause LOP to assert and block undervoltage
elements unexpectedly. If it is necessary to use Relay Word bit LOP to
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supervise an undervoltage element (27A1, for example) when phase
secondary current may be less than SOLP (load detector pickup), consider
using logic similar to the following:

... +27A1 * (ILOP + !SOLA + !50LB * IS0LC) + ....

where SOLP is set at the minimum setting. With this logic, if any phase current
is below the SOLP setting, when a loss of voltage occurs, Relay Word bit LOP
may assert, but one or more of S0LA, SOLB or SOLC will be deasserted and
the undervoltage trip will be allowed. Keep in mind that if a true
loss-of-potential event occurs because of a blown fuse when the current is less
than 50LP A, the undervoltage element will not be blocked.

CCVT Transient Detection Logic

The SEL-311C detects CCVT transients that may cause Zone 1 distance
overreach. If CCVT transient blocking is enabled (setting ECCVT =Y), and
the relay detects an SIR greater than five during a Zone 1 fault, the relay
delays Zone 1 distance element operation for as long as 1.5 cycles, allowing
the CCVT output to stabilize.

Other than making the enable setting ECCVT =Y, no extra settings are
required. The relay automatically adapts to different system SIR conditions by
monitoring voltage and current.

For close-in faults on systems with high SIRs, the SEL-311C uses
distance-calculation smoothness detection to override the tripping delay
caused by low voltage and low current. Distance elements operate without
significant delay for close-in faults.

Consider using CCVT transient detection logic when you have either of the
following conditions:

» CCVTs with active ferroresonance-suppression circuits
(AFSC)

» The possibility of a source-to-line impedance ratio (SIR)
greater than 5

CCVT transients may be aggravated when you have:
» A CCVT secondary with a mostly inductive burden
» A low C-value CCVT as defined by the manufacturer

For a description of CCVT transients and transient detection, see the
following technical paper available on selinc.com: Capacitive Voltage
Transformer: Transient Overreach Concerns and Solutions for Distance
Relaying.

Distance Calculation Stable

SIR>5 During Zone 1 Fault /]
ECOVT =Y }0 } CVIBL
——
® {SOTFE 15 @
3P0 —

® From Figure 5.3; @ To Figure 3.4, Figure 3.7, and Figure 3.10

Figure 4.9 CCVT Transient Blocking Logic
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Load-Encroachment Logic

Load-Encroachment Logic

SEL-311C-1 Transmission Protection System

The load-encroachment logic (see Figure 4.10) and settings are
enabled/disabled with setting ELOAD.

The load-encroachment feature allows distance and phase overcurrent
elements to be set without regard for and independent of load levels. Relay
Word bit ZLOAD is used to block the positive-sequence, voltage-polarized
directional element (see Figure 4.21), which otherwise might assert for
three-phase load. The distance elements, M1P-M4P, will not operate without

directional control.

PLAF > 27, > NLAF

A Relay
Settings Vg?tfsd
iF - ] \ Load Out 77507
+ __/
Z;| (Magnitud
| vy [ e 2L0AD
I 7 =|—] Z1; (Angle) -0
to®
+
LR - \ Load In LN
0—_/
\J
NLAR > £7; > PLAR
+
Pos.-Seq. _
Threshold
Positive-Sequence Threshold = (Phase Channels Nominal Rating) - (0.1)
(90°)
A
X
ZLIN ZLouT
(Load In » © (Load Out
Region) LAp - Py Region)
g AR Iopo ?\};
(180°) » (0°)
o ) D) R
%”1\\ 5|2 2N
« 785
$\} QQ’ ‘\& 0/
S Zo /
S\ O~
NS %
Example Settings 270°) (-90°)

® To Figure 4.21.

Figure 4.10 Load-Encroachment Logic

Note that a positive-sequence impedance calculation (Z;) is made in the
load-encroachment logic in Figure 4.10. Load is largely a balanced condition;
S0 apparent positive-sequence impedance is a good load measure. The
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Date Code 20191107



Settings Ranges

Load-Encroachment

Setting Example

Loss-of-Potential, CCVT Transient Detection, Load-Encroachment, and Directional Element Logic

413
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load-encroachment logic only operates if the positive-sequence current (Iy) is
greater than the Positive-Sequence Threshold defined in Figure 4.10. For a
balanced 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 + ZLIN

Refer to Figure 4.10.

Table 4.3 Load-Encroachment Settings Ranges

Setting

Description and Range

ZLF
flowing out

ZLR
flowing in

PLAF
NLAF
PLAR
NLAR

Forward Minimum Load Impedance—corresponding to maximum load

Reverse Minimum Load Impedance—corresponding to maximum load

0.09-64.00 Q secondary (5 A nominal phase current inputs, IA, IB, IC)
0.45-320.00 Q secondary (1 A nominal phase current inputs, IA, IB, IC)
Maximum Positive Load Angle Forward (—90° to +90°)

Maximum Negative Load Angle Forward (-90° to +90°)

Maximum Positive Load Angle Reverse (+90° to +270°)

Maximum Negative Load Angle Reverse (+90° to +270°)

Example system conditions are shown in the following table.

Nominal Line-Line Voltage:

Maximum Forward Load:

Maximum Reverse Load:

Power Factor (Forward Load):

Power Factor (Reverse Load):

CT ratio:

PT ratio:

230 kV

800 MVA

500 MVA

0.90 lag to 0.95 lead
0.80 lag to 0.95 lead
2000/5 =400
134000/67 = 2000

The PTs are connected line-to-neutral.

Convert Maximum Loads to Equivalent Secondary Impedances

Start with maximum forward load:

800 MVA » (1/3) =
230kV ¢ (1 3) =

267 MVA ¢ (1/132.8 kV) * (1000kV/MV) =

Date Code 20191107

2010 A primary * (1/CT ratio) =

132.8 kV ¢ (1000 V/kV) =
132800 V primary * (1/PT ratio) =

Instruction Manual

267 MVA per phase

132.8 kV line-to-neutral

2010 A primary

2010 A primary * (1 A secondary/400 A primary)
5.03 A secondary

132800 V primary

132800 V primary * (1 V secondary/2000 V primary)
66.4 V secondary

SEL-311C-1 Transmission Protection System
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Now, calculate the equivalent secondary impedance:

66.4 V secondary

5.03 A sccondary o2 3 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 Q 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

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°

Apply Load-Encroachment Logic to Phase Overcurrent Elements
Again, from Figure 4.10,

ZLOAD = ZLOUT + ZLIN

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107
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Figure 4.11 Migration of Apparent Positive-Sequence Impedance for a Fault
Condition

Refer to Figure 4.11. In a load condition, the apparent positive-sequence
impedance is within the ZLOUT area, resulting in the following.

ZLOAD = ZLOUT + ZLIN = logical 1 + ZLIN = logical 1

If a fault occurs, the apparent positive-sequence impedance moves outside the

ZLOUT area (and stays outside the ZLIN area, too), resulting in the following.

ZLOAD = ZLOUT + ZLIN = logical 0 + logical 0 = logical 0

Load Encroachment for Directional Elements

Embedded logic handles load-encroachment concerns for phase directional
elements. In Figure 4.21, notice that the “!ZLOAD” condition is embedded in
the positive-sequence voltage-polarized directional element logic. This logic
prevents the directional element from operating when the measured
positive-sequence impedance is within the Load In or Load Out regions.

Load Encroachment for Nondirectional Elements

It is possible to use SELOGIC® control equation torque-control settings to
apply load-encroachment supervision for nondirectional overcurrent elements.
However, keep in mind that load encroachment is not a valid representation of
the positive-sequence impedance during unbalanced faults, and ZLOAD may
assert during certain unbalanced faults. This means that a torque-control
equation intended to prevent operation of a phase overcurrent element for load
conditions may also prevent operation of the element for unbalanced faults.
Therefore, when using load encroachment to control phase overcurrent
elements, residual-ground overcurrent elements must be used to detect
phase-to-ground faults. Similarly, negative-sequence overcurrent elements
must be used to detect phase-to-phase faults (see Appendix G: Setting
Negative-Sequence Overcurrent Elements). These phase-to-ground and
phase-to-phase elements must be at least as sensitive as the phase overcurrent
elements.

Instruction Manual SEL-311C-1 Transmission Protection System
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Directional Control for Ground-Distance and Residual-Ground Overcurrent Elements

Example

Use SEL-321 Relay
Application Guide for
the SEL-311C Relay

If it is acceptable for the phase overcurrent element to operate for some
unbalanced fault conditions, refer to Figure 3.34 and make the following
SELOGIC control equation torque-control setting.

51PTC = 1ZLOAD * ILOP + 50P4 (= NOT[ZLOAD] * NOT[LOP] + 50P4)

As shown in Figure 4.10, load-encroachment logic is a positive-sequence
calculation. During LOP conditions (loss-of-potential; see Figure 4.1),
positive-sequence voltage (V) can be substantially depressed in magnitude or
changed in angle. This change in V| can possibly cause ZLOAD to deassert
(= logical 0), erroneously indicating that a “fault condition” exists. Thus,
1ZLOAD should be supervised by !LOP in a torque-control setting. This also
effectively happens in the directional element in Figure 4.21, where ZLOAD
and LOP are part of the logic.

In the above setting example, phase instantaneous overcurrent element 50P4 is
set above any maximum load current level—if 50P4 picks up, there is
assuredly a fault. For faults below the pickup level of 50P4, but above the
pickup of phase time-overcurrent element 51PT, the !ZLOAD * |LOP logic
discriminates between high load and fault current. If an LOP condition occurs
(LOP = logical 1), the pickup level of 50P4 becomes the effective pickup of
phase time-overcurrent element 51PT. In other words, 51PT loses its
sensitivity when an LOP condition occurs.

51PTC = 1ZLOAD * ILOP + 50P4 = !ZLOAD * NOT[LOP] + 50P4 =
1ZLOAD * NOTTlogical 1] + 50P4 = 50P4

The load-encroachment logic and settings in the SEL-311C are the same as
those in the SEL-321. Refer to SEL Application Guide AG93-10, SEL-321
Relay Load-Encroachment Function Setting Guidelines for applying the
load-encroachment logic in the SEL-311C.

Directional Control for Ground-Distance and
Residual-Ground Overcurrent Elements

NOTE: Channel IN was called
Channel IP in legacy SEL-311 models.
See SEL-311C Models on page 1.1 for a
summary of differences.

SEL-311C-1 Transmission Protection System

Setting E32 and other directional control settings are described in Directional
Control Settings on page 4.28.

Three directional elements are available to control the ground-distance and
residual-ground overcurrent elements. These three directional elements are:

» Negative-sequence voltage-polarized directional element
» Zero-sequence voltage-polarized directional element

» Channel IN current-polarized directional element

Figure 4.12 gives an overview of how these directional elements are enabled and
routed to control the ground-distance and residual-ground overcurrent elements.

Note in Figure 4.12 that setting ORDER enables the directional elements.
Setting ORDER can be set with the elements listed and defined in Table 4.4,
subject to the setting combination constraints in Table 4.5.

Table 4.6 details the availability of the ground directional elements for the
various combinations of the PTCONN and VSCONN settings. Refer to Settings
for Voltage Input Configuration on page 9.16 for information on these settings.

Instruction Manual Date Code 20191107
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The order that 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 4.28.

[ Directional Relay
Elements with Internal  Relay Word Directional Relay Word Element  Word Bit
Setting ORDER Enables  Bit Outputs Elements Bit Outputs Routing Outputs
"Q" listed 500F/500R
insetting —® ! > )
ORDER ® geqatlve'
- equence
Disable { > 320GE »| Voltage- | F3206/R3206
Inputs Polarized
®
™ Best Choice
Ground
Directional
Logic
® L
"W listed Zero-Sequence
in setting ——#= - Voltage. | FRVRRY | @ [ 326FRZR _ o
— | Polarized o
®
@ r
50GF/50GR
"I" listed I—»
. : Ch [N
in setting — kit F2R32
ORDER Polarized o
321E - ®

® Figure 4.13; @ Figure 4.14; ® Table 4.4 and Table 4.5; ® Figure 4.15; ® Figure 4.16; ® Figure 4.17; @ Figure 4.18;
Figure 3.7-Figure 3.12 and Figure 3.32.

Figure 4.12 General Logic Flow of Directional Control for Ground-Distance and Residual-Ground Overcurrent

4.17

Elements
Table 4.4 Available Ground Directional Elements
ORDER Setting | Corresponding Ground Corresponding Corresponding
Choices Directional Element Internal Enables Figures
Negative-sequence 32QGE Figure 4.13,
voltage-polarized Figure 4.15
Zero-sequence 32VE Figure 4.14,
voltage-polarized Figure 4.16
Channel IN 32IE Figure 4.14,
current polarized Figure 4.17
Table 4.5 Best Choice Ground Directional Element® Logic (Sheet 1 of 2)
Resultant ground directional element preference
ORDER (indicated below with corresponding internal enables;
o run element that corresponds
Setting to highest choice internal enable that i ted
Combinations o highest choice internal enable that is asserte
1st Choice 2nd Choice 3rd Choice
Q 32QGE
Qv 32QGE 32VE
v 32VE
vQ 32VE 32QGE
1 32IE
1Q 32IE 32QGE
Qv 32IE 32QGE 32VE
Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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Internal Enables

SEL-311C-1 Transmission Protection System

Table 4.5 Best Choice Ground Directional Element® Logic (Sheet 2 of 2)

Resultant ground directional element preference
ORDER (indicated below with corresponding internal enables;
Setting run element that corresponds
Combinations to highest choice internal enable that is asserted
1st Choice 2nd Choice 3rd Choice
v 32IE 32VE
vQ 32IE 32VE 32QGE
QI 32QGE 32IE
QIv 32QGE 32IE 32VE
QVI 32QGE 32VE 321E
VI 32VE 32IE
VIQ 32VE 32IE 32QGE
VQI 32VE 32QGE 32IE

Table 4.6 Ground Directional Element Availability by Voltage Connection

Settings
Element O _ Availability When
Designation Availability When VSCONN = VS VSCONN = 3VO
in ORDER
Setting PTCONN = WYE PTCONN = DELTA PTCONN = DELTA
Q Yes Yes Yes
\ Yes No Yes
1 Yes Yes Yes

Refer to Figure 4.12, Figure 4.13 and Figure 4.14.

Table 4.4 lists the internal enables and their correspondence to the ground
directional elements.

Note that Figure 4.13 has extra internal enable 32QE, which is used in the
directional element logic that controls negative-sequence and phase
overcurrent elements (see Figure 4.19).

Also, note that if enable setting ELOP =Y or Y1 and a loss-of-potential
condition occurs (Relay Word bit LOP asserts), all the internal directional
enables (except for 32IE) are disabled (see Figure 4.13 and Figure 4.14),
unless VSCONN = 3VO. In that case, the directional element enables in
Figure 4.14 are not affected by LOP. This is explained in Loss-of-Potential
Logic on page 4.1.

The channel IN current-polarized directional element (with corresponding
internal enable 32IE; Figure 4.14) does not use voltage in making direction
decisions, thus a loss-of-potential condition does not disable the element.
Refer to Figure 4.1 and accompanying text for more information on
loss-of-potential.

The settings involved with the internal enables (e.g., settings a2, k2, a0) are
explained in Directional Control Settings on page 4.28.

Instruction Manual
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Zero-Sequence
Voltage Sources

NOTE: When PTCONN = WYE, the
VSCONN setting is internally set to VS
and not reported with the relay
settings.

Best Choice Ground
Directional Element
Logic

Directional
Element Routing

Loss-of-Potential, CCVT Transient Detection, Load-Encroachment, and Directional Element Logic | 4.19
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The zero-sequence voltage polarized directional element relies on
zero-sequence voltage 3V, (ORDER setting choice “V” as shown in

Figure 4.16) and may use either a calculated 3V, from the wye-connected
voltages Vu, Vg, and V-, or a measured 3V, from the VS channel, which is
typically connected to a broken-delta PT secondary. The Global 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
directional element “3V(” inputs.

When VSCONN = VS, the calculated zero-sequence voltage from terminals
VA, VB, and VC is applied to the directional element “3V,” inputs, provided that
the relay is connected to wye-connected PTs (Global setting PTCONN =
WYE). If the relay is connected to open-delta PTs (Global setting PTCONN =
DELTA), 3V, cannot be calculated from the VA, VB, and VC terminals, and the
zero-sequence voltage polarized directional element is unavailable.

When testing the relay, it is important to note that the METER command 3VO0
quantity, when available, is always the calculated value from the
wye-connected PT inputs, even when VSCONN = 3V0. The METER
command VS quantity is always the measured value from the VS-NS terminals.

See Broken-Delta VS Connection (Global Setting VSCONN = 3V0) on
page 2.14, and Settings for Voltage Input Configuration on page 9.16.

The Best Choice Ground Directional Element logic determines which
directional element should be enabled to operate. The ground-distance
elements and residual-ground directional overcurrent elements are then
controlled by this enabled directional element.

Table 4.5 describes how the ORDER setting controls the Best Choice Ground
Directional Element logic. Relay Word bits 32QGE, 32VE, and 32IE and
setting ORDER are used in the Best Choice Ground Directional logic in
Table 4.4. The Best Choice Ground Directional logic determines the order that
the directional element should be enabled to operate. The ground-distance and
residual-ground overcurrent elements set for directional control are then
controlled by this directional element. See the discussion on setting ORDER
in Directional Control Settings on page 4.28.

Refer to Figure 4.12 and Figure 4.18.

The directional element outputs are routed to the forward (Relay Word bit
32GF) and reverse (Relay Word bit 32GR) logic points and then on to the
ground-distance elements in Figure 3.7 through Figure 3.12 and the
residual-ground directional overcurrent elements in Figure 3.32.

Loss of Potential

Date Code 20191107

Note in Figure 4.18 that if all the following are true,
» Enable setting ELOP =Y,
» Global setting VSCONN = VS,

» A loss-of-potential condition occurs (Relay Word bit LOP
asserts),

» Internal enable 32IE (for channel IN current-polarized
directional element) is not asserted

Instruction Manual

SEL-311C-1 Transmission Protection System



4.20 | Loss-of-Potential, CCVT Transient Detection, Load-Encroachment, and Directional Element Logic
Directional Control for Ground-Distance and Residual-Ground Overcurrent Elements

SEL-311C-1 Transmission Protection System

then the forward logic point (Relay Word bit 32GF) asserts to logical 1,
enabling the residual-ground directional overcurrent elements that are
internally defined as forward acting (67G1 and 67G2) or set forward (with
setting DIR3 = F and/or DIR4 = F). These direction forward overcurrent
elements effectively become nondirectional and provide overcurrent
protection during a loss-of-potential condition.

If Global setting VSCONN = 3VO0 and Group setting ELOP =Y, the LOP
condition will not cause the forward directional outputs to assert when the
directional element enable 32VE is asserted, as shown at the top of

Figure 4.18. In this situation, the element that is enabled by 32VE is still able
to operate reliably during a loss-of-potential condition, so there is no need to
force the forward output to assert. However, when 32VE is not asserted, a
standing LOP condition will force the forward output to assert continuously.
Consider this when determining residual-ground overcurrent element pickup
settings and time-delay settings, so that “load conditions” do not cause a
forward-set ground directional overcurrent element to pick up and start
timing.

Refer to Figure 4.1 and accompanying text for more information on
loss-of-potential.

As shown in Figure 3.4 through Figure 3.12, ILOP also disables all distance
elements.

Relay

1) Word

/) Bits
Settings +

500F
500FP - IR

®

- * L 500R

50QRP

Relay
Word

Bit
@® ILOP Loss-of-Potential a 208
b—[ (Internal Enable)
[12] + N
a2« |y ———
Setting

(g=lg3) bl
K2 - lgl ——

Setting 3206E

(Internal Enable)

®

Relay
Word
Bits

32VE—Q
@

RIE —-

"Q" Listed in Setting Enable
Setting ORDER

® From Figure 4.1; @ from Figure 4.14; ® to Figure 4.15 and Figure 4.20;
® to Figure 4.20; ® to Figure 4.15, Table 4.4, and Table 4.5.

Figure 4.13 Internal Enables (32QE and 32QGE) Logic for
Negative-Sequence Voltage-Polarized Directional Elements
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[lgl

4.21

(Residual) s\letlg(\j/
N Bits
Settings PY 50GF
50GFP -
}@
+
l 506R
506RP ————
(lg=1g/3)
[lol +
a0+ [l| — =
Setting
SELoGIC
Setting
£321V SELOGIC Enable
Relay
Word
Bits
\ Loss-of-Potential
®ILOP ——
3V0 —Q / — o
*—
i Q — 32VE
V" listed in Setting Enable : (Internal Enable)
setting ORDER
’ —}o
“I"listed in Setting Enable _—
setting ORDER (Internal Enable)
Il + —©
Neutral -
Threshold

Table 4.4, and Table 4.5; ® to Figure 4.17.
Internal Enables (32VE and 32IE) Logic for Zero-Sequence

Figure 4.14

Neutral Threshold = (Channel Iy Nominal Rating) - (0.05)
® From Figure 4.1; @ to Figure 4.16; ® to Figure 4.16; ® to Figure 4.13, Figure 4.8,

Voltage-Polarized and Channel IN Current-Polarized Directional Elements

Refer to E32IV—SELo0GIC Control Equation Enable on page 4.37 for
information on using SELOGIC control equation setting E32IV.
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Relay
Word
Bit

@® 500QF
Forward

Threshold

Relay
Word
Bit

@ 3206E

Best Choice
® Ground _ 32QGE is highest

:

Directional  choice that is asserted
Logic

R
4

) Enable

V2
2

RelV,+ (I, TZZIANG)*]

[1p2

Reverse
Threshold

Relay
Word
Bit

@ 50QR

Reverse Threshold

\

L X2

R2
/—\
Forward Threshold l
Direction Element Characteristics
Forward Threshold:
If Z2F Setting <0, Forward Threshold = 0.75 « Z2F - 0.25 - ‘ll_zz
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 =125 < Z2R +0.25 « T

® from Figure 4.13; @ From Table 4.5; ® to Figure 4.18.

Figure 4.15 Negative-Sequence Voltage-Polarized Directional Element for
Ground-Distance and Residual Ground Overcurrent Elements

SEL-311C-1 Transmission Protection System Instruction Manual

N |_ Bits
. — F3206
- — (Forward)

Relay
Word

—— R3206
(Reverse)
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Relay
Word
|_ Word

Forward + Bits.
Threshold _ Je— (Flfsgrvwar "
Relay
Word

Bit

® 32VE _\
./

Best Choice
Ground __32VE is highest [ }
@ ®

Directional  choice that is asserted
Logc ) Enable

3\/0 _ 20 =Re[3V0-(IG-1AZOANG)*]

p—————————— Il
(Residual)
(Ig=31p)

Reverse
Threshold

—— R32V
(Reverse)

Relay
Word

Bit
® 506R

A X0
70 PLANE

—J/ |
/X—\

Forward Threshold

RO

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 =125+ ZOR +0.25 * [——

® from Figure 4.14; @ From Table 4.5; ® to Figure 4.18.

Figure 4.16 Zero-Sequence Voltage-Polarized Directional Element for
Ground-Distance and Residual Ground Overcurrent Elements

The 3V, input to Figure 4.16 may be either a calculated value (when Global
settings VSCONN = VS and PTCONN = WYE) or a measured value (when
Global setting VSCONN = 3V0). See Zero-Sequence Voltage Sources on
page 4.19.
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Relay
Word

Bit
® 50GF

Forward
Threshold

Relay
Word
Bit

® 321E

Best Choice
Ground

@ Directional
Logic

IN
lg

(Residual)
(|G = 3|0)

Reverse
Threshold

Relay
Word

Bit
® 50GR

32IE is highest

Relay
Word

Bits
— F32I
(Forward)

-

choice that is asserted

R
4

) Enable

Re[lg + IN*]

—e

s

Forward Threshold:
Forward Threshold = (Channel Iy Nominal Rating) + (Phase Channels Nominal Rating) * (0.05)
Reverse Threshold:

— R32I
(Reverse)

Reverse Threshold = =(Channel Iy Nominal Rating) + (Phase Channels Nominal Rating) + (0.05)2

® from Figure 4.14; @ From Table 4.5; ® to Figure 4.18.

Figure 4.17 Channel IN Current-Polarized Directional Element for
Ground-Distance and Residual-Ground Overcurrent Elements

Relay
Word
Bits
® 32VE

@ 3V0

Setting
ELOP =Y

® Relay
Word

Bits
“Lop Loss-of-Potential

® 3%k ——

R3206
F32V
® {R32V

F32l
©{ R32l

® {F320G

Relay
Word

Bits
326GF
(Forward)

}o

® 326R
(Reverse)

® From Figure 4.14; @ from Figure 4.1; ® from Figure 4.15; ® from Figure 4.16;
® from Figure 4.17; ® to Figure 3.7 through Figure 3.12 and Figure 3.32.

Figure 4.18 Ground-Distance and Residual-Ground Directional Logic
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Directional Control for Phase-Distance and
Negative-Sequence Overcurrent Elements

The directional control for phase-distance and negative-sequence overcurrent
elements is enabled by making directional control enable setting E32. Setting
E32 and other directional control settings are described in Directional Control
Settings on page 4.28.

The negative-sequence voltage-polarized directional element controls the
negative-sequence overcurrent elements. Negative-sequence voltage-polarized
and positive-sequence voltage-polarized directional elements control the
phase-distance elements. Figure 4.19 gives an overview of how the
negative-sequence voltage-polarized and positive-sequence voltage-polarized
directional elements are enabled and routed to control the negative-sequence
overcurrent and phase-distance elements.

Directional
Internal  Relay Word Directional ~ Relay Word ~ Element  Relay Word
Enables  Bit Outputs Elements  Bit Outputs ~ Routing  Bit Outputs

50QF/
5008 » Negative-Sequence E%%%/ g%gg
® Voltage-Polarized @ 006
320E @
Internal
Elements
Positive-Sequence Eg,;/
Voltage-Polarized > ®
®

® Figure 4.13; @ Figure 4.20; ® Figure 4.21; ® Figure 3.4-Figure 3.6; ® Figure 3.33.

Figure 4.19 General Logic Flow of Directional Control for Negative-Sequence
Overcurrent and Phase Distance Elements

Internal Enables Refer to Figure 4.13 and Figure 4.19.

The internal enable 32QE corresponds to the negative-sequence
voltage-polarized directional element.

Note that Figure 4.13 has extra internal enable 32QGE, which is used in the
directional element logic that controls the ground-distance and
residual-ground overcurrent elements (see Figure 4.12).

The settings involved with internal enable 32QE in Figure 4.13 (e.g., setting
a2) are explained in Directional Control Settings on page 4.28.

Directional Elements Refer to Figure 4.19, Figure 4.20, and Figure 4.21.

If enable setting ELOP =Y or Y1 and a loss-of-potential condition occurs
(Relay Word bit LOP asserts), the negative-sequence voltage-polarized,
positive-sequence voltage-polarized directional elements, and the
phase-distance elements are disabled (see Figure 4.13 and Figure 4.21).

Refer to Figure 4.1 and accompanying text for more information on
loss-of-potential.

The negative-sequence voltage-polarized directional element operates for
unbalanced faults while the positive-sequence voltage-polarized directional
element operates for three-phase faults.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System



4.26 | Loss-of-Potential, CCVT Transient Detection, Load-Encroachment, and Directional Element Logic
Directional Control for Phase-Distance and Negative-Sequence Overcurrent Elements

Directional
Element Routing

Note also in Figure 4.21 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 4.10).

Refer to Figure 4.19 and Figure 4.20.

The directional element outputs F32Q and R32Q are routed to the forward (Relay
Word bit 32QF) and reverse (Relay Word bit 32QR) logic points and then on to the
negative-sequence overcurrent elements and phase-distance elements.

Loss-of-Potential

SEL-311C-1 Transmission Protection System

Note if both the following are true,
» Enable setting ELOP =Y,

» A loss-of-potential condition occurs (Relay Word bit LOP
asserts),

then the forward logic point (Relay Word bit 32QF) asserts to logical 1,
enabling the negative-sequence and phase overcurrent elements that are
defined as direction forward (e.g., 67Q1; 67Q2; and 67Q3 if setting DIR3 = F,
or 67Q4 if setting DIR4 = F). These direction forward overcurrent elements
effectively become nondirectional and provide overcurrent protection during a
loss-of-potential condition.

Refer to Figure 4.1 and accompanying text for more information on loss-of-potential.
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Setting

ELOP =Y
Relay
@ Word L

it Loss-of-Potential
LOP
Relay
Word Relay
_Bit Word
@ 50QF Bits
— 320F
Forward
Threshold F320 (Forward)
Relay (Forward)
Word
Bits
@ 320E — N\
®ILop _O_/ y Enable :}@
V, — Be[vz * (I * 1Z71ANG)*] |
I, = [I]2
320R
Reverse R32Q (Reverse)
Threshold (Reverse)
Relay
Word
Bit
@ 500R
A X2
Reverse Threshold 7 72 PLANE
R2
Forward Threshold l
Direction Element Characteristics
Forward Threshold:
V2
If Z2F Setting < 0, Forward Threshold = 0.75 - Z2F - 0.25 + I_
2
V2
If Z2F Setting > 0, Forward Threshold =1.25 » Z2F - 0.25 - I_
2
Reverse Threshold:
V2
If Z2R Setting > 0, Reverse Threshold = 0.75 « Z2R + 0.25 + I_
2
V2
If Z2R Setting < 0, Reverse Threshold =1.25 - Z2R + 0.25 I_
2

® from Figure 4.1; @ from Figure 4.13; ® to Figure 3.4-Figure 3.6 and Figure 3.33.

Figure 4.20 Negative-Sequence Voltage-Polarized Directional Element for
Phase-Distance and Negative-Sequence Elements
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Internal
Elements
All Phase-to-Phase —
Distance Elements Forward F32P
(Forward)
All Phase-to-Phase
Distance Elements Reverse } ®
Relay
Word
Bits  Pos.-Seq. Polarizing R32P
Voltage Present L ¢ (Reverse)
VPOLV 1
® 7L0AD Load Condition a
Q

@ IL0P

(11l

[1g=1cl

[Ilg=1al

01:INOM ——
® From Figure 4.10; @ from Figure 4.1; ® to Figure 3.4-Figure 3.6.

Figure 4.21 Positive-Sequence Voltage-Polarized Directional Element for
Phase-Distance Elements

Directional Control Settings

The directional control for overcurrent elements is enabled by making
directional control enable setting E32. Setting E32 has setting choices.

» Y enable directional control

» AUTO enable directional control and set many of the
directional element settings automatically

Settinqs Made If the directional control enable setting E32 is set as shown below,
Automatically E32= AUTO

then the following directional control settings are calculated and set automatically.

Z2F, Z2R, 50QFP, 50QRP, a2, k2, SOGFP, S0GRP, a0, ZOF, and ZOR

) Once these settings are calculated automatically, they can only be modified if
NOTE: Settings Z2F, Z2R, ZOF, and

ZOR are calculated based on the line the user goes back and changes the directional control enable setting to E32 =Y.
impedance settings ZIMAG and
ZOMAG. Enter ZIMAG and ZOMAG Use caution when you set E32 = AUTO. It is not appropriate for all

values appropriate for the application

when E32 = AUTO. applications. Systems with a strong negative-sequence source (e.g., equivalent

negative-sequence impedance of less than 2.5/Iyg)y in ohms) can use
E32 = AUTO. It is best to use the settings in Table 4.7 if any of the following apply:

» The negative-sequence impedance of the source is greater than
2.5/Ixom 1n ohms

» The line impedance is unknown

» A non-fault condition occurs, such as a switching transformer
energization causing the negative-sequence voltage to be
approximately zero

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107
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Table 4.7 Ground Directional Element Preferred Settings

Name 5 A nominal 1 A nominal
E32 Y Y
Z2F -0.30 -1.5
Z2R 0.30 1.5
ZOF -0.30 -1.5
ZO0R 0.30 1.5
50QFP /50GFP 0.50 A 0.10 A
50QRP /50GRP 0.25A 0.05 A
a2 0.10 0.10
k2 0.20 0.20
a0 0.10 0.10

The preferred settings in Table 4.7 will provide equal or better protection than
E32 = AUTO for most systems.

The remaining directional control settings are not set automatically if setting
E32 = AUTO. They have to be set by the user, whether setting E32 = AUTO or Y.
These settings are listed below.

DIR3, DIR4, ORDER, and E32IV (E32IV is a SELOGIC control equation
setting)

All these settings are explained in detail in the remainder of this section.

Not all of 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 4.8 Directional Control Settings Not Made for Particular Conditions

Settings hidden/not made: | for condition:

50GFP, 50GRP, a0
Z0F, ZOR

setting ORDER does not contain V or [

setting ORDER does not contain V

Settings
DIR3-Zone 3/Level 3 Overcurrent Element Direction Setting
DIR4-Zone 4/Level 4 Overcurrent Element Direction Setting
Setting Range:

NOTE: DIR3 must be set to R when
ECOMM = N. See
Communications-Assisted Trip
Logic—General Overview on page 5.13.

F = Direction Forward

R = Direction Reverse

Table 4.8 shows the overcurrent elements that are controlled by each level
direction setting.

Date Code 20191107 Instruction Manual
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Table 4.9 Elements Controlled by Zone/Level Direction Settings (Corresponding Overcurrent and Directional
Element Figure Numbers in Parentheses)

Level
Direction Phase Distance Ground Distance Residual Ground Negative-Sequence
Settings
Forward MIP (Figure 3.4) Z1G (Figure 3.7, Figure 3.10) 67G1 (Figure 3.32) 67Q1 (Figure 3.33)
MIPT (Figure 3.23) Z1GT (Figure 3.23) 67GIT (Figure 3.32) 67QIT (Figure 3.33)
Forward M2P (Figure 3.5) 72G (Figure 3.8, Figure 3.11) 67G2 (Figure 3.32) 67Q2 (Figure 3.33)
M2PT (Figure 3.23) Z2GT (Figure 3.23) 67G2T (Figure 3.32) 67Q2T (Figure 3.33)
DIR3=ForR | M3P (Figure 3.6) 73G (Figure 3.9, Figure 3.12) 67G3 (Figure 3.32) 67Q3 (Figure 3.33)
M3PT (Figure 3.23) Z3GT (Figure 3.23) 67G3T (Figure 3.32) 67Q3T (Figure 3.33)
DIR4 =ForR | M4P (Figure 3.6) ZAG (Figure 3.9, Figure 3.12) 67G4 (Figure 3.32) 67Q4 (Figure 3.33)
MA4PT (Figure 3.23) ZAGT (Figure 3.23) 67GAT (Figure 3.32) 67Q4T (Figure 3.33)

In communications-assisted trip schemes, the levels are defined as follows
(see Figure 5.4).

» Zone 1 distance elements are fixed as direction forward
» Zone 2 distance elements are fixed as direction forward

» Zone 3 distance elements set direction reverse (DIR3 = R)

ORDER-Ground Directional Element Priority Setting

SEL-311C-1 Transmission Protection System

Setting ORDER can be set with the elements listed and defined in Table 4.4,
subject to the setting combination constraints in Table 4.5 and Table 4.6.
Table 4.6 lists the ground directional element availability as a result of the
voltage connection settings. See Setting Guidelines for ORDER on page 4.31
for considerations for the ORDER setting.

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 = QVI

then the first listed directional element (Q = negative-sequence
voltage-polarized directional element; see Figure 4.15) is the first priority
directional element to provide directional control for the ground-distance 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, 32QGE, not being asserted; see Figure 4.13), then the second listed
directional element (V = zero-sequence voltage-polarized directional element;
see Figure 4.16) provides directional control for the ground-distance and
residual-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, 32VE, not being asserted; see Figure 4.14), then the third listed
directional element (I = Channel IN Current-Polarized Directional Element;
see Figure 4.17) provides directional control for the neutral-ground and
residual-ground distance overcurrent elements.
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If Channel IN Current-Polarized Directional Element is not operable (i.e., it
does not have sufficient operating quantity as indicated by its internal enable,
32IE, not being asserted; see Figure 4.17), then no directional control is
available. The ground-distance and residual-ground directional overcurrent
elements will not operate.

In another example, if setting
ORDER = V

then the zero-sequence voltage-polarized directional element (V =
zero-sequence voltage-polarized directional element; see Figure 4.16)
provides directional control for the ground-distance and residual-ground
overcurrent elements at all times (assuming it has sufficient operating
quantity). If there is not sufficient operating quantity during an event (i.e.,
internal enable 32VE is not asserted; see Figure 4.14), then no directional
control is available. The ground-distance and residual-ground overcurrent
elements will not operate.

Setting ORDER can be set with any element combination (e.g., ORDER =
IQV, ORDER = QVI, ORDER =1V, ORDER = VQ, ORDER =1,
ORDER = Q).

If ground quadrilateral distance elements are used, the first entry in the
ORDER setting should be as shown in Table 4.10.

Table 4.10 First Entry in ORDER Setting if Ground Quadrilateral Distance
Elements Are Used

Setting XGPOL First Element of ORDER
1G QorV
12 Q

Z2F-Forward Directional Z2 Threshold
Z2R-Reverse Directional Z2 Threshold
Setting Range:
—64.00 to 64.00 Q secondary (5 A nominal phase current inputs, |A, IB, IC)

—320.00 to 320.00 Q secondary (1 A nominal phase current inputs, IA, IB,
IC)

Z2F and Z2R are used to calculate the Forward and Reverse Thresholds,
respectively, for the negative-sequence voltage-polarized directional elements
(see Figure 4.15 and Figure 4.20).

If enable setting E32 =Y, settings Z2F and Z2R (negative-sequence
impedance values) are calculated and entered by the user, but setting Z2R
must be greater in value than setting Z2F by 0.2 Q secondary (for 5 A nominal
relays) or 1 Q secondary (for 1 A nominal relays).

Setting Guidelines for ORDER

For most systems, select ORDER = Q. This enables only the 32QGE
negative-sequence directional element for ground faults.

If single contingency (loss-of-line or generator) can cause the loss of the
negative-sequence source and no zero-sequence mutual coupling is present,
set ORDER = QV to use the Best Choice Ground Directional® logic to
automatically switch to the zero-sequence voltage-polarized directional
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element. Avoid selecting an ORDER setting with “V” on lines with
zero-sequence mutual coupling, because this creates the risk of false
declaration of the 32VE element.

When using “I”” in the ORDER setting to apply current polarizing (e.g., “QVI”
or “QI”), analyze system faults to verify that the current polarizing source is
reliable for all fault types and locations.

If the relay is applied in a communications-assisted trip scheme (e.g., POTT or
DCB), use the same ORDER setting at both ends of the line.

Z2F and Z2R Set Automatically

If enable setting E32 = AUTO, settings Z2F and Z2R (negative-sequence
NOTE: If Z2F or Z2R exceeds the impedance values) are calculated automatically, using the positive-sequence
setting range, the quantity is set to line impedance magnitude setting Z1MAG as follows:

the upper limit of the setting range.
Z2F = ZIMAG/2 (Q secondary)
Z2R = ZIMAG/2 + z (Q secondary; “z” listed in the following table)

Relay Configuration z (Q secondary)
5 A nominal current 0.2
1 A nominal current 1.0

Figure 4.23 and Figure 4.24 and supporting text concern the zero-sequence
impedance network, relay polarity, and the derivation of settings ZOF and
ZOR. 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.

50QFP-Forward Directional Negative-Sequence Current Pickup
50QRP-Reverse Directional Negative-Sequence Current Pickup
Setting Range:
0.25-5.00 A secondary (5 A nominal phase current inputs, IA, 1B, IC)
0.05-1.00 A secondary (1 A nominal phase current inputs, IA, 1B, IC)

The 50QFP setting (31, current value) is the pickup for the forward fault
detector SOQF of the negative-sequence voltage-polarized directional
elements (see Figure 4.13). Ideally, the setting is above normal load unbalance
and below the lowest expected negative-sequence current magnitude for
unbalanced forward faults.

The 5S0QRP setting (31, current value) is the pickup for the reverse fault
detector SOQR of the negative-sequence voltage-polarized directional
elements (see Figure 4.13). 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 E32 = AUTO, settings 5S0QFP and SOQRP are set
automatically at:

50QFP = 0.50 A secondary (5 A nominal phase current inputs, IA, 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)
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a2-Positive-Sequence Current Restraint Factor, I/l
Setting Range:
0.02—-0.50 (unitless)

Refer to Figure 4.13.

The a2 factor increases the security of the negative-sequence
voltage-polarized directional elements. It keeps the elements from operating
for negative-sequence current (system unbalance), which circulates because of
line asymmetries, CT saturation during three-phase faults, etc.

a2 Set Automatically

If enable setting E32 = AUTO, setting a2 is set automatically as follows.
az= 01

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
(Il > 0.1 « 1L, 1).

k2-Zero-Sequence Current Restraint Factor, I/l
Setting Range:
0.10-1.20 (unitless)

Note the internal enable logic outputs in Figure 4.13.

» 32QE—internal enable for the negative-sequence
voltage-polarized directional element that controls the
phase-distance and negative-sequence and phase overcurrent
elements

» 32QGE—internal enable for the negative-sequence
voltage-polarized directional element that controls the
ground-distance and residual-ground overcurrent elements

The k2 factor is applied to internal enable 32QGE. The negative-sequence
current (I,) magnitude has to be greater than the zero-sequence current ()
magnitude multiplied by k2 in order for the 32QGE internal enable (and
following negative-sequence voltage-polarized directional element in
Figure 4.15) to be enabled:

|Iz| >k2e

Io|
Equation 4.1

This check ensures that the relay uses the most robust analog quantities in
making directional decisions for the ground-distance and residual-ground
overcurrent elements.

The zero-sequence current (Ij), referred to in the above application of the k2
factor, is from the residual current (I;), which is derived from phase currents
IA’ IB, and Ic.

3, =1 =1, +I,+1
0~ "G~ A"B"C Equation 4.2
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If both of the internal enables are deasserted, then factor k2 is ignored as a
logic enable for the 32QGE internal enable. This effectively puts less
restrictions on the operation of the negative-sequence voltage-polarized
directional element.

» 32VE—internal enable for the zero-sequence voltage-polarized
directional element that controls the ground-distance and
residual-ground overcurrent elements

» 32]E—internal enable for the channel IN current-polarized
directional element that controls the ground-distance and
residual-ground overcurrent elements

k2 Set Automatically

If enable setting E32 = AUTO, setting k2 is set automatically as follows.
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 « lIyl). Again, this presumes at least one of the internal enables 32VE or
32IE is asserted.

50GFP-Forward Directional Residual-Ground Current Pickup
50GRP-Reverse Directional Residual-Ground Current Pickup

SEL-311C-1 Transmission Protection System

Setting Range:
0.25-5.00 A secondary (5 A nominal phase current inputs, IA, 1B, IC)
0.05-1.00 A secondary (1 A nominal phase current inputs, IA, 1B, IC)

If setting ORDER does not contain V or I (no zero-sequence voltage-polarized
or channel IN current-polarized directional elements are enabled), then
settings SOGFP and 50GRP are not made or displayed.

The S0GFP setting (3] 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 4.14). Ideally, this setting is
above normal load unbalance and below the lowest expected zero-sequence
current magnitude for unbalanced forward faults.

The S0GRP setting (3 current value) is the pickup for the reverse fault
detector SOGR of the zero-sequence voltage-polarized and channel IN
current-polarized directional elements (see Figure 4.14). Ideally, this setting is
above normal load unbalance and below the lowest expected zero-sequence
current magnitude for unbalanced reverse faults.

50GFP and 50GRP Set Automatically

If enable setting E32 = AUTO, settings 50GFP and 50GRP are set
automatically as follows.

50GFP = 0.50 A secondary (5 A nominal phase current inputs, IA, IB, IC)
50GRP = 0.25 A secondary (5 A nominal phase current inputs, IA, IB, IC)
50GFP = 0.10 A secondary (1 A nominal phase current inputs, IA, IB, IC)
50GRP = 0.05 A secondary (1 A nominal phase current inputs, IA, IB, IC)
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Operation of the Channel IN Current-Polarized Directional Element

Figure 4.17 shows the logic for the current-polarized directional element for
ground faults. The relay uses the directional characteristic shown in

Figure 4.22, where the maximum torque line of the element is in phase with
the polarizing current, Iy. This is suitable for solidly grounded and most
low-impedance grounded systems.

Maximum
Torque Iy
Line

Figure 4.22 Traditional Channel IN Current-Polarized Directional Element

a0-Positive-Sequence Current Restraint Factor, Io/I;
Setting Range:

0.02-0.50 (unitless)

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.

Refer to Figure 4.14.

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.

The zero-sequence current (1)), referred to in the application of the a0 factor,
is from the residual current (I3), which is derived from phase currents I, Ig,
and .

Ig

3
310 =1 =L +Ig+1c

I0 =
Equation 4.3

a0 Set Automatically

If enable setting E32 = AUTO, setting a0 is set automatically as follows.

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-polarized directional
elements to be enabled (gl > 0.1 « IT;1).
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Z0F-Forward Directional Z0 Threshold
Z0R-Reverse Directional Z0 Threshold
Setting Range:

—64.00 to 64.00 Q secondary (300 V voltage inputs, VA, VB, VC;
5 A nominal phase current inputs, IA, 1B, IC)

—-320.00 to 320.00 Q secondary (300 V voltage inputs, VA, VB, VC;
1 A nominal phase current inputs, IA, 1B, IC)

If setting ORDER does not contain V (no zero-sequence voltage-polarized
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 element (see
Figure 4.16).

If enable setting E32 =Y, settings ZOF and Z0R (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 0.2 Q secondary (for 5 A nominal
relays) or 1 Q secondary (for 1 A nominal relays).

ZOF and ZOR Set Automatically
If enable setting E32 = AUTO, settings ZOF and ZOR (zero-sequence
NOTE: If ZOF or ZOR exceeds the impedance values) are calculated automatically, using the zero-sequence line
setting range, the quantity is set to impedance magnitude setting ZOMAG as follows.

the upper limit of the setting range.
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

Deriving ZOF and ZOR Settings
Figure 4.23 shows the voltage and current polarity for an SEL-311C in a
zero-sequence impedance network (the same approach can be instructive for
negative-sequence impedance analysis, too). For a forward fault, the
SEL-311C effectively sees the sequence impedance behind it as shown below.

Zng = Vo/(—1g) =—(V/Iy)
Vo/lyp = —Zy; (what the relay sees for a forward fault)

For a reverse fault, the SEL-311C effectively sees the sequence impedance in
front of it as shown below.

Zn=Vi/ly
V/Iy = Zy (what the relay sees for a reverse fault)

If the system in Figure 4.23 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 4.24a, with
resultant ZOF and ZOR settings as in Figure 4.24b. The zero-sequence line
angle noted in Figure 4.24a (LZ0ANG) is the same angle found in

Figure 4.16 (in the equation box with the Enable line).
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The preceding method of automatically making settings ZOF and ZOR (where
both ZOF and ZOR are positive values and ZOR > ZOF) usually suffices for
mostly inductive systems—Figure 4.23 and Figure 4.24 just provide a
theoretical background.

Zero-Sequence Reference Bus

—» Forward

-«—— Reverse

Figure 4.23 Zero-Sequence Impedance Network and Relay Polarity

L IX Reverse
Iy =Ry + iy (Reverse) o] fo] > 20
Zero-Sequence
£Z0ANGL — Line Angle Z0R
ing ZOAN
_ N g (Setting ZOANG) 0 20R > 20F
Z0F
-Zm = ~Ry — jXy (Forward) —|ZM| Z0F > -|ZM|
Forward
(a) Impedance Plot (b) ZOF and ZOR Settings

Figure 4.24 Zero-Sequence Impedance Plot for Solidly Grounded, Mostly
Inductive System

E321V-SELocic Control Equation Enable
Refer to Figure 4.14.

SELOGIC control equation setting E32IV must be asserted to logical 1 to
enable the zero-sequence voltage-polarized and channel IN current-polarized
directional elements for directional control of ground-distance and
residual-ground overcurrent elements.

For most applications, set E32IV directly to logical 1.
E32IV = 1 (numeral 1)

For situations where zero-sequence source isolation can occur (e.g., by
opening 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 E321V should be
deasserted to logical 0. In this example, connect a circuit breaker auxiliary
contact from the isolating circuit breaker to the SEL-311C.

E32IV = IN106 (52a connected to optoisolated input IN106)

Almost any desired control can be set in SELOGIC control equation setting
E32IV.
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Overcurrent Directional Control Provided by
Torque-Control Settings

SEL-311C-1 Transmission Protection System

Directional and additional control for phase, ground, and negative-sequence
overcurrent elements is available with SELOGIC torque-control settings.
Elements that do not have directional control, such as 67P1, may be
directionally controlled with SELOGIC control equations.

For example, the SELOGIC control equation
67PITC = M2P + ILOP

will enable 67P1 and 67P1T when the Zone 2 phase-distance element asserts
(forward), or during a loss-of-potential condition (ILOP = logical 1).

The default settings for all torque-control equations is logic “1,” or “enabled.”
The torque-control equation may not be set directly to logic “0.”

Table 4.1 Torque-Control Settings and Elements

Torque- Controlled Directional and Additional

Control X Reference
R Element Control Settings

Setting

67P1TC 67P1/67P1T | Torque Control Figure 3.28

67P2TC 67P2/67P2T | Torque Control
67P3TC 67P3/67P3T | Torque Control
67PATC 67P4/67P4T | Torque Control
67GITC 67G1/67GIT | Forward and Torque Control Figure 3.32
67G2TC 67G2/67G2T | Forward and Torque Control

67G3TC 67G3/67G3T | DIR3 =F or R and Torque Control
67G4TC 67G4/67GAT | DIR4 = F or R and Torque Control
67Q1TC 67Q1/67QI1T | Forward and Torque Control Figure 3.33
67Q2TC 67Q2/67Q2T | Forward and Torque Control

67Q3TC 67Q3/67Q3T | DIR3 =F or R and Torque Control
67Q4TC 67Q4/67Q4T | DIR4 = F or R and Torque Control

51PTC 51P/51PT Torque Control Figure 3.34

51GTC 51G/51GT | Torque Control Figure 3.35

51QTC 51Q/51QT Torque Control Figure 3.36
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Overview

Section 5
Trip and Target Logic

Trip Logic

This section provides a detailed explanation for the SEL-311C trip and
targeting functions, including logic diagrams for the communications-assisted
tripping schemes. Each section provides an explanation of the function, along
with a list of the corresponding settings and Relay Word bits, and a description
of the factory-default values for certain settings.

The target logic section explains both the traditional fixed target behavior and
the optional programmable target and status LED functionality.

The logic is described in the following sections:

>
>
>

Yy Yy VvYYy

Trip Logic
Switch-Onto-Fault (SOTF) Trip Logic on page 5.8

Communications-Assisted Trip Logic—General Overview on
page 5.13

Permissive Overreaching Transfer Trip (POTT) Logic on page 5.16
Directional Comparison Unblocking (DCUB) Logic on page 5.22
Directional Comparison Blocking (DCB) Logic on page 5.27
Front-Panel Target LEDs on page 5.35

Trip Logic Settings

NOTE: Trip logic is also used in the
relay to illuminate front-panel trip
target LEDs and generate an
oscillographic event report record.

Date Code 20191107

The trip logic in Figure 5.1 provides flexible tripping with SELOGIC® control
equation settings:

TRCOMM Communications-Assisted Trip Conditions—Setting TRCOMM is
supervised by communications-assisted trip logic. See
Communications-Assisted Trip Logic—General Overview on page 5.13 for
more information on communications-assisted tripping.

DTT Direct Transfer Trip Conditions—Note in Figure 5.1 that setting DTT
is unsupervised. Any element that asserts in setting DTT will cause
Relay Word bit TRIP to assert to logical 1.

Although setting TR and TRQUAL are also unsupervised, setting DTT
is provided separately from setting TR and TRQUAL for target LED
purposes (the default COMM target LED on the front panel illuminates
when DTT asserts to logical 1; see COMM Target LED on page 5.37).
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A typical setting for DTT is:

DTT = IN106
or
DTT= RMB1A

where input IN106 is connected to the output of direct transfer trip
communications equipment or receive MIRRORED BIT RMB 1A is
asserted by the transfer trip condition in a remote SEL relay.

Setting DTT is also used for Direct Underreaching Transfer Trip
(DUTT) schemes.

TRSOTF Switch-Onto-Fault Trip Conditions—Setting TRSOTF is supervised
by the switch-onto-fault logic enable SOTFE and optionally, the
disturbance detector when EDDSOFT =Y. See Switch-Onto-Fault
(SOTF) Trip Logic on page 5.8 for more information on
switch-onto-fault logic.

TR Other Trip Conditions—Setting TR is the SELOGIC control equation trip
setting most often used for general protection if tripping does not
involve communications-assisted (settings TRCOMM and DTT) or
switch-onto-fault (setting TRSOTF) trip logic, or instantaneous
elements (often used in the TRQUAL equation).

Note in Figure 5.1 that setting TR is unsupervised. Any element that
asserts in setting TR will cause Relay Word bit TRIP to assert to
logical 1.

The TR equation is appropriate for automation and control trips, such
as breaker open commands, operator control pushbuttons, or
out-of-step trip conditions. These conditions may be present for only
one processing interval, but the SEL-311C issues a TRIP immediately
upon evaluating the TR equation to logical 1.

TRQUAL Qualified Trip Conditions—The SEL-311C has self-test functions
to detect most hardware problems and prevent misoperation. A small
number of transient memory or processor errors may not be detected.
The TRQUAL equation and EDDSOTF Switch-Onto-Fault
supervision improve security for these transient conditions without
increasing relay operating time under most fault conditions. Setting
TRQUAL is supervised by the disturbance detector logic, as shown in
Figure 5.1. The disturbance detector (DD) logic detail is shown in
Figure 4.2.

When the SEL-311C evaluates the TRQUAL equation to logical 1, the
relay trips immediately if the DD Relay Word bit is already asserted. If
DD is not asserted, the relay waits as long as two cycles for DD to
assert. If the TRQUAL equation remains asserted the relay trips after
the timer expires.

The disturbance detector is very sensitive to fault conditions, and will
almost always assert before a Zone 1 element asserts for a new fault
condition. The DD element also contains a 10-cycle dropout timer to
maintain a logical 1 for a reasonable period after a disturbance is
detected. Using the TRQUAL equation for Zone 1 elements or
instantaneous overcurrent elements will almost never increase
operating time.

Security is improved when the TRQUAL equation is asserted
momentarily because of a transient memory or processor error, but the
disturbance detector does not assert. If the TRQUAL equation resets
before the two-cycle timer expires, no TRIP is issued.
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Use the TRQUAL setting with instantaneous elements, such as in the
following setting.

TRQUAL = M1P + Z16

Overcurrent or distance elements that contain an intentional time delay
may be used in the TRQUAL equation. In certain conditions, such as
during bench testing with delays set longer than 10 cycles, the
disturbance detector element may deassert before the time-delayed
element asserts in the TRQUAL equation. This adds two cycles to the
overall trip time.

For example, if setting TRQUAL contains a negative-sequence
time-overcurrent element,

TRQUAL =... + 51QT

the observed trip time may be as long as two cycles longer than the expected
time-overcurrent characteristic. For backup protection delays lasting several
seconds, this extra time is of no consequence. If this extra delay is not
desirable, use the time-delayed elements in the TR equation instead.

Elements that assert for nonfault conditions, such as breaker open
commands, operator control pushbuttons, or out-of-step trip
conditions, should not be used in the TRQUAL equation. The reason is
that the asserted condition may only exist for one processing interval,
and the DD bit will often be quiescent. This situation will sometimes
result in a nontrip. Use the unsupervised TR setting for automation or
control tripping instead.

Setting EDDSOTF =Y enables similar supervision for the
switch-onto-fault logic.

ULTR Unlatch Trip Conditions—The ULTR SELOGIC control equation
defines the conditions that must be true before the TRIP bit can reset.
Most often this is set with the inverted current elements to indicate that
the breaker is open when they deassert, or the inverted 52A breaker
status bit, or a combination of current and breaker status elements.

TDURD Minimum Trip Duration Time—This timer establishes the minimum
time duration for which the TRIP Relay Word bit asserts. This is a
rising-edge initiated timer. The settable range for this timer is
4-16,000 cycles. See Figure 5.2.

More than one trip setting (or all five trip settings TRCOMM, DTT, TRSOTF,
TR, and TRQUAL) can be set. For example, in a communications-assisted trip
scheme, TRCOMM is set with direction forward overreaching Level 2
distance elements, TRQUAL is set with direction forward underreaching
Level 1 distance elements and other time delayed elements (e.g., Zone 2
definite-time distance elements), and TRSOTF is set with instantaneous
directional and nondirectional elements.
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Trip Logic
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Trip Logic

Set Tr|p Refer to Figure 5.1. All trip conditions, listed below,
» Communications-Assisted Trip
» Direct Transfer Trip
» Switch-Onto-Fault Trip
» Breaker Manual Trip
» Other Trips

are combined into OR-1 gate. The output of OR-1 gate asserts Relay Word bit
TRIP to logical 1, regardless of other trip logic conditions. It also is routed
into the Minimum Trip Duration Timer (setting TDURD).

As shown in the time line example in Figure 5.2, the Minimum Trip Duration
Timer (with setting TDURD) outputs a logical 1 for a time duration of
“TDURD” cycles any time it sees a rising edge on its input (logical O to
logical 1 transition), if it is not already timing (timer is reset). The TDURD
timer ensures that the TRIP Relay Word bit remains asserted at logical 1 for a
minimum of “TDURD?” cycles. If the output of OR-1 gate is logical 1 beyond
the TDURD time, Relay Word bit TRIP remains asserted at logical 1 for as
long as the output of OR-1 gate remains at logical 1, regardless of other trip
logic conditions.

The Minimum Trip Duration Timer can be set no less than 4 cycles.

Rising-edge
input occurring
when the
Minimum

Trip Duration
Timer is reset

Y
Example output of _,_\_,_\_ |__|—,_
OR-1(inputinto |
Minimum Trip ~ |=—
|
1

I
B
I.
—» - S
a
2

TDURD

Duration Timer and
0R-2)

Resultant logic J |_, |—,—\_

output of Minimum |
Trip Duration Timer |
|
I

(input into OR-2)

OR-combination of J |_|

above two logic
traces (inputs into
OR-2 to drive Relay
Word bit TRIP)

Figure 5.2 Minimum Trip Duration Timer Operation (See Bottom
of Figure 5.1)
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Unlatch Trip

Once Relay Word bit TRIP is asserted to logical 1, it remains asserted at
logical 1 until all the following conditions come true:

» Minimum Trip Duration Timer stops timing (logic output of the
TDURD timer goes to logical 0)

» Output of OR-1 gate deasserts to logical 0

» One of the following occurs:

> SELOGIC control equation setting ULTR asserts to
logical 1

> The front-panel TARGET RESET pushbutton is pressed

> The TAR R (Target Reset) command is executed via
the serial port

> A Target Reset command is received from a DNP or
Modbus master

The front-panel TARGET RESET pushbutton, the TAR R (Target Reset) serial
port command, and the DNP or Modbus target reset commands are used to
force the TRIP Relay Word bit to logical O if setting ULTR does not assert to
unlatch the trip. This might occur during testing or when ULTR has been set to
logical 0. Setting ULTR = 0 allows TRIP to stay asserted until the targets are
reset by the front-panel TARGET RESET pushbutton, the TAR R command, or the
DNP or Modbus Target Reset. This allows the relay to provide a lockout
function.

SELOGIC control equation RSTTRGT (see SELOGIC Control Equation Setting
RSTTRGT on page 5.44) does not unlatch TRIP. See Optional Logic to Clear
Trip Seal-In and Reset Targets on page 5.45 for more information.

Other Applications for the Target Reset Function

Factory Settings
Example (Using
Setting TR and
TRQUAL)

SEL-311C-1 Transmission Protection System

Refer to the bottom of Figure 5.1. Note that the combination of the TARGET
RESET pushbutton, the DNP and Modbus target reset inputs, and the TAR R
(Target Reset) serial port command is also available as Relay Word bit
TRGTR. See Figure 5.21 and accompanying text for applications for Relay
Word bit TRGTR.

In this example the “communications-assisted” and “switch-onto-fault” trip
logic at the top of Figure 5.1 are not used. The SELOGIC control equation trip
settings TR and TRQUAL are now the only inputs into OR-1 gate and flow
into the “seal-in and unlatch” logic for Relay Word bit TRIP.

The factory settings for the trip logic SELOGIC control equation settings
depend on the potential transformer configuration.
For wye-connected PTs (Global setting PTCONN = WYE):

TR = M2PT + Z2GT + 51GT + 51QT + OC (time-delayed and control trip
conditions)

TRQUAL = M1P + Z1G (instantaneous trip conditions)
ULTR = i(50L + 51G) (unlatch trip conditions)

For delta-connected PTs (Global setting PTCONN = DELTA):
TR = M2PT + 51GT + 51QT + OC (time delayed and control trip conditions)
TRQUAL = M1P (instantaneous trip conditions)
ULTR = i(50L + 51G) (unlatch trip conditions)

Instruction Manual Date Code 20191107



Trip and Target Logic | 5.7
Trip Logic

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

TDURD = 9.00 cycles

See the settings sheets in Section 9: Setting the Relay for setting ranges.

Set Trip (Wye-connected PT settings shown)
In SELOGIC control equation setting TR = M2PT + Z2GT + 51GT + 51QT + 0C

» Distance elements M2PT and Z2GT and time-overcurrent
elements 51GT and 51QT trip directly. Time-overcurrent and
definite-time overcurrent elements can be torque-controlled
(e.g., elements 51GT and 51QT are torque-controlled by
SELOGIC control equation settings 5S1GTC and 51QTC,
respectively). Check torque-control settings to see if any
control is applied to time-overcurrent and
definite-time-overcurrent elements. Such control is not
apparent by mere inspection of trip setting TR or any other
SELOGIC control equation trip setting.

» Relay Word bit OC asserts for execution of the OPEN
Command. See OPE Command (Open Breaker) on page 10.36
for more information on the OPEN Command.

NOTE: Do not use Relay Word bits In SELOGIC control equation setting TRQUAL = M1P + Z16

that assert momentarily in the . L .

TRQUAL equation. For example, the » Distance elements M1P and Z1G trip directly, subject to

open breaker command Relay Word supervision by the Disturbance Detector Relay Word bit (DD)
bit OC, or optional operator control R . R R a

pushbuttons (e.g., PBIOPUL) only as described in TRQUAL Qualified Trip Conditions on

assert for one processing interval, and page 52.

may not cause a trip by using the

TRQUAL equation in some situations. . . . .
Use these ?ypes of Relay Word bits in With setting TDURD = 9.00 cycles, once the TRIP Relay Word bit asserts via
the TR equation instead. the trip logic, it remains asserted for a minimum of 9 cycles.

Unlatch Trip

In SELOGIC control equation setting ULTR = !(50L + 51G), both elements
must be deasserted before the trip logic unlatches and the TRIP Relay Word
bit deasserts to logical 0.

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

Unlatch Trip With 52a Circuit Breaker Auxiliary Contact

A 52a circuit breaker auxiliary contact is wired to optoisolated input IN101.

52A = IN101 (SELOGIC control equation circuit breaker status setting—see
Optoisolated Inputs on page 7.1)

ULTR = I52A

Input IN101 has to be de-energized (52a circuit breaker auxiliary contact has to
be open) before the trip logic unlatches and the TRIP Relay Word bit deasserts
to logical 0.

ULTR = 152A = NOT(52A)
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Unlatch Trip With 52b Circuit Breaker Auxiliary Contact

Program Output
Contacts for Tripping

TRIP Used in Other
Settings

A 52b circuit breaker auxiliary contact is wired to optoisolated input IN101.

52A = 1IN101 (SELOGIC control equation circuit breaker status setting—see
Optoisolated Inputs on page 7.1)

ULTR = 152A
Input IN101 must be energized (52b circuit breaker auxiliary contact has to be

closed) before the trip logic unlatches and the TRIP Relay Word bit deasserts
to logical O.

In the factory settings, the result of the trip logic in Figure 5.1 is routed to
output contacts OUT101 and OUT102 with the following SELOGIC control
equation settings:

OuTI01 = TRIP
0uT102 = TRIP
If more than two TRIP output contacts are needed, program other output

contacts with the TRIP Relay Word bit. Examples of uses for additional TRIP
output contacts:

» Tripping more than one breaker
» Keying an external breaker failure relay

» Keying communication equipment in a Direct Transfer Trip
scheme

See Output Contacts on page 7.32 for more information on programming
output contacts.

Besides operating a trip output contact (e.g., OUT101 = TRIP), the TRIP
Relay Word bit is used in a number of other factory-default SELOGIC control
equations settings:

ULCL = TRIP unlatch close—see Figure 6.3
T9RI = TRIP reclose initiate—see Table 6.4 and following explanation

79STL=TRIP stall open interval timing—see Table 6.4 and following
explanation

79BRS = TRIP block reset timing—see Table 6.4 and following explanation

BKMON = TRIP breaker monitor initiation—see Breaker Monitor on
page 8.1

Switch-Onto-Fault (SOTF) Trip Logic

SEL-311C-1 Transmission Protection System

Switch-Onto-Fault (SOTF) trip logic provides a programmable time window
for selected elements to trip right after the circuit breaker closes.
“Switch-onto-fault” implies that a circuit breaker is closed into an existing
fault condition, such as when safety grounds are accidentally left attached to a
line. If the circuit breaker is closed into such a condition, the resulting fault
needs to be cleared right away and reclosing blocked. An instantaneous
element is usually set to trip in the SOTF trip logic.

For added security, the SEL-311C features a selectable disturbance detector
supervision function on the switch-onto-fault trip condition. Enable this logic
by setting EDDSOTF =Y. The operation is described below.
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Refer to the switch-onto-fault trip logic in Figure 5.1 (middle of figure). The
SOTF trip logic permits tripping if both the following occur:

» An element asserts in SELOGIC control equation trip setting
TRSOTF

» Relay Word bit SOTFE is asserted to logical 1

The SEL-311C asserts Relay Word bit SOTFT to indicate that a
switch-onto-fault trip has been initiated.

Relay Word bit SOTFE (the output of the SOTF logic) provides the effective
time window for an element in trip setting TRSOTF (e.g., TRSOTF = 50P2) to
trip after the circuit breaker closes. Figure 5.3 and the following discussion
describe the three-pole open (3PO) logic and the SOTF logic.

0PO =27
(Setting) To POTT Logic ®
R Trip Logic @
(Set%?npqo) ' and CCVT Transient
Vi ——1- Blocking Logic ®
Relay
0P0 =52 Word

(Setting) 0 Bits
w;{d 3P0D
_Bit
524 -
o—(
S0P - 50LA
(Setting) 50LB
(o : 50LC

Q

*—- | N
) 50L
[l * J
N _>
| 3P0 ~ 52AEND
SAEND=0FF ————0 07D ‘D—o— SOTFE
(Setting)
—CSOL \ CLOEND 0 to Trip Logic ®
Cloewp=0Ff ———— / 0 Sockngtoges
(Setting) ,— / SOTFD ocking Logic
CLMON -
(SELOGIC Setting) Monitor DC Close Bus Rising Edge Detect
® To Figure 5.6; @ to Figure 4.1; ® to Figure 4.9; ® to Figure 5.1.
Figure 5.3 Three-Pole Open Logic (Top) and Switch-Onto-Fault Logic (Bottom)
Three-Pole Three-pole open (3PO) logic is the top half of Figure 5.3. It is not affected by

enable setting ESOTF (see Other Enable Settings on page SET.10).

Open Logic
The open circuit breaker condition is determined by load current (50L) and
either one of:

» Circuit breaker status (52A = logical 0)
» Positive-sequence voltage (IV1l < 27PO)

Select OPO = 52 if 3PO is to be determined by circuit breaker status. Select
OPO = 27 if 3PO is to be determined by positive-sequence voltage.
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If OPO = 52, and the circuit breaker is open (52A = logical 0), and the
currents on all three phases are below phase pickup SOLP (50L = logical 0),
then the three-pole open (3PO) condition is true:

3P0 = logical 1 (circuit breaker open)

If OPO =27, and IV1l is less than setting 27PO, and current is below phase
pickup 50LP (50L = logical 0), then the three-pole open (3PO) condition is
true:

3P0 = logical 1 (circuit breaker open)

The OPO = 27 selection can inhibit some SEL-311C logic functions that
expect 3PO to be asserted when the breaker is open. For example, do not
select OPO = 27 if shunt reactors are applied. In such applications, the voltage
decays slowly after the circuit breaker opens, which could delay the
declaration of an open pole.

The 3POD dropout time qualifies circuit breaker closure, whether detected by
circuit breaker status (52A), positive-sequence voltage, or load current level
(50L). When the circuit breaker is closed:

3P0 = logical 0 (circuit breaker closed)
Note that the 3PO condition is also routed to the permissive overreaching

transfer trip (POTT) logic (see Figure 5.6) and the loss-of-potential (LOP)
logic (see Figure 4.1).

Determining Three-Pole Open Condition
Without Circuit Breaker Auxiliary Contact (OPO = 52)

Circuit Breaker
Operated
Switch-Onto-Fault
Logic

SEL-311C-1 Transmission Protection System

If a circuit breaker auxiliary contact is not connected to the SEL-311C and
OPO = 52, SELOGIC control equation setting 52A may be set:

52A=0 (numeral 0)

With SELOGIC control equation setting 52A continually at logical 0, 3PO
logic is controlled solely by load detection element 50L. Phase pickup SOLP is
set below load current levels.

When the circuit breaker is open, Relay Word bit 50L drops out (= logical 0)
and the 3PO condition asserts:

3P0 = logical 1 (circuit breaker open)

When the circuit breaker is closed, Relay Word bit SOL picks up (= logical 0;
current above phase pickup SOLP) and the 3PO condition deasserts after the
3POD dropout time:

3P0 = logical 0 (circuit breaker closed)

Circuit breaker operated switch-onto-fault logic is enabled by making time
setting S2AEND (52AEND = OFF). Time setting S2AEND qualifies the
three-pole open (3PO) condition and then asserts Relay Word bit SOTFE:

SOTFE = logical 1

Note that SOTFE is asserted when the circuit breaker is open. This allows
elements set in the SELOGIC control equation trip setting TRSOTF to operate
if a fault occurs when the circuit breaker is open (see Figure 5.1). In such a
scenario (e.g., flashover inside the circuit breaker tank), the tripping via
setting TRSOTF cannot help in tripping the circuit breaker (the circuit breaker
is already open), but can initiate breaker failure protection, if a breaker failure
scheme is implemented in the SEL-311C or externally (see example in
Figure 7.26).
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When the circuit breaker is closed, the 3PO condition deasserts (3PO =
logical 0) after the 3POD dropout time (setting 3POD is usually set for no
more than a cycle). The SOTF logic output, SOTFE, continues to remain
asserted at logical 1 for dropout time SOTFD time.

Close Bus Close bus operated switch-onto-fault logic is enabled by making time setting

. CLOEND (CLOEND = OFF). Time setting CLOEND qualifies the
OperatEd Switch- deassertion of the load detection element S0L (indicating that the circuit
Onto-Fault Logic breaker is open).

Circuit breaker closure is detected by monitoring the dc close bus. This is
accomplished by wiring an optoisolated input on the SEL-311C (e.g., IN105) to
the dc close bus. When a manual close or automatic reclosure occurs,
optoisolated input IN105 is energized. SELOGIC control equation setting
CLMON (close bus monitor) monitors the optoisolated input IN105:

CLMON = IN105

When optoisolated input IN105 is energized, CLMON asserts to logical 1. At
the instant that optoisolated input IN105 is energized (close bus is energized),
the circuit breaker is still open so the output of the CLOEND timer continues
to be asserted to logical 1. Thus, the ANDed combination of these conditions
latches in the SOTFD timer. The SOTFD timer outputs a logical 1 for a time
duration of “SOTFD” cycles any time it sees a rising edge on its input
(logical O to logical 1 transition), if it is not already timing. The SOTF logic
output, SOTFE, asserts to logical 1 for SOTFD time.

Switch-o nto-Fau |t }{ellay W(;lrd liit S(t))TFE is thedogg){}; (if the ((i:ircui'; bgeaker'opelrat?ﬁ SOTF '
. ogic or the close bus operate ogic described previously. Time setting
LOQIC OUtPUt (SOTFE) SOTFD in each of these logic paths provides the effective time window for the
gIiCc p p

instantaneous elements in SELOGIC control equation trip setting TRSOTF to
trip after the circuit breaker closes (see Figure 5.]—middle of figure). Time
setting SOTFD is usually set around 30 cycles.

Relay Word bit SOTFT asserts when a switch-onto-fault trip has been
generated. SOTFT may be helpful for programmable target logic, testing, and
reporting functions.

A SOTF trip illuminates the SOTF default front-panel LED.

Disturbance Detector The SEL-311C features a selectable disturbance detector supervision
e o f function on the switch-onto-fault trip condition. Enable this logic by setting
Supervision for EDDSOTE = Y, which is the factory-default selection.

Switch-Onto-Fault
Logic

Refer to Figure 5.1 for the EDDSOTF influence on the SOTF logic.

When EDDSOTF = N, the switch-onto-fault logic works with no DD
supervision, and the relay immediately asserts SOTFT and issues a TRIP
when TRSOTF evaluates to logical 1 with SOTFE asserted.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System



5.12 | Trip and Target Logic
Switch-Onto-Fault (SOTF) Trip Logic

When EDDSOTF =Y, the relay checks the state of the Disturbance Detector
(DD) Relay Word bit when TRSOTF evaluates to logical 1 with SOTFE
asserted.

» If DD is asserted, the relay immediately asserts the SOTFT
output, which causes an immediate trip.

» If DD is not asserted, and the TRSOTF and SOTFE conditions
remain asserted, the relay delays the SOTFT assertion for as
long as 2 cycles (until the DD element asserts, or until the
2-cycle wait time expires).

» If one of the TRSOTF or SOTFE conditions deassert before the
2 cycle timer expires, and the DD bit does not assert, no trip is
issued. This provides a security improvement in cases where an
element in the TRSOTF equation was transient.

The relay also uses the disturbance detector in the TRQUAL equation, as
described in TRQUAL Qualified Trip Conditions on page 5.2.

The disturbance detector is very sensitive to fault conditions, and will almost
always assert before a high-set overcurrent element asserts for a new fault
condition. The DD element also contains a 10-cycle dropout timer to maintain
a logical 1 for a reasonable period after a disturbance is detected. Using the
EDDSOTF=Y setting while using instantaneous overcurrent elements or
distance elements in the SOTF equation will almost never increase operating
time.

Use the TRSOTF setting with instantaneous elements, such as in the
factory-default setting:

TRSOTF = M2P+Z2G+50P1 (when PTCONN = WYE; wye-connected PTs)
TRSOTF = M2P+ 50P1 (when PTCONN = DELTA; delta-connected PTs)

Switch-Onto-Fault An in§tantgneou§ element is usually set to trip in the SELOGIC control
. . . . equation trip settin, e.g., = .
Trlp LOglC Trlp Settlng quation trip setting TRSOTF (e.g., TRSOTF = M2P + Z2G + 50P1)

(TR SOTF) It the voltage potential for the relay is from the line-side of the circui.t breqker,
the instantaneous overcurrent element in the SELOGIC control equation trip
setting TRSOTF should be nondirectional. When the circuit breaker is open
and the line is de-energized, the relay sees zero voltage. If a close-in
three-phase fault condition exists on the line (e.g., safety grounds accidentally
left attached to the line after a clearance) and then the circuit breaker is closed,
the relay continues to see zero voltage. The directional elements have no
voltage for reference and cannot operate. The disturbance detector is very
sensitive to fault conditions, and will almost always be asserted before a
high-set overcurrent element asserts for a new fault condition. The DD
element also contains a 10-cycle dropout timer to maintain a logical 1 for a
reasonable period after a disturbance is detected. In other words, using the
EDDSOTF=Y setting while using instantaneous overcurrent elements or
distance elements in the SOTF equation will almost never impair protection
speed.
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Communications-Assisted Trip Logic—General
Overview

The SEL-311C includes communications-assisted tripping schemes that
provide unit-protection for transmission lines with the help of
communications. No external coordination devices are required.

Zone1()
Zone 3 (1) o

Zone1(2)

5 Transmission Line 7 I

SEL-31IC

4
!
comm. [ :><:— ffffffff X Comm.
Fquip RX |t = +{RX Equip

Figure 5.4 Communications-Assisted Tripping Scheme

Bus 1

2]

H '
Zsng

Refer to Figure 5.4 and the top of Figure 5.1.

The six available tripping schemes are:

» Direct Transfer Trip (DTT)

» Direct Underreaching Transfer Trip (DUTT)

» Permissive Overreaching Transfer Trip (POTT)

» Directional Comparison Unblocking (DCUB)

» Directional Comparison Blocking (DCB)
Enable Settmg The POTT, PUTT, DCUB, .and DCB tripping .schemes are enabled with setting
ECOMM ECOMM. Setting choices include the following.

ECOMM =N [no communications-assisted trip scheme enabled]
ECOMM = POTT [POTT or PUTT scheme]

ECOMM = DCUB1 [DCUB scheme for two-terminal line (communications
from one remote terminal)]

ECOMM = DCUB2 [DCUB scheme for three-terminal line (communications
from two remote terminals)]

ECOMM =DCB [DCB scheme]

These tripping schemes can all work in two-terminal or three-terminal line
applications. The DCUB scheme requires separate settings choices for these
applications (ECOMM = DCUB1 or DCUBZ2) because of unique DCUB logic
considerations.

These tripping schemes require Zone/Level 3 elements set direction reverse
(setting DIR3 = R). Note that Zone 1 and Zone 2 are fixed in the forward
direction.
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Communications-Assisted Trip Logic—General Overview

Trip Setting TRCOMM

Trip Settings TRSOTF,
TRQUAL, and TR

Trip Setting DTT

SEL-311C-1 Transmission Protection System

See Directional Control Settings on page 4.28 for more information on
Zone/Level direction settings DIR3 and DIR4.

POTT, PUTT, DCUB, and DCB communications-assisted tripping schemes
are explained in sections that follow.

The POTT, PUTT, DCUB, and DCB tripping schemes use SELOGIC control
equation trip setting TRCOMM for those tripping elements that are supervised
by the communications-assisted trip logic (see top of Figure 5.1 ). Setting
TRCOMM is typically set with Level 2 overreaching distance elements (fixed
direction forward).

M2P Zone 2 phase-distance instantaneous element

72G Zone 2 ground-distance instantaneous element

The exception is a DCB scheme (see Figure 5.14), where Zone 2 overreaching
distance elements (set direction forward) with a short delay are used instead.
The short delays provide necessary carrier coordination delays (waiting for the
block trip signal). These elements are entered in trip setting TRCOMM.

In a communications-assisted trip scheme, the SELOGIC control equation trip
settings TRSOTF, TRQUAL, and TR can also be used, in addition to setting
TRCOMM.

Setting TRSOTF can be set as described in Switch-Onto-Fault (SOTF) Trip
Logic on page 5.8.

Setting TRQUAL is typically set with unsupervised Level 1 underreaching
elements (fixed direction forward).

M1P Zone 1 phase-distance instantaneous element

71G Zone 1 ground-distance instantaneous element

67G1 Level 1 directional residual-ground instantaneous overcurrent element

67Q1 Level 1 directional negative-sequence instantaneous overcurrent
element

The SEL-311C allows instantaneous tripping for elements in the TRQUAL
equation when Relay Word bit DD is asserted. If an element in the TRQUAL
setting asserts in isolation from a disturbance detector operation, the trip will
be delayed for two cycles. See TRQUAL Qualified Trip Conditions on

page 5.2 for full details.

The DTT and DUTT tripping schemes are realized with SELOGIC control
equation trip setting DTT, discussed at the beginning of this section.

MIRRORED BITS® protocol default settings provide adequate security for
POTT, DCB, and DCUB applications. Set the receive bit security counter
RMBI1PU - RMB8PU = 2 when using MIRRORED BITS protocol for DTT
applications or any other tripping scheme that is unsupervised by a local fault
detector. For example, if Direct Transfer Tripping SELOGIC control equation
DTT is set to

DTT =RMB3A

make the receive bit security counter setting

RMB3PU =2

on MIRRORED BITS Port A.
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When RMB3PU =2 on MIRRORED BITS Port A, the MIRRORED BITS protocol
requires reception of two sequential MIRRORED BITS messages with RMB3
asserted (deasserted) before allowing Relay Word Bit RMB3A to assert

(deassert).
Use Existing SEL-321 The communications-assisted tripping schemes settings in the SEL-311C are
licati Guid very similar to those in the SEL-321. Existing SEL-321 application guides can
App ICation Guldes also be used in setting up these schemes in the SEL-311C. The following
for the SEL-311C application guides are available from SEL.

»  AG93-06 Applying the SEL-321 Relay to Directional
Comparison Blocking (DCB) Schemes

»  AG95-29 Applying the SEL-321 Relay to Permissive
Overreaching Transfer Trip (POTT) Schemes

»  AGY6-19 Applying the SEL-321 Relay to Directional
Comparison Unblocking (DCUB) Schemes

The major differences are how the optoisolated input settings and the trip
settings are made. The following explanations describe these differences.

Optoisolated Input Settings Differences Between the SEL-321 and

SEL-311C Relays

The SEL-311C does not have optoisolated input settings like the SEL-321.
Rather, the optoisolated inputs of the SEL-311C are available because Relay
Word bits are used in SELOGIC control equations. The following optoisolated
input setting example is for a Permissive Overreaching Transfer Trip (POTT)
scheme.

SEL-321 SEL-311C

IN102 =PT PT1 =1IN102 (received permissive trip)

In the above SEL-311C setting example, Relay Word bit IN102 is set in the
PT1 SELOGIC control equation. Optoisolated input IN102 is wired to a
communications equipment receiver output contact. Relay Word bit IN102
can also be used in other SELOGIC control equations in the SEL-311C. See
Optoisolated Inputs on page 7.1 for more information on optoisolated inputs.

Trip Settings Differences Between the SEL-321 and SEL-311C Relays

Some of the SELOGIC control equation trip settings of the SEL-321 and
SEL-311C relays are not operationally different, just labeled differently. The
correspondence is listed below.

SEL-321 SEL-311C

MTCS TRCOMM (Communications-Assisted Trip Conditions)
MTO TRSOTF (Switch-Onto-Fault Trip Conditions)
MTU TR or TRQUAL | (Unconditional or Other Trip Conditions)

The SEL-321 handles trip unlatching with setting TULO. The SEL-311C
described in this manual handles trip unlatching with SELOGIC control
equation setting ULTR.

The SEL-321 has single-pole trip logic. The SEL-311C described in this
manual does not have single-pole trip logic.
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U Sing MIRRORED BITS The MIRRORED BITS relay-to-relay communications protocol is available in

t | t SEL-311C relays, in addition to many other SEL products. MIRRORED BITS
0 lmp emen implementations have the following advantages over traditional

Communications- communications equipment:

Assisted Tr|pp|ng > Less equipment (increases reliability)

Schemes » Increased speed (no contact closure delay)

» Better security (through built-in channel monitoring)

» Reduced wiring complexity

Use MIRRORED BITS communications to implement any of these tripping
schemes efficiently and economically. MIRRORED BITS technology is
generally used with either POTT or DCUB tripping schemes. If the
communications channel is reliable and noise-free, e.g., dedicated fiber optic,
then POTT gives unsurpassed security and very good dependability. If the
communications channel is less than perfect, but communications channel
failures are not likely to be coincident with external faults, then DCUB gives a
very good combination of security and dependability.

The sections that follow use traditional communications equipment in the
examples. If using MIRRORED BITS communications, change some of the
SELOGIC control equations to use Transmit MIRRORED BITS instead of output
contacts, and Receive MIRRORED BITS instead of optoisolated inputs. Also,
MIRRORED BITS communications do not require dc wiring between the relay
and communications equipment.

See Appendix H: MIRRORED BITS Communications for details on configuring a
relay port to communicate using MIRRORED BITS.

Several Application Guides available on the SEL website (selinc.com) give
application examples of MIRRORED BITS in communications-assisted tripping
schemes. Although some of the guides were written for the SEL-321-1
distance relays, these relays are similar to SEL-311C relays, so the guides will
still be helpful in designing SEL-311C applications.

Permissive Overreaching Transfer Trip (POTT) Logic

Enable the POTT logic by setting ECOMM = POTT. The POTT logic in Figure 5.6
is also enabled for directional comparison unblocking schemes (ECOMM =
DCUBI or ECOMM = DCUB2). The POTT logic performs the following tasks.

» Keys communication equipment to send permissive trip when
any element included in the SELOGIC control equation
communications-assisted trip equation TRCOMM asserts and
the current reversal logic is not asserted.

» Prevents keying and tripping by the POTT logic following a
current reversal.

» Echoes the received permissive signal to the remote terminal.
» Prevents channel lockup during echo and test.

» Provides a secure means of tripping for weak- and/or
zero-infeed line terminals.

» Allows the Zone 1 distance elements to reset the current reversal
detection timer. This allows the local relay to immediately send
permission to trip to the remote relay if a fault is detected in Zone 1.

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107
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Use Existing SEL-321 Use the existing SEL-321 POTT application guide (AG95-29) to help set up

. . the SEL-311C in a POTT scheme (see Use Existing SEL-321 Application
POTT Appllcatlon Guides for the SEL-311C on page 5.15 for more setting comparison
Guide for the information on the SEL-321/SEL-311C relays).

SEL-311C

External In put S See Optoisolated Inputs on page 7.1 for more information on optoisolated inputs.

PT1-Received Permissive Trip Signal(s)

In two-terminal line POTT applications, a permissive trip signal is received
from one remote terminal. One optoisolated input on the SEL-311C (e.g.,
input IN104) is driven by a communications equipment receiver output (see
Figure 5.8). Make SELOGIC control equation setting PT1 as shown below.

PT1=1IN104 (two-terminal line application)

In three-terminal line POTT applications, permissive trip signals are received from
two remote terminals. Two optoisolated inputs on the SEL-311C (e.g., inputs
IN104 and IN106) are driven by communications equipment receiver outputs (see
Figure 5.9). Make SELOGIC control equation setting PT1 as follows.

PT1=1IN104 * IN106 (three-terminal line application)

SELOGIC control equation setting PT1 in Figure 5.5 is routed to control Relay
Word bit PT if enable setting ECOMM = POTT. Relay Word bit PT is then an
input into the POTT logic in Figure 5.6 (for echo keying).

Setting
ECOMM = POTT }
Relay
Setting W;i{d
ECOMM = DCUBI T
SELocIc
Settings
FfTTzl \ to POTT
J Logic ®

Setting
ECOMM = DCUB2 f
® Figure 5.6.
Figure 5.5 Permissive Input Logic Routing to POTT Logic

Also note that SELOGIC control equation setting PT1 in Figure 5.7 is routed to
control Relay Word bit PTRX if enable setting ECOMM = POTT. Relay Word bit
PTRX is the permissive trip receive input into the trip logic in Figure 5.1.

Timer Settinqs See Section 9: Setting the Relay for setting ranges.
Z3RBD-Zone (Level) 3 Reverse Block Delay

Current-reversal guard timer—typically set at 5 cycles.

EBLKD-Echo Block Delay

Prevents echoing of received PT for settable delay after dropout of local
permissive elements in trip setting TRCOMM—typically set at 10 cycles.
Set to OFF to defeat EBLKD.

ETDPU-Echo Time Delay Pickup

Sets minimum time requirement for received PT, before echo
begins—typically set at 2 cycles. Set to OFF for no echo.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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EDURD-Echo Duration

Limits echo duration to prevent channel lockup—typically set at 4 cycles.

Loqic Out put S The following logic outputs can be tested by assigning them to output contacts.
See Output Contacts on page 7.32 for more information on output contacts.

Z3RB-Zone (Level) 3 Reverse Block

Current-reversal guard asserted (operates as an input into the trip logic in
Figure 5.1 and the DCUB logic in Figure 5.10).

ECTT-Echo Conversion to Trip

PT received, converted to a trip condition for a Weak-Infeed Condition
(operates as an input into the trip logic in Figure 5.1).

KEY-Key Permissive Trip

Signals communications equipment to transmit permissive trip. For example,
SELOGIC control equation setting OUT105 is set as follows.

0UT105 = KEY

Output contact 0UT105 drives a communications equipment transmitter input
in a two-terminal line application (see Figure 5.8).

In a three-terminal line scheme, output contact OUTI07 is set the same as
OUT105 (see Figure 5.9).

0uUT107 = KEY

EKEY-Echo Key Permissive Trip

Permissive trip signal keyed by Echo logic (used in testing).

Weak-Infeed Logic In some applications, with all sources in service, one terminal may not
contribute enough fault current to operate the protective elements. If the fault
lies within the Zone 1 reach of the strong terminal, the fault currents may
redistribute after the strong terminal line breaker opens, and this current
redistribution may permit sequential tripping of the weak-infeed terminal line
breaker. If currents do not redistribute sufficiently to operate the protective
elements at the weak-infeed terminal, it is still desirable to open the local
breaker. This prevents the low-level currents from maintaining the fault arc
and allows successful autoreclosure from the strong terminal. When the fault
location is near the weak terminal, the Zone 1 elements of the strong terminal
do not pick up, and the fault is not cleared rapidly. This is because the weak
terminal protective elements do not operate.

Note that while the weak-infeed terminal contributes little fault current, the
phase voltage(s) are depressed.

The weak-infeed logic and settings are available for ECOMM = POTT,
DCUBI, or DCUB2 applications.

SEL-311C Weak-Infeed Logic Settings

Enable the weak-infeed logic by setting EWFC =Y. Making this setting
exposes additional settings 27PPW, and SONW or 59QW for wye-connected
and delta connected systems, respectively.

Disable the weak-infeed logic by setting EWFC = N.

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107
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The SEL-311C provides additional logic (see Figure 5.6) for weak-infeed
terminals to permit rapid tripping of both line terminals for internal faults near
the weak terminal. The strong terminal is permitted to trip via the permissive
signal echoed back from the weak terminal. The weak-infeed logic generates a
trip at the weak terminal if all of the following are true:

» A permissive trip (PT) signal is received (from the strong
terminal) for ETDPU time.

» A phase-to-phase undervoltage or residual overvoltage element
is picked up (when Global setting PTCONN = WYE) or a
phase-to-phase undervoltage or negative-sequence overvoltage
element is picked up (when Global setting PTCONN =
DELTA)

» No reverse-looking elements are picked up.
» The circuit breaker is closed.

» No loss-of-potential (LOP) condition is present when
ELOP=Y1.

After these conditions are met, the weak-infeed logic sets the
Echo-Conversion-To-Trip (ECTT) bit in the Relay Word. The ECTT bit is
included in the trip logic (see Figure 5.1) and a trip signal is issued to the local
breaker when the conditions described above are true.

Typical phase-to-phase undervoltage setting (27PPW) is 70-80 percent of the
lowest expected system operating voltage, on a phase-to-phase basis.

For wye-connected PT applications (when Global setting PTCONN = WYE),
the residual overvoltage setting should be set to approximately twice the
expected standing 3VO0 voltage. With the SOINW element set at twice the
nominal standing 3VO0 voltage, the instrument measures only fault-induced
zero-sequence voltage.

For delta-connected PT applications (when Global setting PTCONN =
DELTA), the negative-sequence overvoltage setting should be set to
approximately twice the expected standing V2 voltage. With the 59QW
element set at twice the nominal standing V2 voltage, the instrument measures
only fault-induced negative-sequence voltage.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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Figure 5.6 POTT Logic
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Setting
ECOMM = POTT
SELo6IC
Settin
MmO
Relay
Setting Word
ECOMM = DCUBI 73@—‘ _Bit_
—— PTRX
Relay
thrd
Bits
= t
offli—— ) o
. ./
Setting
ECOMM = DCUB? j
® Figure 5.10; @ Figure 5.1.
Figure 5.7 Permissive Input Logic Routing to Trip Logic
Variations for Refer to Figure 5.4 and Figure 5.6. In a PUTT scheme, keying is provided by
P .. Level 1 underreaching elements (fixed direction forward), instead of with
ermissive Relay Word bit KEY. This is accomplished by setting the output contact used
Underreaching to key permissive trip, 0UT105 for example, with these elements
Transfer T|‘|p (PUTT) M1P Zone 1 phase-distance instantaneous element
SCheme Z1G Zone 1 ground-distance instantaneous element

6761 Zone 1 directional residual-ground instantaneous overcurrent
element

67Q1 Zone 1 directional negative-sequence instantaneous overcurrent
element

instead of with element KEY (see Figure 5.8).
0UT105 = MIP + Z1G + 67G1 + 67Q1 (Note: only use enabled elements)

If echo keying is desired, add the echo key permissive trip logic output, as
follows.

0UT105 = MIP + Z16 + 67G1 + 67Q1 + EKEY

In a three-terminal line scheme, another output contact (e.g., OUTI0T7) is set the
same as OUT105 (see Figure 5.9).

Installation Figure 5.9 shows output contacts OUT105 and OUT107 connected to separate
e gs communications equipment, for the two remote terminals. Both output
Variations contacts are programmed the same (OUT105 = KEY and OUT107 = KEY).

Depending on the installation, perhaps one output contact (e.g., OUT105 =
KEY) could be connected in parallel to both transmitter inputs (TX) on the
communications equipment in Figure 5.9. Then output contact OUTI07 can be
used for another function.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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Directional Comparison Unblocking (DCUB) Logic

(+)
SEL-31C
LTI C) IN104 (partial)
0UT105 = KEY PT1=1IN104
X1 to/from
GD __RX remote
RX l«—] terminal
=)

Figure 5.8 SEL-311C Connections to Communications Equipment for a
Two-Terminal Line POTT Scheme

(+)
0UT105 ouT107 SEL3I
— — C) IN04 () Inige (Partiah
0UTI05 = KEY PT1=IN104 * IN106
0UTI07 = KEY
TX1 to/from TX1 to/from
GD —_RX remote GD — RX remote
RX |=—] terminal1 RX |«—] terminal 2
(=)

Figure 5.9 SEL-311C Connections to Communications Equipment for a
Three-Terminal Line POTT Scheme

Directional Comparison Unblocking (DCUB) Logic

NOTE: When using power line carrier
communications equipment that
includes DCUB logic, it is typically
better to enable the DCUB logic in the
communication equipment and not in
the relay. In that case, simply enable
POTT logic in the relay. Some
communications equipment will
indicate loss-of-guard because of a
fault or noise. The DCUB logic of the
relay is unable to discriminate
between loss-of-carrier because of a
line fault and that caused by noise.
The DCUB logic within the
communication equipment is better
equipped to differentiate between the
causes of the loss-of-guard.

SEL-311C-1 Transmission Protection System

Enable the DCUB logic by setting ECOMM = DCUB1 or ECOMM =
DCUB2. The DCUB logic in Figure 5.10 is an extension of the POTT logic in
Figure 5.6. Thus, the relay requires all the POTT settings and logic, plus
exclusive DCUB settings and logic. The difference between setting choices
DCUBI1 and DCUB?2 is listed below.

DCUBI directional comparison unblocking scheme for two-terminal line
(communications from one remote terminal)

DCUB?2 directional comparison unblocking scheme for three-terminal
line (communications from fwo remote terminals)

The DCUB logic in Figure 5.10 takes in the loss-of-guard and permissive trip
outputs from the communication receivers (see Figure 5.12 and Figure 5.13)
and makes permissive (PTRX1/PTRX2) and unblocking block (UBB1/UBB2)
logic output decisions.

DCUB schemes are typically implemented with FSK (frequency shift keying)
on power line carrier communications medium where there is a direct logical
relationship between the loss of carrier signal and a fault on the protected line
segment.

Instruction Manual Date Code 20191107
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Use Existing SEL-321 Use the existing SEL-321 DCUB application guide (AG96-19) to help set up
. . the SEL-311C in a DCUB scheme (see Use Existing SEL-321 Application

DCUB Appllcatlon Guides for the SEL-311C on page 5.15 for more setting comparison

Guide for the information on the SEL-321/SEL-311C relays).

SEL-311C

External In p uts See Oproisolated Inputs on page 7.1 for more information on optoisolated inputs.

PT1, PT2-Received Permissive Trip Signal(s)
In two-terminal line DCUB applications (setting ECOMM = DCUBI), a
permissive trip signal is received from one remote terminal. One optoisolated
input on the SEL-311C (e.g., input IN104) is driven by a communications
equipment receiver output (see Figure 5.12). Make SELOGIC control equation
setting PT1 as shown below.

PT1=1IN104 (two-terminal line application)

In three-terminal line DCUB applications (setting ECOMM = DCUB?2),
permissive trip signals are received from two remote terminals. Two
optoisolated inputs on the SEL-311C (e.g., inputs IN104 and IN106) are driven
by communications equipment receiver outputs (see Figure 5.13). Make
SELOGIC control equation settings PT1 and PT2 as follows.

PT1=1IN104 (three-terminal line application)
PT2 = IN106

SELOGIC control equation settings PT1 and PT2 are routed into the DCUB
logic in Figure 5.10 for “unblocking block” and “permissive trip receive”
logic decisions.

As explained in Permissive Overreaching Transfer Trip (POTT) Logic on
page 5.16, the SELOGIC control equation settings PT1 and PT2 in Figure 5.5
are routed in various combinations to control Relay Word bit PT, depending
on enable setting ECOMM = DCUB1 or DCUB2. Relay Word bit PT is then
an input into the POTT logic in Figure 5.6 (for echo keying).

LOG1, LOG2-Loss-of-Guard Signal(s)

In two-terminal line DCUB applications (setting ECOMM = DCUBI), a
loss-of-guard signal is received from one remote terminal. One optoisolated
input on the SEL-311C (e.g., input IN105) is driven by a communications
equipment receiver output (see Figure 5.12). Make SELOGIC control equation
setting LOG1 as follows.

LOGI = IN105 (two-terminal line application)

In three-terminal line DCUB applications (setting ECOMM = DCUB?2),
loss-of-guard signals are received from rwo remote terminals. Two
optoisolated inputs on the SEL-311C (e.g., input IN105 and IN207) are driven
by communications equipment receiver outputs (see Figure 5.13). Make
SELOGIC control equation settings LOG1 and LOG2 as follows.

LOGI = IN105 (three-terminal line application)
LOG2 = IN207

SELOGIC control equation settings LOG1 and LOG2 are routed into the
DCUB logic in Figure 5.10 for “unblocking block” and “permissive trip
receive” logic decisions.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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Directional Comparison Unblocking (DCUB) Logic

Timer Settings

See Section 9: Setting the Relay for setting ranges.

GARDID-Guard-Present Delay

Sets minimum time requirement for reinstating permissive tripping following
a loss-of-channel condition—typically set at 10 cycles. Channel 1 and 2 logic
use separate timers but have this same delay setting.

UBDURD-DCUB Disable Delay

Prevents tripping by POTT logic after a settable time following a
loss-of-channel condition—typically set at 9 cycles (150 ms). Channel 1 and 2
logic use separate timers but have this same delay setting.

UBEND-DCUB Duration Delay

Logic Outputs

Sets minimum time required to declare a loss-of-channel condition—typically
set at 0.5 cycles. Channel 1 and 2 logic use separate timers but have this same
delay setting.

The following logic outputs can be tested by assigning them to output
contacts. See Output Contacts on page 7.32 for more information on output
contacts.

UBB1, UBB2-Unblocking Block Output(s)

SEL-311C-1 Transmission Protection System

In two-terminal line DCUB applications (setting ECOMM = DCUB1), UBB1
disables tripping if the loss-of-channel condition continues for longer than
time UBDURD.

In three-terminal line DCUB applications (setting ECOMM = DCUB?2),
UBB1 or UBB2 disable tripping if the loss-of-channel condition (for the
respective Channel 1 or 2) continues for longer than time UBDURD.

The UBB1 and UBB2 are routed in various combinations in Figure 5.11 to
control Relay Word bit UBB, depending on enable setting ECOMM =
DCUBI or DCUB2. Relay Word bit UBB is the unblock block input into the
trip logic in Figure 5.1. When UBB asserts to logical 1, tripping is blocked.

Instruction Manual Date Code 20191107
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Directional Comparison Unblocking (DCUB) Logic
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Figure 5.10 DCUB Logic
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Directional Comparison Unblocking (DCUB) Logic

Setting
ECOMM = DCUBI \ el
elay
Word
Relay —/ )
Word Bit
Bits — UBB
[ ] >—
(0]
to TRIP
UBB2 Logic @
Setting

ECOMM = DCUB2
® From Figure 5.10; @ Figure 5.1.

Figure 5.1 Unblocking Block Logic Routing to Trip Logic

PTRX1, PTRX2-Permissive Trip Receive Outputs

Installation
Variations

SEL-311C-1 Transmission Protection System

In two-terminal line DCUB applications (setting ECOMM = DCUB1),
PTRXI asserts for loss-of-channel or an actual received permissive trip.

In three-terminal line DCUB applications (setting ECOMM = DCUB?2),
PTRX1 or PTRX?2 assert for loss-of-channel or an actual received permissive
trip (for the respective Channel 1 or 2).

The PTRX1/PTRX?2 Relay Word bits are then routed in various combinations
in Figure 5.7 to control Relay Word bit PTRX, depending on enable setting
ECOMM = DCUBI or DCUB2. Relay Word bit PTRX is the permissive trip
receive input into the trip logic in Figure 5.1.

Figure 5.13 shows output contacts OUT105 and OUT107 connected to separate
communication equipment, for the two remote terminals. Both output contacts
are programmed the same (OUT105 = KEY and OUT107 = KEY).

Depending on the installation, perhaps one output contact (e.g., OUT105 =
KEY) could be connected in parallel to both transmitter inputs (TX) on the
communication equipment in Figure 5.13. Then output contact O0UT107 can be
used for another function.

(+)
SEL-311C
(partial)
—— ouTios o () () mios
0UT105 = KEY PT1=IN104
LOG1 = IN105
X >
to/from
GD ::TRIP — GUARD S remote
(RX) (RX) terminal
RX |-
S

)

Figure 5.12 Connections to Communications Equipment for a Two-Terminal
Line DCUB Scheme (Setting ECOMM = DCUB1)

Instruction Manual Date Code 20191107



Trip and Target Logic | 5.27
Directional Comparison Blocking (DCB) Logic

SEL-311C
(partial)

——ouTIos  —— oUTI07 C C C C

IN104  TIN105  TIN106  TIN207

0UTI0S = KEY PTI = IN104
0uTIOT = KEY LOG = IN105
P12 = IN106
L0G2 = IN207
N N
X |—> X >
—LTRIP—LZGUARD to/from Rl guarn to/from
A remote ® TROZT R remote
RX | terminal 1 X = terminal 2

)
Figure 513 Connections to Communications Equipment for a Three-Terminal Line DCUB Scheme
(Setting ECOMM = DCUB2)

Directional Comparison Blocking (DCB) Logic

Enable the DCB logic by setting ECOMM = DCB. The DCB logic in
Figure 5.14 performs the following tasks.

» Provides the individual carrier coordination timers for the
Level 2 directional elements M2P, Z2G, 67G2, and 67Q2 via
the Z2PGS and 67QG2S Relay Word bits. These delays allow
time for the block trip signal to arrive from the remote
terminal. For example

TRCOMM = Z2PGS + 67QG2S

» Instantaneously keys the communications equipment to
transmit block trip for reverse faults and extends this signal for
a settable time following the dropout of all Level 3 directional
elements (M3P, Z3G, 67G3, and 67Q3).

» Latches a block trip signal generated by the Zone 3 distance
element if the polarizing memory expires. This prevents the
block trip signal from resetting for a close-in three-phase fault
where the memory expires. The latch is removed when the
polarizing memory voltage returns or current is removed.

» Extends the received block signal by a settable time.

Use Existing SEL-321 Use the existing SEL-321 DCB application guide (AG93-06) to help set up the
T . SEL-311C in a DCB scheme (see Use Existing SEL-321 Application Guides

DCB App ication for the SEL-311C on page 5.15 for more setting comparison information on

Guide for the the SEL-321/SEL-311C relays).

SEL-311C
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Directional Comparison Blocking (DCB) Logic

External Inputs

See Optoisolated Inputs on page 7.1 for more information on optoisolated
inputs.

BT-Received Block Trip Signal(s)

Timer Settings

In two-terminal line DCB applications, a block trip signal is received from one
remote terminal. One optoisolated input on the SEL-311C (e.g., input IN104) is
driven by a communications equipment receiver output (see Figure 5.15).
Make SELOGIC control equation setting BT as follows.

BT = IN104 (two-terminal line application)
In three-terminal line DCB applications, block trip signals are received from
two remote terminals. Two optoisolated inputs on the SEL-311C (e.g., input

IN104 and IN106) are driven by communications equipment receiver outputs
(see Figure 5.16). Make SELOGIC control equation setting BT as follows.

BT =IN104 + IN106 (three-terminal line application)

SELOGIC control equation setting BT is routed through a dropout timer
(BTXD) in the DCB logic in Figure 5.14. The timer output, Relay Word bit
BTX, is routed to the trip logic in Figure 5.1.

See Section 9: Setting the Relay for setting ranges.

23XPU-Zone (Level) 3 Reverse Pickup Time Delay

Current-reversal guard pickup timer—typically set at 2 cycles.

23XD-Zone (Level) 3 Reverse Dropout Extension

Current-reversal guard dropout timer—typically set at 5 cycles.

BTXD-Block Trip Receive Extension

Sets reset time of block trip received condition (BTX) after the reset of block
trip input BT.

21SD and 67SD-Zone 2 Short Delay

Logic Outputs

Carrier coordination delays for the output of Zone 2 overreaching distance
elements 21SD and 67SD are typically set at 1 cycle.

The following logic outputs can be tested by assigning them to output
contacts. See Output Contacts on page 7.32 for more information on output
contacts.

DSTRT-Directional Carrier Start

SEL-311C-1 Transmission Protection System

Program an output contact for directional carrier start. For example, SELOGIC
control equation setting OUT105 is set as follows.

0UTI05 = DSTRT

Output contact OUT105 drives a communications equipment transmitter input
in a two-terminal line application (see Figure 5.15).

In a three-terminal line scheme, output contact OUTI07 is set the same as
OUT105 (see Figure 5.16).

0uUT107 = DSTRT

DSTRT includes current reversal guard logic.

Instruction Manual Date Code 20191107
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NSTRT-Nondirectional Carrier Start

Program an output contact to include nondirectional carrier start, in addition
to directional start. For example, SELOGIC control equation setting OUT105 is
set as follows.

0UT105 = DSTRT + NSTRT

Output contact OUT105 drives a communications equipment transmitter input
in a two-terminal line application (see Figure 5.15).

In a three-terminal line scheme, output contact OUTI0T is set the same as
OUT105 (see Figure 5.16).
OUTI07 = DSTRT + NSTRT

STOP-Stop Carrier

Program to an output contact to stop carrier. For example, SELOGIC control
equation setting OUT106 is set as follows.

0UT106 = STOP

Output contact 0UT106 drives a communications equipment transmitter input
in a two-terminal line application (see Figure 5.15).

In a three-terminal line scheme, output contact 0UT208 is set the same as
OUT106 (see Figure 5.16).

0UT208 = STOP

BTX-Block Trip Extension

The received block trip input (e.g., BT = IN104) is routed through a dropout
timer (BTXD) in the DCB logic in Figure 5.14. The timer output (BTX) is
routed to the trip logic in Figure 5.1.
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Directional Comparison Blocking (DCB) Logic

Relay

Word
Bits
(unless noted) Relay
Word
@ M3P N\ 2CYC r\ VAT B?trs
VPOLY / 0
3T
23XD

.

50PP3 >
(Advanced Setting)
[IAB| +
|1BC| +
[ICA] ————+
0
1/4CYC

® M3P
@136

®6703
® 6763

©® M2P

4[>— DSTRT @

—
I
®5003
05083 NSTRT

215D
12PGS

® 1726

675D

1>

® 6762

From this

670625

;[>7 ) STOP
—9 )

Figure DSTRT
BT

BIX®

(Setting)

BTXD

® From Figure 3.6; @ from Figure 3.9; ® from Figure 3.29; ® from Figure 3.28; ® from Figure 3.5; ® from Figure 3.8;

@ to Figure 5.1.

Figure 5.14 DCB Logic

Installation
Variations

SEL-311C-1 Transmission Protection System

Figure 5.16 shows output contacts 0UT105, 0UT106, 0UT107, and OUT208
connected to separate communication equipment, for the two remote
terminals. Both output contact pairs are programmed the same.

OUTI05 = DSTRT + NSTRT

OUTI07 = DSTRT + NSTRT

0UT106 = STOP

0UT208 = STOP
Depending on the installation, perhaps one output contact (e.g., OUT105 =
DSTRT + NSTRT) can be connected in parallel to both START inputs on the

communication equipment in Figure 5.16. Then output contact O0UT107 can be
used for another function.

Depending on the installation, perhaps one output contact (e.g., OUT106 =
STOP) can be connected in parallel to both STOP inputs on the communication
equipment in Figure 5.16. Then output contact 0UT208 can be used for another
function.
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Figure 5.16 also shows communication equipment RX (receive) output
contacts from each remote terminal connected to separate inputs IN104 and
IN106 on the SEL-311C. The inputs operate as block trip receive inputs for the
two remote terminals and are used in the SELOGIC control equation setting.

BT =1IN104 + IN106

Depending on the installation, perhaps one input (e.g., INI04) can be connected
in parallel to both communication equipment RX (receive) output contacts in
Figure 5.16. Then setting BT would be programmed as follows,

BT = IN104
and input IN106 can be used for another function.

In Figure 5.15 and Figure 5.16, the carrier scheme cutout switch contact
(85CO) should be closed when the communications equipment is taken out of
service so that the BT input of the relay remains asserted. An alternative to
asserting the BT input is to change to a setting group where the DCB logic is
not enabled.

(+)
SEL-31C
(Partial)
—_0UTI05 ——— 0UT106 CD IN104
0UTI05 = DSTRT + NSTRT
0UT106 = STOP
BT = IN104
N
X >
To/ From
@\@ (TX) @@(TX) —__RX Remote  85C0 — —
Terminal
RX [
/
=)

Figure 515 Connections to Communications Equipment for a Two-Terminal
Line DCB Scheme
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*)

0UTIO5 |

|0UTI06

0UTI07 | 0UT208 (Partial)
- C) IN104 <> IN106

SEL-31C

OUTI05 = DSTRT + NSTRT

0UT106 = STOP

OUTI07 = DSTRT + NSTRT
1

0UT108 = STOP
(TX)

D
(TX)

BT = IN104 + IN106
X1 10/ From 8500 X1 To/From
——(RX) Remote — @\@ @@ ——RX) Remote
RX Terminal 1 (Tx) Tx) RX Terminal 2

)

Figure 5.16 Connections to Communications Equipment for a Three-Terminal Line DCB Scheme

Breaker Failure Protection

Breaker Failure
Current Detectors

SEL-311C-1 Transmission Protection System

Breaker failure protection provides local backup protection when a circuit
breaker fails to trip during a fault. In breaker failure schemes, it is important to
quickly detect the dropout of fault-detecting overcurrent elements. Fault
detector dropout can be delayed by the presence of subsidence current, which
results from the energy trapped in the CT magnetizing branch after the circuit
breaker opens to clear a fault or interrupt load. Subsidence current decays
exponentially and delays the dropout of filtered instantaneous overcurrent
elements. The open-pole detection logic of the SEL-311C uses unfiltered data
to identify a breaker open pole and reset the breaker failure logic in less than
one cycle, even when subsidence current is present.

Figure 5.17 shows how the A-phase open-pole detection logic controls the
breaker failure current detector. The logic for B-phase and C-phase is similar.
When a breaker fails to trip during a fault, the A-phase open-pole detection
logic remains deasserted. If the phase current, IA, is greater than breaker
failure current pickup threshold, SOBFP, Relay Word bits SOBFA and 5S0BFT
assert. If the breaker trips, phase current IA may remain above the breaker
failure current pickup threshold SOBFP for some time because of subsidence.
The open-pole detection logic detects this and asserts, causing SOBFA and
SO0BFT to deassert.

The breaker failure current pickup is usually set above maximum load.
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Relay
Word

Bit Relay

Word
] \ _ 50BFA | Bit
50Bfp ——— - —
(Setting) j \ 50BFT
A-Phase Open 4L/

Pole Detection
Logic

A —

B- and C-phase logic is similar
Relay
Word
Bits

50BFB
50BFC

Figure 5.17 Breaker Failure Current Detector Logic for A-Phase

Breaker Failure Loqic Figure 5.18 shows the breaker failure logic. Fault current causes 50BFT to
assert immediately following fault inception and just prior to the assertion of
SELOGIC control equation BFI (Breaker Failure Initiate). Program BFI with
internal breaker failure initiate conditions, such as the Relay Word bit TRIP, or
breaker failure initiate signals from external devices communicated to the
relay through contact inputs or MIRRORED BITS communications. When BFI
asserts, timer BFPU (Breaker Failure Trip Timer) starts timing. If SOBFT
remains asserted when the BFPU timer expires, Relay Word bit BFT asserts.
Use this Relay Word bit in the circuit breaker failure tripping logic to cause a
circuit breaker failure trip (see Breaker Failure Trip Logic on page 5.33). If
the protected circuit breaker opens successfully, SOBFT deasserts before the
BFPU timer expires and BFT does not assert.

If the breaker failure logic of Figure 5.18 does not match your preferred
breaker failure scheme, Relay Word bits SOBFA, SOBFB, S0BFC, and SOBFT
may be used along with SELOGIC control equation variables to create custom
schemes. Use the breaker failure trip logic (Figure 5.19) to ensure that breaker
failure trip signals are properly latched.

Relay
ol

Bit Bits

50BFT
BFT
BFPU li

BFI
(SELocic 0
Setting)

RTPU

RT

0

Figure 5.18 Breaker Failure Logic

Retrip Logic Some three-pole circuit breakers have two separate trip coils. If one trip coil
fails, the local protection can energize the second trip coil to attempt to trip the
breaker again. Configure your protection system to attempt a local retrip using
the second trip coil before the circuit breaker failure pickup timer expires.

RTPU (Breaker Failure Retrip Timer) begins timing when BFI asserts. Relay
Word bit RT asserts when RTPU times out. Program a contact output to
energize the second circuit breaker trip coil when Relay Word bit RT asserts.

Breaker Failure Usually, SELOGIC control equation BFTR (Breaker Failure Trip Equation) includes
Trip Loaqi Relay Word bit BFT. When BFTR evaluates to logical 1, Relay Word bit BFTRIP
rp Logic asserts and seals in. Include BFTRIP in an output contact equation to transmit

breaker failure status to remote relays for backup protection. For example,
0UT106 = BFTRIP
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Breaker Failure Protection

Relay Word bit TRGTR and SELOGIC control equation BFULTR reset BFTRIP.
The minimum trip duration of BFTRIP is controlled by Group setting TDURD.
See Trip Logic on page 5.1 for a description of minimum trip duration timers,
trip unlatch conditions, and operation of Relay Word bit TRGTR.

The breaker failure logic does not automatically trigger an event report.
Modify the SELOGIC event report trigger equation ER to trigger an event
when a breaker failure trip occurs. For example:

ER = /51P + /51G + /BFTRIP + ...

SELosic é Relay
Settings OURD Word
BFIR ————» v Bit
BFULTR »— BFTRIP
Relay
Word

Bit

—

Figure 5.19 Breaker Failure Trip Logic

Table 5.1 Breaker Failure Protection Settings
Setting Definition Range
E50BF Enable Breaker Failure Y, N
S50BFP Breaker Failure Current Pickup OFF, 0.25-100 A, secondary
Threshold {5 A nominal phase current inputs,
1A, IB, IC}
OFF, 0.05-20 A, secondary
{1 A nominal phase current inputs,
IA, 1B, IC}
BFI Breaker Failure Initiate SELOGIC control equation
BFPU Breaker Failure Trip Timer Pickup | 0-16,000 cycles
RTPU Breaker Failure Retrip Timer 0-16,000 cycles
Pickup
BFTR Breaker Failure Trip Equation SELOGIC control equation
BFULTR | Breaker Failure Unlatch Trip SELOGIC control equation
Equation
TDURD Minimum Trip Duration Time 4-16,000 cycles
Table 5.2 Breaker Failure Protection Logic Outputs
Relay sl N
Word Bit Definition Application
5S0BFA A-phase current threshold exceeded A-phase breaker failure detection
50BFB B-phase current threshold exceeded B-phase breaker failure detection
S0BFC C-phase current threshold exceeded C-phase breaker failure detection
SO0BFT Any phase current threshold exceeded | Breaker failure detection
BFT Any phase circuit breaker failure
RT Retrip
BFTRIP Circuit breaker failure trip
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Front-Panel Target LEDs

Overview All SEL-311C models feature target and status LEDs. These are either factory
defined (fixed function), or programmable LEDs in certain ordering
configurations.

For simplicity, Target and Status LEDs are called Target LEDs in the other
sections of this manual, and in this section where the distinction between
target and status LED is not important.

Here is a summary of two types of front-panel target and status LEDs.

» Fixed target logic and status LEDs that mimic the target LEDs

NOTE:'Do not use this Instruction found in previous SEL-311C relays.

Manual information to order a relay.

5;’;?{ gﬁiaf?.i#@vtiﬂﬁfee g;ﬁﬂ:cg ] »  Programmable target and status LEDs that can be customized
contact your SEL Customer Service through Global and Logic settings changes. With default settings,
Representative. the programmable LEDs mimic the fixed target LEDs.

Both types of target and status LEDs are specified in this section, with
differences highlighted.

Front-Panel Features The SEL-311C target and status LEDs are prominently displayed on the front
panel of the relay, adjacent to the human-machine interface (HMI). See
Figure 2.2 through Figure 2.6 for sample front-panel configurations.

The target and status LEDs are separate from the other components of the
front-panel interface. These other features are covered in other sections of this
instruction manual.

» The ten available operator control pushbuttons and indication
LEDs (shown in Figure 2.4 and Figure 2.6) are described in
Section 11: Front-Panel Interface.

» The two-line LCD and associated front-panel pushbuttons are
described in Section 11: Front-Panel Interface.

» The use of Rotating Display Points to automatically display
status messages and certain analog information is described in
Rotating Display on page 7.37.

» The optional SafeLock® Trip/Close pushbuttons and indicator

LEDs are described in Section 2: Installation.

Fixed Ta rqet Logic The SEL-311C fixed target logic is listed in Table 5.3. See Figure 2.2,
Figure 2.3, and Figure 2.5 for example front panels with fixed target logic.

Table 5.3 Fixed Target and Status LED Definitions (Sheet 1 of 2)

F:A?,(‘)N:;: ?:\tR 1 LED Label | Definition Type
TLEDI11 EN Relay Enabled—see Relay Self-Tests on page 13.7 Status
TLED12 TRIP Indication that a trip occurred, by a protection or control element Target
TLEDI13 TIME Time-delayed trip Target
TLED14 COMM Communications-assisted trip Target
TLED15 SOTF Switch-onto-fault trip Target
TLEDI16 RS Reclosing relay in reset state Status
TLED17 LO Reclosing relay in lockout state Status
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Front-Panel Target LEDs

Table 5.3 Fixed Target and Status LED Definitions (Sheet 2 of 2)

?:A?’gv:;: ?:R 1 LED Label | Definition Type
TLEDI18 51 Time-overcurrent element trip Target
TLEDI19 A A-phase involved in the fault Target
TLED20 B B-phase involved in the fault Target
TLED21 C C-phase involved in the fault Target
TLED22 G Ground-distance or residual-ground element picked up at a time of trip Target
TLED23 1 Zone/Level 1 element picked up at time of trip Target
TLED24 2 Zone/Level 2 element picked up at time of trip Target
TLED25 3 Zone/Level 3 element picked up at time of trip Target
TLED26 4 Zone/Level 4 element picked up at time of trip Target

NOTE: Unlike legacy SEL-311C
models, the TAR command response
shows the Relay Word bit name (e.g.,
TLEDMN, TLED12) rather than the LED

labels (EN, TRIP, etc.).

For remote operations, the status of the LEDs can be checked using the TAR 0
and TAR 1 command. See Table 5.4 for a cross reference, and TAR Command
(Display Relay Element Status) on page 10.73 for more command options.

Table 5.4 SEL-311C Status/Target LED Cross Reference for TAR Command (Fixed Target Logic)

TAR Command

Relay Word Bit
(Corresponding LED Label)

TAR O

TAR1

TLEDI11
(EN)
TLED19
(R)

TLED12 [TLEDI13 TLED14 | TLEDIS TLED16 |TLED17 |TLEDI8
(TRIP) (TIME) (COMM) (SOTF) (RS) (LO) (51)
TLED20 |TLED21 TLED22 |TLED23 TLED24 |TLED25 |TLED26
(B) ©) (G) (ZONE1) (ZONE2) | (ZONE3) | (ZONE4)

The LEDs designated as Target Type LEDs in Table 5.3 are updated and then latched for every new assertion
(rising edge) of the TRIP Relay Word bit. The TRIP Relay Word bit is an output of the trip logic (see Figure 5.1).

Further target LED information follows.

Additional Target LED Information
TRIP Target LED

The TRIP target LED illuminates at the rising edge of a trip (the new assertion
of the TRIP Relay Word bit).

The TRIP target LED is especially helpful in providing front-panel indication
for tripping that does not involve the other targeting elements. If the trip is not
a distance or overcurrent element generated trip, none of the other target LEDs
(TLED13-TLEDI15 and TLED18-TLED26) in Table 5.3 illuminate, but the
TRIP target LED still illuminates. Thus, tripping via the front-panel local
control (local bits), serial port (remote bits or OPEN command), or voltage
elements is indicated only by the illumination of the TRIP target LED.

TIME Target LED

SEL-311C-1 Transmission Protection System

The TIME target LED illuminates at the rising edge of a trip if SELOGIC control
equation setting FAULT has been asserted for more than three cycles and the
trip is not the direct result of SELOGIC control equations TRCOMM,
TRSOFT, or a direct transfer trip. FAULT is usually set with distance and
time-overcurrent element pickups (e.g., FAULT = 51G + 51Q + M2P + Z2G)
to detect fault inception. If tripping occurs more than three cycles after fault
inception, the TIME target illuminates.
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SELOGIC control equation setting FAULT also controls other relay functions.
See SELocGIc Control Equation Setting FAULT on page 5.46.

COMM Target LED

The COMM target LED illuminates at the rising edge of a trip if the trip is the
sole and direct result of SELOGIC control equation setting TRCOMM and
associated communications-assisted trip logic, Relay Word bit ECTT, or
SELOGIC control equation setting DTT (as indicated by the COMMT Relay
Word bit in the top half of Figure 5.1).

Another Application for the COMM Target LED

If none of the traditional communications-assisted trip logic is used (i.e.,
SELOGIC control equation setting TRCOMM is not used, consideration can be
given to using the COMM target LED to indicate tripping via remote
communications channels (e.g., via serial port commands or SCADA
asserting optoisolated inputs). Use SELOGIC control equation setting DTT
(Direct Transfer Trip) to accomplish this (indicated by the COMMT Relay
Word bit in Figure 5.1).

For example, if the OPEN command or remote bit RB1 (see CON Command
(Control Remote Bit) on page 10.41) are used to trip via the serial port and
should illuminate the COMM target LED include the Relay Word bits in
SELOGIC control equation setting DTT:

DTT=...+0C + RB1

Relay Word bits set in SELOGIC control equation setting DTT do not have to
be set in SELOGIC control equation setting TR—both settings directly assert
the TRIP Relay Word bit. The only difference between settings DTT and TR
is that setting DTT causes the COMM target LED to illuminate.

Many other variations of the above DTT settings examples are possible.

SOTF Target LED

The SOTF target LED illuminates at the rising edge of the TRIP Relay Word bit
if the trip is the sole and direct result of the SELOGIC control equation setting
TRSOTF and associated switch-onto-fault trip logic.

Recloser RS and LO Status LEDs

The RS and LO LEDs follow the state of the 79RS and 79LO Relay Word bits,
respectively. If the reclosing relay is turned off (enable setting E79 =N or
790I1 = 0), all the Device 79 (reclosing relay) status LEDs are extinguished.

51 Target LED

The 51 target LED illuminates at the rising edge of a trip if a time-overcurrent
element (51PT, 51GT, or 51QT) is present and asserted in the SELOGIC
control equation that caused the trip.

FAULT TYPE Target LEDs
A, B, and C Target LEDs

A (A-phase) target LED is illuminated one cycle after the rising edge of TRIP if
NOTE: The SEL-31IC phase targeting a protection element causes the trip, and A-phase is involved in the fault
logic requires 3-phase voltage signals p A p: p
for proper operation. (likewise for B [B-phase] and C [C-phase] target LEDs).

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System



5.38 | Trip and Target Logic
Front-Panel Target LEDs

G Target LED

G target LED is illuminated at the rising edge of a trip if the fault involved
ground or if a ground overcurrent element caused the trip.

Zone LEDs

Zone/Level LEDs illuminate at the rising edge of a trip for the lowest zone number
in the SELOGIC control equation that caused the trip. The elements considered are
MnP, MnPT, ZnG, ZnGT, ZnT, 67Pn, 67PnT, 67Gn, 67GnT, 67Qn, 67QnT
(where n =1 to 4), Z2SEQT, M2PSEQT, Z2GSEQT, Z2PG2S, and 67QG2S.

These elements need only be present in the SELOGIC control equation that
causes the trip to participate in the illuminating of front-panel targets. No
consideration is made as to how the element is used. For example, assume the
SELOGIC control equation TRQUAL = IN101 * Z1G + Z2G. In this case, if
the Z1G element is asserted at the rising edge of TRIP, the ZONEI target will
light even if IN101 was not asserted and the cause of the trip was Z2G.

Proq rammable Selected SEL-311C models are available with Programmable Target Logic. The
t . programmable target logic is listed in Table 5.5. See Figure 2.4 and Figure 2.6
Ta rge LO(JlC for example front panels with programmable target logic. These models feature

configurable labels, where the default LED labels are printed on a card inside a
pocket on the relay front panel. To change the labels, the default card may be
removed, and a new card printed and inserted to change the target and status
LED labels.

The SEL-311C ships with factory-default target settings and a default slide-in
card that gives it the same behavior as models with the fixed target logic. As
many as 11 of the 16 LED definitions can be changed. There are no settings
associated with the five permanent function LEDs, which have an internal logic.

Table 5.5 Programmable Target and Status LED Settings and Default Definitions (Sheet 1 of 2)

Latch in on Relay Default Default Target
SELocIc Setting | TRIP? Word Bit LED Factorv-Default Definition Alias for Event
and Default (Global (TARO Label ¥ Summaries
Setting) and TAR 1) (Global Setting)
Internal2 No TLEDI11 | ENABLED | Relay Enabled—see Relay Self-Tests on None
page 13.7)
LEDI2 = LTRIP LEDI2L=Y | TLEDI2 TRIP Indication that a trip occurred, by a protection | LED12A = TRIP
or control element
LED13=LTIME |[LEDI3L=Y | TLEDI3 TIME Time-delayed trip LEDI3A = TIME
LEDI4 =LCOMM | LED14L=Y | TLEDI4 COMM | Communications-assisted trip LED14A = COMM
LED15=LSOTF |[LEDISL=Y | TLEDIS5 SOTF | Switch-onto-fault trip LEDI15A = SOTF
LEDI16 = 79RS LEDI6L =N | TLEDI6 RS Reclosing relay in reset state LED16A = RSP
LED17 =79LO LED17L=N | TLED17 Lo Reclosing relay in lockout state LED17A = LOb
LED18 =L51 LEDISL=Y | TLEDIS8 51 Time-overcurrent element trip LED18A =51
Internal? Yes TLEDI19 A A-phase involved in the fault None
Internal? Yes TLED20 B B-phase involved in the fault None
Internal? Yes TLED21 C C-phase involved in the fault None
Internal? Yes TLED22 G Ground involved in the fault or ground None
overcurrent element caused the trip
LED23 =LZONE1 | LED23L =Y | TLED23 1 Zone/Level 1 element picked up at time of trip | LED23A = ZONE1
LED24 =LZONE2 | LED24L =Y | TLED24 2 Zone/Level 2 element picked up at time of trip [ LED24A = ZONE2
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Table 5.5 Programmable Target and Status LED Settings and Default Definitions (Sheet 2 of 2)

Latch in on

Relay

Default Target

Default
SELogIc Setting | TRIP? Word Bit _ A Alias for Event
and Default (Global (TARo | LED | Factory-Default Definition Summaries
Setting) and TAR 1) (Global Setting)
LED25 =LZONE3 | LED25L =Y | TLED25 3 Zone/Level 3 element picked up at time of trip [ LED25A = ZONE3
LED26 = LZONE4 | LED26L =Y | TLED26 4 Zone/Level 4 element picked up at time of trip | LED26A = ZONE4

a Definition cannot be changed.
b Status LED alias settings LEDxxXA (corresponding to settings LEDxxL = N) are not used in event summaries.

For remote operations, the status of the LEDs can be checked using the TAR 0 and TAR 1 command. The
SEL-311C TAR command response shows the Relay Word bit name (e.g., TLED11, TLED12) rather than the

programmable LED labels (e.g., EN, TRIP).

See Table 5.4 for a cross reference for relays with factory-default LED settings, and TAR Command (Display Relay
Element Status) on page 10.73 for more command options.

If the LED definitions are changed from the default settings, a copy of Table 5.6 can filled-in to be used in your
documentation and training materials.

Table 5.6 SEL-311C Status/Target LED Cross Reference for TAR Command (Customized Target Logic)

TAR Command

Relay Word Bit

(Corresponding LED Label)

TAR O

TAR1

TLEDI11
( )
TLED19
( )

(

(

TLED12

)

TLED20

)

(

(

TLEDI13 TLED14 | TLEDIS

) ¢ ) | )

TLED21 TLED22 | TLED23

) I G N G

TLED16 |TLEDI17 TLED18
( ) | ) | )
TLED24 [ TLED25 TLED26
( ) | ( ) | ( )

NOTE: The Global settings for
Target LED Alias names (for example,
LED12A = TRIP) do not affect the

TAR command response. These alias
settings are used in the event
summary target reporting.

Date Code 20191107

The function of TLED11 and TLED19 through TLED22 cannot be changed.
However, the configurable labels (slide-in card) can be customized, and these
fields are shown with blanks in Table 5.6.

Programmable Target/Status Logic Details
Refer to Table 5.5 and Figure 5.20.

TLED12-TLED18 (default names TRIP-51), and TLED23-TLED26 (default
names ZONE1-ZONE4) are programmable via the SELOGIC control equation
settings and Global settings shown in Table 5.5. They either latch-in on the
rising-edge of a trip (new assertion of Relay Word bit TRIP—see logic output
of Figure 5.1) or follow the state of the corresponding SELOGIC control
equation setting (illuminated = logical 1; extinguished =logical 0).

Instruction Manual

SEL-311C-1 Transmission Protection System



5.40 | Trip and Target Logic
Front-Panel Target LEDs

SELosic
Setting LED
LEDX \ Follow state of SELoic setting Qutput
J/ TLEDx
Global Set/Reset Latch
Setting S — Set (latch in) on rising 0
LEDXL edge of TRIP Latched

(Latch in on trip?
Y =logical 1, N = logical 0)

] R —m Reset (unlatch) if any
,,,,,, of the following occur:

« TRIP asserts (/TRIP)

= + Breaker closes (?52A) and
K tharguqh 8 Global setting RSTLED = Y
23 through 26 + Other target reset conditions ®

® see Resetting Front-Panel Target LEDs on page 5.43
Figure 5.20 Programmable Front-Panel Target LED Logic

TLEDI11 (ENABLED) and TLED19-TLED22 (A, B, C, and G) do not have
settings—they are fixed-function LEDs.

LEDs A, B, C, and G always latch-in on trip, if the corresponding phase is
involved with the fault. See the description under Fixed Target Logic on
page 5.35.

LEDs A, B, C, and G reset (unlatch) similar to the other target LEDs set to
latch-in on trip.

The LED logic output (Relay Word bits TLED11-TLED26) that actually
drives the front-panel LEDs is observed via the TAR 0 and TAR 1 commands.

Changing Target/Status LED Operation

SEL-311C-1 Transmission Protection System

In SEL-311C models with programmable target and status logic, the definition
of as many as 11 of the 16 target/status LEDs can be changed.

The initial settings may be left in place and the relay targeting will behave the
same as a relay ordered without programmable target and status LEDs.

In many protection applications, several of the SEL-311C features may be
unused, and some of the LEDs will never illuminate with the default
front-panel assignments. Instead of leaving a target or status LED unused,
consider programming it for a different function.

EXAMPLE 5.1 Target and Status LED Change (Changing and Moving
LED Functions)

A transmission line application uses only three out of four available
distance element zones, freeing-up the ZONE/LEVEL 4 LED for other
functions. Assume for this example the reclosing relay is being used
in the application, and the operating staff want to know when the
reclosing relay is in the 79CY (cycle) state.

In Table 5.7, the easiest change to program would be to redefine the
ZONE/LEVEL 4 Target LED as a 79 CY Status LED, but this would not be
clear when implemented on the front panel. The 4 LED is not adjacent
to the RS and LO LEDs, and it would be difficult to print a label with
RECLOSER CY in that position.

Instead, the SEL-311C Logic and Global Settings can be used to

“move” the 51 LED function down to the second row (in place of 4),
and then move LO to the previous 51 location, and finally, defining a
new CY LED where L0 was located. This layout is shown in Table 5.8.
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Table 5.7 Front Panel Before Example Changes

ENABLED | TRIP TIME CoOMM SOTF RS LO 51
RECLOSER
A B (o8 G 1 2 3 4
FAULT TYPE ZONE/LEVEL

Table 5.8 Front Panel After Example Changes

ENABLED | TRIP TIME COMM SOTF RS cYy LO
RECLOSER
A B C G 1 2 3 51
FAULT TYPE ZONE/LEVEL

Required setting changes, starting from factory-default settings.
Global Settings (SET G or via ACSELERATOR QuickSet® SEL-5030
Software)

LEDT7L =N {no change, LED17 is still a status LED}

LEDIBL=N {the LO LED is a status LED, and is not included in
event summary Target fields}

LED26L =Y {no change, LED26 is still a target (latch on trip) LED}
LED17A = CY {change the alias for the new LED function}!
LED18A = LO {move to the new position}!

LED26A = 51 {new location for 51 Target, alias is used in event

summary Target fields}
In all six settings groups (SET L n, [n =1to 6] or via QuickSet)
LEDI7 =N {new function, Relay Word bit 79CY}
LED18 =N {new position for Relay Word bit 79LO}
LED26 =Y {new position for legacy target logic Relay Word
bit L51}

Except in special applications, it is easiest to make the LEDnn logic
settings the same in all six setting groups.

Other Programmable Target/Status LED Features

In SEL-311C models with programmable target and status logic, the
factory-default target logic settings use a set of Relay Word bits as shown in
the left-hand column of Table 5.5. These Relay Word bits (LTRIP, LTIME,
etc.) are provided to mimic the fixed target logic found in other models of the
SEL-311C.

These legacy target Relay Word bits are nonvolatile, meaning their state will
be retained after the relay loses power and is then powered up or if the active
settings group is changed. Additionally, any LEDnn can be configured to latch
on TRIP with the appropriate Global setting LEDnnL =Y. This action also
creates a nonvolatile LED, even if the logic expression programmed in the
LEDnn SELOGIC control equation is not a Legacy Target logic element.

As performed in Example 5.1, these legacy functions can be moved (as done
with L51), or not used (as done with LZONE4).

1 As described in the footnotes of Table 5.5, the LEDnnA (alias) settings for status type LEDs
(when LEDnnL = N) are not used by the SEL-311C. It is good practice to populate these
settings with a meaningful label, 7 characters maximum length.
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Because the LEDnn settings are standard SELOGIC control equations, the
usual operators and Relay Word bits can be used in place of the legacy target
Relay Word bits. In Example 5.1, the 79 CY function was added merely by
including Relay Word bit 79CY in the appropriate LEDnn setting.

EXAMPLE 5.2 Using SELocIc Control Equations in Target/Status
LED Settings

This example demonstrates a few methods of programming LED
settings, focusing on three target LEDs.
Logic settings (in all 6 groups)
SET16 = TRIP
RST16 = TRGTR + PBTPUL
LED12 = LZONE1 + LZONE2
LED13 = LZONE3 * LT16
LED14 = 516T * SV5T
Notice that the last sample equation (for LED14) contains no legacy
target logic Relay Word bits.
Make the Global settings as follows.
LED12L =Y
LEDI3L =N
LED14L =Y
LED12A = ZONE1_2
LED13A = ZONE3
LED14A = GND_TOC
A relay TRIP will seal-in the LED12 and LED14 logic states through the

normal LED logic, and the status of these LEDs are retained in
nonvolatile memory.

In this example, LED13 is configured as a status type LED but is given
a latch-type behavior by using latch bit LT16 in the LED13 setting. This
allows LED13 to seal-in like a regular target LED, and will have a
nonvolatile behavior provided by the latch bit LT16 and the legacy
target bit LZONE3. This example allows LED13 to be reset
independently of the remaining target LEDs by pressing pushbutton 7
(resetting LT16). The legacy target Relay Word bit LZONE3 is not
affected by the status of LT16.

In this example, the LED13 target can also be reset by the TARGET RESET
pushbutton or TAR R command, via the TRGTR Relay Word bit (these
actions also clear LED12 and LED13). Because Global setting

LED13L = N, the alias setting LED13A will not appear in the target
information inside event summaries.

EXAMPLE 5.3 Make a Target LED Flash

If a particular LED requires more visibility, it might be programmed to
flash when asserted. We will change LED13 in the previous example to
make the LED flash when a trip includes LZONE3.

Logic settings (in all 6 groups)
SV16 = ISVi6T
LED13 = LZONE3 * SV16T
Group settings (in all 6 groups)
SV16PU = 25.00 cycles
SV16DO0O = 25.00 cycles
Make the Global settings as follows.
LEDI3L =N
LED13A = ZONE3
Arelay TRIP that asserts the LZONE3 legacy target bit will cause LED13
to flash. In this example, SELoGIC variable/timer SV16 is programmed to

oscillate with a period of 50 cycles. The LED13 setting logic setting
logically ANDs the oscillating bit with the legacy target bit.
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This example requires LED13 to be configured as a status type LED,
otherwise it would not be allowed to change state. The target will
have nonvolatile behavior through the legacy bit LZONE3. Because
Global setting LED13L = N, the alias setting LED13A will not appear in
the target information inside event summaries.

When LED13 is flashing, issuing a TAR O command will show TLED13
as either asserted or deasserted, which might be misleading. If a
remote system is configured to check relay status, it should instead
check the status of Relay Word bit LZONE3, which is unaffected by
the oscillating behavior. Similarly, it would be better to use LZONE3 in
the Sequential Events Recorder (SER) settings instead of TLED13,
which would create a pair of entries each time the LED flashes.

Resetting Front-Panel The front-panel target LEDs reset during the following conditions.

Target LEDs

Date Code 20191107

» TRIP newly asserts (/TRIP).

» The TARGET RESET/LAMP TEST pushbutton is pressed and TRIP is
not asserted.

» The TAR R command is entered and TRIP is not asserted.

» A DNP or Modbus target reset command is received and TRIP
is not asserted.

» The SELOGIC control equation RSTTRGT newly asserts and
TRIP is not asserted.

» On relays with programmable targets—when Global setting
RSTLED =Y or Y1, and the circuit breaker closes, as detected
by rising edge of 52A.

When a new TRIP condition is present, the relay first clears the previous
targets and then rapidly refreshes them with the updated target information.
The relay locks-out the other target reset methods while TRIP is still active.

The TARGET RESET/LAMP TEST pushbutton, TAR R command, and Modbus/DNP
target reset methods assert the TRGTR Relay Word bit for one processing interval.

Targets are maintained in nonvolatile memory so their status is available even
after relay power is lost and then restored.

TARGET RESET/LAMP TEST Front-Panel Pushbutton
When the TARGET RESET/LAMP TEST front-panel pushbutton is pressed,

» All front-panel LEDs illuminate for one (1) second.

» All latch-type target LEDs (LEDs labeled TLED12 through
TLED26 in Table 5.3 or Table 5.5) are extinguished
(unlatched), unless a trip condition is present in which case the
latched target LEDs reappear in their previous state.

Other Applications for the Target Reset Function
Refer to the bottom of Figure 5.1. The combination of the TARGET RESET
pushbutton, DNP and Modbus target reset inputs, and the TAR R (Target
Reset) serial port command is available as Relay Word bit TRGTR.
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Relay Word bit TRGTR can be used to unlatch logic. For example, refer to the
breaker failure logic in Figure 7.26. If a breaker failure trip occurs (SV7T
asserts), the occurrence can be displayed on the front panel with seal-in logic
and a rotating display (see Rotating Display on page 7.37 and Rotating
Display on page 11.11).

$V8 = (SV8 + SVTT) * ITRGTR
DP3 = SV8

DP3_1= BREAKER FAILURE
DP3.0= NA (blank)

SVIT Breaker Failure Trip > } N

Target Reset
TRGTR

DP3 =SV8
(= |0(Jﬁca| 1) —= DP3_1 = BREAKER FAILURE
(= logical 0) — DP3_0 = (blank)

Figure 5.21 Seal-in of Breaker Failure Occurrence for Message Display

If a breaker failure trip has occurred, the momentary assertion of SV7T
(breaker failure trip) will cause SV8 in Figure 5.21 to seal-in. Asserted SV8 in
turn asserts DP3, causing the following message to display in the rotating
default display.

BREAKER FAILURE

This message can be removed from the display rotation by pushing the TARGET
RESET pushbutton (Relay Word bit TRGTR pulses to logical 1, unlatching SV8
and in turn deasserting DP3). Thus, front-panel rotating default displays can
be easily reset along with the front-panel targets by pushing the TARGET RESET
pushbutton.

SELocIc Control Equation Setting RSTTRGT

SEL-311C-1 Transmission Protection System

The SELOGIC control equation RSTTRGT may be used to perform a target
reset on a programmable basis. The SEL-311C responds to the rising edge of
the RSTTRGT equation, and resets the target LEDs provided that TRIP is not
asserted.

For example, to reset the targets upon receipt of a control input pulse on
IN106, set as follows.
RSTTRGT = IN106

The built-in rising edge requirement ensures that leaving IN106 asserted does
not continually reset the targets.

However, if RSTTRGT is asserted when the relay turns on, the relay resets the
targets. If there is any chance the controlling condition can remain asserted,
insert a rising-edge operator in the setting to eliminate the chance for an
unwanted reset. Continuing with the same example, set as shown below.

RSTTRGT = /IN106
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NOTE: The RSTTRGT function does Other control methods could use a SELOGIC timer or a remote bit to initiate
not assert the TRGTR Relay Word bit. the target reset.

RSTTRGT is also available as a Relay Word bit, and can be added to the SER
trigger settings and monitored in the SER. See Sequential Events Recorder
(SER) Report on page 12.28.

Optional Logic to Clear Trip Seal-In and Reset Targets
As previously noted, if the ULTR (unlatch trip) setting is not asserted, a
sealed-in TRIP Relay Word bit can be cleared by one of the target reset
conditions that asserts the TRGTR Relay Word bit, as shown in Figure 5.1.

Note that the RSTTRGT SELOGIC control equation does not drive the
TRGTR Relay Word bit. If an application requires a trip unlatch function
based on the RSTTRGT setting, the logic used in the RSTTRGT SELOGIC
control equation setting may be added to the ULTR setting. Continuing from
the previous example with RSTTRGT = /IN106, an appropriate ULTR setting
is shown below.

ULTR = IN106 + (existing unlatch trip settings)
Because of the relay logic processing order, including Relay Word bit

RSTTRGT in SELOGIC control equation ULTR will unlatch a sealed-in TRIP
but will not reset the targets.

Using RSTLED Setting in Autoreclose Applications

(models with programmable Target Logic)
When using RSTLED =Y or Y1, the target-type LEDs are reset upon breaker

NOTE: The RSTLED setting (Y, Y1, N,

N1) also affects the behavior of closure (determined by the rising edge of Relay Word bit 52A). This function
pushbutton 5 and LEDS, as described works for any manual or automatic close operation, as long as the TRIP Relay
in Programmable Operator Controls

on page 11.14. Word bit is not asserted.

In the SEL-311C, the event summary subsystem collects the target LED status
from the last row of an event report and places the target alias text for each
asserted target LED in the target field. With default settings, if the ZONE 1
target LED is asserted for a trip operation, the LED23A = ZONEI] setting
causes ZONEI to appear in the TARGETS field of the SUM command and
HIS command.

If the LER setting (Ilength of event report) is longer than the recloser open
interval time (e.g., 79011 = 120.00 cycles, and LER = 180 cycles), it is
possible for the breaker to trip and reclose during a single event report. In this
situation, using RSTLED =Y or Y1 will cause the target LEDs to reset as
soon as the closed breaker condition is detected (/5S2A). This causes the event
summary logic to miss the targets when it scans the final row of the event
report.

To preserve targeting information, consider one of these solutions.

1. Use a shorter LER setting to make the length of the event report
less than the reclosing relay open interval time.

2. Use longer open interval time(s).
3. Change RSTLED to N or N1 and manually reset targets.

4. Change RSTLED to N or N1 and automatically reset targets by
using a time delay.

Solution 1 is the best if there is any chance of a trip — reclose — trip sequence
appearing in the same event report. The fault locator can only operate on the
first fault, and if targets are reported, they would be from the second fault.
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Solution 4 can be programmed this way.
Group settings (in all 6 groups)
SV2PU =200.00 cycles (must be longer than the LER setting)
SV2DO = 0.00 cycles
Logic settings (in all 6 groups)
SV2 =52A
RSTTRGT =/SV2T

SELocIc Control SELOGIC control equation setting FAULT has control over or is used in the

. . following.
Equation Setting
» Front-panel target LED TIME. See Front-Panel Target LEDs on

FAULT page 5.35.

» Demand Metering—FAULT is used to suspend demand
metering peak recording. See Demand Metering on page 8.19.

» Maximum/Minimum Metering—FAULT is used to block
Maximum/Minimum metering updating. See
Maximum/Minimum Metering on page 8.28.
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Section 6

Close and Reclose Logic

Overview

NOTE: Reclose enable setting E79 =
N defeats the reclosing relay but does
not defeat the ability of the close logic
described in the first section

(Figure 6.1) to close the circuit breaker
for other conditions via SELoGIC
control equation setting CL.

Date Code 20191107

This section is made up of the following topics:
» Breaker Status Logic
» Close Logic on page 6.2
» Reclose Supervision Logic on page 6.5
» Reclosing Relay on page 6.11

Figure 6.1 provides an overview of the close logic and reclosing relay logic
described in this section.

Figure 6.1 shows a logic migration:
» From main reclosing relay logic
» To reclose supervision logic

» To close logic

The components of Figure 6.1 are discussed below. If you are not using the
SEL-311C for automatic reclosing, but using it to close the breaker for other
conditions (such as manual close initiation via serial port or optoisolated
outputs), focus on the Breaker Status Logic and Close Logic sections. Note
particularly the description of SELOGIC® control equation setting CL in the
Close Logic section.

Breaker Status Logic—Breaker Status Logic shows how the breaker status
(Relay Word bit 52A) is derived.

Close Logic—This section describes the final logic that controls the close
output contact (e.g., OUT103 = CLOSE). This output contact closes
the circuit breaker for automatic reclosures and other conditions (e.g.,
manual close initiation via serial port or optoisolated inputs).

Reclose Supervision 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.

Reclosing Relay Logic—This section describes the remaining reclosing
relay settings and logic needed for automatic reclosing. The reclose
enable setting, E79, has setting choices N, 1, 2, 3, and 4. The default
setting E79 = N defeats the reclosing relay. Setting choices 1—4 are the
number of desired automatic reclosures.
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SELocic
Setting

79DTL

Relay Relay

B tord

SO0 TRIP Drive-to-Lockout Bits.

' OPTMN, RSTMN
SELocic - Main Timing, State, Shot T9RS, 79CY
Setting Breaker Status, Trip | Reclosing EI?ILZOSI-SE'OSI-?Z”

T9RI, T9RIS T | Relay )

79DLS, 79SKP ( Initiate, Stall, Block Reset, etc. Logic
79STL, T9BRS = I

79SEQ Reclose Reclose Supervision Failure RCSF

Reclose Supervision Supervision
790Ls — o0 UD = logic L
- Close
"
o Close Conditions Other Than Auto-Reclose . Close —————»CLOSE
Logic ]
ULCL Unlatch Close - Close Failure CF

Figure 6.1 Close Logic and Reclosing Relay Logic Overview

Breaker Status Logic

NOTE: The available SafeLock™
CLOSE pushbutton is electrically
separate from the rest of the relay
and not part of the close logic in
Figure 6.2. It provides separate
closing capability as shown in
Figure 2.21.

Close Logic

The SEL-311C breaker status logic consists of a single SELOGIC control
equation setting 52A, and the Relay Word bit 52A, as shown in Figure 6.2.

If 52A is set with numeral 0, all internal close logic is inoperable and the
reclosing relay is defeated.
The factory-default setting is:
52A =IN101
The pickup and dropout operation of Relay Word bit 52A is affected by the

Global debounce timer setting IN101D, and the dropout operation is
additionally affected by the 0.5 cycle timer shown in Figure 6.2.

See Optoisolated Inputs on page 7.1 for information on the debounce timers.
See Figure 2.16 for a typical breaker status input wiring connection.

| Relay |
: SELocIc Word 1
| Setting 0 _Bit |
| 52— 05— 52A |
: CYC :

Figure 6.2 Breaker Status Logic

SEL-311C-1 Transmission Protection System

The close logic in Figure 6.3 provides flexible circuit breaker
closing/automatic reclosing with SELOGIC control equation settings,

52A (breaker status)
CL (close conditions, other than automatic reclosing)
ULCL (unlatch close conditions, other than circuit breaker status, close
failure, or reclose initiation)
and setting.
CFD (Close Failure Time)

See the SEL-311C Settings Sheets for setting ranges.
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/\WARNING

Setting CFD = OFF can create an
indefinite “standing close” condition.
This is usually not desirable in
practice.

Set Close

NOTE: The available CLOSE command
that asserts Relay Word bit CC for one
processing interval is not embedded in
the close logic. It is included in the
factory SELoaIC control equation
settings:

CL=cCC

NOTE: The available SafeLock CLOSE
pushbutton is electrically separate
from the rest of the relay and not part
of the close logic in Figure 6.3. It
provides separate closing capability as
shown in Figure 2.21.
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Close and Reclose Logic
Close Logic

Reclosing
Relay
Open-
® Interval
Time-Out
(qualified
by
79CLS) Close
Conditions
(other
than
S atonat
T reclosing) Rising Edge Detect
Relay
Word
Unlatch Close Bits
uLeL ——  CLOSE
7981 Reclose Initiate Close Failire
Timer .
Relay ,_7 Close Failure
\Aé?trsd ¢ L CF Pulses (logical 1)
——— Breaker Status _ for one processing
52 ¢FD =0FF C: 0 interval if Close
(I setting CFD = OFF, the Close Failure Timer
Failure Timer is inoperative tlmles out (dlﬂVetS
and does not time limit the IreckOSItnq relay to
CLOSE Output condition) ockout)

® From Figure 6.4.

Figure 6.3 Close Logic

If all the following are true,
» The unlatch close condition is not asserted (ULCL = logical 0).

» Relay Word bit 52A indicates that 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.

» A close failure condition does not exist (Relay Word bit
CF=0).

then the CLOSE Relay Word bit can be asserted if either of the following
occurs.

» A reclosing relay open interval times out (qualified by
SELOGIC control equation setting 79CLS—see Figure 6.4).

» SELOGIC control equation setting CL goes from logical O to
logical 1 (rising-edge transition).

Relay Word bit CC asserts for execution of the CLOSE command. See CON
Command (Control Remote Bit) on page 10.41 for more information on the
CLOSE command. More discussion follows later on the factory settings for
setting CL.

If a user wants to supervise the CLOSE command with optoisolated input
IN106, the following setting is made.

CL=...+CC * IN106

With this setting, the CLOSE command can provide a close only if
optoisolated input IN106 is asserted. This is just one CLOSE command
supervision example—many variations are possible.
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Close Logic

Unlatch Close

Factory Settings
Example

Set Close

If the CLOSE Relay Word bit is asserted, it stays asserted until one of the
following occurs.

» The unlatch close condition asserts (ULCL = logical 1).

» Relay Word bit 52A indicates that the circuit breaker is closed
(52A =logical 1). With factory-default logic, 52A=logical 1
when at all poles of the circuit breaker are closed.

» The reclose initiation condition (79RI) makes a rising-edge
(logical O to logical 1) transition.

» The Close Failure Timer times out (Relay Word bit CF = 1).

The Close Failure Timer does not operate if setting CFD = OFF.

The factory settings for the close logic SELOGIC control equation settings are
listed below.

52A = IN101
CL=cCC
ULCL = TRIP

The factory setting for the Close Failure Timer setting is listed below.
CFD =60.00 cycles

See the SEL-311C Settings Sheets for setting ranges.

If the Reclosing Relay Open Interval Time-Out logic input at the top of
Figure 6.3 is ignored (reclosing is discussed in detail in a following section),
then SELOGIC control equation setting CL is the only logic input that can set
the CLOSE Relay Word bit.

In SELOGIC control equation setting CL = CC, Relay Word bit CC asserts for
execution of the CLOSE command. See CLO Command (Close Breaker) on
page 10.39 for more information on the CLOSE command.

Unlatch Close

SEL-311C-1 Transmission Protection System

SELOGIC control equation setting ULCL is set with the TRIP Relay Word bit.
This prevents the CLOSE Relay Word bit from being asserted any time the
TRIP Relay Word bit is asserted (TRIP takes priority). See Trip Logic on
page 5.1.

SELOGIC control equation setting 52A is set as shown in Breaker Status Logic
on page 6.2. The resulting 52A Relay Word bit is asserted when the circuit
breaker is closed. When 52A is asserted, the CLOSE Relay Word bit is
deasserted to logical 0.

With setting CFD = 60.00 cycles, once the CLOSE Relay Word bit asserts, it
remains asserted at logical 1 no longer than 60 cycles. If the Close Failure
Timer times out, Relay Word bit CF asserts, forcing the CLOSE Relay Word
bit to logical 0.

Instruction Manual Date Code 20191107



Defeat the Close
Logic

Circuit Breaker
Status

Program an Output
Contact for Closing

Close and Reclose Logic | 6.5
Reclose Supervision Logic

The close logic is inoperable and the reclosing relay is defeated (see Reclosing
Relay on page 6.11) if any of the following are true.

» SELOGIC control equation setting 52A is set with numeral 0
(52A=0)

» Unlatch close logic SELOGIC control equation setting ULCL is
set with numeral 1 (ULCL = 1)

» SELOGIC control equation setting ULCL is set to a SELOGIC
condition that is always logical 1

Refer to Figure 6.2. Note that SELOGIC control equation setting 52A (circuit
breaker status) is available as Relay Word bit 52A, which makes setting other
SELOGIC control equations more convenient. For example, if the following
setting is made,

52A = IN101 (52a auxiliary contact wired to input IN101)

or
52A =1IN101 (52b auxiliary contact wired to input IN101)

then if breaker status is used in other SELOGIC control equations, it can be
entered as 52A—the user does not have to enter IN101 (for a 52a) or 'IN101
(for a 52b). For example, refer to Rotating Display on page 7.37. In the
factory settings, circuit breaker status indication is controlled by display point
setting DP1:

DP1=52A

In the factory settings, the result of the close logic in Figure 6.3 is routed to
output contact 0UT103 with the following SELOGIC control equation.

0UT103 = CLOSE

See Output Contacts on page 7.32 for more information on programming
output contacts.

Reclose Supervision Logic

Date Code 20191107

Note that one of the inputs into the close logic in Figure 6.3 is Reclosing
Relay Open Interval Time-Out (qualified by 79CLS).

This input into the close logic in Figure 6.3 is the indication that a reclosing
relay open interval has timed out (see Figure 6.8), 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 6.3 is an output
of the reclose supervision logic in the following Figure 6.4.
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SEL-311C-1 Transmission Protection System

Timer is inoperative and does
not time limit the wait for the
Reclose Supervision condition,
T9CLS, to assert to logical 1.

processing interval if
Reclose Supervision

Limit Ti
(drives

to lockout)

SELocic
Setting =
Reclose Supervision Reclosing
790LS } Relay Open
) Interval Timeout
Reclosin i
Relay Op o (qualified by 79CLS)
Interval
Timeout WO'?&’
L J Bit
RCSF
Operation of Reclose Supervision Logic if ‘
timer setting 79CLSD is set: Reclose Supervision Failure
79CLSD=0 o Pulses (logical 1) for one
The above logic satisfies most applications. processing interval if
SELosic Control Equation
Operation of Reclose Supervision Logic if ;(:?elpt%ggtglhli;cm at the
timer setting 79CLSD is set: ) instant a reclosing relay
The J)%LSD #0 (e.g, 79CLSD = 60) open interval timer times
gic below is used only in a few, out (drives reclosing rela
unique applications. to lockout) g relay
SELocic
Setting .
790LS Reclose Supervision
Reclosing
Relay Open
Interval Rising Edge i
Time-Out Detect Egg%g%n
\ | Interval
Time-Out
m?&/ —/ Reclose (qualified
Bits Supervision Relay by 79CLS)
e Limit Timer Word ®
CLOSE Lockout 79CLSD, Bit
7910 2O ] H RCSF
o 79CLSD = OFF ——Q 0 ¢
SELocic i Reclose Supervision
Setting - If setting 79CLSD = OFF, Failure:
79p) _Reclose Initiate the Reclose Supervision Limit Pulses (logical 1) for one

mer times out
reclosing relay

® To Figure 6.3.
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Figure 6.4 Reclose Supervision Logic (Following Open Interval Time-Out)
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Reclose Supervision Logic

Open Interval1

6.7

Times Out
Open Interval __ o
Timer 790l
Reclose Supervision —T9CLSD *‘
Limit Timer i
1
79CLS (Reclose ™ i
Supervision Condition) !
1
RCSF (Reclose |_|
Supervision Failure) — 54_ One Processing
o 1
CLOSE : Interval

(Close Logic Output) |
1

T9CLS not asserted.

T9CLSD times out,

driving the reclosing

* relay to lockout.

No Reclosing

Reclosing Proceeds

open interval1
times out 1

Open Interval _
Timer

Reclose Supervision
Limit Timer

-——— 79011 —»‘
—79CLSD—>‘

T9CLS (Reclose
Supervision Condition)

I

I

-- |

RCSF (Reclose !
I

I

I

Supervision Failure)

CLOSE [
(Close Logic Output) !
T9CLS asserts before _f
79CLSD times out.
Figure 6.5 Reclose Supervision Limit Timer Operation (Refer to Bottom of

Figure 6.4)

Figure 6.4 contains the following SELOGIC control equation setting,

Settings and General

Operation 79CLS (reclose supervision conditions—checked after reclosing relay
open interval time-out)
and setting.
79CLSD (Reclose Supervision Limit Time)
See the SEL-311C Settings Sheets for setting ranges.
For Most Applications (Top of Figure 6.4)
For most applications, the Reclose Supervision Limit Time setting should be
set to zero cycles.
79CLSD = 0.00
With this setting, the logic in the top of Figure 6.4 is operative. When an open
interval times out, the SELOGIC control equation reclose supervision setting
T9CLS is checked just once.
Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System



6.8 | Close and Reclose Logic
Reclose Supervision Logic

If 79CLS is asserted to logical 1 at the instant of an open interval time-out,
then the now-qualified open interval time-out will propagate onto the final
close logic in Figure 6.3 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.

» The reclosing relay is driven to Lockout State.

See Factory Settings Example on page 6.9 and Additional Settings Example 1
on page 6.9.

For a Few, Unique Applications (Bottom of Figure 6.4 and Figure 6.5)

SEL-311C-1 Transmission Protection System

For a few unique applications, the Reclose Supervision Limit Time setting is
not set equal to zero cycles.

79CLSD = 60.00

With this setting, the logic in the bottom of Figure 6.4 is operative. When an
open interval times out, the SELOGIC control equation reclose supervision
setting 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 will propagate onto the final
close logic in Figure 6.3 to automatically reclose the circuit breaker.

If 79CLS remains deasserted to logical 0 during this entire 79CLSD time
window, 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.

» The reclosing relay is driven to Lockout State.

The logic in the bottom of Figure 6.4 is explained in more detail in the
following text.

Set Reclose Supervision Logic (Bottom of Figure 6.4)

Refer to the bottom of Figure 6.4. If all the following are true,

» The close logic output CLOSE (also see Figure 6.3) 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 in as shown in Figure 6.4.
Then, when 79CLS asserts to logical 1, the sealed-in reclosing relay open
interval time-out condition will propagate through Figure 6.4 and on to the
close logic in Figure 6.3.
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Unlatch Reclose Supervision Logic (bottom of Figure 6.4)
Refer to the bottom of Figure 6.4. 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 6.4) 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).

m The Reclose Supervision Limit Timer is inoperative if setting 79CLSD = OFF. With

Setting 79CLSD = OFF can create an 79CLSD = OFF, reclose supervision condition 79CLS is not time limited. When an

indefinite “standing close" condition. open interval times out, reclose supervision condition 79CLS is checked indefinitely

gp;sct'iscgs”a”y not desirable in until one of the other unlatch conditions comes true.
The unlatching of the sealed-in reclosing relay open interval time-out
condition 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 6.3.
See Additional Settings Example 2 on page 6.11.

Factory Settings Refer to the top of Figure 6.4.

Example The factory setting for the SELOGIC control equation reclose supervision
setting is as follows.

79CLS =1 (numeral 1)
The factory setting for the Reclose Supervision Limit Timer setting is as follows.
79CLSD = 0.00 cycles
Any time a reclosing relay open interval times out, it propagates immediately
through Figure 6.4 and then on to Figure 6.3, because SELOGIC control
equation setting 79CLS is always asserted to logical 1. Effectively, there is no
special reclose supervision.
iti i Refer to the top of Figure 6.4 and Figure 6.6.
Itional settings p 8 g
Examp|e 1 SEL-311C relays are installed at both ends of a transmission line in a

high-speed reclose scheme. After both circuit breakers open for a transmission
line fault, the SEL-311C(1) recloses circuit breaker 52/1 first, followed by the
SEL-311C(2) reclosing circuit breaker 52/2, after a synchronism check across
circuit breaker 52/2.
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Bus1 Bus 2
Y2 52
2
AU AU
A 1-Phase A
SEL-311C (1) SEL-311C (2)
IA, IB, IC IA, B, IC
%%VA, VB,VC VS VS VA, VB, VC %8
3-Phase 3-Phase

Figure 6.6 SEL-311C Relays Installed at Both Ends of a Transmission Line in
a High-Speed Reclose Scheme

SEL-311C(1) Relay

Before allowing circuit breaker 52/1 to be reclosed after an open interval
time-out, the SEL-311C(1) checks that Bus 1 voltage is hot and the
transmission line voltage is dead. This requires reclose supervision settings:

79CLSD = 0.00 cycles (only one check)

79CLS = 3P59 * 27S
where:
3P59 = all three Bus 1 phase voltages (VA, VB, and VC) are hot

27S = monitored single-phase transmission line voltage (channel VS)
is dead

SEL-311C(2) Relay

The SEL-311C(2) checks that Bus 2 voltage is hot, the transmission line
voltage is hot, and both voltages satisfy the synchronism-check logic
requirements 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 cycles (only one
check)

T9CLS =

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-311C(1) and SEL-311C(2) Relays
Refer to Skip Shot and Stall Open-Interval Timing Settings (79SKP and
79STL, respectively) on page 6.22.

SELOGIC control equation setting 79STL stalls open interval timing if it
asserts. If setting 79STL is deasserted, open interval timing can continue. The
SEL-311C(1) has no intentional open interval timing stall condition (circuit
breaker 52/1 closes first after a transmission line fault).

79STL=0 (numeral 0)

The SEL-311C(2) starts open interval timing after circuit breaker 52/1 at the
remote end has re-energized the line. The SEL-311C(2) has to see Bus 2 hot,
transmission line hot, and both voltages satisfy the synchronism-check logic
requirements across open circuit breaker 52/2 for open interval timing to
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begin. Thus, SEL-311C(2) open interval timing is stalled when the
transmission line voltage and Bus 2 voltage are not in synchronism across
open circuit breaker 52/2.

79STL = 125A1 [=NOT(25A1)]

A transient condition that meets the synchronism-check requirements across a
three pole-open 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-311C(2) is connected to one of
these briefly energized phases, synchronism-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-311C(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-311C(2) (see Figure 7.24 and Figure 7.25). Note the
built-in 3 cycle qualification of the synchronism-check voltages shown in
Figure 3.42.

Refer to Synchronism-Check Elements on page 3.55. Also, refer to Figure 6.5
and Figure 6.6.

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. An example is provided below.

79CLSD = 60.00 cycles
79CLS = 25A1

The status of synchronism-check element 25A1 is 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.

If 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.

In Synchronism-Check Elements, note item 3 under Synchronism-Check
Element Outputs on page 3.68, Voltages Vp and Vg 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).

Date Code 20191107

Note that input:

Reclosing Relay Open Interval Time-Out

in Figure 6.4 is the logic input that is qualified by SELOGIC control equation
setting 79CLS, and then propagated on to the close logic in Figure 6.3 to
automatically reclose a circuit breaker. The explanation that follows in this
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reclosing relay section describes all the reclosing relay settings and logic that
eventually result in this open interval time-out logic input into Figure 6.4.
Other aspects of the reclosing relay are also explained.

The reclose enable setting, E79, has setting choices N, 1, 2, 3, and 4. Setting
E79 = N defeats the reclosing relay. Setting choices 1 through 4 are the
number of desired automatic reclosures (see Open Interval Timers on

page 6.15).
i The SEL-311C reclosing relay is a state machine, as depicted in Figure 6.7.
eclosing Relay g relay P g
Stat dG I When running in the reclose cycle state (79CY) it can provide as many as four
dates an enera reclose attempts or “shots.”

Operation

[ Reset State \
The circuit breaker has been closed

for a qualifying reset time. The SEL-311C
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 RS LED is illuminated.

Maintained  Unsuccessful Successful
Lockout Reclose Reclose
Condition Initiation Initiation
Lockout State Reclose Cycle State
All automatic reclosing attempts are i The SEL-311C automatically recloses the
unsuccessful, reclose initiation is unsuccessful, All Automatic circuit breaker after each successful
other lockout conditions occur, or the SEL-311C Reclosing Attempts reclose initiation and corresponding set
powers up. The relay returns to the reset state Unsuccessful open interval time.
after the circuit breaker is closed, the reset - Unsuccessful
timer times out, and there are no maintained Reclose Initiation Relay Word bit 79CY = logical 1
lockout conditions. Neither front-panel RS LED nor

- o LO LED is illuminated.
Relay Word bit 79L0 = logical Other Lockout Conditions
Front-panel LO LED is illuminated.

When Turned On

Figure 6.7 Reclosing Relay States and General Operation

Table 6.1 Relay Word Bit and Front-Panel Correspondence to Reclosing Relay

States
. Corresponding Relay Corresponding
Reclesive v tae Word Bit Front-Panel LED2
Reset 79RS RS
Reclose Cycle 79CY none
Lockout 79LO LO

a8 Factory default on relays with programmable front-panel LEDs.
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The reclosing relay is in one (and only one) of these states (listed in Table 6.1) at
any time. When in a given state, the corresponding Relay Word bit asserts to
logical 1, and the LED illuminates (or none illuminate for the case of 79RS).
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 6.8).

» 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 6.18).

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

If a trip is issued via the optional front-panel SafeLock trip
pushbutton and it is wired similarly to Figure 2.21, then this
trip appears as an external trip to the relay and the relay goes to
the lockout state.

» 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 6.20).

» The close failure timer (setting CFD) times out (see
Figure 6.3).

» 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 6.4 and top of Figure 6.5) and the reclose
enable setting, E79, is set to 1, 2, 3, or 4.

» A normal reclose initiation (e.g., SELOGIC control equation
79RI = TRIP) occurs and properly loads up an open-interval
time (e.g., 79012 = 600 cycles; see Figure 6.7). Then, before
the open-interval time has timed out completely (or even
started timing), a subsequent unexpected reclose initiation
occurs (e.g., flashover inside the circuit breaker tank while it is
open).

The OPEN command is included in the reclosing relay logic via the factory
SELOGIC control equation setting.
79DTL = ... + OC (drive-to-lockout)

Relay Word bit OC asserts for execution of the OPEN command. See OPE
Command (Open Breaker) on page 10.58 for more information on the OPEN
command. Also, see Drive-to-Lockout and Drive-to-Last Shot Settings
(79DTL and 79DLS, Respectively) on page 6.20.
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Reclosing Relay
States and
Settings/Setting
Group Changes

Defeat the
Reclosing Relay

SEL-311C-1 Transmission Protection System

In the factory settings, the OPEN command is set to trip (TR = ... + OC), and
the following reclosing relay SELOGIC control equation settings ensure that
OPEN command trip cannot initiate reclosing.

T9RI = TRIP (reclose initiate)
79DTL = ... + OC (drive-to-lockout)

If individual settings are changed for the active setting group or the active
setting 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 will immediately go to the Lockout State, because shot = last shot.

If any one of the following reclosing relay settings are made,
» Reclose enable setting E79 = N.
» Open Interval 1 time setting 79011 = 0.00.

then the reclosing relay is defeated, and no automatic reclosing can occur.
These settings are explained later in this section. See also the SEL-311C
Settings Sheets.

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 6.1).

» 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 factory-default front-panel LEDs RS and LO are both
extinguished, providing a visible indication that the recloser is
defeated. (This indication is not definitive because these two
LEDs are also extinguished during a reclose cycle state).

» The front-panel Reclosing Relay Shot Counter Screen displays
No Reclosing Set. See Functions Unique to the Front-Panel
Interface on page 11.5.
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Close Logic Can Still Operate When the Reclosing Relay Is Defeated

If the reclosing relay is defeated, the close logic (see Figure 6.3) can still
operate if the following settings are not true.

» 52A=0
» ULCL =logical 1

Making 52A =0 or ULCL =1 (or setting ULCL to a SELOGIC condition that
is always logical 1) defeats the close logic and also defeats the reclosing relay.

For example, if 52A =IN101, a 52a circuit breaker auxiliary contact is
connected to input IN101. If the reclosing has been defeated, the close logic still
operates, allowing closing to take place via SELOGIC control equation setting
CL (close conditions, other than automatic reclosing). See Breaker Status
Logic on page 6.2 and Close Logic on page 6.2 for more discussion on
SELOGIC control equation settings 52A and CL. Also see Optoisolated Inputs
on page 7.1 for more discussion on SELOGIC control equation setting 52A.

Rec|osing Re|ay The open interval and reset timer factory settings are shown in Table 6.2.
Timer SEttinl]S Table 6.2 Reclosing Relay Timer Settings and Setting Ranges
Timer Setting2 (range) Fat:::rgyile:st)inq Definition
79011 (0.00-999999 cyc) 0.00 open interval 1 time
79012 (0.00-999999 cyc) 0.00 open interval 2 time
79013 (0.00-999999 cyc) 0.00 open interval 3 time
79014 (0.00-999999 cyc) 0.00 open interval 4 time
79RSD (0.00-999999 cyc) 1800.00 reset time from reclose cycle state
79RSLD (0.00-999999 cyc) 300.00 reset time from lockout state

a8 These settings are not visible when enable setting E79 = N, which is the factory default.

The operation of these timers is affected by SELOGIC control equation settings
discussed later in this section. Also, see the SEL-311C Settings Sheets.

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 6.2 are made available for setting.

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

In the factory settings in Table 6.2, the open interval 1 time setting 79011 is
the first open interval time setting set equal to zero.

79011 = 0.00 cycles
Therefore, open interval times 79011, 79012, 79013, and 79014 are not
operable. If E79 = 3, and the open interval timer settings were

79011=180.00 cycles

79012 = 0.00 cycles

79013 = 900.00 cycles (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).
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The open interval timers time consecutively; they do not have the same
beginning time reference point. For example, with settings 79011 = 30.00
cycles, and 79012 = 600.00 cycles, 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 6.8. The open interval timer starts timing when the 52A status
deasserts (logical 0) following a valid reclose initiation, unless the open
interval timing is suspended because the SELOGIC control equation 79STL is
asserted (logical 1).

-«—Reset State *|<— Reclose Cycle State —————={-«——Lockout State —=

Trip Close Trip Close Trip
52A i i
|<j—> ——— 179012 = 600 ————| (79013 = 0)
Shot . 79011 = 30 A ) -
Counter o = >

? (Last Shot = 2)

i

Figure 6.8 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 and Stall Open-Interval
Timing Settings (79SKP and 79STL, respectively) on page 6.22).

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 example settings above, two set open interval times precede open
interval three time, which is set to zero (79013 = 0.00).

79011 = 30.00

79012 = 600.00

79013 = 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,
with the front-panel shot counter screen (accessed via the OTHER pushbutton).
See Functions Unique to the Front-Panel Interface on page 11.5.

Reset Timer
Reset timers qualify circuit breaker closure before taking the relay to the Reset
State from the Reclose Cycle State or the Lockout State. Circuit breaker status
is determined by the SELOGIC control equation setting 52A. (See Breaker
Status Logic on page 6.2 for more discussion on SELOGIC control equation
setting 52A.)
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Setting 7T9RSD
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 used in sequence coordination schemes (see Sequence
Coordination Setting (79SEQ) on page 6.26).

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 6.3).

Setting 79RSLD is also the reset timer used when the relay powers up, when
settings are changed in the active setting group, or the active setting group is
changed (see Reclosing Relay States and Settings/Setting Group Changes on
page 6.14).

See Drive-to-Lockout and Drive-to-Last Shot Settings (79DTL and 79DLS,
Respectively) on page 6.20 for the description of a scenario where there is no
reset timing via setting 79RSLD to get from the Lockout State to the Reset
State. In this scenario, the breaker remains closed continuously as the relay
transitions (Reset State > Lockout State > Reset State) because of
drive-to-lockout setting 79DTL.

Setting 7T9RSD and Setting 79RSLD Are Independent
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 6.24).

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. 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. 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. When
the next open interval is enabled, the relay only times on the open interval
after successful reclose initiation, the breaker is open (52A = logical 0), and
no stall conditions are present (see Skip Shot and Stall Open-Interval Timing
Settings (79SKP and 79STL, respectively) on page 6.22).

If the reset timer is actively timing, RSTMN asserts. If the reset timer is not
timing, RSTMN deasserts. See Block Reset Timing Setting (79BRS) on
page 6.24.
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Reclosing Relay
Shot Counter

Reclosing Relay
SELocic Control
Equation Settings
Overview

Reclose Initiate and
Reclose Initiate
Supervision Settings
(7T9RI and T9RIS,
Respectively)

SEL-311C-1 Transmission Protection System

Refer to Figure 6.8.

The shot counter increments for each reclose operation. For example, when
the relay is timing on open interval 1, 790I1, 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 6.16). The shot counter resets back to shot = 0 when the
reclosing relay returns to the Reset State.

Table 6.3 Shot Counter Correspondence to Relay Word Bits and Open
Interval Times

Shot Corresponding Relay Corresponding Open
Word Bit 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
corresponding Relay Word bit asserts to logical 1 (e.g., SH2 =logical 1).

The shot counter also increments for sequence coordination operation. The
shot counter can increment beyond the last shot for sequence coordination
(see Sequence Coordination Setting (79SEQ) on page 6.26).

Table 6.4 Example Reclosing Relay SELoGIc Control Equation Settings

gqil;(;?;i ?:;:::; Example Setting Definition
79RI TRIP Reclose Initiate
T9RIS 52A +79CY Reclose Initiate Supervision
79DTL OC + !IN105 + LB3 Drive-to-Lockout
79DLS 79LO Drive-to-Last Shot
79SKP 0 Skip Shot
79STL TRIP Stall Open Interval Timing
79BRS TRIP Block Reset Timing
79SEQ 0 Sequence Coordination
79CLS 1 Reclose Supervision

These example settings are discussed in detail in the remainder of this section.

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 initiated.

If 79RIS = logical O when setting 79RI senses a rising edge (logical 0 to
logical 1 transition), the relay goes to the Lockout State.
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Settings Example
With the settings in Table 6.4 set as follows,
T9RI = TRIP
T9RIS = 52A + T9CY

the transition of the TRIP Relay Word bit from logical O to logical 1 enables the
next open-interval only if Relay Word bits 52A or 79CY are logical 1. Input IN101
is assigned as the breaker status input in the factory settings (52A = IN101).

The circuit breaker has to be closed (circuit breaker status 52A = logical 1) at
the instant of the first trip of the autoreclose cycle in order for the SEL-311C
to successfully initiate reclosing and start timing on the first open interval. The
SEL-311C is not yet in the reclose cycle state (79CY =logical 0) at the instant
of the first trip.

Then for any subsequent trip operations in the autoreclose cycle, the
SEL-311C is in the reclose cycle state (79CY = logical 1) and the SEL-311C
successfully initiates reclosing for each trip. Because of factory 79RIS = 52A
+ 79CY, successful reclose initiation in the reclose cycle state (79CY =
logical 1) is not dependent on the circuit breaker status (52A). This allows
successful reclose initiation for the case of an instantaneous trip when the
circuit breaker status indication is slow—the instantaneous trip (reclose
initiation) occurs before the SEL-311C sees the circuit breaker close.

If a flashover occurs in a circuit breaker tank during an open interval (circuit
breaker open and the SEL-311C calls for a trip), the SEL-311C goes
immediately to lockout.

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 =1IN101).

With setting

T9RI = 152A
the transition of the 52A Relay Word bit from logical 1 to logical O (breaker
opening) enables the next open interval. Setting 79RI looks for a logical O to

logical 1 transition, thus Relay Word bit 52A is inverted in the 79RI setting
[!52A = NOT(52A)].

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

settings
T9RI = 152A
T9RIS = TRIP

the transition of the 52A Relay Word bit from logical 1 to logical O enables the
next open interval 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 will
still be asserted to logical 1 when the circuit breaker opens (see Figure 5.1 and
Figure 5.2).
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If the TRIP Relay Word bit is at logical 0 (TRIP = logical 0) when the circuit
breaker opens (79RI transitions from logical 0 to logical 1), the relay goes to
the Lockout State. This helps prevent reclose initiation when the circuit
breaker is opened by a signal external to the relay, such as when using the
optional front-panel Safel.ock trip pushbutton, wired similarly to Figure 2.21.

If circuit breaker status indication (52A) is slow, the TRIP Relay Word bit
should be removed from unlatch close setting ULCL (Figure 6.3) when setting
79RI = I52A. This keeps the SEL-311C from going to lockout prematurely for
an instantaneous trip after an autoreclose. This setting allows CLOSE to
remain asserted until the circuit breaker status indication confirms 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

Drive-to-Lockout and
Drive-to-Last Shot
Settings (79DTL and
T9DLS, Respectively)

SEL-311C-1 Transmission Protection System

1. If no reclose initiate supervision is desired, make the following
setting.

T9RIS =1 (numeral 1)

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

2. [If the following setting is made,
T9RI =0 (numeral 0)

reclosing will never take place. The reclosing relay is
effectively inoperative because there is no way to initiate the
autoreclose cycle. However, the relay reclose state might still
transition between RESET (79RS = 1) and LOCKOUT
(79LO = 1), depending on 52A status.

3. If the following setting is made,
T9RIS = 0 (numeral 0)

reclosing will never take place (the reclosing relay goes directly
to the lockout state any time reclosing is initiated). The
reclosing relay is effectively inoperative.

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

79DTL has a built-in 60-cycle dropout time. This keeps the drive-to-lockout
condition up 60 more cycles after the 79DTL equation has deasserted. This is
useful for situations where both of the following 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 Settings Example on
page 6.21).

» Reclose initiation is by the breaker contact opening (e.g.,
79RI = 52 A—refer to Additional Settings Example on
page 6.19).

Then the drive-to-lockout condition overlaps reclose initiation and the
SEL-311C stays in lockout after the breaker trips open.
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If the relay had previously been in the Reset State (Relay Word bit 79RS =
logical 1) with the breaker closed and then a drive-to-lockout condition comes
true (via setting 79DTL), the relay immediately goes to the Lockout State
(Relay Word bit 79LO = logical 1). If the breaker continues to remain closed
and then the drive-to-lockout condition (via setting 79DTL) goes away (after
the 60-cycle dropout time), the relay then reverts immediately back to the
Reset State. No reset timing via setting 79RSLD is needed to return to the
Reset State in this scenario because the breaker remains closed the entire time.
The relay had previously timed on a reset time (setting 79RSD or 79RSLD)
when it first went to the Reset State, before the drive-to-lockout logic (via
setting 79DTL) started activating. Thus, there is no need to again reset time
qualify a breaker that remained closed throughout such a transition (Reset
State > Lockout State > Reset State), because of drive-to-lockout setting
79DTL.

When 79DLS = logical 1, the reclosing relay goes to the last shot, if the shot
counter is not already at a shot value greater than or equal to the calculated last
shot (see Reclosing Relay Shot Counter on page 6.18).

Settings Example
The drive-to-lockout Table 6.4 example setting is as follows.
79DTL = OC + !IN105 + LB3

Optoisolated input IN105 is set to operate as a reclose enable switch (see
Optoisolated Inputs on page 7.1). When Relay Word bit IN105 = logical 1
(reclosing enabled), the relay is not driven to the Lockout State (assuming
local bit LB3 = logical 0, too).

IIN105 = !(logical 1) = NOT(logical 1) = logical 0

79DTL = OC + !IN105 + LB3 = OC + (logical 0) + LB3 = OC + LB3

When Relay Word bit IN105 = logical 0 (reclosing disabled), the relay is
driven to the Lockout State.

IIN105 = !(logical 0) = NOT(logical 0) = logical 1

79DTL = OC + !IN105 + LB3 = OC + (logical 1) + LB3 = logical 1

Local bit LB3 is set to operate as a manual trip switch (see Local Control
Switches on page 7.5 and Trip Logic on page 5.1). When Relay Word bit LB3
= logical 0 (no manual trip), the relay is not driven to the Lockout State
(assuming optoisolated input IN102 = logical 1, too).
79DTL = OC + !IN105 + LB3 = OC + NOT(IN105) + (logical 0) = OC +
NOT(IN105)

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

79DTL = OC + !IN105 + LB3 = OC + NOT(IN105) + (logical 1) = logical 1
Relay Word bit OC asserts for execution of the OPEN command. See the
discussion at the end of Lockout State on page 6.13.
The drive-to-last shot factory setting is shown below.

79DLS = T9LO
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 79LO = logical 1),

the relay is driven to last shot (if the shot counter is not already at a shot value
greater than or equal to shot = 1).

79DLS = T9L0 = logical 1
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Thus, if optoisolated input IN105 (reclose enable switch) is in the “disable
reclosing” position (Relay Word bit IN105 = logical 0) or local bit LB3
(manual trip switch) is operated, then the relay is driven to the Lockout State
(by setting 79DTL) and, subsequently, last shot (by setting 79DLS).

Additional Settings Example 1

The preceding drive-to-lockout factory settings example drives the relay to the
Lockout State immediately when the reclose enable switch (optoisolated input
IN105) is put in the “reclosing disabled” position (Relay Word bit IN105 =
logical 0).

79DTL = lIN105 + ... = NOT(IN105) + ... = NOT(logical 0) + ... = logical 1

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

79DTL = !IN105 * TRIP + ...

Additional Settings Example 2

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

79DTL = TRIP * 50P3 + ...

Additionally, if the reclosing relay should go to the Lockout State for an
underfrequency trip, make settings similar to the following.

79DTL = TRIP * 81D1T + ...

Other Settings Considerations

Skip Shot and Stall

Open-Interval Timing
Settings (79SKP and
T9STL, respectively)

SEL-311C-1 Transmission Protection System

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
Lockout State (and to last shot) if an entire automatic reclose sequence is
unsuccessful.

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

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

If 79SKP = logical 1 at the instant of successful reclose initiation (see
preceding discussion on settings 79RI and 79RIS), the relay increments the
shot counter to the next shot and then loads the open interval time
corresponding to the new shot (see Table 6.3). If the new shot is 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 6.13).

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.
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If an open interval time has not yet started timing (79STL remains at

logical 1), the 79SKP setting is still processed. In such conditions (open
interval timing has not yet started), 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 6.3). 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 6.13).

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 6.17).

The skip shot function is not enabled in the factory settings.
79SKP =0 (numeral 0)

Factory Settings
Example

The stall open interval timing factory setting is.
79STL = TRIP

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

Additional Settings Example 1
With skip shot setting

T9SKP = 50P2 * SHO

if shot = 0 (Relay Word bit SHO = logical 1) and phase current is above the
phase instantaneous overcurrent element S0P2 threshold (Relay Word bit
50P2 =logical 1), at the instant of successful reclose initiation, the shot
counter is incremented from shot = 0 to shot = 1. Then, open interval 1 time
(setting 790I1) is skipped, and the relay times on the open interval 2 time
(setting 790I12) instead.

Table 6.5 Open Interval Time Example Settings

Open Interval

Date Code 20191107

Shot

Corresponding
Relay Word Bit

Corresponding
Open Interval

Time Example
Setting

0
1

SHO
SH1

79011
79012

30 cycles
600 cycles

In Table 6.5, note that the open interval 1 time (setting 790I1) 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 S0P2 threshold), open interval 1 time 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 0 and
then setting 79SKP = logical 0, regardless of Relay Word bit 50P2.
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Additional Settings Example 2

If the SEL-311C Relay is used 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-311C
as shown in Figure 6.9.

Generator
Bus1
—— 52 ———-
A
SEL-311C ~ 1-Phase
IA, B, IC
%% VA, VB,VC VS
3-Phase

Figure 6.9 Reclose Blocking for Islanded Generator

If the line is energized, channel VS overvoltage element 59S1 can be set to
assert. Make the following setting.

T9STL=59S81 + ...

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 59S1
deasserts, allowing open interval timing to proceed (unless some other set
condition stalls open interval timing).

Additional Settings Example 3

Refer to Figure 6.6 and accompanying setting example, showing an
application for setting 79STL.

Other Settings Considerations

Block Reset Timing
Setting (T9BRS)

SEL-311C-1 Transmission Protection System

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

79SKP =0 (numeral 0)
79STL=0 (numeral 0)

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)
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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 6.17).

Factory Settings Example

The block reset timing factory setting is as follows.
T9BRS = TRIP

The block reset timing factory setting (79BRS = TRIP) keeps the reset timer
(setting 79RSD) from starting to time during the brief interval that the circuit
breaker is in the process of opening after the trip coil is energized.

At the instant of reclose initiation (factory reclose initiate setting 79RI =
TRIP), one of the following starts timing, unless otherwise inhibited.

» Reset timing (setting 79RSD) if the circuit breaker is closed

» Open interval timing (setting 790In) if the circuit breaker is open

At the instant of tripping/reclose initiation, the circuit breaker is still closed
and thus reset timer setting 79RSD starts timing, however briefly, if 79BRS =
logical 0. This is mostly a nuisance in the Time column of the event report,
where an “r” appears for a few cycles in the column (indicating the reset timer
is timing), until the circuit breaker opens. Once the circuit breaker opens, the
reset timer stops timing. When the circuit breaker recloses later, the reset timer

starts timing anew, with full setting value 79RSD.

TRIP remains asserted for at least TDURD time (see Figure 5.2)—Ilong
enough to encompass this brief time period (waiting for the circuit breaker to
open after the trip coil is energized). Thus, factory setting 79BRS = TRIP is
used in most applications.

Additional Settings Example 1

The block reset timing setting is as follows.
T9BRS = (51P + 51G) * 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 6.7 and Table 6.1).

When the relay is in the Reset or Lockout States, Relay Word bit 79CY is
deasserted to logical 0. Thus, the 79BRS setting has no effect when the relay
is in the Reset or Lockout States. When a circuit breaker is closed from
lockout, there could be cold load inrush current that momentarily picks up a
time-overcurrent element (e.g., phase time-overcurrent element 51PT pickup
(51P) asserts momentarily). But, this assertion of pickup 51P has no effect on
reset timing because the relay is in the Lockout State (79CY = logical 0).
The relay will time immediately on reset time 79RSLD and take the relay
from the Lockout State to the Reset State with no additional delay because
79BRS is deasserted to logical 0.
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When the relay is in the Reclose Cycle State, Relay Word bit 79CY is asserted
to logical 1. Thus, the factory 79BRS setting can function to block reset
timing if time-overcurrent pickup 51P or 51G is picked up while the relay is in
the Reclose Cycle State. This helps prevent repetitive “trip-reclose” cycling
for low-magnitude faults where the inverse time-overcurrent tripping time
might be greater than the reset time from reclose cycle, 79RSD.

Additional Settings Example 2

Sequence
Coordination Setting
(T9SEQ)

If the block reset timing setting is as follows.
T9BRS = 51P + 51G

then reset timing is blocked if time-overcurrent pickup 51P or 51G is picked
up, regardless of the reclosing relay state.

The 79SEQ setting is applicable to distribution applications; for transmission
system applications set 79SEQ = 0. See the SEL-351 Instruction Manual for a
description of setting 79SEQ.

Factory Settings

Reclose Supervision
Setting (79CLS)

SEL-311C-1 Transmission Protection System

Sequence coordination is not enabled in the factory settings.
79SEQ=0

See Reclose Supervision Logic on page 6.5.
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Section 7

Inputs, Outputs, Timers,
and Other Control Logic

Overview

This section contains the following topics:
» Optoisolated Inputs
Local Control Switches on page 7.5
Remote Control Switches on page 7.9
Latch Control Switches on page 7.10
Multiple Setting Groups on page 7.16
SELocGIc Control Equation Variables/Timers on page 7.25
Logic Variables on page 7.30
Virtual Bits on page 7.32

Y Y Y VY VY VYYVYY

Output Contacts on page 7.32

\

Rotating Display on page 7.37

This section explains the settings and operation of all the programmable logic
functions of the relay, including control input and output functions. They are
combined with the distance, overcurrent, voltage, frequency, and reclosing
elements in SELOGIC® control equation settings to realize numerous
protection and control schemes.

Relay Word bits and SELOGIC control equation setting examples are used
throughout this section.

See Section 9: Setting the Relay for more information on relay setting
procedures, and see Appendix D: Relay Word Bits for a list of Relay Word bits
in the SEL-311C.

See Section 10: Communications for more information on viewing and
making SELOGIC control equation settings (commands SHO L and SET L).

Optoisolated Inputs

Figure 7.1 and Figure 7.2 show the resultant Relay Word bits (e.g., Relay

NOTE: Optoisolated inputs are

level-sensitive, meaning that they Word bits IN101-IN106 in Figure 7.1) that follow corresponding optoisolated
fi?tl;”i ftréogistehrat”;ef;g'rhti” of rated inputs (e.g., optoisolated inputs INI01-IN106 in Figure 7.1) for the different
\Slpecigﬁcations on page 1.2 for proper SEL-311C Relay models. The figures show examples of energized and

ac and dc voltages required for secure
and dependable input operation.
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de-energized optoisolated inputs and corresponding Relay Word bit states. To
assert an input, apply rated control voltage to the appropriate terminal pair
(see Figure 2.2—Figure 2.6).

Figure 7.1, showing main board inputs IN101-IN106, is used for the
following discussion and examples. The optoisolated inputs on the extra I/O
board operate similarly. Figure 7.2 shows the eight inputs IN201-IN208
available with extra I/O board Options 2, 5, and 6. Extra I/O board Option 4

WE:Optoisolated inputs are not provides 16 inputs IN201-IN216.

polarity sensitive.

Example Opto- Built-in Relay Relay
Switch isolated Optoisolated Debounce Word Word Bit
States Inputs Input States Timers Bits States

(*)
i—O/ IN101D
Open ( ) INIO1 —= De-energized — —s INIO —® Logical 0
IN101D
o—T IN102D
Closed ﬂ) INIO2 —»= Energized ~—m = IN102 — Logical1
L IN102D
o0—TC IN103D
Closed ( ) INI03 — Energized ~—® —» INI03 —» Logical 1
L IN103D
O/C IN104D,
Open é) INI04 —m De-energized —| - INI04 —» Logical 0
L IN104D

A IN105D

Open é) INI05 —®= De-energized —| = IN105 —»= Logical 0
L IN105D

o IN106D

Open ( ) INI06 —= De-energized —»| — INI06 — Logical 0
L IN106D
=)

Figure 71 Example Operation of Optoisolated Inputs IN101-IN106 (All Models)

Example Opto- Built-in Relay Relay
Switch isolated Optoisolated Debounce Word Word Bit
" States Inputs Input States Timers Bits States
N —_—
o o IN201D
Open ( ) IN201 — De-energized —# —» IN201 —» Logical 0
IN201D
— IN202D,
Closed E:) IN202 —» Energized ~— - IN202 — Logical |
< IN202D
o— IN203D,
Closed é) IN203 — Energized — - IN203 —= Logical 1
< IN203D
o o IN204D,
Open %) IN204 —m= De-energized —| -~ [N204 —»= Logical 0
< iN204D
o o IN205D,
Open %) IN205 — De-energized — > IN205 — Logical 0
< IN205D
o IN206D
Open é) IN206 —» De-energized —# = [N206 — Logical 0
< IN206D
o— IN207D
Closed é) IN207 —»= Energized ~—#» - IN207 — Logical 1
< IN207D
o IN208D,
Open é) IN208 —®= De-energized —| s~ [N208 —»= Logical 0
< iN208D
)

Figure 7.2 Example Operation of Optoisolated Inputs IN201-IN208
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In p ut Debounce Each input has settable pickup/dropout timers for input energization/de-energization
. debounce. These timers are IN101D-IN106D (see Figure 7.1) for the main board,
Timers IN201D-IN208D for extra /O board Options 2, 5, and 6, and IN201D-IN216D for

extra I/O board Option 4. The setting is applied to both the pickup and dropout time
for the corresponding input.

Debounce timer settings are adjustable from 0.00 to 2.00 cycles or AC. The
relay takes the entered time setting and internally runs the timer at the nearest
1/16 cycle. For example, if setting IN105D = 0.80, internally the timer runs at
the nearest 1/16 cycle: 13/16 cycles (13/16 = 0.8125).

For most dc applications, the input pickup/dropout debounce timers should be
set in 1/4 cycle increments.

Only a few applications (e.g., communications-assisted tripping schemes)
might require input pickup/dropout debounce timers set less than 1/4 cycle
[e.g., if setting IN105D = 0.13, internally the timer runs at the nearest

1/16 cycle: 2/16 cycles (2/16 = 0.1250)].

Relay Word bits IN101-IN106 and IN201-IN216 are updated on the next
1/4-cycle processing interval after the debounce timer expires.

If more than two cycles of debounce are needed, run the Relay Word bit (for
example, IN101) through a SELOGIC control equation variable timer and use
the output of the timer for input functions (see Figure 7.24 and Figure 7.25).

The AC setting allows the input to sense ac control signals. When you use the AC
setting, the input has a maximum pickup time of 0.75 cycles and a maximum
dropout time of 1.25 cycles. The AC setting qualifies the input by not asserting until
two successive 1/16 cycle samples are higher than the optoisolated input voltage
threshold and not deasserting until 16 successive 1/16 cycle samples are lower than
the optoisolated input voltage threshold.

See SEL Application Guide AG2003-08, Guidelines for Using Optoisolated
Inputs in SEL Relays on the SEL website for more information about
debounce timers and optoisolated input security.

View Raw For system testing and analysis, the status of the INI01-IN106 and IN201-IN216
| t Stat inputs before the debounce timer is applied can be viewed in an event report
npu Status by using the EVE R or CEV R commands. This type of event report is helpful

for analyzing contact bounce problems with connected equipment. See
Filtered and Unfiltered Event Reports on page 12.17 for more information.

|nput Functions Optoisolated inputs are used by.including the correspondi.ng Relay Word bits
(for example, IN101 or IN102) in SELOGIC control equations.

Factory Settings ) R .
Examples L 524 ; Permissive Trip

— Signal (RX)

SEL-311C

()

) INtor () o2

)
Figure 7.3 Circuit Breaker Auxiliary Contact and Received Permissive Trip
Contact Connected to Optoisolated Inputs IN101 and IN102

The functions for inputs IN101 and IN102 are described in the following
discussions.
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Optoisolated Inputs

Input IN101

Relay Word bit IN101 is used in the factory settings for the SELOGIC control
equation circuit breaker status setting:

52A =IN101
Connect input IN101to a 52a circuit breaker auxiliary contact.

If a 52b circuit breaker auxiliary contact is connected to input IN101, the setting
is changed to:

52A = 1IN101 [!IN101 = NOT(IN101)]

See Close Logic on page 6.2 for more information on SELOGIC control
equation setting 52A.

It is recommended that the pickup/dropout timer for input IN101 (IN101D) be
set as follows:

IN101D = 0.50 cycles

These settings provide input energization/de-energization debounce and may
be adjusted to suit the application.

Input IN101 is indirectly used via the 52A Relay Word bit for other factory
settings (e.g., SELOGIC control equation settings BSYNCH (see
Synchronism-Check Elements on page 3.55), TORIS (see Reclosing Relay on
page 6.11), and DP1 [see Rotating Display on page 7.37]).

Using Relay Word bit IN101 for the circuit breaker status setting 52A does not
prevent using Relay Word bit IN101 in other SELOGIC control equation
settings.

Input IN102

SEL-311C-1 Transmission Protection System

Relay Word bit IN102 is used in the factory settings for the SELOGIC control
equation received permissive trip setting.

PT1=1IN102
Connect input IN102 to the communications receiver permissive trip output.

When the permissive trip (RX) output contact is open, input IN102 is
de-energized and the permissive trip input is deasserted.
PT1=1IN102 =logical O
When the permissive trip (RX) output contact is closed, input IN102 is
energized and the permissive trip input is asserted.
PT1=1IN102 =logical 1
See Section 5: Trip and Target Logic for more information on SELOGIC
control equation setting PT1 in communications-assisted tripping schemes.
The pickup/dropout timer for input IN102 (IN102D) could be set as follows.
IN102D = 0.13 cycles
to provide a minimal delay (two samples) input energization/de-energization

debounce. This is a Global setting and would need to be changed from the
factory default of 0.00 cycles.
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Local Control Switches

Local Control Switches

NOTE: Local control switches are
available only on models with an LCD.

NOTE: When one or more local
switch label settings are entered, the
front-panel rotating display will
include the message Push CNTRL
for Local Control. This
message is not displayed when all
local control switches are disabled.

NOTE: On relays without an LCD,
Relay Word bits LB1-LB16 are always
deasserted (= logical 0).

Date Code 20191107

The local control switch feature of this relay replaces traditional
panel-mounted control switches. Operate the 16 local control switches by
using the CNTRL pushbutton on the front-panel keyboard/display

(see Section 11: Front-Panel Interface).

ON Position
(Maintained Logical 1 Position)

o Relay
Word
_Bit_

Logical 1 —o OFF Position ——————O—1LBn
(Maintained Logical 0 Position) (n=1through 16)
A
MOMENTARY Position

(Logical 1for One Processing Interval)

Figure 7.4 Local Control Switches Drive Local Bits LB1 Through LB16

The output of the local control switch in Figure 7.4 is a Relay Word bit LBn
(n =1 through 16), called a local bit. The local control switch logic in
Figure 7.4 repeats for each local bit LB1-LB16. Use these local bits in
SELOGIC control equations.

For a given local control switch, the local control switch positions are enabled
by making corresponding label settings. Pressing the CNTRL button on the front
panel displays a menu of local control switch functions. Follow the display
menu to operate (set, pulse, or clear) the local bit associated with desired local
control switch. The local bit must be used in the appropriate SELOGIC control
equation to produce the desired result.

Table 71 Correspondence Between Local Control Switch Positions and Label
Settings

Switch Position | Label Setting Setting Definition Logic State
not applicable NLBn Name of Local not applicable
Control Switch
ON SLBn “Set” Local bit LBn logical 1
OFF CLBn “Clear” Local bit LBn logical 0
MOMENTARY PLBn “Pulse” Local bit LBn logical 1 for
one processing interval

Note the first setting in Table 7.1 (NLBn) is the overall switch name setting
that appears in the front-panel CNTRL display menu. Make each label setting
through the serial port by using the command SET T. View these settings by
using the serial port command SHO T (see Section 9: Setting the Relay and
Section 10: Communications) or by reading the Text settings with
ACSELERATOR QuickSet® SEL-5030 software.

Instruction Manual
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Local Control Configure any local control switch as one of the following three switch types.
Switch Types
ON/OFF Switch
Local bit LB is in either the ON (LB#n = logical 1) or OFF (LBn = logical 0)
position.
ON Position
Relay
© Word
Bit
Logical 1 — OFF Position ————O—1LBn
(Logical 0) (n=1through 16)
Figure 7.5 Local Control Switch Configured as an ON/OFF Switch
OFF/MOMENTARY Switch

The local bit LBn is maintained in the OFF (LBn = logical 0) position and
pulses to the MOMENTARY (LB#n = logical 1) position for one processing
interval (1/4 cycle).

Relay
Word
Bit
Logical 1 OFF Position ————O—1LBn
<‘ (Logical 0) (n=1through16)
A
MOMENTARY Position

Figure 7.6 Local Control Switch Configured as an OFF/MOMENTARY Switch

ON/OFF/MOMENTARY Switch

The local bit LB# is in either the ON (LB#n = logical 1) or OFF (LBn =
logical 0) position

or

is in the OFF (LBn = logical 0) position and pulses to the MOMENTARY
(LBn = logical 1) position for one processing interval (1/4 cycle).

ON Position

Relay
© Word
Bit
Logical 1 —o OFF Position ———O—LBn
(Logical 0) (n=1through 16)
A
MOMENTARY Position
Figure 7.7 Local Control Switch Configured as an ON/OFF/MOMENTARY

Switch
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Local Control Switches

Table 7.2 Correspondence Between Local Control Switch Types and Required

Label Settings

e T
ON/OFF X X X
OFF/MOMENTARY X X X
ON/OFF/MOMENTARY X X X X

Disable local control switches by entering NA at the prompt for all the label
settings for that switch (see Section 9: Setting the Relay). The local bit
associated with this disabled local control switch is then fixed at logical 0.

Local bits LB3 and LB4 might be used for manual trip and close functions.
Their corresponding local control switch position labels are set to configure
the switches as OFF/MOMENTARY switches.

Settings Examples

Local

Bit Label Settings Function

LB3 | NLB3 = MANUAL TRIP
CLB3 =RETURN

trips breaker and drives reclosing relay to lockout

OFF position (“return” from MOMENTARY

position)
SLB3 = ON position—not used (left “blank™)
PLB3 = TRIP MOMENTARY position

LB4 | NLB4 = MANUAL CLOSE | closes breaker, separate from automatic reclosing

CLB4 = RETURN OFF position (“return” from MOMENTARY

position)
SLB4 = ON position—not used (left “blank™)
PLB4 = CLOSE MOMENTARY position

Following Figure 7.8 and Figure 7.9 show local control switches with
example settings.

MANUAL TRIP
Local
Bit
Logical 1 RETURN ———O—1B3
—‘ (Logical 0)
A
TRIP

Figure 7.8 Configured Manual Trip Switch Drives Local Bit LB3

Local bit LB3 is set to trip in the following SELOGIC control equation manual
trip setting (see Figure 5.1).

TR=..+LB3 +...

To keep reclosing from being initiated for this trip, set local bit LB3 to drive
the reclosing relay to lockout for a manual trip (see Section 6: Close and
Reclose Logic).

79DTL = ... + LB3

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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Local Control Switches

Additional Local
Control Switch
Application Ideas

Local Control Switch
States Retained

MANUAL CLOSE

Local
_Bit
Logical 1 RETURN ———— O—LB4
<‘ (Logical 0)
A
CLOSE

Figure 79 Configured Manual Close Switch Drives Local Bit LB4

Local bit LB4 is set to close the circuit breaker in the following SELOGIC
control equation setting.

CL=CC +LB4

SELOGIC control equation setting CL is for close conditions other than
automatic reclosing (see Figure 6.3).

The preceding settings examples are OFF/MOMENTARY switches. Local
control switches configured as ON/OFF switches can be used for applications
such as those listed below.

» Reclosing relay enable/disable
» Ground relay enable/disable

» Remote control supervision

Local control switches can also be configured as ON/OFF/MOMENTARY
switches for applications that require such. Local control switches can be
applied to almost any control scheme that traditionally requires front-panel
switches.

Power LossS

The states of the local bits (Relay Word bits LB1-LB16) are retained if power
to the relay is lost and then restored. If a local control switch is in the ON
position (corresponding local bit is asserted to logical 1) when power is lost, it
comes back in the ON position (corresponding local bit is still asserted to
logical 1) when power is restored. If a local control switch is in the OFF
position (corresponding local bit is deasserted to logical 0) when power is lost,
it comes back in the OFF position (corresponding local bit is still deasserted to
logical 0) when power is restored. This feature makes local bits behave the
same as a traditional installation with panel-mounted control switches. If
power is lost to the panel, the front-panel control switch positions remain
unchanged.

If a local bit is routed to a programmable output contact and control power is
lost, the state of the local bit is stored in nonvolatile memory but the output
contact will go to its de-energized state. When the control power is reapplied
to the relay, the programmed output contact will go back to the state of the
local bit after relay initialization.

Settings Change or Active Setting Group Change

SEL-311C-1 Transmission Protection System

If settings are changed (for the active setting group or one of the other setting
groups) or the active setting group is changed, the states of the local bits
(Relay Word bits LB1-LB16) are retained, much like in the preceding Power
Loss on page 7.8 explanation.
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If a local control switch is made inoperable because of a settings change (i.e.,
the corresponding label settings are nulled), the corresponding local bit is then
fixed at logical 0, regardless of the local bit state before the settings change. If
a local control switch is made newly operable because of a settings change
(i.e., the corresponding label settings are set), the corresponding local bit starts
out at logical 0.

Remote Control Switches

Remote control switches are operated via the communications ports (see CON
Command (Control Remote Bit) on page 10.41), Appendix J: Configuration,
Fast Meter, and Fast Operate Commands, Appendix L: DNP3
Communications, Appendix O: Modbus RTU and TCP Communications, and
Appendix P: IEC 61850).

ON Position

(Maintained L(glcal 1Position) Relay

Word

Bit

Logical 1 —o OFF Position ———————O—RBn

(Maintained Logical 0 Position) (n=1through 32)
A
MOMENTARY Position

(Logical 1 for One Processing Interval)

Figure 710 Remote Control Switches Drive Remote Bits RB1-RB32

The outputs of the remote control switches in Figure 7.10 are Relay Word bits
RBn (n =1 to 32), called remote bits. Use these remote bits in SELOGIC
control equations.

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

ON (logical 1)
OFF (logical 0)
MOMENTARY (logical 1 for one processing interval)

it OGIC control equations, the remote bits can be used in applications

emote Bi With SEL | equati h bi b d in applicati

Apolicati Id similar to those in which local bits are used (see preceding local control switch
pp Ication laeas discussion).

Also, remote bits can be used much as optoisolated inputs are used in
operating latch control switches (see discussion following Figure 7.15). Pulse
(momentarily operate) the remote bits for this application.

Remote Bit States The states of the remote bits (Relay Word bits RB1-RB32) are not retained if
t Retained Wh power to the relay is lost and then restored. The remote control switches

Not Retained When always come back in the OFF position (corresponding remote bit is deasserted

Power Is Lost to logical 0) when power is restored to the relay.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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Latch Control Switches

Remote Bit States
Retained When
Settings Changed or
Active Setting Group
Changed

Details on the
Remote Control
Switch MOMENTARY
Position

The state of each remote bit is retained if relay settings are changed (for the
active setting group or one of the other setting groups) or the active setting
group is changed. If a remote control switch is in the ON position
(corresponding remote bit is asserted to logical 1) before a setting change or
an active setting group change, it comes back in the ON position
(corresponding remote bit is still asserted to logical 1) after the change. If a
remote control switch is in the OFF position (corresponding remote bit is
deasserted to logical 0) before a settings change or an active setting group
change, it comes back in the OFF position (corresponding remote bit is still
deasserted to logical 0) after the change.

This section describes remote control switch 3, which is also called remote bit
3 (RB3). All of the remote bits, RB1-RB32, operate in the same way.

See CON Command (Control Remote Bit) on page 10.41.

The CON 3 command and PRB 3 subcommand place the remote control
switch 3 into the MOMENTARY position for one processing interval,
regardless of its initial state. Remote control switch 3 is then placed in the
OFF position.

If RB3 is initially at logical 0, pulsing it with the CON 3 command and PRB 3
subcommand will change RB3 to a logical 1 for one processing interval, and
then return it to a logical 0. In this situation, the /RB3 (rising-edge operator)
will also assert for one processing interval, followed by the \RB3 (falling-edge
operator) one processing interval later.

If RB3 is initially at logical 1 instead, pulsing it with the CON 3 command
and PRB 3 subcommand will change RB3 to a logical 0. In this situation, the
/RB3 (rising-edge operator) will not assert, but the \RB3 (falling-edge
operator) will assert for one processing interval.

See Appendix F: Setting SELOGIC Control Equations for more details on using
the rising- and falling-edge operators in SELOGIC control equations.

Latch Control Switches

NOTE: The SEL-311C model described
in this manual does not include an
ELAT setting. All 16 latch control
switch settings are always available.
See SEL-311C Models on page 1.1 for
more information.

SEL-311C-1 Transmission Protection System

The latch control switch feature of this relay replaces latching relays.
Traditional latching relays maintain their output contact state when set.

The state of a traditional latching relay output contact is changed by pulsing
the latching relay inputs (see Figure 7.11). Pulse the set input to close (“set”)
the latching relay output contact. Pulse the reset input to open (“reset”) the
latching relay output contact. Often the external contacts wired to the latching
relay inputs are from remote control equipment (e.g., SCADA, RTU).

A 1
BN R
Set Reset
Input Input Output

Traditional Latching Relay Contact

)

Figure 7.11 Traditional Latching Relay
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The 16 latch control switches in the SEL-311C provide latching relay type

functions.
Relay
SELocic Word
Setting Bits
SETn }H Tn

(Set) a
RSTn

(Reset)

(n =1through 16)
Figure 7.12 Latch Control Switches Drive Latch Bits LT1-LT16
The output of the latch control switch in Figure 7.12 is a Relay Word bit LTn
(n =1 through 16), called a latch bit. The latch control switch logic in

Figure 7.12 repeats for each latch bit LT1-LT16. Use these latch bits in
SELOGIC control equations.

These latch control switches each have the following SELOGIC control
equation settings.

SETn (set latch bit LTn to logical 1)
RSTn (reset latch bit LTn to logical 0)

If setting SETn asserts to logical 1, latch bit LTn asserts to logical 1. If setting
RSTn asserts to logical 1, latch bit LTn deasserts to logical 0. If both settings
SETn and RSTr assert to logical 1, setting RSTn has priority and latch bit LTn
deasserts to logical 0.

Latch Control Switch Latch control switches can be used for such applications as the following.

Application Ideas » Reclosing relay enable/disable
» Ground relay enable/disable
Latch control switches can be applied to almost any control scheme. The

following is an example of using a latch control switch to enable/disable the
reclosing relay in the SEL-311C.

Rec|osing Re|ay Use a latch control switch to enable/disable the reclosing relay in the

. SEL-311C. In this example, a SCADA contact is connected to optoisolated
Enable/ Disable input IN204. Each pulse of the SCADA contact changes the state of the
Settmg Examp|e reclosing relay. The SCADA contact is not maintained, just pulsed to

enable/disable the reclosing relay.

*)
SCADA

1
SEL-311C
}) IN204— Enable/Disable Reclosing Relay

=)
Figure 713 SCADA Contact Pulses Input IN204 to Enable/Disable Reclosing
Relay

If the reclosing relay is enabled and the SCADA contact is pulsed, the
reclosing relay is then disabled. If the SCADA contact is pulsed again, the
reclosing relay is enabled again. The control operates in a cyclic manner as
shown below.

pulse to enable ... pulse to disable ... pulse to enable ... pulse to disable ...

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System
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Latch Control Switches

This reclosing relay logic is implemented in the following SELOGIC control
equation settings and displayed in Figure 7.14.

SET1=/IN204 * ILT1 [= (rising edge of input IN204) AND NOT(LT1)]
RST1=/IN204 * LT1 [= (rising edge of input IN204) AND LT1]
79DTL = ILT1 [= NOT(LT1); drive-to-lockout setting]

SELooic Relay
Setting — Bit
*—( SETI

Bas

Rising-Edge
Relay Defect SELocic
Word Setting
Bit RSTI
IN204 = J (Reset)

Figure 7.14 Latch Control Switch Controlled by a Single Input to
Enable/Disable Reclosing

Feedback Control

Note in Figure 7.14 that the latch control switch output (latch bit LT1) is
effectively used as feedback for SELOGIC control equation settings SET1 and
RSTI. The feedback of latch bit LT1 “guides” input IN204 to the correct latch
control switch input.

If latch bit LT1 = logical 0, input IN204 is routed to setting SET1 (set latch bit
LT1).

SET1=/IN204 * ILT1 = /IN204 * NOT(LT1) = /IN204 * NOT(logical 0) =
/IN204 = rising edge of input IN204

RST1 = /IN204 * LT1 = /IN204 * (logical 0) = logical 0
If latch bit LT1 = logical 1, input IN204 is routed to setting RST1 (reset latch
bit LT1).
SET1 = /IN204 * ILT1 = /IN204 * NOT(LT1) = /IN204 * NOT(logical 1) =
/IN204 * (logical 0) = logical 0
RSTI = /IN204 * LT1 = /IN204 * (logical 1) = /IN204 = rising edge of input
IN204

Rising-Edge Operators

SEL-311C-1 Transmission Protection System

Refer to Figure 7.14 and Figure 7.15.

The rising-edge operator in front of Relay Word bit IN204 (/IN204) sees a
logical O to logical 1 transition as a “rising edge,” and /IN204 asserts to
logical 1 for one processing interval. For more details on rising-edge
operators, see Appendix F: Setting SELOGIC Control Equations.

The rising-edge operator on input IN204 is necessary because any single
assertion of optoisolated input IN204 by the SCADA contact will last for at
least a few cycles, and each individual assertion of input IN204 should only
change the state of the latch control switch once (e.g., latch bit LT1 changes
state from logical O to logical 1).

Instruction Manual Date Code 20191107



NOTE: Refer to Optoisolated Inputs
on page 7.1 and Figure 7.1. Relay Word
bit IN204 shows the state of
optoisolated input IN204 after the input
pickup/dropout debounce timer
IN204D. Thus, when using Relay Word
bit IN204 in Figure 7.13 and Figure 7.14
and associated SELoGIC control
equations, keep in mind any time
delay produced by the input
pickup/dropout debounce timer.

Inputs, Outputs, Timers, and Other Control Logic
Latch Control Switches

For example in Figure 7.14, if
LT1 =logical 0

input IN204 is routed to setting SET1 (as discussed previously).
SET1=/IN204 = rising edge of input IN204

If input IN204 is then asserted for a few cycles by the SCADA contact (see
Pulse 1 in Figure 7.15), SET1 is asserted to logical 1 for one processing
interval. This causes latch bit LT1 to change state in the next processing
interval.

LT1 = logical 1

With latch bit LT1 now at logical 1 for the next processing interval, input
IN204 is routed to setting RST1 (as discussed previously).

RSTI = /IN204 = rising edge of input IN204

This would then appear to enable the “reset” input (setting RST1) the next
processing interval. But the “rising-edge” condition occurred the preceding
processing interval. /IN204 is now at logical 0, so setting RST1 does not
assert, even though input IN204 remains asserted for at least a few cycles by
the SCADA contact.

If the SCADA contact deasserts and then asserts again (new rising edge—see
Pulse 2 in Figure 7.15), the “reset” input (setting RST1) asserts and latch bit
LT1 deasserts back to logical 0 again. Thus, each individual assertion of input
IN204 (Pulse 1, Pulse 2, Pulse 3, and Pulse 4 in Figure 7.15) changes the state
of latch control switch just once.

Pulse 1 Pulse 2 Pulse 3 Pulse 4
Rising Rising Rising Rising
Edge J Edge Edge Edge

I

o

/IN204

I

|

;

SETI = /IN204 * ILT!

—-

I

~a—Q0ne
Processing 1
Interval

1

R N
—

N R

RST1 = /IN204 * LT1
Figure 7.15 Latch Control Switch Operation Time Line

Use a Remote Bit Instead to Enable/Disable the Reclosing Relay

Date Code 20191107

Use a remote bit to enable/disable the reclosing relay, instead of an
optoisolated input. For example, substitute remote bit RB1 for optoisolated
input IN204 in the settings accompanying Figure 7.14.

SET1 = /RB1* ILT1 [= (rising edge of remote bit RB1) AND NOT(LT1)]
RST1=/RB1 * LT1 [= (rising edge of remote bit RB1) AND LT1]
79DTL = ILT1 [= NOT(LT1); drive-to-lockout setting]

Instruction Manual
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Pulse remote bit RB1 to enable reclosing, pulse remote bit RB1 to disable

reclosing, etc.—much like the operation of optoisolated input IN204 in the

previous example. Remote bits (Relay Word bits RB1-RB32) are operated
through the serial port. See Remote Control Switches on page 7.9 for more
information on remote bits.

These are just a few control logic examples—many variations are possible.

Latch Control Switch States Retained

Power Loss
NOTE: If a latch bit is st o a The states of the latch bits (L"l?l.—LT16) are retained if power to the relay is lost
programmable output contact (e.q., and then restored. If a latch bit is asserted (e.g., LT2 = logical 1) when power
OUTIO3 = LT2) and power to the relay is lost, it comes back asserted (LT2 = logical 1) when power is restored. If a
is lost, the state of the latch bit is L. A 3 )
stored in nonvolatile memory but the latch bit is deasserted (e.g., LT3 = logical 0) when power is lost, it comes back
output contact will go to its deasserted (LT3 = logical 0) when power is restored. This feature makes the
de-energized state. When power to the . L . ..
relay is restored, the programmable latch bits behave the same as traditional latching relays. In a traditional
output contact will go back to the installation, if power is lost to the panel, the latching relay output contact
state of the latch bit after relay gs .
initialization. position remains unchanged.
Settings Change or Active Setting Group Change
If individual settings are changed (for the active setting group or one of the
other setting groups) or the active setting group is changed, the states of the
latch bits (Relay Word bits LT1-LT16) are retained, much like in the
preceding Power Loss on page 7.14 explanation.
If the individual settings change or active setting group change causes a
change in SELOGIC control equation settings SET# or RSTn (n = 1 through
16), the retained states of the latch bits can be changed, subject to the newly
enabled settings SETn or RSTn.
Reset Latch Bits for If desired, the latch bits can be reset to logical O right after a settings group
Acti tti change, using SELOGIC control equation setting RSTn (n = 1 through 16).
ctive Se Ing Group Relay Word bits SG1-SG6 indicate the active setting Group 1 through 6,
Cha nge respectively (see Table 7.3).

For example, an application requires that when setting Group 4 becomes the
active setting group, latch bit LT2 gets reset. Make the following SELOGIC
control equation settings in setting Group 4.

RST2 = /SG4 + ... [other logic]

‘7 Setting Group 4 Activated

— :¢ one processing interval
I
I
I
RST2 = /SG4 + ... :* ~&— one processing interval
+ f

! |
b
' i
L72! I
: .
Latch Bit LT2
Reset to Logical 0

Figure 716 Time Line for Reset of Latch Bit LT2 After Active Setting Group
Change
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In Figure 7.16, the rising edge operator /SG4 creates a pulse (logical 1) for one
quarter cycle after setting group 4 is newly entered. Latch bit LT2 is reset (deasserted
to logical 0) when setting RST2 briefly asserts to logical 1 right after setting Group 4
is activated. This logic only clears LT2 after a setting group change from another
group to Group 4—it does not clear the latch when the relay is turned on into setting
Group 4. This logic can be repeated for other latch bits.

Note: Make Latch The latch bit states are stored in nonvolatile memory so they can be retained
. during power loss, settings change, or active setting group change. The

Control Switch nonvolatile memory is rated for a finite number of “writes” for all cuamulative

Settinqs With Care latch bit state changes. Exceeding the limit can result in an eventual self-test

failure. An average of 70 cumulative latch bit state changes per day can be
made for a 25-year relay service life.

This requires that SELOGIC control equation settings SETn and RSTn for any
given latch bit LTn (n = 1 through 16) be set with care. Settings SETn and
RSTn cannot result in continuous cyclical operation of latch bit LTz. Use
timers to qualify conditions set in settings SET»n and RSTn. If any optoisolated
inputs IN101-IN106 or IN201-IN216 are used in settings SETn and RSTn, the
inputs have their own debounce timer that can help in providing the necessary
time qualification (see Figure 7.1 and Figure 7.2).

In the preceding reclosing relay enable/disable example application

(Figure 7.14 and Figure 7.15), the SCADA contact cannot be
asserting/deasserting continuously, thus causing latch bit LT1 to change state
continuously. Note that the rising-edge operators in the SET1 and RST1
settings keep latch bit LT1 from cyclically operating for any single assertion
of the SCADA contact.

Another variation to the example application in Figure 7.14 and Figure 7.15
that adds more security is a timer with pickup/dropout times set the same (see
Figure 7.17 and Figure 7.18). Suppose that SV6PU and SV6DO are both set
to 300 cycles. Then the SVOT timer keeps the state of latch bit LT1 from being
able to be changed at a rate faster than once every 300 cycles (5 seconds at

SV6DO;

60 Hz).
Relay
SELogIc Word
Setting Bit SELoGIC Relay
SV6 SVéPU SV6T Setting Bit
J SEn DH m

Rising-Edge
Detect SELosic
Word Setting
Bit RSTI

Relay

IN104 > J (Reset)

Figure 7.17 Latch Control Switch (With Time Delay Feedback) Controlled by a
Single Input to Enable/Disable Reclosing
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Pulse 1 Pulse 2 Pulse 3 Pulse 4
Rising Rising Rising Rising
Edge Edge Edge Edge

IN104 J | | | l—l_l—L
/IN104 j |_| |_| |_|
SV6 = LTl J

|
sveT __|
I
I

i
C*

i
I
i
I
| | o
I I I
SET1 = /IN104 * 1SV6T |_| i o
—=1 =—One b o effect ! L
Processing ] L
RSTI = /IN104 * SV6T Interval | | R
L No
Effect
Figure 7.18 Latch Control Switch (With Time Delay Feedback) Operation

Time Line

Multiple Setting Groups

The relay has six (6) independent setting groups. Each setting group has
complete relay (distance, overcurrent, reclosing, frequency, etc.) and SELOGIC
control equation settings.

Active Settmg Group Only one setting group can be active at a time. Relay Word bits SG1-SG6
. . indicate the active setting group.
Indication

Table 7.3 Definitions for Active Setting Group Indication Relay Word Bits
SG1 Through SG6

Relay Word Bit Definition
SG1 Indication that setting Group 1 is the active setting group
SG2 Indication that setting Group 2 is the active setting group
SG3 Indication that setting Group 3 is the active setting group
SG4 Indication that setting Group 4 is the active setting group
SG5 Indication that setting Group 5 is the active setting group
SG6 Indication that setting Group 6 is the active setting group

For example, if setting Group 4 is the active setting group, Relay Word bit
SG4 asserts to logical 1, and the other Relay Word bits SG1, SG2, SG3, SGS5,
and SG6 are all deasserted to logical 0.

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107



Selecting the Active
Setting Group

Operation of SELoGIC
Control Equation
Settings SS1-SS6
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The active setting group is selected with one of the following.
» SELOGIC control equation settings SS1-SS6

» The serial port GROUP command (see Section 10:
Communications)

» The front-panel GROUP pushbutton (see Section 11: Front-Panel
Interface)

» DNP analog output ACTGRP (see Appendix L: DNP3
Communications)

» Modbus® function code 06 or 10 write to ACTGRP (see
Appendix O: Modbus RTU and TCP Communications)

SELOGIC control equation settings SS1-SS6 have priority over the serial port
GROUP command, the front-panel GROUP pushbutton, DNP, and Modbus in
selecting the active setting group.

Each setting group has its own set of SELOGIC control equation settings
SS1-SS6.

Table 7.4 Definitions for Active Setting Group Switching SELoGic Control
Equation Settings SS1 Through SS6

Setting Definition
SS1 go to (or remain in) setting Group 1
SS2 go to (or remain in) setting Group 2
SS3 go to (or remain in) setting Group 3
SS4 go to (or remain in) setting Group 4
SS5 go to (or remain in) setting Group 5
SS6 go to (or remain in) setting Group 6

The operation of these settings is explained with the following example.

Assume the active setting group starts out as setting Group 3. Corresponding
Relay Word bit SG3 is asserted to logical 1 as an indication that setting
Group 3 is the active setting group (see Table 7.3).

With setting Group 3 as the active setting group, setting SS3 has priority. If
setting SS3 is asserted to logical 1, setting Group 3 remains the active setting
group, regardless of the activity of settings SS1, SS2, SS4, SS5, and SS6. With
settings SS1 through SS6 all deasserted to logical 0, setting Group 3 still
remains the active setting group.

With setting Group 3 as the active setting group, if setting SS3 is deasserted to
logical 0 and one of the other settings (e.g., setting SS5) asserts to logical 1,
the relay switches from setting Group 3 as the active setting group to another
setting group (e.g., setting Group 5) as the active setting group, after
qualifying time setting TGR.

TGR Group Change Delay Setting (settable from 0.00 to 16000.00 cycles)

In this example, TGR qualifies the assertion of setting SS5 before it can
change the active setting group.
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Operation of Serial
Port GROUP
Command and
Front-Panel GROUP
Pushbutton

Relay Disabled
Momentarily During
Active Setting Group
Change

Active Setting Group
Switching Example 1

SEL-311C-1 Transmission Protection System

SELOGIC control equation settings SS1-SS6 have priority over the serial port
GROUP command, the front-panel GROUP pushbutton, DNP3, and Modbus in
selecting the active setting group. If any one of SS1-SS6 asserts to logical 1,
the other group switch controls cannot be used to switch the active setting
group. But if SS1-SS6 all deassert to logical 0, the other controls can be used
to switch the active setting group.

See Section 10: Communications for more information on the serial port GROUP
command. See Section 11: Front-Panel Interface for more information on the
front-panel GROUP pushbutton.

The relay is disabled for a few seconds while the relay is in the process of changing
active setting groups. Relay elements, timers, and logic are reset, unless indicated
otherwise in specific logic description [e.g., local bit (LB1- LB16), remote bit
(RB1-RB32), and latch bit (LT1- LT16) states are retained during a active setting
group change]. The output contacts do not change state until the relay enables in the
new settings group and the SELOGIC control equations are processed to determine
the output contact status for the new group.

For instance, if setting OUT105 = logical 1 in Group 2, and setting OUT105 =
logical 1 in Group 3, and the relay is switched from Group 2 to Group 3,
OUT105 stays energized before, during, and after the group change. However, if
the Group 3 setting was OUT105 = logical O instead, then OUTI05 remains
energized until the relay enables in Group 3, solves the SELOGIC control
equations, and causes OUT105 to de-energize. See Figure 7.28, Figure 7.29, and
Figure 7.30 for examples of output contacts in the de-energized state (i.e.,
corresponding output contact coils de-energized).

Use a single optoisolated input to switch between two setting groups in the
SEL-311C. In this example, optoisolated input IN105 on the relay is connected
to a SCADA contact in Figure 7.19. Each pulse of the SCADA contact
changes the active setting group from one setting group (e.g., setting Group 1)
to another (e.g., setting Group 4). The SCADA contact is not maintained, just
pulsed to switch from one active setting group to another.

*)
SCADA

1
] SEL-31IC
|

} IN105— Change Active Setting Group
=)

Figure 719 SCADA Contact Pulses Input IN105 to Switch Active Setting
Group Between Setting Groups 1 and 4

If setting Group 1 is the active setting group and the SCADA contact is pulsed,
setting Group 4 becomes the active setting group. If the SCADA contact is
pulsed again, setting Group 1 becomes the active setting group again. The
setting group control operates in a cyclical manner.

pulse to activate setting Group 4 ... pulse to activate setting Group 1 ...
pulse to activate setting Group 4 ... pulse to activate setting Group 1 ...

Instruction Manual Date Code 20191107



Date Code 20191107

Inputs, Outputs, Timers, and Other Control Logic
Multiple Setting Groups

This logic is implemented in the SELOGIC control equation settings in
Table 7.5.

Table 7.5 SELocic Control Equation Settings for Switching Active Setting
Group Between Setting Groups 1 and 4

Setting Group 1 Setting Group 4
SV8PU = 1.5 « SCADA pulse width SV8PU = 1.5 « SCADA pulse width
(in cycles) (in cycles)
SV8DO = 0.00 SV8DO = 0.00
SV8 =SG1 * 1/SG1 SV8 =SG4 * 1/SG4
SS1=0 SS1=1IN105 * SV8T
SS2=0 SS2=0
SS3=0 SS3=0

SS4 =1IN105 * SV8T SS4=0
SS5=0 SS5=0
SS6=0 SS6=0

Global Setting
TGR =1.00 cycle

SELOGIC control equation timer input setting SV8 in Table 7.5 has logic
output SV8T, shown in operation in Figure 7.20 for both setting Group 1
and Group 4.

Setting Group 1 Setting Group 4
SV8pPU SV8PU
SV8 = SG1* 1/SG1 —m=| — SV8T SV8 = SG4 * 1/SG4 —m=| —SV8T
SV8Do Sv8D0
SV8PU > SCADA contact pulse width SV8PU > SCADA contact pulse width
Sv8D0 =0 Sv8D0 =0

r Setting Group 1 Activated r Setting Group 4 Activated

SVBT 1 | ra—sVBPU—» Ve | —SV8PU—>-

Figure 7.20 SELocic Control Equation Variable Timer SV8T Used in Setting
Group Switching

In this example, timer SVS8T is used in both setting groups; different timers
could have been used with the same operational result. The SELOGIC variables
do not reset during the setting group change, so special programming
considerations are required to allow the same timer to be used in both setting
groups.

Timer pickup setting SV8PU is set greater than the pulse width of the SCADA
contact (Figure 7.19). This allows only one active setting group change (e.g.,
from setting Group 1 to 4) for each pulse of the SCADA contact (and
subsequent assertion of input IN105). The function of the SELOGIC control
equations in Table 7.5 becomes more apparent in the following example
scenario.

Instruction Manual SEL-311C-1 Transmission Protection System
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Start Out in Setting Group 1

Refer to Figure 7.21.

The relay has been in setting Group 1 for some time, with timer logic output
SV8T asserted to logical 1, thus enabling SELOGIC control equation setting
SS4 for the assertion of input IN105.

Switch to Setting Group 4

Refer to Figure 7.21.

The SCADA contact pulses input IN105, and the active setting group changes
to setting Group 4 after qualifying time setting TGR (set at 1.00 cycle to
qualify the assertion of setting SS4). Optoisolated input IN105 also has its own
built-in debounce timer (IN105D) available (see Figure 7.1).

Note that Figure 7.21 shows both setting Group 1 and setting Group 4
settings. The setting Group 1 settings (top of Figure 7.21) are enabled only
when setting Group 1 is the active setting group and likewise for the setting
Group 4 settings at the bottom of the figure.

Setting Group 4 is now the active setting group, and Relay Word bit SG4
asserts to logical 1. One processing interval later, the expression /SG4 asserts
to logical 1 for one processing interval, and then deasserts to logical 0. The
expression SV8 = SG4 * 1/SG4 deasserts for once processing interval because
the NOT operator “!” is inverting the rising edge operator “/”’. This action
resets the timer SV8T, which must then time for SV8PU cycles to assert again.
See Appendix F: Setting SELOGIC Control Equations for more details on the
rising edge operator.

The TGR setting of 1.00 cycle prevents the brief assertion of SV8T in setting
Group 4 from prematurely initiating a group change.

After the relay has been in setting Group 4 for a time period equal to SV8PU,
the timer logic output SV8T asserts to logical 1, thus enabling SELOGIC
control equation setting SS1 for a new assertion of input IN105.

Note that input IN105 is still asserted as setting Group 4 is activated. Pickup
time SV8PU keeps the continued assertion of input IN105 from causing the
active setting group to revert back again to setting Group 1 for a single
assertion of input IN105. This keeps the active setting group from being
changed at a time interval less than time SV8PU.

Switch Back to Setting Group 1

SEL-311C-1 Transmission Protection System

Refer to Figure 7.21.

The SCADA contact pulses input IN105 a second time, and the active setting

group changes back to setting Group 1 after qualifying time setting TGR (set
at 1.00 cycle to qualify the assertion of setting SS1). Optoisolated input IN105
also has its own built-in debounce timer (IN105D) available (see Figure 7.1).

Similar logic settings operate in setting Group 1 to deassert SV8T quickly,
before the TGR timer expires, and then allow IN105 to deassert before SVST
asserts again.
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SV8=SG1*I/SGT.___ i
—i1 SVBPU 1 -
Setting SV8T i
Group 1 T ! i
! |
$S4 = IN105 * SV8T !l
-+ =TGR i
I I 1
IN105 ! !
I I 1
i L
SV8 = S64 * /564 qu bl
et 1 SVBPU - Do
etting ;
Group 4 SVer :L,—l f
»! =TGR 1 =TGR
$S1 = IN105 * SV8T il

i
I
Active Setting Group +——1——pt——— 4 ————pjt—— | ——»

Figure 7.21 Active Setting Group Switching (With Single Input) Time Line

Previous SEL relays (e.g., SEL-321 and SEL-251 relays) have multiple
settings groups controlled by the assertion of three optoisolated inputs (e.g.,
IN101, IN102, and IN103) in different combinations as shown in Table 7.6.

Table 7.6 Active Setting Group Switching Input Logic

Input States Active Setting
IN103 IN102 IN101 Group
0 0 0 Remote
0 0 1 Group 1
0 1 0 Group 2
0 1 1 Group 3
| 0 0 Group 4
| 0 1 Group 5
| 1 0 Group 6

The SEL-311C can be programmed to operate similarly. Use three
optoisolated inputs to switch between the six setting groups in the SEL-311C.
In this example, optoisolated inputs IN101, IN102, and IN103 on the relay are
connected to a rotating selector switch in Figure 7.22.

Instruction Manual SEL-311C-1 Transmission Protection System
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2 3 4
! 5

Remote @ 6

SEL31C

(Omior (ymioz ()ymio

)

Figure 7.22 Rotating Selector Switch Connected to Inputs IN101, IN102, and
IN103 for Active Setting Group Switching

The selector switch has multiple internal contacts arranged to assert inputs
IN101, IN102, and IN103, dependent on the switch position. As shown in

Table 7.7, as the selector switch is moved from one position to another, a
different setting group is activated. The logic in Table 7.6 is implemented in
the SELOGIC control equation settings in Table 7.7.

Table 7.7 SELocic Control Equation Settings for Rotating Selector Switch
Active Setting Group Switching

SS1 =!IN103 * !IN102 * IN101 =NOT(IN103) * NOT(IN102) * IN101
S$S2 =!IN103 * IN102 * 'IN101 =NOT(IN103) * IN102 * NOT(IN101)
SS3 =!IN103 * IN102 * IN101 =NOT(IN103) * IN102 * IN101
SS4 =1IN103 * IN102 * 'IN101 =1IN103 * NOT(IN102) * NOT(IN101)
SS5 =1IN103 * IN102 * IN101 =1IN103 * NOT(IN102) * IN101
SS6 =IN103 * IN102 * 'IN101 =1IN103 * IN102 * NOT(IN101)

The settings in Table 7.7 are made in each setting Group 1 through Group 6.

Selector Switch Starts Out in Position 3

SEL-311C-1 Transmission Protection System

Refer to Table 7.7 and Figure 7.23.

If the selector switch is in position 3 in Figure 7.22, setting Group 3 is the
active setting group (Relay Word bit SG3 = logical 1). Inputs IN101 and IN102
are energized and IN103 is de-energized.

$S3=1IN103 * IN102 * IN101 = NOT(IN103) * IN102 * IN101
= NOT(logical 0) * logical 1 * logical 1 = logical 1
To get from position 3 to position 5 on the selector switch, the switch passes
through position 4. The switch is only briefly in position 4,
$S4=IN103 * !IN102 * lIN101 = IN103 * NOT(IN102) * NOT(IN101)
= logical 1 * NOT(logical 0) * NOT(logical 0) = logical 1

but not long enough to be qualified by time setting TGR to change the active
setting group to setting Group 4. For such a rotating selector switch
application, qualifying time setting TGR is typically set at 180 to 300 cycles.
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Set TGR long enough to allow the selector switch to pass through
intermediate positions without changing the active setting group, until the
switch rests on the desired setting group position.

Selector Switch Switched to Position 5
Refer to Figure 7.23.

If the selector switch is rested on position 5 in Figure 7.22, setting Group 5
becomes the active setting group (after qualifying time setting TGR; Relay
Word bit SG5 = logical 1). Inputs IN101 and IN103 are energized and IN102 is
de-energized.

$S5=1IN103 * !IN102 * IN101 =IN103 * NOT(IN102) * IN101 = logical 1 *
NOT(logical 0) * logical 1 = logical 1

To get from position 5 to position REMOTE on the selector switch, the switch
passes through the positions 4, 3, 2, and 1. The switch is only briefly in these
positions, but not long enough to be qualified by time setting TGR to change
the active setting group to any one of these setting groups.

Selector Switch Now Rests on Position REMOTE
Refer to Figure 7.23.

If the selector switch is rested on position REMOTE in Figure 7.22, all inputs
IN101, IN102, and IN103 are de-energized and all settings SS1 through SS6 in
Table 7.7 are at logical 0. The last active setting group (Group 5 in this
example) remains the active setting group (Relay Word bit SG5 = logical 1).

With settings SS1-SS6 all at logical 0, the serial port GROUP command or
the front-panel GROUP pushbutton can be used to switch the active setting
group from Group 5, in this example, to another desired setting group.
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SG2

SG3

SG4
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SG6

Active
Setting = 3 > | 5 >
Group

Figure 7.23 Active Setting Group Switching (With Rotating Selector Switch)
Time Line

Active Setting Group Retained
Power Loss

The active setting group is retained if power to the relay is lost and then
restored. If a particular setting group is active (e.g., setting Group 5) when
power is lost, it comes back with the same setting group active when power is
restored.

Settings Change
If individual settings are changed (for the active setting group or one of the
other setting groups), the active setting group is retained, much like in the
preceding Power Loss explanation.

If individual settings are changed for a setting group other than the active
setting group, there is no interruption of the active setting group (the relay is
not momentarily disabled).

If the individual settings change causes a change in one or more currently
active SELOGIC control equation settings SS1-SS6, the active setting group
can be changed, subject to the newly enabled SS1-SS6 settings.

Note: Make Active The' active setting group .is stored in nonvolatile memory so it can be retained
Setti G during power loss or settings change. The nonvolatile memory is rated for a

etting broup finite number of “writes” for all setting group changes. Exceeding the limit
Switching Settings can result in an eventual self-test failure. An average of one (1) setting group
Wlth Care change per day can be made for a 25-year relay service life.
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This requires that SELOGIC control equation settings SS1 through SS6 (see
Table 7.4) be set with care. Settings SS1-SS6 cannot result in continuous
cyclical changing of the active setting group. Time setting TGR qualifies
settings SS1-SS6 before changing the active setting group. If optoisolated
inputs IN101 through IN106 are used in settings SS1-SS6, the inputs have their
own built-in debounce timer that can help in providing the necessary time
qualification (see Figure 7.1).

SELocIc Control Equation Variables/Timers

NOTE: Unlike legacy SEL-311 relays,
the SEL-311C ESV setting does not hide
the Logic settings class SV1-SV16
SELoaIc control equation settings. All
of the SELocIC control equation
settings (SV1-SV16) may be used, even
when the associated timer settings
are hidden by the ESV setting.

See SEL-311C Models on page 1.1 for a
list of differences between relay
models.

Date Code 20191107

Sixteen SELOGIC control equation variables/timers are available. Each
SELOGIC control equation variable/timer has a SELOGIC control equation
setting input and variable/timer outputs as shown in Figure 7.24 and
Figure 7.25.

The SELOGIC variable pickup (SV1PU-SV16PU) and dropout
(SV1IDO-SV16DO) times are individually programmed in the Group settings
class. The number of timer settings is controlled by the ESV setting, with
setting choices (N, 1-16). The factory-default setting is ESV = N, which hides
all timer settings. When hidden, the pickup and dropout times are internally
set to 0.00 cycles. Enable 1 to 16 time-delay settings by changing ESV =1, 2,
3...16.

See Section 9: Setting the Relay for more information on settings classes, and
enable settings.

Timers SVIT-SV6T in Figure 7.24 have a setting range of a little over
4.5 hours.

0.00-999999.00 cycles in 0.25-cycle increments

Timers SVIT-SV16T in Figure 7.25 have a setting range of almost
4.5 minutes.

0.00-16000.00 cycles in 0.25-cycle increments

These timer setting ranges apply to both pickup and dropout times (SVnPU
and SVrDO, n = 1 through 16).

SELocic Variable/ Relay SELoic Variable/ Relay
Timer Input Word Timer Input Word
Settings Bits Settings Bits
V| ———» VI V4 ——» V4
SVIPU SV4PU
—» SVIT = SV4T
SViDo SV4D0|

N2 —— = S\2

SV2PU SV5PU
= SV2T
SV2D0 SV5D0

VS —— - S\5

= SV5T

N —— - §\3

SV3PU SV6PU
> SV3T
SV3D0| SVéD0;

Vo ——— - §V6

= SV6T

Figure 7.24 SELoclic Control Equation Variables/Timers SV1/SVIT Through
SV6/SV6T
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SELocic Variable/ Relay SELosic Variable/ Relay
Timer Input Word Timer Input Word
Settings Bits Settings Bits
V7 » SV svi2 > SV12
SVIPU SVizPy
> SVTT > SVI2T
SV7D0 Sv1200
sv8 » SV8 V13 = SVi3
SV8PU SVI3PY
L SV8T = SVI3T
$V8D0 Sv13D0
sV9 > V9 V4 > SV14
SV9PU SVI4Py
> V9T > V14T
$V9D0 5v14D0
SV10 = SVI0 SVi5 = SVI5
SVIOPY SVI5PY
s SVI0T = SViST
§v1000 Svi5D0
sviI > SVl SVi > SVl
SviIPy SVI6PY
s SviIT > SVi6T
SV1IDO Sv16D0
Figure 7.25 SELocic Control Equation Variables/Timers SV7/SV7T Through
SV16/SV16T
Settmg S Examp|e In the SELOGIC control equation settings, a SELOGIC control equation timer is
used for a simple breaker failure scheme.
SVi=TRIP

The TRIP Relay Word bit is run through a timer for breaker failure timing.
Timer pickup setting SVIPU is set to the breaker failure time (SV1PU =

12 cycles). SVIPU must be set longer than the trip duration timer setting
TDURD. Timer dropout setting SV1DO is set for a 2-cycle dropout (SV1DO
= 2 cycles). The output of the timer (Relay Word bit SV1T) operates output
contact OUT103.

0uT103 = SVIT

Additional Settmg S Another application idea is dedicated breaker failure protection with breaker
failure initiate seal-in (see Figure 7.26).
Example 1

SV6 = IN106 (breaker failure initiate)
SV7 = (SVT + IN106) * 50BFT

0UT106 = SV6T (retrip)

0UTI107 = SVTT (breaker failure trip)
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1
I
I
:
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I
I
1
1
1

e 0UT202

Figure 7.26 Dedicated Breaker Failure Scheme Created With SELoGic Control
Equation Variables/Timers

Relay Word bit SOBFT is the output of the three-phase breaker failure current
detector logic (see Breaker Failure Protection on page 5.32).

Note that the above SELOGIC control equation setting SV7 creates a seal-in
logic circuit (as shown in Figure 7.26) by virtue of SELOGIC control equation
setting SV7 containing Relay Word bit SV7 (SELOGIC control equation
variable SV7).

SVT7 = (SVT + IN106) * 50BFT

b4

Optoisolated input IN106 functions as a breaker failure initiate input. Relay
Word bit SOBFT functions as a fault detector.

Timer pickup setting SV6PU provides retrip delay, if desired (can be set to
zero). Timer dropout setting SV6DO holds the retrip output (output contact
0UT106) closed for extra time if needed after the breaker failure initiate signal
(IN106) goes away.

Timer pickup setting SV7PU provides breaker failure timing. Timer dropout
setting SV7DO holds the breaker failure trip output (output contact 0UT107)
closed for extra time if needed after the breaker failure logic unlatches (fault
detectors SOBFT dropout).

Note that Figure 7.26 suggests the option of having output contacts 0UT201
and 0UT202 operate as additional breaker failure trip outputs. This is done by
making the following SELOGIC control equation settings.

0UT201=SVTT (breaker failure trip)
0UT202 = SVTT (breaker failure trip)
If SV6T and SV7T are programmed to output relays to operate high-current

loads such as breaker trip coils, SV6DO and SV7DO should be set equal to
Group setting TDURD.

SELocIc Variable and Timer Behavior
After Power Loss, Settings Change, or Group Change

Power Loss
If power is lost to the relay, all SELOGIC Variables and Timers are in an initial
state of logical 0, and the timer counts are all at zero when the relay is
powered back up.
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Settings Change or Active Group Change

NOTE: The logical condition
immediately after an active setting
group change must be considered
when developing relay settings for
multiple settings groups. See
Processing Order Considerations on
page F.12 for more information.

SEL-311C-1 Transmission Protection System

If settings are changed (for the active setting group), or the active setting
group is changed, the SELOGIC control equation variables/timers logical states
are retained when the relay enables, and they will exhibit this carried-through
state in any SELOGIC control equation that appears earlier in the processing
order, shown in Table F.4. The next state of the variables/timers depends on
which scenario is encountered. The following examples cover the various
possibilities.

Example 1: Both SV7 and SVTT Asserted Before Group Change

If SV7 and SV7T are both asserted in Group 5, they are still asserted
immediately after switching to another setting group. Once the new setting
group logic is processed, the SV7 variable is updated with the newly evaluated
SV7 equation result.

If the SV7 equation evaluates to logical O in the new settings group, SV7 and
SV7T immediately deassert.

If the SV7 equation evaluates to logical 1 in the new settings group, SV7 and
SV7T remain asserted.

Example 2: SVT Asserted, SVTT Not Asserted Before Group Change

If SV7 is asserted in Group 5, but SV7T has not yet asserted (because it is still
timing on the group 5 SV7PU setting), SV7 is still asserted immediately after
switching to another setting group, and SV7T is deasserted. Once the new
setting group logic is processed, the SV7 variable is updated with the newly
evaluated SV7 equation result.

If the SV7 equation evaluates to logical O in the new settings group, SV7
deasserts immediately, SV7T remains deasserted, and the timer fully resets.

If the SV7 equation evaluates to logical 1 in the new settings group, SV7
remains asserted, and SV7T starts timing anew on its pickup setting SV7PU
from the newly enabled setting group. If the SV7 equation remains at
logical 1, SVTT asserts after SV7PU cycles have elapsed (from the time the
new settings group started running).

Example 3: SV7 Deasserted, SV7T Asserted Before Group Change

If SV7 is deasserted in Group 5, but SV7T has not yet deasserted (because it is
still timing on the group 5 SV7DO setting), SV7 is still deasserted
immediately after switching to another setting group, and SV7T stays
asserted. Once the new setting group logic is processed, the SV7 variable is
updated with the newly evaluated SV7 equation result.

If the SV7 equation evaluates to logical 0 in the new settings group, SV7 stays
deasserted and SV7T deasserts immediately, regardless of the SV7DO setting.

If the SV7 equation evaluates to logical 1 in the new settings group, SV7
asserts and SV7T remains asserted.

Example 4: Both SV7 and SVTT Deasserted Before Group Change

If SV7 and SV7T are both deasserted in Group 5, they remain deasserted
immediately after switching to another setting group. Once the new setting
group logic is processed, the SV7 variable is updated with the newly evaluated
SV7 equation result.

If the SV7 equation evaluates to logical O in the new settings group, SV7 and
SV7T remain deasserted.
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If the SV7 equation evaluates to logical 1 in the new settings group, SV7
asserts, and SV7T starts timing on its pickup setting SV7PU from the newly
enabled setting group. If the SV7 equation remains at logical 1, SV7T asserts
after SV7PU cycles have elapsed (from the time the new settings group started
running).

Sea|-|n Behavior and Figure 7.26 shows an effective seal-in logic circuit, created by use of Relay

. Word bit SV7 (SELOGIC control equation variable SV7) in SELOGIC control
Methods for Breaking equation SV7.

Seal-In SVT = (SVT + IN106) * 50BFT

LA

This seal-in example is not cleared by a group change or settings group
change. The only actions that clear this seal-in are the drop-out (deassertion to
logical 0) of current detector SOBFT, or turning off the relay.

Here are a few setting examples that can be employed to change this behavior.

Assuming the seal-in logic is in active Group 6.

1. In Group 5, make setting
SV7 =0 (effectively)

Switch to Group 5, and then back to Group 6 to break the
seal-in condition.

2. In Group 6, make setting
SV7 = (SVT + IN106) * 50BFT * !/SG6

In Group 5
SV7 = (SVT + IN106) * 50BFT * !/SG5

In Group 1
SV7 = (SVT + IN106) * 50BFT * !/SG1

Switch to any settings group to break the seal-in condition, and
the logic is armed and available for a new breaker failure
initiate condition (assuming the other related settings are the
same in each group).

3. In Group 6, make setting
SV7 = (SVT + IN106) * 50BFT * !/TRGTR

Press the TARGET RESET button to assert Relay Word bit TRGTR
and break the seal-in.

4. In Group 6, make setting
SV7 = (SVT + IN106) * 50BFT * !/IN203

Assert control input IN203 to break the seal-in.
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The SEL-311C supports 32 logic variables (LV1 through LV32). These logic
variables are similar to SELOGIC control equation variables/timers
(SV1-SV16, and SVIT-SV16T), except the LVs do not have associated
pickup/dropout timers. Use logic variables as intermediate SELOGIC control
equation terms to help break a long SELOGIC control equation into smaller,
simpler equations.

Each logic variable has a SELOGIC control equation (LV1, LV2, ... LV32),
and a Relay Word bit with the same label (LV1, LV2, ... LV32) as shown in
Figure 7.27.

SELocic Relay

Setting Word Bits
v Y|
Lv2 Lv2
LV3 LV3

LV32 Lv32

Figure 7.27 Logic Variables

There is no enable setting for the logic variables. The settings for the logic
variables are accessed through 32 SELOGIC control equations in the Logic
Settings class, and each setting has a factory-default value of logical 0.

See Section 9: Setting the Relay for more information on setting classes,
modifying settings, and displaying settings.

Logic Variable Application Ideas
Example 1: Simplify Logic Expressions

NOTE: The example settings are not
from a real application.

SEL-311C-1 Transmission Protection System

Use logic variables to consolidate settings into functional blocks. For
example, if a protection application requires the same logic expression in
several places, a logic variable can make the resulting settings easier to read.

Example settings without a logic variable.
Four torque-control settings requiring a common expression:
67Q1TC =1IN203 * LB2 + LT9 + 50P1
67G1TC =IN203 * LB2 + LT9 + 50P1
51QTC =1IN203 * LB2 + LT9
51GTC =1IN203 * LB2 + LT9

Same example settings using a logic variable.
67Q1TC =LV1 + 50P1
67G1TC =LV1 + 50P1
51QTC =LV1
51GTC =LV1
LV1 =1IN203 * LB2 + LT9
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See Table F.4 for details on the processing order of SELOGIC control
equations. In this example, logic variable LV1 is evaluated after the
torque-control equations each processing interval, and any state change of
LV1 will be delayed one processing interval when used in the torque-control
equations. For many situations, this one-quarter-cycle delay is not significant,
but should be considered when designing settings.

Example 2: Free Up SELocic Control Equation Variables/Timers

Use logic variables LV1-LV32 for non-timing functions to free up SELOGIC
variables/timers SVIT-SV16T.

Example settings without a logic variable.
In this design, SV14 is being used as a variable only:
SV14 = (IN106 * SVI3T + RB7 * LT5) * LT3 + (!59V1 + IN105 * SV13T) * ILT3
SV15 = /SV14 * LBT + \SV14

NOTE: The example settings are not Same example settings using a logic variable.

from a real application. . . .
Now SV 14 is available for use as a timer:

LV6 = (IN106 * SVI3T + RBT * LT5) * LT3 + (!59V1 + IN105 * SV13T) * ILT3
SV14 = available
SV15 = /LV6 * LBT + \LV6

View Logic Variables Logic variables LV1-LV32 are not shown in standard event reports (EVE
. command), but are present in Compressed Event Reports (CEV command).
in CEV Reports or SER P P P

For easier analysis, any of the logic variables LV1-LV32 may be included in
the Sequential Events Recorder (SER) trigger list. See Section 12: Standard
Event Reports and SER for details on event reports and SER.

Logic Variable Behavior After Power Loss, Settings Change, or Group Change
Power Loss

If power is lost to the relay, when the relay is powered back up all logic
variables are forced to an initial state of logical 0.

Settings Change or Active Group Change Does Not Clear Logic Variables

If settings are changed (for the active setting group), or the active setting
group is changed, the relay keeps the logical states of the logic variable Relay
Word bits from before the change. When the relay re-enables, the Relay Word
bits LV1-LV32 are held at their previous logic states until the relay evaluates
the LV1-LV32 equations and updates the Relay Word bits.

This is only important to consider when the LV1-LV32 Relay Word bit(s) are
part of a SELOGIC control equation that is evaluated earlier in the processing
order than the LV1-LV32 settings, and the variables are being used for
different purposes in two or more settings groups.

As shown in Table F4, in the SEL-311C processing order, equations 52A,
SET1-SET16, RST1-RST16, BSYNCH, E32IV, Z1XPEC, Z1XGEC,
67xxTC, 51xxTC, and CLMON are processed before the logic variable
equations.
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Virtual Bits

Inputs, Outputs, Timers, and Other Control Logic

The SEL-311C supports 128 virtual bits, VB001-VB128 for the IEC 61850
protocol. These Relay Word bits are active only in relays ordered with IEC
61850.

When IEC 61850 is enabled, the relay uses the externally created CID file to
define the behavior of these virtual bits (received GOOSE messages can be
mapped to these bits). Once defined, the virtual bits can be used in SELOGIC
control equations like any other Relay Word bit.

Virtual bits are volatile and are reset to zero when a new CID file is loaded, the
device is restarted, or they are overwritten by another GOOSE message.

The CID file also defines what information gets transmitted in GOOSE
messages. See Appendix P: IEC 61850 for details on the IEC 61850 protocol.

Output Contacts

NOTE: Do not use Figure 7.28,
Figure 7.29, or Figure 7.30 to create
relay wiring diagrams. See Output
Contacts on page 2.9 for wiring
considerations.

Factory Settings
Example

SEL-311C-1 Transmission Protection System

Figure 7.28-Figure 7.30 show the example operation of output contact Relay
Word bits (e.g., Relay Word bits OUT101-OUT107 in Figure 7.28) as a result
of one of the following.

» SELOGIC control equation operation (e.g., SELOGIC control
equation settings OUT101-OUT107 in Figure 7.28)

» PULSE command execution

» Modbus command (see Appendix O: Modbus RTU and TCP
Communications)

The output contact Relay Word bits in turn control the output contacts (e.g.,
output contacts OUTI01-0UTI07 in Figure 7.28).

Alarm logic/circuitry controls the ALARM output contact (see Figure 7.28)

Figure 7.28 is used for following discussion/examples. The output contacts in
Figure 7.29 and Figure 7.30 operate similarly.

In the factory SELOGIC control equation settings, the equations of five output
contacts are used.

OUT101 = TRIP (automatic tripping/manual tripping; see Section 5: Trip and
Target Logic)

0UT102 = TRIP (duplicate trip contact)

0UT103 = CLOSE (automatic reclosing/manual closing; see Section 6: Close
and Reclose Logic)

0UT104 = KEY (POTT scheme key permissive trip; see Section 5: Trip and
Target Logic)

0UT105=0 (output contact 0UTI05 not used—set equal to zero)
0UTI06 =0 (output contact 0UTI06 not used—set equal to zero)
0UTI07 = 0 (output contact OUTI07 not used—set equal to zero)
ALRMOUT = (SALARM + HALARM)

Instruction Manual Date Code 20191107



Inputs, Outputs, Timers, and Other Control Logic | 7.33
Output Contacts

Operation of Output Contacts for Different Output Contact Types

Output Contacts OUT101-0UT107
Refer to Figure 7.28.

The execution of the serial port command PULSE r (n = OUT101-OUT107)
asserts the corresponding Relay Word bit (OUT101-OUT107) to logical 1.
The assertion of SELOGIC control equation setting OUTm (m = 101-107) to
logical 1 also asserts the corresponding Relay Word bit OUTm (m = 101-107)
to logical 1.

The assertion of Relay Word bit OUTm (m = 101-107) to logical 1 causes the
energization of the corresponding output contact OUTm coil. Depending on
the contact type (a or b), the output contact closes or opens as demonstrated in
Figure 7.28. An a-type output contact is open when the output contact coil is
de-energized and closed when the output contact coil is energized. A b-type
output contact is closed when the output contact coil is de-energized and open
when the output contact coil is energized.

Notice in Figure 7.28 that all four possible combinations of output contact coil
states (energized or de-energized) and output contact types (a or b) are
demonstrated. See Output Contact Jumpers on page 2.31 for output contact
type options.

ALARM Output Contact
Refer to Figure 7.28 and Relay Self-Tests on page 13.7.

NOTE: Firmware versions R502 and

earlier have fixed alarm logic. Refer to . . . . .
the documentation providgd with With factory-default logic settings, when the relay is operational and there are

earlier firmware for details on the no alarm conditions, the ALARM output contact coil is energized and the Relay

operation of the ALARM oufput. Word bit ALARM is deasserted. When an alarm occurs, the ALARM output
contact closes or opens, depending on the ALARM output contact type (a or b),
as demonstrated in Figure 7.28, and Relay Word bit ALARM asserts.

The alarm outputs are controlled by SELOGIC control equation ALRMOUT.
The default setting for this equation is shown below.

ALRMOUT = {(SALARM + HALARM)

NOTE: ) With this setting, SELOGIC control equation and Relay Word bit ALRMOUT
: The default setting of SELocIc . .
control equation ALRMOUT mimics are asserted and the ALARM output relay coil is energized when the relay has
the alarm behavior of firmware power and there are no alarm conditions. OUT107, if it is configured as an
versions R502 and earlier. alarm output by using main board jumper JMP10, is also energized. As shown
in Figure 7.28, Relay Word bit ALARM is deasserted, because it is the
opposite of ALRMOUT.

When a software or hardware alarm condition occurs, SELOGIC control
equation and Relay Word bit ALRMOUT are deasserted, Relay Word bit
ALARM is asserted, and the ALARM output relay coil is de-energized.
OUT107, if it is configured as an alarm output by using main board jumper
JMP10, is also de-energized.

The ALARM and OUT107 output relay coils are also de-energized if the relay
restarts, there is a loss of power, or a failure prevents the relay from operating.

The alarm output contacts can be programmed to change state for the
following reasons.

1. Software alarm conditions programmed in SELOGIC control
equation SALARM.

2. Hardware warning or failure conditions from relay self-test
logic.
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NOTE: The SALARM setting makes
the software alarm behavior similar to
that of firmware version R502 and
earlier. SETCHG now pulses when
Port, DNP, and Modbus settings are
saved and when settings are copied
into a settings group that is not the
active settings group. The alarm
output does not pulse for these
settings save operations in R502 and
earlier.

SEL-311C-1 Transmission Protection System

Software alarm conditions are programmed in SELOGIC control equation
SALARM and may be modified as necessary for the application. The
following Relay Word bits are available to monitor software alarm conditions.

ACCESS—Asserts while any user is logged in at Access Level B or
higher.

ACCESSP—Pulses for approximately one second when any user
increases to Access Level B or higher.

SETCHG—Pulses for approximately one second when settings are
changed or saved.

SETCHG does not pulse when settings are reset to defaults or when the
active settings group switches.

CHGPASS—Pulses for approximately one second whenever a password
changes.

PASNVAL—Pulses for approximately one second when an incorrect
password is entered when attempting to enter Access Level B or higher,
or when an incorrect password is entered when attempting to change
passwords.

BADPASS—Pulses for approximately one second whenever a user enters
three successive incorrect passwords in an SEL. ASCII terminal session or
web session.

GRPSW—Pulses for approximately one second when the relay switches
active settings group.

These Relay Word bits are intended for indication only and should not be used
in protection logic.

In default settings, SELOGIC control equation SALARM is set as follows.
SALARM = BADPASS + CHGPASS + SETCHG + GRPSW + ACCESSP + PASNVAL

Hardware alarm conditions are generated by the relay self-test logic (see
Table 13.3) and are classified as warnings or failures, depending upon
severity. Relay Word bit HALARM pulses for approximately five seconds to
indicate that a hardware warning has occurred and asserts continuously when
there is a hardware failure. Additional hardware alarm Relay Word bits
HALARMP, HALARML, and HALARMA are available to support custom
alarm schemes. See Relay Self-Tests on page 13.7.

In a standard shipment, the ALARM output is a Form B contact. This contact
closes to alarm with the factory-default logic. If a Form A contact is necessary
(open to alarm), do not change the ALRMOUT SELOGIC control equation so
that the ALARM output must energize to alarm, as this will cause incorrect
alarm operation during hardware and power failures. Instead, use OUT107 as
an extra alarm output or change the ALARM output to a Form A contact. See
Output Contact Jumpers on page 2.31 and “Extra Alarm” Output Contact
Control Jumper on page 2.31.

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

Notice in Figure 7.28 that all possible combinations of ALARM output contact
coil states (energized or de-energized) and output contact types (a or b) are
demonstrated. See Output Contact Jumpers on page 2.31 for output contact
type options.
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Output Contacts OUT201-0UT2xx (On Relays With Optional Extra 1/0

Board)
Refer to Figure 7.29 and Figure 7.30.

The various I/O board choices have 4, 8, or 12 outputs that act in a similar
fashion to those described in Output Contacts OUT101-OUT107. However,
not all I/O boards support type b contact configuration on all outputs. See
Output Contact Jumpers on page 2.31 for full information.

SELoeIC Example Output Contacts Output
Serial Port Control Relay Relay Output (and example Contact
Commands Equations Word Word Bits Contact contact types) Terminal
(see D) Settings Bits States Coil States (see @) States
puLst ouTior — P10 T ouTiol —= Logical 0 ——————= De-energized — = OUTION (@) _|__—E Open
puLsE ouTioe — U192 % ourios. —= Logicall ——————= Energized ——= 0UTIO2 (@) _|__—E Closed
PULSE OUTI03 ouros .' 0UTI03 — Logical 0 ———» De-energized —® 0UTI03 (a) _‘___E Open
pULSE 0UTI08 — 0114 % 0uTi04 —= Logical 0 ———————= De-energized —= OUTIOA (a) _|__—E Open

pULSE 0UTI05 — 21195 %= 0UTI05 —= Logical 0 ———————= De-energized —#= OUTIOS (b) { Closed
0UTI6 — (117106

PULSE OUTIO6 — Logical | —————® Energized — OUTI06 (b) { Open

(Position OUT)
puLst ouTior — UM T8 ouTior —= Logical | —#e———p— Energized ——= OUTIOT (b) { Open

1
ALARM @ (see @) & (position ALARM)
Energized Open (relay OK)
r

or —e—» ALARM (b) 0
De-energized Closed (Alarm Condition)

N

ALRMOUT
PULSE ALARM. ——————— ALRMOUT

PULSE ALRMOUT —— T+
Relay restart, loss of power,

or relay failure

I
I
I
1
:
| [ Closed (relay OK)
1 0

— = ALARM (a) r
J — Open (Alarm Condition)

Alarm conditions include software alarms and hardware warnings
(If SALARM and HALARM are included in SELOGIC control equation ALRMOUT),
relay restart, relay failure, and relay loss of power.

® The PULSE command is also available via the front panel (CNTRL pushbutton, “output contact testing” option). Execution
of the PULSE command results in a logical 1input into the above logic (one-second default pulse width).

@ Output contacts 0UTI01-ALARM are configurable as Form A or Form B output contacts. See Figure 2.22 and Output
Contact Jumpers on page 2.31 for more information on selecting output contact type. 0UTI01-0UT107 are shipped as Form
A contacts, and ALARM is shipped as a Form B contact in the standard relay configuration.

® Main 1/0 board jumper JMP10 allows output contact OUTI07 to operate as a regular output contact OUTI07 or as an extra
Alarm output contact.

® Although the ALARM output changes state, Relay Word bit ALARM does not assert during a loss of power, relay restart,
or a relay failure. Relay Word bit ALARM asserts briefly after a restart and upon recovery from loss of power.

See Figure 2.22 and Output Contact Jumpers on page 2.31 for more information on jumper JMP10.

Figure 7.28 Logic Flow for Example Output Contact Operation (All Models)
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Output Contacts
Serial SELocic Example Output Contacts Output
Port Control Relay Relay Output (and example Contact
Commands Equations Word Word Bit Contact contact types) Terminal
(see @ Settings Bits States Coil States (see @ and ®) States
puLsE ouT201 — 20T T8 ouT201 — = Logical 06— De-energized —%= 0UT201 (@) _‘__—E Open
PULSE 0UT202 — 21202 73 0uT200 —== Logical | —————— Energized —— OUT202 (@) _|__—E Closed
PULSE OUT203 0uT203 .' 0UT203 — Logical 0 ——— De-energized —» 0UT203 (a) _‘___E Open
PULSE 0UT204 — 212 3 0UT204 — = Lagical 0 —————== De-energized —# OUT204 (a) _|__—E Open
0UT205 — = im0 Lodi rora
PULSE OUT205 > —» ogical 0 ——— = De-energized — 0UT205 (b) Closed
PULSE 0UT206 —212% 3 0UT206 — = Logical | —————== Energized ——= 0UT206 (b) { Open
pULsE 0UT207 — 212" T3 0uT207 —= Logical 0 ——————s= De-energized —#= OUT207 (3) _|__—E Open
PULSE 0UT208 —212% 3 0UT208 — =~ Lagical | —————== Energized ——== OUT208 (a) _‘__—‘: Closed
PULSE 0UT209 — 212 73 0UT209 —= Lagical 0 ——————= De-energized —# 0UT209 (a) _|__—E Open
PULSE OUT210 ouT10 .' 0UT210 — Logical 0 ——— = De-energized — 0UT210 (a) _‘___E Open
pULSE ouT2ll — 2T T3 outail —s Logical | —————— Energized — OUTZI (b) { Open
pULSE UT22 — 22T T3 out2le. —= Lagical 0 ——————s= De-energized —#= OUT2I2 (b) { Closed

® PULSE command is also available via the front panel (CNTRL pushbutton, Output Contact Testing option). Execution
of the PULSE command results in a logical 1input into the above logic (one-second default pulse width).

@ All output contacts are configurable as Form A or Form B output contacts. See Output Contact Jumpers on page 2.31
for more information on selecting output contact type. 0UT201-0UT212 are shipped as Form A contacts in the standard
relay configuration for extra I/O board Options 2 or 6. 0UT201-0UT204 are shipped as Form A contacts in the standard relay
configuration for extra I/O board Option 4.

® 1/0 board Option 4 has output contacts 0UT201-0UT204 only.

Figure 7.29 Logic Flow for Example Output Contact Operation—Extra I/0 Board (Models O311CXXXXXXXX2X,
0311Cxxxxxxxx4x, and 0311CXXXXXXXX6X)

Serial
Port
Commands

(see @)

PULSE OUT201

PULSE 0UT202

PULSE 0UT203

PULSE 0UT204

PULSE 0UT205

PULSE 0UT206

PULSE 0UT207

PULSE 0UT208

SELosic
Control
Equations
Settings
0UT201 ———>
0UT202 ———>
0UT203 ——»
0UT204 ———»
0UT205 ———»=

0UT206 ——»

0uT207 —— >

0UT208 ——»

Example
Relay
Word Bit
States

Relay
Word
Bits

0UT201 —» Logical 0 ———————=

0UT202 — Logicall ————————
0UT203 —»= Logical ) ———————
0UT204 —»= Logical 0 —————————
0UT205 —» Logical ) ———————»
0UT206 —== Logical | —————
0UT207 —= Logical ) ———————

0UT208 —»= Logical | —————

Output Contacts Output

Output (and example Contact

Contact contact types) Terminal
Coil States see @) States
De-energized —»  0UT201 (a) ‘[ Open

Energized ——»= 0UT202 (a) _[‘[ Closed
De-energized —®  0UT203 (a) ‘[ Open
De-energized —m= 0UT204 (a) T Open
De-energized —» 0UT205 (a)-[ Open

Energized ——» 0UT206 (a)-[ Closed
De-energized —®  QUT207 (a) ‘[ Open
Energized ——» 0UT208(b)% Open

® The PULSE command is also available via the front-panel CNTRL pushbutton, “output contact testing” option. Execution
of the PULSE command results in a logical 1input into the above logic (one-second default pulse width).

@ Only OUT208 is configurable as a or b type output contact. See Output Contact Jumpers on page 2.31 for more
information on selecting output contact type. OUT208 is shipped as Form A contact in the standard relay configuration.

Figure 7.30 Logic Flow for Example Output Contact Operation—Extra 1/0 Board (Model 0311CXXXXXXXX5X)

SEL-311C-1 Transmission Protection System
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Rotating Display

NOTE: This section only applies to The rotating d1§plqy on the re}ay front panel replaces 1nd1cat.1ng Panel lights.
SEL-311C relay models with an LCD. Traditional indicating panel lights are turned on and off by circuit breaker
Disregard this section for vertical two auxiliary contacts, front-panel switches, SCADA contacts, etc. They indicate
rack unit relays, which have no LCD. ..

such conditions as follows.

» circuit breaker open/closed

» reclosing relay enabled/disabled

Traditional |ndicatinq Figure 7.31 shows traditional indicating panel lights wired in parallel with
. SEL-311C optoisolated inputs. Input IN101 provides circuit breaker status to
Panel quhts the relay, and input IN102 enables/disables reclosing in the relay via the
following example SELOGIC control equation settings.
52A =

79DTL = 1IN102 [= NOT(IN102); drive-to-lockout setting]

®) ’ I
L / 79

—— d2a Enable

N VA N | s
BREAKER 79 ENABLED
seaic () INtor @) CLOSED
/TN /TN

) ° °
Figure 7.31 Traditional Panel Light Installations

Reclosing Relay Status Indication

In Figure 7.31, the 79 ENABLED panel light illuminates when the “79 Enable”
switch is closed. When the 79 Enable” switch is open, the 79 ENABLED panel
light extinguishes, and it is understood that the reclosing relay is disabled.

Circuit Breaker Status Indication

In Figure 7.31, the BREAKER CLOSED panel light illuminates when the 52a
circuit breaker auxiliary contact is closed. When the 52a circuit breaker
auxiliary contact is open, the BREAKER CLOSED panel light extinguishes, and it
is understood that the breaker is open.

Traditional |ndicating The indicating panel lights are not needed if the rotating display feature in the

P [ Lights Reol d SEL-311C Relay is used. Figure 7.32 shows the elimination of the indicating
anelLignts heplace panel lights by using the rotating display.

With Rotating Display
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Rotating Display

General Operation of
Rotating Display
Settings

NOTE: The SEL-311C model described
in this manual does not include an
EDP setting. All 16 display point
settings are always available in the
logic and text settings classes. See
SEL-311C Models on page 1.1 for more
information.

Settings Examples

! L 1 79

— O / Enable
SEL-311C

[79 DISABLED ] (O mion @]

BREAKER OPEN

)
Figure 7.32 Rotating Default Display Replaces Traditional Panel Light
Installations

There are 16 of these displays available in the SEL-311C. Each display has
two complementary screens (e.g., BREAKER CLOSED and BREAKER OPEN)
available.

SELOGIC control equation display point setting DPn (n = 1 through 16)
controls the display of corresponding, complementary text settings:

DPn_1 (displayed when DPn = logical 1)
DPrn_0 (displayed when DPn = logical 0)

Make each text setting through the serial port by using the command SET T
or the Text settings in QuickSet. View these text settings by using the serial
port command SHO T (see Section 9: Setting the Relay and Section 10:
Communications) or the Text settings in QuickSet. These text settings are
displayed on the SEL-311C front-panel display on a time-variable rotation by
using Global setting SCROLD (see Rotating Display on page 11.11 for more
specific operation information).

The following settings examples use Relay Word bits 52A and IN102 in the
display points settings. Local bits (LB 1-LB16), latch bits (LT1-LT16), remote
bits (RB1-RB32), setting group indicators (SG1-SG6), and any other
combination of Relay Word bits in a SELOGIC control equation setting can
also be used in display point setting DPn.

The example settings provide the replacement solution shown in Figure 7.32
for the traditional indicating panel lights in Figure 7.31.

Reclosing Relay Status Indication

SEL-311C-1 Transmission Protection System

Make SELOGIC control equation display point setting DP1: (SET L)
DP1=IN102

Make corresponding, complementary text settings: (SET T)
DP1_1=79 ENABLED
DP1_0 =79 DISABLED

Display point setting DP1 controls the display of the text settings.

Reclosing Relay Enabled

In Figure 7.32, optoisolated input IN102 is energized to enable the reclosing
relay, resulting in the following.

DP1=1IN102 = logical 1
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This results in the display of corresponding text setting DP1_1 on the
front-panel display as shown below.

79 ENABLED

Reclosing Relay Disabled
In Figure 7.32, optoisolated input IN102 is de-energized to disable the
reclosing relay, resulting in the following.

DP1=1IN102 = logical 0

This results in the display of corresponding text setting DP1_0 on the
front-panel display as shown below.

79 DISABLED

Circuit Breaker Status Indication
Make SELOGIC control equation display point setting DP2 (and 52A).

52A = IN101 (see Figure 7.31)
DP2 = 52A

Make corresponding, complementary text settings.
DP2_1= BREAKER CLOSED
DP2_0 = BREAKER OPEN

Display point setting DP2 controls the display of the text settings.

Circuit Breaker Closed

In Figure 7.32, optoisolated input IN101 is energized when the 52a circuit
breaker auxiliary contact is closed, resulting in the following.

52A = IN101 = logical 1
DP2 = 52A =logical 1

This results in the display of corresponding text setting DP2_1 on the
front-panel display as shown below.

BREAKER CLOSED

Circuit Breaker Open

In Figure 7.32, optoisolated input IN101is de-energized when the 52a circuit
breaker auxiliary contact is open, resulting in the following.

52A =IN101 = logical O
DP2 =52A =logical 0
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Rotating Display
This results in the display of corresponding text setting DP2_0 on the
front-panel display as shown below.
BREAKER OPEN
Factory D|Sp| ay One display point is used in the SEL-311C-1 relay factory-default settings, as
. . follows.
Point Settings
In the logic settings class:
DP1=52A
DP2=0
DPI6=0

In the text settings class:
DP1_1= BREAKER CLOSED
DP1_0 = BREAKER OPEN

(Remaining display point settings = NA)

The operation of the relay with default settings will be similar to the previous
Settings Examples, except the BREAKER OPEN/BREAKER CLOSED messages will
appear on the first line of the front-panel display.

Additional Settings Examples
Display Only One Message

To display just one screen, but not its complement, set only one of the text
settings. For example, to display just the “breaker closed” condition, but not
the “breaker open” condition, make the following settings:

52A = IN101 (52a circuit breaker auxiliary contact connected to input
IN101—see Figure 7.32)

DP2 = 52A
DP2_1 = BREAKER CLOSED (displays when DP2 = logical 1)
DP2_0 = (blank)

Circuit Breaker Closed

In Figure 7.32, optoisolated input IN101 is energized when the 52a circuit
breaker auxiliary contact is open, resulting in:

52A =IN101 = logical 1
DP2 = 52A =logical 1

This results in the display of corresponding text setting DP2_1 on the
front-panel display.

BREAKER CLOSED
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Circuit Breaker Open
In Figure 7.32, optoisolated input IN101is de-energized when the 52a circuit
breaker auxiliary contact is open, resulting in:

52A =IN101 = logical O
DP2 = 52A =logical 0

Corresponding text setting DP2_0 is not set (it is “blank™), so no message is
displayed on the front-panel display.

Continually Display a Message

To permanently include a message in the rotation, set the SELOGIC control
equation display point setting directly to 0 (logical 0) or 1 (logical 1) and the
corresponding text setting. For example, if an SEL-311C is protecting a
230 kV transmission line, labeled “Line 1204,” the line name can be
permanently included in the display with the following settings.

DP5=1 (set directly to logical 1)

DP5_1=LINE 1204 (displays when DP5 = logical 1)

DP5_0 = (“blank”)

This results in the display of text setting DP5_1 on the front-panel display.

LINE 1204

This can also be realized with the following settings.
DP5=0 (set directly to logical 0)
DP5_1 = (“blank™)
DP5_0 = LINE 1204 (displays when DP5 = logical 0)

This results in the display of text setting DP5_0 on the front-panel display.

LINE 1204
Active Settmg Group The SELOGIC control equation display point settings DPn (n = 1 through 16)
itchi are available separately in each setting group. The corresponding text settings
Switc Ing DPr_1 and DPn_0 are made only once and used in all setting groups.

Considerations

Refer to Figure 7.32 and the following example setting group switching
discussion.

Setting Group 11s the Active Setting Group

When setting Group 1 is the active setting group, optoisolated input IN102
operates as a reclose enable/disable switch with the following settings:
SELOGIC control equation settings
79DTL=... +1IN102 + ... [= ... + NOT(IN102) + ...; drive-to-lockout setting]
DP1=1IN102

Text settings
DP1_1=T79 ENABLED (displayed when DP1 = logical 1)
DP1_0 =79 DISABLED (displayed when DP1 = logical 0)
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Reclosing Relay Enabled
In Figure 7.32, optoisolated input IN102 is energized to enable the reclosing
relay, resulting in the following.
DP1=1IN102 = logical 1
This results in the display of corresponding text setting DP1_1 on the
front-panel display as shown below.
79 ENABLED
Reclosing Relay Disabled
In Figure 7.32, optoisolated input IN102 is de-energized to disable the
reclosing relay, resulting in the following.
DP1=1IN102 = logical O
This results in the display of corresponding text setting DP1_0 on the
front-panel display as shown below.
79 DISABLED
Now the active setting group is switched from setting Group 1 to 4.
Switch to Setting Group 4 as the Active Setting Group
When setting Group 4 is the active setting group, the reclosing relay is always
disabled and optoisolated input IN102 has no control over the reclosing relay.
The text settings cannot be changed (they are used in all setting groups), but
the SELOGIC control equation settings can be changed:
SELOGIC control equation settings
79DTL =1 (set directly to logical 1—reclosing relay permanently
“driven-to-lockout™)
DP1=0 (set directly to logical 0)
Text settings (remain the same for all setting groups)
DP1_1=T79 ENABLED (displayed when DP1 =logical 1)
DP1_0 =79 DISABLED (displayed when DP1 = logical 0)
Because SELOGIC control equation display point setting DP1 is always at
logical 0, the corresponding text setting DP1_0 is permanently included in the
rotating displays.
79 DISABLED
Additional Rotating See Figure 5.21 and accompanying text in Section 5: Trip and Target Logic
ispl | for an example of resetting a rotating display with the TARGET RESET
DlSp ay Examp e pushbutton.
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D|Sp| aying Ana|og Several analpg quant.itie.s are avgilable for display by usipg display points.
These quantities are indicated with an “x” mark in the Display Points column

Values on the in Tuble E.I.
ROtatInq DISpIay The available analog values cover metering, breaker wear monitor, and
time-overcurrent element pickup values.

In general, any of these values can be selected for the rotating display with a
leading two-character sequence.

“::” (double colon)
followed by the analog quantity name (mnemonic) in the display point text
setting DPn_1 or DPn_0. For example, to display peak demand currents for
currents IA, IB, IC, and IN, make the following text (SET T command) and
logic (SET L command) settings.

SETT SETL
DP1_0=:IAPK DP1=0
DP2_0 = ::IBPK DP2=0
DP3_0 = ::ICPK DP3 =0
DP4_0 = ::INPK DP4 =0

Logic settings DP1-DP4 are permanently set to logical O in this example. This
causes the corresponding DPrn_0 value to permanently rotate in the display (the
mnemonics in the DPn_0 settings indicate the value displayed, per Table E.1I).

( )

IA PEAK = 603.5
IB PEAK = 598.7

IC PEAK = 605.1
IN PEAK = 88.2

\. J/

Values Displayed for Incorrect Settings

If the display point setting does not match the correct format (using the
leading two-character sequence ““::” followed by the correct mnemonic), the
relay will display the setting text string as it was actually entered, without
substituting the display value.

SETT SET L
DP1_0 = :IAPK (missing “:”) DP1 =0
DP2_0=::IBPJ (misspelled mnemonic) DP2=0

Again, logic settings DP1 and DP2 are permanently set to logical 0. This
causes the corresponding DPn_0 value to permanently rotate in the display.
With the DPn_0 setting problems just discussed, the relay displays the setting
text string as it was actually entered, without substituting the intended display
value from Table E.1.

: IAPK
::IBPJ
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Extra Details for Displaying Metering Values on the Rotating Display

Table E.1 lists all the available metering values that can be configured to rotate
on the default display, subject to the number of available display points. These
values correspond to the primary metering values available via the METER
command [MET (Instantaneous), MET X (Extended Instantaneous), MET D
(Demand), and MET E (Energy); see Section 10: Communications for serial
port commands].

Automatic Decimal Point
Many of the magnitude values are displayed with as many as three digits
behind the decimal point. For example, to display the ::IA value in Table E.1
the relay uses a magnitude field and a phase-angle field. The relay
automatically selects the number of decimal digits to fit in the magnitude
display as shown in these sample screens.

Magnitudes less than 10 display with three digits behind the decimal point.

IA= 8.372A 0°

Magnitudes greater than or equal to 10 display with two or fewer digits behind
the decimal point.

IA= 52.37A 0°
IB= 635.8A -120°

IC= 1173A  120°

. J

Quantities Not Always Available for Display

Some of the analog quantities marked as display points in Table E.1 are
marked with table footnotes, for example, ::VA is not valid when Global
setting PTCONN = DELTA. If ::VA is used in a display point setting when
PTCONN = DELTA, the relay displays the setting as entered.
Example settings (when PTCONN = DELTA):

DP1.0=:VA

DP2_0 = ::VAB

DP1=0

DP2=0

Then the front panel displays the following in sequence with any other defined
display points and the default screens.

::VA
VAB= 34.76kV 0°
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Other Table E.1I footnotes indicate when a display point analog quantity is
reported as 0.00 (zero). For example, ::3V0 is displayed as 0.000 when Global
setting PTCONN = DELTA. If ::3VO0 is used in a display point setting when
PTCONN = DELTA, the relay displays the value as shown below.

3V0=0.000kV  0°

Extra Details for Displaying Breaker Wear Monitor Quantities on the
Rotating Default Display

Table E.1 lists all the available breaker wear monitor values that can be
configured to rotate on the display, subject to the number of available display
points. These values correspond to the breaker monitor values available via
the BRE (Breaker) command (see Section 10: Communications for serial port
commands).

See Breaker Monitor on page 8.1 details on configuring the breaker monitor
function.

This example demonstrates the use of the rotating display to show breaker
wear monitor quantities automatically on the rotating display. This example
will set the EXTTR, INTTR, INTIA, EXTIA, and WEARA quantities to
display in the rotating display.

Set the following settings.

NOTE: Some of the labels for breaker SETT SETL

monitor quantities differ between

relays. For example, the SEL-311C uses — . —

the labels =INTTR and :INTIB, where DP1_0 = :EXTTR DP1=0

legacy SEL-311 relays have used DP2 0 =:INTTR DP2=0

=CTRLTR and ::CTRLIB instead. See the -

notes after Table E.1 for details. DP3_0 = ::INTIA DP3=0
DP4_0 = ::EXTIA DP4=0
DP5_0=:WEARA DP5=0

Setting DPn = 0 and using the DPn_0 in the text settings allows the setting to
permanently rotate in the display. The DPn logic equation can be set to control
the text display—turning it on and off under certain conditions. With the relay
set as shown previously, the LCD will display first,

EXT TRIPS= 4
INT TRIPS= 67

then,

INT IA= 2 kA
EXT IA= 122 kA

and then,

WEAR A= 16 %
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Extra Details for Displaying Time-Overcurrent Elements on the Rotating

SEL-311C-1 Transmission Protection System

Table E.1 lists all the available Time-Overcurrent Element pickup values that
can be configured to rotate on the display, subject to the number of available
display points. As with the previously described display points, the operator

does not need to press any buttons to see this information.

To program a display point to show the pickup setting of a time-overcurrent
element, first enter the two-character sequence “::” (double colon) followed by
the name of the desired time-overcurrent element pickup setting (e.g., S1PP,

51GP, or 51QP).

For example, with the factory-default settings for 51GP and CTR, setting
DP4_0 =::51GP will display 150.00 A pri.

The relay calculates the value to display by multiplying the 51GP setting
(0.75 A secondary) by the CTR setting (200), arriving at 150.00 A primary.
The relay displays the display point DP4_0 because the factory-default
SELOGIC control equation DP4 = 0 (logical 0).

The calculations for the remaining time-overcurrent elements are similar.

If the display point setting does not match the correct format, the relay will
display the setting text string as it was actually entered, without substituting
the time-overcurrent element setting value.

Displaying Time-Overcurrent Elements Example

This example demonstrates use of the rotating display to show
time-overcurrent elements in primary units. This example will set the 51PP
and 51GP to display in the rotating display.

Set the following settings.

SET SETT SETL

CTR =100 DP1_0 = PHASE TRIPS AT DP1=0

DP2_0 =::51PP DP2=0

E51P=Y DP3_0 = GROUND TRIPS AT DP3=0

E51G=Y DP4_0 =::51GP DP4=0
5IPP=5
51GP =1

Setting DPn = 0 and using the DPr_0 in the text settings allows the setting to
permanently rotate in the display. The DPn logic equation can be set to control
the text display—turning it on and off under certain conditions. With the relay
set as shown above, the LCD will display first,

PHASE TRIPS AT
500.00 A pri

then,

GROUND TRIPS AT
100.00 A pri
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With the control string set on the even display points “DP2, DP4, DP6, ...”
and the description set on the odd display points “DP1, DP3, ....” each screen
the relay scrolls through will have a description with the value below it.

Additional Format for Displaying Time-Overcurrent Elements on the
Rotating Display
The previous method for displaying Time-Overcurrent Element pickup values
required two display points per overcurrent element: one display points acts as

the title, and the other contains the data. Because this reduces the number of
display points available for other reporting functions, a special one-line format

NOTE: Some of the labels for time is available for the Time-Overcurrent Element pickup values.

overcurrent element “;;;"" quantities

shown in Table 7.8 differ between Instead of the double colon operator (e.g., ::51PP), the special formatting
relays. For example, the SEL-311C . . .

described in this manual uses the options use a double or triple semi-colon operator (e.g. ;;51PP or ;;;51PP), and
labels ;;;003, ;;:004, ;;;005, where descriptive text may be entered.

legacy SEL-311 relays have used ;;;000,
001, and ;;;002, respectively. See e . .
SEL-311C Models on page 11 for a list To set the description and the control string of time-overcurrent element on

of differences between relay models. one display point, use the following SET T format.
DPi_j = XXX;;[;JABCDE;YYY
where:
i is a display point number from 1 to 16.
j iseither 1 or O (logic high or low).
XXX is an optional prelabel consisting of any characters that
you wish to add for labeling the setting value.
[;] signifies an optional *“;” for the “;;;” control string to make
more characters available for labeling purposes.
The label character count is the sum of the characters used
in the pre- and postlabels. For example, three characters at
the beginning and three characters at the end of the string
equal six total characters used for labeling.
ABCDE is a relay setting variable from Table 7.8.
YYY is an optional postlabel, preceded by a single semicolon
(;) character. If no trailing semicolon and label text is
added, the relay does not display a post-setting label.
Refer to Table 7.8 to determine the maximum characters
allowed for use in pre- and postlabel text.

Table 7.8 Mnemonic Settings for Time-Overcurrent (TOC) Element Pickups
Using the Same-Line-Label Format on the Rotating Display

SETT Displays Relay Display Maximum Label
Setting Variable Setting Value Format/Resolution Characters
;.51PP 51PP XXXXXXX.XX 6
:51GP 51GP XXXXXXX.XX 6
5S1QP 51QP XXXXXXX.XX 6
;3,003 51PP XXXXXXX 9
;3,004 51GP XXXXXXX 9
;5,005 51QP XXXXXXX 9
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Examples With “;; ;" Control Strings
SETL
DP1=IN101.
DP2 = IN101.
SETT
DP1_1=PTO=;;51PP;Ap
The pre- and postlabel characters for DP1_1, are “P,” “T,” “O,” “=,” “A,” “p,” a
total of six characters. The relay setting to be displayed is 51PP, as indicated
after the control string “;;”. The relay converts lowercase “p” to uppercase
when the setting is saved.
DP1_.0=NA

SEL-311C-1 Transmission Protection System

DP2_1=GND PU;;51GP;B1

The characters for DP2_1, consist of six pre characters “G,” “N,” “D,” “ “, “P,”
“U,” and two post characters “B,” “1.” The maximum number of label
characters is six, so the “B1” will be ignored. The relay setting to be displayed

[T

is S1GP, as indicated after the control string “;;”.
DP2_0 = N SEQ=;;51QP;A

The characters for DP2_0, consist of six pre characters “N,” “ *, “S,” “E,” “Q,”
“="and one post character “A.” The “A” will be ignored. The relay setting to
be displayed is 51QP, as indicated after the control string “;;”.

When IN101 = 1, the following will display on the front-panel display
(assuming 51PP= 720 A primary, and 51GP = 121.2 A primary).

PTO=  720.00AP
GND PU 121.20

When IN101 = 0, the following will display on the front-panel display
(assuming 51QP = OFF).

N SEQ= OFF

If the prelabel is longer than six characters, the string is processed as if there
were only six precharacters.

To illustrate this, continuing from the above example,
DP2_0 = NEG SQ=;;51INP;A

with IN101 deasserted, will display the following.

NEG SQ OFF

The addition of the “=" sign caused the number of precharacters to exceed six, so
the processing logic stops there, and will display the first six characters followed
by the setting values. The post character(s), “A” in this case, are ignored.
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Use the ““;;;” control string to decrease the display resolution, and make more
characters available for labeling purposes. Use the table above to determine
the appropriate numerical setting variable. The following setting example

allows nine characters of label text.

SETL

DP1=IN101
DP2 = IN101

SETT
DP1_0 = 51THXYZ=;;;003;A

The prelabel characters are: 5, 1, T, H, X, Y, Z, =". The post-label character is
“A.” The total number of label characters is 9.

DP2_0 = 51ABCD=;;;004;AP

When IN101 = 0, the following will display on the front-panel display
(assuming 51AP = 720 A primary, and 51GP = 600 A primary).

51THXYZ=
51ABCD=

720A
600AP

Instruction Manual
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Section 8
Metering and Monitoring

Overview

This section covers the reporting and metering functions of the SEL-311C, in
the following sections.

»  Breaker Monitor

Station DC Battery Monitor on page 8.13

\

Fundamental (Instantaneous) Metering on page 8.17

\

Wye- and Delta-Voltage Connections for Metering on
page 8.18

Demand Metering on page 8.19

Energy Metering on page 8.27
Maximum/Minimum Metering on page 8.28
Small Signal Cutoff for Metering on page 8.31

Y Y VY VYY

Synchrophasor Metering on page 8.31

Breaker Monitor

The breaker monitor in the SEL-311C helps in scheduling circuit breaker
maintenance. The breaker monitor is enabled with the enable setting.

EBMON =Y

The breaker monitor settings in Table 8.2 are available via the SET G and
SET L commands (see Table 9.2 and also Breaker Monitor Settings on
page SET.3). Also, refer to BRE Command (Breaker Monitor Data) on
page 10.36.

Breaker Wear Monitor The breaker wear monitor is set with breaker maintenance information
provided by circuit breaker manufacturers. This breaker maintenance
information lists the number of close/open operations that are permitted for a
given current interruption level. The following is an example of breaker
maintenance information for a 25 kV circuit breaker.
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Table 8.1 Breaker Maintenance Information for a 25 kV Circuit Breaker

Current Interruption Level (kA) | Permissible Number of Close/Open Operationsa
0.00-1.20 10,000
2.00 3,700
3.00 1,500
5.00 400
8.00 150
10.00 85
20.00 12

a The action of a circuit breaker closing and then later opening is counted as one close/open
operation.

The breaker maintenance information in Table 8.1 is plotted in Figure 8.1.

Connect the plotted points in Figure 8.1 for a breaker maintenance curve. To
estimate this breaker maintenance curve in the SEL-311C breaker monitor,
three set points are entered.

» Set Point l—maximum number of close/open operations with
corresponding current interruption level.

» Set Point 2—number of close/open operations that correspond
to some midpoint current interruption level.

» Set Point 3—number of close/open operations that correspond
to the maximum current interruption level.

These three points are entered with the settings in Table 8.2.

10,000 d

FNS e NENToON-Y

w

Number of Close/Open Operations

101

5 01 oy N 00S

w

67892 < 8 283

2 3
kA Interrupted per Operation

Figure 8.1 Plotted Breaker Maintenance Points for a 25 kV Circuit Breaker

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107



Metering and Monitoring | 8.3
Breaker Monitor

Breaker Monitor Table 8.2 Breaker Monitor Settings and Settings Ranges

Settmq Examp|e Setting Definition Range
COSP1 Close/Open set point 1—maximum 0-65000 close/open operations
COSP2 Close/Open set point 2—middle 0-65000 close/open operations

COSP3 Close/Open set point 3—minimum 0-65000 close/open operations

KASP1 kA Interrupted set point l—minimum | 0.00-999.00 kA in 0.01 kA steps
KASP2 kA Interrupted set point 1—middle 0.00-999.00 kA in 0.01 kA steps
KASP3 kA Interrupted set point 1—maximum | 0.00-999.00 kA in 0.01 kA steps

BKMON SELO0GIC® control equation breaker Relay Word bits referenced in
monitor initiation setting Table D.1

Setting notes

» COSP1 must be set greater than COSP2.

» COSP2 must be set greater than or equal to COSP3.
» KASPI must be set less than KASP2.
>

If COSP2 is set the same as COSP3, then KASP2 must be set
the same as KASP3.

» KASP3 must be set at least 5 times (but no more than
100 times) the KASP1 setting value.

The following settings are made from the breaker maintenance information in
Table 8.1 and Figure 8.1.

COSP1 =10000
CoSP2 =150
COSP3 =12
KASP1 =1.20
KASP2 = 8.00

KASP3 =20.00

Figure 8.2 shows the resultant breaker maintenance curve.

Breaker Maintenance Curve Details

In Figure 8.2, note that set points KASP1, COSP1 and KASP3, COSP3 are set
with breaker maintenance information from the two extremes in 7able 8.1 and
Figure 8.1.

In this example, set point KASP2, COSP2 happens to be from an in-between
breaker maintenance point in the breaker maintenance information in

Table 8.1 and Figure 8.1, but it does not have to be. Set point KASP2, COSP2
should be set to provide the best “curve-fit” with the plotted breaker
maintenance points in Figure 8.1.

Each phase (A, B, and C) has its own breaker maintenance curve (like that in
Figure 8.2), because the separate circuit breaker interrupting contacts for
A-phase, B-phase, and C-phase do not necessarily interrupt the same
magnitude current (depending on fault type and loading).
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Figure 8.2 Breaker Maintenance Curve for a 25 kV Circuit Breaker

In Figure 8.2, note that the breaker maintenance curve levels off horizontally
below set point KASP1, COSP1. This is the close/open operation limit of the
circuit breaker (COSP1 = 10000), regardless of interrupted current value.

Also, note that the breaker maintenance curve falls vertically above set point
KASP3, COSP3. This is the maximum interrupted current limit of the circuit
breaker (KASP3 =20.0 kA). If the interrupted current is greater than setting

KASP3, the relay sets contact wear at 100 percent.

Operation of SELocIc Control Equation Breaker Monitor Initiation

SEL-311C-1 Transmission Protection System

Setting BKMON

The SELOGIC® control equation breaker monitor initiation setting BKMON in
Table 8.2 determines when the breaker monitor reads in current values (Phases
A, B, and C) for the breaker maintenance curve (see Figure 8.2) and the
breaker monitor accumulated currents/trips (see BRE Command (Breaker
Monitor Data) on page 10.36).

The BKMON setting looks for a rising edge (logical O to logical 1 transition)
as the indication to read in current values. The acquired current values are then
applied to the breaker maintenance curve and the breaker monitor
accumulated currents/trips (see references in previous paragraph).

In the factory-default settings, the SELOGIC control equation breaker monitor
initiation setting is:
BKMON = TRIP (TRIP is the logic output of Figure 5.1)
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Refer to Figure 8.3. When BKMON asserts (Relay Word bit TRIP goes from
logical O to logical 1), the breaker monitor reads in current values and applies
them to the breaker monitor maintenance curve and the breaker monitor
accumulated currents/trips.

As detailed in Figure 8.3, the breaker monitor actually reads in the current
values 1.5 cycles after the assertion of BKMON. This helps especially if an
instantaneous trip occurs. The instantaneous element trips when the fault
current reaches its pickup setting level. The fault current may still be
“climbing” to its full value and then level off. The 1.5-cycle delay on reading
in the current values allows time for the fault current to level off.

Rising Read in
Edge Current Values

BKMON <— 15Cycle —»1

Figure 8.3 Operation of SELoGIc Control Equation Breaker Monitor Initiation
Setting

See Figure 8.10 and accompanying text for more information on setting
BKMON. The operation of the breaker monitor maintenance curve, when new
current values are read in, is explained in the following example.

Breaker Monitor As stated earlier, each phase (A, B, and C) has its own breaker maintenance
. curve. For this example, presume that the interrupted current values occur on a
operatlon Example single phase in Figure 8.4—Figure 8.7. Also, presume that the circuit breaker
interrupting contacts have no wear at first (brand new or recent maintenance
performed).

Note in the following four figures (Figure 8.4—Figure 8.7) that the interrupted
current in a given figure is the same magnitude for all the interruptions (e.g.,
in Figure 8.5, 2.5 KA is interrupted 290 times). This is not realistic, but helps
in demonstrating the operation of the breaker maintenance curve and how it
integrates for varying current levels.

0 Percent to 10 Percent Breaker Wear
Refer to Figure 8.4.7.0 kA is interrupted 20 times (20 close/open operations =
20-0), pushing the breaker maintenance curve from the O percent wear level
to the 10 percent wear level.

Compare the 100 percent and 10 percent curves and note that for a given
current value, the 10 percent curve has only 1/10 of the close/open operations
of the 100 percent curve.

10 Percent to 25 Percent Breaker Wear

Refer to Figure 8.5. The current value changes from 7.0 kA to 2.5 kA. 2.5 kA is
interrupted 290 times (290 close/open operations = 480 —190), pushing the breaker
maintenance curve from the 10 percent wear level to the 25 percent wear level.

Compare the 100 percent and 25 percent curves and note that for a given
current value, the 25 percent curve has only 1/4 of the close/open operations
of the 100 percent curve.
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25 Percent to 50 Percent Breaker Wear

Refer to Figure 8.6. The current value changes from 2.5 kA to 12.0 kA.

12.0 kA is interrupted 11 times (11 close/open operations = 24—13), pushing
the breaker maintenance curve from the 25 percent wear level to the 50
percent wear level.

Compare the 100 percent and 50 percent curves and note that for a given
current value, the 50 percent curve has only 1/2 of the close/open operations
of the 100 percent curve.

50 Percent to 100 Percent Breaker Wear

SEL-311C-1 Transmission Protection System

Refer to Figure 8.7. The current value changes from 12.0 kA to 1.5 kA. 1.5kA
is interrupted 3000 times (3000 close/open operations = 6000-3000), pushing
the breaker maintenance curve from the 50 percent wear level to the 100
percent wear level.

When the breaker maintenance curve reaches 100 percent for a particular
phase, the percentage wear remains at 100 percent (even if additional current
is interrupted), until reset by the BRE R command (see View or Reset Breaker
Monitor Information on page 8.10). But the current and trip counts continue to
be accumulated, until reset by the BRE R command.

Additionally, logic outputs assert for alarm or other control applications—see
the following discussion.
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Figure 8.4 Breaker Monitor Accumulates 10 Percent Wear
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Figure 8.6 Breaker Monitor Accumulates 50 Percent Wear
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Breaker Monitor
Output
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Figure 8.7 Breaker Monitor Accumulates 100 Percent Wear

When the breaker maintenance curve for a particular phase (A, B, or C)
reaches the 100 percent wear level (see Figure 8.7), a corresponding Relay
Word bit (BCWA, BCWB, or BCWC) asserts.

Relay Word Bits Definition
BCWA A-phase breaker contact wear has reached the 100 percent wear level
BCWB B-phase breaker contact wear has reached the 100 percent wear level
BCWC C-phase breaker contact wear has reached the 100 percent wear level
BCW BCWA + BCWB + BCWC

Example Applications

These logic outputs can be used to alarm
0UTI05 = BCW

or drive the relay to lockout the next time the relay trips.
79DTL = TRIP * BCW

Mechanical and Electrical Operate Timers and Alarms
Mechanical Operate Time

SEL-311C-1 Transmission Protection System

The mechanical operating time is the time between trip or close initiation and
the change of status of the circuit breaker status contact. The relay determines
the mechanical trip time for the breaker by measuring the time elapsed
between the assertion of SELOGIC control equation BKMON and the
deassertion of Relay Word bit 52A. The relay determines the mechanical close
time for the breaker by measuring the time elapsed from the assertion of
SELOGIC control equation BKCLS to the assertion of SELOGIC control
equation 52A. The relay compares the trip and close time to the mechanical
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slow operation time thresholds for tripping and closing, Global settings
MSTRT and MSCLT, respectively. If the trip or close time exceeds its
threshold, Relay Word bit MSCL (close) or MSTR (trip) pulses for 1/4 cycle,
which asserts the mechanical slow operation alarm Relay Word bit, MSOAL,
for five seconds. The mechanical operation time alarm counter also
increments.

BKMON
52A

-«——Mechanical Tripping Time —»

BKCLS

52A

-«—— Mechanical Closing Time —

Figure 8.8 Mechanical Operating Time

Electrical Operate Time

The electrical operating time is the time between trip or close initiation and

NOTE: Open-pole detection logic in the change of status of the open-pole detection logic. The relay determines the
the SEL-311C relay differs from that electrical trip time for each breaker pole by measuring the time elapsed

used in other products, such as the . . .
SEL-451. As a result, electrical between the assertion of SELOGIC control equation BKMON and the assertion
operating times calculated by these of the open-pole detection logic. The relay determines the electrical close time

[ differ slightly. . . .
rerays may diter sightly for each breaker pole by measuring the time elapsed from the assertion of

SELOGIC control equation BKCLS to the de-assertion of the open-pole
detection logic. The relay compares the trip and close time to the electrical
slow operation time thresholds for tripping and closing, Global settings
ESTRT and ESCLT, respectively. If the trip or close time exceeds the
threshold for a particular phase, the corresponding Relay Word bit ESTRA,
ESTRB, or ESTRC for trip or ESCLA, ESCLB, or ESCLC for close pulses
for 1/4 cycle, which asserts the electrical slow operation alarm Relay Word
bit, ESOAL, for five seconds. The electrical operation time alarm counter also
increments.

BKMON

Open Pole
Detected

-«—— Electrical Tripping Time —

BKCLS

Open Pole
Detected

[

-«———Electrical Closing Time ——— E
I

Figure 8.9 Electrical Operating Time
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Breaker Operation Reporting

NOTE: Trip and close initiations are
independent of one another, so
back-to-back events only occur when
the relay receives two trip or two close
initiations.

View or Reset
Breaker Monitor
Information

After each trip or close operation, the relay stores the mechanical and
electrical operate time. If this time does not exceed the slow operating time
threshold, the new operate time is combined with previous data to calculate
the average operating time. If the time exceeds the threshold, a plus (+) sign is
appended to indicate the slow operation. If the time exceeds the threshold by
more than 100 milliseconds, timing is stopped. This information can be
viewed with the BRE command. See BRE Command (Breaker Monitor Data)
on page 10.36.

If the relay detects back-to-back breaker operations and the first event has not
finished before the second event starts, the relay displays all incomplete
information as 0.00. The relay excludes operate times displayed as 0.00 from
the average.

When Global setting DCLOP is set to a numerical value, the relay stores the
minimum voltage measured by the DC Voltage monitor function (see Station
DC Battery Monitor on page 8.13 for details) during a 20-cycle period after

BKMON asserts or during a 30-cycle period after BKCLS asserts.

Accumulated breaker wear/operations data are retained if the relay loses
power or the breaker monitor is disabled (setting EBMON = N).

Via Serial Port

SEL-311C-1 Transmission Protection System

See BRE Command (Breaker Monitor Data) on page 10.36. The BRE
command displays the following information.

» Accumulated number of relay initiated trips

Accumulated interrupted current from relay initiated trips
Accumulated number of externally initiated trips
Accumulated interrupted current from externally initiated trips
Percent circuit breaker contact wear for each phase

Mechanical operate time data

YY VY VY YVYYy

Electrical operate time data

» Date when the preceding items were last reset

See BRE n Command (Preload/Reset Breaker Wear) on page 10.37. The
BRE W command allows the trip counters, accumulated values, and percent
breaker wear to be preloaded for each individual phase.

The BRE H command displays the following information for as many as 128
operations.

Date and time of relay operation
Type of operation (trip/close)
Mechanical operate time

Electrical operate time

Y Y VY VYY

Interrupted current for trip operations
(measured 1.5 cycles after BKMON asserts)

\

Minimum dc voltage
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The BRE R command resets the accumulated values and the percent wear for
all three phases and clears the events in the BRE H command. For example, if
breaker contact wear has reached the 100 percent wear level for A-phase, the
corresponding Relay Word bit BCWA asserts (BCWA = logical 1). Execution
of the BRE R command resets the wear levels for all three phases back to 0
percent and consequently causes Relay Word bit BCWA to deassert (BCWA =
logical 0).

Via Front Panel
The information available via the BRE command is also available via the
front-panel OTHER pushbutton, with the exception of the electrical and
mechanical operate times and the minimum dc voltage. All breaker monitor
data can be reset via the front-panel O0THER pushbutton. See Figure 11.3.

Via DNP or Modbus

The internal and external trip counters, breaker wear data, electrical and
mechanical alarm counters, and the average electrical and mechanical trip and
close times are available via DNP and Modbus®. See the Breaker Monitor
section of Table E.1I.

The DNP binary output DRST_BK can be used to reset the breaker monitor
data, and is similar in function to the BRE R command. See Appendix L:
DNP3 Communications for more details.

The Modbus protocol can be used to reset the breaker monitor data, and is
similar in function to the BRE R command. There are two methods available.

» Writing to the Reset Breaker Monitor output coil.

» Writing a specific analog value to the RSTDAT register.
See Appendix O: Modbus RTU and TCP Communications for details.

Via IEC 61850

Selected breaker monitor data are available via IEC 61850. See the Breaker
Monitor section of Table E. 1.

Reset Via SELocIc Control Equation

The RST_BK SELOGIC control equation setting can be used to reset the
breaker monitor data, similar in function to the BRE R command. The relay
resets the function when the setting first asserts (rising edge, e.g., a logical 0 to
a logical 1 transition). For an example of how to use the RST_BK setting, see
the similar function View or Reset Energy Metering Information on page 8.27.

Determination of See BRE Command (Breaker Monitor Data) on page 10.36. Note in the BRE
oge . command response that the accumulated number of trips and accumulated
REIay Initiated TI‘IpS interrupted current are separated into two groups of data: that generated by
and Externa"y relay initiated trips (Rly Trip Count) and that generated by externally initiated
Initiated Trips trips (Ext Trip Count). The categorization of this information is determined by
p the status of the TRIP Relay Word bit when the SELOGIC control equation

breaker monitor initiation setting BKMON operates.

Refer to Figure 8.3 and accompanying explanation. If BKMON newly asserts
(logical O to logical 1 transition), the relay reads in the current values (Phases
A, B, and C). Now the decision has to be made: where is this current and trip
count information accumulated? Under relay initiated trips or externally
initiated trips?
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To make this determination, the status of the TRIP Relay Word bit is checked
at the instant BKMON newly asserts (TRIP is the logic output of Figure 5.1).
If TRIP is asserted (TRIP = logical 1), the current and trip count information
is accumulated under relay initiated trips (Rly Trip Count and Rly Accum Pri
Current [kA]). If TRIP is deasserted (TRIP = logical 0), the current and trip
count information is accumulated under externally initiated trips (Ext Trip
Count and Ext Accum Pri Current [kA]).

Regardless of whether the current and trip count information is accumulated
under relay initiated trips or externally initiated trips, this same information is
routed to the breaker maintenance curve for continued breaker wear
integration (see Figure 8.4-Figure 8.7).

Relay initiated trips (Rly Trip Count) are also referred to as internally
initiated trips (Internal Trip Counter) in the course of this manual; the terms
are interchangeable.

Factory-Default Setting Example

As discussed previously, the SELOGIC control equation breaker monitor
initiation factory-default setting is.

BKMON = TRIP

Thus, any new assertion of BKMON will be deemed a relay trip, and the
current and trip count information is accumulated under relay initiated trips
(Rly Trip Count).

Additional Example

SEL-311C-1 Transmission Protection System

Refer to Figure 8.10. Output contact OUT101 is set to provide tripping.
OuTI01 = TRIP

Note that optoisolated input INI06 monitors the trip bus. If the trip bus is
energized by output contact OUT101, an external control switch, or some other
external trip, then IN106 is asserted.

*) —

SEL-311C
CSIT —— outo1 C) IN106

(Control =TRIP
Other Switch Trip)
External —»---——
Trip Bus
TC TRIP
CoIL

Trips
52A
O b

Figure 8.10 Input IN106 Connected to Trip Bus for Breaker Monitor Initiation

If the SELOGIC control equation breaker monitor initiation setting is set,
BKMON = IN106

then the SEL-311C breaker monitor sees all trips.

If output contact OUT101 asserts, energizing the trip bus, the breaker monitor
will deem it a relay initiated trip. This is because when BKMON is newly
asserted (input IN106 energized), the TRIP Relay Word bit is asserted. Thus,
the current and trip count information is accumulated under relay initiated
trips (Rly Trip Count and Rly Accum Pri Current [KA]).
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If the control switch trip (or some other external trip) asserts, energizing the
trip bus, the breaker monitor will deem it an externally initiated trip. This is
because when BKMON is newly asserted (input IN106 energized), the TRIP

Relay Word bit is deasserted. Thus, the current and trip count information is
accumulated under externally initiated trips (Ext Trip Count and Ext Accum
Pri Current [kA]).

Station DC Battery Monitor

The station dc battery monitor in the SEL-311C can alarm for under- or
overvoltage dc battery conditions and give a view of how much the station dc
battery voltage dips when tripping, closing, and other dc control functions
take place. The monitor measures the station dc battery voltage applied to the
rear-panel terminals labeled POWER (see Figure 2.2 through Figure 2.6). The
station dc battery monitor settings (DCLOP and DCHIP) are available via the
SET G command (see Table 9.2 and also Breaker Monitor Settings on

page SET.3).
DC Under- and Refer to Figure 8.11. The station dc battery monitor compares the measured
station battery voltage (Vdc) to the undervoltage (low) and overvoltage (high)
Overvoltage
g pickups DCLOP and DCHIP. The setting range for pickup settings DCLOP
Elements and DCHIP is shown below.

20 to 300 Vdc, 0.02 Vdc increments

This range allows the SEL-311C to monitor nominal battery voltages of 24,
48, 110, 125, 220, and 250 V. When testing the pickup settings DCLOP and
DCHIP, do not operate the SEL-311C outside of its power supply limits. See
General Specifications on page 1.2 for the various power supply
specifications. The power supply rating is located on the serial number sticker
on the relay rear panel.

Relay
Settings V\é?t;d
DCLOP + Undervoltage m
Vdc
(From Rear-Panel
Terminals Labeled POWER)
+ Overvoltage DCHI

DCHIP

Figure 8.1 DC Under- and Overvoltage Elements

Logic outputs DCLO and DCHI in Figure 8.11 operate as follows.
DCLO =1 (logical 1), if V4, < pickup setting DCLOP

=0 (logical 0), if V4. > pickup setting DCLOP

DCHI =1 (logical 1), if V4. = pickup setting DCHIP

=0 (logical 0), if Vdc < pickup setting DCHIP
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Create Desired Logic
for DC Under- and
Overvoltage Alarming

Pickup settings DCLOP and DCHIP are set independently. Thus, they can be
set as follows.

DCLOP < DCHIP or DCLOP > DCHIP

Figure 8.12 shows the resultant dc voltage elements that can be created with
SELOGIC control equations for these two setting cases. In these two examples,
the resultant dc voltage elements are time-qualified by timer SV4T and then
routed to output contact 0UT106 for alarm purposes.

A
Vdc
DCLOP < DCHIP
DCHI SV4 = DCLO + DCHI
SV4PU
DCHIP
V4 —— —— Sv4T
DCLOP SV4D0
DCLO 0UTI06 = SV4T
%
A
Vdc
DCLOP > DCHIP V4 = DCLO * DCHI
DCLOP PO
SV4PU
DCLO *DCHI  gy4 ——| —— SV4T
DCHIP o
OUTI06 = SV4T

Figure 8.12 Create DC Voltage Elements With SELocGIc Control Equations

DCLO < DCHI (Top of Figure 8.12)

Output contact 0UTI06 asserts when either of the following conditions are true.

Vg4e < DCLOP or Vg4, > DCHIP

Pickup settings DCLOP and DCHIP are set such that output contact 0UT106
asserts when dc battery voltage goes below or above allowable limits.

If the relay loses power entirely (V4. =0 Vdc),
V4 < DCLOP

then output contact 0UT106 should logically assert (according to top of

Figure 8.12), but cannot because of the total loss of power (all output contacts
deassert on total loss of power). Thus, the resultant dc voltage element at the bottom
of Figure 8.12 would probably be a better choice—see the following discussion.

DCLO > DCHI (Bottom of Figure 8.12)

SEL-311C-1 Transmission Protection System

Output contact 0UT106 asserts when the following condition is true.

DCHIP < V4, < DCLOP

Pickup settings DCLOP and DCHIP are set such that output contact 0UT106
asserts when dc battery voltage stays between allowable limits.
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If the relay loses power entirely (V4. = 0 Vdc),
V4. < DCHIP

then output contact 0UT106 should logically deassert (according to bottom of
Figure 8.12), and this is surely what happens for a total loss of power (all
output contacts deassert on total loss of power).

Output Contact Type Considerations (a or b)

Refer to Output Contacts on page 7.32 (especially Note 2 in Figure 7.28,
Figure 7.29, and Figure 7.30). Consider the output contact type (a or b)
needed for output contact OUT106 in the bottom of Figure 8.12 (dc voltage
alarm example).

If SELOGIC control equation setting OUT106 is asserted (OUT106 = SV4T =
logical 1; dc voltage OK), the state of output contact 0UT106 (according to
contact type) is as listed below.

» closed (a-type output contact)

» open (b-type output contact)

If SELOGIC control equation setting OUT106 is deasserted (OUT106 =
SVA4T = logical 0; dc voltage not OK), the state of output contact 0UT106
(according to contact type) is as listed below.

> open (a-type output contact)

» closed (b-type output contact)

If the relay loses power entirely, all output contacts deassert, and the state of
output contact 0UT106 (according to contact type) is as listed below.

> open (a-type output contact)

» closed (b-type output contact)

Additional Other than alarming, the dc voltage elements can be used to disable reclosing.

App'ication For example, if the station dc batteries have a problem and the station dc
battery voltage is declining, drive the reclosing relay to lockout.

79DTL = ISVAT + ... [= NOT(SVAT) + ...]

Timer output SV4T is from the bottom of Figure 8.12. When dc voltage falls
below pickup DCHIP, timer output SV4T drops out (= logical 0), driving the
relay to lockout.

79DTL = ISVAT +... = NOT(SV4T) + ... = NOT(logical 0) + ... = logical 1
Circuit breaker tripping and closing requires station dc battery energy. If the
station dc batteries are having a problem and the station dc battery voltage is

declining, the relay should not reclose after a trip because there might not be
enough dc battery energy to trip a second time after a reclose.
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View Station DC Battery Voltage

Via Serial Port

See MET Command (Metering Data) on page 10.52. The MET command
displays the station dc battery voltage (labeled VDC).

Via Front Panel

The information available via the previously discussed MET serial port
command is also available via the front-panel METER pushbutton. See
Figure 11.3.

Via Fast Meter, DNP, Modbus, or IEC 61850

The station dc battery voltage reading VDC is available via Fast Meter, DNP,
Modbus, and IEC 61850. See the Instantaneous Metering section of Table E. 1.

Ana|yze Station DC See Standard 15/30/60/180-Cycle Event Reports on page 12.2. The station dc
Batt Volt battery voltage is displayed in column Vdc in the example event report in
atiery voltage Figure 12.7. Changes in station dc battery voltage for an event (e.g., circuit

breaker tripping) can be observed. Use the EVE command to retrieve event
reports as discussed in Section 12.

Station DC Battery Voltage Dips During Circuit Breaker Tripping

Event reports are automatically generated when the TRIP Relay Word bit
asserts (TRIP is the logic output of Figure 5.1). For example, output contact
OUT101 is set to trip.

OuT101 = TRIP

Anytime output contact OUT101 closes and energizes the circuit breaker trip
coil. Any dip in station dc battery voltage can be observed in column Vdc in
the event report.

To generate an event report for external trips, make connections similar to
Figure 8.10 and program optoisolated input INI06 (monitoring the trip bus) in
the SELOGIC control equation event report generation setting.

ER = /IN106 + ...

Anytime the trip bus is energized, any dip in station dc battery voltage can be
observed in column Vdc in the event report.

Station DC Battery Voltage Dips During Circuit Breaker Closing

To generate an event report when the SEL-311C closes the circuit breaker,
make the SELOGIC control equation event report generation setting.

ER = /OUT102 +...

In this example, output contact OUTI02 is set to close.
0UT102 = CLOSE (CLOSE is the logic output of Figure 6.3)

Anytime output contact 0UT102 closes and energizes the circuit breaker close
NOTE: The BRE and BRE H commands

display the minimum dc voltage coil, any dip in station dc battery voltage can be observed in column Vdc in the

recorded by the breaker monitor when event report.
the breaker trips or closes.

This event report generation setting (ER = /OUT102 + ...) might be made just
as a testing setting. Generate several event reports when doing circuit breaker
close testing and observe the “signature” of the station dc battery voltage in
column Vdc in the event reports.
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Station DC Battery Voltage Dips Anytime
To generate an event report anytime there is a station dc battery voltage dip,
set the dc voltage element directly in the SELOGIC control equation event
report generation setting.

ER = \SVAT + ...

Timer output SV4T is an example dc voltage element from the bottom of
Figure 8.12. Anytime dc voltage falls below pickup DCHIP, timer output
SVAT drops out (logical 1 to logical O transition), creating a falling-edge
condition that generates an event report.

Also, the Sequential Event Recorder (SER) report can be used to time-tag
station dc battery voltage dips (see Sequential Events Recorder (SER) Report
on page 12.28).

0peration of Station If the SEL-311C has a power supply that can be powered by ac voltage, when

. powering the relay with ac voltage, the dc voltage elements in Figure 8.11 see

DC Battery Monitor the average of the sampled ac voltage powering the relay, which is very near

When AC Voltage Is zero volts (as displayed in column Vdc in event reports). Thus, pickup settings

P . th R | DCLOP and DCHIP should be set off (DCLOP = OFF, DCHIP = OFF). They
owering the kelay are of no real use.

If a “raw” event report is displayed (with the EVE R command), column Vdc
will display the sampled ac voltage waveform, rather than the average.

Fundamental (Instantaneous) Metering

The SEL-311C performs current, voltage, symmetrical component, and power
metering by using the fundamental (filtered) signals obtained from the same
cosine filter that is used in the protective relay algorithms. These values
respond to the fundamental signal at the measured system frequency, which is
usually near 50 Hz or 60 Hz. Frequency tracking ensures that frequency
variations do not adversely affect metering accuracy.

The fundamental metering function updates the metering values
approximately twice per second.

The relay converts the metered values to primary units by using the current
transformer ratio Group settings CTR and CTRN, and potential transformer
ratio Group settings PTR and PTRS.

The metered values are available through several interfaces.

» Serial port ASCII communications; see MET Command
(Metering Data) on page 10.52

» Serial port Fast Meter communications; see Appendix J:
Configuration, Fast Meter, and Fast Operate Commands

» DNP (Serial Port or Ethernet); see Appendix L: DNP3
Communications

» Modbus (Serial Port or Ethernet); see Appendix O: Modbus
RTU and TCP Communications

» IEC 61850 (Ethernet); see Appendix P: IEC 61850
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» Front-panel LCD; see Front-Panel Pushbutton Operation on
page 11.1

» Display points; see Displaying Analog Values on the Rotating
Display on page 7.43

See Specifications on page 1.2 for a listing of the fundamental metering
accuracy in the SEL-311C.

The relay applies a small-signal cutoff threshold to the voltage and current
signals, and this can affect subsequent uses of the measurement. See Small
Signal Cutoff for Metering on page 8.31 for more details.

These fundamental quantities are used in the Instantaneous Metering
quantities, as well as the Demand/Peak Demand, Energy, and
Maximum/Minimum Metering functions, described later in this section.

Because the fundamental quantities are filtered to the power system frequency,
they are immune to signal energy at dc and harmonic frequencies.

Wye- and Delta-Voltage Connections for Metering

Description

Metering Quantities
Available for Various
Voltage Connections

SEL-311C-1 Transmission Protection System

The SEL-311C supports metering from the following PT connections:

» Three-phase voltage connection from wye-connected Potential
Transformers (PTs)

» Three-phase voltage connection from open-delta connected
PTs

» Synchronism-check or broken-delta 3VO PT voltage
connection to V$-NS terminals.

See Potential Transformer Inputs on page 2.13 for terminal designations and
wiring details.

The PT selection (except for the VS terminal) is made via Global setting
PTCONN = WYE or DELTA and is fully described in Settings for Voltage
Input Configuration on page 9.16.

When either of the three-phase connections (wye or delta) is selected, the
relay automatically configures the metering functions to calculate and display
the quantities as listed in Table 8.3.

The synchronism-check or broken-delta PT connection is selected by Global
setting VSCONN = VS or 3V0, respectively, and is fully discussed in Settings
for Voltage Input Configuration on page 9.16. The only instance that this
setting affects metering is when PTCONN = DELTA and VSCONN = 3V0,
and in this situation the broken-delta signal is used in the three-phase power
calculations, as shown in Table 9.6.

The SEL-311C metering output values are available as analog quantities, and
a full listing appears in Table E. 1.

Use Table 8.3 to identify which metering outputs are available for each
voltage input configuration. To make Table 8.3 easier to read, the analog quantity
names are not fully listed for the Demand, Peak Demand, Energy and
Maximum/Minimum Metering functions. The full names appear in 7able E.I under
the appropriate table section.
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Table 8.3 Fundamental Metering Quantities Available for Various PTCONN Settings

Demand Metering

8.19

Demand and . A
<S;Ie:tt)ianlqs Currents? Voltages? Power Peak Demand g?ﬁ;fy e mz):‘mum/Mlnl
IN and OUTb
Command: MET MET MET MET D MET E MET M
PTCONN = 1A, IB, IC, IN, VA, VB, VC, MWA, MWB, 1A, IB, IC, IN, MWHA, MWHB, | IA, IB, IC, IN,
WYE 1G, 11, 312,310 | VS, V1, V2, MWC, MW3, IG, 312, MWA, [ MWHC, MWH3, | IG, VA, VB,
3V0, VAB¢, MVARA, MWB, MWC, MVRHA, VC, VS, MW3,
VBC¢, VCA¢ MVARB, MW3,MVARA, | MVRHB, MVAR3
MVARC, MVARB, MVRHC,
MVAR3, PFA, MVARC, MVRH3
PFB, PFC, PF3 | MVAR3
PTCONN = 1A, IB, IC, IN, VAB, VBC, MW3, MVAR3, [IA,IB,IC, IN, MWH3, MVRH3 | IA, IB, IC, IN,
DELTA 1G, I1, 312, 310 | VCA, VS, V1, PF3 IG, 312, MW3, 1G, VAB, VBC,
V2 MVAR3 VCA, VS,
MW3, MVAR3

a For clarity, the corresponding angle quantities are not shown in table (e.g., IAFA, VBFA, etc.)
b For clarity, not all values are shown. See Table E.1 for a complete listing and proper analog quantity labels.
¢ Available via MET X command.

Demand Metering

The SEL-311C offers the choice between two types of demand metering,
settable with the enable setting.

» EDEM = THM (Thermal Demand Meter)
» EDEM =ROL (Rolling Demand Meter)

The demand metering settings (in Table 8.4) are available via the SET
command (see Table 9.2 and also Demand Metering Settings on page SET.25).
Also, refer to MET Command (Metering Data) on page 10.52).

The SEL-311C provides demand and peak demand metering for the following

values.

Currents
Ipn B,c,n  Input currents (A primary)
Ig Residual-ground current (A primary; I =3Iy =1, + Iz + 1)
31, Negative-sequence current (A primary)

Power (with separate IN and OUT values)

MW, g ¢ Single-phase megawatts (not available with delta-connected

voltages)

MVAR, g cSingle-phase megaVARs (not available with delta-connected
voltages)

MW;p Three-phase megawatts

MVAR;p  Three-phase megaVARs

Depending on enable setting EDEM, these demand and peak demand values
are thermal demand or rolling demand values. The thermal demand method is
well-suited to monitoring equipment loading, and the demand results are
updated regularly. The rolling demand method is available to match legacy
metering systems used by some electrical utilities, and the demand results are
updated every five minutes.

Instruction Manual SEL-311C-1 Transmission Protection System
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The differences between thermal and rolling demand metering are explained
in the following discussion.

Compa rison of The example in Figure 8.13 shows the response of thermal and rolling demand
Th | d Rolli meters to a step current input. The current input is at a magnitude of zero and
ermal an olling then suddenly goes to an instantaneous level of 1.0 per unit (a “step”).
Demand Meters
A
2 10—r------
Step Current é
inpe 2 05
g
0——-- I | I
0 5 10 15 Time
(Minutes)

Thermal Demand
Meter Response
(EDEM = THM)

Thermal Demand Current (per unit)

0 --— T | -
0 5 10 15 Time
! © (Minutes)
1 1
A re——DMTC = 15 minutes —:
g 10—------ R et CELEEEE LR —
= 1
5 |
Rolling Demand ~ £ 67 —------ Pommmmmeeees ,
Meter Response 3 ! !
(EDEM=ROL) & ! !
e 1 1
R Tt i i
o I 1 1
£ | | |
= i i i
0 B | |
0 5 10 15 Time
(Minutes)

Figure 8.13 Response of Thermal and Rolling Demand Meters to a Step Input
(Setting DMTC = 15 Minutes)
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Thermal Demand The response of thg thermal demand meter in FigL.tre 81 3 (middle) to the step
Meter Response current input (top) is analogous to the series RC circuit in Figure 8.14.

(EDEM = THM) ; ,\

“- J

Figure 8.14 Voltage Vg Applied to Series RC Circuit

In the analogy

Voltage Vg in Figure 8.14 corresponds to the step current input in
Figure 8.13 (top).

Voltage V- across the capacitor in Figure 8.14 corresponds to the
response of the thermal demand meter in Figure 8.13 (middle).

If voltage Vg in Figure 8.14 has been at zero (Vg = 0.0 per unit) for some time,
voltage V- across the capacitor in Figure 8.14 is also at zero (V¢ = 0.0 per unit).
If voltage Vg is suddenly stepped up to some constant value (Vg = 1.0 per unit),
voltage V¢ 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 8.13 (middle) to the step current input (top).

In general, as voltage V- across the capacitor in Figure 8.14 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
setting DMTC (see Table 8.4). Note in Figure 8.13, the thermal demand meter
response (middle) is at 90 percent (0.9 per unit) of full applied value (1.0 per
unit) after a time period equal to setting DMTC = 15 minutes, referenced to
when the step current input is first applied.

The SEL-311C updates thermal demand values approximately every two seconds.

Rolling Demand Meter Response (EDEM = ROL)

The response of the rolling demand meter in Figure 8.13 (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 8.4). Note in Figure 8.13, 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 two seconds. 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 8.13 example, the rolling demand meter
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 8.13 (bottom).
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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
5-minute intervals in the sliding time-window at “Time = 0 minutes” each
integrate into the following 5-minute totals:

Five-Minute Totals Corresponding Five-Minute Interval
0.0 per unit —15 to —10 minutes
0.0 per unit —10 to —5 minutes
0.0 per unit =5 to 0 minutes
0.0 per unit

Rolling demand meter response at “Time = 0 minutes” = 0.0/3 = 0.0 per unit.

Time = 5 Minutes
The three 5-minute intervals in the sliding time-window at “Time = 5
minutes” each integrate into the following 5-minute totals.

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 5-minute intervals in the sliding time-window at “Time = 10
minutes” each integrate into the following 5-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.

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
1.0 per unit

1.0 per unit

3.0 per unit

0 to 5 minutes
5 to 10 minutes

10 to 15 minutes

Rolling demand meter response at “Time = 15 minutes” = 3.0/3 = 1.0 per unit.

SEL-311C-1 Transmission Protection System Instruction Manual
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Demand Meter
Settings

NOTE: Changing setting EDEM or
DMTC resets the demand meter values
to zero. This also applies to changing
the active setting group, and setting
EDEM or DMTC is different in the new
active setting group. Demand current
pickup settings PDEMP, NDEMP,
GDEMP, and QDEMP can be changed
without affecting the demand meters.

The examples in this section discuss
demand current, but MW and MVAR
demand values are also available, as
stated at the beginning of Demand
Metering on page 8.19.

Date Code 20191107

Metering and Monitoring
Demand Metering

Table 8.4 Demand Meter Settings and Settings Range
Setting Definition Range
EDEM Demand meter type THM = thermal
ROL = rolling
DMTC Demand meter time constant | 5, 10, 15, 30, or 60 minutes
PDEMP | Phase demand current pickup [ OFF, 0.50-16.00 A sec (5 A nominal)
OFF, 0.10-3.20 A sec (1 A nominal)
NDEMP | Neutral-ground demand OFF, 0.50-16.00 A sec (5 A nominal IN
current pickup channel)
OFF, 0.10-3.20 A sec (1 A nominal IN
channel)
GDEMP | Residual-ground demand OFF, 0.10-16.00 A sec (5 A nominal)
current pickup OFF, 0.02-3.20 A sec (1 A nominal)
QDEMP | Negative-sequence demand OFF, 0.50-16.00 A sec (5 A nominal)

current pickup

OFF, 0.10-3.20 A sec (1 A nominal)

The demand current pickup settings in Table 8.4 are applied to demand current
meter outputs as shown in Figure 8.15. For example, when residual-ground
demand current Ipgy) goes above corresponding demand pickup GDEMP,
Relay Word bit GDEM asserts to logical 1. Use these demand current logic
outputs (PDEM, NDEM, GDEM, and QDEM) to alarm for high loading or
unbalance conditions. Use in other schemes such as the following example.

Instantaneous
Currents

Iy ————®{Thermal (EDEM = THM)

Demand Function

Demand Current

Pickup Settings

(A Secondary)
Relay
Demand PDEMP Word
Currents Bits
Maximum - e
oo Fli . PDEM

or
Rolling (EDEM = ROL)

Reset
Demand

Demand Function

~ lsem Current
~ leoem

Demand

| NDEMP
N(DEM)

\

Thermal (EDEM = THM)

or
Rolling (EDEM = ROL)

A Reset
Demand

Demand Function

lg
(residual)

> NDEM
.

l60Em)

® Thermal (EDEM = THM)

or
Rolling (EDEM = ROL)

A Reset
Demand

Demand Function

31,

Serial Port
Command

CDENP _> GDEM
N

3l QDEMP
2(DEM)

\

Thermal (EDEM = THM)

or
Rolling (EDEM = ROL)

A Reset
Demand

MET RD

> QDEM
.

Figure 8.15 Demand Current Logic Outputs
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Demand Current
Logic Output
Application—Raise
Pickup for Unbalance
Current

SEL-311C-1 Transmission Protection System

During times of high loading, the residual-ground overcurrent elements can
see relatively high unbalance current I (I = 31)). To avoid tripping on
unbalance current I, use Relay Word bit GDEM to detect the residual-ground
(unbalance) demand current I pgp and effectively raise the pickup of the
residual-ground time-overcurrent element 51GT. This is accomplished with
the following settings from Table 8.4, pertinent residual-ground overcurrent
element settings, and SELOGIC control equation torque-control setting
S1GTC.

EDEM = THM

DMTC=5

GDEMP =1.0

51GP =1.50

5062P = 2.30

51GTC = !GDEM + GDEM * 50G2

Refer to Figure 8.15, Figure 8.16, and Figure 3.35.

1 -

5GP 50G2P g
=150 =230 (Residual)

Figure 8.16 Raise Pickup of Residual-Ground Time-Overcurrent Element for
Unbalance Current

Residual-Ground Demand Current Below Pickup GDEMP

When unbalance current I is low, unbalance demand current Igpgyr) is
below corresponding demand pickup GDEMP = 1.00 A secondary, and Relay
Word bit GDEM is deasserted to logical 0. This results in SELOGIC control
equation torque-control setting 51GTC being in the following state.
51GTC = !GDEM + GDEM * 5062 = NOT(GDEM) + GDEM * 50G2
= NOT(logical 0) + (logical 0) * 50G2 = logical 1

Thus, the residual-ground time-overcurrent element 51GT operates on its
standard pickup.

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

Residual-Ground Demand Current Goes Above Pickup GDEMP
When unbalance current I increases, unbalance demand current Igpgr)
follows, going above corresponding demand pickup GDEMP = 1.00 A
secondary, and Relay Word bit GDEM asserts to logical 1. This results in
SELOGIC control equation torque-control setting 51GTC being in the
following state.

51GTC = !GDEM + GDEM * 5062 = NOT(GDEM) + GDEM * 50G2
= NOT(logical 1) + (logical 1) * 50G2 = logical 0 + 50G2 = 50G2

Thus, the residual-ground time-overcurrent element 51GT operates with an
effective, less-sensitive pickup.
5062P = 2.30 A secondary

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

Residual-Ground Demand Current Goes Below Pickup GDEMP Again
When unbalance current IG decreases again, unbalance demand current IG(DEM)
follows, going below corresponding demand pickup GDEMP = 1.00 A secondary,
and Relay Word bit GDEM deasserts to logical 0. This results in SELOGIC control
equation torque-control setting 51GTC being in the following state.

51GTC = !GDEM + GDEM * 5062 = NOT(GDEM) + GDEM * 50G2 =
NOT(logical 0) + (logical 0) * 50G2 = logical 1

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

51GP = 1.50 A secondary

View or Reset Demand Metering Information

Via Serial Port

See MET Command (Metering Data) on page 10.52. The MET D command
displays demand and peak demand metering for the following values.

Currents

Ipn.B.c,n  Input currents (A primary)

Ig Residual-ground current (A primary; Ig =3Iy =1, + Ig + 1)
31, Negative-sequence current (A primary)
Power

MW, g ¢ Single-phase megawatts (not available with delta-connected voltage)
MVAR, g cSingle-phase megaVARs (not available with delta-connected

MW;3p voltage)
MVAR;p  Three-phase megawatts
Three-phase megaVARSs

The MET RD command resets the demand metering values. The MET RP
command resets the peak demand metering values.
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If setting EDEM = ROL, after resetting the demand values, there may be a delay of
as long as two times the DMTC setting before the demand values are updated.

Via Front Panel

The information and reset functions available via the previously discussed
serial port commands MET D, MET RD, and MET RP are also available via
the front-panel METER pushbutton. See Figure 11.2.

Via DNP or Modbus

The demand and peak demand metering values are available via DNP and Modbus.
See the Demand Metering and Peak (Demand) Metering section of Table E. 1.

The DNP binary outputs DRST_DEM and DRST_PDM can be used to reset
the demand metering and peak demand metering, respectively. These controls
are similar in function to the MET RD and MET RP commands. See
Appendix L: DNP3 Communications for more details.

The Modbus protocol can be used to reset the demand metering and peak
demand metering, with functions similar to the MET RD and MET RP
commands. Two methods are available.

»  Writing to the Reset Demands or Reset Demand Peaks output coil.

» Writing a specific analog value to the RSTDAT register.

See Appendix O: Modbus RTU and TCP Communications for details.

Via Fast Meter or IEC 61850

Selected demand and peak demand metering values are available via Fast
Metering and IEC 61850. See the Demand Metering and Peak (Demand)
Metering section of Table E. 1.

Reset Via SELocic Control Equation

The RST_DEM and RST_PDM SELOGIC control equation settings can be
used to reset the demand metering and peak demand metering respectively.
The relay resets the function when the setting first asserts (rising edge, e.g., a
logical O to a logical 1 transition).

Example Application of RST_DEM and RST_PDM:

A control scheme requires the following.

» Demand metering to be reset when control input IN106 asserts,
or when SVI12T asserts

» Peak demand metering to be reset when control input IN106
asserts, or when remote bit RB14 asserts.

Make the logic settings in each settings group that will be used (e.g., use
SET L 1, for setting group 1).

RST_DEM = /IN106 + /SV12T

RST_PDM = /IN106 + /RB14

NOTE: To avoid unexpected clearing

g{z[ﬂetefmg fatla' thetl?mpo;ed ab The “/” rising edge operators ensure that a maintained logical 1 on IN106 does
OGIC control equations shou e . .

tested to ensure t%ey do not assert not prevent SV12T from resetting the demand metering and does not prevent
after a group change or after the relay RB14 from resetting the peak demand metering.

turns on.
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Demand Meterinq The SEL-311C updates demand values approximately every two seconds.

Updatlng and StOI"age The relay stores peak demand values to nonvolatile storage once per day. The
previously stored value is overwritten if it is exceeded. Should the relay lose
control power, it will restore the peak demand values saved by the relay at
23:50 hours on the previous day.

Demand metering peak recording is momentarily suspended when SELOGIC
control equation setting FAULT is asserted (= logical 1). See the explanation
for the FAULT setting in Maximum/Minimum Metering on page 8.28.

Energy Metering

The SEL-311C provides energy metering for the following values where IN
and OUT correspond to the standard relay convention of OUT for positive
power, and IN for negative power.

MWH, g ¢, 3p IN Single-phase and three-phase megawatt-hours,
primary

MWH, g, 3p OUT Single-phase and three-phase megawatt-hours, primary
MVARH, g ¢, 3p IN Single-phase and three-phase megaVAR-hours,
primary

MVARH, g ¢, 3p OUT Single-phase and three-phase megaVAR-hours,
primary

See Table E.I for a listing of the Analog Quantities for energy metering.

The single-phase energy values are not available with a delta voltage
connection (Global setting PTCONN = DELTA).

View or Reset Energy
Metering Information

Via Serial Port

. N See MET Command (Metering Data) on page 10.52. The MET E command
NOTE: Single-phase quantities are displays accumulated single- and three-phase megawatt and megaVAR hours.
only available when Global setting >
PTCONN = WYE. The MET RE command resets the accumulated single- and three-phase
megawatt and megaVAR hours.

Via Front Panel

The information and reset functions available via the previously discussed
serial port commands MET E and MET RE are also available via the
front-panel METER pushbutton. See Figure 11.2.

Via DNP or Modbus

The energy metering values are available via DNP and Modbus. See the
Energy Metering section of Table E. 1.

The DNP binary output DRST_ENE can be used to reset the energy metering,
and is similar in function to the MET RE command. See Appendix L: DNP3
Communications for more details.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System



8.28 | Metering and Monitoring
Maximum/Minimum Metering

The Modbus protocol can be used to reset the energy metering, with functions
similar to the MET RE command. Two methods are available.

» Writing to the Reset Energy Data output coil.
» Writing a specific analog value to the RSTDAT register.

See Appendix O: Modbus RTU and TCP Communications for details.

Via IEC 61850

Three-phase energy metering values are available via IEC 61850. See the
Energy Metering section of Table E. 1.

Reset Via SELocIc Control Equation

The RST_ENE SELOGIC control equation setting can be used to reset the
energy metering. The relay resets the function when the setting first asserts
(rising edge, e.g., a logical O to a logical 1 transition).

Example Application of RST_ENE
A control scheme requires energy metering to be reset when control input
IN105 asserts, or when SV11T asserts.

NOTE Make the logic settings in each settings group that will be used (e.g., use
: To avoid unexpected clearing .
of metering data, the proposed SET L 1’ for settlng group 1)'

SELocic control equation should be RST ENE = /|N105 + /SV"T

tested to ensure it does not assert
after a group change or after the relay e e . . .
turns on. The “/” rising edge operators ensure that a maintained logical 1 on IN105 does

not prevent SV11T from resetting the energy metering.

Energy Meterinq The SEL-311C updates energy values approximately every two seconds.

Updatlng and StOI"age The relay stores energy values to nonvolatile storage once per day. The
previously stored value is overwritten if it is exceeded. Should the relay lose
control power, it will restore the energy values saved by the relay at 23:50
hours on the previous day.

Accumulated energy metering values function like those in an
electromechanical energy meter. When the energy meter reaches
99999.999 MWh or 99999.999 MVARA, it starts over at zero.

Maximum/Minimum Metering

The SEL-311C provides maximum/minimum metering for the following values.

Currents

Ipn B,c,Nn  Input currents (A primary)

Ig Residual-ground current (A primary; I = 31)
Voltages
Va.B.C Input voltages (kV primary, not available with delta-connected
voltages)
Vag. B, ca Input voltages (kV primary, delta-connected voltage only)
Vg Input voltage (kV primary)
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Power

MW;3p Three-phase megawatts
MVAR;p  Three-phase megaVARs

See Table E.I for a listing of the Analog Quantities for Maximum/Minimum
metering.

The power maximum and minimum values can be negative or positive,
indicating the range of power flow that has occurred since the last reset
command. These functions simulate analog meter drag-hands, with the
maximum value representing the upper drag-hand and the minimum value
representing the lower drag-hand.

Table 8.5 shows the values that the relay would record for various power flow
directions (either MW3P or MVAR3P).

Table 8.5 Operation of Maximum/Minimum Metering With Directional Power
Quantitiesa

If Power Varies
Recorded MAX Recorded MIN
From: To:
9.7 16.2 16.2 9.7
4.2 1.4 1.4 4.2
-25.3 -174 -17.4 -25.3
-6.2 27.4 27.4 -6.2

8.29

a For simplicity, the date and time stamps are not shown here.

View or Reset Maximum/Minimum Metering Information

Via Serial Port

See MET M—Maximum/Minimum Metering on page 10.56. The MET M
command displays maximum/minimum metering values. The MET RM
command resets the maximum/minimum metering values.

Via Front Panel

The metering and reset functions available via serial port commands MET M
and MET RM are also available via the front-panel METER pushbutton. See
Figure 11.2.

Reset Via DNP or Modbus Control

The DNP binary output DRST_MML can be used to reset the Max/Min
metering, and is similar in function to the MET RM command. See
Appendix L: DNP3 Communications for more details.

The Modbus protocol can be used to reset the Max/Min metering, with
methods that are similar in function to the MET RM command. Two methods
are available:

» Writing to the Reset Max/Min output coil.

» Writing a specific analog value to the RSTDAT register.
See Appendix O: Modbus RTU and TCP Communications for details.
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Reset Via SELocic Control Equation

NOTE: To avoid unexpected clearing
of metering data, the proposed
SELoclIc control equation should be
tested to ensure it does not assert
after a group change or after the relay
turns on.

Maximum/Minimum
Metering Update and
Storage

NOTE: SELocic control equation
setting FAULT also controls other
relay functions; see SELoGIC Control
Equation Setting FAULT on page 5.46.

NOTE: If PTCONN = DELTA,
factory-default setting is set with:
FAULT = 51G + 51Q + M2P.

NOTE: The values used by the
maximum/minimum metering are the
same values used by the regular MET
command (serial port or
instantaneous, front panel), which are
eight-cycle averaged values. The
maximum/minimum metering
function updates every two seconds
(approximately). These values should
be relatively immune to transient
conditions.

SEL-311C-1 Transmission Protection System

The RST_MML SELOGIC control equation setting can be used to reset the
Maximum/Minimum metering. The relay resets the function when the setting
first asserts (rising edge, e.g., a logical O to a logical 1 transition).

Example Application of RST_MML

A control scheme requires Maximum/Minimum metering to be reset when
control input IN104 asserts, or when SV10T asserts.

Make the logic settings in each settings group that will be used (e.g., use
SET L 1, for setting group 1).

RST_MML = /IN104 + /SV10T

The “/” rising edge operators ensure that a maintained logical 1 on IN104 does
not prevent SV10T from resetting the energy metering.

The maximum/minimum metering function is intended to reflect normal load
variations rather than fault conditions or outages. Therefore, the SEL-311C
updates maximum/minimum values only if SELOGIC control equation setting
FAULT is deasserted (= logical 0) and has been deasserted for at least

3600 cycles.

The factory-default setting is set with time-overcurrent and distance element
pickups.
FAULT = 516 + 51Q + M2P + 726

If there is a fault, 51G, 51Q, M2P, or Z2G asserts and blocks updating of
maximum/minimum metering values.

In addition to FAULT being deasserted for at least 3600 cycles, the following
conditions must also be met.

» For wye-connected voltage values (Vy, Vg, V¢, Vg), or
delta-connected voltage values (Vag, Vs Veas Vs), the
voltage is above the corresponding threshold:

25.0 V secondary (300 V voltage inputs)

» For current values I, g ¢ N the current is above the
corresponding threshold:

25.0 mA secondary (5 A nominal current inputs)

5.0 mA secondary (1 A nominal current inputs)
» For the residual current value I:

All three phase currents I, I, I are above threshold.
» For power values MW 3p and MVARp:

All three phase currents I, I, I are above threshold and all
three voltages Vy, Vg, Vi (or Vag, Ve, Vea) are above
threshold.

» The metering value is above the previous maximum or below
the previous minimum for approximately four seconds.

The SEL-311C stores maximum/minimum values to nonvolatile storage once
per day and overwrites the previously stored value if that is exceeded. If the
relay loses control power, it will restore the maximum/minimum values saved
at 23:50 hours on the previous day.
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Small Signal Cutoff for Metering

The current inputs to the energy meter and power demand meter are forced to
zero while 52A = 0 if the metered current is less than 0.5 percent of nominal
current (25 mA for 5 A nominal, and 5 mA for 1 A nominal). This prevents
the energy meter from accumulating when the breaker is open and also allows
the power demand meter to eventually reset to zero.

When PTCONN = WYE, the 0.5 percent threshold comparison is performed
on a phase-by-phase basis. For example, if IA is less than 0.5 percent of
nominal current and 52A = 0, then only the A-phase input to the energy and
power demand calculations is forced to zero. The B- and C-phase inputs to the
energy and power demand calculations are not forced to zero.

When PTCONN = DELTA the input to the three-phase energy and power
demand calculations are forced to zero only if 52A = 0 and all three-phase
currents are less than 0.5 percent of nominal current.

No values are forced to zero when 52A = 1 even if the applied current is less
than 0.5 percent of nominal current.

Forcing the energy and power demand meter current input to zero does not
impact any other meter report and does not impact protection, event reporting,
or synchrophasors.

Synchrophasor Metering

View Synchrophasor See MET Command (Metering Data) on page 10.52. The MET PM command
. f . displays the synchrophasor measurements. For more information, see View
Metermq Information Synchrophasors by Using the MET PM Command on page N.17.

Via Serial Port
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Overview

Section 9

Setting the Relay

Introduction

This section explains the SEL-311C settings, how to view settings, and how to
modify the settings in the following sections.

» Introduction

» Time-Overcurrent Curves on page 9.5
» Settings Explanations on page 9.16
» Settings Sheets on page 9.23

Settings specific to MIRRORED BITS® communications are fully described in
Appendix H: MIRRORED BITS Communications.

Settings specific to the Phasor Measurement Unit (Synchrophasor) operation
are fully described in Appendix N: Synchrophasors.

Settings specific to the DNP3 Communications protocol are fully described in
Appendix L: DNP3 Communications.

Settings specific to the Modbus® Communications protocol are fully
described in Appendix O: Modbus RTU and TCP Communications.

Other than a pair of enable settings, there are no relay settings associated with
the optional IEC 61850 protocol. To configure IEC 61850, use the SEL
Architect PC Software to create and download a CID file to the relay. For
more information, see Appendix P: IEC 61850.

Date Code 20191107

The SEL-311C stores customer-entered settings in nonvolatile memory.
Settings are divided into the following eight setting classes.

1. Global

2. Group n (where n = 1-6)

3. Logic n (where n = 1-6)

4. Report (settings for Sequential Events Recorder
5. Text (settings for the front panel)

6. Portn (wheren=1,2,3,5, orF)

7. DNP Map n (where n = 1-3)

8. Modbus Map

Instruction Manual SEL-311C-1 Transmission Protection System



9.2 | Setting the Relay
Introduction

NOTE: Although there is no
dedicated settings class for the
optional USB port, the Port F settings
class contains two settings that affect
the USB port. See Port Enable Settings
on page 9.22.

SEL-311C-1 Transmission Protection System

Some settings classes have multiple instances. For example, in the above list,
there are six “setting groups” for Group and Logic settings and five Port setting
instances, one for each communications port (except the optional USB port).

Settings may be viewed or modified in several ways, as shown in Table 9.1.

Table 9.1 Methods of Accessing Settings

. Front-Panel
oL Interface Set/ | QuickSet L)
Commands Server
Show Menu
Display Settings | All settings Some settings? | All settings All settings
(SHO command)
Modify Settings | All settings Some settings? | All settings
(SET command)

a Only Global, Group, and Port setting classes can be accessed by using the front panel.

View settings with the respective serial port SHOW commands (SHO, SHO L,
SHO G, SHO R, SHO T, SHO P). Because the SEL-311C only uses the first three
letters of a command, SHOW can be shortened to SHO as above.

See SHO Command (Show/View Settings) on page 10.62 for examples of the
SHO command, including the SEL-311C factory-default settings.

The SET command is described in a later section. Table 9.2 lists the settings
classes with a brief description, and the page numbers for the Settings Sheets
included at the end of this section. The order of the setting sheets matches the
numbered list, above.

See Front-Panel Pushbutton Operation on page 11.1 for details on accessing
settings via the front-panel HMI.

See Appendix C: PC Software for ACSELERATOR QuickSet® SEL-5030
Software information.

Table 9.2 Serial Port SET Commands

Settings A, Settings
Command Type Description Sheetsa
SET G Global | Battery and breaker monitors, optoisolated SET.1-SET.7
input debounce timers, synchrophasors, etc.
SET n Group Overcurrent and voltage elements, reclosing SET.8-SET.27
relay, timers, etc., for settings Group n
n=1,2,3,4,5,6).
SET L n Logic SELOGIC® control equations for settings SET.28-SET.36
Groupn (n=1,2,3,4,5,6).
SETR Report | Sequential Events Recorder (SER) trigger SET.37
conditions.
SETT Text Front-panel default display and local SET.38-SET41
control text.
SETPn Port Port n settings SET 42-SET.54
n = 1: optional EIA-485 or fiber-optic serial
port
n =2, 3, or F: EIA-232 serial ports
n = 5: single or optional dual Ethernet
SETDn DNP DNP map n settings (n = 1, 2, or 3). See Appendix L
SETM Modbus | Modbus map settings. See Appendix O
2 Located at the end of this section.
Instruction Manual Date Code 20191107



Make Global Settings
(SET G) First

Settings Changes Via
PC Software

Settings Changes Via
the Front Panel

Settings Changes Via
the Serial Port
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Setting the Relay
Introduction

See Using the Embedded Web Server (HTTP) on page 10.22 for information
on reading settings by using a standard web browser.

Make Global settings (Global Settings (Serial Port Command SET G and
Front Panel) on page SET.I) before making other relay settings, especially for
applications that involve delta-connected or single-phase PTs, or applications
requiring an external zero-sequence voltage source to be connected to the
relay. Changing Global settings PTCONN or VSCONN automatically resets
many of the remaining relay settings to default values and these settings will
need to be re-entered.

The relay provides two confirmation prompts prior to accepting a change to
either PTCONN or VSCONN. See Settings for Voltage Input Configuration
on page 9.16.

QuickSet provides easy-to-use settings management tools, including the
ability to develop settings off-line. This software application is a great way to
transfer settings between devices, or develop new settings based on an existing
settings database.

Refer to Appendix C: PC Software for more information on using QuickSet.

The relay front-panel SET pushbutton provides view and modify access to the
Global, Group, and Port settings only. Thus, the corresponding Global, Relay,
and Port settings sheets that follow in this section can also be used when
making these settings via the front panel. Refer to Front-Panel Pushbutton
Operation on page 11.1 for information on the front-panel functions.

See Section 10: Communications for information on serial port
communications and relay access levels. The SET commands in Table 9.2
operate at Access Level 2 (screen prompt: =>>). To change a specific setting,
enter the following command.

SET ¢ n s TERSE

where:
c = class:
(G, 1-6,L, R, T, P, D, or M) Choices 1-6 select the Group
(relay) settings 1 through 6. If class is not specified, the relay
selects the Group settings for the active settings group.
n = instance number (only valid for class L, P, and D):
» (1-6) for ¢ = L (logic) class. If n is not specified, the relay
selects the logic settings from the active settings group.
» (1,2,3,5, or F) for ¢ = P (port) class. If n is not specified,
the relay selects the present port. If this session is via the
USB port, n must be specified.
» (1-3) for c =D (DNP) class. If n is not specified, the relay
selects DNP map 1.
s = setting name to jump to at start of session.
Enter the name of the setting you wish to jump to and begin
session. If s is not specified, the relay starts from the first
setting.

TERSE = instructs the relay to skip the SHO display after the last
setting. Use this parameter to speed up the SET command. If
you wish to review the settings before saving, do not use the
TERSE option.

9.3
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Introduction

Settings Change
Confirmation

SEL-311C-1 Transmission Protection System

When you issue the SET command, the relay presents a list of settings, one at
a time. Enter a new setting, or press <Enter> to accept the existing setting.
Editing keystrokes are shown in Table 9.3.

Table 9.3 SET Command Editing Keystrokes

Press Key(s) Results
<Enter> Retains setting and moves to the next setting.
" <Enter> Returns to previous setting.
< <Enter> Returns to previous setting section.
> <Enter> Moves to next setting section.
End <Enter> Exits editing session, then prompts you to save the settings.
<Ctrl+X> Aborts editing session without saving changes.
\<Enter> Allows text entry to be continued on next line. The \ symbol must
appear at the end of a line, just before pressing <Enter>.

The relay checks each entry to ensure that it is within the setting range. If it is
not, an Out of Range message is generated, and the relay prompts for the
setting again.

At the end of the setting session, the relay displays the new settings and
prompts for approval to save them. Answer Y <Enter> to save the new
settings. The relay performs a final check of all settings, and if no problems
are detected, the settings are saved to nonvolatile memory. If a problem is
detected, the settings are not saved and the relay indicates a setting that needs
attention. This final check ensures that settings from every class are
compatible with the recent settings edit.

If changes are made to Global, Report, or Text settings, or to the Group or
Logic settings for the active settings group (see Table 9.2), the relay is
disabled for less than two seconds while it saves the new settings. The EN LED
extinguishes (see Table 5.3) while the relay is disabled. Relay Word bit
SETCHG pulses for approximately one second to indicate that the settings
have changed.

If changes are made to the Group or Logic settings for a settings group other
than the active settings group, or to Port, DNP maps, or Modbus map settings
(see Table 9.2), the relay is not disabled while it saves the new settings. Relay
Word bit SETCHG pulses for approximately one second, but the EN LED
remains on (see Table 5.3) while the new settings are saved.
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Time-Overcurrent Curves

Setting the Relay

Time-Overcurrent Curves

The following information describes the curve timing for the curve and time-
dial settings made for the time-overcurrent elements (see Figure 3.34—
Figure 3.36). The U.S. and IEC time-overcurrent relay curves are shown in

Figure 9.1 —Figure 9.10
Definitions:

T, = Operating time in seconds

Tr = Electromechanical induction-disk emulation reset time in
seconds (if you select electromechanical reset setting)

TD = Time-dial setting

= Applied multiples of pickup current [for operating time

(Tp), M > I; for reset time (Tg), M < 1]

Table 9.4 Equations Associated With U.S. Curves

Curve Type Operating Time Reset Time Figure
0.0104 1.08
Ul (Moderately Inverse) Tp =TDe (0-0226 + W) TR =TD- ( 2) Figure 9.1
M -1 1-M
5.95 5.95
U2 (Inverse) T, = D~ (0.180+ 22 T =™ (22 | s
M -1 1-M
3.88 3.88
U3 (Very Inverse) T, = D+ (00963 + 22 Te = 0+ (22 | pgeos
M -1 1-M
5.67 5.67
U4 (Extremely Inverse) Tp =TD- (0-0352+ 3 ) TR =TD- ( 2) Figure 9.4
M -1 1-M
0.00342 0.323
US (ShorTime Inverse) | Tp = TD + (000262 + 209342 ) Te = - (222) | feos
M -1 1-M
Table 9.5 Equations Associated With IEC Curves
Curve Type Operating Time Reset Time Figure
0.14 13.5
C1 (Standard Inverse) T,=TD- (W) Tg = TDe ( 2) Figure 9.6
M -1 1-M
47.3
C2 (Very Inverse) Tp =TDe (l\%) Tg =TD- (1 ~ MZ) Figure 9.7
80 80
C3 (Extremely Inverse) Tp =TD- ( 5 ) Tr =TD- ( 2) Figure 9.8
M -1 1-M
C4 (Long-Time Inverse) Tp =TDe (Ml_Z_Ol) Ty = TD (—1 1_2(11/9 Figure 9.9
0.05 4.85
C5 (Short-Time Inverse) T,=TD- ( 007 ) Tg = TDe ( 2) Figure 9.10
M7 -1 1-M

Date Code 20191107
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Time-Overcurrent Curves
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Figure 9.1 U.S. Moderately Inverse Curve: U1
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Settings Explanations

Settings Explanations

Identifier Labels

Current Transformer
Ratios

Settings for Voltage
Input Configuration

SEL-311C-1 Transmission Protection System

Note that most of the settings in the settings sheets that follow include references for
additional information. The following explanations are for settings that do not have
reference information anywhere else in the instruction manual.

Refer to Identifier Labels on page SET.8.

The SEL-311C Relay has two identifier labels.
» Relay Identifier (RID)
» Terminal Identifier (TID)

The Relay Identifier is typically used to identify the relay or the type of
protection scheme. Typical Terminal Identifiers include an abbreviation of the
substation name and line terminal.

The relay tags each report (event report, meter report, etc.) with the Relay
Identifier and Terminal Identifier. This allows you to distinguish the report as
one generated for a specific breaker and substation.

RID and TID settings may include the following characters: 0-9, A-Z, -, /, .,
space. These two settings cannot be made via the front-panel interface.

Refer to Current and Potential Transformer Ratios on page SET.S.

Phase and neutral current transformer ratios are set independently. If neutral
channel IN is connected residually with IA, 1B, and IC, then set CTR and CTRN
the same. Relay settings CTR and CTRN are used in relay event reports and
metering functions to scale secondary current quantities into primary values.

The SEL-311C has two Global settings and one Group setting related to the
voltage connection to the power system. These provide flexibility by allowing
the relay to be connected to potential transformers in several configurations, as
explained below. Table 9.6 summarizes the relay differences for each of these
settings.

Refer to Global Settings (Serial Port Command SET G and Front Panel) on
page SET 1.

PTCONN = (DELTA, WYE) selects the configuration for the voltage
terminals VA, VB, VC, and N. See Delta-Connected Voltages (Global Setting
PTCONN = DELTA) on page 2.13 for connection details.

» PTCONN = WYE is the factory-default setting, and is the
proper choice for connecting to systems with (three) wye-
connected PTs. When selected, Relay Word bit WYE asserts.

» PTCONN = DELTA configures the relay for connection to
(two) open-delta connected PTs. Some relay elements are
unavailable when PTCONN = DELTA. When selected, Relay
Word bit DELTA asserts.
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VSCONN = (VS, 3V0) selects the configuration for the voltage terminals VS-
NS. See Potential Transformer Inputs on page 2.13 for wiring details.

» VSCONN = VS is the factory-default setting, and is the proper
choice for applications that have a synchronizing reference
voltage, or no voltage connected to the VS-NS terminals.

» VSCONN = 3VO0 configures the relay to accept a zero-
sequence voltage connection on the VS-NS terminals. This type
of configuration is for broken-delta connected PTs. Some relay
functions are unavailable when VSCONN = 3V0. When
selected, Relay Word bit 3VO0 asserts. Global Setting VSCONN
is available only when Global setting PTCONN = DELTA.

Refer to Group n (Relay) Settings (Serial Port Command SET n and Front
Panel) on page SET.S.

VNOM = (25.00-300.00 V sec) selects the nominal system voltage, as seen by the
relay inputs VA, VB, VC, and N in V secondary. The relay uses this setting to determine
the thresholds for the loss-of-potential logic, and the exact value entered does not
affect metering or protection accuracy.

» VNOM = 67.00 is the factory-default setting when PTCONN =
WYE. Enter the nominal line-to-neutral secondary voltage of
your system.

» VNOM = 116.05 is the factory-default setting when
PTCONN = DELTA. Enter the nominal line-to-line secondary
voltage of your system.

Table 9.6 Main Relay Functions That Change With VSCONN When
PTCONN = DELTA

Relay Function When VSCONN=VS When VSCONN=3VO

Not available Uses VS ¢ (PTRS/PTR) as

3V,

Zero-sequence voltage-polarized
ground directional elements
(ORDER setting choice “V”)

Synchronism-check elements Available Not available

Uses a three-phase power
formula, including VS as
3V, (primary value).

Uses a three-phase
power formula, without
3V, (primary value).b

Three-phase power metering
(MW3P, MVARS3P, etc.)

No difference

“3V0” is not shown or not available in METER
command.

Fast Meter, Modbus, and DNP return 3V0 = 0.00 kV

Quantity “3V0” in Metering,
Fast Meter, Modbus, Distributed
Network Protocol (DNP) and
IEC 61850

Quantity “VS” in Metering, Fast | No difference

Meter, Modbus, and DNP Uses Vg as VS (primary value)

a The PTRS/PTR adjustment brings the broken-delta 3V quantity to the same base voltage as
the relay impedance settings, which are based on the V,, Vg, V¢ voltage base.

b The three-phase power formula requires a 3VO quantity to correct for unbalanced conditions.
In the absence of this quantity, metering element accuracy will be reduced when system
voltages are unbalanced.

Refer to Current and Potential Transformer Ratios on page SET.S.

Relay setting PTR is the overall potential ratio from the primary system to the
relay phase voltage inputs VA, VB, VC, and N. For example, on a 12.5 kV
phase-to-phase primary system with wye-connected 7200:120 V PTs, the
correct PTR setting is 60. For the same 12.5 kV system connected through
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Time and Date
Management Settings

Coordinated
Universal Time (UTC)
Offset Setting

SEL-311C-1 Transmission Protection System

12470:115 V PTs in an open-delta configuration (Global setting PTCONN =
DELTA, and the relay wired as shown in Figure 2.20), the correct PTR setting
is 108.44.

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 (Global 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 3V, zero-
sequence voltage signal (Global setting VSCONN = 3V0, and the relay VS-NS
terminals wired as shown in Figure 2.12), the step-down transformer, if
present, must also be included in the overall PTRS ratio calculation. For
example, if there are three PTs connected wye (primary)/broken delta
(secondary) with ratios of 7200:120, and a 400:250 step-down instrumentation
transformer in the circuit, the correct PTRS setting is 60 ¢ 1.6 = 96.00.

Settings PTR and PTRS are used in event report and METER commands so
that power system values can be reported in primary units.

Settings PTR and PTRS are also used when Global setting VSCONN = 3V0,
to scale the measured VS voltage into the same voltage base as voltage inputs
VA-VB-VC-N for certain functions, as shown in Table 9.6.

The ratio of the PTRS and PTR settings (PTRS/PTR) must be less than 1000
and greater than 0.001 when VSCONN = 3V0.

Relay setting VNOM is the nominal secondary voltage connected to voltage
inputs VA-VB-VC-N. For wye-connected PTs, VNOM is a phase-to-neutral
secondary voltage value. For open-delta connected PTs, VNOM is a phase-to-
phase secondary voltage value.

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

10000 V/ (N 3+ 60) = 96.22 V

For a 12.5 kV (phase-to-phase) system with open-delta connected PTs rated
14000:115 V (PTR = 121.74), the setting for VNOM would be

12500 V/121.74 = 102.68 V
In the loss-of-potential logic (see Figure 4.1 and accompanying text), setting VNOM
scales certain voltage thresholds for voltage measurement comparisons.
The SEL-311C supports several methods of updating the relay date and time.

For IRIG-B and Phasor Measurement Unit (PMU) synchrophasor
applications, refer to Configuring High-Accuracy Timekeeping on page N.26.

For Simple Network Time Protocol (SNTP) applications, refer to Simple
Network Time Protocol (SNTP) on page 10.20.

For time update from a DNP Master, see Time Synchronization on page L.9.

The SEL-311C has a Global setting UTC_OFF, settable from —24.00 to 24.00
hours, in 0.01-hour increments.

The relay HTTP (Web) Server uses the UTC_OFF setting to calculate UTC
time stamps in request headers.
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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 considered because the other time
sources are defined as local time. When using IEEE C37.118 compliant
IRIG-B signals (e.g., Global setting IRIGC = C37.118), the relay uses the
UTC to local time offset provided as part of the time message to determine the
local time. If the IRIG signal is lost, Global setting UTC_OFF will be used.

Set UTC_OFF properly even if you expect some other time source, such as
IRIG-B, to correct for the offset. If the time source fails, the relay will revert to
SNTP or internal time, and UTC_OFF will allow the relay to record and report
the correct local time. If UTC_OFF is not set properly, some relay reports may
show unexpected results.

Automatic Day“ght- The SEL-311C can automatically switch to and from daylight-saving time, as
Savina Ti Setti specified by the eight Global settings DST_BEGM through DST_ENDH. The
aving lime >ettings first four settings control the month, week, day, and time that daylight-saving

time commences, while the last four settings control the month, week, day,
and time that daylight-saving time ceases.

Once configured, the SEL-311C will change 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-311C 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
With these example settings, the relay will enter 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
daylight-saving time is active.

When an IRIG-B time source is being used, 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.

Date Code 20191107 Instruction Manual SEL-311C-1 Transmission Protection System



9.20 | Setting the Relay
Settings Explanations

Line Settings

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 if the daylight-saving time
settings are properly configured.

Set daylight-saving times properly even if you expect some other time source,
such as IRIG-B, to correct for daylight-saving time offset. The relay relies on
these settings for correct time should the time source fail (for IRIGC =
C37.118) and to calculate UTC time correctly (when IRIGC = NONE). If
daylight savings time settings are not correct, some relay reports may show
unexpected results. Use the TIME DST command to confirm the daylight-
saving time settings and status.

Refer to Line Settings on page SET.S.

Line impedance settings ZIMAG, Z1ANG, ZOMAG, and ZOANG are used in
the fault locator (see Fault Location on page 12.7 and Fault Location on
page R.I) and in automatically making directional element settings Z2F, Z2R,
Z0F, and ZOR (see Settings Made Automatically on page 4.28). A
corresponding line length setting (LL) is also used in the fault locator.

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 and ZOMAG are set in 2 secondary.
Line impedance (€ primary) is converted to Q 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
settings. For example, if a particular line length is 15 miles, enter the line
impedance 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)

Delta-Connected PTs (PTCONN = DELTA)

NOTE: If Global setting VSCONN =
3VO0, settings ZOSMAG and ZOSANG
are not required.

Enable Settings

SEL-311C-1 Transmission Protection System

Additional zero-sequence source impedance settings ZOSMAG (magnitude, Q
secondary) and ZOSANG (angle, degrees) are required so that zero-sequence
voltage can be derived for fault locating.

Refer to Global Settings (Serial Port Command SET G and Front Panel) on
page SET.1 and Group n (Relay) Settings (Serial Port Command SET n and
Front Panel) on page SET.8.

The SEL-311C includes enable settings in the Global, Group, and Port
settings classes. Several of these enable settings help limit the number of
settings that must be entered when a feature is not required.
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Global Enable Settings

The Global settings class contains five enable settings. These settings control
other Global settings as follows.

» PTCONN: Phase PT Connection (DELTA,WYE). Affects
some Global settings, and several Group settings.

» VSCONN: VS Channel Input (VS, 3V0). Affects some Group
settings.

» EBMON: Breaker Monitor (Y, N). Hides six settings when set
to N.

» EPMU: Synchronized Phasor Measurement (Y, N). Hides as
many as 21 settings when set to N. Also affects Port enable
settings PROTO and EPMIP.

» DST_BEGM: Month to Begin DST (NA, 1-12). Hides seven
settings when set to NA.

Group (Relay) Enable Settings

Each Group settings class contains as many as 29 enable settings, depending
on model. See Group n (Relay) Settings (Serial Port Command SET n and
Front Panel) on page SET.8 for a full listing of the relay settings, and
associated enable settings. The Relay enable settings are as follows.

» EADVS: Advanced Settings.
» E21P, E21MG, E21XG: Distance Elements

» ES50P, ES0G, E50Q: Instantaneous/Definite-Time Overcurrent
Elements

E51P, ES1G, E51Q: Time-Overcurrent Elements
ES0BF: Breaker Failure

E32: Directional Control

EOOS: Out-of-Step

ELOAD: Load Encroachment

ESOTF and EDDSOTF: Switch-Onto-Fault
EVOLT: Voltage Elements

E25: Synchronism Check

EFLOC: Fault Location (does not hide any settings)
ELOP and EBBPT: Loss-Of-Potential

ECOMM: Communications-Assisted Trip Scheme
E81: Frequency Elements

E79: Reclosures

EZ1EXT, EZ1EXTP, EZ1IEXTG: Zone 1 extension
ECCVT: CCVT Transient Detection

ESV: SELoGIC Variable/Timers

YY VY Y Y Y YYYYYYYVYYYVYYY

EDEM: Demand Metering (does not hide any settings)
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Port Enable Settings

NOTE: The Access jumper overrides
the EPORT = N setting for the front-
panel ports. Installing the Access
jumper also causes the front-panel
EIA-232 port to revert to factory-
default settings for PROTO, SPEED,
BITS, PARITY, STOP, and RTSCTS when
EPORT = N.

NOTE: The Access jumper overrides
the MAXACC setting for any enabled
ports, and allows the highest access
level (C = Calibration).

NOTE: When ETELNET =, the
Access jumper overrides the MAXACC
setting, and allows the Telnet
session(s) to attain the highest access
level (C = Calibration).

SEL-311C-1 Transmission Protection System

Each Port settings class contains as many as five enable settings. These
settings control other Port settings as follows.

Serial Port Settings (Port 1, 2, 3, or F)

>

EPORT: Enable Port (Y, N). Disables the port and hides all port
settings when set to N. The EPORT setting for Port F controls
both the front-panel EIA-232 serial port F and the optional
USB port.

PROTO: Protocol. Controls availability of subsequent settings.
When PROTO is set to SEL or LMD, another enable setting
appears:

MAXACC: Maximum Access Level (0, 1, B, 2, C). Selects
highest access level allowed on port by limiting the availability
of commands ACC, BAC, 2AC, or CAL. The MAXACC for
Port F (only) can be set to 1, B, 2, or C and affects both serial
port F and the optional USB port.

Ethernet Port Settings (Port 5)

>
>

\

Instruction Manual

EPORT: Enable Port (Y,N). Hides all port settings when set to N.

ETELNET: Enable Telnet (Y,N). Hides five settings when set
to N. When ETELNET is set to Y, another enable setting
appears:

MAXACC: Maximum Access Level (0, 1, B, 2, C).
Selects highest access level allowed on a Telnet session by
limiting the availability of commands ACC, BAC, 2AC,
or CAL.

EFTPSERV: Enable FTP (Y, N). Hides three settings when set to N.

EHTTP: Enable HTTP Server (Y, N). Hides five settings when set

to N. When EHTTP is set to Y, another enable setting appears:
HTTPACC: HTTP Maximum Access Level (1, 2). Selects
highest access level allowed over the Web Server interface.

E61850: Enable IEC 61850 Protocol (Y, N). Hides one setting
when set to N (setting only present on relays ordered with
IEC 61850).

EDNP: Enable DNP Sessions (0-6). Controls availability of
subsequent settings (as many as 31 settings per session).

EPMIP: Enable PMU Processing (Y,N). Controls availability
of as many as six subsequent settings.

EMODBUS: Enable Modbus (0-3). Controls availability of as
many as seven subsequent settings.

ESNTP: Enable SNTP client (OFF, UNICAST, MANYCAST,
BROADCAST). Controls availability of as many as five
subsequent settings.
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PC Software

These enable settings are also present in the SEL-311C driver for QuickSet.
The effect of changing an enable setting is easy to see, because the associated
setting field turns gray when it is unavailable. See Appendix C: PC Software
for more information on QuickSet.

Optional USB Port

No port settings are required for the optional USB port. However, the USB
port is controlled by the previously described Port F (front-panel EIA-232
serial port) settings EPORT and MAXACC.

The PC operating system should prompt for a USB driver when a PC is
connected to the relay. See Establishing Communications Using the USB Port
on page 10.2 for further details on using the USB port.

Other System Refer to Power System Configuration and Date Format on page SET.1.

Parameters The Global settings NFREQ and PHROT allow you to configure the
SEL-311C to your specific system.

Set NFREQ equal to your nominal power system frequency, either 50 Hz or
60 Hz.

Set PHROT equal to your power system phase rotation, either ABC or ACB.

Set DATE_F to format the date displayed in relay reports and the front-panel
display. Set DATE_F to MDY to display dates in Month/Day/Year format; set
DATE_F to YMD to display dates in Year/Month/Day format.

Settings Sheets

The settings sheets that follow include the definition and input range for each
setting in the relay. Refer to Specifications on page 1.2 for information on 5 A
nominal and 1 A nominal ordering options.
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SEL-311C Settings Sheets

Global Settings
(Serial Port Command SET G and Front Panel)

To avoid losing settings, enter Global settings first. Refer to Make Global Settings (SET G) First on
page 9.3.

Voltage Input Configuration (see Settings for Voltage Input Configuration on
page 9.16)

NOTE: Changing the setting value of PTCONN or VSCONN will cause the relay to display the following
messaqge:

WARNING! The PTCONN or VSCONN setting was changed, which will cause

the Group, Logic, and Report settings to be reset to default values.

Save Changes(Y/N)? Y <Enter>
Are you sure (Y/N)? _

Phase Potential Transformer Connection (DELTA, WYE) PTCONN

Make the following setting when PTCONN = DELTA.
VS Channel Input (VS, 3V0) VSCONN =

Settings Group Change Delay
See Multiple Setting Groups on page 7.16.
Group change delay (0.00-16000.00 cycles in 0.25-cycle steps) TGR =

Power System Configuration and Date Format

See Other System Parameters on page 9.23.

Nominal frequency (50 Hz, 60 Hz) NFREQ =
Phase rotation (ABC, ACB) PHROT =
Date format (MDY, YMD) DATE_F =

Front-Panel Display Operation (Only on Models With LCD)

See Section 11.

Front-panel display time-out FP_TO
(OFF, 1-30 minutes in 1-minute steps)

NOTE: If FP_TO = OFF, no time out occurs and the display remains on last display screen (e.q.,
continually display metering).

Display update rate (1-60 seconds) SCROLD

Front-panel neutral/ground display (OFF, IN, 1G) FPNGD
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Event Report Parameters
See Section 12.

Length of event report (15, 30, 60, 180 cycles) LER =

Length of pre-fault in event report PRE =
(1 to LER-1 cycles in 1-cycle steps)

Station DC Battery Monitor
See Figure 8.11 and Figure 8.12.

DC battery instantaneous undervoltage pickup DCLOP
(OFF, 20.00-300.00 Vdc in 0.02 V steps)

DC battery instantaneous overvoltage pickup DCHIP
(OFF, 20.00-300.00 Vdc in 0.02 V steps)

Optoisolated Input Timers
See Figure 71.

Input IN101 debounce time IN101D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN102 debounce time IN102D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN103 debounce time IN103D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN104 debounce time IN104D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN105 debounce time IN105D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN106 debounce time IN106D =

(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Optoisolated Input Timers—Extra 1/0 Board Options 2, 4, 5, or 6
See Figure 7.2.

Input IN201 debounce time IN201D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN202 debounce time IN202D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN203 debounce time IN203D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN204 debounce time IN204D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN205 debounce time IN205D =

(AC, 0.00-2.00 cycles in 0.25-cycle steps)
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Input IN206 debounce time IN206D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN207 debounce time IN207D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN208 debounce time IN208D =

(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Optoisolated Input Times—Extra 1/0 Board Option 4

Input IN209 debounce time IN209D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN210 debounce time IN210D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN211 debounce time IN211D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN212 debounce time IN212D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN213 debounce time IN213D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN214 debounce time IN214D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN215 debounce time IN215D =
(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Input IN216 debounce time IN216D =

(AC, 0.00-2.00 cycles in 0.25-cycle steps)

Breaker Monitor Settings
See Breaker Monitor on page 8.1.

Breaker monitor enable (Y, N) EBMON

Make the following settings if EBMON =Y.

Close/Open set point 1-max. (0—65000 operations) CoSsP1 =
Close/Open set point 2-mid. (0-65000 operations) CoSpP2 =
Close/Open set point 3-min. (0—65000 operations) COSP3 =
kA Interrupted set point 1-min. (0.00-999.00 kA primary) KASP1 =
kA Interrupted set point 2-mid. (0.00-999.00 kA primary) KASP2 =
kA Interrupted set point 3-max. (0.00-999.00 kA primary) KASP3 =
Electrical Slow Trip Alarm Threshold (1-999 ms in 1 ms steps) ESTRT =
Electrical Slow Close Alarm Threshold (1-999 ms in 1 ms steps) ESCLT =
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Mechanical Slow Trip Alarm Threshold (1-999 ms in 1 ms steps) MSTRT
Mechanical Slow Close Alarm Threshold (1-999 ms in 1 ms steps) MSCLT
Notes:
» COSP1 must be set greater than COSP2.
» COSP2 must be set greater than or equal to COSP3.
» KASPI must be set less than KASP2.
» KASP2 must be less than or equal to KASP3.
» If KASP2 is set the same as KASP3, then COSP2 must be set the same as COSP3.
» KASP3 must be set at least 5 times (but no more than 100 times) the KASP1 setting value.

Trip Latch LED Settings (Only on Models With Programmable LEDS)

See Table 5.5.
Trip Latch LED 12 (Y, N)

Trip Latch LED 13 (Y, N)
Trip Latch LED 14 (Y, N)
Trip Latch LED 15 (Y, N)
Trip Latch LED 16 (Y, N)
Trip Latch LED 17 (Y, N)
Trip Latch LED 18 (Y, N)
Trip Latch LED 23 (Y, N)
Trip Latch LED 24 (Y, N)
Trip Latch LED 25 (Y, N)

Trip Latch LED 26 (Y, N)

Enter as many as seven of the following characters: 0-9, A-Z, _.

LED 12 Alias
LED 13 Alias
LED 14 Alias
LED 15 Alias
LED 16 Alias
LED 17 Alias
LED 18 Alias

LED 23 Alias

SEL-311C-1 Transmission Protection System Instruction Manual

LED12L
LED13L
LED14L
LED15L
LED16L
LED17L
LED18L
LED23L
LED24L
LED25L
LED26L

LED12A
LED13A
LED14A
LED15A
LED16A
LED17A
LED18A

LED23A
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LED 24 Alias LED24A =
LED 25 Alias LED25A =
LED 26 Alias LED26A =
Reset trip-latched LEDs when breaker closes (Y, Y1, N, N1) RSTLED =

The numeral “1” appended to setting options “Y1” and “N1”
disables the embedded 3-second qualifying time-delay on
pushbutton PB5 (PB5 effectively operates as the other operator
controls, with no time-delay).

Synchronized Phasor Settings
See Appendix N.
Synchronized Phasor Measurement (Y, N) EPMU =
NOTE: Make the following setting if EPMU =Y and PTCONN = WYE.
Message Format (C37.118, FM) MFRMT =
NOTE: C37.118 is an IEEE Standard. "FM" is SEL Fast Message. When PTCONN = DELTA, MFRMT is
automatically set to “C37.118."
C37.118 Settings
Make the following settings when EPMU =Y and MFRMT = C37.118.

Message Rate (messages per second) MRATE
1,2,4,5, 10, 12, 15, 20, 30, 60 when NFREQ = 60)
1,2,5,10, 25, 50 when NFREQ = 50)

NOTE: MRATE is limited when serial port setting PROTO = PMU.
Phasor Measurement Unit (PMU) Application (F, N) PMAPP

NOTE: F = Fast Response, N = Narrow Bandwidth
Frequency-Based Phasor Compensation (Y, N) PHCOMP =

Station Name (16 characters, mixed case) PMSTN =

NOTE: Cannot contain the following characters: ? /\<>*|::[1$ % {}.

Phasor Measurement Unit (PMU) Hardware ID (1-65534) PMID =

Phasor Data Set, Voltages (V1, PH, ALL, NA) PHDATAV

NOTE: PHDATAV is limited when serial port setting PROTO = PMU.

Phase Voltage Angle Compensation Factor VPCOMP =
(=179.99 to +180.00 degrees)

VS Voltage Angle Compensation Factor VSCOMP =
(=179.99 to +180.00 degrees)

Phasor Data Set, Currents (I1, PH, ALL, NA) PHDATAI =

NOTE: PHDATAI is not available when PHDATAV = V1. PHDATAI is limited when serial port setting
PROTO = PMU.

Phase Current Angle Compensation Factor IPCOMP =
(=179.99 to +180.00 degrees)
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Neutral (IN) Current Angle Compensation Factor INCOMP =
(=179.99 to +180.00 degrees)

Make settings PHNR and PHFMT when PHDATAV = NA or PHDATAI = NA.

Phasor Numeric Representation (I = Integer, F = Floating Point) PHNR =

Phasor Format PHFMT =
(R = Rectangular coordinates, P = Polar coordinates)

Frequency Numeric Representation FNR =
(I = Integer, F = Floating Point)

Number of 16-bit Digital Status Words (0, 1) NUMDSW =

SEL Fast Message Settings
Make the following settings when EPMU =Y and MFRMT = FM.

Phasor Measurement Unit (PMU) Hardware ID PMID =
(0 to 4294967295)

Phasor Data Set, Voltages (V1, ALL) PHDATAV =

Voltage Angle Compensation Factor (—179.99 to +180.00 deg) VCOMP =

Make setting PHDATAI when PHDATAV = ALL.

Phasor Data Set, Currents (ALL, NA) PHDATAI =
Current Angle Compensation Factor (—179.99 to +180.00 deg) ICOMP =
DNP

See Appendix L.

Event Summary Lock Period (0 to 1000 seconds) EVELOCK =
DNP Session Time Base (LOCAL, UTC) DNPSRC =
DNP BO Close/Trip Behavior (SET, PULSE) BOOPTCC =
DNP BO Pulse On Behavior (SET, PULSE) BOOPPUL =

Time and Date Management
See Section 10 and Appendix N.

IRIG-B Control Bits Definition (NONE, C37.118) IRIGC =

NOTE: When MFRMT = C37.118, IRIGC is automatically set to “C37.118."

Offset from UTC (-24.00 to 24.00 hours in 0.01-hour UTC_OFF =
increments)

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107



Date SEL-311C Settings Sheets | SET.7
Group Global Settings (Serial Port Command SET G and Front Panel) | of 54

Daylight-Saving Time Settings
See Automatic Daylight-Saving Time Settings on page 9.19.

NOTE: Daylight-Saving Time Settings do not apply when IRIGC = C37.118. Daylight-Saving beginning
and ending must be set at least two weeks apart.

Month to Begin DST (NA, 1-12) DST_BEGM
Make the following settings when DST_BEGM = NA.

Week of the Month to Begin DST (1-3, L = Last) DST_BEGW =
Day of the Week to Begin DST (SUN-SAT) DST_BEGD =
Local Hour to Begin DST (0-23) DST_BEGH =
Month to End DST (1-12) DST_ENDM =
Week of the Month to End DST (1-3, L = Last) DST_ENDW =
Day of the Week to End DST (SUN-SAT) DST_ENDD =
Local Hour to End DST (0-23) DST_ENDH =
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Group n (Relay) Settings
(Serial Port Command SET n and Front Panel)

To avoid losing settings, enter Global settings first. Refer to Make Global Settings (SET G) First on
page 9.3.

Identifier Labels
See Identifier Labels on page 9.16.

Relay Identifier (30 characters) (0-9, A-Z, -, /, ., space)
RID =

Terminal Identifier (30 characters) (0-9, A-Z, -, /, ., space)
TID =

Current and Potential Transformer Ratios

See Settings Explanations on page 9.16.

Phase (IA, IB, IC) Current Transformer Ratio CTR =
(1-6000 in steps of 1)

Neutral (IN) Current Transformer Ratio (1-10000 in steps of 1) CTRN =

Phase (VA, VB, VC; wye-connected) or PTR =

Phase-to-Phase (VAB, VBC, VCA; delta-connected)
Potential Transformer Ratio (1.00-10000.00 in steps of 0.01)

Synchronism Voltage (VS) Potential Transformer Ratio PTRS
(1.00-10000.00 in steps of 0.01)

PT Nominal Voltage (line-to-neutral [wye-connected] or VNOM
line-to-line [delta-connected])
(25.00-300.00 V secondary in 0.013 V steps)

Line Settings
See Line Settings on page 9.20.

Positive-sequence line impedance magnitude Z1IMAG
(0.10-255.00 €2 secondary [5 A nom.];
0.50-1275.00 Q2 secondary [1 A nom.] in 0.01 Q steps)

Positive-sequence line impedance angle Z1ANG =
(5.00-90.00 degrees in 0.01-degree steps)

Zero-sequence line impedance magnitude Z0MAG
(0.10-255.00 Q2 secondary [5 A nom.];
0.50-1275.00 Q2 secondary [1 A nom.] in 0.01 Q steps)

Zero-sequence line impedance angle (5.00-90.00 degrees in Z0ANG =
0.01-degree steps)
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Make settings ZOSMAG and ZOSANG when Global settings PTCONN = DELTA and VSCONN = VS.

Zero-sequence source impedance magnitude (delta-connected
voltages)
(0.10-255.00 Q secondary [5 A nom.];
0.50-1275.00 Q secondary [1 A nom.] in 0.01 Q steps)

Zero-sequence source impedance angle (delta-connected
voltages)
(0.00-90.00 degrees in 0.01 degree steps)

Line length (0.10-999.00, unitless in steps of 0.01)

Enable Settings

Advanced settings (Y, N)

Distance Element Enable Settings

Mho phase-distance element zones (N, 1-4, 1C-4C
when PTCONN = WYE or PTCONN = DELTA
and EADVS =Y);
(N,1C-4C—when PTCONN = DELTA and EADVS =N)
(see Figure 3.4—Figure 3.3)

Make the following settings when PTCONN = WYE.

Mho ground-distance element zones (N, 1-4)
(see Figure 3.7-Figure 3.9)

Quadrilateral ground-distance element zones (N, 1-4)
(see Figure 3.10—Figure 3.12)

Instantaneous/Definite-Time Overcurrent Enable Settings

Phase element levels (N, 1-4)
(see Figure 3.27 and Figure 3.28)

Residual-ground element levels (N, 1-4)
(see Figure 3.32)

Negative-sequence element levels (N, 1-4)
(see Figure 3.33)

Time-Overcurrent Enable Settings

Phase elements (Y, N)
(see Figure 3.34)

Residual-ground elements (Y, N)
(see Figure 3.35)

Negative-sequence elements (Y, N) (see Figure 3.36)
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Other Enable Settings
Breaker Failure (Y, N) E50BF =
Directional control (Y, AUTO) E32 =
(see Directional Control Settings on page 4.28)
Out-of-Step (Y, Y2, N) EOOS =

NOTE: Out-of-Step logic cannot be used when Z1ANG is less than 45 degrees.
Load encroachment (Y, N) (see Figure 4.10) ELOAD =

Switch-onto-fault (Y, N) (see Figure 5.3) ESOTF =
Make the following setting when ESOFT = V.

Switch-onto-fault disturbance detector supervision (Y, N) EDDSOTF =
(see Figure 5.1)

Voltage elements (Y, N) (see Figure 3.37-Figure 3.41) EVOLT =

Synchronism check (Y, N) (see Figure 3.42 and Figure 3.43) E25 =

NOTE: When Global setting VSCONN = 3VO0, setting E25 can only be set to “N.”

Fault location (Y, N) (see Fault Location on page 12.7) EFLOC =
Loss-of-potential (Y, Y1, N) (see Figure 4.1 and Figure 4.2) ELOP =
Bus Bar PT LOP Logic (Y, N) (see Figure 4.1 and Figure 4.2) EBBPT =
Communications-assisted trip scheme (N, DCB, POTT, ECOMM =

DCUBI, DCUB?2) (see Communications-Assisted Trip
Logic—General Overview on page 5.13)

NOTE: If ECOMM is enabled, then at least three distance zones must be enabled.
Frequency elements (N, 1-6) (see Figure 3.49) ES81 =
Reclosures (N, 1-4) (see Reclosing Relay on page 6.11) E79 =
Make setting EZIEXT if ECOMM = N or DCB.

Zone 1 extension (Y, I, N) (see Figure 3.21 and Figure 3.22) EZ1EXT =
Make settings EZIEXTP and EZIEXTG if EZIEXT = I.
Zone 1 phase element extension (Y, N) (see Figure 3.22) EZ1EXTP =

Make settings EZIEXTG if PTCONN = WYE.

Zone 1 ground element extension (Y, N) (see Figure 3.22) EZ1EXTG =
CCVT Transient Detection (Y, N) (see Figure 4.9) ECCVT =
SELoGIC® Control Equation Variable Timers (N, 1-16) ESV =

(see Figure 7.24 and Figure 7.25)

Demand Metering (THM = Thermal, ROL = Rolling) EDEM =
(see Figure 8.13)
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Mho Phase-Distance Elements

Number of mho phase-distance element settings dependent on preceding enable setting

E21P =1-4.

Zone 1 (OFF, 0.05-64.00 Q2 secondary [5 A nom.];
0.25-320.00 Q2 secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.4)

Zone 2 (OFF, 0.05-64.00 Q2 secondary [5 A nom.];
0.25-320.00 Q2 secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.5)

Zone 3 (OFF, 0.05-64.00 Q) secondary [5 A nom.];
0.25-320.00 Q2 secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.6)

Zone 4 (OFF, 0.05-64.00 Q) secondary [5 A nom.];
0.25-320.00 Q2 secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.6)

Mho Phase-Distance Fault Detector Settings

Zone 1 phase-to-phase current FD
(0.5-170.00 A secondary [5 A nom.];
0.1-34.00 A secondary [1 A nom.]) in 0.01 A steps)
(see Figure 3.4)

Zone 2 phase-to-phase current FD Serting is active when advanced
user setting enables EADVS = Y. Otherwise, setting is made
automatically.

(0.5-170.00 A secondary [5 A nom.];
0.1-34.00 A secondary [1 A nom.]) in 0.01 A steps)
(see Figure 3.5)

Zone 3 phase-to-phase current FD Serting is active when advanced
user setting enables EADVS = Y. Otherwise, setting is made
automatically
(0.5-170.00 A secondary [5 A nom.];
0.1-34.00 A secondary [1 A nom.]) in 0.01 A steps)

(see Figure 3.6)

Zone 4 phase-to-phase current FD Serting is active when advanced
user setting enables EADVS =Y. Otherwise, setting is made
automatically
(0.5-170.00 A secondary [5 A nom.];
0.1-34.00 A secondary [1 A nom.]) in 0.01 A steps)

(see Figure 3.6)

Mho Ground-Distance Elements

71pP =

72p =

73p =

74p =

50PP1 =

50PP2 =

S0PP3 =

50PP4 =

Number of mho phase-distance element settings dependent on preceding enable setting

E2IMG =1-4.

Zone 1 (OFF, 0.05-64.00 Q2 secondary [5 A nom.];
0.25-320.00 Q secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.7)

Zone 2 (OFF, 0.05-64.00 Q secondary [5 A nom.];
0.25-320.00 Q secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.8)
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Zone 3 (OFF, 0.05-64.00 Q2 secondary [5 A nom.]; 7Z3MG =
0.25-320.00 Q2 secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.9)

Zone 4 (OFF, 0.05-64.00 Q2 secondary [5 A nom.]; 7AMG =
0.25-320.00 Q2 secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.9)

Quadrilateral Ground-Distance Elements

Number of mho phase-distance element settings dependent on preceding enable setting
E21XG = 1-4.

Zone 1 reactance (OFF, 0.05-64.00 Q secondary [5 A nom.]; XG1 =
0.25-320.00 Q2 secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.10)

Zone 2 reactance (OFF, 0.05-64.00 Q secondary [5 A nom.]; XG2 =
0.25-320.00 Q2 secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.11)

Zone 3 reactance (OFF, 0.05-64.00 Q secondary [5 A nom.]; XG3 =
0.25-320.00 Q2 secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.12)

Zone 4 reactance (OFF, 0.05-64.00 Q secondary [5 A nom.]; XG4 =
0.25-320.00 Q2 secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.12)

Zone 1 resistance (0.05-50.00 Q secondary [5 A nom.]; RG1 =
0.25-250.00 Q secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.10)

Zone 2 resistance (0.05-50.00 Q secondary [5 A nom.]; RG2 =
0.25-250.00 Q secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.11)

Zone 3 resistance (0.05-50.00 Q secondary [5 A nom.]; RG3 =
0.25-250.00 Q secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.12)

Zone 4 resistance (0.05-50.00 Q secondary [5 A nom.]; RG4 =
0.25-250.00 Q secondary [1 A nom.] in 0.01 A steps)
(see Figure 3.12)

Quadrilateral ground polarizing quantity (12, IG) Setting is active XGPOL =
when advanced user setting enable EADVS = Y. Otherwise, setting is
made automatically.

(See Figure 3.10—Figure 3.12)

Nonhomogeneous correction angle TANG
(—45.0° to +45.0° in 0.1 degree steps) Setting is active when
advanced user setting enable EADVS = Y. Otherwise, setting is made
automatically.
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Quadrilateral and Mho Ground-Distance Fault Detector Settings

Number of quadrilateral and mho ground-distance element settings dependent on the larger of

preceding enable settings E2IMG = 1-4 or E21XG = 1-4.

Zone 1 phase current FD (0.5-100.00 A secondary [5 A nom];
0.1-20.00 A secondary [1 A nom.]) in 0.01 A steps)
(see Figure 3.7 and Figure 3.10)

Zone 2 phase current FD Setting is active when advanced user
setting enable EADVS =Y. Otherwise, setting is made automatically.
(0.5-100.00 A secondary [5 A nom];
0.1-20.00 A secondary [1 A nom.]) in 0.01 A steps)

(see Figure 3.8 and Figure 3.11)

Zone 3 phase current FD Setting is active when advanced user
setting enable EADVS = Y. Otherwise, setting is made automatically.
(0.5-100.00 A secondary [5 A nom];
0.1-20.00 A secondary [1 A nom.]) in 0.01 A steps)

(see Figure 3.9 and Figure 3.12)

Zone 4 phase current FD Setting is active when advanced user
setting enable EADVS = Y. Otherwise, setting is made automatically.
(0.5-100.00 A secondary [5 A nom];
0.1-20.00 A secondary [1 A nom.]) in 0.01 A steps)

(see Figure 3.9 and Figure 3.12)

Zone 1 residual current FD
(0.5-100.00 A secondary [5 A nom];
0.1-20.00 A secondary [1 A nom.]) in 0.01 A steps)
(see Figure 3.7 and Figure 3.10)

Zone 2 residual current FD Setting is active when advanced user
setting enable EADVS =Y. Otherwise, setting is made automatically.
(0.5-100.00 A secondary [5 A nom];
0.1-20.00 A secondary [1 A nom.]) in 0.01 A steps)

(see Figure 3.8 and Figure 3.11)

Zone 3 residual current FD Setting is active when advanced user
setting enable EADVS =Y. Otherwise, setting is made automatically.
(0.5-100.00 A secondary [5 A nom];
0.1-20.00 A secondary [1 A nom.]) in 0.01 A steps)

(see Figure 3.9 and Figure 3.12)

Zone 4 residual current FD Serting is active when advanced user
setting enable EADVS = Y. Otherwise, setting is made automatically.
(0.5-100.00 A secondary [5 A nom];
0.1-20.00 A secondary [1 A nom.]) in 0.01 A steps)

(see Figure 3.9 and Figure 3.12)

Zero-Sequence Compensation (ZSC) Settings
See Ground-Distance Elements on page 3.12.

Zone 1 ZSC factor magnitude Selecting AUTO causes the relay to
calculate kOM1, kOA1, kOM, and kOA values according to

Equation 3.2.
(AUTO, 0.000-6.000 unitless in steps of 0.001)

Zone 1 ZSC factor angle
(-180.0° to +180.0° in 0.01 degree steps)
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Zones 2, 3, and 4 ZSC factor magnitude Setzing is active when kOM =
advanced user setting enable EADVS = Y. Otherwise, setting is made
automatically.

(0.000—6.000 unitless in steps of 0.001)

Zones 2, 3, and 4 ZSC factor angle Sezting is active when advanced kOA =
user setting enable EADVS =Y. Otherwise, setting is made
automatically.

(—=180.0° to +180.0° in 0.01 degree steps)

Mho Phase-Distance Element Time Delays
See Figure 3.23.

Number of mho phase-distance element time-delay settings dependent on preceding enable setting

E21P =1-4.

Zone 1 time delay (OFF, 0—16000 cycles in 0.25 cycle steps) Z1PD =
Zone 2 time delay (OFF, 0-16000 cycles in 0.25 cycle steps) 72PD =
Zone 3 time delay (OFF, 0—16000 cycles in 0.25 cycle steps) 73PD =
Zone 4 time delay (OFF, 0—16000 cycles in 0.25 cycle steps) 74PD =

Quadrilateral and Mho Ground-Distance Element Time Delays
See Figure 3.23.

Number of mho phase-distance element time-delay settings dependent on preceding enable setting
E2IMG =1-4 or E21XG = 1-4.

Zone 1 time delay (OFF, 0-16000 cycles in 0.25 cycle steps) 7Z1GD =
Zone 2 time delay (OFF, 0—16000 cycles in 0.25 cycle steps) 72GD =
Zone 3 time delay (OFF, 0-16000 cycles in 0.25 cycle steps) 73GD =
Zone 4 time delay (OFF, 0—16000 cycles in 0.25 cycle steps) 74GD =

Common Phase/Ground-Distance Element Time Delay
See Figure 3.23.

Number of mho phase-distance element time-delay settings dependent on preceding enable setting
E21P =1-4 or E2IMG =1-4 or E21XG = 1-4.

Zone 1 time delay (OFF, 0-16000 cycles in 0.25 cycle steps) 71D =
Zone 2 time delay (OFF, 0—16000 cycles in 0.25 cycle steps) 72D =
Zone 3 time delay (OFF, 0-16000 cycles in 0.25 cycle steps) 73D =
Zone 4 time delay (OFF, 0—16000 cycles in 0.25 cycle steps) 74D =
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Phase Instantaneous/Definite-Time Overcurrent Elements

See Figure 3.27.
NOTE: Number of phase element pickup settings dependent on E50P =1-4,

Pickup 50P1P =
(OFF, 0.25-100.00 A secondary [5 A nom.];
0.05-20.00 A secondary [1 A nom.] in 0.01 A steps)

Pickup 50P2P =
(OFF, 0.25-100.00 A secondary [5 A nom.];
0.05-20.00 A secondary [1 A nom.] in 0.01 A steps)

Pickup 50P3P =
(OFF, 0.25-100.00 A secondary [5 A nom.];
0.05-20.00 A secondary [1 A nom.] in 0.01 A steps)

Pickup 50P4P =
(OFF, 0.25-100.00 A secondary [5 A nom.];
0.05-20.00 A secondary [1 A nom.] in 0.01 A steps)
Phase Definite-Time Overcurrent Elements

See Figure 3.28.
NOTE: Number of phase element time-delay settings dependent on E50P =1-4.

Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67P1D =
Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67P2D =
Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67P3D =
Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67P4D =

Residual-Ground Instantaneous/Definite-Time Overcurrent Elements

See Figure 3.32.
NOTE: Number of residual-ground element pickup settings dependent on E50G =1-4.
NOTE: 50G1P-50G4P setting step size 0.010 A [5 A nom.], 0.002 A [1 A nom.]

Pickup 50G1P =
(OFF, 0.050-100.000 A secondary in 0.01 A steps [5 A nom.];
0.010-20.000 A secondary in 0.002 A steps [1 A nom.])

Pickup 50G2P =
(OFF, 0.050-100.000 A secondary in 0.01 A steps [5 A nom.];
0.010-20.000 A secondary in 0.002 A steps [1 A nom.])

Pickup 50G3p =
(OFF, 0.050-100.000 A secondary in 0.01 A steps [5 A nom.];
0.010-20.000 A secondary in 0.002 A steps [1 A nom.])

Pickup 50G4pP =
(OFF, 0.050-100.000 A secondary in 0.01 A steps [5 A nom.];
0.010-20.000 A secondary in 0.002 A steps [1 A nom.])
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Residual-Ground Definite-Time Overcurrent Elements
See Figure 3.32.

NOTE: Number of residual-ground element time-delay settings dependent on E50G = 1-4.

Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67G1D =
Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67G2D =
Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67G3D =
Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67G4D =

Negative-Sequence Instantaneous/Definite-Time Overcurrent Elements
See Figure 3.33.

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

NOTE: Number of negative-sequence element time-delay settings dependent on E50Q =1-4.

Pickup 50Q1P =
(OFF, 0.25-100.00 A secondary [5 A nom.];
0.05-20.00 A secondary [1 A nom.] in 0.01 A steps)

Pickup 50Q2P
(OFF, 0.25-100.00 A secondary [5 A nom.];
0.05-20.00 A secondary [1 A nom.] in 0.01 A steps)

Pickup 50Q3p
(OFF, 0.25-100.00 A secondary [5 A nom.];
0.05-20.00 A secondary [1 A nom.] in 0.01 A steps)

Pickup 50Q4pP
(OFF, 0.25-100.00 A secondary [5 A nom.];
0.05-20.00 A secondary [1 A nom.] in 0.01 A steps)

Negative-Sequence Definite-Time Overcurrent Elements
See Figure 3.33.

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

NOTE: Number of negative-sequence element time-delay settings dependent on preceding enable
setting E50Q =1-4.

Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67Q1D =
Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67Q2D =
Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67Q3D =
Time delay (0.00-16000.00 cycles in 0.25-cycle steps) 67Q4D =
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Phase Time-Overcurrent Element
See Figure 3.34.
Make the following settings if E51P =Y.

Pickup
(OFF, 0.25-16.00 A secondary [5 A nom.];
0.05-3.20 A secondary [1 A nom.] in 0.01 A steps)

Curve
(U1-U5, C1-C5; see Figure 9.1-Figure 9.10)

Time-Dial
(0.50-15.00 for curves U1-U5;
0.05-1.00 for curves C1-CS5 in steps of 0.01)

Electromechanical Reset Delay (Y, N)

Residual-Ground Time-Overcurrent Elements
See Figure 3.35.
Make the following settings if E51G = Y.

Pickup
(OFF, 0.10-16.00 A secondary [5 A nom.];
0.02-3.20 A secondary [1 A nom] in 0.01 A steps)

Curve (U1-US5, C1-CS; see Figure 9.1-Figure 9.10)
Time-Dial

(0.50-15.00 for curves U1-U5;
0.05-1.00 for curves C1-CS5 in steps of 0.01)

Electromechanical Reset Delay (Y, N)

Negative-Sequence Time-Overcurrent Element
See Figure 3.36.

51PP =

51PC =

51PTD =

51PRS =

51GP =

51GC =
51GTD

S1GRS

IMPORTANT: See Appendix G: Setting Negative-Sequence Overcurrent Elements for information on

setting negative-sequence overcurrent elements.
Make the following settings if E51Q =Y.

Pickup
(OFF, 0.25-16.00 A secondary [5 A nom.];
0.05-3.20 A secondary [1 A nom.] in 0.01 A steps)

Curve
(U1-U5, C1-C5; see Figure 9.1-Figure 9.10)

Time-Dial
(0.50-15.00 for curves U1-U5;
0.05-1.00 for curves C1-CS5 in steps of 0.01)

Electromechanical Reset Delay (Y, N)
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Breaker Failure Settings
Make the following settings if ESOBF =Y.

Phase Fault Current Pickup (OFF, 0.5-100 A, secondary in 50BFP =
0.01 A steps)
Breaker Failure Time Delay (0.00-16000 cycles in 0.25 cycle BFPU =
steps)
Retrip Time Delay (0.00-16000 cycles in 0.25 cycle steps) RTPU =
Out-of-Step Settings

See Figure 3.25 and Figure 3.26.
Make the following settings if preceding enable setting EOOS =Y or Y2.

Block Zone 1 (Y, N) 0OO0OSB1 =
Block Zone 2 (Y, N) 0OO0SB2 =
Block Zone 3 (Y, N) OOSB3 =
Block Zone 4 (Y, N) 0O0SB4 =
Out-of-Step block time delay OSBD =

(0.5-8000.0 cycles in 0.25 cycle steps)
NOTE: The OSBD timer must be greater than the OSTD timer by 0.5 cycles.

Enable Out-of-Step tripping (N, I, O) EOOST =
Out-of-Step trip delay (0.5-8000.0 cycles in 0.25 cycle steps) OSTD =
Zone 6 reactance—Top X1T6 =

(0.05 t0 96.00 Q secondary [5 A nom.];
0.25 t0 480.00 Q secondary [1 A nom.] in 0.01 Q steps)

Zone 5 reactance—Top X1TS =
(0.05 to0 96.00 Q secondary [5 A nom.];
0.25 t0 480.00 Q secondary [1 A nom.] in 0.01 Q steps)

Zone 6 resistance—Right R1R6 =
(0.05 to 70.00 Q secondary [5 A nom.];
0.25 to 350.00 Q secondary [1 A nom.] in 0.01 Q steps)

Zone 5 resistance—Right R1RS =
(0.05 to 70.00 Q secondary [5 A nom.];
0.25 to 350.00 Q secondary [1 A nom.] in 0.01 Q steps)

Zone 6 reactance—Bottom Setting is active when advanced user X1B6 =
setting enable EADVS =Y. Otherwise, setting is made automatically.
(-96.00 to —05.00 Q secondary [5 A nom.];
—480.00 to —0.25 Q secondary [1 A nom.] in 0.01 Q steps)

Zone 5 reactance—Bottom Setting is active when advanced user X1B5 =
setting enable EADVS =Y. Otherwise, setting is made automatically.

(-96.00 to —05.00 Q secondary [5 A nom.];
—480.00 to —0.25 Q secondary [1 A nom.] in 0.01 Q steps)
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Zone 6 resistance—Left Setting is active when advanced user
setting enable EADVS =Y. Otherwise, setting is made automatically.

(=70.00 to —05.00 Q secondary [5 A nom.];
—350.00 to —0.25 Q secondary [1 A nom.] in 0.01 Q steps)

Zone 5 resistance—Left Setting is active when advanced user
setting enable EADVS =Y. Otherwise, setting is made automatically.

(=70.00 to —05.00 Q secondary [5 A nom.];
—350.00 to —0.25 Q secondary [1 A nom.] in 0.01 Q steps)

Positive-Sequence current supervision
(1.00-100.00 A secondary [5 A nom.];
0.20-20.00 A secondary [1 A nom.] in 0.01 A steps)

Negative-Sequence current unblock delay Only make this setting
when EOOS =Y.
(0.5-120.0 cycles in 0.25 cycle steps)

Out-of-Step angle change unblock rate Setting is active when
advanced user setting enable EADVS = Y. Otherwise, setting is made
automatically.

(1.00-10.00 unitless in steps of 0.01)

Load-Encroachment Elements
See Figure 4.10.
Make the following settings if ELOAD =Y.

Forward load impedance
(0.09-64.00 Q secondary [5 A nom.] in 0.016 Q steps)
(0.45-320.00 Q2 secondary [1 A nom.] in 0.078 Q2 steps)

Reverse load impedance
(0.09-64.00 Q secondary [5 A nom.] in 0.016 Q steps)
(0.45-320.00 Q2 secondary [1 A nom.] in 0.078 Q2 steps)

Positive forward load angle
(-90.00 to +90.00 degrees in 0.015 degree steps)

Negative forward load angle
(-90.00 to +90.00 degrees in 0.015 degree steps)

Positive reverse load angle
(+90.00 to +270.00 degrees in 0.015 degree steps)

NOTE: PLAR must be less than or equal to NLAR.

Negative reverse load angle
(+90.00 to +270.00 degrees in 0.015 degree steps)

Zone/Level3 and 4 Directional Control

Zone/Level 3 direction: Forward, Reverse (F, R)

NOTE: If ECOMM is enabled then DIR3 must be set to reverse.

Zone/Level 4 direction: Forward, Reverse (F, R)
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Directional Elements
See Directional Control Settings on page 4.28.

Ground directional element priority ORDER =
(combination of Q, V, I)

NOTE: Option V is not available when PTCONN = DELTA and VSCONN = VS.
Make the following settings if E32 = Y. If E32 = AUTO, these settings are made automatically.

Forward directional Z2 threshold 72F =
(—64.00-64.00 Q2 secondary [5 A nom.] in 0.02 Q steps)
(-320.00-320.00 Q secondary [1 A nom.] in 0.10 Q steps)

Reverse directional Z2 threshold Z2R =
(—-64.00-64.00 Q2 secondary [5 A nom.] in 0.02 Q steps)
(-320.00-320.00 Q secondary [1 A nom.] in 0.10 Q steps)

NOTE: Z2R must be less than Z2F by at least 0.2 ohms (5 A nom.) or at least 1 ohm (1 A nom.)

Forward directional negative-sequence current pickup S50QFP =
(0.25-5.00 A secondary [5 A nom.];
0.05-1.00 A secondary [1 A nom.] in 0.01 A steps)

Reverse directional negative-sequence current pickup 50QRP
(0.25-5.00 A secondary [5 A nom.];
0.05-1.00 A secondary [1 A nom.]in 0.01 A steps)

Positive-sequence current restraint factor, 12/11 a2 =
(0.02-0.50, unitless in steps of 0.01)

Zero-sequence current restraint factor, 12/10 k2 =
(0.10-1.20, unitless in steps of 0.01)

Make settings 50GFP, 50GRP, and a0 if E32 = Y and ORDER contains V or I. If E32 = AUTO and
ORDER contains V or |, these settings are made automatically.

Forward directional residual-ground pickup 50GFP
(0.25-5.00 A secondary [5 A nom.]
0.05-1.00 A secondary [1 A nom.]in 0.01 A steps)

Reverse directional residual-ground pickup 50GRP
(0.25-5.00 A secondary [5 A nom.]:
0.05-1.00 A secondary [1 A nom.] in 0.01 A steps)

Positive-sequence current restraint factor, 10/11 al =
(0.020-0.500, unitless in steps of 0.01)

Make settings ZOF and ZOR if E32 =Y and ORDER contains V. If E32 = AUTO and ORDER contains V,
these settings are made automatically.

NOTE: ZOF and ZOR setting step size is 0.02 (5 A nominal), 0.10 A (1 A nominal).

Forward directional Z0 threshold Z0F =
(—64.00-64.00 Q2 secondary [5 A nom.] in 0.02 Q steps)
(-320.00-320.00 Q secondary [1 A nom.] in 0.10 Q steps)

Reverse directional Z0 threshold Z0R =
(—64.00-64.00 Q2 secondary [5 A nom.] in 0.02 Q steps)
(-320.00-320.00 Q secondary [1 A nom.] in 0.10 Q steps)

SEL-311C-1 Transmission Protection System Instruction Manual Date Code 20191107



Date

SEL-311C Settings Sheets | SET.21

Group Group n (Relay) Settings (Serial Port Command SET n and Front Panel) | of 54

Voltage Elements
See Figure 3.37—-Figure 3.41.

Make the following settings if EVOLT =Y and Global setting PTCONN = WYE.

Phase undervoltage pickup
(OFF, 0.00-300.00 V secondary in 0.01 V steps)

Phase overvoltage pickup
(OFF, 0.00-300.00 V secondary in 0.01 V steps)

Zero-sequence (3V0) overvoltage pickup
(OFF, 0.00-300.00 V secondary, in 0.02 V steps)

Zero-sequence (3V0) overvoltage pickup
(OFF, 0.00-300.00 V secondary, in 0.02 V steps)

Make the following settings if EVOLT =Y.

Negative-sequence (V2) overvoltage pickup
(OFF, 0.00-200.00 V secondary in 0.01 V steps
if PTCONN = WYE)
(OFF, 0.00-120.00 V secondary in 0.01 V steps
if PTCONN = DELTA)

Positive-sequence (V1) overvoltage pickup
(OFF, 0.00-300.00 V secondary in 0.013 V steps
if PTCONN = WYE)
(OFF, 0.00-170.00 V secondary in 0.013 'V steps
if PTCONN = DELTA)

Channel VS undervoltage pickup
(OFF, 0.00-300.00 V secondary in 0.01 V steps)

Channel VS overvoltage pickup
(OFF, 0.00-300.00 V secondary in 0.01 V steps)

Phase-to-phase undervoltage pickup
(OFF, 0.00-520.00 V secondary in 0.02 V steps
if PTCONN =WYE)
(OFF, 0.00-300.00 V secondary in 0.01 V steps
if PTCONN = DELTA)

Phase-to-phase overvoltage pickup
(OFF, 0.00-520.00 V secondary in 0.02 V steps
if PTCONN =WYE)
(OFF, 0.00-300.00 V secondary in 0.01 V steps
if PTCONN = DELTA)

Synchronism-Check Elements
See Figure 3.42 and Figure 3.43.
Make the following settings if E25 =Y.

Voltage window—Ilow threshold
(0.00-300.00 V secondary in 0.01 V steps)

Voltage window—high threshold
(0.00-300.00 V secondary in 0.01 V steps)

Voltage ratio correction factor
(0.50-2.00 unitless in steps of 0.01)

Date Code 20191107 Instruction Manual

27P =

59pP =

S9N1P =

S9N2P =

59QP =

59V1P =

27SP =

59Sp =

27PP =

59PP =

25VLO =

25VHI =

25RCF =

SEL-311C-1 Transmission Protection System



SET.22 | SEL-311C Settings Sheets Date

of 54 | Group n (Relay) Settings (Serial Port Command SET n and Front Panel) Group
Maximum slip frequency (0.005-0.500 Hz in 0.001 Hz steps) 25SF =
Maximum angle 1 (0-80 degrees in 1 degree steps) 25ANG1 =
Maximum angle 2 (080 degrees 1 degree steps) 25ANG2 =
Synchronizing phase SYNCP =

(Global setting PTCONN = WYE: VA, VB, VC or 0° to 330°
in 30° steps; degree option is for VS not in phase with VA, VB,
or VC—set with respect to VS constantly lagging VA)

(Global setting PTCONN = DELTA: VAB, VBC, VCA or 0°
to 330° in 30° steps; degree option is for VS not in phase
with VAB, VBC, or VCA—set with respect to VS constantly
lagging VAB)

Breaker close time for angle compensation (0.00-60.00 cycles TCLOSD
in 0.25-cycle steps)
Frequency Elements

See Figure 3.48-Figure 3.49.
Make the following settings if E81 =1-6.

Phase undervoltage block 27B81P =
(20.00-300.00 V secondary in 0.01 V steps)
Level 1 pickup (OFF, 40.10-65.00 Hz in 0.01 Hz steps) 81D1P =
Level 1 time delay (2.00-16000.00 cycles in 0.25-cycle steps) 81D1D =
Level 2 pickup (OFF, 40.10-65.00 Hz in 0.01 Hz steps) 81D2P =
Level 2 time delay (2.00-16000.00 cycles in 0.25-cycle steps) 81D2D =
Level 3 pickup (OFF, 40.10-65.00 Hz in 0.01 Hz steps) 81D3P =
Level 3 time delay (2.00-16000.00 cycles in 0.25-cycle steps) 81D3D =
Level 4 pickup (OFF, 40.10-65.00 Hz in 0.01 Hz steps) 81D4P =
Level 4 time delay (2.00-16000.00 cycles in 0.25-cycle steps) 81D4D =
Level 5 pickup (OFF, 40.10-65.00 Hz in 0.01 Hz steps) 81D5P =
Level 5 time delay (2.00-16000.00 cycles in 0.25-cycle steps) 81D5D =
Level 6 pickup (OFF, 40.10-65.00 Hz in 0.01 Hz steps) 81D6P =
Level 6 time delay (2.00-16000.00 cycles in 0.25-cycle steps) 81D6D =

Reclosing Relay
See Table 6.2.
Make the following settings if E79 =1-4.

Open interval 1 time 79011 =
(0.00-999999.00 cycles in 0.25-cycle steps)

Open interval 2 time 79012 =
(0.00-999999.00 cycles in 0.25-cycle steps)
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Open interval 3 time 79013 =
(0.00-999999.00 cycles in 0.25-cycle steps)
Open interval 4 time 79014 =
(0.00-999999.00 cycles in 0.25-cycle steps)
Reset time from reclose cycle 79RSD =
(0.00-999999.00 cycles in 0.25-cycle steps)
Reset time from lockout 79RSLD =
(0.00-999999.00 cycles in 0.25-cycle steps)
Reclose supervision time limit (OFF, 0.00-999999.00 cycles in 79CLSD =

0.25-cycle steps) (set 79CLSD = 0.00 for most applications;
see Figure 6.4)

Switch-Onto-Fault
See Figure 5.3.
Make the following settings if ESOTF =Y.

Close enable time delay CLOEND
(OFF, 0.00-16000.00 cycles in 0.25-cycle steps)

52A enable time delay 52AEND =
(OFF, 0.00-16000.00 cycles in 0.25-cycle steps)
SOTF duration (0.50-16000.00 cycles in 0.25-cycle steps) SOTFD =

POTT Trip Scheme Settings (Also Used in DCUB Trip Schemes)

See Figure 5.6.
Make the following settings if preceding enable setting ECOMM = POTT, DCUBI, or DCUB2.

Zone (level) 3 reverse block time delay Z3RBD =
(0.00-16000.00 cycles in 0.25-cycle steps)

Echo block time delay EBLKD =
(OFF, 0.00-16000.00 cycles in 0.25-cycle steps)

Echo time delay pickup ETDPU =
(OFF, 0.00-16000.00 cycles in 0.25-cycle steps)

Echo duration time delay EDURD =
(0.00-16000.00 cycles in 0.25-cycle steps)

Weak-infeed enable (Y, N) EWFC =

Make settings 27PPW and 59NW if EWFC = Y and PTCONN = WYE.

WIF phase-to-phase undervoltage 27PPW =
(0.00-520.00 V secondary in 0.02 V steps)

WIF zero-sequence (3V0) overvoltage SHINW =
(0.00-300.00 V secondary in 0.02 V steps)

Make settings 27PPW and 59QW if EWFC = Y and PTCONN = DELTA.

WIF phase-to-phase undervoltage 27PPW =
(0.00-300.00 V secondary in 0.01 V steps)

WIF negative-sequence (V2) overvoltage 59QwW =
(0.00-120.00 V secondary in 0.01 V steps)
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Additional DCUB Trip Scheme Settings

See Figure 5.10.
Make the following settings if preceding enable setting ECOMM = DCUB1 or DCUB2.

Guard present security time delay GARDI1D =
(0.00-16000.00 cycles in 0.25-cycle steps)

DCUB disabling time delay UBDURD =
(0.25-16000.00 cycles in 0.25-cycle steps)

DCUB duration time delay UBEND =

(0.00-16000.00 cycles in 0.25-cycle steps)

DCB Trip Scheme Settings

See Figure 5.14.
Make the following settings if preceding enable setting ECOMM = DCB.

Zone (level) 3 reverse pickup time delay 73XPU =
(0.00-16000.00 cycles in 0.25-cycle steps)

Zone (level) 3 reverse dropout extension 73XD =
(0.00-16000.00 cycles in 0.25-cycle steps)

Block trip receive extension BTXD =
(0.00-16000.00 cycles in 0.25-cycle steps)
Zone 2 distance short delay 21SD =

(0.00-60.00 cycles in 0.25-cycle steps)

Level 2 overcurrent short delay 67SD =
(0.00-60.00 cycles in 0.25-cycle steps)

Channel A MIRRORED BITs® Settings

These settings are available when a Serial Port Protocol Setting has been set to MBGA.

Channel A MIRRORED BITS Enable (Y, N) EMBA =
Channel A MIRRORED BITS Receive ID (1-4) RXIDA =
Channel A MIRRORED BITS Transmit ID (1-4) TXIDA =

Channel B MIRRORED BITS Settings

These settings are available when a Serial Port Protocol Setting has been set to MBGB.

Channel B MIRRORED BITS Enable (Y, N) EMBB =
Channel B MIRRORED BITS Receive ID (1-4) RXIDB =
Channel B MIRRORED BITS Transmit ID (1-4) TXIDB =
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Zone 1 Extension Scheme Settings
See Figure 3.21.

Make setting ZIEXTD if EZIEXT =Y, or if EZIEXT =1 and either EXIEXTP or EZIEXTG = V.

Zone 1 extension delay time
(0.00-16000.00 cycles in 0.25-cycle steps)

Make setting ZIEXTM if EZIEXT =Y.

Zone 1 common distance multiplier (1.00—4.00 in steps of 0.01)
Make settings ZIEXTMP and Z1IEXTMG if EZIEXT = 1.

Zone 1 phase-distance multiplier (1.00-4.00 in steps of 0.01)
Make setting ZIEXTMG if PTCONN = WYE.

Zone 1 ground-distance multiplier (1.00—4.00 in steps of 0.01)

Demand Metering Settings
See Figure 8.13 and Figure 8.15.

Z1EXTD =

Z1EXTM =

Z1EXTMP =

Z1EXTMG =

Make the following settings, whether preceding enable setting EDEM = THM or ROL.

Time constant (5, 10, 15, 30, 60 minutes)

Phase pickup
(OFF, 0.50-16.00 A secondary [5 A nom.];
0.10-3.20 A secondary [1 A nom.] in 0.01 A steps)

Neutral ground pickup-channel IN
(OFF, 0.500-16.000 A secondary in 0.005 A steps [5 A nom.];
0.100-3.200 A secondary in 0.001 A steps [1 A nom.])

Residual-ground pickup
(OFF, 0.10-16.00 A secondary [5 A nom.];
0.02-3.20 A secondary [1 A nom.] in 0.01 A steps)

Negative-sequence pickup
(OFF, 0.50-16.00 A secondary [5 A nom.];
0.10-3.20 A secondary [1 A nom.] in 0.01 A steps)

Other Settings

Minimum trip duration time
(2.00-16000.00 cycles in 0.25-cycle steps; see Figure 5.1)

Close failure time delay
(OFF, 0.00-16000.00 cycles in 0.25-cycle steps)
(see Figure 6.3)

Three-pole open time delay
(0.00-60.00 cycles in 0.25-cycle steps)
(usually set for no more than a few cycles; see Figure 5.3)

Open pole option (52, 27)
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Three-pole open undervoltage 27PO =
(0.0-150.0 V secondary in 0.013 V steps)

Load detection phase pickup S0LP =
(OFF, 0.25-100.00 A secondary [5 A nom.]
0.05-20.00 A secondary [1 A nom.] in 0.01 A steps)
(see Figure 5.3)

SELocic Control Equation Variable Timers

See Figure 7.24 and Figure 7.25.
The number of timer pickup/dropout settings is dependent on ESV = 1-16.

SV1 Pickup Time (0.00-999999.00 cycles in 0.25-cycle steps) SV1PU =
SV1 Dropout Time (0.00-999999.00 cycles in 0.25-cycle steps) SViDO =
SV2 Pickup Time (0.00-999999.00 cycles in 0.25-cycle steps) SV2PU =
SV2 Dropout Time (0.00-999999.00 cycles in 0.25-cycle steps) SV2DO =
SV3 Pickup Time (0.00-999999.00 cycles in 0.25-cycle steps) SV3PU =
SV3 Dropout Time (0.00-999999.00 cycles in 0.25-cycle steps) SV3DO =
SV4 Pickup Time (0.00-999999.00 cycles in 0.25-cycle steps) SV4PU =
SV4 Dropout Time (0.00-999999.00 cycles in 0.25-cycle steps) Sv4DO =
SV5 Pickup Time (0.00-999999.00 cycles in 0.25-cycle steps) SV5PU =
SV5 Dropout Time (0.00-999999.00 cycles in 0.25-cycle steps) SVsDO =
SV6 Pickup Time (0.00-999999.00 cycles in 0.25-cycle steps) SVePU =
SV6 Dropout Time (0.00-999999.00 cycles in 0.25-cycle steps) SveDO =
SV7 Pickup Time (0.00-16000.00 cycles in 0.25-cycle steps) SV7PU =
SV7 Dropout Time (0.00-16000.00 cycles in 0.25-cycle steps) SV7DO =
SV8 Pickup Time (0.00-16000.00 cycles in 0.25-cycle steps) SV8PU =
SV8 Dropout Time (0.00-16000.00 cycles in 0.25-cycle steps) SVv8DO =
SV9 Pickup Time (0.00-16000.00 cycles in 0.25-cycle steps) SVIPU =
SV9 Dropout Time (0.00-16000.00 cycles in 0.25-cycle steps) SVIDO =
SV10 Pickup Time (0.00-16000.00 cycles in 0.25-cycle steps) SV10PU =
SV10 Dropout Time (0.00—16000.00 cycles in 0.25-cycle steps) SV10DO =
SV11 Pickup Time (0.00-16000.00 cycles in 0.25-cycle steps) SV11PU =
SV11 Dropout Time (0.00—16000.00 cycles in 0.25-cycle steps) SV11DO =
SV12 Pickup Time (0.00-16000.00 cycles in 0.25-cycle steps) SV12PU =
SV12 Dropout Time (0.00-16000.00 cycles in 0.25-cycle steps) SV12DO =
SV13 Pickup Time (0.00-16000.00 cycles in 0.25-cycle steps) SV13PU =
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SV13 Dropout Time (0.00—16000.00 cycles in 0.25-cycle steps) SV13DO =
SV 14 Pickup Time (0.00-16000.00 cycles in 0.25-cycle steps) SV14PU =
SV 14 Dropout Time (0.00—16000.00 cycles in 0.25-cycle steps) SV14DO =
SV15 Pickup Time (0.00-16000.00 cycles in 0.25-cycle steps) SV15PU =
SV 15 Dropout Time (0.00—16000.00 cycles in 0.25-cycle steps) SV15DO =
SV16 Pickup Time (0.00-16000.00 cycles in 0.25-cycle steps) SV16PU =
SV16 Dropout Time (0.00—16000.00 cycles in 0.25-cycle steps) SV16DO =
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SELocic Control Equation Settings
(Serial Port Command SET L)

SELoGIC control equation settings consist of Relay Word bits (see Table D.2) and SELoGIC control
equation operators * (AND), + (OR), ! (NOT), / (rising edge), \ (falling edge), and () (parentheses).
Numerous SELoGIC control equation settings examples are given in Section 3: Distance, Out-of-Step,
Overcurrent, Voltage, Synchronism-Check, and Frequency Elements-Section 8: Metering and
Monitoring. SELoGIC control equation settings can also be set directly to 1 (logical 1) or O (logical 0).
Appendix F: Setting SELocIc Control Equations gives SELoGIC control equation details, examples,
and limitations.

Trip Logic Equations
See Figure 5.1.

Other trip conditions TR =
Trip conditions qualified by disturbance detection TRQUAL =
Communications-assisted trip conditions TRCOMM =
Switch-onto-fault trip conditions TRSOTF =
Direct transfer trip conditions DTT =
Unlatch trip conditions ULTR =

Communications-Assisted Trip Scheme Input Equations

Permissive trip 1 (used for ECOMM = POTT, DCUBI, or PT1 =
DCUB2; see Figure 5.5, Figure 5.7, and Figure 5.10)
Loss-of-guard 1 (used for ECOMM = DCUBI1 or DCUB2; LOG1 =

see Figure 5.10)

Permissive trip 2 (used for ECOMM = DCUB2; see Figure 5.5 PT2 =
and Figure 5.10)

Loss of guard 2 (used for ECOMM = DCUB2; see Figure 5.10) LOG2 =

Block trip (used for ECOMM = DCB; see Figure 5.14) BT =

Close Logic Equations
See Figure 6.3.
Circuit breaker status (see Figure 6.2) 52A =

Close conditions CL =
(other than automatic reclosing or CLOSE command)

Unlatch close conditions ULCL
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Reclosing Relay Equations

See Reclosing Relay on page 6.11.

Reclose initiate 79RI =
Reclose initiate supervision 79RIS =
Drive-to-lockout 79DTL =
Drive-to-last shot 79DLS =
Skip shot 79SKP =
Stall open interval timing 79STL =
Block reset timing 79BRS =
Sequence coordination 79SEQ =
Reclose supervision (see Figure 6.4) 79CLS =

Latch Bits Set/Reset Equations

See Figure 7.12.

Set Latch Bit LT1 SET1 =
Reset Latch Bit LT1 RST1 =
Set Latch Bit LT2 SET2 =
Reset Latch Bit LT2 RST2 =
Set Latch Bit LT3 SET3 =
Reset Latch Bit LT3 RST3 =
Set Latch Bit LT4 SET4 =
Reset Latch Bit LT4 RST4 =
Set Latch Bit LTS SETS5S =
Reset Latch Bit LTS RSTS =
Set Latch Bit LT6 SET6 =
Reset latch Bit LT6 RST6 =
Set Latch Bit LT7 SET7 =
Reset Latch Bit LT7 RST7 =
Set Latch Bit LT8 SETS =
Reset Latch Bit LTS8 RSTS =
Set Latch Bit LT9 SET9 =
Reset Latch Bit LT9 RST9 =
Set Latch Bit LT10 SET10 =
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Reset Latch Bit LT10
Set Latch Bit LT11
Reset Latch Bit LT11
Set Latch Bit LT12
Reset Latch Bit LT12
Set Latch Bit LT13
Reset Latch Bit LT13
Set Latch Bit LT14
Reset latch Bit LT14
Set Latch Bit LT15
Reset Latch Bit LT15
Set Latch Bit LT16

Reset Latch Bit LT16

Torque-Control Equations for Inst./Def.-Time Overcurrent Elements

NOTE: Torque-control equation settings cannot be set directly to logical O.

Level 1 phase (see Figure 3.28)

Level 2 phase (see Figure 3.28)

Level 3 phase (see Figure 3.28)

Level 4 phase (see Figure 3.28)

Level 1 residual ground (see Figure 3.32)
Level 2 residual ground (see Figure 3.32)
Level 3 residual ground (see Figure 3.32)
Level 4 residual ground (see Figure 3.32)
Level 1 negative-sequence (see Figure 3.33)
Level 2 negative-sequence (see Figure 3.33)
Level 3 negative-sequence (see Figure 3.33)

Level 4 negative-sequence (see Figure 3.33)

Torque-Control Equations for Time-Overcurrent Elements

NOTE: Torque-control equation settings cannot be set directly to logical O.

Phase (see Figure 3.34)
Residual Ground (see Figure 3.35)

Negative-Sequence (see Figure 3.36)
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Breaker Failure Equations

Breaker Failure Initiate BF1 =
Breaker Failure Trip BFTR =
Breaker Failure Unlatch Trip BFULTR =

Logic Variable Equations
See Figure 7.27.

Logic Variable LV1 Lv1 =
Logic Variable LV2 Lv2 =
Logic Variable LV3 LV3 =
Logic Variable LV4 Lv4 =
Logic Variable LV5 LVS =
Logic Variable LV6 Lve =
Logic Variable LV7 LV7 =
Logic Variable LV8 LV8 =
Logic Variable LV9 LV9 =
Logic Variable LV10 LV10 =
Logic Variable LV11 Lv11 =
Logic Variable LV12 LV12 =
Logic Variable LV13 LV13 =
Logic Variable LV 14 LV14 =
Logic Variable LV15 LV1Ss =
Logic Variable LV16 LV16 =
Logic Variable LV17 LvV17 =
Logic Variable LV18 LV18 =
Logic Variable LV19 LV19 =
Logic Variable LV20 LV20 =
Logic Variable LV21 Lv21 =
Logic Variable LV22 LV22 =
Logic Variable LV23 Lv23 =
Logic Variable LV24 LV24 =
Logic Variable LV25 LV25 =
Logic Variable LV26 LV26 =
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Logic Variable LV27 Lv27 =
Logic Variable LV28 LV28 =
Logic Variable LV29 LV29 =
Logic Variable LV30 LV30 =
Logic Variable LV31 LV31 =
Logic Variable LV32 LV32 =

SELocIc Control Equation Variable Timer Input Equations
See Figure 7.24 and Figure 7.25.

SELoGIC Control Equation Variable SV1 Svi =
SELoGIC Control Equation Variable SV2 Sv2 =
SELogIC Control Equation Variable SV3 Sv3 =
SELoGIC Control Equation Variable SV4 Sv4 =
SELoGIC Control Equation Variable SV5 SVs =
SELoGIC Control Equation Variable SV6 Sve =
SELogGIC Control Equation Variable SV7 Sv7 =
SELoGIc Control Equation Variable SV8 SVv8 =
SELogGIC Control Equation Variable SV9 SV9 =
SELoGIC Control Equation Variable SV10 SV10 =
SELoGIC Control Equation Variable SV11 Svii =
SELoGIC Control Equation Variable SV12 SV12 =
SELoGIC Control Equation Variable SV13 Svi13 =
SELoGIC Control Equation Variable SV14 Svi4 =
SELoGIC Control Equation Variable SV15 SV15 =
SELoGIC Control Equation Variable SV16 SV16 =

Output Contact Equations
Se Figure 7.28.

Output Contact 0UT101 ouT101 =
Output Contact 0UT102 ouT102 =
Output Contact 0UT103 ouT103 =
Output Contact 0UT104 ouT14 =
Output Contact 0UT105 ouT105 =
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Output Contact 0UT106

Output Contact 0UT107

Output Contact ALARM
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OUT106

OouT107

ALRMOUT =

Output Contact Equations—Extra I/0 Board Options 2, 4, 5, and 6

See Figure 7.29.
Output Contact 0UT201

Output Contact 0UT202
Output Contact 0UT203

Output Contact 0UT204

ouT201
0UT202
OouT203
OoUT204

Output Contact Equations—Extra /0 Board Options 2, 5, and 6

See Figure 7.29.
Output Contact 0UT205

Output Contact 0UT206
Output Contact 0UT207

Output Contact 0UT208

Output Contact Equations—Extra I/0 Board Options 2 and 6

See Figure 7.29.
Output Contact 0UT209

Output Contact 0UT210
Output Contact 0UT211

Output Contact 0UT212

OUT205
OUT206
ouT207
OUT208

OouT209
OoUT210
ouT211
0OUT212

Operator Control LED Equations (Only on Models With Programmable Operator

Controls)
See Figure 11.9,
LEDI1 (TOP LEFT)

LED2
LED3

LED4

LEDS (BOTTOM LEFT)
LEDG (TOP RIGHT)

LED7

Date Code 20191107
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LEDS
LED9
LED10 (BOTTOM RIGHT)

Target Equations (Only on Models With Programmable Target Logic)

See Table 5.5.
LED12 (TRIP)

LED13 (TIME)
LED14 (COMM)
LEDI15 (SOTF)
LED16 (RESET)
LED17 (LOCKOUT)
LED18 (51)
LED23 (ZONE 1)
LED24 (ZONE 2)
LED25 (ZONE 3)
LED26 (ZONE 4)

LEDS
LED9
LED10

LED12
LED13
LED14
LED15
LED16
LED17
LED18
LED23
LED24
LED25

LED26

Display Point Equations (Only on Models With LCD)

See Rotating Display on page 7.37 and Rotating Display on page 11.11.

Display Point DP1
Display Point DP2
Display Point DP3
Display Point DP4
Display Point DP5
Display Point DP6
Display Point DP7
Display Point DP8
Display Point DP9
Display Point DP10
Display Point DP11
Display Point DP12
Display Point DP13
Display Point DP14

SEL-311C-1 Transmission Protection System

Instruction Manual

DP1
DP2
DP3
DP4
DP5
DP6
DP7
DP8
DP9
DP10
DP11
DP12
DP13
DP14

Date
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Display Point DP15
Display Point DP16

Setting Group Selection Equations

See Table 7.4.
Select Setting Group 1

Select Setting Group 2
Select Setting Group 3
Select Setting Group 4
Select Setting Group 5
Select Setting Group 6

Other Equations
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DP15
DP16

SS1
SS2
SS3
SS4
SSs
SSe

Event report trigger conditions (see Section 12: Standard Event ER

Reports and SER)

Fault indication (used in INST, A, B, and C target logic and FAULT
other relay functions, see SELOGIC Control Equation Setting

FAULT on page 5.46)
Block synchronism-check elements (see Figure 3.42) BSYNCH
Close bus monitor (see Figure 5.3) CLMON
Breaker monitor initiation (see Figure 8.3) BKMON

Breaker monitor close initiation (see Mechanical and Electrical BKCLS

Operate Timers and Alarms on page 8.8)

Enable for zero-sequence voltage-polarized and channel IN E321V
current-polarized directional elements (see Figure 4.14)

Zone 1 phase-distance extension external control
Zone 1 ground-distance extension external control

Software alarm conditions

Reset Equations

See Section 5, Section 8, and Section 12.

Reset Targets

Reset Demand Metering
Reset Peak Demand Metering
Reset Breaker Monitor

Reset Event History

Reset Energy Metering

Reset Max/Min Metering

Date Code 20191107

Z1XPEC
Z1XGEC
SALARM

RSTTRGT
RST_DEM
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RST_ENE
RST_MML

Instruction Manual

SEL-311C-1 Transmission Protection System



SET.36 | SEL-311C Settings Sheets Date
of 54 | SELocIc Control Equation Settings (Serial Port Command SET L)

Reset Hardware Alarm RST_HAL

Reset DNP Event Queue RSTDNPE

Phasor Measurement Unit (PMU) Trigger Equations
See Appendix N.

PMU Trigger PMTRIG =
Trigger Reason Bit 1 TREA1 =
Trigger Reason Bit 2 TREA2 =
Trigger Reason Bit 3 TREA3 =
Trigger Reason Bit 4 TREA4 =

MIRRORED BITS Transmit Equations
See Appendix H.

Channel A, transmit bit 1 TMBI1A =
Channel A, transmit bit 2 TMB2A =
Channel A, transmit bit 3 TMB3A =
Channel A, transmit bit 4 TMB4A =
Channel A, transmit bit 5 TMBS5A =
Channel A, transmit bit 6 TMB6A =
Channel A, transmit bit 7 TMB7A =
Channel A, transmit bit 8 TMBSA =
Channel B, transmit bit 1 TMBI1B =
Channel B, transmit bit 2 TMB2B =
Channel B, transmit bit 3 TMB3B =
Channel B, transmit bit 4 TMB4B =
Channel B, transmit bit 5 TMB5B =
Channel B, transmit bit 6 TMB6B =
Channel B, transmit bit 7 TMB7B =
Channel B, transmit bit 8 TMBSB =
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Sequential Events Recorder (SER) Trigger Lists
See Standard Event Reports and SER on page 12.1.

Sequential Events Recorder settings consist of three trigger lists. Each trigger list can include as
many as 24 Relay Word bits (see Table D.2) delimited by commas or spaces. Enter NA to remove a
list of these Relay Word bit settings.

SER Trigger List 1
SER1 =

SER Trigger List 2
SER2 =

SER Trigger List 3
SER3 =
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Enter the following characters: 0-9, A-Z, -, /, ., space for each text label setting, subject to the
specified character limit. Enter NA to null a label.

Local Bit Labels
See Table 7.1 and Table 7.2.

Local Bit LB1 Name (14 characters) NLB1 =
Clear Local Bit LB1 Label (7 characters) CLB1 =
Set Local Bit LB1 Label (7 characters) SLB1 =
Pulse Local Bit LB1 Label (7 characters) PLB1 =

Local Bit LB2 Name (14 characters) NLB2 =
Clear Local Bit LB2 Label (7 characters) CLB2 =
Set Local Bit LB2 Label (7 characters) SLB2 =
Pulse Local Bit LB2 Label (7 characters) PLB2 =

Local Bit LB3 Name (14 characters) NLB3 =
Clear Local Bit LB3 Label (7 characters) CLB3 =
Set Local Bit LB3 Label (7 characters) SLB3 =
Pulse Local Bit LB3 Label (7 characters) PLB3 =

Local Bit LB4 Name (14 characters) NLB4 =
Clear Local Bit LB4 Label (7 characters) CLB4 =
Set Local Bit LB4 Label (7 characters) SLB4 =
Pulse Local Bit LB4 Label (7 characters) PLB4 =

Local Bit LB5 Name (14 characters) NLBS5S =
Clear Local Bit LB5 Label (7 characters) CLB5 =
Set Local Bit LBS5 Label (7 characters) SLB5 =
Pulse Local Bit LB5 Label (7 characters) PLBS =

Local Bit LB6 Name (14 characters) NLB6 =
Clear Local Bit LB6 Label (7 characters) CLB6 =
Set Local Bit LB6 Label (7 characters) SLB6 =
Pulse Local Bit LB6 Label (7 characters) PLB6 =

Local Bit LB7 Name (14 characters) NLB7 =
Clear Local Bit LB7 Label (7 characters) CLB7 =
Set Local Bit LB7 Label (7 characters) SLB7 =
Pulse Local Bit LB7 Label (7 characters) PLB7 =
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Local Bit LB8 Name (14 characters) NLBS =
Clear Local Bit LB8 Label (7 characters) CLBS =
Set Local Bit LB8 Label (7 characters) SLBS8 =
Pulse Local Bit LB8 Label (7 characters) PLBS =
Local Bit LB9 Name (14 characters) NLB9 =
Clear Local Bit LB9 Label (7 characters) CLBY =
Set Local Bit LB9 Label (7 characters) SLB9 =
Pulse Local Bit LB9 Label (7 characters) PLB9 =
Local Bit LB10 Name (14 characters) NLB10 =
Clear Local Bit LB10 Label (7 characters) CLB10 =
Set Local Bit LB10 Label (7 characters) SLB10 =
Pulse Local Bit LB10 Label (7 characters) PLB10 =
Local Bit LB11 Name (14 characters) NLB11 =
Clear Local Bit LB11 Label (7 characters) CLB11 =
Set Local Bit LB11 Label (7 characters) SLB11 =
Pulse Local Bit LB11 Label (7 characters) PLB11 =
Local Bit LB12 Name (14 characters) NLBI12 =
Clear Local Bit LB12 Label (7 characters) CLBI12 =
Set Local Bit LB12 Label (7 characters) SLB12 =
Pulse Local Bit LB12 Label (7 characters) PLB12 =
Local Bit LB13 Name (14 characters) NLB13 =
Clear Local Bit LB13 Label (7 characters) CLB13 =
Set Local Bit LB13 Label (7 characters) SLB13 =
Pulse Local Bit LB13 Label (7 characters) PLB13 =
Local Bit LB14 Name (14 characters) NLB14 =
Clear Local Bit LB14 Label (7 characters) CLB14 =
Set Local Bit LB14 Label (7 characters) SLB14 =
Pulse Local Bit LB14 Label (7 characters) PLB14 =
Local Bit LB15 Name (14 characters) NLB15 =
Clear Local Bit LB15 Label (7 characters) CLB15 =
Set Local Bit LB15 Label (7 characters) SLB15 =
Pulse Local Bit LB15 Label (7 characters) PLB15 =

Date Co