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CAUTION: The relay contains devices sensitive to
electrostatic discharge (ESD). When working on the
relay with front or top cover removed, work surfaces
and personnel must be properly grounded or
equipment damage may result.

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

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.

DANGER: Removal of relay front panel exposes
circuitry which may cause electrical shock that can
result in injury or death.

DANGER: Contact with instrument terminals may
cause electrical shock which can result in injury or
death.

= =

ATTENTION!: Le relais contient des pieces
sensibles aux décharges électrostatiques(DES). Quand
on travaille sur le relais avec le panneau avant ou du
dessus enlevé, les surfaces de travail et le personnel
doivent étre mis a la terre convenablement pour éviter
les dommages a 1'équipement.

ATTENTION!: 11y a un danger d’explosion si la pile
électrique n’est pas correctement remplacée. Utiliser
exclusivement Ray-O-Vac” No. BR2335 ou un
équivalent recommandé par le fabricant. Se
débarrasser des piles usagées suivant les instructions
du fabricant.

ATTENTION!: Cet équipement est expédié avec des
mots de passe par défaut. A l'installation, les mots de
passe par défaut devront étre changés pour des mots de
passe confidentiels. Dans le cas contraire, un acces
non-autorisé a I'équipement pourrait étre possible.

SEL décline toute responsabilité pour tout dommage
résultant de cet acces non-autorisé.

DANGER: Le retrait du panneau avant expose a la
circuiterie qui pourrait étre la source de chocs
électriques pouvant entrainer des blessures ou la mort.

DANGER: Le contact avec les bornes de 1'
instrument peut causer un choc €lectrique pouvant
entrainer des blessures ou la mort.
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MANUAL CHANGE INFORMATION

The date code

at the bottom of each page of this manual reflects the creation or revision date.

Date codes are changed only on pages that have been revised and any following pages affected by
the revisions (i.e., pagination). If significant revisions are made to a section, the date code on all
pages of the section will be changed to reflect the revision date.

Each time revisions are made, both the main table of contents and the affected individual section
table of contents are regenerated and the date code is changed to reflect the revision date.

Changes in this manual to date are summarized below (most recent revisions listed at top).

Revision
Date

Summary of Revisions

The Manual
this manual.

Change Information section has been created to begin a record of revisions to
All changes will be recorded in this Summary of Revisions table.

20020426

This revision includes the following changes:
— Reissued Entire Manual.

— The changes in this revision relate to the new global setting PTCONN that
allows the relay to be configured for either wye- or delta-connected PTs; new
global setting VSCONN that allows the relay to be configured for a
synchronism check or broken delta voltage input to the VS-NS terminals; new
setting range VNOM = OFF that causes the relay to disregard the loss-of-
potential logic for direction elements that use zero-sequence voltage as a
polarizing source when VSCONN = 3V0; and the new three-phase power
elements (SEL-351-7 only).

Section 1:

— Updated Table 1.2.

— Added subsection: Potential Transformer Connections.

— Added voltage input notes to Figure 1.2.

— Added AC Input Voltage and Metering specifications for open-delta
connected PTs.

Section 2:

— Updated Figure 2.1 to include projection panel-mount option.

— Added subsection: Determining Voltage Input Rating.

— Added subsection: Wye-Connected Voltages (Global Setting PTCONN =
WYE).

— Added subsection: Delta-Connected Voltages (Global setting PTCONN =
DELTA).

— Added subsection: Synchronism Check VS Connection (Global setting
VSCONN =V§).

— Added subsection: Broken-Delta VS Connection (Global setting VSCONN =
3V0).

— Added subsection: Polarity Check for VSCONN = 3V0
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Revision
Date

Summary of Revisions

— Added Figure 2.6 through Figure 2.9.
— Added Figure 2.21 through Figure 2.23.

Section 3:
— Added Table 3.9.
— Added Figure 3.23 and Figure 3.24.

— Updated subsection: Voltage Input VS Connected Phase-to-Phase or Beyond
Delta-Wye Transformer.

— Updated Table 3.10.
— Added Delta-connected voltages to subsection: Setting SYNCP.

— Added Delta-connected voltages to subsection: Setting Synchronism Check
Elements Voltage Inputs.

— Updated Figure 3.26 and Figure 3.27.

— Updated subsection: System Frequencies Determined from Voltages V, (or
V., for Delta) and V.

— Updated Figure 3.29.

— Added Figure 3.30.

— Updated subsection: Frequency Element Voltage Control.

— Updated Figure 3.32 through Figure 3.34, and accompanying text.

— Updated Table 3.12.

— Updated subsection: Positive-Sequence Reference Voltage, Vbase.

— Updated subsection: Vbase Initialization.

— Updated subsection: Vbase Tracking Range.

— Added Table 3.14.

— Added subsection: Power Element Time Delay Setting Considerations.
— Added subsection: Using Power Elements in the Relay Trip Equation.
— Added subsection: Single-Phase Power Element Calculations.

— Added subsection: Three-Phase Power Element Calculations.

Section 4:

— Updated Figure 4.1.

— Updated subsection: Loss-of-Potential Logic.

— Added Table 4.3 and related text.

— Added subsection: Zero-Sequence Voltage Sources.

— Updated Figure 4.6 (added Setting VNOM = OFF input).

— Updated Figure 4.7 and Figure 4.8 (added Relay Word bit 3VO0 input).
— Updated Figure 4.12 through Figure 4.14.

— Updated Figure 4.15 and Figure 4.16 (added 32VE, 32NE, 3V0 Relay Word
inputs).

Manual Change Information Date Code 20020426
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Revision
Date

Summary of Revisions

— Updated Figure 4.21 (added Setting VNOM = OFF input).
— Updated Figure 4.23 and Figure 4.24 (added Setting VNOM = OFF input).

— Updated subsection: 59RES - Wattmetric 3V0 Overvoltage Pickup (Petersen
Coil Grounded System).

— Updated subsection: 32WFP and 32WRP - Wattmetric Forward and Reverse
Pickups (Petersen Coil Grounded System).

— Added subsection: Settings Considerations for Petersen Coil Grounded
Systems.

— Added Table 4.5.

Section 5:
— Updated Figure 5.6 (added Delta-connected voltages).

— Added subsection: Using MIRRORED BITS™ to Implement Communications
Assisted Tripping Schemes.

Section 7:
— Added Table 7.8 through Table 7.11.
— Added subsection: Values Displayed for Incorrect Settings.

— Added subsection: Extra Details for Displaying Metering Values on the
Rotating Default Display.

— Added subsection: Extra Details for Displaying Breaker Wear Monitor
Quantities on the Rotating Default Display.

— Added subsection: Extra Details for Displaying Time-Overcurrent Elements
on the Rotating Default Display.

Section 8:

— Updated subsections: Demand Metering, Energy Metering, Maximum/
Minimum Metering, Load Profile Report (Available in Firmware Versions 6
and 7).

Section 9:

— Added subsection: In Some Applications, Make Global Settings (SET G)
First.

— Updated Table 9.3.

— Updated Table 9.4.

— Added subsection: Settings for Voltage Input Configuration.
— Added Table 9.5 through Table 9.7.

— Added Figure 9.11.

— Updated subsection: Potential Transformer Ratios and PT Nominal
Secondary Voltage Settings.

— Updated Settings Sheets 1, 2,7, 8,9, 10, 11, 14, 15, 24, 29.
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Revision
Date

Summary of Revisions

Section 10:

— Changed Unsolicited SER name to Fast Sequential Events Recorder (SER)
Protocol for consistency.

— Added Delta voltage information to subsection MET Command (Metering
Data).

— Updated the SHO G screen display in subsection SHO Command (Show/View
Settings) to include the new settings PTCONN and VSCONN.

— Updated TAR Commands in subsection TAR Command (Display Relay
Element Status) to include TAR ROW and TAR LIST and an example.

— Updated BRE W command to allow trip counters and accumulated interrupted
current values to be pre-loaded for each individual phase.

— Updated VER example printout in subsection VER Command.

Section 12:

— Updated subsection: Filtered and Unfiltered Event Reports.

— Added subsection: Unfiltered Event Reports With PTCONN = DELTA.
— Updated Table 12.2.

— Updated Table 12.3.

— Added Figure 12.3.

— Updated subsection: Sag/Swell/Interruption Report (Available in Firmware
Version 7).

— Updated Table 12.4.
— Added Figure 12.8.

Section 13:

— Added subsection: Using the Low-Level Test Interface when Global Setting
PTCONN=DELTA.

— Added subsection: Relay Meter Command Does Not Respond as Expected.

Appendix A:
— Added firmware details for R309.
— Updated firmware details for R306 and R307.

Appendix B:

— Updated Firmware Upgrade Instructions.

Appendix D:

— Updated A5C1 Fast Meter Configuration Block.

— Updated A5SD1 Fast Meter Data Block.

— Updated ASD2/A5D3 Demand/Peak Demand Fast Meter Message.
— Updated ID Message.

— Updated DNA Message.

Manual Change Information Date Code 20020426
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Revision
Date

Summary of Revisions

Appendix E:
— Updated CASCII Command—SEL-351.
— Updated CEVENT Command—SEL-351.

Appendix G:

— Updated Table G.2 and Table G.3 to include the addition of new Relay Word
bits to the SEL-351 Relay.

Appendix H:
— Added Extended Mode DNP Operation and Settings Sheet.

— Revised Table H.3 SEL-351 DNP Data Map to reflect addition of extended
mode and delta PT configuration features.

20020122

This revision includes the following changes:

Appendix A:

— Updated Firmware Version information.

20011219

This revision includes the following changes:
— Reissued entire manual.

— Most of the following manual changes for this revision are due to the addition
of the 0.2 A nominal neutral channel (IN) current input option. This option
provides ground directional control for low-impedance grounded, Petersen
Coil grounded, and ungrounded/high-impedance grounded systems (see
Table 4.1).

Section 1:

— Added 300 Vac wye-connected voltage input information to Table 1.2:
SEL-351 Firmware Versions.

— Added information on the following to the General Specifications subsection:
0.2 A nominal neutral channel (IN) current input option, frequency tracking
with positive-sequence voltage V, (when V, not available), 220 Vdc
optoisolated inputs, extended lower end of pickup setting range for residual
ground overcurrent elements, and changed meter specification for currents I,
I,,and I..

Section 2:
— Changed Figure 2.4 to a vertical panel-mount example.

— Added connection diagrams (Figures 2.14 through 2.16) for high-impedance
or low-impedance grounded, Petersen Coil grounded, and ungrounded
systems.
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Revision
Date

Summary of Revisions

Section 3:

— Added additional pickup setting ranges for neutral ground overcurrent
elements operating from the 0.2 A nominal neutral channel (IN) current input.

— Added lower pickup setting ranges for residual ground overcurrent elements.

— Added Relay Word bits SFAST and SSLOW to Figure 3.24 for indication of
relative speed of systems (fast or slow slip) on either side of an open breaker.

— Added frequency element time delay setting recommendation, below
Table 3.10.

Section 4:

— Added VNOM setting (and resultant V1GOOD Relay Word bit output) to
Figure 4.1 and explained certain thresholds in the loss-of-potential logic,
relative to setting VNOM.

— Extensive changes in the balance of this section, dealing with the addition of
ground directional elements for low-impedance grounded, Petersen Coil
grounded, and ungrounded/high-impedance grounded systems. Figures 4.4
and 4.5 and Tables 4.1 and 4.2 provide the general overview and references
for all these changes.

— Supervising LOP (loss-of-potential) logic is removed from directional element
Figures 4.9, 4.10, 4.11, 4.12, 4.14, and 4.20 and put into preceding internal
enable logic Figures 4.6, 4.7, and 4.8.

Section 5:

— Added information on fault-type targeting (A, B, C) for Petersen Coil
grounded, and ungrounded/high-impedance grounded systems.

Section 6:

— Added an additional condition for the reclosing relay going to the Lockout
State (new reclose initiation occurs during open interval timing; this feature
had always existed, just not documented).

Section 9:

— Added the following Relay Word bits to Table 9.3:

SSLOW, SFAST, V1GOOD, VOGAIN, INMET, ICMET, IBMET,
IAMET, GNDSW, 50NF, 50NR, 32NE, F32N, R32N, 32NF, 32NR,
F32W, R32W, F32C, R32C, NSA, NSB, and NSC

— Added following setting for all settings groups: VNOM.

— Added following directional settings for all settings groups [for 0.2 A nominal
neutral channel (IN) current input]:

SONFP, SONRP, aON, 59RES, 32WFP, 32WRP, and 32WD
— Added S, P, and U (for low-impedance grounded, Petersen Coil grounded, and

ungrounded/high-impedance grounded systems, respectively) to setting range
for setting ORDER.

vi
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Revision
Date

Summary of Revisions

Section 10:

— Added event-type options A, B, and C (for Petersen Coil grounded or
ungrounded/high-impedance grounded systems), under HIS command.

Section 12:
— Updated event report capacity in Introduction.

— Added event-type options A, B, and C (for Petersen Coil grounded or
ungrounded/high-impedance grounded systems) to Table 12.1.

— Added variable scaling for analog values in event reports.
— Added F32N/R32N and F32C/R32C for column 32NG in Table 12.3.

— Added information on using the SSI Recorder on Petersen Coil grounded or
ungrounded/high-impedance grounded systems.

Section 13:

— Added 0.2 A nominal neutral channel (IN) current input information for low-
level test interface.

— Revised low-level test interface information to more clearly explain scale
factors, especially with the addition of Table 13.1.

Appendix A:

— Updated Firmware Version information.

Appendix D:

— Updated ASCO Relay Definition Block.

— Updated ASC1 Fast Meter Configuration Block.
— Updated A5D1 Fast Meter Data Block.

— Updated DNA command information.
Appendix E:

— Updated CAS Command.

Appendix G:

— Updated Table G.3: Processing Order of Relay Elements and Logic (Top to
Bottom).

20010307

This revision includes the following changes:
— Reissued Entire Manual.

— Added Caution, Danger, and Warning information to the back of the cover
page of the Manual.

— Replaced Standard Product Warranty page with warranty statement on cover
page.

Date Code 20020426
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Revision
Date

Summary of Revisions

Section 1:
— Added Tightening Torque information to General Specifications.

— Updated Power Supply information to include medium range Power Supply
Specification.

— Added optoisolated input ratings for ac control signals to General
Specifications.

Section 2:

— Updated Optoisolated Inputs subsection to include ac input selection.

— Added condition of acceptability for North American Product Safety
Compliance.

— Added caution note to the Clock Battery subsection.

Section 3:

— Updated subsection Voltage Sag, Swell, and Interruption Elements
(Available in Firmware Version 7).

Section 5:
— Updated A, B, and C Target LEDS subsection.
— Added SELoGIC Control Equation Setting FAULT subsection.

Section 7:
— Added ac setting description to Input Debounce Timers subsection.

— Updated Make Latch Control Setting With Care and Make Active Setting
Group Switching Settings With Care subsections.

— Added subsections Displaying Metering Quantities on the Rotating Default
Display, Displaying Metering Values Example, Displaying Breaker Monitor
Output Information on the Rotating Default Display, and Displaying
Breaker Monitor Outputs Example.

Section 8:
— Updated Maximum/Minimum Metering subsection.

— Added phase-to-phase voltages to load profile recorder.

Section 9:
— Updated setting ranges for VINT, VSAG, and VSWELL on Settings Sheet 13.

— Added ac setting choice to optoisolated input timers on Setting Sheets 20 and
21.

— Added phase-to-phase voltages to LDLIST settings choices on Settings Sheet
22.

viii
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Revision
Date

Summary of Revisions

Section 10:

— Changed the HIS command information.
— Added MET X command description.

— Updated password information.

— Added warning note to the PAS Command (View/Change Passwords)
subsection.

— Updated Command Summary to include MET X, SSI R, and SSI'T
commands.

Section 12:
— Updated event report capacity, and removed Table 12.1.

— Updated Make Sequential Events Recorder (SER) Settings with Care
subsection.

— Updated subsection Sag/Swell/Interruption (SSI) Report (Available in
Firmware Version 7).

Appendix A:

— Updated Firmware Version information.

Appendix B:

— Updated password information.

Appendix K:

— Added new Appendix K: SEL-5030 ACSELERATOR® Software.

20001006

This revision includes the following changes:

— Reissued entire manual.

Section 1:
— Corrected RFI and Interference Tests.

— Corrected phase angle accuracy of synchronism check elements.

Section 2:

— Replaced Figure 2.1.

— Added cable for SEL-DTA?2 to Table 2.1.
— Added note to Table 2.6 (Fast Operate).

Section 3:

— Corrected setting range for 59Q in Table 3.8.

— Clarified description of synchronism check element logic.
— Expanded setting range for 27B81P in Table 3.10.

Section 4:

— Corrected loss-of-potential positive-sequence (V1) reset threshold.
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Revision
Date

Summary of Revisions

Section 5:

— Corrected Figure 5.6.

Section 6:
— Corrected 79DTL factory default setting (Table 6.4).

Section 7:

— Added subsection Details on the Remote Control Switch MOMENTARY
Position.

— Corrected the number of local, latch, and remote bits to 16.

Section 8:
— Added qualifying statement about changing the LDAR setting.

Section 9:

— Expanded setting range for 27B81P on Settings Sheet 9.

— Corrected FP_TO setting range on Global Settings Sheet.
— Added description of MBT setting choice for port settings.
— Added AUTO = DTA setting choice to Port Settings Sheet.

Section 10:

— Added notes about powering-down the relay after setting the date or time.
— Added DTA?2 compatibility information.

— Revised SEL-351-5, -6, -7 Command Summary.

Section 12:

— Added Table 12.1.

Appendix A:

— Updated Firmware Version information.
Appendix B:

— Added step 16 for Breaker Wear Monitor data.

Appendix D:

— Made changes to A5CO0 Relay Definition Block.

— Updated ID Message.

Appendix G:

— Corrected Figures G.1 and G.2 for rising and falling edge operators.

— Corrected Table G.3.

Appendix H:

— Corrected spelling of DECPLA, DECPLV, and DECPLM settings for DNP.

— Corrected index error in Relay Summary Event Data subsection.

Manual Change Information Date Code 20020426
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Rfl:;;ilstieon Summary of Revisions

Appendix I:

— Added settings sheet for MIRRORED BITS™ protocol.

Appendix J:

— Renamed Appendix.

20000106 | This revision includes the following changes:

Section 1:

— Updated RFI and Interference Tests.

Section 2:

— Clarified Table 2.1.

Section 5:

— Added explanation to the Target Reset/Lamp Test Front-Panel Pushbutton
subsection to indicate that the targets cannot be reset when a TRIP condition is
still present.

Section 7:

— Corrected Display Point examples.

— Corrected subsection “Relay Disabled Momentarily During Active Setting
Group Change.”

Section 9:

— Corrected error in Relay Word bit description for 51G (Table 9.6).

Section 10:

— Added note to TAR R command description.

— Minor change to COP command description.

Section 11:

— Corrected Rotating Default Display example.

Section 12:

— Minor corrections to Table 12.3.

Appendix A:

— Updated Firmware Version information.

Appendix G:

— Added Target Logic to Table G.3.

991123 This revision includes the following changes:
Appendix H:
— Corrected documentation errors in DNP 3.00 Device Profile, page H-5.
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Revision of
Date Summary of Revisions
990827 This revision includes the following changes:
— Updated MIRRORED BITS™ format throughout to reflect new trademark.
Section 3:
— Added explanation to the Synchronism Check Elements subsection for the
new angle setting option for the SYNCP (synchronizing phase) setting.
Synchronism check can now be accomplished for synchronism check voltage
input VS connected phase-to-phase or beyond a delta-wye transformer.
Setting SYNCP accounts for the constant angle difference between reference
voltage VA and synchronism check voltage input VS.
Section 9:
— Expanded the setting range for the SYNCP (synchronizing phase) setting to
accommodate compensation angle settings for synchronism check (Settings
Sheet 9 of 24).
— Added the MB8A and MB8B serial port protocol settings options for
MIRRORED BITS protocol operating on communication channels requiring an
eight bit data format (Settings Sheet 27 of 27).
Section 10:
— Added VER Command explanation at end of section.
Section 12:
— Added information explaining the need to make Sequential Events Recorder
(SER) settings with care.
Appendix A:
— Updated Firmware Version information.
Appendix B:
— Updated Firmware Upgrade Instructions.
Appendix H:
— Updated screen capture on page H-14.
Appendix I:
— Explained the MB8A and MBS8B serial port protocol settings options for
Mirrored BITS protocol operating on communication channels requiring an
eight data bit format.
Appendix J:
— Extensively rewritten.
990721 Updated Appendix A: Firmware Versions.
990616 New Manual Release.
xii Manual Change Information Date Code 20020426
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SECTION 1: INTRODUCTION AND SPECIFICATIONS

This section includes the following overviews of the SEL-351 Relay:

SEL-351 Relay Models
Instruction Manual Sections
Applications

Hardware Connection Features
Communications Connections
General Specifications

SEL-351 RELAY MODELS

This instruction manual covers the following SEL-351 Relay models:

Table 1.1: SEL-351 Relay Models

Number of Rear-Panel
Model Rack Unit Isolated I/O Connection Output Reference
Number Height Contacts Type Contact Type Figures
0351x0 2U 6/8 Screw- standard 1.2,22,7.1,
terminal block 7.27

0351x1 30 6/8 (main Screw- standard 1.2,2.3,2.4,

board) terminal block 7.1,7.27
8/12 (extra I/0O SCrew- standard or 14,2.3,2.4,

board) terminal block | high-current 7.2,7.28

interrupting
0351xY 30 same as 0351x1 | plug-in same as 1.2,1.3,2.3,
connectors 0351x1 24,25,7.1,
7.2,7.27,7.28

The model numbers are derived from the SEL-351 Relay ordering information sheet. The model
numbers in Table 1.1 are only the first part of an actual ordering number—enough to distinguish
one model type from another. The “x” field indicates the firmware version (see Table 1.2).
These numbers should not be used to order an SEL-351 Relay. To order an SEL-351 relay, refer
to the actual ordering information sheets.

Model 0351x0 and 0351x1 differ only in that model 0351x1 has an extra I/O board (and thus
increased rack unit height—see Figure 2.1). Model 0351xY is similar to model 0351x1, except
that it has plug-in connectors.

A vertical SEL-351 Relay is available in the 0351x1 and 0351xY models only (see Figure 2.4).
The vertical relays use the same rear panels as the horizontal 0351x1 and 0351xY models in
Figure 2.4. Though Figure 2.4 shows the extra I/O board (OUT201 through IN208) for model
0351x1, the vertically-mounted version of this model can be ordered without this extra I/O board
(the space appears blank).
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Any SEL-351 Relay model with firmware version 5, 6, or 7 can be ordered with the more
sensitive neutral channel (IN) current input options (0.2 A or 0.05 A nominal). Table 4.1 and
accompanying note show the particular ground directional elements available with different
options of the neutral channel (IN) current input. The 0.05 A nominal neutral channel (IN)
current input option is a legacy nondirectional sensitive earth fault (SEF) option (the 0.2 A
nominal neutral channel (IN) current input option can provide the same SEF function and
additional directional options, as detailed in Table 4.1).

Throughout this instruction manual, when differences among the SEL-351 Relay models in
Table 1.1 are explained, model numbers are referenced for clarity.

Differences between model 0351x0, 0351x1, and 0351xY show up in references to optoisolated
inputs, output contacts, and board jumpers. Figure 2.24 through Figure 2.26 and Table 2.2
through Table 2.7 show the labeling differences between the board jumpers.

Table 1.2: SEL-351 Firmware Versions

Model Number | Firmware Version Relay Features
03515 5 Standard features.
03516 6 Standard features plus MIRRORED BITS™ and load
profiling.

SEL-351 Relays with firmware version 5 can be upgraded to firmware version 6. However,
SEL-351 Relays with firmware versions 5 and 6, with 150 Vac voltage inputs cannot be
upgraded to any higher firmware versions.

SEL-351 Relays with firmware versions 5 and 6, with 300 Vac voltage inputs can be upgraded
to higher firmware versions.

The voltage inputs for SEL-351 Relays with firmware version 5 or 6 are rated for voltages up
to 150 Vac or 300 Vac (channel VS, too), depending on ordered secondary input voltage.

03517 7 Includes firmware version 6 features plus power
and voltage sag/swell/interruption elements.

SEL-351 Relays with firmware version 7 come with 300 Vac voltage inputs only (connect any
voltage up to 300 Vac).

Potential Transformer Connections

Firmware revisions prior to R308 (inclusive) operate with wye-connected (line-to-neutral)
voltages only. The VER command (available at Access Level 2) identifies these relays as "wye-
connected." In these earlier firmware revisions, the auxiliary voltage channel "VS" can only be
used for synchronism check or as a general-purpose voltage input. See Access Level 2
Commands in Section 10: Serial Port Communications and Commands for details on the VER
command.

Firmware revisions numbered R309 or higher can be configured via global setting PTCONN to
accept either wye (line-to-neutral) or delta (line-to-line) voltages using the open-delta connection.
The VER command identifies these relays as "wye or delta connected.” See Potential
Transformer Inputs in Section 2: Installation for details on the open-delta connection.

Also in firmware revisions numbered R309 or higher, the auxiliary voltage channel "VS" can be
configured via global setting VSCONN = VS to accept a synchronism check or general-purpose
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voltage input or via VSCONN = 3VO0 to accept a broken-delta residual voltage connection to be
used in the zero-sequence voltage polarized ground directional elements. See Potential
Transformer Inputs in Section 2: Installation for details on the broken-delta connection, and
other relay elements that are affected by setting VSCONN = 3VO0.

The connection type setting (wye or delta) does not affect the voltage input rating of the relay
voltage terminals. For example, a relay with 300 Vac voltage inputs can accept up to 300 Vac
line-to-neutral in the wye configuration and up to 300 Vac line-to-line in the delta configuration.
The auxiliary voltage channel "VS" is similarly rated.

When using a broken-delta connection, if the maximum possible residual voltage "3V0" exceeds
the VS channel rating, an external step-down instrumentation transformer may be required. See
Specifications: AC Voltage Inputs in this section for details on the input ratings. See Figure 2.21
for an example connection that uses a step-down transformer.

INSTRUCTION MANUAL SECTIONS OVERVIEW
The following is an overview of the other sections in this instruction manual:

Section 2: Installation describes how to mount and wire the SEL-351 Relay. Connections for
numerous applications are described. The operation of circuit board jumpers is explained.
Figure 2.2 through Figure 2.5 show the SEL-351 Relay front and rear panels.

Section 3: Overcurrent, Voltage, Synchronism Check, Frequency, and Power Elements
describes the operation of:

¢ Instantaneous/definite-time overcurrent elements (phase, neutral ground, residual ground,
and negative-sequence)

¢ Time-overcurrent elements (phase, neutral ground, residual ground, and negative-
sequence)

e Voltage elements (single-phase, phase-to-phase, etc.)
e Synchronism check elements

¢ Frequency elements

e Power Elements (in Firmware Version 7)

e Voltage Sag/Swell/Interruption Elements (in Firmware Version 7).

Section 4: Loss-of-Potential, Load Encroachment, and Directional Element Logic describes
the operation of:

¢ Loss-of-potential logic and its effect on directional elements
¢ Load-encroachment logic and its application to phase overcurrent elements

e Voltage-polarized and current-polarized directional elements, including directional control
for low-impedance grounded, Petersen Coil grounded, and ungrounded/high-impedance
grounded systems

e Best Choice Ground Directional™ logic and automatic settings
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Section 5: Trip and Target Logic describes the operation of:
e General trip logic
e Switch-onto-fault trip logic
¢ Communications-assisted trip logic
e Front-panel target LEDs

Most tripping applications (not requiring switch-onto-fault or communications-assisted
tripping) require only SELOGIC® control equation trip setting TR and unlatch trip setting
ULTR in the general trip logic (see Figure 5.1).

Section 6: Close and Reclose Logic describes the close logic operation for:
e Automatic reclosures

e 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:

e Optoisolated inputs IN101 through IN106 (models 0351x0, 0351x1 and 0351xY) and
IN201 through IN208 (models 0351x1 and 0351xY)

e Local control switches (local bit outputs LB1 through LB16)

e Remote control switches (remote bit outputs RB1 through RB16)
e Latch control switches (latch bit outputs LT1 through LT16)

e Multiple setting groups (six available)

e Programmable timers (timer outputs SV1T through SV16T)

e Output contacts OUT101 through OUT107 and ALARM (models 0351x0, 0351x1, and
0351xY) and OUT201 through OUT 212 (models 0351x1 and 0351xY)

¢ Rotating default displays

Section 8: Breaker Monitor, Metering, and Load Profile Functions describes the operation of:
e Breaker monitor
e Demand, energy, and max./min. metering

e Load Profile (in Firmware Versions 6 and 7)

Section 9: Setting the Relay explains how to enter settings and contains the following setting
reference information:

e Time-overcurrent curves (5 US and 5 IEC curves)

e Relay Word bit table and definitions (Relay Word bits are used in SELOGIC control
equation settings)

e Settings Sheets for general relay, SELOGIC control equation, global, SER, text label, and
serial port settings

The Settings Sheets can be photocopied and filled out to set the SEL-351 Relay. Note
that these sheets correspond to the serial port SET commands listed in Table 9.1.
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Section 10: Serial Port Communications and Commands describes:
e Serial port connector pinout/terminal functions
e Communications cables
¢ Communications protocol
e Serial port commands

See SHO Command (Show/View Settings) in Section 10 for a list of the factory default
settings the SEL-351 Relay ships within a standard relay shipment.

Section 11: Front-Panel Interface describes the front-panel operation of:
¢ Pushbuttons and correspondence to serial port commands
e [ocal control switches (local bit outputs LB1 through LB16)

e Rotating default displays
Section 12: Standard Event Reports, Sag/Swell/Interruption Report, and SER describes:

e Standard 15- and 30-cycle event reports
¢ Sequential events recorder (SER) report

e Voltage Sag/Swell/Interruption (SSI) report (in Firmware Version 7)

Section 13: Testing and Troubleshooting describes:
¢ General testing philosophy, methods, and tools

e Relay self-tests and troubleshooting

Section 14: Appendices contains the following appendices:
o Appendix A: Firmware Versions
o Appendix B: Firmware Upgrade Instructions
o Appendix C: SEL Distributed Port Switch Protocol
o Appendix D: Configuration, Fast Meter, and Fast Operate Commands
o Appendix E: Compressed ASCII Commands
o Appendix F: Setting Negative-Sequence Overcurrent Elements
o Appendix G: Setting SELOGIC Control Equations
e Appendix H: Distributed Network Protocol (DNP) 3.00
e Appendix I: MIRRORED BITS (in Firmware Versions 6 and 7)
o Appendix J: Fast SER Protocol
e Appendix K: SEL-5030 ACSELERATOR®

Section 15: SEL-351 Relay Command Summary briefly describes the serial port commands that
are described in detail in Section 10: Serial Port Communications and Commands.
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APPLICATIONS
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Figure 1.1: SEL-351 Relays Applied Throughout the Power System
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HARDWARE CONNECTION FEATURES

See subsection General Specifications later in this section and Section 2: Installation for more
information on hardware and connections.

Channel IN:
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Figure 1.2: SEL-351 Relay Inputs, Outputs, and Communications Ports (Models 0351x0,
0351x1, and 0351xY; Models 0351x1 and 0351xY Have an Extra I/O Board—
See Figure 1.3 and Figure 1.4)
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Output Contacts:

If the output contacts are high-
current interrupting output
contacts, they are polarity
dependent. See Table 1.1 for
information on SEL-351 Relay
models with the high-current
interrupting output contact
option. See Output Contacts in
Section 2: Installation for more
information on the polarity
dependence of high-current
interrupting output contacts.
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Figure 1.3: SEL-351 Relay Extra I/O Board (Model 0351xY, Plug-In Connector Version;

Main Board Shown in Figure 1.2)
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Output Contacts:

If the output contacts are high- 0UT201 ki oo
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Figure 1.4: SEL-351 Relay Extra I/0 Board (Model 0351x1, Screw-Terminal Block
Version; Main Board Shown in Figure 1.2)
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COMMUNICATIONS CONNECTIONS

See Port Connector and Communications Cables in Section 10: Serial Port Communications
and Commands for more communications connections information.

DATA AND TIME—SYNCHRONIZATION CONNECTIONS

SEL-2020
SEL—2020
COMMUNICATIONS
PROCESSOR COMMUNICATIONS
PROCESSOR
(METALLIC) CAEFL‘EE;?;%%FZ
—— #COAZB%A—» or #C273AFD

SEL-2810

PORT 2

SEL—=351 RELAY

SEL-351 RELAY

PORT 2

SEL—-351 RELAY

Metallic Cable Connection Optical Cable Connection

EIA—485 CONNECTIONS

COMPUTER

C
PORT 1 M PORT 1 By ’l_‘ PORT 1

SEL—351 RELAY (#1) SEL-351 RELAY (#2) .

. . SEL-351 RELAY (#32)

LOCAL CONNECTIONS

~
CONNECT TO THE Phe
SEL—2020 ONCE AND ~ o
COMMUNICATE WITH ANY
CONNECTED SEL RELAY -

Front Panel

P SEL—-2020

4 ¢ o o
/
e
— PORT 2 PORT 2
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SEL—=351 RELAY®#D SEL—-351 RELAY(#2)
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OR . . .
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/
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DWG: M351152

Figure 1.5: SEL-351 Relay Communications Connections Examples
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GENERAL SPECIFICATIONS

Important: Do not use the following specification information to order an SEL-351 Relay.
Refer to the actual ordering information sheets.

Terminal
Connections

AC Voltage
Inputs

AC Current
Inputs

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

Tightening Torque:
Terminal Block:

Minimum: 8 in-1b (0.9 Nm)
Maximum: 12 in-1b (1.4 Nm)
Connectorized”:
Minimum: 4.4 in-Ib (0.5 Nm)
Maximum: 8.8 in-1b (1.0 Nm)
150 V| ,, three-phase four-wire (wye) connection
or 150 V_,, three-phase three-wire (open-delta) connection (when

available, by global setting PTCONN=DELTA)

150 V continuous (connect any voltage from O to 150 Vac).
365 Vac for 10 seconds.

Burden: 0.13 VA @ 67 V;0.45 VA @ 120 V.

300V, three-phase four-wire (wye) connection

or 300 V_, three-phase three-wire (open-delta) connection (when
available, by global setting PTCONN=DELTA)

300 V continuous (connect any voltage from 0 to 300 Vac).

600 Vac for 10 seconds.

Burden: 0.03 VA @ 67 V;0.06 VA @ 120 V; 0.8 VA @ 300 V.

IA, IB, IC, and neutral channel IN

5 A nominal: 15 A continuous, 500 A for 1 second, linear to 100 A
symmetrical. 1250 A for 1 cycle.
Burden: 0.27 VA @ 5 A,2.51 VA @ 15 A.

1 A nominal: 3 A continuous, 100 A for 1 second, linear to 20 A
symmetrical. 250 A for 1 cycle.
Burden: 0.13VA@ 1 A,1.31 VA@3 A.

Additional neutral channel IN options

0.2 A nominal neutral channel (IN) current input: 15 A continuous, 500 A
for 1 second, linear to 5.5 A symmetrical. 1250 A for 1 cycle.
Burden: 0.002 VA @ 0.2 A, 1.28 VA @ 15 A.

0.05 A nominal neutral channel (IN) current input: 1.5 A continuous, 20 A
for 1 second, linear to 1.5 A symmetrical. 100 A for 1 cycle.
Burden: 0.0004 VA @ 0.05 A, 0.36 VA @ 1.5 A.

The 0.2 A nominal neutral channel IN option is used for directional control
on low-impedance grounded, Petersen Coil grounded, and ungrounded/
high-impedance grounded systems (see Table 4.1). The 0.2 A nominal
channel can also provide non-directional sensitive earth fault (SEF)
protection.

The 0.05 A nominal neutral channel IN option is rather a legacy non-
directional SEF option.
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Power Supply Rated: 125/250 Vdc or Vac
Range: 85-350 Vdc or 85-264 Vac
Burden: <25W

Rated: 48/125 Vdc or 125 Vac
Range: 38-200 Vdc or 85-140 Vac
Burden: <25W

Rated: 24/48 Vdc
Range: 18—-60 Vdc polarity dependent
Burden: <25W

Frequency and 60/50 Hz system frequency and ABC/ACB phase rotation are user-settable.
Rotation Frequency tracking range: 40.1-65 Hz (V, or V, [positive-sequence volt-
age] required for frequency tracking; tracking switches to V, if V, <20V
for 300 V_ voltage inputs [or V, <10 V for 150 V| voltage inputs]).

Output Contacts Standard:

6 A continuous carry at 70°C; 4 A continuous carry at 85°C
50 A for one second

MOV protected: 270 Vac, 360 Vdc, 40 J;

Pickup time: Less than 5 ms.

Dropout time: Less than 8 ms, typical.

Breaking Capacity (10,000 operations):
24V 075A L/R=40ms
48V 050A L/R=40ms

125V 030A L/R=40ms
250V 020A L/R=40ms

Cyclic Capacity (2.5 cycles/second):
24V 075A L/R=40ms
48V 050A L/R=40ms

125V 030A L/R=40ms
250V 020A L/R=40ms

High-Current Interruption Option for Extra 1/0O Board:

6 A continuous carry at 70°C; 4 A continuous carry at 85°C
50 A for one second

MOV protected: 330 Vdc, 40 J;

Pickup time: Less than 5 ms.

Dropout time: Less than 8 ms, typical.

Breaking Capacity (10,000 operations):
24V 10A 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 10A L/R =40 ms
48V 10A L/R =40 ms
125V 10A L/R =40 ms
250V 10A L/R =20 ms
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Optoisolated
Input Ratings

Time-Code Input

Serial
Communications

Dimensions

Weight

Routine
Dielectric Test

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

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

When used with dc control signals:

250 Vdc: on for 200-300 Vdc; off below 150 Vdc
220 Vdc: on for 176264 Vdc; off below 132 Vdc
125 Vdc: on for 105-150 Vdc;  off below 75 Vdc

110 Vdc: on for 88-132 Vdc; off below 66 Vdc
48 Vdc: on for 38.4-60 Vdc; off below 28.8 Vdc
24 Vdc: on for 15-30 Vdc

When used with ac control signals:
250 Vdc: on for 170.6-300.0 Vac; off below 106.0 Vac
220 Vdc: on for 150.3-264.0 Vac; off below 93.2 Vac
125 Vdc: onfor  89.6-150.0 Vac; off below 53.0 Vac
110 Vdc: on for  75.1-132.0 Vac; off below 46.6 Vac
48 Vdc: on for 32.8-60.0 Vac; off below 20.3 Vac
24 Vdc: on for 12.8-30.0 Vac
AC mode is selectable for each input via Global settings IN101D-IN106D;
IN201D-IN208D. AC input recognition delay from time of switching:
0.75 cycles maximum pickup; 1.25 cycles maximum dropout.

Note: 24, 48, 125, 220, and 250 Vdc optoisolated inputs draw
approximately 5 mA of current, 110 Vdc inputs draw approximately
8 mA of current. All current ratings are at nominal input voltages.

Relay accepts demodulated IRIG-B time-code input at Port 2. Relay time
is synchronized to within =5 ms of time-source input.

Two rear-panels and one front-panel EIA-232 serial communications port.
Rear-panel EIA-485 serial port with 2100 Vdc of isolation.

Per Port Baud Rate Selections: 300, 1200, 2400, 4800, 9600, 19200,
38400

See Figure 2.1.

13 1bs (5.92 kg) — 2U rack unit height relay
16 1bs (7.24 kg) — 3U rack unit height relay

Current inputs: 2500 Vac for 10 seconds.
Power supply, optoisolated inputs, and output contacts: 3100 Vdc for 10
seconds.

The following IEC 60255-5 Dielectric Tests: 1977 are performed on all
units with the CE mark:

2200 Vdc for 1 second on EIA-485 Communications Port.

2500 Vac for 1 second on contact inputs, contact outputs, and analog
inputs.

3100 Vdc for 1 second on power supply.
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Operating
Temperature

Environment

RFI and
Interference
Tests

Impulse Tests

Vibration and
Shock Test

ESD Test

-40° to 185°F (-40° to +85°C) (type test).
(LCD contrast impaired for temperatures below -20°C.)

IEC 60068-2-1: 1990 Environmental testing procedures, Part 2: Tests -
Test Ad: Cold (type test).

IEC 60068-2-2: 1974 Environmental testing procedures, Part 2: Tests -
Test Bd: Dry Heat (type test).

IEC 60068-2-30: 1980 Environmental testing procedures, Part 2: Tests,
Test Db and guidance: Damp heat, cyclic (12 + 12-hour cycle), (six-day
type test).

IEC 60529: 1989-11 Degrees of Protection Provided by Enclosures -
1P30, IP54 from the front panel using the SEL-9103 Front Cover Dust and
Splash Protection (type test).

IEEE C37.90.1 - 1989 IEEE SWC Tests for Protective Relays and Relay
Systems (3 kV oscillatory, 5 kV fast transient) (type test).

IEEE C37.90.2 — 1995 IEEFE standard for withstand capability of relay
systems to radiated electromagnetic interference from transceivers.
Severity Level 35 V/m (type test).

IEC 60255-22-1: 1988 Electrical disturbance tests for measuring relays
and protection equipment, Part 1: 1 MHz burst disturbance tests. Severity
Level 3 (2.5 kV peak common mode, 2.5 kV peak differential) (type test).

IEC 60255-22-3: 2000 Electrical relays, Section 3: Radiated electro-
magnetic field disturbance tests, Severity Level 3 (10 V/m) (type test).

IEC 60255-22-4: 1992 Electrical disturbance tests for measuring relays
and protection equipment, Section 4 - Fast transient disturbance test.
Severtiy Level 4 kV at 2.5 kHz and 5 kHz (type test).

IEC 60255-5: 1977 Electrical relays, Part 5: Insulation tests for electrical
relays, Section 6: Dielectric Tests, Series C (2500 Vac on analog inputs;
3000 Vdc on power supply, contact inputs, and contact outputs). Section 8:
Impulse Voltage Tests, 0.5 Joule 5 kV (type test).

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 (type test).

1IEC 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 (type test).

1IEC 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 (type test).

1IEC 60255-22-2: 1996 Electrical disturbance tests for measuring relays
and protective equipment, Section 2: Electrostatic discharge tests,
Severity Level 4 (Equipment is tested at both polarities at levels 1, 2, 3, 4)
(type test).
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Processing Specifications

AC Voltage and 16 samples per power system cycle, 3 dB low-pass filter cut-off frequency

Current Inputs of 560 Hz.

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

Protection and 4 times per power system cycle

Control
Processing

Relay Element Pickup Ranges and Accuracies

Instantaneous/Definite-Time Overcurrent Elements

Pickup Range:

Steady-State Pickup Accuracy:

Transient Overreach:
Time Delay:

Timer Accuracy:

0.25-100.00 A, 0.01 A steps (5 A nominal)

1.00-170.00 A, 0.01 A steps (5 A nominal—for phase-to-
phase elements)

0.05-100.00 A, 0.01 A steps (5 A nominal—for residual
ground elements)

0.05-20.00 A, 0.01 A steps (1 A nominal)

0.20-34.00 A, 0.01 A steps (1 A nominal—for phase-to-
phase elements)

0.01-20.00 A, 0.01 A steps (1 A nominal—for residual
ground elements)

0.005-2.500 A, 0.001 A steps (0.2 A nominal neutral
channel (IN) current input)

0.005-1.500 A, 0.001 A steps (0.05 A nominal neutral
channel (IN) current input)

+0.05 A and £3% of setting (5 A nominal)
+0.01 A and £3% of setting (1 A nominal)

+0.001 A and +3% of setting (0.2 A nominal neutral channel

(IN) current input)
+0.001 A and +5% of setting (0.05 A nominal neutral
channel (IN) current input)

+5% of pickup
0.00-16,000.00 cycles, 0.25-cycle steps
+0.25 cycle and +0.1% of setting

See pickup and reset time curves in Figure 3.5 and Figure 3.6

Date Code 20020426 Introduction and Specifications
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Time-Overcurrent Elements

Pickup Range:

Steady-State Pickup Accuracy:

Time Dial Range:

Curve Timing Accuracy:

Under- and Overvoltage Elements
Pickup Ranges:

0.50-16.00 A, 0.01 A steps (5 A nominal)

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

0.10-3.20 A, 0.01 A steps (1 A nominal)

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

0.005-0.640 A, 0.001 A steps (0.2 A nominal neutral
channel (IN) current input)

0.005-0.160 A, 0.001 A steps (0.05 A nominal neutral
channel (IN) current input)

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

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

+0.005 A and +3% of setting (0.2 A nominal neutral channel
(IN) current input)

+0.001 A and +5% of setting (0.05 A nominal neutral
channel (IN) current input)

0.50-15.00, 0.01 steps (US)
0.05-1.00, 0.01 steps (IEC)

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

+3.50 cycles and +4% of curve time for current between 2
and 30 multiples of pickup for 0.05 A nominal neutral
channel (IN) current input

Wye-connected (Global setting PTCONN=WYE):

0.00-100.00 V, 0.01 V steps (negative-sequence element)
{150V inputs}

0.00-200.00 V, 0.01 V steps (negative-sequence element)
{300V inputs}

0.00-150.00 V, 0.01 V steps (various elements)
{150V inputs}

0.00-300.00 V, 0.01 V steps (various elements)
{300V inputs}

0.00-260.00 V, 0.01 V steps (phase-to-phase elements)
{150V inputs}

0.00-520.00 V, 0.01 V steps (phase-to-phase elements)
{300V inputs}

Open-delta connected (when available, by Global setting
PTCONN=DELTA):

0.00-60.00 V, 0.01 V steps (negative-sequence elements)
{150V inputs}

0.00-120.00 V, 0.01 V steps (negative-sequence elements)
{300V inputs}
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Pickup Ranges (continued): 0.00-85.00 V, 0.01 V steps (positive-sequence element)
{150V inputs}

0.00-170.00 V, 0.01 V steps (positive-sequence element)
{300V inputs}

0.00-150.00 V, 0.01 V steps (various elements)
{150V inputs}

0.00-300.00 V, 0.01 V steps (various elements)
{300V inputs}

Steady-State Pickup Accuracy: =1 V and +5% of setting {150 V voltage inputs }
+2 V and 5% of setting {300 V voltage inputs}

Transient Overreach: +5% of pickup

Synchronism-Check Elements

Slip Frequency Pickup Range: 0.005-0.500 Hz, 0.001 Hz steps
Slip Frequency Pickup Accuracy: +0.003 Hz

Phase Angle Range: 0-80°, 1° steps

Phase Angle Accuracy: +4°

Under- and Overfrequency Elements

Pickup Range: 40.10-65.00 Hz, 0.01 Hz steps

Steady-State plus Transient Overshoot:  +0.01 Hz

Time Delay: 2.00-16,000.00 cycles, 0.25-cycle steps

Timer Accuracy: +0.25 cycle and +0.1% of setting

Undervoltage Frequency Element Block 12.50-150.00 V, (wye) or V|, (open-delta)

Range: {150 V inputs}
25.00-300.00 V (wye) or V,, (open-delta)
{300 V inputs}

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, 1 Vdc steps
Pickup Accuracy: +2% of setting, +2 Vdc
Date Code 20020426 Introduction and Specifications 1-17
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Metering Accuracy

Accuracies are specified at 20°C and at nominal system frequency unless noted otherwise.

Voltages V,,V,, V.
Voltages V,,, V.., V.,
Voltages V,

Voltages 3V ,V,V,

[3V, not available with delta-connected
inputs]

I

Currents I, I, I.

Currents I

Currents I, 31, 31,

0

Phase Angle Accuracy:
I, I, I,V
V., V., V. (wye-connected voltages)
Ve V
MW /MVAR
(A, B, C, and 3-phase; 5 A nominal;
wye-connected voltages)

MW /MVAR

s Ve, (delta connected voltages)

(3-phase; 5 A nominal; open-delta connected

voltages; balanced conditions)

+0.1% (33.5-150 V; wye-connected)
{150 V voltage inputs}

+0.2% (67.0-300 V; wye-connected)
{300 V voltage inputs}

+0.2% (33.5-150 V; delta-connected)
{150 V voltage inputs}

+0.4% (67.0-300 V; delta-connected)
{300 V voltage inputs}

+0.1% (33.5-150 V) {150 V voltage inputs}
+0.2% (67.0-300 V) {300 V voltage inputs}

+0.3% (33.5-150 V) {150 V voltage inputs}
+0.6% (67.0-300 V) {300 V voltage inputs}

+2 mA and +0.1% (0.5-100 A) (5 A nominal)
+0.5 mA and +0.1% (0.1-20 A) (1 A nominal)
Temperature coefficient:

[(0.0002%)/(°C)*] » (__°C —20°C)’
(see example below)

+0.05 A and +3% (0.5-100 A) (5 A nominal)

+0.01 A and +3% (0.1-20 A) (1 A nominal)

+3% (0.005-4.5 A) (0.2 A nominal channel IN
current input)

+1 mA and 5% (0.01-1.5 A) (0.05 A nominal
channel IN current input)

+0.05 A and +3% (0.5-100 A) (5 A nominal)
+0.01 A and +3% (0.1-20 A) (1 A nominal)
+0.5°

Accuracy
MW /MVAR) at load angle

for 0.5 A sec. < phase current < 1.0 A sec.:

0.70% / - 0° or 180° (unity power
factor)

+8° or £172°

+30° or +150°

+45° or £135°

+60° or +120°

+82° or £98°

+90° (power factor = 0)

0.75% 1 6.50%
1.00% / 2.00%
1.50% / 1.50%
2.00% / 1.00%
6.50% / 0.75%
-10.70%
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MW / MVAR (continued) for phase current > 1.0 A sec.:

0.35% / -

0.40% / 6.00%
0.75% 1 1.50%
1.00% / 1.00%
1.50% / 0.75%
6.00% / 0.40%
-10.35%

0° or 180° (unity power
factor)

+8 or +172°

+30° or +150°

+45° or £135°

+60° or £120°

+82° or +98°

+90° (power factor = 0)

Metering accuracy calculation example for currents I, I, and I. due to preceding stated tem-

perature coefficient:
For temperature of 40°C, the additional error for currents I

[(0.0002%)/(°C)’] * (40°C — 20°C)* = 0.08%

Power Element Accuracy

Single-phase power elements:

A% 7B

and I _is:

Pickup: +0.005 A « (L-N voltage secondary) and +5% of setting at unity power factor

{1 Anom}

+0.025 A « (L-N voltage secondary) and +5% of setting at unity power factor

{5 A nom}

Three-phase power elements:

Pickup: +0.005 A « (L-L voltage secondary) and +5% of setting at unity power factor

{1 A nominal }

+0.025 A « (L-L voltage secondary) and +5% of setting at unity power factor

{5 A nominal}

The quoted three-phase power element accuracy specifications are applicable as follows:

e  Wye-connected voltages (PTCONN = WYE): any conditions

e Open-delta connected voltages (PTCONN = DELTA), with properly configured
broken-delta 3V0 connection (VSCONN = 3VO0): any conditions

e  Open-delta connected voltages, without broken-delta 3V0 connection

(VSCONN = VS): balanced conditions only
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INSTALLATION

SECTION 2
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Figure 2.1 gives the SEL-351 Relay dimensions for rack-mount and panel-mount models.

For panel-mount models, the 7/32" (5.6 mm) drill holes shown in the Figure 2.1 panel cutout are
to accommodate the four integral #10-32 studs that project out the back of the front panel of the
panel-mount relays. These studs are used to fasten the panel-mount relays to the greater panel
surface, which has been drilled and cut according to Figure 2.1 specifications. The panel-mount
relays slide in from the front and are fastened (via the integral studs) on the back.

The rack-mount and panel-mount dimensions are identical except the front panel dimensions on
the panel-mount version are larger to hide any panel cuts.

REAR-PANEL CONNECTION DIAGRAMS

Figure 2.2 through Figure 2.4 represent examples of different relay configurations. All 3U-rack-
height units can be ordered with terminal block, plug-in connectors, or extra I/O. All 2-U rack
height SEL-351-5, -6, -7 models are equipped with terminal blocks only. Other members of the
SEL-351 family may be available in a 2-U rack height with plug-in connectors. For model
options, view the SEL-351 Model Option Tables on our web site or contact your local SEL sales
representative.
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0351x1H and 0351xYH Front; Horizontal Rack-Mount Example
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SEL-351 Relay Front- and Rear-Panel Drawings—Model 0351x1xxxxx2 Rear

and Models

Rear-panel drawing shows standard output contacts on extra I/O board terminals (no polarity

Figure 2.3:
markings).
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Rear panel drawing shows high-current interrupting output contacts on extra I/O board terminals
(with polarity markings).

Date Code 20020426

Installation

SEL-351-5, -6, -7 Instruction Manual




MAKING REAR-PANEL CONNECTIONS
Refer to Figure 2.10 through Figure 2.23 for wiring examples of typical applications.

Refer to Table 1.1 and Figure 2.2 through Figure 2.4. Notice the two types of rear-panel
hardware connections. Reference is made to the model numbers in discussing rear-panel
connection differences in the following text.

Improvements in Connectorized® SEL-351 Relays (Plug-In Connectors) Result in Part
Number Changes

The current transformer shorting connector (for current channel inputs IA, IB, IC, and IN) has
been made more robust. This improvement makes the new connector design incompatible with
the old design. Thus, presently constructed Connectorized SEL-351 Relays with this improved
connector have a new part number (partial part numbers shown; see also Table 1.1 in Section 1:
Introduction and Specifications):

old new
0351xJ - 0351xY

The respective wiring harness part numbers for these old and new Connectorized SEL-351 Relays
are (partial part numbers shown):

old new
WAQO351x] — WAO0351xY

The other connectors on the Connectorized SEL-351 Relay rear panel (power input, voltage
inputs, output contacts, etc.) are the same for the old or new models. Only the current
transformer shorting connector has changed.

Figure 2.4 shows the rear panel for new model 0351xY. This figure can also be used as a
reference for old model 0351xJ. All terminal labeling/numbering remains the same.

Required Equipment and General Connection Information

Models 0351xY (Plug-In Connectors)

Tools:  small slotted-tip screwdriver, wire strippers
Parts:  SEL-WAO0351xY Wiring Harness

Wiring Harness

The SEL-WAO0351xY Wiring Harness includes all connectors necessary for relay installation.
All connectors requiring special termination come prewired from the factory. Refer to the
SEL-WAO0351xY Model Option Tables, which are available from the factory.

The SEL-WAO0351xY Wiring Harness includes the following connectors (not prewired):
e (2) 8-position female plug-in connectors for output contacts OUT101 through ALARM.
e (2) 6-position female plug-in connectors for optoisolated inputs IN101 through IN106.
e (1) 8-position female plug-in connectors for EIA-485/IRIG-B Serial Port 1.

2-6 Installation Date Code 20020426
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e (4) 6-position female plug-in connectors for output contacts OUT201 through OUT212.

e (2) 8-position female plug-in connectors for optoisolated inputs IN201 through IN208.

These connectors accept wire size AWG 24 to 12. Strip the wires 0.31 inches (8 mm) and install
with a small slotted-tip screwdriver. Secure each 8-position connector to the relay chassis with

the screws located on either end of the connector. The 8-position connectors are coded at the

factory to prevent swapping connectors during installation. Refer to Figure 2.5 for the standard

input/output connector coding.

The wiring harness includes the following prewired connectors:

e (1) CT shorting connector for current inputs IA, IB, IC, and IN.

e (1) connector for voltage inputs VA, VB, VC, and VS.

® (1) connector for POWER inputs (+ and -).

¢ (1) spade connector for GROUND connection (chassis ground).

These prewired connectors (and the serial port connector) are unique and may only be installed in

one orientation.

guTtiol - 0OUT104

OUTI0S — ALARM

IN101 - INI103

IN104 - IN106

Model 0331xY

AQ1 jm
AQ2 pm
AQ3 pm
AO4
A0S
AO6
AQ7
AO8

AO9
A10
A1
A12
A13
A4
A15
A16

A17 pm
A18 pm
A19
A20

AN B RIRIRININ N NiN NiNUpiNIN ¥ B Rinini

A21
A22

A23
A24
A25
A26
A27
A28

SO 00 Y 9000 PF 0NV 999000
L]

/

Circuit
Board-Mounted
Connectors
(maled

DWG:  M351206

Figure 2.5: SEL-351 Relay Plug-In Connector Coding (Top View; Model 0351xY)
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Models 0351x0 and 0351x1 (Screw-Terminal Blocks)

Tools:  Phillips or slotted-tip screwdriver
Parts:  All screws are size #6-32. Locking screws can be requested from the factory.

Chassis Ground

Model 0351xY

Ground the relay chassis at terminal Z27 with the spade connector provided in the previously
discussed wiring harness (tab size 0.250 inches x 0.032 inches). If the tab on the chassis is
removed, the chassis ground connection can be made with the size #6-32 screw.

Models 0351x0 and 0351x1

Ground the relay chassis at terminal Z27.

Power Supply

Model 0351xY

The power supply wiring harness includes a two-position connector and factory-installed wire.
Note the polarity indicators on terminals Z25(+) and Z26(-). Control power passes through these
terminals to a fuse and to the switching power supply. The control power circuitry is isolated
from the relay chassis ground.

Plug the power supply connector into terminals Z25 and Z26. The connector locks in place upon
insertion.

Refer to Section 1: Introduction and Specifications for power supply ratings. The relay power
supply rating is listed on the serial number sticker on the relay rear panel.
Models 0351x0 and 0351x1

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

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

Output Contacts

Model 0351x0

Model 0351x0 can be ordered with standard output contacts only. Refer to General
Specifications in Section 1: Introduction and Specifications for output contact ratings.

Standard output contacts are not polarity dependent.

2-8 Installation Date Code 20020426
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Models 0351x1 and 0351xY
Models 0351x1 and 0351xY have output contacts on the:

main board OUT101 through ALARM (ordered as standard output contacts only)

extra /O board ~ OUT201 through OUT212 [ordered as standard or high-current
interrupting output contacts (all of one type or the other)]

Refer to General Specifications in Section 1: Introduction and Specifications for output contact
ratings. To determine the type of output contacts on the extra I/O board of your Model 0351x1
relay, refer to the part number on the serial number sticker on the relay rear panel.

Standard Output Contacts

Models 0351x1 and 0351xY part numbers with a numeral “2” in the field underlined below
(sample part numbers) indicate standard output contacts on the extra I/O board (OUT201 through
OUT212):

0351x1H42542X1 0351xYH42542X1

Standard output contacts are not polarity dependent.

High-Current Interrupting Output Contacts

Models 0351x1 and 0351xY part numbers with a numeral “6” in the field underlined below
(sample part numbers) indicate high-current interrupting output contacts on the extra I/O board
(OUT201 through OUT212):

0351x1H42546X1 0351xYH42546X1

High-current interrupting output contacts are polarity dependent. Note the “+” polarity markings
above even-numbered terminals B02, B04, B06, ..., B24 in Figure 2.4. The extra I/O board of the
Model 0351x1 relay in Figure 2.3 does not show these “+” 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 BO1 and BO2 (high-current interrupting
output contact OUT201) in a circuit:

Terminal BO2 (+) has to be at a higher voltage potential than terminal BO1 in the circuit.

The same holds true for output contacts OUT202 through OUT212 (if they are also high-
current interrupting output contacts).

Note: Do not use the high-current interrupting output contacts to switch ac control signals.

Optoisolated Inputs

The optoisolated inputs in any of the SEL-351 Relay models (e.g., IN102, IN207) are not polarity
dependent. With nominal control voltage applied, each optoisolated input draws approximately
4 mA of current. Refer to General Specifications in Section 1: Introduction and Specifications
for optoisolated input ratings.

Inputs can be configured to respond to ac or dc control signals via Global settings IN101D—
IN106D and IN201D-IN208D.
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Refer to the serial number sticker on the relay rear panel for the optoisolated input voltage rating
(listed under label: LOGIC INPUT).

Current Transformer Inputs

Model 0351xY

The wiring harness includes a prewired eight-position CT shorting connector. Note the polarity
dots above terminals Z01, Z03, Z05, and Z07. Refer to Figure 2.10 through Figure 2.23 for
typical CT wiring examples.

Plug the CT shorting connector into terminals Z01 through Z08. Secure the connector to the
relay chassis with the two screws located on either end of the connector. When removing the CT
shorting connector, pull it straight out away from the rear panel. With the CT shorting connector
removed from the rear panel, internal mechanisms in the connector separately short out each
individual power system current transformer.

The connector accepts wire size AWG 16 to 10. A special tool is used at the factory to attach the
wire to the connector.

Refer to the serial number sticker on the relay rear panel for the nominal current ratings (5 A or
1 A) for the phase (IA, IB, IC) and neutral (IN) current inputs (listed under label: AMPS AC).
The neutral (IN) current input also has the 0.05 A and 0.2 A nominal current options. The
selection of the neutral current input rating is often determined by the desired ground directional
element (see Table 4.1 and accompanying note).

Models 0351x0 and 0351x1

Note the polarity dots above terminals Z01, Z03, Z05, and Z07. Refer to Figure 2.10 through
Figure 2.23 for typical CT wiring examples.

Refer to the serial number sticker on the relay rear panel for the nominal current ratings (5 A or
1 A) for the phase (IA, IB, IC) and neutral (IN) current inputs (listed under label: AMPS AC).
The neutral (IN) current input also has the 0.05 A and 0.2 A nominal current options. The
selection of the neutral current input rating is often determined by the desired ground directional
element (see Table 4.1 and accompanying note).

Potential Transformer Inputs

Model 0351xY

The PT wiring harness includes a prewired six-position connector. Plug the connector into
terminals Z09 through Z14. The connector is keyed uniquely and locks in place upon insertion.

Note the signal labels (VA, VB, VC, N, VS, NS) on terminals Z09 through Z14. Figure 1.2
shows the internal connection for terminals VA, VB, VC, and N. Note also that VS/NS is a
separate single-phase voltage input.

2-10
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Models 0351x0 and 0351x1

Note the signal labels (VA, VB, VC, N, VS, NS) on terminals Z09 through Z14. Figure 1.2
shows the internal connection for terminals VA, VB, VC, and N. Note also that VS/NS is a
separate single-phase voltage input.

Determining Voltage Input Rating

The serial number sticker on the relay rear panel indicates the continuous voltage input rating.
The part number also contains the voltage rating information:

0351xxxx2 indicates 150 V inputs
0351xxxx5 indicates 300 V inputs

This voltage rating applies to the three-phase voltage inputs (VA-N, VB-N, VC-N) as well as to
the VS-NS voltage input. The voltage rating is in units of V| when the relay is wye-connected
(three-phase, four-wire), or V,, when the relay is delta connected (three-phase, three-wire). The
following two subsections explain the wye and delta voltage input connections.

The part number sticker on SEL-351-5, -6, -7 relays manufactured with firmware revision R309
(or higher) indicates “300 V Wye/Delta”. The part number sticker on previously manufactured
SEL-351-5, -6, -7 relays indicates “150 V Wye” or “300 V Wye,” depending on the actual part
number. If older SEL-351-5, -6, -7 relays (with firmware revisions R300 through R308) are
upgraded to R309 (or higher) firmware, they too can be wye-connected or delta-connected,
provided that the voltage rating is not exceeded.

Wye-Connected Voltages (Global setting PTCONN = WYE)

Any of the single-phase voltage inputs (i.e., VA-N, VB-N, VC-N, or VS-NS) can be connected to
voltages up to 150 V (or 300 V; see Table 1.2) continuous. Figure 2.10 through Figure 2.15 and
Figure 2.18 through Figure 2.20 show examples of wye-connected voltages. Frequency is
determined from the voltages connected to terminals VA-N and VS-NS (see subsections
Synchronism Check Elements and Frequency Elements in Section 3: Overcurrent, Voltage,
Synchronism Check, Frequency, and Power Elements).

Delta-Connected Voltages (Global setting PTCONN = DELTA)

SEL-351-5, -6, -7 relays with firmware revision R309 (or higher) can be configured via Global
setting PTCONN = DELTA to accept an open-delta PT connection. Phase-to-phase voltage (up
to 150 V or 300 V continuous, depending on relay voltage input rating) can be connected to
voltage inputs VA-VB, VB-VC, or VC-VA, when the relay is connected as shown in Figure 2.21
or Figure 2.22. 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 voltage from the input terminals
VA, VB, and VC, 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 3VO0 voltage source is supplied to the relay via terminal VS-NS (see Broken-Delta VS
Connection (Global setting VSCONN = 3V0), later in this section).

Referring to Figure 2.21 and Figure 2.22, when global setting PTCONN = DELTA, the relay
interprets the voltage signal detected across the VA-N terminals as V,,, and the voltage signal
detected across the VC-N terminals as V, (or -V, ). Phase-to-phase voltage V, is derived
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internally with the equation V_, =V, — V.. The relay does not use the voltage signal detected
across the VB-N terminals, which should effectively be zero due to 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 in Section 12: Standard Event Reports, Sag/Swell/ Interruption Report,
and SER.

Frequency is measured from the voltages connected to terminals VA-VB; and VS-NS when the
synchronism check elements are enabled and the relay is properly wired (see subsections
Synchronism Check Elements and Frequency Elements in Section 3: Overcurrent, Voltage,
Synchronism Check, Frequency, and Power Elements).

Throughout this Instruction Manual, relay functions, specifications, or features that are different
for delta-connected and wye-connected PTs are identified, either with "wye-connected" and
"delta-connected" text, or with "PTCONN = WYE" and "PTCONN = DELTA" text.

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 2.10 through Figure 2.13, Figure 2.22, and Figure 2.23
show examples of synchronism check voltage inputs applied to relay terminals VS-NS. See
Synchronism Check Elements in Section 3: Overcurrent, Voltage, Synchronism Check,
Frequency, and Power Elements.

SEL-351-5, -6, -7 Relays with firmware revisions up to and including R308 function as if
VSCONN = VS, although global setting VSCONN is not actually available in these relays.

Broken-Delta VS Connection (Global setting VSCONN = 3VO0)

In SEL-351-5, -6, -7 Relays with firmware revision R309 or higher, global setting VSCONN =
3VO0 adjusts the relay to accept a 3V zero-sequence voltage signal connected to voltage input VS.
This signal is usually derived from PTs connected wye (primary)/broken-delta (secondary): V =
V,+V,+V.=3V,.

This signal is passed to certain relay functions that require zero-sequence voltage, such as zero-
sequence voltage-polarized ground directional elements or Wattmetric and incremental
conductance elements (for Petersen Coil grounded systems). These elements will use the VS
channel measured 3VO even if a calculated 3VO0 is available (when the relay phase voltage inputs
are supplied by wye-connnected PTs and PTCONN = WYE).

To prevent a broken-delta voltage source from exceeding the rated voltage (150 V or 300 V) of
the relay voltage inputs, some applications require an external step-down transformer. Figure 2.6,
Figure 2.8, and Figure 2.21 show 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 Setting Explanations in
Section 9: Setting the Relay 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 synch-check element. Therefore, input
terminals VS—NS cannot be used for 3V0 measurement and as a synchronism check input at the
same time.
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Polarity Check for VSCONN = 3VO

Refer to Figure 2.6 (wye-connected PTs) or Figure 2.8 (delta-connected PTs). Voltage input VS
(terminals VS-NS) expects 3V voltage (V,=3V =V, + V_ + V) with the polarity shown.
However, in a nonfault, balanced system condition, voltage V, =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.

Wye-Connected PT Example

A B C

N

1 e setting
= = PTCONN = WYE

| | | SEL-351 Relay

open circuit
for test

step-down
transformer

VS
] ]
13 ] 3
. —| NS
‘3 setting
L VSCONN = 3V0

- DWG: M351324

Figure 2.6: Broken-Delta Secondary Connection to Voltage Input VS, Wye-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 2.6) and observe the
resultant voltage phase angle differences:

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

V,=3V,=V,+V,+V_ =V, +V,

Figure 2.7 shows the resultant voltage V, with respect to the wye-connected power system
voltages connected to the voltage inputs VA, VB, VC (ABC rotation used in this example).
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For this scenario of the collapse of secondary voltage V, (V, = 0) in the broken-delta
secondary, note that voltage V is 180 degrees out-of-phase with voltage V, (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 V¢ and V, is 180 degrees (within a few
degrees), then the polarity of voltage input VS is deemed correct. If the phase angle
difference between V and V, is 0 degrees (again, within a few degrees), then the secondary
wires from the broken-delta secondary in Figure 2.6 need to be swapped in connection to
terminals VS-NS.

VC
-—
V, v
S
Vg DWG: M351317

Figure 2.7: Resultant Voltage V from the Collapse of Voltage V, in the Broken-Delta
Secondary (Compared to the Wye-Connected Power System Voltages)

Note: “3V0” in the METER command (via serial port or front panel) is derived internally from
the VA, VB, and VC voltage inputs, not from voltage input VS, regardless of setting
VSCONN.

2-14

Installation Date Code 20020426
SEL-351-5, -6, -7 Instruction Manual



Delta-Connected PT Example
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Figure 2.8: 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 2.8) and observe the
resultant voltage phase angle differences:

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

V,=3V,=V,+V,+V_ =V, +V,

Figure 2.9 shows the resultant voltage V, 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, (V, = 0) in the broken-delta
secondary, note that voltage V is 150 degrees out-of-phase with voltage V,, (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 V, and V, is 150 degrees (within a few
degrees), then the polarity of voltage input VS is deemed correct. If the phase angle
difference between V  and V, is 30 degrees (again, within a few degrees), then the secondary
wires from the broken-delta secondary in Figure 2.8 need to be swapped in connection to
terminals VS—NS.
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The relay will use voltage VAB as the phase angle reference (zero degrees) when a sufficient
voltage signal is present. The phasors in Figure 2.9 could have been drawn rotated
clockwise by 30 degrees.

DWG: M351325

Figure 2.9: Resultant Voltage V from the Collapse of Voltage V, in the Broken-Delta
Secondary (Compared to the Delta-Connected Power System Voltages)

Note: When the relay is connected to open-delta PTs and Global setting PTCONN = DELTA,
there is no “3V0” value in the METER command (via serial port or front panel).

Serial Ports

Refer to Table 10.1 for information on the serial ports available on the different SEL-351 Relay
models. All ports are independent—you can communicate to any combination simultaneously.

Serial Port 1 on all the SEL-351 Relay models is an EIA-485 port (4-wire). The Serial Port 1
plug-in connector accepts wire size AWG 24 to 12. Strip the wires 0.31 inches (8 mm) and install
with a small slotted-tip screwdriver. For models 0351x0, 0351x1, and 0351xY, the Serial Port 1
connector has extra positions for IRIG-B time-code signal input (see Table 10.3; see following
discussion on IRIG-B time code input).

All EIA-232 ports accept 9-pin D-subminiature male connectors. Port 2 on all the SEL-351
Relay models includes the IRIG-B time-code signal input (see Table 10.2; see following
discussion on IRIG-B time code input).

The pin definitions for all the ports are given on the relay rear panel and detailed in Table 10.2
through Table 10.4 in Section 10: Serial Port Communications and Commands.

Refer to Table 2.1 for a list of cables available from SEL for various communication applications.
Refer to Section 10: Serial Port Communications and Commands for detailed cable diagrams
for selected cables (cable diagrams precede Table 10.4).

Note: Listing of devices not manufactured by SEL in Table 2.1 is for the convenience of our
customers. SEL does not specifically endorse or recommend such products, nor does
SEL guarantee proper operation of those products, or the correctness of connections, over
which SEL has no control.

For example, to connect any EIA-232 port to the 9-pin male connector on a laptop computer,
order cable number C234A and specify the length needed (standard length is eight feet). To
connect the SEL-351 Relay Port 2 to the SEL-2020 Communications Processor that supplies the
communication link and the IRIG-B time synchronization signal, order cable number C273A.
For connecting devices at distances over 100 feet, SEL offers fiber-optic transceivers. The
SEL-2800 family of transceivers provides fiber-optic links between devices for electrical
isolation and long distance signal transmission. Contact SEL for further information on these
products.
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Table 2.1: Communication Cables to Connect the SEL-351 Relay to Other Devices

SEL-351 EIA-232 Connect to Device
Serial Ports (gender refers to the device) SEL Cable No.

All ETA-232 ports PC, 25-Pin Male (DTE) C227A

All EIA-232 ports Laptop PC, 9-Pin Male (DTE) C234A

All EIA-232 ports SEL-2020/2030/2100 without IRIG-B C272A
2 SEL-2020/2030/2100 with IRIG-B C273A

All ETA-232 ports SEL-PRTU C231

All ETA-232 ports SEL-DTA2 C272A
2: Telenetics Modem, 5 Vdc Powered C220%*

(models 03531x0, 0351x1,

and 0351xY only)

All ETA-232 ports Standard Modem, 25-Pin Female (DCE) C222

All ETA-232 ports RFL-9660 C245A

* A corresponding main board jumper must be installed to power the Telenetics Modem with
+5 Vdc (0.5 A limit) from the SEL-351 Relay. See Figure 2.24 and Table 2.7.

IRIG-B Time-Code Input

The SEL-351 Relay accepts a demodulated IRIG-B time signal to synchronize the relay internal
clock with some external source. The demodulated IRIG-B time signal can come via the
SEL-2020 or SEL-2030 Communications Processor or the SEL-2100 Protection Logic Processor
listed in Table 2.1.

A demodulated IRIG-B time code can be input into Serial Port 2 on any of the SEL-351 Relay
models (see Table 10.2). This is handled adeptly by connecting Serial Port 2 of the SEL-351
Relay to an SEL-2020, SEL-2030, or SEL-2100 with Cable C273A.

A demodulated IRIG-B time code can be input into the connector for Serial Port 1 on models
0351x0, 0351x1, and 0351xY (see Table 10.3). If demodulated IRIG-B time code is input into
this connector, it should not be input into Serial Port 2 and vice versa.
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SEL-351 RELAY AC/DC CONNECTION DIAGRAMS FOR VARIOUS APPLICATIONS
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1. For line recloser control installations (see bottom of Figure 1.1), an SEL-351 Relay is connected much like this
example.

2. The voltage inputs do not need to be connected. Voltage is needed for voltage elements, synchronism check
elements, frequency elements, voltage-polarized directional elements, fault location, metering (i.e., voltage,
MW, MVAR), and frequency tracking. 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) and Broken-Delta VS Connection (Global setting VSCONN = 3V0) subsections
earlier in this section.

3. Current Channel IN does not need to be connected. Channel IN provides current |, for the neutral ground
overcurrent elements. Separate from Channel IN, the residual ground overcurrent elements operate from the
internally derived residual current I, (I, =3I, =1, + I, + |;). But in this residual connection example, the neutral
ground and residual ground overcurrent elements operate the same because |, = |,.
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L[]
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or SEL—2020/2030
ALARM
— (+)
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52A
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DWG:  M3612560

Figure 2.10: SEL-351 Relay Provides Overcurrent Protection and Reclosing for a Utility
Distribution Feeder (Includes Fast Bus Trip Scheme)(Wye-Connected PTs)
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1. The fast bus trip scheme is often referred to as a reverse-interlocking or zone-interlocking scheme.
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2. The voltage inputs do not need to be connected. Voltage is needed for voltage elements, synchronism check
elements, frequency elements, voltage-polarized directional elements, fault location, metering (i.e., voltage,

MW, MVAR), and frequency tracking. 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) and Broken-Delta VS Connection (Global setting VSCONN = 3V0) subsections
earlier in this section. In this example, terminals VS-NS are connected B-phase-to-neutral.

3. Current Channel IN does not need to be connected. Channel IN provides current | for the neutral ground

overcurrent elements. Separate from Channel IN, the residual ground overcurrent elements operate from the
internally derived residual current I, (I, =3I, =1, + I, + |;). But in this residual connection example, the neutral
ground and residual ground overcurrent elements operate the same because |, = |,.

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

Figure 2.11: SEL-351 Relay Provides Overcurrent Protection for a Distribution Bus

(Includes Fast Bus Trip Scheme)(Wye-Connected PTs)
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1. Voltage Channel VS does not need to be connected. Here, it is shown connected for use in voltage and
synchronism check elements and voltage metering. See Synchronism Check VS Connection (Global
setting VSCONN = VS) and Broken-Delta VS Connection (Global setting VSCONN = 3V0) subsections
earlier in this section.

2. Current Channel IN does not need to be connected. Channel IN provides current |, for the neutral ground
overcurrent elements. Separate from Channel IN, the residual ground overcurrent elements operate from the
internally derived residual current I, (I, =3I, =1, + I, + 1,). But in this residual connection example, the neutral
ground and residual ground overcurrent elements operate the same because |, = |,.

Figure 2.12: SEL-351 Relay Provides Directional Overcurrent Protection and Reclosing for
a Transmission Line (Wye-Connected PTs)
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1. Voltage Channel VS does not need to be connected. Here, it is shown connected for use in voltage and
synchronism check elements and voltage metering. See Synchronism Check VS Connection (Global
setting VSCONN = VS) and Broken-Delta VS Connection (Global setting VSCONN = 3V0) subsections
earlier in this section.

2. Inthis example, current Channel IN provides current polarization for a directional element used to control
ground overcurrent elements. Separate from Channel IN, the residual ground overcurrent elements operate
from the internally derived residual current |, (I, =3I, =1, + I, + 1,).

Figure 2.13: SEL-351 Relay Provides Directional Overcurrent Protection and Reclosing for
a Transmission Line (Current-Polarization Source Connected to Channel IN)
(Wye-Connected PTs)
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The voltage inputs do not need to be connected. Voltage is needed for voltage elements, synchronism check
elements, frequency elements, voltage-polarized directional elements, fault location, metering (i.e., voltage,
MW, MVAR), and frequency tracking.

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

3.  For sensitive earth fault (SEF) applications, the SEL-351 Relay should be ordered with channel IN rated at

0.2 A or 0.05 A nominal. See current input specifications in the General Specifications subsection in
Section 1: Introduction and Specifications. See neutral ground overcurrent element pickup specifications in
Section 3: Overcurrent, Voltage, Synchronism Check, Frequency, and Power Elements. See also the
note following Table 4.1.

Figure 2.14: SEL-351 Relay Provides Overcurrent Protection for a Delta-Wye
Transformer Bank (Wye-Connected PTs)
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1. The voltage inputs do not need to be connected. Voltage is needed for voltage elements, synchronism check
elements, frequency elements, voltage-polarized directional elements, fault location, metering (i.e., voltage,
MW, MVAR), and frequency tracking.

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

Figure 2.15: SEL-351 Relay Provides Overcurrent Protection for a Transformer Bank

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

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

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

4. For sensitive earth fault (SEF) applications, the SEL-351 Relay should be ordered with channel IN rated at
0.2 A or 0.05 A nominal. See current input specifications in the General Specifications subsection in
Section 1: Introduction and Specifications. See neutral ground overcurrent element pickup specifications in
Section 3: Overcurrent, Voltage, Synchronism Check, Frequency, and Power Elements. See also the
note following Table 4.1.

Figure 2.16: SEL-351 Relay Provides Overcurrent Protection for an Industrial Distribu-
tion Feeder (Core-Balance Current Transformer Connected To Channel IN)
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Current Channel IN does not need to be connected. Channel IN provides current |, for the neutral ground
overcurrent elements. Separate from Channel IN, the residual ground overcurrent elements operate from the
internally derived residual current I, (I, =3I, =1, + I, + |;). But in this residual connection example, the neutral
ground and residual ground overcurrent elements operate the same because |, = |,.

Figure 2.17: SEL-351 Relay Provides Dedicated Breaker Failure Protection
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1. A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current
transformer.

2. The lower CT wiring option (with the core-balance current transformer) is the preferred option (greater
sensitivity; no false residual currents due to CT saturation, etc.).

3. Directional control for a low-impedance grounded system is selected with setting ORDER containing S.
Directional control for a high-impedance grounded system is selected with setting ORDER=U (see Table 4.1
through Table 4.3). Nondirectional sensitive earth fault (SEF) protection is also available.

Figure 2.18: SEL-351 Relay Provides Overcurrent Protection for a High-Impedance or
Low-Impedance Grounded System (Wye-Connected PT's)
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1. A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current
transformer.

2. Directional control for a Petersen Coil grounded system is selected with setting ORDER containing P (see
Table 4.1 through Table 4.3). Nondirectional sensitive earth fault (SEF) protection is also available.

Figure 2.19: SEL-351 Relay Provides Overcurrent Protection for a Petersen Coil
Grounded System (Wye-Connected PTs)
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current

transformer.

Directional control for an ungrounded system is selected with setting ORDER=U (see Table 4.1 through

Table 4.3). Nondirectional sensitive earth fault (SEF) protection is also available.

(Wye-Connected PTs)

Figure 2.20: SEL-351 Relay Provides Overcurrent Protection for an Ungrounded System
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A core-balance current transformer is often referred to as a zero-sequence, ground fault, or window current
transformer.

Directional control for an ungrounded system is selected with setting ORDER=U (see Table 4.1 through
Table 4.3). Nondirectional sensitive earth fault (SEF) protection is also available.

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 (Z12), as shown. (For Connectorized relays, this
connection must be made at the remote end of the wiring harness.)

The residual voltage 3VO0 (from the "broken-delta" connection) is shown coming from a step-down
instrumentation transformer, and connecting to relay terminal VS-NS (Z13 and Z14, respectively). To use this
connection, make global setting VSCONN = 3V0. Make group setting PTRS as shown in Section 9: Setting
the Relay.

The step-down transformer is required when the maximum expected residual voltage exceeds the relay
voltage channel rating. See Determining Voltage Input Rating earlier in this section.

The polarity of the VS-NS connection should be verified prior to placing the relay into service. See Polarity
Check for VSCONN = 3V0 earlier in this section for a suggested procedure.

Figure 2.21: SEL-351 Relay Provides Overcurrent Protection for an Ungrounded System

(Delta-Connected PTs, Broken-Delta 3V0 Connection)
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1. The voltage inputs can accept open-delta PT (three-wire) connection (as shown) when Global setting
PTCONN = DELTA.

2. Voltage terminal VB (Z10) must be tied to voltage terminal N (Z12), as shown. (For Connectorized relays, this
connection must be made at the remote end of the wiring harness).

3. 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) subsection earlier in
this section. The synch-check voltage is shown coming from C-phase, via a line-to-ground connection. To
account for the phase difference between VC and VAB, use group setting SYNCP = 270 (degrees lagging V,;,
with ABC rotation). See Synchronism Check Elements in Section 3: Overcurrent, Voltage, Synchronism
Check, Frequency, and Power Elements.

4. Current Channel IN does not need to be connected. Channel IN provides current | for the neutral ground
overcurrent elements. Separate from Channel IN, the residual ground overcurrent elements operate from the
internally derived residual current I, (I, =3I, =1, + I, + |;). But, in this residual connection example, the neutral
ground and residual ground overcurrent elements operate the same because |, = |,.

Figure 2.22: SEL-351 Relay Provides Overcurrent Protection and Reclosing for a Utility
Distribution Feeder (Delta-Connected PTs and Line-to-Ground Synch-Check
Connection)

2-30 Installation Date Code 20020426
SEL-351-5, -6, -7 Instruction Manual



— . — —4

c
P
! =
9
g . N
£
2
‘a
a
=
o
g N Ve VB VA
z
e SEL-351 RELAY
TC =) Tri
o il 0_5{2}7( ) Cireut
1A ouT101 Trip
+) Coil

= CC (=) Close
. {coO— lose
% B 0UT102 1 Close 52B Cireuit

Coil

L w () Breaker
* L 868 Failure
IC  ouTio3 Lock T

T | ) Out Circuit
‘ 52 ‘ N
. O fms
IN 0UT104 )
(+) Scheme

——— — — to Annunciator, RTU,
or SEL—2020/2030

A vs ALARM

NS

INTO1 Breaker Status

——— (=) Comm.—Assisted
Trip Scheme

IN102
LINE

\\ DWG:  M361328

1. Voltage must be applied between relay terminals VA and N (Z09 and Z12, respectively) in order for the
underfrequency elements to operate. Make group setting VNOM = OFF to allow the undervoltage block for the
frequency elements to operate off one phase only (if only connecting one phase voltage to the relay).

2. The phase of the single-phase voltage connected to VA-N does not matter. For example, it could come from
VB, VCA, or from a station service transformer (suitably fused). It should come from the same bus section that
the associated breaker is connected, preferably from the "normally hot" side.

3. Inthe configuration shown, only non-directional overcurrent protection is possible. The fault locator logic and
the load encroachment element are also disabled.

4. Voltage Channel VS does not need to be connected. Here, it is shown connected for use in voltage and
synchronism check elements and voltage metering. See Synchronism Check VS Connection (Global
setting VSCONN = VS) and Broken-Delta VS Connection (Global setting VSCONN = 3V0) subsections
earlier in this section.

5. Current Channel IN does not need to be connected. Channel IN provides current | for the neutral ground
overcurrent elements. Separate from Channel IN, the residual ground overcurrent elements operate from the
internally derived residual current |, (I, =3I, =1, + I, + 1.). But, in this residual connection example, the neutral
ground and residual ground overcurrent elements operate the same because |, = |,.

Figure 2.23: SEL-351 Relay Provides Underfrequency Load Shedding, Overcurrent
Protection, and Reclosing for a Utility Distribution Feeder (Single Voltage
Connection)
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CIRcUIT BOARD CONNECTIONS

Accessing the Relay Circuit Boards

To change circuit board jumpers or replace the clock battery on the relay main board, refer to
Figure 2.24 through Figure 2.26 and take the following steps:

1.

Deenergize the relay. On Connectorized versions this can be easily accomplished by
removing the connector at rear-panel terminals Z25 and Z26

Remove any cables connected to serial ports on the front and rear panels.

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

CAUTION The relay contains devices sensitive to Electrostatic Discharge

10.
11.
12.

(ESD). When working on the relay with front or top cover
removed, work surfaces and personnel must be properly grounded
or equipment damage may result.

Each circuit board corresponds to a row of rear-panel terminal blocks or connectors and is
affixed to a drawout tray. Identify which drawout tray needs to be removed. SEL-351 Relay
model 0351x0 has only a main board. Models 0351x1 and 0351xY have an extra I/O board
below the main board.

On Connectorized versions, remove the rear-panel connectors that correspond to the circuit
board you wish to remove by loosening the screws on either end of each connector.
Removal of the extra I/O board also requires removal of the main board (because the LCD
on the main board is in the way).

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 me removed by pushing the extraction ears away from the connector.
The 6-conductor power cable can be removed by grasping the power connector wires and
pulling away from the circuit board.

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

Locate the jumper(s) or battery to be changed (refer to Figure 2.24 through Figure 2.26).
Make the desired changes. Note that the output contact jumpers are soldered in place.

When finished, slide the drawout assembly into the relay chassis. Reconnect the cables
removed in step 6. Replace the relay front-panel cover.

Replace any cables previously connected to serial ports.
Replace any rear-panel connectors removed in step 5.

Reenergize the relay. On Connectorized versions, replace the power connector at rear-panel
terminals Z25 and Z26.
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ions on the SEL-351 Relay

Jumper, Connector, and Major Component Locat
Main Board (Models 0351x0, 0351x1, and 0351xY)

Figure 2.24

2-33

Installation
SEL-351-5, -6, -7 Instruction Manual

Date Code 20020426



OUTPUT CONTACTS
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Figure 2.25: Jumper, Connector, and Major Component Locations on the SEL-351 Relay
Extra I/0 Board (Models 0351xY, Plug-In Connector Version)
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Figure 2.26: Jumper, Connector, and Major Component Locations on the SEL-351 Relay
Extra I/0 Board (Model 0351x1, Screw-Terminal Block Version)
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Output Contact Jumpers

Table 2.2 shows the correspondence between output contact jumpers and the output contacts they
control. The referenced figures show the exact location and correspondence. With a jumper in
the A position, the corresponding output contact is an “a” type output contact. An “a” type output
contact is open when the output contact coil is deenergized and closed when the output contact
coil is energized. With a jumper in the B position, the corresponding output contact is a “b” type
output contact. A “b” type output contact is closed when the output contact coil is deenergized

and open when the output contact coil is energized. These jumpers are soldered in place.

In the figures referenced in Table 2.2, note that the ALARM output contacts are “b” type output
contacts and the other output contacts are all “a” type output contacts. This is how these jumpers
are configured in a standard relay shipment. Refer to corresponding Figure 7.27 through

Figure 7.30 for examples of output contact operation for different output contact types.

Table 2.2: Output Contact Jumpers and Corresponding Output Contacts

SEL-351 Relay Output Contact Corresponding Reference
Model Number Jumpers Output Contacts Figures
0351x0, 0351x1, IMP21-JMP29 (but not JMP23) | ALARM-OUTI101 Figure 2.24

and 0351xY
0351xY IMP17-JMP20 OUT212-0UT209 Figure 2.25
0351x1 IMP17-JMP28 OUT212-0UT201 Figure 2.26

"“Extra Alarm" Output Contact Control Jumper

All the SEL-351 Relay models have dedicated alarm output contacts (labeled ALARM—see
Figure 2.2 through Figure 2.4). Often more than one alarm output contact is needed for such
applications as local or remote annunciation, backup schemes, etc. An extra alarm output contact
can be had for all the SEL-351 Relay models without the addition of any external hardware.

The output contact next to the dedicated ALARM output contact can be converted to operate as
an “extra alarm” output contact by moving a jumper on the main board (see Table 2.3).

Table 2.3: “Extra Alarm” Qutput Contacts and Corresponding Controlling Jumpers

SEL-351 Relay “Extra Alarm” | Controlling Reference Figures
Model Number Output Contact Jumper
0351x0, 0351x1, and 0351xY OuUT107 IMP23 Figure 2.24, Figure 7.27

The position of the jumper controls the operation of the output contact next to the dedicated
ALARM output contact. With the jumper in one position, the output contact operates regularly.
With the jumper in the other position, the output contact is driven by the same signal that operates
the dedicated ALARM output contact (see Table 2.4).
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Table 2.4: Required Position of Jumper JMP23 for Desired Output
Contact OUT107 Operation (Models 0351x0, 0351x1, and 0351xY)

Position Output Contact OUT107 Operation
(3)
Regular output contact OUT107 (operated by Relay Word bit
) OUT107). Jumper IMP23 comes in this position in a standard relay
- shipment (see Figure 7.27).
oooe
% u

DWG: M351169

® (3)
“Extra Alarm” output contact (operated by alarm logic/circuitry).
2) Relay Word bit OUT107 does not have any effect on output contact
I OUT107 when jumper JMP23 is in this position (see Figure 7.27).
)
Q

DWe: M351189

JMP23

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

[Tl

“extra alarm”) come as “a” type output contacts.

The output contact type for any output contact can be changed (see preceding subsection Qutput
Contact Jumpers). Thus, the dedicated ALARM output contact and the “extra alarm” output
contact can be configured as the same output contact type if desired (e.g., both can be configured
as “b” type output contacts).

Password and Breaker Jumpers

Table 2.5: Password and Breaker Jumper Positions for Standard Relay Shipments

SEL-351 Password Jumper/Position Breaker Jumper/Position
Relay Model (for standard relay (for standard relay Reference
Number shipments) shipments) Figures
0351x0 JIMP6-A = OFF JMP6-B = ON Figure 2.24
0351x1
0351xY
Date Code 20020426 Installation 2-37
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Table 2.6: Password and Breaker Jumper Operation

Jumper Type Jumper Position Function

Password ON disable password protection' for serial ports and
(in place) front panel
OFF enable password protection’ for serial ports and
(removed/not in place) | front panel

Breaker ON enable serial port commands OPEN’, CLOSE’, and

(in place) PULSE’
OFF disable serial port commands OPEN’, CLOSE’, and
(removed/not in place) | PULSE’

View or set the passwords with the PASSWORD command (see Section 10: Serial Port
Communications and Commands).

Also controls Fast Operate, Breaker Control, and Open/Close commands (see Appendix D).
The OPEN, CLOSE, and PULSE commands are used primarily to assert output contacts for
circuit breaker control or testing purposes (see Section 10: Serial Port Communications and
Commands).

Note that JMP6 in Figure 2.24 has multiple jumpers A through D. Jumpers A and B are used (see
Table 2.5 and Table 2.6). Since jumpers C and D are not used, the positions (ON or OFF) of
jumpers C and D are of no consequence.

EIA-232 Serial Port Voltage Jumpers

The jumpers listed in Table 2.7 connect or disconnect +5 Vdc to Pin 1 on the corresponding
EIA-232 serial ports. The +5 Vdc is rated at 0.5 A maximum for each port. See Table 10.2 in
Section 10: Serial Port Communications and Commands for EIA-232 serial port pin functions.

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

Table 2.7: EIA-232 Serial Port Voltage Jumper Positions for Standard Relay Shipments

EIA-232 EIA-232
SEL-351 Relay Serial Port 2 | Serial Port 3 | Reference
Model Number (rear panel) | (rear panel) Figures
0351x0 JMP2 = OFF | JMP1 = OFF Figure 2.24
0351x1
0351xY

Condition of Acceptability for North American Product Safety Compliance

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

Refer to Figure 2.24 for clock battery location (front of main board). A lithium battery powers
the relay clock (date and time) if the external dc source is lost or removed. The battery isa 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 the previous subsection Accessing the Relay Circuit Boards to remove the relay
main board.

A CAUTION There is danger of explosion if® the batter is incorrectly replaced.

Replace only with Ray-O-Vac™ no. BR2335 or equivalent
recommended by manufactuer. Dispose of used batteries according
to the manufacturer’s instructions.

Remove the battery from beneath the clip and install a new one. The positive side (+) of the
battery faces up. Reassemble the relay as described in Accessing the Relay Circuit Boards. Set
the relay date and time via serial communications port or front panel (see Section 10: Serial Port
Communications and Commands or Section 11: Front-Panel Interface, respectively).
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SECTION 3: OVERCURRENT, VOLTAGE, SYNCHRONISM
CHECK, FREQUENCY, AND POWER ELEMENTS

INSTANTANEOUS/DEFINITE-TIME OVERCURRENT ELEMENTS

Phase Instantaneous/Definite-Time Overcurrent Elements

Four levels of phase instantaneous/definite-time overcurrent elements are available. Two addi-
tional levels of phase instantaneous overcurrent elements (Levels 5 and 6) are also available. The
different levels are enabled with the ESOP enable setting, as shown in Figure 3.1, Figure 3.2, and
Figure 3.3.

Level 2 element 67P2S in Figure 3.3 is used in directional comparison blocking schemes (see
Directional Comparison Blocking (DCB) Logic in Section 5: Trip and Target Logic). All the
other phase instantaneous/definite-time overcurrent elements are available for use in any tripping
or control scheme.

Settings Ranges
Setting range for pickup settings 50P1P through 50P6P:

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, IB, IC)

Setting range for definite-time settings 67P1D through 67P4D:
0.00-16000.00 cycles, in 0.25-cycle steps

Setting range for definite-time setting 67P2SD (used in the DCB logic):
0.00-60.00 cycles, in 0.25-cycle steps

Accuracy

Pickup: +0.05 A secondary and +3% of setting (5 A nominal phase current inputs, 1A, 1B, IC)
+0.01 A secondary and +3% of setting (1 A nominal phase current inputs, IA, IB, IC)

Timer: +0.25 cycles and +0.1% of setting
Transient Overreach:  +5% of setting
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Relay

Word
Bits
Enabled 4ii;;§[::::>—4—SOPW
Levels
/ Settings
50P1P - S0A1
+
Le\/e\A 1 - 5081
(Setting +
E50P > 1)
- 50C1
+
\_
47?;22{::::;>44750P2
/
S50P2P - 5042
+
Level 2 - 5082
(Setting +
E50P > 2)
B 50C2
+
/
50P3P - 50A3
+
Level 3 - 50B3
(Setting +
E50P > 3)
N 50C3
+
50P4P - S0A4
IA +
Level 4 - 50B4
(Setting Ig +
ES0P > 4)
B 50C4
lc +

DWG:  M351007

Figure 3.1: Levels 1 through 4 Phase Instantaneous Overcurrent Elements
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Fnabled

Levels Settings
Level 5 50P5P

(Setting

ES0P > 5)

Level © 50P6P

(Setting

F50P = 6) P

(max. phase)

Relay
Word
Bits

50P5

50P6

owG:  M351061

Figure 3.2: Levels 5 through 6 Phase Instantaneous Overcurrent Elements

Pickup Operation

The phase instantaneous/definite-time overcurrent element logic begins with Figure 3.1 and

Figure 3.2. The pickup settings for each level (SOP1P through 50P6P) are compared to the mag-

nitudes of the individual phase currents I,, I, and I.. The logic outputs in Figure 3.1 and

Figure 3.2 are Relay Word bits and operate as follows (Level 1 example shown):

50A1

50B1

50C1

50P1

1 (logical 1), if I, > pickup setting S0P1P
0 (logical 0), if I, < pickup setting 50P1P

1 (logical 1), if I, > pickup setting SOP1P
0 (logical 0), if I, < pickup setting 50P1P

1 (logical 1), if I. > pickup setting SOP1P
0 (logical 0), if I, < pickup setting 50P1P

1 (logical 1), if at least one of the Relay Word bits S0A1, 50B1, or 50C1 is

asserted (e.g., S0B1 =1)

0 (logical 0), if all three Relay Word bits 5S0A1, 50B1, and 50C1 are deasserted

(50A1 =0, 50B1 =0, and 50C1 = 0)

Note that single-phase overcurrent elements are not available in Levels 5 and 6 (see Figure 3.2).

Ideally, set SOP1P > 50P2P > 50P3P > 50P4P so that instantaneous overcurrent elements 67P1

through 67P4 will display in an organized fashion in event reports (see Figure 3.3 and

Table 12.3).
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Fnabled

Relay
Word

evels Bit F&/e\@g
(from Figure 3.1) 50P1 B?trs
67P1
from i i
Level 1 . Directional =515
(Setting Figure 4.24 Control —’—\ -
(Level 1) :
ES0P > 1) (osserted to logical 1 — o
continuously if E32=N)
SELOGIC
R SELOGIC
Setting
676P1HTTC Torque Control
Relay
Word
/ Bit
(from Figure 3.1) 50P2
Setting
ECOMM=DCB 67F2%
} 67P2S
Level 2 r
(Setting from ) ) o/pz
ES0P 2 2) Figure 4.24 g‘reft‘?m‘ 67P2D,
(Level 2) — : 67P21
(asserted to logical 1 o
continuously if E32=N)
ELOCC sEogie
=cetling Torque Control
\_ 67P2TC
Relay
Word
Bit
(from Figure 3.1) 50P3
67P3
from Directi |
Level 3 ) irectiona
F 4.24 EEEEN 67P3D
(Setting @(que 5 Control 67P3T
F50P > 3) eve (asserted to logical 1 J o
- continuously if E32=N)
SELOGIC
Setting SELOGIC
p— Torque Control
L 67P3TC
Relay
Word
Bit
f(from Figure 3.1) 50P4
67P4
from i ;
Level 4 . Directional 57575
(Setting F‘g&re T'ZS Control , ) 67P4T
E50P > 4) eve (asserted to logical 1 / o
continuously if E32=N)
SELOGIC
: Torque Control
67P4TC

DWG:  M351001F

Figure 3.3: Levels 1 through 4 Phase Instantaneous/Definite-Time Overcurrent Elements

(With Directional Control Option)

3-4 Overcurrent, Voltage, Synchronism Check, Frequency, and Power Elements Date Code 20020426

SEL-351-5, -6, -7 Instruction Manual



DIRECTIONAL CONTROL OPTION

The phase instantaneous overcurrent element Relay Word bit outputs in Figure 3.1 (50P1, 50P2,
50P3, and 50P4) are inputs into the phase instantaneous/definite-time overcurrent element logic
in Figure 3.3.

Levels 1 through 4 in Figure 3.3 have corresponding directional control options. See Figure 4.19
in Section 4: Loss-of-Potential, Load Encroachment, and Directional Element Logic for more
information on this optional directional control. If the directional control enable setting E32 is
set:

E32=N

then directional control is defeated, and the directional control inputs into all four phase instanta-
neous/definite-time overcurrent element levels in Figure 3.3 are asserted to logical 1 continu-
ously. Then only the corresponding SELOGIC® control equation torque control settings have to be
considered in the control of the phase instantaneous/definite-time overcurrent elements.

For example, consider the Level 1 phase instantaneous/definite-time overcurrent elements
67P1/67P1T in Figure 3.3. If the directional control enable setting E32 is set:

E32=N

then the directional control input from Figure 4.18 (Level 1) is asserted to logical 1 continuously.
Then only the corresponding SELOGIC control equation torque control setting 61P1TC has to be
considered in the control of the phase instantaneous/definite-time overcurrent elements
67P1/67P1T.

SELOGIC control equation torque control settings are discussed next.

Torque Control

Levels 1 through 4 in Figure 3.3 have corresponding SELOGIC control equation torque control
settings 67P1TC through 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.

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

Then only the corresponding directional control input from Figure 4.19 has
to be considered in the control of phase instantaneous/definite-time over-
current elements 67P1/67P1T.

If directional control enable setting E32 =N, then phase instantaneous
/definite-time overcurrent elements 67P1/67P1T are enabled and
nondirectional.

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) in
Section 10: Serial Port Communications and Commands for a list of the
factory default settings.

67P1TC = 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.

Date Code 20020426 Overcurrent, Voltage, Synchronism Check, Frequency, and Power Elements 3-5
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Input IN105 asserted (67P1TC = IN105 = logical 1):

Then only the corresponding directional control input from Figure 4.19 has
to be considered in the control of phase instantaneous/definite-time over-
current elements 67P1/67P1T.

If directional control enable setting E32 = N, then phase instantaneous/
/definite-time overcurrent elements 67P1/67P1T are enabled and
nondirectional.

Sometimes SELOGIC control equation torque control settings are set to provide directional
control. See Directional Control Provided by Torque Control Settings at the end of Section 4:
Loss-of-Potential, Load Encroachment, and Directional Element Logic.

Combined Single-Phase Instantaneous Overcurrent Elements

The single-phase instantaneous overcurrent element Relay Word bit outputs in Figure 3.1 are
combined together in Figure 3.4 on a per phase basis, producing Relay Word bit outputs S0A,
50B, and 50C.

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

Relay
Word
Bits

Relay
/// S0AT Word
S50A2 Bits
50A
50A3
50A4

50B1

50B2
from

Figure 3.1 0B

50B3
50B4

50C1
50C2
50C

50C3
\\\ S0C4 DWG: M351034

Figure 3.4: Combined Single-Phase Instantaneous Overcurrent Elements

Pickup and Reset Time Curves

Figure 3.5 and Figure 3.6 show pickup and reset time curves applicable to all nondirectional
instantaneous overcurrent elements in the SEL-351 Relay (60 Hz or 50 Hz relays). These times
do not include output contact operating time and, thus, are accurate for determining element
operation time for use in internal SELOGIC control equations. Output contact pickup/dropout
time is 4 ms (0.25 cycle for a 60 Hz relay; 0.20 cycle for a 50 Hz relay).

If instantaneous overcurrent elements are made directional, the pickup time curve in Figure 3.5 is
adjusted as follows:
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multiples of pickup setting < 4: add 0.25 cycle

multiples of pickup setting > 4: add 0.50 cycle

1.6

1.4l

1.2 y

O.Q\\\‘\K

0.6 \’\"\

0.4

Pickup Time (Cycles)

0.2

0

1.2 2 3

4 5 6 7 8 9 10

Applied Current (Multiples of Pickup Setting)

—— Maximum
—&— Minimum

Figure 3.5: SEL-351 Relay Nondirectional Instantaneous Overcurrent Element Pickup

Time Curve

1.8

1.6

/!/I—l—l—’-

1.4
1.2

A

1 _74/
0.8

0.6

Reset Time (Cycles)

0.4 4

<
0.2

0

1.2 2 3

4 5 6 7 8 9 10

Applied Current (Multiples of Pickup Setting)

—— Maximum
—&— Minimum

Figure 3.6: SEL-351 Relay Nondirectional Instantaneous Overcurrent Element Reset Time

Curve
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Phase-to-Phase Instantaneous Overcurrent Elements

Four levels of phase-to-phase instantaneous overcurrent elements are available. The different
levels are enabled with the ESOP enable setting, as shown in Figure 3.7.

Setting Range
Setting range for pickup settings S0PP1P through SOPP4P:

1.00-170.00 A secondary (5 A nominal phase current inputs, IA, IB, IC)
0.20-34.00 A secondary (1 A nominal phase current inputs, IA, IB, IC)

Accuracy

Pickup: +0.05 A secondary and +3% of setting (5 A nominal phase current inputs, 1A, 1B, IC)
+0.01 A secondary and +3% of setting (1 A nominal phase current inputs, IA, IB, IC)

Pickup Operation

The pickup settings for each level (SOPP1P through 50PP4P) are compared to the magnitudes of
the individual phase-to-phase difference currents I, , I, ., and I.,. The logic outputs in Figure 3.7
are the following Relay Word bits (Level 1 example shown):

50AB1 = 1 (logical 1), if I, > pickup setting SOPP1P
= 0 (logical 0), if I, < pickup setting SOPP1P
50BC1 = 1 (logical 1), if I,. > pickup setting SOPP1P
= 0 (logical 0), if I, < pickup setting SOPP1P
50CA1 = 1 (logical 1), if I, > pickup setting SOPP1P

0 (logical 0), if I,, < pickup setting SOPP1P

CA —

Pickup and Reset Time Curves

See Figure 3.5 and Figure 3.6.

Neutral Ground Instantaneous/Definite-Time Overcurrent Elements

Four levels of neutral ground instantaneous/definite-time overcurrent elements are available.
Two additional levels of neutral ground instantaneous overcurrent elements (Levels 5 and 6) are
also available. The different levels are enabled with the ESON enable setting, as shown in
Figure 3.8 and Figure 3.9.

Level 2 element 67N2S in Figure 3.8 is used in directional comparison blocking schemes (see
Directional Comparison Blocking (DCB) Logic in Section 5: Trip and Target Logic). All the
other neutral ground instantaneous/definite-time overcurrent elements are available for use in any
tripping or control scheme.

To understand the operation of Figure 3.8 and Figure 3.9, follow the explanation given for
Figure 3.1, Figure 3.2, and Figure 3.3 in the preceding Phase Instantaneous/Definite-Time
Overcurrent Elements subsection, substituting current I (channel IN current) for phase currents
and substituting like settings and Relay Word bits.
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Relay

Enabled Word
Levels Bits
Settings
50PP1 — S0ABI
+
Level 1 - 50BC1
(Setting +
ESOP > 1)
B 50CA1
n
.
/
50PP2 — 50AB2
+
Level 2 - 50BC2
(Setting +
ESOP > 2)
B 50CA2
+
N
/
50PP3 — 50AB3
n
Level 3 - 50BC3
(Setting +
ESOP > 3)
B 50CA3
n
\\
/
50PP4 - S0AB4
“A*‘B‘ +
Level 4 - 50BC4
(Setting s —Ic| +
ESOP > 4)
- 50CA4
‘\C*\A‘ +
o

DWG:  M351008

Figure 3.7: Levels 1 Through 4 Phase-to-Phase Instantaneous Overcurrent Elements
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Enabled Relay
Levels a Setting WB?{Sd
S50N1P - T
N j+ 50N
67N1
Level 1 from . .
. Directional
(Setting Figure 4.18 Control L E7NTD
ESON > 1) (Level 1) . B7NTT
= (asserted to logical 1 — / 0
continuously if E32=N)
SELOGIC
; SELoGIC
Setting
- Torque Control
\_ 67N1TC
e Setting 50NZ
S50N2ZP
In
Setting
ECOMM=DCB \ 67N2SD 6 TNLS
Level 2 ’—‘—/ 0
(Setting 67N2
ESON > 2) . from Directional S D)
Figure 4.18 Control SN
(Level 2) (asserted to logical 1 0
continuously if E32=N)
SELOGIC
; SELOGIC
Setting
S Torque Control
\_ 67N2TC
- Setting
50N3P -
N j+ 50N3
67N3
Level 3 from Directional
(Setting Figure 4.18 Control — PN 67N3T
ESON > 3) (Level 3) (asserted to logical 1 —1 o
continuously if E32=N)
SELOGIC
; SELOGIC
Setting
S Torque Control
\_ 67N3TC
a Setting
50N4P -
N j+ 50N4
67N4
Level 4 from . .
. . Directional
(Setting Figure 4.18 Control 4’—\ 67N4D) et
ESON > 4) (Level 4) (asserted to logical 1 4‘_/ o
continuously if E32=N)
SELOGIC
. SELoGIC
Setting
L 67NATC Torque Control

DWG: M351002B

Figure 3.8: Levels 1 Through 4 Neutral Ground Instantaneous/Definite-Time Overcurrent
Elements (With Directional Control Option)
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Fnabled Relay

Levels Settings Vé?trsci
Level 5 50N5P _
(Setting —————— 50N5
FSON > 5) *
Level 6 50N6P _
(Setting ——————— RONG
ESON = 6) N +

DWG:  M351062

Figure 3.9: Levels 5 Through 6 Neutral Ground Instantaneous Overcurrent Elements

See Table 4.1 and accompanying note for a list of the directional features available with each
neutral channel (IN) rating.

Settings Ranges
Setting range for pickup settings 50N1P through SON6P:

0.250-100.000 A secondary (5 A nominal channel IN current input)
0.050-20.000 A secondary (1 A nominal channel IN current input)
0.005-2.500 A secondary (0.2 A nominal channel IN current input)
0.005-1.500 A secondary (0.05 A nominal channel IN current input)

Setting range for definite-time settings 67N 1D through 67N4D:
0.00-16000.00 cycles, in 0.25-cycle steps

Setting range for definite-time setting 67N2SD (used in DCB logic):
0.00-60.00 cycles, in 0.25-cycle steps

Note: If channel IN is rated 0.2 A nominal or 0.05 A nominal, then there is an additional 2-
cycle time delay on all the neutral ground instantaneous (SON1-50N6, 67N1-67N6) and
definite-time (67N1T-67N4T) elements. Any time delay provided by the definite-time
settings (67N1D—-67N4D) is in addition to this 2-cycle time delay.

Accuracy

Pickup: +0.05 A secondary and +3% of setting (5 A nominal channel IN current input)
+0.01 A secondary and +3% of setting (1 A nominal channel IN current input)
+1 mA secondary and +3% of setting (0.2 A nominal channel IN current input)
+1 mA secondary and +5% of setting (0.05 A nominal channel IN current input)

Timer: +0.25 cycles and +0.1% of setting

Transient Overreach: ~ +5% of setting

Pickup and Reset Time Curves

See Figure 3.5 and Figure 3.6.
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Residual Ground Instantaneous/Definite-Time Overcurrent Elements

Four levels of residual ground instantaneous/definite-time overcurrent elements are available.
Two additional levels of residual ground instantaneous overcurrent elements (Levels 5 and 6) are
also available. The different levels are enabled with the ES0G enable setting, as shown in
Figure 3.10 and Figure 3.11.

Enabled
Levels

Level 1
(Setting
E50G > 1)

Level 2
(Setting
E50G > 2)

Level 3
(Setting
E50G > 3)

Level 4
(Setting
E50G > 4)

Relay
Setting Word
50G1P —~ Hits
5061
o +
(residual) 67G1
from Directional 57070
Figure 4.17 Control — 67G1T
(Level 1) (asserted to logical 1 4‘_/ o
continuously if E32=N)
SELOGIC
. SELOGIC
Setting
e Torque Control
67G1TC
Setting 50G2
/ 50G2P
I :‘:;
(residual)
Setting
ECOMM=DCB \ 6762sh
67G2S
— :
67G2
from Directional 57690
Figure 4.17 Control ) 67G2T
(Level 2) (asserted to logical 1 J 0
continuously if E32=N)
SELOGIC
Setting  SELOGIC
k i Torque Control
67G2TC
Setting
50G3P -
j 5063
I +
(residual) 67G3
from Directional Byek)
Figure 4.17 Control 4’—\ 67G3T
(Level 3) (asserted to logical 1 4‘_/ 0
continuously if E32=N)
SELOGIC
. SELOGIC
Setting
- Torque Control
67G3TC
Setting
50G4P -
j 5064
I +
(residual) 67G4
from Directional 57640
Figure 4.17 Control 4’—\ 67G4T
(Level 4) (asserted to logical 1 4‘_/ o
continuously if E32=N)
Latimg  SELOGIC
67G4TC Torgue Control DWG: M3510038

Figure 3.10: Levels 1 Through 4 Residual Ground Instantaneous/Definite-Time

Overcurrent Elements (With Directional Control Option)
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Enabled Relay

Levels Settings Word
Level 5 5005P _ Bits
(Setting ——— 5065
E50G > 5) *
Level 6 50G6P —
(Setting ——— 5066
E50G = 6) s *

(residual) DIWG: M351063

Figure 3.11: Levels 5 Through 6 Residual Ground Instantaneous Overcurrent Elements

Level 2 element 67G2S in Figure 3.10 is used in directional comparison blocking schemes (see
Directional Comparison Blocking (DCB) Logic in Section 5: Trip and Target Logic). All the
other residual ground instantaneous/definite-time overcurrent elements are available for use in
any tripping or control scheme.

To understand the operation of Figure 3.10 and Figure 3.11, follow the explanation given for
Figure 3.1, Figure 3.2, and Figure 3.3 in the preceding Phase Instantaneous/Definite-Time
Overcurrent Elements subsection, substituting residual ground current I, (I, =3I, =1, + I, + 1))
for phase currents and substituting like settings and Relay Word bits.

Settings Ranges

Setting range for pickup settings 50G1P through S0G6P:

0.05-100.00 A secondary (5 A nominal phase current inputs, IA, IB, IC)
0.01-20.00 A secondary (1 A nominal phase current inputs, IA, IB, IC)

Setting range for definite-time settings 67G1D through 67G4D:
0.00-16000.00 cycles, in 0.25-cycle steps

Setting range for definite-time setting 67G2SD (used in DCB logic):
0.00-60.00 cycles, in 0.25-cycle steps

Note: For pickup settings below:

0.25 A secondary (5 A nominal)
0.05 A secondary (1 A nominal)

an additional 2-cycle time delay is added on all residual ground instantaneous (50G1—
50G6, 67G1-67G6) and definite-time (67G1T—67G6T) overcurrent elements. Any time
delay provided by the definite-time settings (67G1D-67G4D) is in addition to this 2-
cycle time delay.

Accuracy

Pickup: +0.05 A secondary and +3% of setting (5 A nominal phase current inputs, 1A, 1B, IC)
+0.01 A secondary and +3% of setting (1 A nominal phase current inputs, IA, IB, IC)

Timer: +0.25 cycles and +0.1% of setting
Transient Overreach: ~ +5% of setting
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Pickup and Reset Time Curves

See Figure 3.5 and Figure 3.6.

Negative-Sequence Instantaneous/Definite-Time Overcurrent Elements

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

Four levels of negative-sequence instantaneous/definite-time overcurrent elements are available.
Two additional levels of negative-sequence instantaneous overcurrent elements (Levels 5 and 6)
are also available. The different levels are enabled with the ES0Q enable setting, as shown in
Figure 3.12 and Figure 3.13.

Level 2 element 67Q2S in Figure 3.12 is used in directional comparison blocking schemes (see
Directional Comparison Blocking (DCB) Logic in Section 5: Trip and Target Logic). All the
other negative-sequence instantaneous/definite-time overcurrent elements are available for use in
any tripping or control scheme.

To understand the operation of Figure 3.12 and Figure 3.13, follow the explanation given for
Figure 3.1, Figure 3.2, and Figure 3.3 in the preceding Phase Instantaneous/Definite-Time
Overcurrent Elements subsection, substituting negative-sequence current

3L [3, =1, +a’- I, +a-I.(ABC rotation), 3[, =1, +a’ - I+ a - I, (ACB rotation), where
a=12120°and a’= 1 £ -120°] for phase currents and substituting like settings and Relay Word
bits.

Settings Ranges

Setting range for pickup settings 50Q1P through 50Q6P:

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, IB, IC)

Setting range for definite-time settings 67Q1D through 67Q4D:
0.00-16000.00 cycles, in 0.25-cycle steps

Setting range for definite-time setting 67Q2SD (used in DCB logic):
0.00-60.00 cycles, in 0.25-cycle steps

Accuracy

Pickup: +0.05 A secondary and +3% of setting (5 A nominal phase current inputs, 1A, 1B, IC)
+0.01 A secondary and +3% of setting (1 A nominal phase current inputs, IA, IB, IC)

Timer: +0.25 cycles and +0.1% of setting
Transient Overreach: ~ +5% of setting
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Pickup and Reset Time Curves

See Figure 3.5 and Figure 3.6.

Fnabled
Levels

Level 1
(Setting
£50Q > 1)

Level 2
(Setting
E50Q > 2)

Level 3
(Setting
E50Q > 3)

Level 4
(Setting
£50Q > 4)

Setting
50Q1P

3l

from
Figure 4.23
(Level 1)

SELOGIC
Setting
67Q1TC

/ Setting

"

50Q2P
3lp

Setting
ECOMM=DCB

from
Figure 4.23
(Level 2)

SELOGIC

Setting
_

67Q2TC

Setting
50Q3P

3l

from
Figure 4.23
(Level 3)

SELOGIC
Setting
67Q3TC

Setting
50Q4P

3l

from
Figure 4.23
(Level 4)

SELOGIC
Setting
67Q4TC

Rela
Wordy
Bits
:‘+ 50Q1
67Q1
Directional 57970
Control 67Q1T
(asserted to logical 1 0
continuously if E32=N)
SELoGIC
Torque Control
:‘ 50Q2
+
V—\ 67Q250,
67Q2S
0
67Q2
Directional 57020
Control 67027
(asserted to logical 1 o
continuously if E32=N)
SELOGIC
Torque Control
:‘+ 50Q3
67Q3
Directional 57035
Control 67037
(asserted to logical 1 0
continuously if E32=N)
SELOGIC
Torque Control
j 5004
i
67Q4
Directional 57040
Control 67Q4T
(asserted to logical 1 o

continuously if E32=N)

SELOGIC
Torque Control

DWG: M3510048

Figure 3.12: Levels 1 Through 4 Negative-Sequence Instantaneous/Definite-Time
Overcurrent Elements (With Directional Control Option)
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Fnabled Relay

Levels Settings qud
Bits
Level 5 50Q5P -
(Setting ———————— 5005
£50Q > 5) +
Level 6 50Q6P _
(Setting —  50Q6
E50Q = 6) 32 +

DWG: M351064

Figure 3.13: Levels 5 Through 6 Negative-Sequence Instantaneous Overcurrent Elements

TIME-OVERCURRENT ELEMENTS

Phase Time-Overcurrent Elements

Four phase time-overcurrent elements are available. The elements are enabled with the E51P
enable setting as follows:

Table 3.1: Available Phase Time-Overcurrent Elements

Time-Overcurrent Enabled with Operating Current See Figure
Element Setting
51PT E5IP=1or2 | I,, maximum of A-, B-, and Figure 3.14
C-phase currents
S51AT E51P =2 I, , A-phase current Figure 3.15
51BT E51P =2 I, B-phase current Figure 3.16
51CT E51P =2 I., C-phase current Figure 3.17

The following is an example of 51PT element operation. The other phase time-overcurrent
elements operate similarly (note the similarity among the logic in Figure 3.14, Figure 3.15,
Figure 3.16, and Figure 3.17).
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Settings Ranges (51PT Element Example)

Besides the settings involved with the Torque Control Switch operation in Figure 3.14, the 51PT
phase time-overcurrent element has the following settings:

Table 3.2: Phase Time-Overcurrent Element (Maximum Phase) Settings

Setting Definition Range

51PP pickup 0.50-16.00 A secondary (5 A nominal phase current
inputs, 1A, IB, IC)

0.10-3.20 A secondary (1 A nominal phase current
inputs, IA, IB, I1C)

51PC curve type U1-US (US curves) see Figure 9.1-Figure 9.10
CI1-C5 (IEC curves)
51PTD time dial 0.50-15.00 (US curves) see Figure 9.1-Figure 9.10

0.05-1.00 (IEC curves)

51PRS electromechanical Y,N
reset timing

S51PTC SELOGIC control Relay Word bits referenced in Table 9.3
equation torque or
control setting set directly to logical 1 (=1)—see note below

Note: SELOGIC control equation torque control settings (e.g., 51PTC) cannot be set directly to
logical 0.

See Section 9: Setting the Relay for additional time-overcurrent element setting information.

Relay
Word
Bits
= 51P Pickup
Setting
S1PP e = 51PT Phase
m lime—Overcurrent Element -
‘ Torque Control Switch C‘urve Timing and STPT %%éeout
P b Reset Timing.
(max. phase)
Settings
51PP Pickup
51PC Curve Type
51PTD Time Dial —=— 51PR  Reset
51PRS Electromechanical
Reset? (Y/N)

Logic Point TCP
Controls the Torque Control Switch

from Directional
Figure 4.24 (qusm;[erf‘!ed o Togical 1 TCP Torque Control
i . L
(Level 1) continuously if gE32:N) TCP State Switch Position
Logical 1 Closed
SELoGIC .
: SELocGIC Logical O Open
Setting 9 p
5ew P‘;C Torque Control
Setting
51PRS= Reset Timing
Y Electromechanical
N 1 Cycle

DW6:  M3510114

Figure 3.14: Phase Time-Overcurrent Element S1PT (With Directional Control Option)
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Accuracy

Pickup: +0.05 A secondary and +3% of setting (5 A nominal phase current inputs, 1A, 1B, IC)
+0.01 A secondary and +3% of setting (1 A nominal phase current inputs, IA, IB, IC)

Curve Timing:

+1.50 cycles and +4% of curve time for currents between (and including)
2 and 30 multiples of pickup

Logic Outputs (51PT Element Example)

The resultant logic outputs in Figure 3.14 are the following Relay Word bits:

Table 3.3: Phase Time-Overcurrent Element (Maximum Phase) Logic Outputs

Relay Word Bit Definition/ Indication Application
51P Maximum phase current, I, is Element pickup testing or other
greater than phase time- control applications. See Trip
overcurrent element pickup Logic in Section 5: Trip and
setting 51PP. Target Logic.
51PT Phase time-overcurrent element is | Tripping and other control

timed out on its curve. applications. See Trip Logic in
Section 5: Trip and Target Logic.

51PR

Phase time-overcurrent element is | Element reset testing or other
fully reset. control applications.

Torque Control Switch Operation (51PT Element Example)

Torque Control Switch Closed

The pickup comparator in Figure 3.14 compares the pickup setting (51PP) to the maximum phase
current, I, if the Torque Control Switch is closed. I, is also routed to the curve timing/reset
timing functions. The Relay Word Bits logic outputs operate as follows with the Torque Control

Switch closed:

51P 1 (logical 1), if I, > pickup setting 51PP and the phase time-overcurrent element is
timing or is timed out on its curve
0 (logical 0), if I, » pickup setting S1PP

51PT 1 (logical 1), if I, > pickup setting 51PP and the phase time-overcurrent element is
timed out on its curve
0 (logical 0), if I, > pickup setting 5S1PP and the phase time-overcurrent element is
timing, but not yet timed out on its curve
0 (logical 0), if I, » pickup setting 51PP

51PR 1 (logical 1), if I, » pickup setting 51PP and the phase time-overcurrent element is
fully reset
0 (logical 0), if I, » pickup setting 51PP and the phase time-overcurrent element is
timing to reset (not yet fully reset)
0 (logical 0), if I, > pickup setting 5S1PP and the phase time-overcurrent element is
timing or is timed out on its curve
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Torque Control Switch Open

If the Torque Control Switch in Figure 3.14 is open, maximum phase current, I, 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, I, is:

I, > 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, effectively appears as a magnitude of zero (0) to the pickup
comparator:

I, =0 A (effective) < pickup setting 51PP

resulting in Relay Word bit 51P deasserting to logical 0. I, also effectively appears as a magni-
tude 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 51PR asserts to logical 1 when the phase time-overcurrent element is fully reset.

Control of Logic Point TCP
Refer to Figure 3.14.

The Torque Control Switch is controlled by logic point TCP. Logic point TCP is controlled by
directional control (optional) and SELOGIC control equation torque control setting SIPTC.

If logic point TCP = logical 1, the Torque Control Switch is closed and maximum phase current,
I,, is routed to the pickup comparator (setting 51PP) and the curve timing/reset timing functions.

If logic point TCP = logical 0, the Torque Control Switch is open and maximum phase current, I,
cannot get through to the pickup comparator and the curve timing/reset timing functions. The
maximum phase current, I, effectively appears as a magnitude of zero (0) to the pickup com-
parator and the curve timing/reset timing function.

Directional Control Option
Refer to Figure 3.14.

See Figure 4.19 in Section 4: Loss-of-Potential, Load Encroachment, and Directional Element
Logic for more information on the optional directional control. If the directional control enable
setting E32 is set:

E32=N

then directional control is defeated, and the directional control input into logic point TCP in
Figure 3.14 is asserted to logical 1 continuously. Then, only the corresponding SELOGIC control
equation torque control setting S1PTC has to be considered in the control of logic point TCP
(and, thus, in the control of the Torque Control Switch and phase time-overcurrent element
51PT).

Date Code 20020426 Overcurrent, Voltage, Synchronism Check, Frequency, and Power Elements 3-19
SEL-351-5, -6, -7 Instruction Manual



Torque Control

Refer to Figure 3.14.

SELOGIC control equation torque control settings (e.g., S1PTC) cannot be set directly to logical 0.
The following are setting examples of SELOGIC control equation torque control setting SIPTC
for phase time-overcurrent element S1PT.

S51PTC =1 Setting S1PTC set directly to logical 1:

Note:

Then only the corresponding directional control input from Figure 4.19 has
to be considered in the control of logic point TCP (and, thus, in the control
of the Torque Control Switch and phase time-overcurrent element 51PT).

If directional control enable setting E32 = N, then logic point
TCP = logical 1 and, thus, the Torque Control Switch closes and phase
time-overcurrent element 51PT is enabled and nondirectional.

All overcurrent element SELOGIC control equation torque control settings
are set directly to logical 1 (e.g., SIPTC = 1) for the factory default set-
tings. See SHO Command (Show/View Settings) in Section 10: Serial
Port Communications and Commands for a list of the factory default
settings.

S51PTC =IN105 Input IN105 deasserted (S1PTC = IN105 = logical 0):

Then logic point TCP = logical 0 and, thus, the Torque Control Switch
opens and phase time-overcurrent element S1PT is defeated and nonopera-
tional, regardless of any other setting.

Input IN105 asserted (S1PTC = IN105 = logical 1):

Then only the corresponding directional control input from Figure 4.19 has
to be considered in the control of logic point TCP (and, thus, in the control
of the Torque Control Switch and phase time-overcurrent element 51PT).

If directional control enable setting E32 = N, then logic point
TCP = logical 1 and, thus, the Torque Control Switch closes and phase
time-overcurrent element S1PT is enabled and nondirectional.

Sometimes SELOGIC control equation torque control settings are set to provide directional con-
trol. See Directional Control Provided by Torque Control Settings at the end of Section 4:
Loss-of-Potential, Load Encroachment, and Directional Element Logic.

Reset Timing Details (51PT Element Example)

Refer to Figure 3.14.

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 51PT (curve time-out indication) = logical 1.
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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, 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.

Setting 51PRS = N

If reset timing setting 51PRS = N, element 51PT reset timing is a 1-cycle dropout. If current I,
goes above pickup setting 51PP (element is timing or already timed out) and then current I, goes

below pickup setting S1PP, 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.

Operation of Single-Phase Time-Overcurrent Elements (51AT, 51BT, 51CT)

To understand the operation of Figure 3.15, Figure 3.16, and Figure 3.17 follow the explanation
given for Figure 3.14 in the preceding part of this Phase Time-Overcurrent Elements subsection,
substituting phase current I, (or I or I) for maximum phase current I, and substituting like
settings and Relay Word bits. The settings ranges and accuracies for the single-phase time-
overcurrent elements settings are the same as the corresponding settings in Table 3.2.

Relay
Word
Bits
= 51A Pickup
Setting
51ApP 51AT A—Phase
= Time—0 t El t ——
Torque Control Switch C‘S’;\?e T\{ﬁqﬁéwggd ermen S1AT %ur\/e n
+ L imeou
A Reset Timing.
Settings
51AP Pickup
S5TAC Curve Type
51ATD Time Dial —=— 51AR Reset
=  51ARS Electromechanical
Reset? (Y/N)
Logic Point TCA
Directional Controls the Torque Control Switch
from Control
Figure 4.24 (asserted to logical 1 TCA Torque Control
(Level 1) continuously if E32=N) TCA State Switch Position
SELOGIC Logical 1 Closed
R SELOGIC .
Setting
;/‘;Tc Torque Control Logical O Open
Setting
51ARS= Reset Timing
Y Electromechanical
N 1 Cycle
DWG:  M3510124

Figure 3.15: A-Phase Time-Overcurrent Element S1IAT (With Directional Control Option)
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Relay

Word
Bits
= 51B
Setting
51BP —m— — 51BT B—FPhase
. m [ime—Overcurrent Element == 51BT
‘ Torque Control Switch Curve Timing and
B * Reset Timing.
Settings
51BP Pickup
51BC Curve Type
51BTD Time Dial —=— 5IBR
=  51BRS Electromechanical
Reset? (Y/N)
Logic Point TCB
from Directional Controls the Torque Control Switch
Figure 4.24 4 ool .
(Level 1) (asserted to logical 1 TCB Torque Control
eve continuously if E32=N) TCB State Switch Position
SELocic Logical Closed
; SELOGIC 9
Setting i
561 B:C Torgue Control Logical O Open
Setting
51BRS= Reset Timing
Y Electromechanical
N 1 Cycle

Pickup

Curve
Timeout

Reset

DWG:  M3510134

Figure 3.16: B-Phase Time-Overcurrent Element S1BT (With Directional Control Option)

Relay
Word
Bits
= 51C
Setting
51CPp —m— = 51CT C—Phase
. | lime—Overcurrent Element = 51CT
Torque Control Switch Curve Timing and
C * Reset Timing.
Settings
51CP Pickup
51CC Curve Type
51CTD Time Dial —=— 51CR
= 51CRS Electromechanical
Reset?  (Y/N)
Logic Point TCC
; Directional Controls the Torque Control Switch
rom
Figure 4.24 Control
ignore if E32=N TCcC Torque Control
(Level 1) (ignore ) TcC State Switch Position
SELOGIC Logical 1 Closed
Setting %ELOG‘CC o Logical O Open
s1cTC orque Contro
Setting
51CRS= Reset Timing
Y Electromechanical
N 1 Cycle

Pickup

Curve
Timeout

Reset

DWG: M3610144

Figure 3.17: C-Phase Time-Overcurrent Element S1CT (With Directional Control Option)
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Neutral Ground Time-Overcurrent Element

Setting
5INPT —————————————— —

Torque Control Switch
I'N +

Relay
Word
Bits

= 51N

51NT Neutral Ground
Time—Overcurrent Element
Curve Timing and

—==— S51NT

Reset Timing.

Settings

51NP Pickup

S5INC Curve Type

S51NTD Time Dial —= 51NR
51NRS Electromechanical

Directional
Cantrol

(asserted to logical 1

from
Figure 4.18

(Level 1)

SELOGIC
Setting %ELOG\C Control
51NTC orgue Contro

Reset? (Y/N)

continuously if E32=N) TCN

Logic Point TCN
Controls the Torque Control Switch

TCN Torque Control
State Switch Position
Logical 1 Closed
Logical 0 Open
Setting
SINRS= Reset Timing
Y Electromechanical
N 1 Cycle

Pickup

Curve
Timeout

Reset

DWG:  M351016B

Figure 3.18: Neutral Ground Time-Overcurrent Element SINT (With Directional Control

Option)

To understand the operation of Figure 3.18, follow the explanation given for Figure 3.14 in the
preceding Phase Time-Overcurrent Elements subsection, substituting current I (channel IN

current) for maximum phase current I, and substituting like settings and Relay Word bits.

See Table 4.1 and the accompany note for a list of the directional features available with each

neutral channel (IN) rating.
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Settings Ranges

Table 3.4: Neutral Ground Time-Overcurrent Element Settings

Setting Definition Range

SINP pickup 0.500-16.000 A secondary (5 A nominal channel IN
current input)

0.100-3.200 A secondary (1 A nominal channel IN
current input)

0.005-0.640 A secondary (0.2 A nominal channel IN
current input)

0.005-0.160 A secondary (0.05 A nominal channel IN
current input)

51INC curve type U1-US (US curves) see Figure 9.1-Figure 9.10
C1-CS5 (IEC curves)
SINTD time dial 0.50-15.00 (US curves) see Figure 9.1-Figure 9.10

0.05-1.00 (IEC curves)

51NRS electromechanical Y,N
reset timing

SINTC SELOGIC control Relay Word bits referenced in Table 9.3
equation torque or
control setting set directly to logical 1 (= 1)—see note below

Note: SELOGIC control equation torque control setting (e.g., SINTC) cannot be set directly to
logical 0.

See Section 9: Setting the Relay for additional time-overcurrent element setting information.

Accuracy

Pickup: +0.05 A secondary and +3% of setting (5 A nominal channel IN current input)
+0.01 A secondary and +3% of setting (1 A nominal channel IN current input)
+5 mA secondary and +3% of setting (0.2 A nominal channel IN current input)
+1 mA secondary and +5% of setting (0.05 A nominal channel IN current input)

Curve Timing:  £1.50 cycles and +4% of curve time for currents between (and including) 2 and
30 multiples of pickup.

+3.50 cycles and +4% of curve time for currents between (and including) 2 and
30 multiples of pickup for 0.05 A nominal channel IN current input.

Residual Ground Time-Overcurrent Element

To understand the operation of Figure 3.19, follow the explanation given for Figure 3.14 in the
preceding Phase Time-Overcurrent Elements subsection, substituting residual ground current I
(I, =3I,=1, + I, + 1) for maximum phase current I, and substituting like settings and Relay
Word bits.
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Relay

Word
Bits
= 571G Pickup
Setting
516 —— — 51GT Residual Ground
Time—Overcurrent Element -
Torque Control Switch C‘urve Timing and o167 (Ti.urve t
G + Reset Timi imeou
(residual) ese iming.
Settings
51GP Pickup
51GC Curve Type
51GTD Time Dial —=— 51GR Reset
— 516RS Electromechanical
Reset?  (Y/N)

from
Figure 4.17
(Level 1)

SELoGIC
Setting
51GTC

Directional
Control

(asserted to logical 1
continuously if E32=N)

SELOGIC
Torque Control

Logic Point TCG
Controls the Torque Control Switch

TCG1 TCG1 Torque Control

State Switch Position

Logical 1 Closed

Logical O Open

Setting

51GRS= Reset Timing

Y Electromechanical
N 1 Cycle DWG.  M351016B

Figure 3.19: Residual Ground Time-Overcurrent Element 5S1GT (With Directional Control
Option)

Settings Ranges

Table 3.5: Residual Ground Time-Overcurrent Element Settings

Setting Definition Range
51GP pickup 0.10-16.00 A secondary (5 A nominal phase current
inputs, 1A, IB, IC)
0.02-3.20 A secondary (1 A nominal phase current
inputs, 1A, IB, IC)
51GC curve type UI1-US (US curves) see Figure 9.1-Figure 9.10
CI1-C5 (IEC curves)
51GTD time dial 0.50-15.00 (US 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 9.3
equation torque or
control setting set directly to logical 1 (= 1)—see note below
Note: SELOGIC control equation torque control setting (e.g., 51GTC) cannot be set directly to

logical 0.

See Section 9: Setting the Relay for additional time-overcurrent element setting information.
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Accuracy

Pickup: +0.05 A secondary and +3% of setting (5 A nominal phase current inputs, 1A, 1B, IC)
+0.01 A secondary and +3% of setting (1 A nominal phase current inputs, IA, IB, IC)

Curve Timing:  £1.50 cycles and +4% of curve time for currents between (and including) 2 and
30 multiples of pickup

Negative-Sequence Time-Overcurrent Element

Relay
Word
Bits
= 571Q Pickup
Setting
51 —m ™ — 51QT Negative—Sequence
= lime—Overcurrent Element -
5 Torque Control Switch Curve Timing and s1ar %Jﬂréeout
2 * Reset Timing.
Settings
51QP Pickup
51QC Curve Type
51QTD Time Dial —= 51QR Reset
=  51QRS Electromechanical
Reset?  (Y/N)
Directi | Logic Point TCQ
from Cgﬁtcrg\mg Controls the Torque Control Switch
Figure 4.25 (asserted to logical 1
(Level 1) continuously if E32=N) T o Lordue Tontrol
SELoGIC
Setting %ELOG‘CC ol Logical 1 Closed
51QTC orque tontro Logical O Open
Setting
51QRS= Reset Timing
Y Electromechanical
N 1 Cycle DG M3510174

Figure 3.20: Negative-Sequence Time-Overcurrent Element 51QT (With Directional
Control Option)

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

To understand the operation of Figure 3.20, follow the explanation given for Figure 3.14 in the
preceding Phase Time-Overcurrent Elements subsection, substituting negative-sequence current
3L 3L =1, + a - I, +a-I.(ABCrotation), 31, =1, + a- I. +a- I, (ACB rotation), where
a=12120°and a’ = 1 £ -120°] for maximum phase current I, and like settings and Relay Word
bits.
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Settings Ranges

Table 3.6: Negative-Sequence Time-Overcurrent Element Settings

Setting Definition Range
51QP pickup 0.50-16.00 A secondary (5 A nominal phase current
inputs, 1A, IB, IC)
0.10-3.20 A secondary (1 A nominal phase current
inputs, 1A, IB, IC)
51QC curve type U1-US5 (US curves) see Figure 9.1-Figure 9.10
C1-C5 (IEC curves)
51QTD time dial 0.50-15.00 (US 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 9.3
equation torque or
control setting set directly to logical 1 (= 1)—see note below

Note: SELOGIC control equation torque control setting (e.g., 51QTC) cannot be set directly to
logical 0.

See Section 9: Setting the Relay for additional time-overcurrent element setting information.

Accuracy

Pickup: +0.05 A secondary and +3% of setting (5 A nominal phase current inputs, 1A, 1B, IC)
+0.01 A secondary and +3% of setting (1 A nominal phase current inputs, IA, IB, IC)

Curve Timing:

+1.50 cycles and +4% of curve time for currents between (and including) 2 and
30 multiples of pickup
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VOLTAGE ELEMENTS

Enable numerous voltage elements by making the enable setting:

EVOLT =Y

Voltage Values

The voltage elements operate off of various voltage values shown in Table 3.7.

Table 3.7: Voltage Values Used by Voltage Elements

Voltage Description
vV, A-phase voltage, from SEL-351 Relay rear-panel voltage input VA (see Note 1)
\'A B-phase voltage, from SEL-351 Relay rear-panel voltage input VB (see Note 1)
V. C-phase voltage, from SEL-351 Relay rear-panel voltage input VC (see Note 1)
V. Phase-to-phase voltage (see Note 2)
Ve Phase-to-phase voltage (see Note 2)
V. Phase-to-phase voltage
3V, Zero-sequence voltage (see Note 1)
V, Negative-sequence voltage
\4 Positive-sequence voltage
V, Synchronism check voltage, from SEL-351 Relay rear-panel voltage input VS
(see Note 3)

Note 1: Not available when delta-connected (PTCONN=DELTA).

Note 2: Measured directly when delta-connected.

Note 3: Voltage VS can be used in the synchronism check elements when global setting
VSCONN = VS (see Synchronism Check Elements later in this section). Voltage VS
can be connected to a zero-sequence voltage source (typically a broken-delta
connection) when global setting VSCONN = 3V0 (see Broken-Delta VS Connection
in Section 2: Installation). Voltage VS is also used in the three voltage elements listed
at the end of Table 3.8 and Table 3.10 and in Figure 3.27, independent of the VSCONN
setting. Note: Voltage VS cannot be used for 3V0 measurement and as a synchronism
check input at the same time.

Voltage Element Settings

Table 3.8 and Table 3.9 list available voltage elements and the corresponding voltage inputs and
settings ranges for SEL-351 Relays (also refer to Figure 1.2). The global setting PTCONN

determines the relay voltage configuration as wye connected or delta connected. See Settings for
Voltage Input Configuration in Section 9: Setting the Relay.

Note: Voltage element pickup settings should not be set near zero, because they can assert or
deassert due to noise when no signal is applied. SEL recommends a minimum setting of

2.00 V.

3-28 Overcurrent, Voltage, Synchronism Check, Frequency, and Power Elements

SEL-351-5, -6, -7 Instruction Manual

Date Code 20020426



Table 3.8: Voltage Elements Settings and Settings Ranges (Wye-Connected PTs)

Voltage Element | Operating
(Relay Word bits) Voltage Pickup Setting/Range See Figure
27A1 v, 27P1P Figure 3.21
27B1 v 0.00-150.00 V secondary {150 V voltage @nputs}
- 0.00-300.00 V secondary {300 V voltage inputs}
27C1 V.
3P27=27A1*
27B1 *27C1
27A2 v, 27P2P
27B2 v 0.00-150.00 V secondary {150 V voltage inputs}
= 0.00-300.00 V secondary {300 V voltage inputs}
27C2 V.
59A1 v, 59P1P
50B1 v, 0.00-150.00 V secondary {150 V voltage @nputs}
0.00-300.00 V secondary {300 V voltage inputs}
59C1 V.
3P59 =59A1 *
59B1 * 59C1
59A2 v, 59P2P
50B2 vV 0.00-150.00 V secondary {150 V voltage @nputs}
= 0.00-300.00 V secondary {300 V voltage inputs}
59C2 V.
27AB A 27PP Figure 3.22
27BC vV 0.00-260.00 V secondary {150 V voltage @nputs}
£C 0.00-520.00 V secondary {300 V voltage inputs}
27CA Ve
59AB V.. 59PP
50BC Vv 0.00-260.00 V secondary {150 V voltage inputs}
BC 0.00-520.00 V secondary {300 V voltage inputs}
59CA V..
59N1 3V, 59N1P
0.00-150.00 V secondary {150 V voltage inputs}
0.00-300.00 V secondary {300 V voltage inputs}
S9N2 3V, S9N2P
0.00-150.00 V secondary {150 V voltage inputs}
0.00-300.00 V secondary {300 V voltage inputs}
59Q v, 59QP
0.00-100.00 V secondary {150 V voltage inputs}
0.00-200.00 V secondary {300 V voltage inputs}
59V1 v 59VI1P

0.00-150.00 V secondary {150 V voltage inputs}
0.00-300.00 V secondary {300 V voltage inputs}
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0.00-150.00 V secondary {150 V voltage inputs}
0.00-300.00 V secondary {300 V voltage inputs}

Voltage Element | Operating
(Relay Word bits) Voltage Pickup Setting/Range See Figure
27S Vi 27SP Figure 3.25
0.00-150.00 V secondary {150 V voltage inputs}
0.00-300.00 V secondary {300 V voltage inputs}
5981 A\ 59S1P
0.00-150.00 V secondary {150 V voltage inputs}
0.00-300.00 V secondary {300 V voltage inputs}
5982 A% 59S82p

Table 3.9: Voltage Elements Settings and Settings Ranges (Delta-Connected PTs)

Voltage Element | Operating . . .
(Relay Word bits) Voltage Pickup Setting/Range See Figure
27AB A 27PP Figure 3.23
27BC V.. 0.00-150.00 V secondary {150 V voltage @nputs}

= 0.00-300.00 V secondary {300 V voltage inputs}
27CA Ve
3P27=27AB *
27BC * 27CA
27AB2 A\ 27PpP2pP
27BC2 Vv 0.00-150.00 V secondary {150 V voltage inputs}
BC 0.00-300.00 V secondary {300 V voltage inputs}
27CA2 Ve
59AB A 59PpP
50BC vV 0.00-150.00 V secondary {150 V voltage inputs}
£C 0.00-300.00 V secondary {300 V voltage inputs}
59CA Ve
3P59 =59AB *
59BC * 59CA
59AB2 V.o 59PpP2P
SOBC?2 Vv 0.00-150.00 V secondary {150 V voltage inputs}
BC 0.00-300.00 V secondary {300 V voltage inputs}
59CA2 Ve
59Q v, 59QP Figure 3.24
0.00-60.00 V secondary {150 V voltage inputs}
0.00-120.00 V secondary {300 V voltage inputs}
59Q2 v, 59Q2P
0.00-60.00 V secondary {150 V voltage inputs}
0.00-120.00 V secondary {300 V voltage inputs}
59V1 V, 59V1P
0.00-85.00 V secondary {150 V voltage inputs}
0.00-170.00 V secondary {300 V voltage inputs}
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To POTT Logic
(Figure 5.6)
Settings/ Relay
Voltages Word
27P1P + Bits
_ 27A1
' h
_ 27B1
h
_ 27C1
27P2P 4: 27A2
b+
R R 2782
s
- 27C2
Va
Ve
Ve
h
B 59A1
h
59B1
S
h
59P1P _ 59C1
3P59
h
B 59A2
h
59B2
S
* 59C2
59P2P -
Dire: w351005

Figure 3.21: Single-Phase and Three-Phase Voltage Elements (Wye-Connected PTs)

Date Code 20020426 Overcurrent, Voltage, Synchronism Check, Frequency, and Power Elements 3-31
SEL-351-5, -6, -7 Instruction Manual



Settings/

Rela
Voltages Worg
Bits
+
27PP v .
i 278C
+
- 27CA
Vag
Vic
Vea
+
- 59AB
+ 598C
+
H59CA
59PP -

To POTT Logic

(Figure 5.6)
59@?@ t 59N
S59N2P ir o
i :
vt ; v

Figure 3.22: Phase-to-Phase and Sequence Voltage Elements (Wye-Connected PTs)
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To POTT Logic
(Figure 5.6)
Settings/ Relay
Voltages vgg@trd
its
27PP + S7AR
h
i 27BC
h
i 27CA
3P27
27PP2P + >7AB2
h
i 27BC2
h
i 27CA2
VaB
Vee
Vea
h
i 59AB
h
N 59BC
B . 59CA
59PP -
3P59
h
i 59AB2
h
i 59BC2
’ 59CA2
59PP2P -

DWG: M357791A

Figure 3.23: Phase-to-Phase Voltage Elements (Delta-Connected PT's)
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To POTT Logic

(Figure 5.6
V2 * 59Q
59QP —
+
59Q2P - 90z
V1 +
59V1P - ooV

DWG: M3511924

Figure 3.24: Sequence Voltage Elements (Delta-Connected PTs)

Settings/ Relay
Voltages Word
27SP + %
Vs
+
5951
59S1P -
+
5952
59S2P —

DwWe:  M361010

Figure 3.25: Channel VS Voltage Elements (Wye- or Delta-Connected PTs)

Accuracy

Pickup: 1V and +5% of setting {150 V voltage inputs}
+2 V and 5% of setting {300 V voltage inputs}

Transient Overreach: ~ +5% of setting

Voltage Element Operation

Note that the voltage elements in Table 3.8, Table 3.9, and Figure 3.21 through Figure 3.25 are a
combination of “undervoltage” (Device 27) and “overvoltage” (Device 59) type elements.
Undervoltage elements (Device 27) assert when the operating voltage goes below the corre-
sponding pickup setting. Overvoltage elements (Device 59) assert when the operating voltage
goes above the corresponding pickup setting.

Undervoltage Element Operation Example

Refer to Figure 3.21 (top of the figure).

Pickup setting 27P1P is compared to the magnitudes of the individual phase voltages V,, V,, and
V.. The logic outputs in Figure 3.21 are the following Relay Word bits:

27A1 = 1 (logical 1), if V, < pickup setting 27P1P
= 0 (logical 0), if V, = pickup setting 27P1P
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27B1 = 1 (logical 1), if V < pickup setting 27P1P
= 0 (logical 0), if V= pickup setting 27P1P
27C1 = 1 (logical 1), if V. < pickup setting 27P1P
= 0 (logical 0), if V2 pickup setting 27P1P
3P27 = 1 (logical 1), if all three Relay Word bits 27A1, 27B1, and 27C1 are asserted

(27A1=1,27B1 =1,and 27C1 =1)
0 (logical 0), if at least one of the Relay Word bits 27A1, 27B1, or 27Cl1 is
deasserted (e.g., 27A1 =0)

Overvoltage Element Operation Example
Refer to Figure 3.21 (bottom of the figure).

Pickup setting S9P1P is compared to the magnitudes of the individual phase voltages V,, V,, and
V.. The logic outputs in Figure 3.21 are the following Relay Word bits:

59A1 = 1 (logical 1), if V, > pickup setting S9P1P
= 0 (logical 0), if V, < pickup setting S9P1P
59B1 = 1 (logical 1), if V> pickup setting 59P1P
= 0 (logical 0), if V, < pickup setting S59P1P
59C1 = 1 (logical 1), if V> pickup setting 59P1P
= 0 (logical 0), if V_ < pickup setting S9P1P
3P59 = 1 (logical 1), if all three Relay Word bits 59A1, 59B1, and 59C1 are asserted

(59A1=1,59B1 =1,and 59C1 =1)
= 0 (logical 0), if at least one of the Relay Word bits 59A1, 59B1, or 59C1 is
deasserted (e.g., 59A1 =0)

Voltage Elements Used in POTT Logic

Refer to Figure 3.21 and Figure 3.22 for wye-connected voltage inputs. Note that voltage
elements 27A1, 27B1, 27C1, and 59N1 are also used in the weak-infeed portion of the POTT
logic, if the weak-infeed logic is enabled (see Figure 5.6).

Refer to Figure 3.23 and Figure 3.24 for delta-connected voltage inputs. Note that voltage
elements 27AB, 27BC, 27CA, and 59Q are also used in the weak-infeed portion of the POTT
logic, if the weak-infeed logic is enabled (see Figure 5.6).

If the weak-infeed portion of the POTT logic is enabled (setting EWFC = Y) and these voltage
elements are used in the logic, they can still be used in other applications (if the settings are
applicable). If the weak-infeed portion of the POTT logic is not enabled, these voltage elements
can be used in any desired application.
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SYNCHRONISM CHECK ELEMENTS
Enable the two single-phase synchronism check elements by making the enable setting:
E25=Y

Note: If global setting VSCONN = 3V, the synchronism check elements are unavailable, and
E25 = N is the only possible setting. See Broken-Delta 3V0 Connection {Global setting
VSCONN = 3V0} in Section 2: Installation for details.

Figure 2.10 through Figure 2.13, Figure 2.22, and Figure 2.23 in Section 2: Installation 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 assure healthy voltage)
and slip frequency settings (see Figure 3.26). They have separate angle settings (see Figure 3.27).

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 3.27. 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 3.27. The angle difference is compen-
sated by breaker close time, and the breaker is ideally closed at a zero degree phase angle differ-
ence, to minimize system shock.

These synchronism check elements are explained in detail in the following text.

Voltage Input VS Connected Phase-to-Phase or Beyond Delta-Wye Transformer

Sometimes synchronism check voltage V cannot be in phase with voltage V,, V, or V
(wye-connected PTs); or V,,, V_, or V, (delta-connected PTs). This happens in applications
where voltage input VS is connected

¢ Phase-to-phase when using a wye-connected relay
e Phase-to-neutral when using a delta-connected relay
¢ Beyond a delta-wye transformer

For such applications requiring V| to be at a constant phase angle difference from any of the
possible synchronizing voltages (V,, V,,or V; V., V.., or V), an angle setting is made with
the SYNCP setting (see Table 3.10 and the SYNCP setting discussion that follows).
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Synchronism Check Elements Settings

Table 3.10: Synchronism Check Elements Settings and Settings Ranges

Setting Definition Range
25VLO low voltage threshold for “healthy 0.00-150.00 V secondary
voltage” window (150 V voltage inputs)
0.00-300.00 V secondary
(300 V voltage inputs)
25VHI high voltage threshold for “healthy 0.00-150.00 V secondary
voltage” window (150 V voltage inputs)
0.00-300.00 V secondary
(300 V voltage inputs)
25SF maximum slip frequency 0.005-0.500 Hz
25ANG1 | synchronism check element 25A1 0°-80°
maximum angle
25ANG2 | synchronism check element 25A2 0°-80°
maximum angle
SYNCP synchronizing phase VA, VB, or VC (wye-connected
or voltages)
VAB, VBC, or VCA (delta-
connected voltages)
the number of degrees that synchronism o o - o
check voltage V, constantly lags voltage 0°=330%, in 30° steps
V, (wye-connected voltages) or V,
(delta-connected voltages)
TCLOSD | breaker close time for angle 0.00-60.00 cycles
compensation
BSYNCH | SELOGIC control equation block Relay Word bits referenced in
synchronism check setting Table 9.3

Setting SYNCP

Wye-connected voltages:

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 V and V,). V, always has to meet
the "healthy voltage" criteria (settings 25VHI and 25VLO—see Figure 3.26). Thus, for situations
where V cannot be in phase with V,, V, or V, it is most straightforward to have the angle
setting choices (0, 30, ..., 300, or 330 degrees) referenced to V,.
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Note on setting SYNCP = 0:

Settings SYNCP = 0 and SYNCP = VA are effectively the same (voltage V| is directly
synchronism checked with voltage V,; V does not lag V,). The relay will display the
setting entered (SYNCP = VA or SYNCP =0).

Delta-connected voltages:

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-VB always has to be connected to determine system frequency on
one side of the circuit breaker (to determine the slip between V and V, ). V,, always has to meet
the "healthy voltage" criteria (settings 25VHI and 25VLO—see Figure 3.26). Thus, for situations
where V cannot be in phase with V,,, V., or V_,, it is most straightforward to have the angle
setting choices (0, 30, ..., 300, or 330 degrees) referenced to V..

Note on setting SYNCP = 0:

Settings SYNCP = 0 and SYNCP = VAB are effectively the same (voltage V is directly
synchronism checked with voltage V,; V does not lag V,,). The relay will display the
setting entered (SYNCP = VAB or SYNCP = 0).

Figure 2.22 shows a relay wired with delta-connected phase PTs, and a C-phase-to-ground
connected VS-NS input. With ABC rotation, the correct SYNCP setting for this example is 270
degrees, the amount that V_ lags V.

See the Application Guide entitled 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.

Accuracy

Voltage Pickup: +1 V and +5% of setting {150 V voltage inputs}
+2 V and 5% of setting {300 V voltage inputs}

Voltage Transient Overreach:  +5% of setting
Slip Pickup: 0.003 Hz
Angle Pickup: +4°

Synchronism Check Elements Voltage Inputs

The two synchronism check elements are single-phase elements, with single-phase voltage inputs
V, and V| used for both elements:

V, Phase input voltage (V,, V,, or V_for wye-connected voltages; V,,, V.., V, for
delta-connected voltages), designated by setting SYNCP (e.g., if SYNCP = VB, then
V,=V))

V. Synchronism check voltage, from SEL-351 Relay rear-panel voltage input VS

S

For example, if V, is designated as phase input voltage V, (setting SYNCP = VB) [or V_ (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 1.2, Figure 2.10 through Figure 2.13, Figure 2.22, and Figure 2.23).
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Setting
25VHI

Wye—connected:
select Va. Vg. or V¢
with setting SYNCP; if
SYNCP=0-330°, then
Vp =Va

+ high threshold

Ve within "healthy
voltage” window

Ve
Delta—connected:

select Vag, VBc, or Vca

with setting SYNCP; if
SYNCP=0-330", then

VP =Vap

— low threshold

+ high threshold

Vs within "healthy
voltage™ window

— low threshold

+ high threshold

Vp (wye—connected)
Vpg (delta—connected)

Setting

Vyor Vag within "healthy
voltage” window

— low threshold

25VLO

SELocIc

Block Synchronism Check

Setting
BSYNCH

Setting
25SF

ﬂjﬁ 3
CYC,
0

S59VS

59VA

SSLOW

SFAST

SF

frequency of Vp less than or equal to
frequency of Vg (fp<fg)
Enable
frequency of Vpgreater than
frequency of Vg (fp >fg)
Sl to Angle Difference
P E—— X
Calculator (see bottom of Figure 3.27)
Frequency
Calculator | Slip Slio F
Frequency absolute ‘ ip Frequency
value - Element
+
Max. Slip Freq.

Figure 3.26: Synchronism Check Voltage Window and Slip Frequency Elements

to
Figure 3.27

DWG: M3612644
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Relay

Word
Bit
Wye—connected: SF Slip Frequency Element
select Vp, Vg, or V¢ Enable
with setting SYNCP; if
SYNCP=0-330", then
Vp =Va
. Ve
Delta—connected:
select Vag, Vg, or Vca Angle éﬂf le
with setting SYNCP; if Difference —ncrence
SYNCP=0-330", then (absolute
Vp =Vag Calculator | value)
Vo —————————
s Relay
Synchronism Wﬁ?fd
Setti L[> Check _Bits
[¢ El t 1
265A‘E/GSW Max. Angle 1 n — 25A1
Synchronism
Check
I El t 2
25ANG2 Max. Angle 2 ——CMEm L 25A2
Operation of Synchronism Check Elements if voltages Vp and V¢ are static
(not slipping):

slip frequency < 0.005 Hz
or: Setting TCLOSD = 0.00

Operation of Synchronism Check Elements if voltages Vp and V¢ are slipping:

0.005 Hz < slip frequency < setting 25SF
l7 and: Setting TCLOSD = 0.00

Synchronize at
0° + : Angle Difference = 0°
Relay

Word
Bit
SF

Slip Frequency Element
Wye—connected:
select Vo, Vg. or V¢

with setting SYNCP; if Frequeigﬁ
SYNCP=0-330", then (from Figure 3.26)
Ve =Va

I

Enable

Ve
Delta—connected:

select Vag, VBc, or Vca Angle Angle

with setting SYNCP; if Diff Difference
SYNCP=0-2330", then Herence I osonte
Vp =Vag Ve Calculator | value —
S compensoted
Settings ~ Breaker ?é\j)es%mg Relay
TCLOSD —Close Time o ) Synchronism  Word

(ED‘h‘SCk L Bits
| — emen
25ANG1T _Moax. Angle 1 4 % 25A1

Synchronism
Check
Element 2

25ANG2  —Max. Angle 2 25A2

Angle Difference
increasing

Last check of
SELocic setting 79CLS
(see Figure 6.2) DWG: MI51664

Figure 3.27: Synchronism Check Elements

System Frequencies Determined from Voltages V, (or V,_ for Delta) and V,

To determine slip frequency, first determine 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,, (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 V, for wye or V__ for delta) is to be synchronized with voltage V..

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
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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 V (or V. for delta) is to be synchronized with voltage V, 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 con-
nected 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 Phase B (or voltage
terminals VB-V A 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 V constantly lags voltage V,) and connect voltage input VA-N to V,.
Voltage inputs VB and VC do not have to be connected.

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 V, constantly lags
voltage V,,) and connect voltage inputs VA-VB to V, .. Voltage input VC does not have to be
connected.

System Rotation Can Affect Setting SYNCP
The solution in the preceding paragraph:
e Voltage input VA connected to Phase A
e Voltage input VS connected to Phase B
e Setting SYNCP = 120 degrees (V| constantly lags V, by 120°)

presumes ABC system rotation. If voltage input connections are the same, but system rotation is
ACB, then setting SYNCP = 240 degrees (V, constantly lags V, by 240°). For more information
on setting SYNCP with an angle setting, see Application Guide titled Compensate for Constant

Phase Angle Difference in Synchronism Check with the SEL-351 Relay Family.

Synchronism Check Elements Operation

Refer to Figure 3.26 and Figure 3.27.

Voltage Window
Refer to Figure 3.26.

Single-phase voltage inputs V, and V are compared to a voltage window, to verify that the volt-
ages are “healthy” and lie within settable voltage limits 25VLO and 25VHI. If both voltages are
within the voltage window, the following Relay Word bits assert:

59VP indicates that voltage V, is within voltage window setting limits 25VLO and 25VHI
59VS indicates that voltage V| is within voltage window setting limits 25VLO and 25VHI
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As discussed previously, voltage V, (or V,, for delta-connected voltage inputs) determines the
frequency on the voltage V, side of the circuit breaker. Voltage V, is also run through voltage
limits 25VLO and 25VHI to assure “healthy voltage” for frequency determination, with
corresponding Relay Word bit output S9VA.

Other Uses for Voltage Window Elements

If voltage limits 25VLO and 25VHI are applicable to other control schemes, Relay Word bits
59VP, 59VS, and 59V A can be used in other logic at the same time they are used in the synchro-
nism check logic.

If synchronism check is not being used, Relay Word bits S9VP, 59VS, and 59V A 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 and 25VHI. Apply Relay
Word bits 59VP, 59VS, and 59V A in desired logic scheme, using SELOGIC control equations.
Even though synchronism check logic is enabled, the synchronism check logic outputs (Relay
Word bits SF, 25A1, and 25A2) do not need to be used.

Block Synchronism Check Conditions
Refer to Figure 3.26.

The synchronism check element slip frequency calculator runs if both voltages V,and V are
healthy (S9VP 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 6.1 and Figure 7.3)
In addition, synchronism check operation can be blocked when the relay is tripping:

BSYNCH = ...+ TRIP

Slip Frequency Calculator
Refer to Figure 3.26.

The synchronism check element Slip Frequency Calculator in Figure 3.26 runs if voltages V,,, V,
and V, (or V,, for delta) are healthy (59VP, 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:

Slip Frequency = f, — f (in units of Hz = slip cycles/second)
f, = frequency of voltage V, (in units of Hz = cycles/second)
[determined from V, (or V, for delta)]

f, = frequency of voltage V| (in units of Hz = cycles/second)

A complete slip cycle is one single 360-degree revolution of one voltage (e.g., V) by another
voltage (e.g., V,). Both voltages are thought of as revolving phasor-wise, so the “slipping” of V|
past V, is the relative revolving of V past V.
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For example, in Figure 3.26, if voltage V, has a frequency of 59.95 Hz and voltage V, 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 V is not “slipping” behind
voltage V,, but in fact “slipping” ahead of voltage V,. In a time period of one second, the angular
distance between voltage V, and voltage V changes by 0.10 slip cycles, which translates into:

0.10 slip cycles/second x (360°/slip cycle) x 1 second = 36°

Thus, in a time period of one second, the angular distance between voltage V, and voltage V|
changes by 36 degrees.

The absolute value of the Slip Frequency output is run through a comparator and if the slip
frequency is less than the maximum slip frequency setting, 25SF, Relay Word bit SF asserts to
logical 1.

Generator Application for SSLOW and SFAST

Relay Word bits SSLOW and SFAST in Figure 3.26 indicate the relative slip of voltages V, and
V¢

S

f,<f: SSLOW =logical 1, SFAST = logical 0

P—="5
f,>f: SSLOW =logical 0, SFAST =logical 1

An application idea for SSLOW and SFAST is a small generator installation: V, is from the
generator side and V| is from the system side (other side of the open circuit breaker). With some
logic (perhaps to create pulsing signals), SSLOW and SFAST are used as signals (via output
contacts) to the generator governor. “SSLOW? indicates that the generator (V,) is slower than (or
equal in frequency to) the system (V), while “SFAST” indicates that the generator (V,) is faster
than the system (V). If the enable into the slip frequency calculator in Figure 3.26 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.

Angle Difference Calculator
The synchronism check element Angle Difference Calculator in Figure 3.27 runs if the slip
frequency is less than the maximum slip frequency setting 25SF (Relay Word bit SF is asserted).
Voltages V, and V. are “Static”

Refer to top of Figure 3.27.

If the slip frequency is less than or equal to 0.005 Hz, the Angle Difference Calculator does not
take into account breaker close time—it presumes voltages V, and V are “static” (not “slipping”
with respect to one another). This would usually be the case for an open breaker with voltages V,
and V| that are paralleled via some other electric path in the power system. The Angle Difference
Calculator calculates the angle difference between voltages V, and V:

Angle Difference = |(£V, - 2V,)|
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For example, if SYNCP = 90 (indicating V constantly lags V, =V, by 90 degrees), but V,
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 and:

Angle Difference = | (£ V,- 2 V)| = 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 V, and V, 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.

setting } setting ,
| 25ANG1 /
25ANG1 ! (or 25ANG2) /
N //(or 25ANG2) ‘ ,
\\\ }AfAngIe / /
/
AN }Differenc\é/M\ angI/e
N } /  compensation
\ | / for
AN \ | breaker close time .
AN vk L //TCLOSD ///
P Vsl s

Angle Difference decreasing (Vg* approaching V)

l— Angle Difference increasing (V¢* moving away from V)

settin ‘ setting
-
9 = 25ANG1

25ANG1 :
(or 25ANG2) I (or 25ANG2 ,
0 angle /

\ . compensation /
\ \ / /

for
\ / /
N \m/breaker close time~a /
N \ TCLOSD / ,/
\ | I
\ o—Angle—a, / /
N fﬁfference\ | /
\
\ \

DWG: M351077

Figure 3.28: Angle Difference Between V, and V, Compensated by Breaker Close Time
(f, <f, and V, Shown as Reference in This Example)
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Voltages V, and V are “Slipping”

Refer to bottom of Figure 3.27.

If the slip frequency is greater than 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 3.28). The Angle Difference Calculator calculates the
Angle Difference between voltages V, and V, compensated with the breaker close time:

Angle Difference = | (LV, -2V ) +[(f, — ) x TCLOSD x (1 second/60 cycles) x
(360°/slip cycle)] |

Angle Difference Example (Voltages V, and V, are “Slipping")
Refer to bottom of Figure 3.27.

For example, if the breaker close time is 10 cycles, set TCLOSD = 10. Presume the slip
frequency is the example slip frequency calculated previously. The Angle Difference Calculator
calculates the angle difference between voltages V, and V, compensated with the breaker close
time:

Angle Difference = | (LV, - £V +[(f, — ;) x TCLOSD x (1 second/60 cycles) x
(360°/slip cycle)] |

Intermediate calculations:

(f, = ) = (59.95 Hz — 60.05 Hz) = -0.10 Hz = -0.10 slip cycles/second
TCLOSD x (1 second/60 cycles) = 10 cycles x (1 second/60 cycles) = 0.167 second

Resulting in:

Angle Difference = | (LV, - £V +[(f, — ) x TCLOSD x (1 second/60 cycles) x
(360°/slip cycle)] |
=2V, - 2V) +1-0.10 x 0.167 x 360°] |

=|v,-2v)-6°|

During the breaker close time (TCLOSD), the voltage angle difference between voltages V, and
V, changes by 6 degrees. This 6 degree angle compensation is applied to voltage V, resulting in
derived voltage V*, as shown in Figure 3.28.

Note: The angle compensation in Figure 3.28 appears much greater than 6 degrees. Figure 3.28
is for general illustrative purposes only.

The top of Figure 3.28 shows the Angle Difference decreasing—V j* is approaching V,. Ideally,
circuit breaker closing is initiated when V* is in phase with V, (Angle Difference = 0 degrees).
Then when the circuit breaker main contacts finally close, V is in phase with V, minimizing
system shock.

The bottom of Figure 3.28 shows the Angle Difference increasing—V * is moving away from V,.
Ideally, circuit breaker closing is initiated when V * is in phase with V, (Angle Difference = 0
degrees). Then when the circuit breaker main contacts finally close, V is in phase with V,. But
in this case, V* has already moved past V. In order to initiate circuit breaker closing when V j*
is in phase with V, (Angle Difference = 0 degrees), V* has to slip around another revolution,
relative to V,.
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Synchronism Check Element Outputs

Synchronism check element outputs (Relay Word bits 25A1 and 25A2 in Figure 3.27) assert to
logical 1 for the conditions explained in the following text.

Voltages V_and V, are “Static” or Setting TCLOSD = 0.00
Refer to top of Figure 3.27.

If V, and V 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 corresponding maximum angle setting 25ANGI1 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 V, and V, are “slipping” with respect to
one another. Thus, synchronism check elements 25A1 or 25A2 assert to logical 1 if the Angle
Difference is less than corresponding maximum angle setting 25ANG1 or 25ANG2.

Voltages V_and V. are “Slipping"” and Setting TCLOSD = 0.00

Refer to bottom of Figure 3.27. If V, and V| 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 3.28 shows the Angle Difference decreasing—V * is approaching V.
When V* is in phase with V, (Angle Difference = 0 degrees), synchronism check elements
25A1 and 25A2 assert to logical 1.

2. The bottom of Figure 3.28 shows the Angle Difference increasing—V * is moving away
from V,. V * was in phase with V, (Angle Difference = 0 degrees), but has now moved past
V,. If the Angle Difference is increasing, but the Angle Difference is still less than maximum
angle settings 25ANG1 or 25ANG2, then corresponding synchronism check elements 25A 1
or 25A2 assert to logical 1.

In this scenario of the Angle Difference increasing, but still being less than maximum angle
settings 25ANG]1 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 V * to slip around again in phase with V, (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 in Section 6: Close and Reclose Logic.

Refer to the bottom of Figure 6.2 in Section 6: Close and Reclose Logic. 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 6.3).

Refer to the top of Figure 6.2 in Section 6: Close and Reclose Logic. If timer 79CLSD is set
to zero (79CLSD = 0.00), SELOGIC control equation setting 79CLS (Reclose Supervision) is

3-46 Overcurrent, Voltage, Synchronism Check, Frequency, and Power Elements Date Code 20020426
SEL-351-5, -6, -7 Instruction Manual



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 3.28. Ideally, circuit breaker closing is initiated when V * is in
phase with V, (Angle Difference = 0 degrees). Then when the circuit breaker main contacts
finally close, V| is in-phase with V , 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 3.27 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 (V* approaching V,) brings V * in phase with V, (Angle
Difference = 0 degrees). Instead, it just checks to see that the Angle Difference is less
than angle settings 25ANGI1 or 25ANG2.

If the Angle Difference is less than angle setting 25ANG1 or 25ANG?2, then the corre-
sponding 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 25ANG] at that “instant,” setting
79CLS asserts to logical 1 for 1/4 cycle, allowing the sealed-in open interval time-out to
propagate on to the close logic in Figure 6.1 in Section 6: Close and Reclose Logic.
Element 25A2 operates similarly.

Synchronism Check Applications for Automatic Reclosing and Manual Closing

Refer to Close Logic and Reclose Supervision Logic in Section 6: Close and Reclose Logic.

For example, set 25ANG]1 = 15 degrees and use the resultant synchronism check element in the
reclosing relay logic to supervise automatic reclosing:

e.g., 79CLS =25A1 + ... (see Figure 6.2)

Set 25ANG?2 = 25° and use the resultant synchronism check element in manual close logic to
supervise manual closing (for example, assert IN106 to initiate manual close):

e.g., CL =1IN106 * (25A2 +...) (see Figure 6.1)

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 6.1 logic output).
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FREQUENCY ELEMENTS

Six frequency elements are available. The desired number of frequency elements are enabled
with the E81 enable setting:

E81 =N (none), 1 through 6

as shown in Figure 3.31. Frequency is determined from the voltage connected to voltage termi-
nals VA-N.

Frequency Element Settings

Setting

2/B81P

Voltages T

Wye /Delta +
VA /VAB -

To
Frequency
h \ Element
] Logic
VB/VBC - (Figure 3.31)

h Relay

— Word
VC/VCA ——— 5 Bit

——¢——— 2/B8]1

5
CyC

DWG: M3512554

Figure 3.29: Undervoltage Block for Frequency Elements (Group setting VNOM # OFF)

To
Frequency
Element
Logic
(Figure 3.31)
Setting
27B81P Relay
Word
Voltages Bit
Wye /Delta + 0 "
5

DWG.: M361329

Figure 3.30: Undervoltage Block for Frequency Elements (Group setting VNOM = OFF)
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Enabled Relay
Frequency Word * 81D1 — B81D6
_Elements % Undervoltage Condition are for testing
Measured (from Figure 3.29 or 3.30) purposes only
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in Hz + ver
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- Frequency
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Frequency 81020,
Element 2 81D2P > NFREQ 81D2T
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E81 > 2) 81D2P < NFREQ
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(Sattimg B1D3P > NFREQ :Clj B1D3T
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Flement 6 B1D6P > NFREQ g1per
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- Frequency DWG: M3612564
Figure 3.31: Levels 1 Through 6 Frequency Elements
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Table 3.11: Frequency Elements Settings and Settings Ranges

Setting Definition Range

27B81P undervoltage frequency element | 12.50-150.00 V secondary (150 V voltage
block inputs)
(responds to V| when Global 25.00-300.00 V secondary (300 V voltage
setting PTCONN = WYE, inputs)

responds to V,, when Global
setting PTCONN = DELTA)

81D1P frequency element 1 pickup 40.10-65.00 Hz
81DID’ 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

" Frequency element time delays are best set no less than 5 cycles. Frequency is determined by a
zero-crossing technique on voltage V,. If voltage waveform offset occurs (e.g., due to a fault),
then frequency can be off for a few cycles. A 5-cycle or greater time delay (e.g., 81D1D = 6.00
cycles) overrides this occurrence.

Accuracy

Pickup: +0.01 Hz
Timer: +0.25 cycles and +0.1% of setting

Create Over- and Underfrequency Elements
Refer to Figure 3.31.

Note that pickup settings 81D 1P through 81D6P are compared to setting NFREQ. NFREQ is the
nominal frequency setting (a global setting), set to 50 or 60 Hz.
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Overfrequency Element

For example, make settings:

NFREQ = 60 Hz (nominal system frequency is 60 Hz)
E812>1 (enable frequency element 1)
81D1P =61.25 Hz. (frequency element 1 pickup)

With these settings: 81D1P > NFREQ

the overfrequency part of frequency element 1 logic is enabled. 81D1 and 81DI1T 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)
E812>2 (enable frequency element 2)
81D2P = 59.65 Hz (frequency element 2 pickup)

With these settings: 81D2P < NFREQ

the underfrequency part of frequency element 2 logic is enabled. 81D2 and 81D2T operate as
underfrequency elements. 81D2 is used in testing only.

Frequency Element Operation

Refer to Figure 3.31.

Overfrequency Element Operation

With the previous overfrequency element example settings, if system frequency is less than or
equal to 61.25 Hz (81D1P = 61.25 Hz), frequency element 1 outputs:

81D1
81DIT

logical 0 (instantaneous element)
logical 0 (time delayed element)

If system frequency is greater than 61.25 Hz (§1D1P = 61.25 Hz), frequency element 1 outputs:

81D1
81DI1T

logical 1 (instantaneous element)
logical 1 (time delayed element)

Relay Word bit 81DI1T asserts to logical 1 only after time delay 81D1D.
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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:

81D2
81D2T

logical 1 (instantaneous element)
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 (8§81D2P = 59.65 Hz), frequency element 2 outputs:

81D2 = logical 0 (instantaneous element)
81D2T = logical 0 (time delayed element)

Frequency Element Voltage Control

Refer to Figure 3.29, Figure 3.30, and Figure 3.31.

Note that all six frequency elements are controlled by the same undervoltage element (Relay
Word bit 27B81). For example, when group setting VNOM =# OFF, and Global setting PTCONN
= WYE, Relay Word bit 27B81 asserts to logical 1 and blocks the frequency element operation if
any voltage (V,, V,, or V) goes below voltage pickup 27B81P. This control prevents erroneous
frequency element operation following fault inception.

However, if group setting VNOM = OFF, Relay Word bit 27B81 is only affected by the voltage
applied to the VA-N terminals. This is useful in applications where there is only single-phase
voltage available to the relay.

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, using SELOGIC

control equations. Even though frequency elements are enabled, the frequency element outputs
(Relay Word bits 81D1T through 81D6T) do not have to be used.

Frequency Element Uses

The instantaneous frequency elements (81D1 through 81D6) are used in testing only.

The time-delayed frequency elements (81D1T through 81D6T) are used for underfrequency load
shedding, frequency restoration, and other schemes.
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VOLTAGE SAG, SWELL, AND INTERRUPTION ELEMENTS (AVAILABLE IN
FIRMWARE VERSION 7)

The SEL-351-7 Relay has three types of elements to detect voltage disturbances. These elements
detect voltage sags, swells, and interruptions (abbreviated as “VSSI” or “SSI””). These elements
are enabled by group setting ESSI =Y and controlled by the VINT, VSWELL, and VSAG
settings.

Enter the VSSI element threshold settings VSAG, VSWELL, and VINT in percentage units,
which relate to the Positive-Sequence Reference Voltage: Vbase. The use of percentage settings
instead of absolute voltage limits allows the SSI elements to perform better in systems that have a
range of nominal voltages, with no need to adjust settings for seasonal loading or to set them far
apart to accommodate the action of a tap-changing transformer. The SSI elements respond to
phase-to-neutral voltages when the relay is wye-connected, and phase-to-phase voltages when the
relay is delta-connected, as determined by Global setting PTCONN.

The Positive-Sequence Reference Voltage is discussed in its own subsection.

The Voltage Sag, Swell, Interruption Recorder automatically uses the SSI elements. These
elements are also available as Relay Word bits, so they can be used in any SELOGIC control
equation. See Sag/Swell/Interruption (SSI) Report (Available in Firmware Version 7) in

Section 12: Standard Event Reports, Sag/Swell/Interruption Report, and SER.

Voltage Sag Elements

As shown in Figure 3.32, if the magnitude of a voltage drops below the voltage sag pickup
threshold for one cycle, the corresponding SAG Relay Word bit for that phase (or phase-to-phase
pair) asserts (SAGA, SAGB, or SAGC, wye-connected; SAGAB, SAGBC, SAGCA, delta-
connected). If all three SAG__ elements assert, an additional Relay Word bit asserts—SAG?3P.
The SAG elements remain asserted until the magnitude of the corresponding voltage rises and
remains above the sag dropout threshold for one cycle.

The sag pickup and dropout thresholds depend on Vbase and the VSAG setting.

V —_—
VPl 7.00 ol Relay
e

(Vbase * VSAG) = + 0.00 WB?i{d
pickup threshold cycles Output \ SAGp

—

A 1.00
(Vbase * [VSAG + 1%]) = —= 0.00 Reset

dropout threshold cycles p=A, B, or C (wye)

Group Settings or

ESSI=Y —— | p=AB, BC, or CA (delta)
VSAG = OFF

DWG: M351330

Figure 3.32: Voltage Sag Elements

Voltage Swell Elements

As shown in Figure 3.33, if the magnitude of a voltage rises above the voltage swell pickup
threshold for one cycle, the corresponding SW Relay Word bit for that phase (or phase-to-phase
pair) asserts (SWA, SWB, or SWC, wye-connected; SWAB, SWBC, SWCA, delta-connected).
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If all three SW___ elements assert, an additional Relay Word bit asserts—SW3P. The SW
elements remain asserted until the magnitude of the corresponding voltage drops and remains
below the swell dropout threshold for one cycle.

The swell pickup and dropout thresholds depend on Vbase and the VSWELL setting.

[Vp| > 700 Relay
' Set Word
(Vbase * VSWELL) 400 Bit
= pickup threshold cycles Output \ SWp
—
1.00
Reset
(Vbase + [VSWELL - 1%]) . 5 0o D= A B or G (wye)
= dropout threshold cycles or

% p = AB, BC, or CA (delta)
VSWELL = OFF DWG: M351331

Figure 3.33: Voltage Swell Elements

Voltage Interruption Elements

As shown in Figure 3.34, if the magnitude of a voltage drops below the voltage interruption
pickup threshold for one cycle, the corresponding INT Relay Word bit for that phase (or phase-to-
phase pair) asserts (INTA, INTB, or INTC, wye-connected; INTAB, INTBC, INTCA, delta-
connected). If all three INT__ elements assert, an additional Relay Word bit asserts—INT3P.
The INT elements remain asserted until the magnitude of the corresponding voltage rises and
remains above the interruption dropout threshold for one cycle.

The interruption pickup and dropout thresholds depend on Vbase and the VINT setting.

[Vp| — Relay
9 Set Word
(Vbase « VINT) = + 0.00 Bit
pickup threshold cycles Output ™~ INTp
—
h 1.00,
Reset
(Vbase « [VINT +1%]) = ———|- 600 )
dropout threshold cycles p =A, B, or C (wye)
Group Settings or
T Essi=Y p = AB, BC, or CA (delta)
VINT = OFF DWG: M351332

Figure 3.34: Voltage Interruption Elements

Voltage Sag, Swell, and Interruption Elements Settings

The settings ranges for the SSI thresholds are shown in Table 3.12.

The factory default settings match the Interruption, Sag, and Swell definitions in IEEE Standard
1159-1995 “Classifications of RMS Variations.”
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Table 3.12: Sag/Swell/Interruption Elements Settings (must first set ESSI =Y)

Settings Definition Range Default

VINT* Percentage of memory voltage | OFF, 5 to 95 percent of 10.00%
compared to phase-to-neutral | reference voltage, Vbase
or phase-to-phase voltage to
assert INT elements

VSAG Percentage of memory voltage | OFF, 10 to 95 percent of 90.00%
compared to phase-to-neutral | reference voltage, Vbase
or phase-to-phase voltage to
assert SAG elements

VSWELL Percentage of memory voltage | OFF, 105 to 180 percent of 110.00%
compared to phase-to-neutral | reference voltage, Vbase (300 V
or phase-to-phase voltage to secondary maximum upper
assert SW elements limit)

* VINT cannot be set higher than VSAG.

Positive-Sequence Reference Voltage, Vbase

The relay converts the positive-sequence voltage quantity, IV1l, to a reference voltage, Vbase,
that has a thermal demand characteristic with a time constant of 100 seconds. This allows the
Vbase quantity to slowly track normal system voltage variations (tap changer operations and load
effects), but not follow fast system voltage changes (unless the change is held for several
seconds).

In a balanced three-phase system, IV1l is the average of the three phase-to-neutral voltages.

For wye-connected systems, Vbase tracks IV1l, and represents the average phase-to-neutral
voltage.

Vi

For delta-connected systems, Vbase tracks J3e , and represents the average phase-to-phase

voltage.

The present value of Vbase can be viewed by issuing the MET X command. See MET
Command (Metering Data) in Section 10: Serial Port Communications and Commands.

Vbase Thermal Element Block

To prevent the Vbase quantity from tracking during transient voltage conditions, the calculation
of the Vbase thermal element is blocked during the assertion of any of the SAGp, SWp, or INTp
Relay Word bits or the FAULT SELOGIC control equation setting. When blocked, the Vbase
quantity will not change. This allows the SAG, SWELL, and INT elements voltage comparisons
to be made with the reference Vbase locked at a “healthy” system voltage level. Once the
disturbance is over and all of the SAGp, SWp, and INTp Relay Word bits deassert, and the
FAULT SELOGIC control equation setting deasserts, the thermal element for Vbase is unblocked.

Figure 3.35 shows an example of how Vbase tracking is suspended during a voltage disturbance
(wye-connected). The example voltage disturbance is the result of an overload condition (three-
phase sag), followed by a source-side breaker operation (three-phase interruption). To illustrate
the dynamic nature of the VSSI thresholds, the Interrupt, Sag, and Swell pickup levels are also
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plotted, using the factory default settings for VINT, VSAG, and VSWELL. For this hypothetical
three-phase disturbance, V1 has the same magnitude as V,, V, and V_ (as shown). Single-phase
disturbances are handled in a similar fashion, except that the phases and V1 will have different
voltage magnitudes.

The use of a VSAG setting higher than 90 percent, at the same time as a VSWELL setting lower
than 110 percent, should be carefully considered. Moving these thresholds too close together
increases the probability that an end of disturbance condition is missed. This could create a false
sag or swell condition that may not clear itself until the next disturbance, thus causing the Vbase
thermal element to remain blocked.

Vbase thermal element blocking by the FAULT Relay Word bit is programmable via SELOGIC
setting FAULT. SELOGIC control equation setting FAULT also controls other relay functions,
see subsection SELOGIC Control Equation Setting FAULT in Section 5: Trip and Target
Logic.

35
Vbase stops Vbase resumes
tracking tracking
30
«—— Swell pickup (110%)
W
25 | - . / N Vbase
: ¥~ Sag pickup (90%)
20 4
g
ZE (V1| Sag
E |VA|’ |VB|' |VC| (overload)
15 A
Interruption
10 A (breaker open)
5 4
<— |nterruption pickup (10%)
0 40 80 120 160 200 240 280
time (s) DWG: M351333

Figure 3.35: Vbase Tracking Example (Three-Phase Disturbance, Wye-Connected)

Vbase Initialization

The Vbase thermal element is automatically initialized when the relay is powered up, and also
after a settings change or group change that results in a new ESSI =Y condition.

Vbase can also be forced to initialize by issuing the SSI R command (Access Level 1).

During initialization, the SSI elements are deasserted and the SSI Recorder is disabled until all of
the following conditions are met:

e [V1l>13V2I (correct phase rotation check)

e [V1l>13VO0I (correct phase connection check)(wye-connected only)
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Vbase

V,, V,, V_are all greater than 25 V secondary (wye-connected)
V.o Voo V., are all greater than 43.3 V secondary (delta-connected)

AB’ BC?

SELOGIC control equation setting FAULT is deasserted

V1l is within three percent of the calculated Vbase value (wye connected)

V1l is within three percent of the calculated Vbase value/ \/E (delta connected)

At least twelve seconds have elapsed

As soon as the above Vbase initialization conditions are satisfied, the SSI Relay Word bits will be
allowed to change state according to their settings and the present voltage conditions, and the SSI
Recorder will be enabled.

Tracking Range

The Vbase quantity will track the positive-sequence voltage over a large range of system
voltages. The tracking limits are explained below. In normal relay use, these limits are not likely
to be reached, because one of the Sag, Swell, or Interruption Relay Word bits would most likely
assert for a large voltage deviation, thus blocking the Vbase thermal element from tracking to one
of the range limits.

The minimum value that Vbase can achieve is equivalent to a positive-sequence (V1) value of 25
volts secondary. In primary units, the lowest value depends on the global setting PTCONN:

When PTCONN = WYE: minimum Vbase = 25\1]0.% kV
When PTCONN = DELTA: minimum Vbase = 4331\(;%

The maximum value that Vbase can achieve is equivalent to 300 volts secondary divided by
300VePTR*100 30V e+PTR

VSWELL*1000  VSWELL
limit for Vbase is not affected by the PTCONN global setting.

VSWELL, so the maximum Vbase in primary kV is . The upper

If the expected higher end of the “normal” system voltage range is close to 300 V, secondary,
then the VSWELL setting may need to be reduced, or turned “OFF,” in order to allow Vbase to
track the actual system voltage and not run into the maximum value limit. For example, if
connecting to an industrial service rated at 277 V, /480 V|, using the wye-connection (with no
PTs), and the normal operating range goes up to 285V, then the maximum VSWELL setting
that will allow for proper Vbase tracking is 105 percent.

SSI Reset command

After commissioning tests or other maintenance activities that have applied test voltages to the
SEL-351 Relay, the Vbase element may have locked onto a test voltage. Use the SSI R (reset)
command once normal system voltages are restored on the voltage terminals. Powering up the
relay automatically performs this reset.

See Reset the SSI Recorder Logic in Section 12: Standard Event Reports, Sag/Swell/-
Interruption Report, and SER for more details.
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POWER ELEMENTS (AVAILABLE IN FIRMWARE VERSION 7)

Power Elements Settings

Four independent power elements are available. For wye-connected systems, either single-phase
power elements or three-phase power elements may be enabled (but not both). For delta-
connected systems, only three-phase power elements may be enabled. The group setting EPWR
setting determines how many (and what type of) power elements are enabled:

EPWR = N (none), 1, 2, 3, 4 (single-phase); 3P1, 3P2, 3P3, 3P4 (three-phase)
{wye-connected voltages }

EPWR = N (none), 3P1, 3P2, 3P3, 3P4 (three-phase) {delta-connected voltages}.

Each enabled power element can be set to detect real power or reactive power. With SELOGIC
control equations, the power elements provide a wide variety of protection and control
applications. Typical applications are:

¢ Overpower and/or underpower protection/control

e Reverse power protection/control

e VAR control for capacitor banks

Table 3.13: Single-Phase Power Element Settings and Setting Ranges

(EPWR = 1, 2, 3, or 4)

Settings

Definition

PWR1P, PWR2P,
PWR3P, PWR4P

Power element
pickup

OFF, 2.0-13000 VA secondary, single-phase
(5A nominal phase current inputs, IA, IB, IC)

OFF, 0.4-2600 VA secondary, single-phase
(1A nominal phase current inputs, IA, IB, IC)

PWRIT, PWR2T,
PWR3T, PWRA4T

Power element type

+WATTS, -WATTS,
+VARS, -VARS

PWRID, PWR2D,
PWR3D, PWR4D

Power element time
delay

0.00-16000 cycles, in 0.25-cycle steps
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Table 3.14: Three-Phase Power Element Settings and Setting Ranges
(EPWR = 3P1, 3P2, 3P3, or 3P4)

Settings Definition Range
3PWRI1P, 3PWR2P, | Power element OFF, 6.00-39000.00 VA secondary, three-
3PWR3P, 3PWR4P | pickup phase (5A nominal phase current inputs, IA,
IB, IC)

OFF, 1.20-7800.00 VA secondary, three-phase
(1A nominal phase current inputs, IA, IB, IC)

PWRIT, PWR2T, Power element type +WATTS, -WATTS,
PWR3T, PWRAT +VARS, -VARS

PWRI1D, PWR2D, Power element time | 0.00—16000 cycles, in 0.25-cycle steps
PWR3D, PWR4D delay

The power element type settings are made in reference to the load convention:

+WATTS: positive or forward real power
-WATTS: negative or reverse real power
+VARS: positive or forward reactive power (lagging)
-VARS: negative or reverse reactive power (leading)

Power Element Time Delay Setting Considerations

The four power element time delay settings (PWR1D-PWR4D) can be set to have no intentional
delay for testing purposes. For protection applications involving the power element Relay Word
bits, SEL recommends a minimum time delay setting of 5.00 cycles for general applications. The
classical power calculation is a product of voltage and current, to determine the real and reactive
power quantities. During a system disturbance, because of the high sensitivity of the power
elements, the changing system phase angles and/or frequency shifts may cause transient errors in
the power calculation.

Using Power Elements in the Relay Trip Equation

The power elements are not supervised by any relay elements other than the minimum voltage
and current level checks shown in Figure 3.36 and Figure 3.37. If the protection application
requires overcurrent protection in addition to the power elements, there may be a race condition,
during a fault, between the overcurrent element(s) and the power element(s) if the power
elements(s) are still receiving sufficient operating quantities. In some protection schemes this
may jeopardize coordination. One method of accommodating this is to increase the power
element time delay settings. Another method is to supervise the power element Relay Word bit(s)
with the overcurrent element pickup. For example, if the application requires that the relay trip
the attached circuit breaker when a forward power flow threshold is exceeded, and a phase
definite-time overcurrent element is also in the relay trip equation, extra security can be achieved
with these SELOGIC control equation settings:

TR=..+..+SVIT+67PIT
SV1 =3PWRI1 * 167P1
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And group settings:

E50P =1
ESV=1
EPWR =1
50P1P=5.00 A

67P1D = 10.00 cycles
SVIPU = 1.00 cycle
SVIDO = 0.00 cycles
3PWRI1P =360.00 VA
PWRIT = +WATTS
PWRID =5.00 cycles

During a fault that can pick-up both the power element and the overcurrent element, these settings
will ensure that the definite-time overcurrent element (67P1T) will trip the relay for the fault,
even if the PWRI1D setting is set to a smaller time delay than the 67P1D setting. Relay Word bit
3PWRI1 is ANDed with Relay Word bit NOT(67P1), which effectively blocks 3PWR1 when
67P1 is asserted. The SELOGIC variable timer SV1T is employed in this example to avoid
another race condition that could occur if the fault was cleared by another device before the
definite-time element time-out, which could potentially deassert 67P1 a few quarter-cycles before
3PWRI1 deasserts. Without this timer, an incorrect trip operation may occur.

See Instantaneous/Definite-Time Overcurrent Elements in this section, and SELOGIC Control
Equation Variables/Timers in Section 7: Inputs, Outputs, Timers, and Other Control Logic for
details on the operation of these functions and their settings.

Accuracy

Single-phase power elements (EPWR =1, 2, 3, or 4)

Pickup: +0.025 A ¢ (voltage secondary) and +5% of setting at unity power factor (for PWRnT =
+WATTS or -WATTS) or power factor = 0 (for PWRnT = +VARS or -VARS)(5 A
nominal phase current inputs, IA, IB, IC)

+0.005 A « (voltage secondary) and +5% of setting at unity power (for PWRnT =
+WATTS or -WATTS) or power factor = 0 (for PWRnT = +VARS or -VARS)(1 A
nominal phase current inputs, IA, IB, IC)

Timer: +0.25 cycles and +0.1% of setting

Three-phase power elements (EPWR = 3P1, 3P2, 3P3, or 3P4)

Pickup: +0.025 A « (L-L voltage secondary) and +5% of setting at unity power factor (for
PWRnT = +WATTS or -WATTS) or power factor = 0 (for PWRnT = +VARS or -
VARS)(5 A nominal phase current inputs, IA, IB, IC)

+ (0.005 A « (L-L voltage secondary) and +5% of setting at unity power factor (for
PWRNT = +WATTS or -WATTS) or power factor = 0 (for PWRnT = +VARS or -
VARS)(1 A nominal phase current inputs, 1A, IB, IC)
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The quoted three-phase power element accuracy specifications are applicable as follows:
¢ Wye-connected voltages (PTCONN = WYE): any conditions,

e Open-delta connected voltages (PTCONN = DELTA), with properly configured broken-
delta 3VO0 connection (VSCONN = 3V0): any conditions,

e Open-delta connected voltages, without broken-delta 3V0 connection (VSCONN = VS):
balanced conditions only.

Timer: +0.25 cycles and +0.1% of setting

Single-Phase Power Element Calculations

The numeric method used in the single-phase power elements uses line-to-neutral voltage and
phase current quantities. Each phase is calculated separately, with the resulting power quantities
subject to the minimum voltage and current tests shown in the lower half of Figure 3.36.

Three-Phase Power Element Calculations

The numeric method used in the three-phase power elements uses line-to-line voltage and phase
current quantities, corrected with zero-sequence voltage and current when unbalanced. The
following discussion assumes that all three phase currents (I, I, and I ) are connected to the
relay.

The resulting power quantities are subject to the minimum voltage and current tests shown in the
lower half of Figure 3.37.

For wye-connected relays (Global setting PTCONN = WYE), the three-phase power is the same
as the sum of the single-phase powers under any conditions of unbalance, because the zero-
sequence voltage (and current) is available.

For delta-connected relays (Global setting PTCONN = DELTA) with a broken delta 3V0
connection (Global setting VSCONN = 3V0), the three-phase power is the same as the sum of the
theoretical single-phase powers under any conditions of unbalance, because the zero-sequence
voltage is available via the VS-NS terminals (provided the 3V0 source is on the same bus section
as the three-phase voltage inputs, the two signal sources cannot be isolated by switching action,
and the PTR and PTRS settings are properly entered).

For delta-connected relays (Global setting PTCONN = DELTA) with no broken delta 3V0
connection (Global setting VSCONN = VS), the three-phase power is the same as the sum of the
theoretical single-phase powers only in balanced conditions (either 1I3VOI = 0, or 13101 = 0, or
both). For unbalanced conditions, the three-phase power element value will include an error term
that is proportional to the amount of unbalance.
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Power Elements Logic Operation

Switch in this Switch in this
position if position if
PWRNT = +WATTS, PWRnNT = _
-WATTS +WATTS, €VARSD
Phase A | 2-cycle o
Real Power average
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Reactive Power average — (I
t Switch in this t Switch in this
position if position if
PWRnNT = PWRnNT =
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+
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l.om="1Asecor5A sec
Al + Repeat for Phases B and C
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[Val +
10V sec — DWG: M351196

Figure 3.36: Single-Phase Power Elements Logic (+VARS Example Shown)
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Figure 3.37: Three-Phase Power Elements Logic
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Figure 3.38: Power Elements Operation in the Real/Reactive Power Plane

In Figure 3.36, an example is shown with setting PWRnT = +VARS. This corresponds to the
settings PWR1P (pickup) and PWRIT (type) in Figure 3.38.

In Figure 3.38, if the Phase A reactive power level is above pickup setting PWRnP, Relay Word
bit PWRAn asserts (PWRAn = logical 1) after time delay setting PWRnD (n = 1 through 4),
subject to the “sufficient signal” conditions.

The “sufficient signal” conditions in Figure 3.38 require at least 1 percent nominal current if the
corresponding phase voltage is greater than 40 V secondary. If the voltage is between 10 and
40 V secondary, at least 10 percent nominal current is required.

Pickup setting PWRnP is always a positive number value (see Table 3.13). Thus, if -WATTS or
-VARS are chosen with setting PWRnT, the corresponding real or reactive power values have to
be multiplied by -1 so that element PWRAn asserts for negative real or reactive power.

3-64

Overcurrent, Voltage, Synchronism Check, Frequency, and Power Elements Date Code 20020426
SEL-351-5, -6, -7 Instruction Manual



Power Elements Application—VAR Control for a Capacitor Bank
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Figure 3.39: SEL-351(B) Relay Provides VAR Control for 9600 kVAR Capacitor Bank

The 9600 kVAR capacitor bank in Figure 3.39 is put on-line and taken off-line according to the
VAR loading on the transformer bank feeding the 21.6 kV bus. The VAR loading is measured
with the SEL-351(B) Relay located at bus circuit breaker 52-B.

Two SEL-351 Relays control the capacitor bank—both relays are connected to capacitor bank
circuit breaker 52-C. The SEL-351(C) Relay provides capacitor overcurrent protection and trips
circuit breaker 52-C for a fault in the capacitor bank. The SEL-351(B) Relay provides VAR
control and automatically puts the capacitor bank on-line (closes circuit breaker 52-C) or takes it
off-line (trips circuit breaker 52-C) according to the measured VAR level. The SEL-351(B)
Relay also provides bus overcurrent protection and trips circuit breaker 52-B for a fault on the
21.6 kV bus.

In Figure 3.39, if the SEL-351(C) Relay trips circuit breaker 52-C for a fault in the capacitor
bank, then a block close signal is sent from the SEL-351(C) Relay to the SEL-351(B) Relay.
This prevents the SEL-351(B) Relay from issuing an automatic close to circuit breaker 52-C.

For additional security, the close circuit from the SEL-351(B) Relay to circuit breaker 52-C is
supervised by a block close output contact from the SEL-351(C) Relay. This block close output
contact opens if the SEL-351(C) Relay trips circuit breaker 52-C for a fault in the capacitor
bank—no automatic closing can then take place.
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These block close signals seal in when the SEL-351(C) Relay trips circuit breaker 52-C for a fault
in the capacitor bank. Automatic closing of circuit breaker 52-C with the SEL-351(B) Relay can
then take place only after the block close signals are reset. The exact implementation of this
block close logic requires an application note beyond the scope of this discussion.

The rest of this discussion focuses on the determination of VAR levels (and corresponding power
element settings) for automatic tripping and closing of circuit breaker 52-C with the SEL-351(B)
Relay.

Convert three-phase 9600 kVAR (kVA) to single-phase VA (voltamperes) secondary:

9600 kVA/(21.6 kV+3) = 256.6 A primary

256.6 A primary * (5/2000) = 0.64 A secondary

0.64 A secondary * 125 V secondary = 80.0 VA secondary (single-phase)
The three-phase 9600 kVAR capacitor is converted to 1.0 per unit VARs (leading) for
demonstration convenience in Figure 3.39. Figure 3.40 shows the per unit VAR levels for putting

on-line (closing circuit breaker 52-C) or taking off-line (tripping circuit breaker 52-C) the
capacitor bank.

4 Per unit VARs 4 Per unit VARs
(lagging) (lagging)
Corresponding Corresponding
T — T 0.3 — gettings — —— 0.3 —> settings
PWRIP, PWRIT, PWRIP, PWRIT,
and PWRID 0.5 per and PWRID
—— 0.0 unit margin —1— 0.0
Put
capacitor I
bank A 0.2
on-line
Take
capacitor
v | . bank
0.7 off-line
0.5 per
unit margin
Corresponding Corresponding
— —1— -1.2 — gettings — —1— -1.2 = gettings
PWR2P, PWR2P,
PWR2T, and PWR2T, and
PWR2D PWR2D
Per unit VARs Per unit VARs
Y (leading) v (leading)

DWG: M351199

Figure 3.40: Per Unit Setting Limits for Switching 9600 kVAR Capacitor Bank On- and
Off-Line

The capacitor bank is put on-line at the 0.3 per unit VAR level (lagging) on the bus. The per unit
VAR level immediately changes to the -0.7 per unit VAR level (Ieading) when the capacitor bank
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is put on-line (0.3 — 1.0 =-0.7). There is a margin of 0.5 per unit VARSs until the capacitor bank
is then taken off-line (-0.7 — 0.5 = -1.2).

The capacitor bank is taken off-line at the -1.2 per unit VAR level (leading) on the bus. The per
unit VAR level immediately changes to -0.2 per unit VAR level (leading) when the capacitor
bank is taken off-line (-1.2 + 1.0 =-0.2). There is a margin of 0.5 per unit VARSs until the
capacitor bank is put on-line again (-0.2 + 0.5 = 0.3).

Settings for Single-Phase Power Elements
From preceding calculations and figures:

9600 kVAR = 1.0 per unit VARs = 80.0 VA secondary (single-phase)

Convert the per unit VAR levels 0.3 and -1.2 to single-phase VA (voltamperes) secondary:

0.3 » 80.0 VA secondary (single-phase) = 24.0 VA secondary (single-phase)
-1.2 « 80.0 VA secondary (single-phase) = -96.0 VA secondary (single-phase)

Make the following power element settings for the SEL-351(B) Relay:

EPWR =2 (enable two power elements)

PWRIP =24.0 (power element pickup; VA secondary [single-phase])
PWRIT =+VARS (power element type; lagging VARS)

PWRID = (power element time delay; cycles)

PWR2P =96.0 (power element pickup; VA secondary [single-phase])
PWR2T =-VARS (power element type; leading VARS)

PWR2D = (power element time delay; cycles)

To override transient reactive power conditions, set the above power element time delay settings
equivalent to several seconds (or perhaps minutes).

Resulting single-phase power elements PWRA1, PWRBI1, and PWRCI assert when the lagging
VAR level exceeds the 0.3 per unit VAR level (lagging) for each respective phase (see

Figure 3.40 and left-hand side of Figure 3.38). These elements are used in close logic in the
SEL-351(B) Relay to automatically put the 9600 kVAR capacitor bank on-line.

Resulting single-phase power elements PWRA?2, PWRB2, and PWRC?2 assert when the leading
VAR level exceeds the -1.2 per unit VAR level (leading) for each respective phase (see

Figure 3.40 and left-hand side of Figure 3.38). These elements are used in trip logic in the
SEL-351(B) Relay to automatically take the 9600 kVAR capacitor bank off-line.

Settings for Three-Phase Power Elements

Following the single-phase derivation, the resulting power element setting values need to be
multiplied by three.

EPWR =3P2

3PWRI1P =720
PWRIT =+VARS
PWRID =
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3PWR2P =288.0
PWRIT =-VARS
PWRID =

The exact implementation of this capacitor close and trip logic in SELOGIC control equations in
the SEL-351(B) Relay is not shown.
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SECTION 4: LOSS-OF-POTENTIAL, LOAD ENCROACH-
MENT, AND DIRECTIONAL ELEMENT LOGIC

Loss-oF-POTENTIAL LoGIC

The loss-of-potential (LOP) logic operates as shown in Figure 4.1.

Relay Relay
Word Word
Bit Bits
(from
Figure 5.3) PO — V1GOoD
Loss—of—
Vi, Iy, |g —w= Potential
Logic
Wye—connected PTs
\/O ~
vV, —

2
Delta—connected PTs

Setting
VNOM —~1 LOP
Setting } to Figures 4.6, 4.7, 4.8,
ELOP=Y or Y1 and 4.21
} to Figure 5.6
ELOP=Y1
} to Figures 4.15, 4.16, and 4.22
ELOP=Y

DWG: M3512144

Figure 4.1: Loss-of-Potential Logic
Inputs into the LOP logic are:

3PO three-pole open condition (indicates circuit breaker open condition
see Figure 5.3)

\4 positive-sequence voltage (V secondary)

I positive-sequence current (A secondary)

I, zero-sequence current (A secondary)

v, zero-sequence voltage (V secondary) {wye-connected PTs}

v, negative-sequence voltage (V secondary) {delta-connected PTs}

VNOM PT nominal voltage setting (line-to-neutral, secondary)

The circuit breaker has to be closed (Relay Word bit 3PO = logical 0) for the LOP logic to
operate.

Loss-of-potential is declared (Relay Word bit LOP = logical 1) when a 10% or larger drop in V,
is detected, with no corresponding change in I, or I. If the LOP condition persists for 60 cycles,
it latches in.
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When the relay is configured for wye-connected PTs, LOP resets (Relay Word bit LOP = logical
0) when V| returns above 75 percent of setting VNOM (Relay Word bit VIGOOD also asserts)
and V| is less than 7.8 percent of setting VNOM.

When the relay is configured for delta-connected PTs, LOP resets (Relay Word bit LOP = logical
0) when V| returns above 43 percent of setting VNOM (Relay Word bit VIGOOD also asserts)
and V, is less than 4.5 percent of setting VNOM.

The loss-of-potential enable setting, ELOP, does not enable or disable the LOP logic. It just
routes the LOP Relay Word bit to different logic, as shown in Figure 4.1 and explained in the
remainder of this subsection.

Setting VNOM = OFF

If setting VNOM = OFF, the loss-of-potential logic is disabled (Relay Word bits LOP and
V1GOOD are forced to logical 0), and setting ELOP can only be set to “N.” See Potential
Transformer Ratios and PT Nominal Secondary Voltage Settings in Section 9: Setting the
Relay for more details on the VNOM setting.

Setting ELOP = Y or Y1

If setting ELOP =Y or Y1 and a loss-of-potential condition occurs (Relay Word bit LOP asserts
to logical 1), all internal enables™" (except for 32IE) are disabled (see Figure 4.6, Figure 4.7,
Figure 4.8, and Figure 4.21). The loss-of-potential condition makes the voltage-polarized
directional elements (which are controlled by these internal enables) unreliable. Thus, they are
disabled. The overcurrent elements controlled by these voltage-polarized directional elements are
disabled also (unless overridden by conditions explained in the following Setting ELOP =Y
discussion).

The channel IN current-polarized directional element (Figure 4.11) is controlled by internal
enable 32IE (Figure 4.7). 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 various ground-directional elements that rely
on zero-sequence voltage quantities (ORDER settings V, S, P, and U) are not disabled
by a loss-of-potential condition on relay inputs VA, VB, and VC, because these
directional elements use the 3V0 zero-sequence voltage that comes directly from
voltage input VS, rather than the zero-sequence voltage calculated from voltage inputs
VA, VB, and VC (wye-connected PTs). This difference is shown in Figure 4.7 and
Figure 4.8, where Relay Word bit 3V0 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 in Section 9: Setting the
Relay.

Setting ELOP =Y

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 (see Figure 4.15,
Figure 4.16, and Figure 4.22). These direction forward overcurrent elements effectively become
nondirectional and provide overcurrent protection during a loss-of-potential condition.
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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 various ground-directional elements that rely
on zero-sequence voltage quantities (ORDER settings V, S, P, and U) are not affected
by a loss-of-potential condition on relay inputs VA, VB, and VC, because these
elements use the 3VO0 zero-sequence voltage that comes directly from voltage input VS,
rather than the zero-sequence voltage calculated from voltage inputs VA, VB, and VC
(wye-connected PTs). This difference is shown in Figure 4.15 and Figure 4.16, where
Relay Word bit 3VO0 is combined with Relay Word bits 32NE and 32VE to create a
block signal for the loss-of-potential signal. When LOP is asserted and setting ELOP =
Y1, the relay will not force an enable of the ground elements that are set direction-
forward when Relay Word bit 3VO0 is asserted (= logical 1) and one of the zero-
sequence voltage-polarized ground directional element enables (32VE or 32NE) is
asserted. Refer to Settings for Voltage Input Configuration in Section 9: Setting the
Relay.

Setting ELOP =N

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).

LoAD-ENCROACHMENT LoOGIC

The load-encroachment logic (see Figure 4.2) and settings are enabled/disabled with setting
ELOAD (=Y or N). (If group setting VNOM = OFF, then ELOAD can only be set to “N.” See
Potential Transformer Ratios and PT Nominal Secondary Voltage Settings in Section 9:
Setting the Relay for more details on the VNOM setting.)

The load-encroachment feature allows phase overcurrent elements to be set independent of load
levels. This is especially helpful in bus overcurrent applications. A bus relay sees the cumulative
currents of all the feeders but still has to provide overcurrent backup protection for all these
feeders. If the phase elements in the bus relay are set to provide adequate backup, they often are
set close to maximum bus load current levels. This runs the risk of tripping on bus load current.
The load-encroachment feature prevents this from happening as shown in the example that
follows in this subsection.
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Figure 4.2: Load-Encroachment Logic

DWG:  M3511054

Note that a positive-sequence impedance calculation (Z,) is made in the load-encroachment logic
in Figure 4.2. Load is largely a balanced condition; so apparent positive-sequence impedance is a
good load measure. The load-encroachment logic only operates if the positive-sequence current
(I, is greater than the Positive-Sequence Threshold defined in Figure 4.2. 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:

ZLLOAD =ZLOUT + ZLIN
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Settings Ranges

Refer to Figure 4.2.
Setting Description and Range
ZLF Forward Minimum Load Impedance—corresponding to maximum load flowing out
ZLR Reverse Minimum Load Impedance—corresponding to maximum load flowing in
0.05-64.00 Q2 secondary (5 A nominal phase current inputs, [A, IB, IC) {150 V voltage
inputs}
0.10-128.00 Q secondary (5 A nominal phase current inputs, [A, IB, IC) {300 V
voltage inputs}
0.25-320.00 Q secondary (1 A nominal phase current inputs, 1A, IB, IC) {150 V
voltage inputs}
0.50-640.00 Q secondary (1 A nominal phase current inputs, 1A, IB, IC) {300 V
voltage inputs}
PLAF  Maximum Positive Load Angle Forward (-90° to +90°)
NLAF  Maximum Negative Load Angle Forward (-90° to +90°)
PLAR  Maximum Positive Load Angle Reverse (+90° to +270°)
NLAR Maximum Negative Load Angle Reverse (+90° to +270°)

Load-Encroachment Setting Example

Example system conditions:

Nominal Line-Line Voltage: 230 kV
Maximum Forward Load: 800 MVA
Maximum Reverse Load: 500 MVA

Power Factor (Forward Load): 0.90 lag to 0.95 lead
Power Factor (Reverse Load): 0.80 lag to 0.95 lead
CT ratio: 2000/5 =400

PT ratio: 134000/67 = 2000

The PTs are connected line-to-neutral.

Convert Maximum Loads to Equivalent Secondary Impedances

Start with maximum forward load:

800 MVA « (1/3)
230 kV » (1A3)

267 MVA per phase
132.8 kV line-to-neutral

267 MVA « (1/132.8 kV) « (1000kV/MV) =2010 A primary
2010 A primary * (1/CT ratio) =2010 A primary * (1 A seconday/400 A primary)

=5.03 A secondary

132.8 kV « (1000 V/kV) = 132800 V primary
132800 V primary * (1/PT ratio) = 132800 V primary * (1 V secondary/2000 V primary)

=66.4 V secondary

Now, calculate the equivalent secondary impedance:

66.4 V secondary/5.03 A secondary = 13.2 Q secondary
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This  secondary value can be calculated more expediently with the following equation:
[(line-line voltage in kV)* ¢ (CT ratio)]/ [(3-phase load in MVA) ¢ (PT ratio)]
Again, for the maximum forward load:
[(230)° * (400)1/[(800) * (2000)] = 13.2 Q secondary
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:
[(230)° * (400))/[(500) * (2000)] = 21.1 Q secondary
Again, to provide a margin for setting ZLR:

ZLR =21.1 Q 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” (0.80) = 180° — 37° = 143°
Setting NLAR = 180° + cos™ (0.95) = 180° + 18° = 198°
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Apply Load-Encroachment Logic to a Nondirectional Phase Time-Overcurrent
Again, from Figure 4.2:
ZLOAD =ZLOUT + ZLIN

LINE

52 ?
% 3¢ FAULT

ZLIN
(Load In
Region)

ZLOUT
(Load Out
Region)

—
—

Ri

DWG:  M3517106

Figure 4.3: Migration of Apparent Positive-Sequence Impedance for a Fault Condition

Refer to Figure 4.3. In a load condition, the apparent positive-sequence impedance is within the
ZLOUT area, resulting in:

ZLLOAD = 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:

ZLOAD =ZLOUT + ZLIN = logical 0 + logical 0 = logical 0

Refer to Figure 3.14 in Section 3: Overcurrent, Voltage, Synchronism Check, Frequency, and
Power Elements. To prevent phase time-overcurrent element 51PT (nondirectional application)
from operating for high load conditions, make the following SELOGIC® control equation torque
control setting:

51PTC = ZLOAD*!LOP + 50P6 (= NOT[ZLOAD]J*NOT[LOP] + 50P6)

As shown in Figure 4.2, 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, !ZLOAD
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.
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In the above setting example, phase instantaneous overcurrent element 50P6 is set above any
maximum load current level—if 50P6 picks up, there is assuredly a fault. For faults below the
pickup level of 50P6, but above the pickup of phase time-overcurrent element 51PT, the
IZLOAD*!LOP logic discriminates between high load and fault current. If an LOP condition
occurs (LOP = logical 1), the pickup level of S0P6 becomes the effective pickup of phase time-
overcurrent element S1PT (51PT loses its sensitivity when an LOP condition occurs):

51PTC =!ZLOAD*!LOP + 50P6 = |ZLOAD*NOT[LOP] + 50P6
= IZLOAD*NOT[logical 1] + 50P6 = 50P6

If phase time-overcurrent element S1PT is used in a directional application, then this special
torque control logic is not used and the corresponding torque control setting is set directly to
logical 1 (51PTC = 1), unless additional control is desired.

Embedded logic handles load encroachment concerns for directional phase overcurrent elements.
Directional control for phase overcurrent elements comes from Figure 4.24, which refers back to
Figure 4.22, which in turn refers back to Figure 4.20 and Figure 4.21. In Figure 4.21, notice that
the “!ZLOAD*!LOP” condition is effectively embedded in the positive-sequence voltage-
polarized directional element logic. The 32QE Relay Word bit input into the negative-sequence
voltage-polarized directional element logic (Figure 4.20) also has LOP control embedded in it
(see Figure 4.6). And both these directional elements (Figure 4.20 and Figure 4.21) have
overcurrent fault detectors (S0QF/S0QR and 50P23P, respectively).

Use SEL-321 Relay Application Guide for the SEL-351 Relay

The load-encroachment logic and settings in the SEL-351 Relay are the same as those in the
SEL-321 Relay. Refer to Application Guide 93-10 (SEL-321 Relay Load-Encroachment
Function Setting Guidelines) for applying the load-encroachment logic in the SEL-351 Relay.
Note that Application Guide AG93-10 discusses applying the load-encroachment feature to phase
distance elements in the SEL-321 Relay. The SEL-351 Relay does not have phase distance
elements, but the principles and settings example are still applicable to the SEL-351 Relay.

DIRECTIONAL CONTROL FOR NEUTRAL GROUND AND RESIDUAL GROUND
OVERCURRENT ELEMENTS

The directional control for overcurrent elements is enabled by making directional control enable
setting E32. Setting E32 and other directional control settings are described in the following
subsection Directional Control Settings.

Six directional elements are available to control the neutral ground and residual ground
overcurrent elements (not all available simultaneously). These six directional elements are:

¢ Negative-sequence voltage-polarized directional element

e Zero-sequence voltage-polarized directional element

e Channel IN current-polarized directional element

e Zero-sequence voltage-polarized directional element (low-impedance grounded system)

e Wattmetric and incremental conductance directional elements (Petersen Coil grounded
system)

e Zero-sequence voltage-polarized directional element (ungrounded/high-impedance
grounded system)
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(Fig. 3.19)
32GF/
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Figure 4.5: General Logic Flow of Directional Control for Neutral Ground and Residual
Ground Overcurrent Elements (Ungrounded/High-Impedance Grounded
Systems; ORDER = U)

Table 4.1: Available Ground Directional Elements

(Ungrounded/
High-Impedance)

High-Impedance)

Corresponding
Ground
ORD.ER Directional Corresponding .
Setting Element Internal Enables | Corresponding
Choices (and System Grounding) (and System Grounding) Figures Availability

Q Negative-sequence 32QGE 4.6,4.9 All models (not
voltage-polarized dependent on

\" Zero-sequence 32VE 4.7,4.10 neutral channel

: [INT)
voltage-polarized

I Channel IN current 32IE 2.13,4.7,4.11 Models witha 1 A
polarized or 5 A nominal

neutral channel
(IN)

S Zero-sequence 32NE 2.18,4.8,4.12 | Models with a
voltage-polarized (Low-impedance) 0.2 A nominal
(Low-impedance) neutral channel

P Wattmetric and 32NE 2.19,4.8,4.13 (IN)
incremental (Petersen Coil) Note: S, P, and U
conductance are mutually
(Petersen Coil) exclusive—cannot

be listed together

U Zero-sequence 32NE 2.18,2.20,2.21, | in the ORDER
voltage-polarized (Ungrounded/ 4.8,4.14 setting
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Note:

The neutral channel (IN) can also be ordered as a 0.05 A nominal neutral channel. Such

a rated neutral channel provides no special directional element options, like those listed
above. The 0.05 A nominal neutral channel is a legacy nondirectional sensitive earth
fault (SEF) option (a 0.2 A nominal neutral channel can provide the same SEF function
and more). See Figure 3.8, Figure 3.9, and Figure 3.18 and accompanying setting ranges
explanation.

Table 4.2: Best Choice Ground Directional™ Logic

Resultant ground directional element preference (indicated below
with corresponding internal enables; run element that ORDER
ORDER corresponds to.hlghest choice internal enable that is asserted; Setting
Setting system grounding in parentheses) Combination
Combinations 1* Choice 2™ Choice 3™ Choice Availability
OFF No ground directional elements enabled All models
Q 32QGE (not dependent
QV 32QGE 32VE on neutral
\ 32VE channel [IN])
VQ 32VE 32QGE
1 32IE Additional
1Q 32IE 32QGE setting
1QV 32IE 32QGE 32VE combinations
1\ 32IE 32VE for models
IVQ 32IE 32VE 32QGE witha 1 A or
QI 32QGE 32IE 5 A nominal
QIV 32QGE 32IE 32VE neutral
QVI 32QGE 32VE 321E channel (IN)
VI 32VE 32IE
VIQ 32VE 32IE 32QGE
VQI 32VE 32QGE 32IE
VS 32VE 32NE Additional
(Low-impedance) setting
VQS 32VE 32QGE 32NE combinations
(Low-impedance) | for models
QVS 32QGE 32VE 32NE witha 0.2 A
(Low-impedance) | nominal
P 32NE neutral
(Petersen Coil) channel (IN)
Qp 32QGE 32NE Note: S, P,
(Petersen Coil) and U are
QVP 32QGE 32VE 32NE mutually
(Petersen Coil) exclusive and
VP 32VE 32NE are the last (or
(Petersen Coil) only) listed
VQP 32VE 32QGE 32NE choice for the
(Petersen Coil) ORDER
U 32NE settlng
(Ungrounded/
High-Impedance)
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Table 4.3: Ground Directional Element Availability by Voltage Connection Settings

Element Availability* when Availability* when Availability* when Availability* when
designation VNOM % OFF VNOM # OFF VNOM = OFF VNOM = OFF
in ORDER VSCONN = VS VSCONN = 3V0 VSCONN = VS VSCONN =3V0

tti
setting PTCONN | PTCONN PTCONN = WYE or PTCONN = WYE or PTCONN = WYE or
=WYE =DELTA PTCONN = DELTA PTCONN = DELTA PTCONN = DELTA
Q Yes Yes Yes No** No**
\Y Yes No Yes No** Yes
1 Yes Yes Yes Yes Yes
S Yes No Yes No** Yes
P Yes No Yes No** Yes
U Yes No Yes No** Yes

*  Subject to Availability of Elements by Relay Model shown in Table 4.1 and Table 4.2.

** The displayed setting range for the ORDER setting may show these element choices, but the
relay will not accept these choices when a settings save is attempted.

Figure 4.4 and Figure 4.5 give an overview of how these directional elements are enabled and
routed to control the neutral ground and residual ground overcurrent elements.

Note in Figure 4.4 and Figure 4.5 that setting ORDER enables the directional elements. Setting
ORDER can be set with the elements listed and defined in Table 4.1, subject to the setting
combination constraints in Table 4.2. Note that Table 4.1 and Table 4.2 also list the directional
element availability, per model (according to the neutral channel [IN] rating).

Table 4.3 details the availability of the ground directional elements for the various combinations
of the PTCONN, VSCONN, and VNOM settings. If none of the ground directional elements are
available (per Table 4.1 through Table 4.3), group setting E25 can only be set to N. Refer to
Settings for Voltage Input Configuration in Section 9: Setting the Relay for information on
these settings.

Also, note that Table 4.1 through Table 4.3 (and lower left-hand corner of Figure 4.4) detail the
mutual exclusivity of ORDER setting choices I, S, P, and U. If particular directional elements are
not available (due to model type) or are not listed in setting ORDER, these non-available or non-
listed directional elements are defeated and non-operational.

For example, suppose that setting choice S is listed in setting ORDER. By virtue of not being
available or not being listed in setting ORDER, the directional elements corresponding to setting
choices I, P, and U (see Table 4.1, Figure 4.4, and Figure 4.5) are defeated and non-operational.
So, for non—available setting choice I, corresponding internal enable 32IE = logical 0 and
directional outputs F32I = logical 0 and R32I = logical 0. Similarly, for the directional elements
corresponding to non-listed setting choices P and U, the logic outputs are at a logical O state.

The order in which these directional elements are listed in setting ORDER determines the priority
in which they operate to provide Best Choice Ground Directional™ logic control. See the
discussion on setting ORDER in the following subsection Directional Control Settings.
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Internal Enables

Refer to Figure 4.4, Figure 4.5, Figure 4.6, Figure 4.7, and Figure 4.8.
Table 4.1 lists the internal enables and their correspondence to the ground directional elements.

Note that Figure 4.6 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).

Additionally, note that if enable setting ELOP =Y or Y1 and a loss-of-potential condition occurs
(Relay Word bit LOP asserts), all the internal enables (except for 32IE) are disabled (see

Figure 4.6, Figure 4.7, and Figure 4.8). There is an exception when global setting VSCONN =
3V0, which causes Relay Word bit 3V0 to be asserted. In that case, the directional element
enables in Figure 4.7 and Figure 4.8 are not affected by LOP. This is explained in Loss-of-
Potential Logic earlier in this section. The channel IN current-polarized directional element
(with corresponding internal enabled 32IE; Figure 4.7) 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, aON) are explained in the
following subsection Directional Control Settings.

Switch between |, and |, for Low-Impedance Grounded and Ungrounded/High-Impedance
Grounded Systems

If an ungrounded or high-impedance grounded system (setting ORDER = U) has appreciable
circuit length, the capacitance levels can be such that appreciable current flows for a ground fault.
A low-impedance grounded system (setting ORDER contains S) can also have appreciable
current flow for a ground fault.

Refer to Figure 4.8. The 0.2 A nominal neutral channel (IN) can discriminate up to 5 A
secondary. If neutral channel current I exceeds 5 A secondary, then the logic in Figure 4.8 (and
Figure 4.12 and Figure 4.14) switches from monitoring neutral channel current I to monitoring
residual ground current I, (residual ground current I is derived internally from phase current
channels IA, IB, and IC; I is effectively 31, and has a much higher upper range than neutral
channel current I ). Of course, this switching of currents (fron I to I ) requires the following
SONFP/50NRP settings (based on current 1) in the Figure 4.8 logic to be effectively changed to
the new I, base (done internally with CT ratio settings):

SONFP « CTRN/CTR (I, base)
S0ONRP « CTRN/CTR (I, base)

If the logic in Figure 4.8 (and Figure 4.12, and Figure 4.14) operates on neutral current I, then
settings SONFP and SONRP are not adjusted, and just operate as:

50NFP (I, base)
50NRP (I, base)

This transition is “seamless” if the lower detection threshold of the residual ground current I
(0.05 A secondary for 5 A nominal phase; 0.01 A secondary for 1 A nominal) effectively overlaps
with the upper detection threshold of neutral channel current I, (5 A secondary):

CTR/CTRN < (5 A/0.05 A) =100 (5 A nominal)
CTR/CTRN < (5 A/0.01 A) =500 (1 A nominal)
Date Code 20020426 Loss-of-Potential, Load Encroachment, and Directional Element Logic 4-13
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There is no effective overlap if:

CTR/CTRN > 100 (5 A nominal)
CTR/CTRN > 500 (1 A nominal)

With no effective overlap, as the neutral channel current I exceeds the upper detection threshold
of neutral channel IN (5 A secondary), the unit still operates on the neutral channel current I
until the lower detection threshold of the residual ground current I, (0.05 A secondary for 5 A
nominal phase; 0.01 A secondary for 1 A nominal) is reached. It is better to have effective
overlap:

CTR/CTRN < 100 (5 A nominal)
CTR/CTRN < 500 (1 A nominal)

Relay Word bit GNDSW indicates whether the directional element for low-impedance grounded
or ungrounded/high-impedance grounded systems is operating on neutral channel (IN) current I
(GNDSW = logical 1) or on residual ground current I, instead (GNDSW = logical 0).

This I to I, (or I, to I)) current switching discussed for Figure 4.8 (and Figure 4.12 and

Figure 4.14) also has an effect on zero-sequence impedance settings ZOF and ZOR (see

Figure 4.12 and Figure 4.14). ZOF and ZOR (€2 secondary) are set in reference to the phase
current inputs (IA, IB, and IC; residual current I, is derived internally from these phase currents),
as are the negative-sequence impedance settings Z2F and Z2R. However, settings ZOF and ZOR
are applied to Figure 4.12 and Figure 4.14, where neutral current I (from neutral current channel
IN) is also applied. Settings ZOF and ZOR are adjusted internally (with ct ratio settings) to
operate on this I current base:

Z0F « CTRN/CTR (I base)
Z0R « CTRN/CTR (I base)

If the logic in Figure 4.8 (and Figure 4.12, and Figure 4.14) operates on residual current I, as a
result of current switching, then settings ZOF and ZOR are not adjusted, and just operate as:

Z0F (I, base)
Z0OR (I, base)

Zero-Sequence Voltage Sources

The directional elements that rely on zero-sequence voltage 3V (ORDER setting choices “V”,
“S”, “P”, and “U”, shown in Figure 4.10 and Figure 4.12 through Figure 4.14) may use either a
calculated 3V from the wye-connected voltages V,, V, and V, or a measured 3V from the VS
channel, 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 = 3V0, 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 directional elements that require zero-sequence voltage are unavailable.
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When testing the relay, it is important to note that the METER command 3V0 quantity, when
available, is always the calculated value from the wye-connected PT inputs. The METER
command VS quantity is always the measured value from the VS-NS terminals.

See Broken-Delta VS Connection in Section 2: Installation, and Settings for Voltage Input
Configuration in Section 9: Setting the Relay.

Best Choice Ground Directional™ Logic

The Best Choice Ground Directional logic determines which directional element should be
enabled to operate. The neutral ground and residual ground overcurrent elements set for
directional control are then controlled by this enabled directional element.

Table 4.2 is the embodiment of the Best Choice Ground Directional logic. Note in Table 4.2 that
any of the directional elements that operate on 0.2 A nominal neutral channel (IN) are listed last
(or by themselves) in any of the available setting combinations for the ORDER setting
(directional elements corresponding to S, P, or U). This is because preference is given to selected
directional elements that operate off of bigger signals (i.e., directional elements corresponding to
Q and V: setting choice “I” cannot be listed with S, P, or U).

Figure 4.4 shows no control emanating from the Best Choice Ground Directional logic to the
directional elements corresponding to S or P (Figure 4.12, and Figure 4.13, respectively). This
Best Choice Ground Directional logic for the directional elements corresponding to S or P is
effectively handled with the “disable inputs” (internal enables 32QGE and 32VE) running into
the internal enable logic of Figure 4.8. If neither 32QGE nor 32VE are asserted (and thus their
corresponding directional elements are not enabled), then the internal enable logic of Figure 4.8 is
free to run for the last directional element selected in setting ORDER (if S or P is the last element
listed in setting ORDER).

Setting choice U (ungrounded/high-impedance grounded) can only be listed by itself (ORDER =
U), so Best Choice Ground Directional logic is irrelevant in this case (as it is also essentially
irrelevant when Q, V, I, or P are listed by themselves in setting ORDER).

Directional Elements

Refer to Figure 4.4, Figure 4.5, and Figure 4.9 through Figure 4.14.

The Best Choice Ground Directional logic in Table 4.2 determines which directional element will
run.

Note in Figure 4.13 that the incremental conductance directional element outputs F32C/R32C do
not propogate to directional outputs F32N/R32N, respectively, as do the wattmetric directional
element outputs F32W/R32W. Incremental conductance elements are used more for alarming
purposes, than for controlling overcurrent elements for tripping. Incremental conductance
elements provide more sensitivity for detecting high-resistance faults on Petersen coil grounded
systems (as compared to the wattmetric elements). For more information on the operation and
application of incremental conductance elements for Petersen Coil (resonant) grounded systems,
see the paper: ‘“Review of Ground Fault Protection Methods for Grounded, Ungrounded, and
Compensated Distribution System,” by Jeff Roberts, Hector Altuve, Daqing Hou, presented at the
28" Annual Western Protective Relay Conference, Spokane, Washington, October 22-24, 2001.
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Directional Element Routing

Refer to Figure 4.4, Figure 4.5, Figure 4.15, and Figure 4.16.

The directional element outputs are routed to the forward (Relay Word bits 32GF and 32NF) and
reverse (Relay Word bits 32GR and 32NR) logic points and then on to the direction
forward/reverse logic in Figure 4.17 and Figure 4.18.

Loss-of-Potential

Note 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),

And internal enable 32IE (for channel IN current-polarized directional element) is not
asserted

then the forward logic point (Relay Word bit 32GF in Figure 4.15 and 32NF in Figure 4.16)
asserts to logical 1, thus, enabling the residual ground (Figure 4.17) and neutral ground

(Figure 4.18) overcurrent elements that are set direction forward (with settings DIR1 = F,

DIR2 =F, etc.). These direction forward overcurrent elements effectively become nondirectional
and provide overcurrent protection during a loss-of-potential condition.

If global setting VSCONN = 3V0 and group setting ELOP =Y, the LOP condition will not cause
the forward directional outputs to assert when either directional element enable 32VE or 32NE is
asserted, as shown at the top of Figure 4.15 and Figure 4.16. In this situation, the elements that
are enabled by signals 32VE and 32NE are still able to operate reliably during a loss-of-potential
condition, so there is no need to force the forward outputs to assert. However, when 32VE or
32VE are not asserted, a standing LOP condition will force the forward outputs to assert
continuously. Consider this when determining residual- and neutral-ground overcurrent element
pickup settings and time delay settings, so that “load conditions” do not cause a forward-set
ground directional overcurrent element to pickup and start timing.

As detailed previously in the Internal Enables subsection, some or all of the 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 these overcurrent elements set direction forward if setting
ELOP=Y.

Refer to Figure 4.1 and accompanying text for more information on loss-of-potential.

Direction Forward/Reverse Logic

Refer to Figure 4.4, Figure 4.5, Figure 4.17, and Figure 4.18.

The forward (Relay Word bit 32GF in Figure 4.17 and 32NF in Figure 4.18) and reverse (Relay
Word bit 32GR in Figure 4.17 and 32NR in Figure 4.18) logic points are routed to the different
levels of overcurrent protection by the level direction settings DIR1 through DIRA4.

Table 4.4 shows the overcurrent elements that are controlled by each level direction setting. Note
in Table 4.4 that all the time-overcurrent elements (51_T elements) are controlled by the DIR1
level direction setting.
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In most communications-assisted trip schemes, the levels are set as follows (see Figure 5.4):

Level 1 overcurrent elements set direction forward (DIR1 = F)
Level 2 overcurrent elements set direction forward (DIR2 = F)
Level 3 overcurrent elements set direction reverse (DIR3 = R)

If a level direction setting (e.g., DIR1) is set:
DIR1 =N (nondirectional)

then the corresponding Level 1 directional control outputs in Figure 4.17 and Figure 4.18 assert to
logical 1. The referenced Level 1 overcurrent elements in Figure 4.17 and Figure 4.18 are then
not controlled by the directional control logic.

See the beginning of following subsection Directional Control Settings for discussion of the
operation of level direction settings DIR1 through DIR4 when the directional control enable
setting E32 is set to E32 = N.

In some applications, level direction settings DIR1 through DIR4 are not flexible enough in
assigning the desired direction for certain overcurrent elements. Subsection Directional Control
Provided by Torque Control Settings at the end of this section describes how to avoid this
limitation for special cases.
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Settings

Relay

50QFP

50QRP

ELOP=Y or Y1
from Relay
Figure 4.1 Word

Bit
LOP

Setting

VNOM=0OFF

I12l

a2 - ‘M ‘

setting

(lo=ls/3) [l 5]
k2« lg|

setting

Relay
Word
Bits

32VE —Q

from

Figure 4.7 320F A

"Q" listed in

.

setting enable

setting ORDER

Word
Bits
i

50QF

E— to

Figure 4.9 and

— Figure 4.20

50QR
loss—of—potential N\
32QE
/ (internal enable)

to
Figure 4.20 and
Figure 4.21

——  32QGE

(internal enable)

to
Figure 4.9 and
Tables 4.1 and 4.2

DWG:  M351108D

Figure 4.6: Internal Enables (32QE and 32QGE) Logic for Negative-Sequence Voltage-
Polarized Directional Elements
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I Relay

(residual) Word
> Bits
Settings 5067
50GFP —
E— to
Figure 4.10 and
—_— Figure 4.11
i
50GR
50GRP  ————
(‘o:‘cﬂ)
(1)
a0 -« ‘M ‘ E—
setting
SELocic
Setting
i SELocic _enable
ELOP=Y or Y1
Relay
_ from Word
Figure 4.1 Bits loss—of—potential

LOP
3V0 4d_/ — to Figure 4.10

32VE

(internal enable)

V' olisted in setting enable
setting ORDER

to Figure 4.6
and Tables 4.1 and 4.2

7I” listed in setting enable

setting ORDER 32IE

(internal enable)

DAY

— to Figure 4.11, Figure 4.15,
and figure 4.16

lil

Neutral Ground ————

Threshold

Neutral Ground Threshold = (channel Iy nominal rating) « (0.05) W MO5L109D

Figure 4.7: Internal Enables (32VE and 32IE) Logic for Zero-Sequence Voltage-Polarized
and Channel IN Current-Polarized Directional Elements
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[In]

3
Setlings
SONFP -
i
S50NRP -
I —]%
aONefly) — 1
setting
OASSEUR[S Ungrounded/
B High—Impedance Grounded
"S” listed in Low—Impedance Grounded

setting ORDER

"P" listed in

Petersen Coil Grounded

setting ORDER

Relay
Word
Bits

32QGE
32VE
3v0
from L}OP loss—of—potential
Figure 4.1 Setting
ELOP=Y or Y1

SELocic
Setting
E32IV

Relay
Word
Bits

S50NF

to
Figure 4.12 and
Figure 4.14

S50NR

32NE
(internal enable)

to Figures 4.12,
4.13, and 4.14 and
Tables 4.1 and 4.2

DWG: M3512938

Figure 4.8: Internal Enable (32NE) Logic for Zero-Sequence Voltage-Polarized Directional
Elements (Low-Impedance Grounded, Petersen Coil Grounded, and

Ungrounded/High-Impedance Grounded Systems)

Refer to the setting ideas for SELOGIC setting E32IV, near the back of this section, especially if

setting ORDER = U (ungrounded or high-impedance grounded system).
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If Z2F Setting > O,
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Bits
i
F32QG
P (Forward)
+: :

Jﬁ\

32QGE is highest
choice that is asserted

and 4.1

D to Figures 4,15
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|
L, el -(\ﬁ -‘wzzzw "]
2

R32QG
(Reverse)

X2

Reverse Threshold

R2

Forward Threshold

Direction Element Characteristics

Reverse Threshold:

\

Forward Threshold = 0.75¢Z2F — 0.25¢ ‘2‘ If Z2R Setting > O, Reverse Threshold = 0.75¢Z2R + 0.25+¢
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V2

Forward Threshold = 1.25¢Z2F — 0.25+ | If Z2ZR Setting < O, Reverse Threshold = 1.25¢Z2R + 0.25+¢
2

Note: 1£Z1L = One OHM At The Positive—Sequence Line Angle

vz‘
2

vz‘
2

DWG: M361111C

Figure 4.9: Negative-Sequence Voltage-Polarized Directional Element

Date Code 20020426

Loss-of-Potential, Load Encroachment, and Directional Element Logic
SEL-351-5, -6, -7 Instruction Manual

4-21



Relay
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Bit
50GF Rwemz
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Bits
Forward i
Threshold - F32V

Relay (Forward)
Word
Bit
32VE

Best Choice
from Ground 32VE is highest

Table 4.2 Directional ~"choice that is asserted Enable }

to Figures 4.15

Logic an

Vo o Rel3Vo (Ig + 1£200)°]

IIel”

lo
(residual)

(Ie = 3lo)
n
Reverse ——— R32V
Threshold p (Reverse)

Relay
Word
Bit
50GR

|

Reverse Threshold

\

RO

:

Forward Threshold

Direction Element Characteristics

Forward Threshold: Reverse Threshold:

Yo ‘

\
If ZOF Setting < O, Forward Threshold = 0.75+Z0F — 0‘25" | If ZOR Setting > 0, Reverse Threshold = 0.75¢Z0R + 0‘25"‘&‘
0 o]
Vo
If ZOF Setting > O, Forward Threshold = 1.25+Z0F — 0.25+

\
‘7 If ZOR Setting < 0O, Reverse Threshold = 1.25+Z0R + OQS"*O‘
0

o

Note: 1£Z0L = One OHM At The Zero—Sequence Line Angle
DWG: M351112C

Figure 4.10: Zero-Sequence Voltage-Polarized Directional Element

The 3V, input to Figure 4.10 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 earlier in this section.
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Relay
Word
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50GF Relay
Word

Forward = _Bits
Threshold o F32I

(Forward)

Relay
Word
Bits

32IE N
Best Choice
from Ground  32IE is highest L }to Figures 4.15

Table 4.2 D/'rechfom/ choice that is asserted Enable and 4.16
ogic .

|

‘N Rellg+ly"] -

c
(residual)

(le = 3lo)
Reverse R32I
Threshold * (Reverse)

Relay
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50GR

Forward Threshold
Forward Threshold = (channel Iy nominal rating) e (phase channels nominal rating) (OAOS)2

Reverse Threshald
Reverse Threshold = —(channel Iy nominal rating) ¢ (phase channels nominal rating) e (OAOS)2
DWG: M361113B

Figure 4.11: Channel IN Current-Polarized Directional Element
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Relay
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Bit
S50NF
Relay
Forward Word
Threshold Forward _Bits
Relay "Eorward” { F3oN
Word outputs
. from Figures
Bit 413 and 4.14
32NE N\
"S” listed in FL/ .
setting ORDER Enable to Figures 4.15
and 4.16
3Vo [ Re[3Vye (Iy»1£200)"]
|zo= "0 ST 2
In 1 IIl
+ Reverse
Reverse
Threshold - "Reverse” { —— R32N
outputs
Relay from Figures
Word 4.13 and 4.14
Bit
50NR
‘ X0
Reverse Threshold 20 _PLANE
RO
Forward Threshold
Direction Element Characteristics
Forward Threshold: Reverse Threshold:
3Vg Vo
If ZOF Setting < 0O, Forward Threshold = 0.75+Z0F — 0.25+ ‘7 If ZOR Setting > 0, Reverse Threshold = 0.75+Z0R + 0.25+ ‘7
N N
Vo 3Vg
If ZOF Setting > O, Forward Threshold = 1.25+Z0F — 0.25+ ‘7 If ZOR Setting < 0, Reverse Threshold = 1.25+Z0R + 0.25= ‘7
N N

Mote: 1 ZOL = One OHM At The Zero—Sequence Line Angle
DWG: M351294D

Figure 4.12: Zero-Sequence Voltage-Polarized Directional Element (Low-Impedance
Grounded Systems)

The 3V, input to Figure 4.12 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 earlier in this section.
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Figure 4.13

3V0). See

WYE) or a measured value (when global setting VSCONN

The 3V, input to Figure 4.13 may be either a calculated value (when global settings VSCONN

VS and PTCONN

Zero-Sequence Voltage Sources and Directional Control Settings in this section.
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Relay

N

Word
Bit
50NF
Relay
Forward Word
Threshold Forward _Bits
Relay “Forward” { F32N
Word outputs
. from Figures
_Bit_ 412 and 413
32NE N\
ORDER=U
J Enable — | to Figures 4.15
and 4.16
3V Re[3Vg e (I s 1£—90)*
o oo Rel¥o+ (12907 |
In 1]
+ Reverse
Reverse
Threshold - "Reverse” { »—— R32N
outputs
Relay from Figures
Word 4.12 ond 4.13
Bit
50NR
‘ X0
Reverse Threshold 20 PLANE
RO
Forward Threshold
Direction Element Characteristics
Forward Threshold: Reverse Threshold:
3y 3y
Z0F = —0.10, Forward Threshold = 0.75¢Z0F — 0.25 | — ZOR = 0.10, Reverse Threshold = 0.75¢Z0R + 0.25 ¢| —

N
For setting ORDER = U, settings ZOF and ZOR are set internally, as shown above, and hidden.

Note: 1£/-90" = One OHM At —90 Degree Angle
DWG: M361295D

Figure 4.14: Zero-Sequence Voltage-Polarized Directional Element (Ungrounded/High-
Impedance Grounded Systems)

The 3V, input to Figure 4.14 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 earlier in this section.

Loss-of-Potential, Load Encroachment, and Directional Element Logic Date Code 20020426
SEL-351-5, -6, -7 Instruction Manual



Relay
Word
Bits
from Fiqure 4.7 32VE

from Figure 4.8 32NE
from Figure 9.11  3VO
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from Figure 4.7 32IE

from F32QG
Figure 4.9 R32Q0
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to
Figure 4.17
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DWG: M361296C

Figure 4.15: Routing of Directional Elements to Residual Ground Overcurrent Elements
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Figure 4.16: Routing of Direction Elements to Neutral Ground Overcurrent Elements
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Relay
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Bits
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Level

(from Figure 4.15)
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32CR
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DIR2=R
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DIR3=F Forward

Level 3

DIR3=N

DIR3=R
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ORDER=P DIR1=R
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Definite—Time
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DWG: M3611748

Figure 4.17: Direction Forward/Reverse Logic for Residual Ground Overcurrent Elements
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Level

Relay Direction

Settings
Word
Bits DIRT=F Forward Directional
Forward
32NF' —Lontrol. to Neutral Ground
(from Figure 4.16) Setting DR1 N Level 1 Time—Overcurrent
ORDER=0FF = j Elements
(Fig. 3.18)
DIR1=R
Reverse
DIR2=F Forward
DIR2=N
DIR2=R
Reverse L to Neutral Ground
Instantaneous/
Definite=Time
Overcurrent
Elements
(Fig. 3.8)
DIR3=F Forward
DIR3=N Level 3
DIR3=R
Reverse
DIR4=F Forward
DIR4=N
DIR4=R
32NR Reverse Reverse
(from Figure 4.16) DG: MBII7AC

Figure 4.18: Direction Forward/Reverse Logic for Neutral Ground Overcurrent Elements

DIRECTIONAL CONTROL FOR NEGATIVE-SEQUENCE AND PHASE OVERCURRENT
ELEMENTS

The directional control for overcurrent elements is enabled by making directional control enable
setting E32. Setting E32 and other directional control settings are described in the following
subsection Directional Control Settings.

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 overcurrent 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 and phase
overcurrent elements.

If three-phase voltage signals are not available, make the group setting VNOM = OFF. This
prevents the negative-sequence voltage-polarized and positive-sequence voltage-polarized
elements from operating on false voltage quantities, yet still allows the Best-Choice Ground
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Directional logic to operate if available. This shut-down logic is shown in the center portions of
Figure 4.6 and Figure 4.21. See Settings for Voltage Input Configuration in Section 9: Setting
the Relay for a complete list of changes caused by setting VNOM = OFF.

Direction

Relay Relay  Directional ~ Relay Forward/
Internal Word Bit Directional Word Bit Element Word Bit  Reverse Directional
Enable _Qutputs Elements _ Outputs _ Routing Outputs Logic Control

50QF/ .
50QR to Negative—Sequence

B—neqg.—seq.| £350/ 32QF/ Level 1 Time—Overcurrent
Figure volt.—pol.| R32Q - 320R Level 2 Element (Fig. 3.20)
4.6 Figure Level 3 .
32QE 403 eve to Negative—Sequence

o—m=—Fig. 4.20 :
Inst./Def.—Time Overcurrent
Elements (Fig. 3.12)

Figure
4.22 to Phase Time—
Level 1

pos.—seq Overcurrent Elements
o 32PF ' -
volt.—pol. FBZP/ BZPR/ | Level 2 (F\gA 3.14 Z)ﬂ7)
R32P — 22 " gl Figure
404 |Level 3 to Phose Inst./Def.—Time

Fig. 4.21 Level 4 }Ov.ercurrent Elements
(Fig. 3.3)

(disable)

DWG: M35611158

Figure 4.19: General Logic Flow of Directional Control for Negative-Sequence and Phase
Overcurrent Elements

The negative-sequence voltage-polarized directional element has priority over the positive-
sequence voltage-polarized directional elements in controlling the phase overcurrent elements.
The negative-sequence voltage-polarized directional element operates for unbalanced faults,
while the positive-sequence voltage-polarized directional element operates for three-phase faults.

Internal Enables

Refer to Figure 4.6 and Figure 4.19.

The internal enable 32QE corresponds to the negative-sequence voltage-polarized directional
element.

Note that Figure 4.6 has extra internal enable 32QGE, which is used in the directional element
logic that controls the neutral ground and residual ground overcurrent elements (see Figure 4.4).

The settings involved with internal enable 32QE in Figure 4.6 (e.g., settings a2, k2) are explained
in a following subsection Directional Control Settings.

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 and positive-sequence voltage-polarized
directional elements are disabled (see Figure 4.20 and Figure 4.21).

Refer to Figure 4.1 and accompanying text for more information on loss-of-potential.

Note in Figure 4.19 and Figure 4.21, that the assertion of internal enable 32QE (for the negative-
sequence voltage-polarized directional element) disables the positive-sequence voltage-polarized
directional element. The negative-sequence voltage-polarized directional element has priority
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over the positive-sequence voltage-polarized directional elements in controlling the phase
overcurrent elements. The negative-sequence voltage-polarized directional element operates for
unbalanced faults while the positive-sequence voltage-polarized directional element operates for
three-phase faults.

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 4.2).

Directional Element Routing

Refer to Figure 4.19 and Figure 4.22.

The directional element outputs are routed to the forward (Relay Word bits 32QF and 32PF) and
reverse (Relay Word bits 32QR and 32PR) logic points and then on to the direction
forward/reverse logic in Figure 4.23 and Figure 4.24.

Loss-of-Potential

Note if both the following are true:
e Enable setting ELOP =Y,

¢ A loss-of-potential condition occurs (Relay Word bit LOP asserts),

then the forward logic points (Relay Word bits 32QF and 32PF) assert to logical 1, thus, enabling
the negative-sequence and phase overcurrent elements that are set direction forward (with settings
DIR1 =F, DIR2 =F, etc.). These direction forward overcurrent elements effectively become
nondirectional and provide overcurrent protection during a loss-of-potential condition.

As detailed previously (in Figure 4.6 and Figure 4.21), 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. But this disable condition is overridden for
the overcurrent elements set direction forward if setting ELOP =Y.

Refer to Figure 4.1 and accompanying text for more information on loss-of-potential.

Direction Forward/Reverse Logic

Refer to Figure 4.19, Figure 4.23, and Figure 4.24.

The forward (Relay Word bits 32QF and 32PF) and reverse (Relay Word bits 32QR and 32PR)
logic points are routed to the different levels of overcurrent protection by the level direction
settings DIR1 through DIR4.

Table 4.4 shows the overcurrent elements that are controlled by each level direction setting. Note
in Table 4.4 that all the time-overcurrent elements (51_T elements) are controlled by the DIR1
level direction setting.

In most communications-assisted trip schemes, the levels are set as follows (see Figure 5.4):

Level 1 overcurrent elements set direction forward (DIR1 = F)
Level 2 overcurrent elements set direction forward (DIR2 = F)
Level 3 overcurrent elements set direction reverse (DIR3 = R)
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If a level direction setting (e.g., DIR1) is set:
DIR1 =N (nondirectional)

then the corresponding Level 1 directional control outputs in Figure 4.23 and Figure 4.24 assert to
logical 1. The referenced Level 1 overcurrent elements in Figure 4.23 and Figure 4.24 are then
not controlled by the directional control logic.

If group setting VNOM = OFF, then the directional control outputs in Figure 4.23 and
Figure 4.24 assert to logical 1. This effectively makes the phase and negative-sequence elements
nondirectional.

See the beginning of following subsection Directional Control Settings for a discussion of the
operation of level direction settings DIR1 through DIR4 when the directional control enable
setting E32 is set to E32 = N.

In some applications, level direction settings DIR1 through DIR4 are not flexible enough in
assigning the desired direction for certain overcurrent elements. Subsection Directional Control
Provided by Torque Control Settings at the end of this section describes how to avoid this
limitation for special cases.

Relay
Word
Bit
Relay

50QF
Word
Forward h _Bits
Threshold s F32Q
Relay P (Forward)

Bits
32QE

Word

Enable

to
Figure 4.22

\ Re[V,«(l,«1£Z1L)*
. Ly RelVze(,+12210)"]

I2 (S

——— R32Q
(Reverse)

Reverse
Threshold

Relay
Word
Bit
50QR
X2
Reverse Threshold
R2
Forwurdm
Direction Element Characteristics
Forward Threshold: Reverse Threshold:
Vv V.
If Z2F Setting < 0O, Forward Threshold = 0.75¢Z2F — O.ZS"i‘ If Z2R Setting > O, Reverse Threshold = 0.75¢Z2R + O.ZS"ﬁ‘
V2 V2
If Z2F Setting > 0O, Forward Threshold = 1.25¢72F — 0.25+ C If Z2R Setting < 0O, Reverse Threshold = 1.25+Z2R + 0.25-¢ C
DWG: M361116C
Figure 4.20: Negative-Sequence Voltage-Polarized Directional Element for Negative-
Sequence and Phase Overcurrent Elements
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(90°)
Xy

Forward

(180°)

Reverse

Relay
Word
(270°) _Bits
F32pP
(Forward)
[90° + Z1ANG] > £Zy > [-90" + ZI1ANG] to
Figure
. J 4.22
from Figure 4.2 Relay
Word
_Bits pos.—seq. polarizing R32P
voltage present L (Reverse)
VPOLV
load
from Figure 4.2 zLoap —<2ndition
neq.—seq. dir.
§ element has priority
from Figure 4.6 32QE
Loss—of—
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LOP
_ from Setting
Figure 4.1 | ELOP=Y or Y1
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llai=lgl ——————
llg=lcl 50P32
lic=1al
50P32P + NV —m—

T—setﬁng [fixed at (phase channels nominal rating) » (0.1)

when enable setting ELOAD=Y] DWG: M351117B

Figure 4.21: Positive-Sequence Voltage-Polarized Directional Element for Phase
Overcurrent Elements
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Figure 4.1 Relay
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32QF
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from } to Figure 4.23
Figure 4.20
R32Q 32QR
(Reverse)
j—\ 32PF
F32p (Forward)
from } to Figure 4.24
Figure 4.21
AT\ 32PR
R32P (Reverse)

DWG: M351118B

Figure 4.22: Routing of Directional Elements to Negative-Sequence and Phase Overcurrent
Elements
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Level

Direction
Relay _ Settings
Word
Bit DIR1=F — Forward Directional
200F Forward Control
(from Figure 4.22) Level 1

D\RWZN—\—\

to Negative—
Sequence
Time—

DIRT=R —

|

Reverse

Forward

Level 2

Reverse

Forward

Level 3

Reverse

Forward

Level 4

Setting
VNOM=0FF
DIR3=F —
DIR3=N
DIR3=R —]
DIR4=F
DIR4=N
Relay
Word
Bit DIR4=R
320R Reverse

(from Figure 4.22)

Reverse

Overcurrent
Element
(Figure 3.20)

to Negative—
Sequence
Instantaneous/
Definite— Time
Overcurrent
Elements
(Figure 3.12)

DWG: M351175¢

Figure 4.23: Direction Forward/Reverse Logic for Negative-Sequence Overcurrent

Elements
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Level

Direction
Relay Settings
Word
Bit DIR1=F — Forward Directional
32PF Forward Control to Phase
: Time—
(from Figure 4.22) D\RW:N—\—\ Level 1 Overcurrent
| Elements
_ (Figures
DIRT=R — 3.14-3.17)
Reverse
DIR2=F jm‘ord
D\RZZN—\—S Level 2
DIR2=R —
Reverse L to Phase
Setting Instantaneous/
- Definite=Time
VNOM=0FF [ Overcurrent
Elements
(Figure 3.3)
DIR3=F Forward
DIR3=N Level 3
Reverse
DIR4=F — Forward
DIR4=N
Relay
Word
Bit DIR4=R —
32PR Reverse Reverse
(from Figure 4.22) DWG: M351176C

Figure 4.24: Direction Forward/Reverse Logic for Phase Overcurrent Elements
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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
N disable directional control

AUTO enable directional control and set many of the directional element settings
automatically

Note: If directional control enable setting E32 = N, directional control is disabled and no
directional control settings are made. All level direction settings are set internally as:

DIR1 =N (no directional control for Level 1 overcurrent elements)
DIR2 =N (no directional control for Level 2 overcurrent elements)
DIR3 =N (no directional control for Level 3 overcurrent elements)
DIR4 =N (no directional control for Level 4 overcurrent elements)

With the above settings, the directional control outputs in Figure 4.17, Figure 4.18,
Figure 4.23, and Figure 4.24 assert to logical 1. The overcurrent elements referenced in
Figure 4.17, Figure 4.18, Figure 4.23, and Figure 4.24 are then not controlled by the
directional control logic.

There is one case that does not allow group setting E32 =Y or AUTO. If all three of the
following are true, E32 can only be set to “N.”

e The relay model has a 0.2 A or 0.05 A nominal neutral channel,
¢ Global setting VSCONN = VS,
e Group setting VNOM = OFF,

Settings Made Automatically

If the directional control enable setting E32 is set:
E32 = AUTO

then the following directional control settings are calculated and set automatically:
Z2F, Z2R, 50QFP, 50QRP, a2, k2, S0GFP, S0GRP, a0, ZOF, and ZOR

Once these settings are calculated automatically, they can only be modified if the user goes back
and changes the directional control enable setting to E32 =Y.

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:

DIR1, DIR2, DIR3, DIR4, ORDER, 50P32P, 50NFP, S0NRP, aON, 59RES, 32WFP,
32WRP, 32WD, and E32IV (E32IV is a SELOGIC setting)

All these settings are explained in detail in the remainder of this subsection.
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Not all these directional control settings (set automatically or by the user) are used in every
application. The following are particular directional control settings that are hidden/not made for

particular conditions:

Settings hidden/not made:
50P32P

50GFP, S0GRP, a0

Z0F, Z0R

59RES, 32WFP, 32WRP, 32WD,

50NFP, S0NRP, aON

Settings

for condition:

setting ELOAD =Y

setting ORDER does not contain V or I

setting ORDER does not contain V or S

setting ORDER does not contain P or model does not
have a 0.2 A nominal neutral channel (IN)

setting ORDER does not contain S or U or model
does not have a 0.2 A nominal neutral channel
(IN)

DIR1-Level 1 Overcurrent Element Direction Setting

DIR2-Level 2 Overcurrent Element Direction Setting

DIR3-Level 3 Overcurrent Element Direction Setting

DIR4-Level 4 Overcurrent Element Direction Setting

Setting Range:

F = Direction Forward
R = Direction Reverse
N = Nondirectional

Table 4.4 shows the overcurrent elements that are controlled by each level direction setting. Note
in Table 4.4 that all the time-overcurrent elements (51_T elements) are controlled by the DIR1
level direction setting. Figure 4.17, Figure 4.18, Figure 4.23, and Figure 4.24 show the logic
implementation of the control listed in Table 4.4.
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Table 4.4: Overcurrent Elements Controlled by Level Direction Settings DIR1 Through
DIR4 (Corresponding Overcurrent Element Figure Numbers in Parentheses)

Level Direction Neutral Residual Negative-
Settings Phase Ground Ground Sequence
67P1 (3.3) 67N1 (3.8) 67G1 (3.10) | 67Q1 (3.12)
67P1T (3.3) | 67NIT (3.8) | 67GIT (3.10) | 67Q1T (3.12)
DIR1 51PT (3.14) | SINT (3.18) | 51GT (3.19) | 51QT (3.20)
51AT (3.15)
51BT (3.16)
51CT (3.17)
67P2 (3.3) 67N2 (3.8) 67G2 (3.10) | 67Q2 (3.12)
DIR2 67P2T (3.3) | 67N2T (3.8) | 67G2T (3.10) | 67Q2T (3.12)
67P2S (3.3) | 67N2S (3.8) | 67G2S (3.10) | 67Q2S (3.12)
DIR3 67P3 (3.3) 67N3 (3.8) 67G3 (3.10) | 67Q3 (3.12)
67P3T (3.3) | 67N3T (3.8) | 67G3T (3.10) | 67Q3T (3.12)
DIR4 67P4 (3.3) 67N4 (3.8) 67G4 (3.10) | 67Q4 (3.12)
67PAT (3.3) | 67TN4T (3.8) | 67G4T (3.10) | 67Q4T (3.12)

In most communications-assisted trip schemes, the levels are set as follows (see Figure 5.4):

Level 1 overcurrent elements set direction forward (DIR1 = F)
Level 2 overcurrent elements set direction forward (DIR2 = F)
Level 3 overcurrent elements set direction reverse (DIR3 = R)

In some applications, level direction settings DIR1 through DIR4 are not flexible enough in
assigning the desired direction for certain overcurrent elements. Subsection Directional Control
Provided by Torque Control Settings at the end of this section describes how to avoid this
limitation for special cases.

ORDER-Ground Directional Element Priority Setting

Setting ORDER can be set with the elements listed and defined in Table 4.1, subject to the setting
combination constraints in Table 4.2 and Table 4.3. Note that Table 4.1 and Table 4.2 also list
directional element availability per model (according to the neutral channel [IN] rating).

Table 4.3 lists the ground directional element availability as a result of the voltage connection
settings.

The order in which the directional elements are listed in setting ORDER determines the priority
in which these elements operate to provide Best Choice Ground Directional logic control.

For example, if setting:
ORDER = QVS

then the first listed directional element (Q = negative-sequence voltage-polarized directional
element; see Figure 4.9) is the first priority directional element to provide directional control for
the neutral ground and residual ground overcurrent elements.

If the negative-sequence voltage-polarized directional element is not operable (i.e., it does not
have sufficient operating quantity as indicated by its internal enable, 32QGE, not being asserted;
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see Figure 4.6), then the second listed directional element (V = zero-sequence voltage-polarized
directional element; see Figure 4.10) provides directional control for the neutral ground 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 4.7), then the third listed directional element (S = zero-sequence voltage-polarized
directional element [low-impedance]; see Figure 4.12) provides directional control for the neutral
ground and residual ground overcurrent elements.

If the zero-sequence voltage-polarized directional element (low-impedance) is not operable (i.e.,
it does not have sufficient operating quantity as indicated by its internal enable, 32NE [low-
impedance], not being asserted; see Figure 4.8), then no directional control is available. The
neutral ground and residual ground overcurrent elements will not operate, even though these
elements are designated with the DIRn (n = 1-4) settings to be directionally controlled (see
Figure 4.17 and Figure 4.18).

Another example, if setting:
ORDER =V

then the zero-sequence voltage-polarized directional element (V = zero-sequence voltage-
polarized directional element; see Figure 4.10) provides directional control for the neutral ground
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 4.7), then no directional control is available. The neutral ground and
residual ground overcurrent elements will not operate, even though these elements are designated
with the DIRn (n = 1-4) settings to be directionally controlled (see Figure 4.17 and Figure 4.18).

If setting:
ORDER = OFF

then all of the ground directional elements are inoperable. Note in Figure 4.17 and Figure 4.18
that setting ORDER = OFF effectively makes the neutral ground and residual ground overcurrent
elements nondirectional (the directional control outputs of Figure 4.17 and Figure 4.18 are
continuously asserted to logical 1).

Petersen Coil Considerations for Setting ORDER

Note in Figure 4.17 that if setting ORDER = P, the residual ground overcurrent elements are not
controlled by the directional control logic (much like when ORDER = OFF). In such a scenario,
where only the wattmetric directional element provides ground overcurrent element directional
control (setting ORDER = P), presumably there is no bypass around the Petersen Coil. With the
tuned Petersen Coil in-place (and not shorted out by a bypass), very little current flows for a
ground fault. With such low current levels, the neutral-ground overcurrent elements (referenced
in Figure 4.18) are the elements that detect the ground fault, not the residual-ground overcurrent
elements (referenced in Figure 4.17). The residual ground overcurrent elements (including
forward and reverse fault detectors SOGF and 50GR, respectively; see Figure 4.7) should be set
above any ground fault current level with the Petersen Coil in-place.

If there is a bypass around the Petersen Coil and the bypass is used at times (i.e., shorting out the
Petersen Coil), much higher currents can flow for a ground fault when the bypass is closed. In
such a scenario, setting ORDER should be set something like ORDER = QP or ORDER = QVP
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(see Table 4.2). Then, the residual ground elements (Figure 4.17) are controlled by the
directional control logic and provide directional protection for higher ground fault currents.

50P32P-Phase Directional Element Three-Phase Current Pickup
Setting Range:

0.50-10.00 A secondary (5 A nominal phase current inputs, IA, IB, IC)
0.1-2.00 A secondary (1 A nominal phase current inputs, IA, IB, IC)
The 50P32P setting is set to pick up for all three-phase faults that need to be covered by the phase

overcurrent elements. It supervises the positive-sequence voltage-polarized directional elements
F32P and R32P (see Figure 4.21).

If the load-encroachment logic is enabled (enable setting ELOAD = Y), then setting S0P32P is
not made or displayed, but is fixed internally at:

0.5 A secondary (5 A nominal phase current inputs, 1A, 1B, IC)
0.1 A secondary (1 A nominal phase current inputs, 1A, IB, IC)

Z2F-Forward Directional Z2 Threshold

Z2R-Reverse Directional Z2 Threshold
Setting Range:

-64.00 to 64.00 Q secondary (150 V voltage inputs, VA, VB, VC; 5 A nominal phase
current inputs, IA, 1B, IC)

-320.00 to 320.00 € secondary (150 V voltage inputs, VA, VB, VC; 1 A nominal phase
current inputs, IA, 1B, IC)

-128.00 to 128.00 Q secondary (300 V voltage inputs, VA, VB, VC; 5 A nominal phase
current inputs, IA, IB, IC)

-640.00 to 640.00 Q secondary (300 V voltage inputs, VA, VB, VC; 1 A nominal phase
current inputs, IA, 1B, IC)

Z2F and Z2R are used to calculate the Forward and Reverse Thresholds, respectively, for the
negative-sequence voltage-polarized directional elements (see Figure 4.9 and Figure 4.20).

If enable setting E32 =Y, settings Z2F and Z2R (negative-sequence impedance values) are
calculated by the user and entered by the user, but setting Z2R must be greater in value than
setting Z2F by 0.1 Q secondary.

Z2F and Z2R Set Automatically

If enable setting E32 = AUTO, settings Z2F and Z2R (negative-sequence impedance values) are
calculated automatically, using the positive-sequence line impedance magnitude setting ZIMAG
as follows:

Z2F = Z1IMAG/2 (€ secondary)

Z2R =Z1MAG/2 + z (€ secondary; “z” listed in table below)
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Relay Configuration z (Q secondary)
5 A nominal current, 150 V voltage inputs 0.1
5 A nominal current, 300 V voltage inputs 0.2
1 A nominal current, 150 V voltage inputs 0.5
1 A nominal current, 300 V voltage inputs 1.0

Figure 4.25 and Figure 4.26 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 Z0R can also be applied to deriving settings Z2F and Z2R in the
negative-sequence impedance network, though the preceding method of automatically making
settings Z2F and Z2R usually suffices.

50QFP-Forward Directional Negative-Sequence Current Pickup

50QRP-Reverse Directional Negative-Sequence Current Pickup
Setting Range:

0.25-5.00 A secondary (5 A nominal phase current inputs, IA, IB, IC)
0.05-1.00 A secondary (1 A nominal phase current inputs, IA, IB, 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 4.6). Ideally, the setting is
above normal load unbalance and below the lowest expected negative-sequence current
magnitude for unbalanced forward faults.

The S0QRP setting (31, current value) is the pickup for the reverse fault detector S0QR of the
negative-sequence voltage-polarized directional elements (see Figure 4.6). 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 SOQFP and 50QRP 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/I,
Setting Range:
0.02-0.50 (unitless)
Refer to Figure 4.6.

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 due to line asymmetries, CT saturation during three-phase faults, etc.

a2 Set Automatically
If enable setting E32 = AUTO, setting a2 is set automatically at:

a2=0.1

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 (Ilz| >0.1<], |)

k2-Zero-Sequence Current Restraint Factor, L,/I,
Setting Range:
0.10-1.20 (unitless)
Note the internal enable logic outputs in Figure 4.6:

32QE internal enable for the negative-sequence voltage-polarized directional element
that controls the negative-sequence and phase overcurrent elements

32QGE internal enable for the negative-sequence voltage-polarized directional element
that controls the neutral ground and residual ground overcurrent elements

The k2 factor is applied to internal enable 32QGE. The negative-sequence current (I,) magnitude
has to be greater than the zero-sequence current (I)) magnitude multiplied by k2 in order for the
32QGE internal enable (and following negative-sequence voltage-polarized directional element in
Figure 4.9) to be enabled:

|1, > k21|

This check assures that the relay uses the most robust analog quantities in making directional
decisions for the neutral ground and residual ground overcurrent elements.

The zero-sequence current (I ), referred to in the above application of the k2 factor, is from the

residual current (I ), which is derived from phase currents I, I, and I .:

1,=1,/3 3, =1, =1, +1 +1,
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If both of the internal enables:

32VE internal enable for the zero-sequence voltage-polarized directional element that
controls the neutral ground and residual ground overcurrent elements

32IE internal enable for the channel IN current-polarized directional element that
controls the neutral ground and residual ground overcurrent elements

are deasserted, then factor k2 is ignored as a logic enable for the 32QGE internal enable. This
effectively puts less restrictions on the operation of the negative-sequence voltage-polarized
directional element.

k2 Set Automatically
If enable setting E32 = AUTO, setting k2 is set automatically at:

k2=0.2

For setting k2 = 0.2, the negative-sequence current (I,) magnitude has to be greater than 1/5 of the
zero-sequence current (I)) magnitude in order for the negative-sequence voltage-polarized
directional elements to be enabled q12| >0.2e IO|). 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
Setting Range:

0.05-5.00 A secondary (5 A nominal phase current inputs, IA, IB, IC)
0.01-1.00 A secondary (1 A nominal phase current inputs, IA, IB, IC)

If preceding 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 (31, 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 4.7). Ideally, this setting is above normal load unbalance and below the lowest expected
zero-sequence current magnitude for unbalanced forward faults.

The S0GRP setting (31, 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 4.7). Ideally, this setting is above normal load unbalance and below the lowest expected
zero-sequence current magnitude for unbalanced reverse faults.

See preceding subsection Petersen Coil Considerations for Setting ORDER for more
information on setting S0GFP and SO0GRP for a Petersen Coil grounded system.
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50GFP and 50GRP Set Automatically
If enable setting E32 = AUTO, settings SOGFP and 50GRP are set automatically at:

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)

a0-Positive-Sequence Current Restraint Factor, 1 /I,
Setting Range:
0.02-0.50 (unitless)

If preceding 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 4.7.

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 due to line asymmetries, CT saturation
during three-phase faults, etc.

The zero-sequence current (I ), referred to in the application of the a0 factor, is from the residual
current (I,), which is derived from phase currents I,, I, and I .:

I,=1/3 3,=1 =1 +1 +]1,

a0 Set Automatically
If enable setting E32 = AUTO, setting a0 is set automatically at:

a0 =0.1

For setting a0 = 0.1, the zero-sequence current (I)) magnitude has to be greater than 1/10 of the
positive-sequence current (I) magnitude in order for the zero-sequence voltage-polarized and
channel IN current-polarized directional elements to be enabled Io| >0.1 Il|).

ZOF-Forward Directional ZO Threshold

ZOR-Reverse Directional ZO Threshold

Setting Range:

-64.00 to 64.00 Q secondary (150 V voltage inputs, VA, VB, VC; 5 A nominal phase
current inputs, [A, IB, IC)

-320.00 to 320.00 Q secondary (150 V voltage inputs, VA, VB, VC; 1 A nominal phase
current inputs, IA, IB, IC)
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-128.00 to 128.00 Q secondary (300 V voltage inputs, VA, VB, VC; 5 A nominal phase
current inputs, [A, IB, IC)

-640.00 to 640.00 Q secondary (300 V voltage inputs, VA, VB, VC; 1 A nominal phase
current inputs, IA, 1B, IC)

If preceding setting ORDER does not contain V or S (no zero-sequence voltage-polarized
directional element is enabled), then settings ZOF and ZOR are not made by the user or displayed.

Z0F and ZOR are used to calculate the Forward and Reverse Thresholds, respectively, for the
zero-sequence voltage-polarized directional elements (see Figure 4.10 and Figure 4.12).

If enable setting E32 =Y, settings ZOF and ZOR (zero-sequence impedance values) are calculated
by the user and entered by the user, but setting ZOR must be greater in value than setting ZOF by
0.1 Q secondary.

ZOF and ZOR Set Automatically

If enable setting E32 = AUTO, settings ZOF and Z0R (zero-sequence impedance values) are
calculated automatically, using the zero-sequence line impedance magnitude setting ZOMAG as

follows:
Z0OF = ZOMAG/2 (€ secondary)
Z0R = ZOMAG/2 + z (€ secondary; “z” listed in table below)
Relay Configuration z (€ secondary)

5 A nominal current, 150 V voltage inputs 0.1
5 A nominal current, 300 V voltage inputs 0.2
1 A nominal current, 150 V voltage inputs 0.5
1 A nominal current, 300 V voltage inputs 1.0

If setting ORDER = U (ungrounded or high-impedance grounded system; see Figure 4.14), the
following settings are made internally and hidden:

Z0F =-0.10 Q secondary
Z0R = 0.10 Q secondary

Note: ZOF and ZOR (€2 secondary) are set in reference to the phase current channels IA, IB, and
IC, as are settings Z2F and Z2R. However, settings ZOF and ZOR are applied to
Figure 4.12, and Figure 4.14, where neutral current I, from neutral current channel IN, is
also applied. Settings ZOF and ZOR are adjusted internally (with CT ratio settings) to
operate on this I current base, when needed (effectively, ZOFe*CTRN/CTR and
ZOR*CTRN/CTR). See preceding subsection Internal Enables.
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Deriving ZOF and ZOR Settings

Figure 4.25 shows the voltage and current polarity for an SEL-351 Relay in a zero-sequence
impedance network (the same approach can be instructive for negative-sequence impedance
analysis, too). For a forward fault, the SEL-351 Relay effectively sees the sequence impedance
behind it as:

Z,=V/-1)=-(V/) V /1, =-Z,, (what the relay sees for a forward fault)
For a reverse fault, the SEL-351 Relay effectively sees the sequence impedance in front of it:
Z,=V /I )V /I =7 (what the relay sees for a reverse fault)

If the system in Figure 4.25 is a solidly-grounded system (mostly inductive; presume uniform
system angle), the impedance plot (in the R + jX plane) would appear as in Figure 4.26a, with
resultant ZOF and ZOR settings as in Figure 4.26b. The zero-sequence line angle noted in
Figure 4.26a (£LZ0L) is the same angle found in Figure 4.10 and Figure 4.12 (in the “equation
box” with the “Enable” line).

The preceding method of automatically making settings ZOF and ZOR (where both ZOF and Z0R
are positive values; still ZOR>ZO0F) usually suffices for mostly inductive systems—Figure 4.25
and Figure 4.26 just provide a theoretic background.

/ero—Sequence Reference Bus

—m» forward

-|— reverse
DWG:  M351307

Figure 4.25: Zero-Sequence Impedance Network and Relay Polarity
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jX z
A’ reverse
/N=Rn+jXn (reverse) Zy Zy|> ZOR
zero—sequence
ZZOL—® line angle Z0R
‘\ (setting ZOANG)
— R 0 Z0R > ZOF
Z0F
—Zu=—Ry—jXu (forward) -z, Z0F > - |z,
forward
(a) Impedance Plot (b) ZOF and ZOR Settings

DWG:  M351308B

Figure 4.26: Zero-Sequence Impedance Plot for Solidly-Grounded, Mostly Inductive
System

S50NFP-Forward Directional Neutral Ground Current Pickup

S50NRP-Reverse Directional Neutral Ground Current Pickup
Setting Range:
0.005-5.00 A secondary (0.2 A nominal neutral channel input, IN)

If preceding setting ORDER does not contain S or U (zero-sequence voltage-polarized directional
elements: low-impedance or ungrounded/high-impedance grounded, are not enabled) or the
model does not have a 0.2 A nominal neutral channel (IN), then settings SONFP and 50NRP are
not made or displayed.

The SONFP setting (I, current value) is the pickup for the forward fault detector SONF of the zero-
sequence voltage-polarized directional elements: low-impedance or ungrounded/high-impedance
grounded (see Figure 4.8). Ideally, this setting is above normal load unbalance and below the
lowest expected zero-sequence current magnitude for unbalanced forward faults.

The S0NRP setting (I, current value) is the pickup for the reverse fault detector SONR of the zero-
sequence voltage-polarized directional elements: low-impedance or ungrounded/high-impedance
grounded (see Figure 4.8). Ideally, this setting is above normal load/system unbalance and below
the lowest expected zero-sequence current magnitude for unbalanced reverse faults.

Note: 50NFP and SONRP (A secondary) are set in terms of the neutral current I, from neutral
current channel IN. However, as discussed in preceding subsection Internal Enables,
settings SONFP and SONRP are applied to Figure 4.8, Figure 4.12, and Figure 4.14, where
residual current I, (derived from phase current channels IA, 1B, and IC) can be applied,
depending on current magnitudes. Settings SONFP and SONRP are adjusted internally to
operate on this residual current I, base, when needed (effectively, SONFP*CTRN/CTR
and 50NRP*CTRN/CTR).
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aON-Positive-Sequence Current Restraint Factor, 1 /I,

Setting Range:
0.001-0.500 (unitless)

If preceding setting ORDER does not contain S or U (zero-sequence voltage-polarized directional
elements: low-impedance grounded or ungrounded/high-impedance grounded, are not enabled) or
the model does not have a 0.2 A nominal neutral channel (IN), then setting aON is not made or
displayed.

Refer to Figure 4.8. The following comparison is made as part of internal enable 32NE (for low-
impedance grounded and ungrounded/high-impedance grounded systems):

[Iy|>a0ON-

L

I, is the secondary current measured by neutral channel IN. 1,is the positive-sequence secondary
current derived from the phase current channels IA, IB, and IC. Presumably, channel IN is
connected in such a manner that it sees the system zero-sequence current (e.g., channel IN is
connected to a core-balance CT through which the three phase conductors pass; in such a
connection, channel IN sees 31 zero-sequence current, I, = 31 ; see Figure 2.14 and Figure 2.16).
If a core-balance current transformer is connected to neutral channel IN, it most likely has a
different ratio, compared to the current transformers connected to the phase current channels 1A,
IB, and IC (CT ratio settings CTRN and CTR, respectively).

From a primary system study, load profile values, or metering values, derive aON as follows:
aON = (31, pri./I, pri.) * (CTR/CTRN)
31, pri. = standing system unbalance current (zero-sequence; A primary)
I, pri. = maximum load current (positive-sequence; A primary)

Adjust the final setting value of aON from the above derived value of aON, depending on your
security philosophy, etc.

The aON factor increases the security of the zero-sequence voltage-polarized directional elements:
low-impedance grounded or ungrounded/high-impedance grounded. It keeps the elements from
operating for zero-sequence current (system unbalance), which circulates due to line
asymmetries, etc.

S59RES-Wattmetric 3VO Overvoltage Pickup (Petersen Coil Grounded System)

Setting Range:
1.00—430.00 V secondary (300 V nominal voltage inputs, VA, VB, VC)

If preceding setting ORDER does not contain P (Petersen Coil directional element is not enabled)
or the model does not have a 0.2 A nominal neutral channel (IN), then setting SORES is not made
or displayed.

Setting 59RES should be set greater than the value of 3V zero-sequence voltage present for
normal system unbalance. It is part of the enabling logic for the wattmetric element part of the
Petersen Coil directional element (see Figure 4.13).
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The 3V, input to Figure 4.13 may come either from a calculation or from a direct measurement,
as described in Zero-Sequence Voltage Sources, earlier in this section. When using a broken-
delta PT connection to terminals VS-NS as the zero-sequence voltage source (global setting
VSCONN = 3V0), there are some special considerations in making the S9RES setting that are
related to the scaling of the VS-NS input signal. The S9RES setting must be entered on the same
secondary base as the voltage terminals VA, VB, and VC. See Settings Considerations for
Petersen Coil Grounded Systems for an example.

32WFP and 32WRP—-Wattmetric Forward and Reverse Pickups (Petersen Coil Grounded
System)

Setting Range:

0.001-150.000 W secondary (300 V nominal voltage inputs, VA, VB, VC; 0.2 A nominal
neutral channel input, IN)

If preceding setting ORDER does not contain P (Petersen Coil directional element is not enabled)
or the model does not have a 0.2 A nominal neutral channel (IN), then settings 32WFP and
32WRP are not made or displayed.

Quantities needed to make the 32WFP and 32WRP wattmetric pickups calculations are:

3V, zero-sequence voltage in secondary (from inputs, VA, VB, VC; or input VS when
VSCONN = 3V0)

I, current in secondary (from 0.2 A nominal neutral channel input, IN)

The 3V, input to Figure 4.13 may come either from a calculation or from a direct measurement,
as described in Zero-Sequence Voltage Sources, earlier in this section. When using a broken-
delta PT connection to terminals VS-NS as the zero-sequence voltage source (global setting
VSCONN = 3V0), there are some special considerations in making the 32WFP and 32WRP
settings that are related to the scaling of the VS-NS input signal. The 32WFP and 32WRP
settings must be entered on the same secondary base as the voltage terminals VA, VB, and VC.
See Settings Considerations for Petersen Coil Grounded Systems for an example.

I, is the current measured by current channel IN. Channel IN is connected in such a manner that
it monitors the system zero-sequence current (e.g., channel IN is connected to a window CT
through which the three phase conductors pass and thus monitors 31, zero-sequence current, see
Figure 2.16). With such a connection:

I, =3I,

In Figure 2.19, only one feeder position is shown, but one can imagine the bus extending to the
right, with other feeder positions. The Petersen Coil in the transformer neutral is tuned to cancel
out the cumulative zero-sequence line capacitance of all the connected feeders. The Petersen Coil
and the zero-sequence line capacitance are a parallel LC circuit. In a “tuned state,” they create a
high impedance circuit and thus a power system that is essentially ungrounded (with much less
current flow than a traditional ungrounded system). In such an optimum tuned state, little current
flows through the Petersen Coil. Some Petersen Coils are continually adjusted automatically, as
load levels/system topology change, so that tuning remains optimum. The “tuned circuit” resists
sustaining an arc, so many ground faults are self-extinguished by the circuit itself (no circuit
breaker operation necessary).

Consider a permanent line-to-ground fault out on the feeder in Figure 2.19 (refer to the relay and
feeder shown in Figure 2.19 as Relay 1 and Feeder 1, respectively. Other feeders on the same
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bus, though not shown in Figure 2.19, are then Relay 2/Feeder 2, etc.). In the zero-sequence
network view in Figure 4.27, Relay 2 (on unfaulted Feeder 2) sees mostly capacitance in front of
it. Assuming a “tuned circuit,” I, = O at the fault. Thus, the entire zero-sequence capacitance
shown in Figure 4.27 is canceled out by the inductance of the Petersen Coil. So, with Feeder 1
capacitance C, in front of Relay 1, the system behind Relay 1 appears net inductive.

I

\
\ Zero—Sequence Reference Bus

° Py . .

\\{// C Petersen \\{// C \\{// C

— Coil —1 2 — "
Feeder 2 Feeder n
Vo
transformer 22
bank - Relay 2
la(2) |
] — |
|
kju) AﬁiJ
log1) r Relay 1
Feeder 1 |
} lg=0 (tuned system) DWe 1351305

Figure 4.27: Zero-Sequence Impedance Network for Ground Fault on Feeder 1

Figure 4.28 shows the zero-sequence vector relationships described above for Figure 4.27 (note:
the zero-sequence currents I, and [, are what the relays respectively “see,” per standard current
transformer connections—see Figure 2.19). The vectors shown in Figure 4.28 are perhaps

somewhat overdramatic as far as angle differences—they are primarily for illustrative purposes.

There is always some resistance in a circuit and thus the V and I, vector relationship is not 90
degrees, as shown in Figure 4.28. This system resistance provides the “real power component”
with which the wattmetric directional element (Figure 4.13) operates. Whether the zero-sequence
network behind Relay 1 appears net capacitive or net inductive, the wattmetric (real power)
portion for Relay 1/faulted Feeder 1 (labeled “WF”) is polar-opposite of the wattmetric (real
power) portion for Relay 2/unfaulted Feeder 2 (labeled “WR”). The calculations for the 32WFP
and 32WRP wattmetric pickups are made as follows:

|l

Real 13V, * conjugate (310 )}= |3V0 . cos(43V0 =Ly )

|31,

« cos(£3V, - £31,) =3V,

N

The cosine part of the above calculation reveals forward or reverse fault direction: forward faults
produce negative calculation values and reverse faults produce positive calculation values on
Petersen Coil grounded systems. Calculate the 32WFP and 32WRP wattmetric pickup settings
(in watts secondary), with a margin of more sensitivity than the minimum detected ground faults
(forward and reverse, respectively). Enter wattmetric settings as positive values.
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Figure 4.28: Wattmetric Element Operation for Ground Fault on Feeder 1

The sum of settings 32WFP and 32WRP must be 0.1 watts secondary or greater:
32WFP + 32WRP > 0.1 watts secondary

In Figure 4.28, the calculated wattmetric value for a forward fault is a negative value (shown as
WF), while that for a reverse fault is a positive value (shown as WR). Again, corresponding
settings 32WFP and 32WRP are both entered as positive values, with some margin of sensitivity.
The above “0.1 watts secondary” rule is effectively the minimum distance between settings
32WFP and 32WRP in the wattmetric plane (setting 32WFP is put on the “negative” side of the
wattmetric plane: i.e., “-32WFP”; see Figure 4.13).

32WD-Wattmetric Delay (Petersen Coil Grounded System)

Setting Range:
30.00-999,999.00 cycles

If preceding setting ORDER does not contain P (Petersen Coil directional element is not enabled)
or the model does not have a 0.2 A nominal neutral channel (IN), then setting 32WD is not made
or displayed.

Settings Considerations for Petersen Coil Grounded Systems

The Petersen Coil elements require a zero-sequence voltage source, which is calculated from
voltages V,, V,, and V_ when the relay is wye-connected (global setting PTCONN = WYE and
VSCONN = VS), or which is measured from the VS channel when the relay is connected to a
broken-delta 3V source and global setting VSCONN = 3V0. Three of the required Petersen Coil
element settings, S9RES, 32WFP, and 32WRP, depend on the type of 3V voltage source and on
the PTR and PTRS group settings.

When VSCONN = VS and the relay is wye-connected (PTCONN = WYE), the 3V source is in
secondary volts on the VA, VB, VC input terminal base. In fact, 3V is calculated from the
measured V,, V, and V. voltages. The 59RES, 32WFP, and 32WRP settings are set in terms of
this same base.
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An example system similar to Figure 2.19, with wye-connected PTs (PT ratio 7200:120; setting
PTR =7200/120 = 60) and a core-flux summation CT (CT ratio 50:5; setting CTRN = 50/5 =10),
is used to demonstrate the required setting scaling.

If the desired zero-sequence voltage pickup for the Wattmetric element in primary 3V is 400 V
primary, obtain the proper setting for S9RES by dividing the primary voltage by the PT ratio for
voltage inputs VA, VB, and VC:

S9RES = V primary _ 400'V primary =6.67 V secondary
PTR 60

If the desired forward Wattmetric element threshold is 24 kW primary, and the desired reverse
threshold is 10 kW primary, the correct settings are:

W primary 24000 W primary
PTR « CTRN 60+10

32WFP =

=40.000 W secondary

W primary 10000 W primary

32WRP = =
PTR « CTRN 6010

=16.667 W secondary

When VSCONN = 3V0, with a broken-delta 3VO voltage source connected to the VS channel
(terminals VS-NS), group setting PTRS must be properly set to give the signal on the VS channel
the correct scaling in primary units, as displayed under VS in the METER command response,
available via serial port or front-panel. The example value PTRS = 96, as shown in Potential
Transformer Ratios and PT Nominal Secondary Voltage Settings in Section 9: Setting the
Relay, is used for subsequent examples.

The relay internally converts the VS channel signal to the VA, VB, VC voltage base before using
it as the 3V quantity, as shown in Table 4.5. Thus, when the zero-sequence voltage pickup for
the Wattmetric element is known in terms of the system primary voltage level, the required
calculation for setting S9RES is the same as the calculation for the VSCONN = VS example
shown previously, which converts the primary zero-sequence voltage value into a secondary
value on the VA, VB, VC input terminal base.

Using the example quantities from the VSCONN = VS subsection:

V primary _ 400 V primary
PTR 60

S9RES =

=6.67 V secondary

Note that the primary voltage is divided by the PTR setting, not the PTRS setting.

Similarly, the derivation of the 32WFP and 32WRP settings, if they are known in primary Watts,
follows the same formula as before:

W primary 24000 W primary

32WFP = =
PTR « CTRN 60+10

=40.000 W secondary

W primary 10000 W primary

32WRP = =
PTR « CTRN 6010

=16.667 W secondary

However, if the desired voltage pickup for the Wattmetric element is known in terms of VS
channel volts (secondary), then the setting value must be scaled by PTRS/PTR prior to entry.
This pre-scaling makes the SORES setting match the scaling the relay does when it internally
converts the VS channel value to the VA, VB, VC voltage base.
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For our example system, the desired 3VO0 pickup in terms of the voltage applied to channel
VS is:

V primary

Voltage value (VS channel base) =
PTRS

The example 3VO pickup value in terms of the voltage applied to channel VS is:

Voltage value (VS channel base) = 4%\75% =4.167 V secondary

The S9RES setting is determined as follows:

S9RES =V secondary (VS base) * PTRS =4.167+ % =6.67 V secondary
PTR 60

As expected, this is the same value as before.

Similarly, if the desired Wattmetric pickup for the Wattmetric element is known in terms of VS
channel volts (secondary) and IN channel current (secondary), then the setting value must be
scaled by PTRS/PTR prior to entry. This pre-scaling makes the 32WFP and 32WRP settings
match the scaling the relay does when it converts the VS value into the VA, VB, VC voltage
base.

For our example system, the desired Wattmetric pickup in terms of the voltage applied to
channel VS and the current applied to channel IN is:

W primary

Wattmetric value (VS and IN base) =————
PTRS ¢« CTRN

Forward = 24000 W / (96 « 10) = 25 W secondary.
Reverse = 10000 W / (96 » 10) = 10.417 W secondary.

The 32WFP and 32WRP settings are determined as follows:

32WFP = W secondary (VS and IN base) I;T;;S

=25We % =40.000 W secondary (VA, VB, VC, and IN base)

32WRP = W secondary (VS and IN base) * I;Trl;S

=10.417We % =16.667 W secondary (VA, VB, VC, and IN base)

These details are important in relay testing, when the signal applied to the VS-NS terminals
represents a 3V zero-sequence voltage signal, and global setting VSCONN = 3V0. When
making test settings or interpreting test results, remember that the relay scales the measured value
by PTRS/PTR before using it in the Petersen Coil directional element and in the various zero-
sequence voltage-polarized directional elements.
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Table 4.5: Affect of Global Settings VSCONN and PTCONN on
Petersen Coil Directional Elements

Relay Function When When When
VSCONN=VS and VSCONN=VS and VSCONN=3V0
PTCONN =WYE | PTCONN =DELTA | (pTCONN = WYE

or DELTA)
Wattmetric and Use 3VO0 calculated ORDER cannot be Use V-(PTRS/PTR)
incremental fromV,, V, V_as set to contain "P" (no | as 3VO0 polarizing
conductance elements | polarizing voltage. zero-sequence voltage*.
(ORDER setting voltage source is
choice "P"). available)

* The PTRS/PTR adjustment brings the broken-delta 3V0 quantity to the same base voltage as
the relay settings SORES, 32WFP, and 32WRP, which are based on the VA, VB, VC voltage
base.

E321V-SELocic Control Equation Enable

Refer to Figure 4.7 and Figure 4.8.

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 neutral ground 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-351 Relay:

E32IV =IN106  (52a connected to optoisolated input IN106)

Almost any desired control can be set in SELOGIC control equation setting E321V.

Ungrounded/High-Impedance Grounded System Considerations for Setting E321V

On ungrounded/high-impedance grounded systems (when setting ORDER = U), phase-to-phase
or unbalanced three-phase faults can cause the ungrounded/high-impedance grounded element to
operate on false quantities. To prevent this situation, SELOGIC setting E32IV may be used as
follows:

E32IV = V1GOOD * 132QE

The V1IGOOD Relay Word bit (see Figure 4.1) deasserts during a three-phase fault, and the 32QE
Relay Word bit (see Figure 4.6) asserts during a phase-to-phase fault. If either one of these occur,
the E32IV setting evaluates to logical 0, and the ungrounded/high-impedance grounded
directional element is blocked (see Figure 4.8).
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When a switch or breaker closes, the poles can close sequentially (not at the same time), creating
a momentary current unbalance condition. To avoid any possible operation of the ungrounded/
high-impedance grounded element for this momentary current unbalance condition, set 3PO
(three-pole open condition; see Figure 5.3) in SELOGIC setting E32IV as follows:

E32IV = ... + 13PO (= ... + NOT[3PO))

The 3PO dropout time (setting 3POD) provides the extended blocking (3PO = logical 1; !3PO =
logical 0) for this momentary current unbalance condition.

DIRECTIONAL CONTROL PROVIDED BY TORQUE CONTROL SETTINGS

For most applications, the level direction settings DIR1 through DIR4 are used to set overcurrent
elements direction forward, reverse, or nondirectional. Table 4.4 shows the overcurrent elements
that are controlled by each level direction setting. Note in Table 4.4 that all the time-overcurrent
elements (51_T elements) are controlled by the DIR1 level direction setting. See Figure 4.17,
Figure 4.18, Figure 4.23, and Figure 4.24.

In most communications-assisted trip schemes, the levels are set as follows (see Figure 5.4):

Level 1 overcurrent elements set direction forward (DIR1 = F)
Level 2 overcurrent elements set direction forward (DIR2 = F)
Level 3 overcurrent elements set direction reverse (DIR3 = R)

Suppose that the Level 1 overcurrent elements should be set as follows:

67P1 direction forward
67Gl1 direction forward
51PT direction forward
51AT  direction reverse
51BT direction reverse
51CT  direction reverse
5INT  nondirectional
51GT  direction forward

To accomplish this, the DIR1 setting is “turned off,” and the corresponding SELOGIC control
equation torque control settings for the above overcurrent elements are used to make the elements
directional (forward or reverse) or nondirectional. The required settings are:

DIRI =N (“turned off”; see Figure 4.17, Figure 4.18, Figure 4.23, and
Figure 4.24)
67P1TC = 32PF (direction forward; see Figure 3.3)
67GITC = 32GF (direction forward; see Figure 3.10)
51PTC = 32PF (direction forward; see Figure 3.14)
51ATC = 32PR (direction reverse; see Figure 3.15)
51BTC = 32PR (direction reverse; see Figure 3.16)
51CTC = 32PR (direction reverse; see Figure 3.17)
SINTC =1 (nondirectional; see Figure 3.18)
51GTC =32GF (direction forward; see Figure 3.19)
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This is just one example of using SELOGIC control equation torque control settings to make
overcurrent elements directional (forward or reverse) or nondirectional. This example shows
only Level 1 overcurrent elements (controlled by level direction setting DIR1). The same setting
principles apply to the other levels as well. Many variations are possible.
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SECTION 5: TRIP AND TARGET LOGIC

TRIP LoGIC

The trip logic in Figure 5.1 provides flexible tripping with SELOGIC® control equation settings:

TRCOMM

DTT

TRSOTF

TR

ULTR
TDURD

Communications-Assisted Trip Conditions.

Setting TRCOMM is supervised by communications-assisted trip logic.
See Communications-Assisted Trip Logic—General Overview later in
this section for more information on communications-assisted tripping.

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 is also unsupervised, setting DTT is provided
separate from setting TR for target LED purposes. (COMM target LED on
the front panel illuminates when DTT asserts to logical 1; see COMM
target LED discussion in the Front-Panel Target LEDs subsection at the
end of this section).

A typical setting for DTT is:
DTT =IN106

where input IN106 is connected to the output of direct transfer trip
communications equipment.

Setting DTT is also used for Direct Underreaching Transfer Trip (DUTT)
schemes.

Switch-Onto-Fault Trip Conditions.

Setting TRSOTF is supervised by the switch-onto-fault condition SOTFE.
See Switch-Onto-Fault (SOTF) Trip Logic on page 5-7 for more
information on switch-onto-fault logic.

Other Trip Conditions.

Setting TR is the SELOGIC control equation trip setting most often used if
tripping does not involve communications-assisted (settings TRCOMM
and DTT) or switch-onto-fault (setting TRSOTF) trip logic.

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.

Unlatch Trip Conditions.
Minimum Trip Duration Time.

This timer establishes the minimum time duration for which the TRIP
Relay Word bit asserts. This is rising edge initiated timer. The settable
range for this timer is 4-16,000 cycles. See Figure 5.2.
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More than one trip setting (or all four trip settings TRCOMM, DTT, TRSOTF, and TR) can be
set. For example, in a communications-assisted trip scheme, TRCOMM is set with direction
forward overreaching Level 2 overcurrent elements, TR is set with direction forward
underreaching Level 1 overcurrent elements and other time delayed elements (e.g., Level 2
definite-time overcurrent elements), and TRSOTF is set with nondirectional overcurrent
elements.

SELocic
Trip
Settings

f TRCOMM

ECOMM

Setting
ECOMM=POTT \
ECOMM=DCUB1 ]
ECOMM=DCUB2

Communications—
ECOMM=DCB —— \ Assisted Trip

—

Relay
Word

Communications— —Hits

Assisted PTRX ———————
Trip Logic

Z3RB —————————

BB ———

DSTRT

BTX

Echo Conversion to Trip

ECTT

SELOGIC
Trip

Settings
k o Direct Transfer Trip

TRSOTF

Switch—Onto—Fault Relay
Trip Logic Word
Bits

SOTFE

Switch—Onto—Fault Trip

SELocic ‘
"Other Trips” Trip

Trip Logic Setting Other Trips 4) OR-1
R

Rising Edge . .
Detect MinimumTrip Word
Duration Timer Bits

Serial Port 0 4T\
Commands OR-2 TRIP
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Relay
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TARGET
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Figure 5.1: Trip Logic
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Set Trip
Refer to Figure 5.1. All trip conditions:
¢ Communications-Assisted Trip
e Direct Transfer Trip
e Switch-Onto-Fault Trip
e 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 assures 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

Example output of
OR—=1 (input into
Minimum Trip Duration !

Timer and OR-2) L 1pURD =

Resultant logic i
output of
Minimum Trip ‘ : ‘ :

Duration Timer
(input into OR—2)

OR—combination of

above two logic

traces (inputs into
OR—2 to drive Relay
Word bit TRIP)

DWG. M35195

Figure 5.2: Minimum Trip Duration Timer Operation (See Bottom of Figure 5.1)
Note: The OPEN Command is no longer embedded in Trip Logic.

In previous firmware versions of the SEL-351 Relay, the OPEN command was embedded
in the trip logic in Figure 5.1. The OPEN command was routed directly into the
Minimum Trip Duration Timer, along with the output of logic gate OR-1.
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The OPEN command is no longer directly embedded in the trip logic. This change was
made so that users can supervise the OPEN command if desired via setting TR.

The OPEN command is now included in the trip logic in the factory settings:
TR=...+0C

Relay Word bit OC asserts for execution of the OPEN Command. See OPE Command
(Open Breaker) in Section 10: Serial Port Communications and Commands for more
information on the OPEN Command. More discussion follows later on the factory
settings for setting TR.

If previous firmware versions of the SEL-351 Relay with the OPEN command imbedded
in the trip logic also have setting TR set as:

TR=...+0OC

this would appear as a redundancy in inputting the OPEN command into the trip logic.
But, this is not a problem—just a redundancy in logic. Thus, SEL-351 Relays with
various firmware versions can be set the same with respect to setting TR = ... + OC.

If a user wants to supervise the OPEN command with optoisolated input IN105, the
following setting is made:

TR = ... + OC*IN105

With this setting, the OPEN command can provide a trip only if optoisolated input IN105
is asserted. This is just one OPEN command supervision example—many variations are
possible.

To prevent the execution of the OPEN command from initiating reclosing, Relay Word
bit OC is entered in the SELOGIC control equation setting 79DTL (Drive-to-Lockout) in
the factory settings. See the Note in the Lockout State discussion, following Table 6.1.

A COMM target LED option for the OPEN command is discussed in the Front-Panel
Target LEDs subsection at the end of this section.

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:

e Minimum Trip Duration Timer stops timing (logic output of the TDURD timer goes to
logical 0)

e 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 button is pressed,

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

The front-panel TARGET RESET button or the TAR R (Target Reset) serial port command are
primarily used during testing. Use these to force the TRIP Relay Word bit to logical 0 if test

5-4
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conditions are such that setting ULTR does not assert to logical 1 to automatically deassert the
TRIP Relay Word bit instead.

Other Applications for the Target Reset Function

Refer to the bottom of Figure 5.1. Note that the combination of the TARGET RESET Pushbutton
and the TAR R (Target Reset) serial port command is also available as Relay Word bit TRGTR.
See Figure 5.17 and accompanying text for applications for Relay Word bit TRGTR.

Factory Settings Example (Using Setting TR)

If the “communications-assisted” and “switch-onto-fault” trip logic at the top of Figure 5.1 can
effectively be ignored, the figure becomes a lot smaller. Then SELOGIC control equation trip
setting TR is the only input into OR-1 gate and follows into the “seal-in and unlatch” logic for
Relay Word bit TRIP.

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

TR =51PT + 51GT + 81DIT + LB3 + 50P1 * SHO + OC (trip conditions)
ULTR = !(51P + 51G) (unlatch trip conditions)

The factory setting for the Minimum Trip Duration Timer setting is:
TDURD = 9.00 cycles

See the settings sheets in Section 9: Setting the Relay for setting ranges.

Set Trip
In SELOGIC control equation setting TR = 51PT + 51GT + 81DI1T + LB3 + 50P1 * SHO + OC:

e Time-overcurrent elements S1PT and 51GT trip directly. Time-overcurrent and definite-
time overcurrent elements can be torque controlled (e.g., elements S1PT and 51GT are
torque controlled by SELOGIC control equation settings S1PTC and 51GTC, 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.

e Frequency element 81D1T trips directly.

e Local bit LB3 trips directly (operates as a manual trip switch via the front panel). See
Local Control Switches in Section 7: Inputs, Outputs, Timers, and Other Control Logic
for more information on local bits.

¢ Phase instantaneous overcurrent element S0P1 is supervised by Relay Word bit SHO in an
ANDed condition 50P1 * SHO. Elements S0P1 can only generate a trip when
SHO = logical 1 (reclosing relay is at shot = 0). After the first trip in a reclose cycle, the
shot counter increments from O to 1, SHO = logical 0, and element S50P1 cannot generate a
trip. See Section 6: Close and Reclose Logic for more information on reclosing relay
operation.

e Relay Word bit OC asserts for execution of the OPEN Command. See OPE Command
(Open Breaker) in Section 10: Serial Port Communications and Commands for more
information on the OPEN Command.
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With setting TDURD = 9.00 cycles, once the TRIP Relay Word bit asserts via SELOGIC control
equation setting TR, it remains asserted at logical 1 for a minimum of 9 cycles.

Unlatch Trip
In SELOGIC control equation setting ULTR = I(51P + 51G):

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

ULTR = !(51P + 51G) = NOT(51P + 51G) = NOT(51P) * NOT(51G)

Additional Settings Examples

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

Unlatch Trip with 52a Circuit Breaker Auxiliary Contact

A 52a circuit breaker auxiliary contact is wired to optoisolated input IN101.

52A = IN101 (SELOGIC control equation circuit breaker status setting—see
Optoisolated Inputs in Section 7: Inputs, Outputs, Timers, and
Other Control Logic )

ULTR = !IN101

Input IN101 has to be deenergized (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 = !IN101 = NOT(IN101)

Unlatch Trip With 52b Circuit Breaker Auxiliary Contact

A 52b circuit breaker auxiliary contact is wired to optoisolated input IN101.

52A =!IN101 (SELOGIC control equation circuit breaker status setting—see
Optoisolated Inputs in Section 7: Inputs, Outputs, Timers, and
Other Control Logic )

ULTR =1IN101

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 0.

Program an Output Contact for Tripping

In the factory settings, the resultant of the trip logic in Figure 5.1 is routed to output contact
OUT101 with the following SELOGIC control equation setting:

OUT101 = TRIP
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If more than one TRIP output contact is needed, program other output contacts with the TRIP
Relay Word bit. Examples of uses for additional TRIP output contacts:

e Tripping more than one breaker
e Keying an external breaker failure relay

e Keying communication equipment in a Direct Transfer Trip scheme

See Qutput Contacts in Section 7: Inputs, Outputs, Timers, and Other Control Logic for more
information on programming output contacts.

SWITCH-ONTO-FAULT (SOTF) TrIP LoGIC

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. For example, suppose safety grounds are
accidentally left attached to a line after a clearance. If the circuit breaker is closed into such a
condition, the resulting fault needs to be cleared right away and reclosing blocked. An
instantaneous overcurrent element is usually set to trip in the three-pole open (3PO) logic and the
SOTF trip logic.

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
e Relay Word bit SOTFE is asserted to logical 1

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.
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Figure 5.3: Three-Pole Open Logic (Top) and Switch-Onto-Fault Logic (Bottom)

Three-Pole Open Logic

Three-pole open (3PO) logic is the top half of Figure 5.3. It is not affected by enable setting
ESOTF (see Settings Sheet 2 of 27 in Section 9: Setting the Relay).

The open circuit breaker condition is determined from the combination of:
o Circuit breaker status (52A)

e Load current condition (50L)

If the circuit breaker is open (52A =logical 0) and current is below phase pickup SOLP
(50L = logical 0), then the three-pole open (3PO) condition is true:

3PO = logical 1 (circuit breaker open)

The 3POD dropout time qualifies circuit breaker closure, whether detected by circuit breaker
status (52A) or load current level (S0L). When the circuit breaker is closed:

3PO = logical 0 (circuit breaker closed)
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Determining Three-Pole Open Condition Without Circuit Breaker Auxiliary Contact

If a circuit breaker auxiliary contact is not connected to the SEL-351 Relay, SELOGIC control
equation setting 52A is set:

52A=0 (numeral 0)

With SELOGIC control equation setting 52A continually at logical 0, 3PO logic is controlled
solely by load detection element S0L. Phase pickup SOLP is set below load current levels.

When the circuit breaker is open, Relay Word bit SOL drops out (= logical 0) and the 3PO
condition asserts:

3PO = logical 1 (circuit breaker open)

When the circuit breaker is closed, Relay Word bit SOL picks up (= logical 0; current above phase
pickup S0LP) and the 3PO condition deasserts after the 3POD dropout time:

3PO = 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).

Circuit Breaker Operated Switch-Onto-Fault Logic

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:

SOTEFE = 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-351 Relay (see output contact OUT103 example in Qutput Contacts in
Section 7: Inputs, Outputs, Timers, and Other Control Logic) or externally.

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,
SOTEFE, continues to remain asserted at logical 1 for dropout time SOTFD time.

Close Bus Operated Switch-Onto-Fault Logic

Close bus operated switch-onto-fault logic is enabled by making time setting CLOEND
(CLOEND # OFF). Time setting CLOEND qualifies the deassertion of the load detection
element SOL (indicating that the circuit 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-351 Relay (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
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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 0 to logical 1 transition), if it is not already timing. The SOTF logic output, SOTFE,
asserts to logical 1 for SOTFD time.

Switch-Onto-Fault Logic Output (SOTFE)

Relay Word bit SOTFE is the output of the circuit breaker operated SOTF logic or the close bus
operated SOTF logic described previously. Time setting SOTFD in each of these logic paths
provides the effective time window for the overcurrent elements in SELOGIC control equation trip
setting TRSOTTF to trip after the circuit breaker closes (see Figure 5.1—middle of figure). Time
setting SOTFD is usually set around 30 cycles.

A SOTF trip illuminates the SOTF front-panel LED.

Switch-Onto-Fault Trip Logic Trip Setting (TRSOTF)

An instantaneous overcurrent element is usually set to trip in the SELOGIC control equation trip
setting TRSOTF (e.g., TRSOTF = 50P2).

If the voltage potential for the relay is from the line-side of the circuit breaker, 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 deengergized, 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. In this case, the instantaneous overcurrent element in the SOTF trip logic should
be nondirectional.
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COMMUNICATIONS-ASSISTED TRIP LoGIC—=GENERAL OVERVIEW

The SEL-351 Relay includes communications-assisted tripping schemes that provide unit-
protection for transmission lines with the help of communications. No external coordination
devices are required.

Level 1 (1)

Level 3 (1)

Level 2 (1)

_Level 1 (2)

Level 3 (2)

__ level 2 (2)

Bus 1
¢ sng

DWG: M35196

Figure 5.4: Communications-Assisted Tripping Scheme
Refer to Figure 5.4 and the top half of Figure 5.1.

The six available tripping schemes are:
e Direct Transfer Trip (DTT)
Direct Underreaching Transfer Trip (DUTT)

Permissive Overreaching Transfer Trip (POTT)
e Permissive Underreaching Transfer Trip (PUTT)
Directional Comparison Unblocking (DCUB)

Directional Comparison Blocking (DCB)

Enable Setting ECOMM

The POTT, PUTT, DCUB, and DCB tripping schemes are enabled with enable setting ECOMM.
Setting choices are:

ECOMM =N [no communications-assisted trip scheme enabled]
ECOMM = POTT [POTT or PUTT scheme]
ECOMM = DCUBI [DCUB scheme for two-terminal line (communications from one

remote terminal)]
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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 = DCUBI or
DCUB2) because of unique DCUB logic considerations.

In most cases, these tripping schemes require (see Figure 5.4):

Level 1 underreaching overcurrent elements set direction forward (setting DIR1 = F)
Level 2 overreaching overcurrent elements set direction forward (setting DIR2 = F)
Level 3 overcurrent elements set direction reverse (setting DIR3 = R)

See Directional Control Settings, in Section 4: Loss-of-Potential, Load Encroachment, and
Directional Element Logic for more information on level direction settings DIR1 through DIR4.

POTT, PUTT, DCUB, and DCB communications-assisted tripping schemes are explained in
subsections that follow.

Trip Setting TRCOMM

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 half of Figure 5.1). Setting TRCOMM is typically set with Level 2 overreaching
overcurrent elements (set direction forward):

67P2 Level 2 directional phase instantaneous overcurrent element

67N2  Level 2 directional neutral ground instantaneous overcurrent element
67G2  Level 2 directional residual ground instantaneous overcurrent element
67Q2  Level 2 directional negative-sequence instantaneous overcurrent element

The exception is a DCB scheme, where Level 2 overreaching overcurrent elements (set direction
forward) with a short delay are used instead:

67P2S Level 2 directional phase instantaneous overcurrent element (with delay 67P2SD)
67N2S Level 2 directional neutral ground instantaneous overcurrent element (with delay

67N2SD)

67G2S Level 2 directional residual ground instantaneous overcurrent element (with delay
67G2SD)

67Q2S Level 2 directional negative-sequence instantaneous overcurrent element (with
delay 67Q2SD)

The short delays provide necessary carrier coordination delays (waiting for the block trip signal).

Trip Settings TRSOTF and TR

In a communications-assisted trip scheme, the SELOGIC control equation trip settings TRSOTF
and TR can also be used, in addition to setting TRCOMM.

Setting TRSOTF can be set as described in preceding subsection Switch-Onto-Fault (SOTF)
Trip Logic.
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Setting TR is typically set with unsupervised Level 1 underreaching overcurrent elements (set
direction forward):

67P1 Level 1 directional phase instantaneous overcurrent element

67N1  Level 1 directional neutral ground instantaneous overcurrent element
67G1 Level 1 directional residual ground instantaneous overcurrent element
67Q1  Level 1 directional negative-sequence instantaneous overcurrent element

and other time delayed elements (e.g., Level 2 definite-time overcurrent elements).

Trip Setting DTT

The DTT and DUTT tripping schemes are realized with SELOGIC control equation trip setting
DTT, discussed at the beginning of this section.

Use Existing SEL-321 Relay Application Guides for the SEL-351 Relay

The communications-assisted tripping schemes settings in the SEL-351 Relay are very similar to
those in the SEL-321 Relay. Existing SEL-321 Relay application guides can also be used in
setting up these schemes in the SEL-351 Relay. The following 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
AG96-19 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-351 Relays

The SEL-351 Relay does not have optoisolated input settings like the SEL-321 Relay. Rather,
the optoisolated inputs of the SEL-351 Relay 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 Relay = SEL-351 Relay

IN102 =PT PT1 =1IN102 (received permissive trip)

In the above SEL-351 Relay 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-351 Relay. See Optoisolated Inputs in Section 7: Inputs, Outputs, Timers, and Other
Control Logic for more information on optoisolated inputs.
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Trip Settings Differences Between the SEL-321 and SEL-351 Relays

Some of the SELOGIC control equation trip settings of the SEL-321 and SEL-351 Relays are not
operationally different, just labeled differently. The correspondence is:

SEL-321 Relay = SEL-351 Relay

MTCS TRCOMM (Communications-Assisted Trip Conditions)
MTO TRSOTF (Switch-Onto-Fault Trip Conditions)
MTU TR (Unconditional or Other Trip Conditions)

The SEL-321 Relay handles trip unlatching with setting TULO. The SEL-351 Relay handles trip
unlatching with SELOGIC control equation setting ULTR.

The SEL-321 Relay has single-pole trip logic. The SEL-351 Relay does not have single-pole trip
logic.

Using MIRRORED BITS™ to Implement Communications-Assisted Tripping Schemes

The MIRRORED BITS relay-to-relay communications protocol is available in SEL-351-6 and
SEL 351-7 Relays, in addition to several other SEL products. MIRRORED BITS implementations
have these advantages over traditional communications equipment:

e Less equipment (increases reliability)
e Increased speed (no contact closure delay)

e Better security (through built-in channel monitoring)

Reduced wiring complexity

The subsections 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 I for details on configuring a relay port to communicate using MIRRORED Bits.

Several Application Guides available on the SEL website (www.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 and SEL-311C Distance Relays, these relays are
similar to SEL-351 Relays, so the guides will still be helpful in designing SEL-351 applications.

PERMISSIVE OVERREACHING TRANSFER TRIP (POTT) Locic

Enable the POTT logic by setting ECOMM = POTT. The POTT logic in Figure 5.6 is also
enabled for directional comparison unblocking schemes (ECOMM = DCUBI1 or
ECOMM = DCUB2). The POTT logic performs the following tasks:

e 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.

e Prevents keying and tripping by the POTT logic following a current reversal.
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e Echoes the received permissive signal to the remote terminal.
e Prevents channel lockup during echo and test.

¢ Provides a secure means of tripping for weak- and/or zero-infeed line terminals.

Use Existing SEL-321 Relay POTT Application Guide for the SEL-351 Relay

Use the existing SEL-321 Relay POTT application guide (AG95-29) to help set up the SEL-351
Relay in a POTT scheme (see preceding subsection Communications-Assisted Trip Logic—
General Overview for more setting comparison information on the SEL-321/SEL-351 Relays).

External Inputs

See Optoisolated Inputs in Section 7: Inputs, Qutputs, Timers, and Other Control Logic 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-351 Relay (e.g., input IN104) is driven by a
communications equipment receiver output (see Figure 5.8). Make SELOGIC control equation
setting PT1:

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-351 Relay (e.g., input 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
Word
Setting Bit
ECOMM=DCUB1
»—— PT
SEL
Setﬁcn)cgg E% gf’C@TT
FE)TTS } (Figure 5.6)
Setting
ECOMM=DCUBZ DG M35148
Figure 5.5: Permissive Input Logic Routing to POTT Logic
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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 Settings

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.

EDURD -Echo Duration

Limits echo duration, to prevent channel lockup—typically set at 3.5 cycles.

Logic Outputs

The following logic outputs can be tested by assigning them to output contacts. See Qutput
Contacts in Section 7: Inputs, Qutputs, Timers, and Other Control Logic 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:

OUT105 =KEY

Output contact OUT105 drives a communications equipment transmitter input in a two-terminal
line application (see Figure 5.8).
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In a three-terminal line scheme, output contact OUT107 is set the same as OUT105 (see
Figure 5.9):

OUT107 =KEY

EKEY -Echo Key Permissive Trip

Permissive trip signal keyed by Echo logic (used in testing).

Date Code 20020426 Trip and Target Logic
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Setting
ECOMM=PQOTT —

SELocIc
Settings
PT) ————
Relay
Word
Setting o
ECOMM=DCUB1 ——— _—
— PTRX
Relay
Word
__Bits to TRIP
Logic
(Fgure 5.10){ F12 D Fire 51
Setting
-
ECOMM=DCUB2 ——— DWG: M35149

Figure 5.7: Permissive Input Logic Routing to Trip Logic

Variations for Permissive Underreaching Transfer Trip (PUTT) Scheme

Refer to Figure 5.4 and Figure 5.6. In a PUTT scheme, keying is provided by Level 1
underreaching overcurrent elements (set direction forward), instead of with Relay Word bit KEY.
This is accomplished by setting output contact OUT105 with these elements:

67P1 Level 1 directional phase instantaneous overcurrent element

67N1  Level 1 directional neutral ground instantaneous overcurrent element
67G1 Level 1 directional residual ground instantaneous overcurrent element
67Q1  Level 1 directional negative-sequence instantaneous overcurrent element

instead of with element KEY (see Figure 5.8):
OUT105 =67P1 + 67N1 + 67G1 + 67Q1 (Note: only use enabled elements)
If echo keying is desired, add the echo key permissive trip logic output, as follows:
OUT105 =67P1 + 67N1 + 67G1 + 67Q1 + EKEY

In a three-terminal line scheme, output contact OUT107 is set the same as OUT105 (see
Figure 5.9).

Installation Variations

Figure 5.9 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 5.9. Then output contact OUT107 can be used for another function.
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SEL-351
(partial)

OUT105=KEY

RX fa—

(=)

Figure 5.8: SEL-351 Relay Connections to Communications Equipment for a

Two-Terminal Line POTT Scheme

(+)

|0UT105

|0UT107

()\NWOﬂr

C IN106

SEL-351
(partial)

OUT105=KEY

OUT107=KEY

TX ———

RX fa———

(=)

to/from
remote
terminal 1

—0ouT105 INTO4
PT1=IN104
DWG: M361216
TX ——=
to/from
69 —RX remote
terminal

PT1=INTO4*IN106

— RX

TX ———

RX fa—

DWG: M351216

Figure 5.9: SEL-351 Relay Connections to Communications Equipment for a
Three-Terminal Line POTT Scheme

DIRECTIONAL COMPARISON UNBLOCKING (DCUB) Locic

to/from
remote
terminal 2

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 DCUB1 and DCUB?2 is:

DCUBI1 directional comparison unblocking scheme for two-terminal line
(communications from one remote terminal)

DCUB2  directional comparison unblocking scheme for three-terminal line
(communications from two remote terminals)
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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 carrier) or analog
microwave as the communications medium.

Use Existing SEL-321 Relay DCUB Application Guide for the SEL-351 Relay

Use the existing SEL-321 Relay DCUB application guide (AG96-19) to help set up the SEL-351
Relay in a DCUB scheme (see preceding subsection Communications-Assisted Trip Logic—
General Overview for more setting comparison information on the SEL-321/SEL-351 Relays).

External Inputs

See Optoisolated Inputs in Section 7: Inputs, Outputs, Timers, and Other Control Logic for
more information on optoisolated inputs.

PT1, PT2-Received Permissive Trip Signal(s)

In two-terminal line DCUB applications (setting ECOMM = DCUBI1), a permissive trip signal is
received from one remote terminal. One optoisolated input on the SEL-351 Relay (e.g., input
IN104) is driven by a communications equipment receiver output (see Figure 5.12). Make
SELOGIC control equation setting PT1:

PT1 =IN104 (two-terminal line application)

In three-terminal line DCUB applications (setting ECOMM = DCUB2), permissive trip signals
are received from two remote terminals. Two optoisolated inputs on the SEL-351 Relay (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 =1IN106

SELOGIC control equation settings PT1 and PT?2 are routed into the DCUB logic in Figure 5.10
for “unblocking block™ and “permissive trip receive” logic decisions.

As explained in the preceding POTT subsection, 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).
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LOG1, LOG2-Loss-of-Guard Signal(s)

In two-terminal line DCUB applications (setting ECOMM = DCUBI1), a loss-of-guard signal is
received from one remote terminal. One optoisolated input on the SEL-351 Relay (e.g., input
IN105) is driven by a communications equipment receiver output (see Figure 5.12). Make
SELOGIC control equation setting LOG1:

LOG1 =1IN105 (two-terminal line application)

In three-terminal line DCUB applications (setting ECOMM = DCUB?2), loss-of-guard signals are
received from two remote terminals. Two optoisolated inputs on the SEL-351 Relay (e.g., input
IN105 and IN207) are driven by communications equipment receiver outputs (see Figure 5.13).
Make SELOGIC control equation settings LOG1 and LOG?2 as follows:

LOGI1 =1IN105 (three-terminal line application)
LOG2 =1IN207

SELOGIC control equation settings LOG1 and LOG?2 are routed into the DCUB logic in
Figure 5.10 for “unblocking block™ and “permissive trip receive” logic decisions.

Timer Settings

See Section 9: Setting the Relay for setting ranges.

GARD1D ~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

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.

Logic Outputs

The following logic outputs can be tested by assigning them to output contacts. See Output
Contacts in Section 7: Inputs, Qutputs, Timers, and Other Control Logic for more information
on output contacts.

UBB1, UBB2-Unblocking Block Output(s)

In two-terminal line DCUB applications (setting ECOMM = DCUB1), UBBI1 disables tripping if
the loss-of-channel condition continues for longer than time UBDURD.
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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 UBB?2 are routed in various combinations in Figure 5.11 to control Relay Word
bit UBB, depending on enable setting ECOMM = DCUB1 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.
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Figure 5.11: Unblocking Block Logic Routing to Trip Logic

PTRX1, PTRX2-Permissive Trip Receive Outputs

In two-terminal line DCUB applications (setting ECOMM = DCUBI1), PTRX1 asserts for loss-of-
channel or an actual received permissive trip.

In three-terminal line DCUB applications (setting ECOMM = DCUB?2), PTRX1 or PTRX2 assert
for loss-of-channel or an actual received permissive trip (for the respective Channel 1 or 2).

The PTRX1/PTRX2 Relay Word bits are then routed in various combinations in Figure 5.7 to
control Relay Word bit PTRX, depending on enable setting ECOMM = DCUB1 or DCUB2.
Relay Word bit PTRX is the permissive trip receive input into the trip logic in Figure 5.1.

Installation Variations

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 OUT107 can be used for another function.

(+)

SEL-351
(partial)

::OUHO5 INTO4 C) < INTO5

OUT105=KFEY PT1=IN104
LOG1=IN105
TX B——=—
C TRIP L GUARD to/from
Ta - v remote
(RX) /(RX) terminal
RX ta—no
(7) DWG: M3561217

Figure 5.12: SEL-351 Relay Connections to Communications Equipment for a
Two-Terminal Line DCUB Scheme (Setting ECOMM = DCUB1)
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OUT107=KEY LOG1=INT05
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TX = TX ==
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X -LTRIP _CUARD remote X -LTRIP _£CUARD remote
C) (RX) 7 (RX) terminal 1 CD (RX) 7 (RX) terminal 2
RX — RX —
&)

DWG; M351218

Figure 5.13: SEL-351 Relay Connections to Communications Equipment for a
Three-Terminal Line DCUB Scheme (Setting ECOMM = DCUB2)

DIRECTIONAL COMPARISON BLOCKING (DCB) Locic

Enable the DCB logic by setting ECOMM = DCB. The DCB logic in Figure 5.14 performs the
following tasks:

e Provides the individual carrier coordination timers for the Level 2 directional overcurrent
elements 67P2S, 67N2S, 67G2S, and 67Q2S. These delays allow time for the block trip
signal to arrive from the remote terminal.

¢ [nstantaneously 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 overcurrent elements 67P3, 67N3, 67G3, and 67Q3.

e Latches the block trip send condition by the directional overcurrent following a close-in
zero-voltage three-phase fault where the polarizing memory expires. Latch is removed
when the polarizing memory voltage returns or current is removed.

e Extends the received block signal by a settable time.

Use Existing SEL-321 Relay DCB Application Guide for the SEL-351 Relay

Use the existing SEL-321 Relay DCB application guide (AG93-06) to help set up the SEL-351
Relay in a DCB scheme (see preceding subsection Communications-Assisted Trip Logic—
General Overview for more setting comparison information on the SEL-321/SEL-351 Relays).
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External Inputs

See Optoisolated Inputs in Section 7: Inputs, Outputs, Timers, and Other Control Logic for
more information on optoisolated inputs.

BT -Received Block Trip Signal(s)

In two-terminal line DCB applications, a block trip signal is received from one remote terminal.
One optoisolated input on the SEL-351 Relay (e.g., input IN104) is driven by a communications
equipment receiver output (see Figure 5.15). Make SELOGIC control equation setting BT:

BT =1IN104 (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-351 Relay (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 =1IN104 + 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.

Timer Settings

See Section 9: Setting the Relay for setting ranges.

Z3XPU~-Zone (Level) 3 Reverse Pickup Time Delay

Current-reversal guard pickup timer—typically set at 1 cycle.

Z3XD=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.

67P2SD, 67N2SD, 67G2SD, 67Q2SD-Level 2 Short Delay

Carrier coordination delays for the output of Level 2 overreaching overcurrent elements 67P2S,
67N2S, 67G2S, and 67Q2S, respectively—typically set at 1 cycle.

Logic Outputs

The following logic outputs can be tested by assigning them to output contacts. See Output
Contacts in Section 7: Inputs, Outputs, Timers, and Other Control Logic for more information
on output contacts.
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DSTRT -Directional Carrier Start

Program an output contact for directional carrier start. For example, SELOGIC control equation
setting OUT105 is set:

OUT105 = 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 OUT107 is set the same as OUT105 (see
Figure 5.16):

OUT107 = DSTRT

DSTART includes current reversal guard logic.

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:

OUT105 = 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 OUT107 is set the same as OUT105 (see
Figure 5.16):

OUT107 = DSTRT + NSTRT

STOP-Stop Carrier

Program to an output contact to stop carrier. For example, SELOGIC control equation setting
OUT106 is set:

OUT106 = STOP

Output contact OUT106 drives a communications equipment transmitter input in a two-terminal
line application (see Figure 5.15).

In a three-terminal line scheme, output contact OUT208 is set the same as OUT106 (see
Figure 5.16):

OUT208 = 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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Figure 5.14: DCB Logic

Installation Variations

Figure 5.16 shows output contacts OUT105, OUT106, OUT107, and OUT208 connected to
separate communication equipment, for the two remote terminals. Both output contact pairs are
programmed the same (OUT105 = DSTRT + NSTRT and OUT107 = DSTRT + NSTRT;
OUT106 = STOP and OUT208 = 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 OUT107 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 OUT208 can be used for another function.

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-351 Relay. The inputs
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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., IN104) can be connected in parallel to
both communication equipment RX (receive) output contacts in Figure 5.16. Then setting BT
would be programmed as:

BT =1IN104
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—351

(partial)
lout105

::OUTWOES C)H\HCM

OUT105=DSTRT+NSTRT BT=IN104
OUT106=STOP

TX ——=—

to/from
STAR)UX) 6@“0 — RX remote - 85C0
terminal

RX f—o

(=)
Figure 5.15: SEL-351 Relay Connections to Communications Equipment for a
Two-Terminal Line DCB Scheme

(+)
SEL—-351
(partial)
::OUTW05::OUTWO6::OUTWO7::OUT208 C)\NWEM CD‘N“E
OUT105=DSTRT+NSTRT BT=IN104+IN106
OUT106=STOP
OUT107=DSTRT+NSTRT
OUT208=STOP
TX —=— TX =
to/from to/from
@R (TX) 6@ ™ —=R0 remote ——85C0 €AR (TX) 6@ () = (RX) remote
terminal 1 terminal 2
RX fe— RX {e—
(=)
DWG: M361220
Figure 5.16: SEL-351 Relay Connections to Communications Equipment for a
Three-Terminal Line DCB Scheme
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FRONT-PANEL TARGET LEDs

Table 5.1: SEL-351 Relay Front-Panel Target LED Definitions

LED
Number LED Definition
Label

1 EN Relay Enabled—see subsection Relay Self-Tests in Section 13:
Testing and Troubleshooting

2 TRIP Indication that a trip occurred, by overcurrent element, frequency
element, or otherwise

3 INST Instantaneous trip

4 COMM Communications-assisted trip

5 SOTF Switch-onto-fault trip

6 50 Instantaneous/definite time overcurrent element generated trip

7 51 Time-overcurrent element generated trip

8 81 Frequency element generated trip

9 A Phase A involved in the fault

10 B Phase B involved in the fault

11 C Phase C involved in the fault

12 G Residual ground overcurrent element trips for the fault

13 N Neutral ground overcurrent element trips for the fault

14 RS Reclosing relay is in the Reset State (follows Relay Word bit
T9RS)

15 CY Reclosing relay is in the Cycle State (follows Relay Word bit
79CY)

16 LO Reclosing relay is in the Lockout State (follows Relay Word bit
79L0)

Target LEDs numbered 2 through 13 in Table 5.1 are updated and then latched for every new
assertion (rising edge) of the TRIP Relay Word bit. The TRIP Relay Word bit is the output of the

trip logic (see Figure 5.1).

Further target LED information follows. Refer also to Figure 2.2 through Figure 2.4 in Section 2:
Installation for the placement of the target LEDs on the front panel.
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Additional Target LED Information

TRIP Target LED

The TRIP target LED illuminates at the rising edge of 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 overcurrent or frequency elements. If the trip is not an overcurrent or frequency
element generated trip, none of the target LEDs numbered 3 through 13 in Table 5.1 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.

INST Target LED

The INST target LED illuminates at the rising edge of trip if SELOGIC control equation setting
FAULT has been asserted for less than 3 cycles. FAULT is usually set with time-overcurrent
element pickups (e.g., FAULT = 51P + 51G) to detect fault inception. If tripping occurs within
3 cycles of fault inception, the INST target illuminates.

SELOGIC control equation setting FAULT also controls other relay functions. See SELOGIC
Control Equation Setting FAULT in this section.

COMM Target LED

The COMM target LED illuminates at the rising edge of trip if the trip is the result of SELOGIC
control equation setting TRCOMM and associated communications-assisted trip logic, Relay
Word bit ECTT, or SELOGIC control equation setting DTT (see Figure 5.1, top half of figure).

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; see Figure 5.4 and accompanying text), 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 (see Figure 5.1).

For example, if the OPEN command or remote bit RB1 (see CON command in Section 10:
Serial Port Communications and Commands) are used to trip via the serial port and they should
illuminate the COMM target LED, set them in SELOGIC control equation setting DTT:

DTT=... + OC + RB1

Additionally, if SCADA asserts optoisolated input IN104 to trip and it should illuminate the
COMM target LED, set it in SELOGIC control equation setting DTT also:

DTT=... +IN104 + ...
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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
result of the SELOGIC control equation setting TRSOTF and associated switch-onto-fault trip
logic (see Figure 5.3).

50 Target LED

The 50 target LED illuminates at the rising edge of trip if an instantaneous or definite-time
overcurrent element causes the trip.

51 Target LED

The 51 target LED illuminates at the rising edge of trip if a time-overcurrent element (51PT,
51AT, 51BT, 51CT, 5INT, 51GT, or 51QT) causes the trip.

81 Target LED

The 81 target LED illuminates at the rising edge of trip if a frequency element (81D1T through
81D6T) causes the trip.

FAULT TYPE Target LEDs

A, B, and C Target LEDs

“A” (Phase A) target LED is illuminated at the rising edge of trip if an overcurrent element
causes the trip and Phase A is involved in the fault [likewise for “B” (Phase B) and “C” (Phase C)
target LEDs]. SELOGIC control equation FAULT has to be picked up for three-phase fault
indication.

LEDs A, B, and C always latch in on trip, if the corresponding phase is involved with the fault.
LEDs A, B, and C reset (unlatch) similar to the other target LEDs. SELOGIC control equation
FAULT has to be picked up for three-phase fault indication (FAULT = 51P + 51G in the factory
default settings—set with the pickup indicators of the time-overcurrent elements). Additionally,
the fault must be present for at least one cycle after the relay trips for reliable targeting. This is
most noticeable in relay testing when breaker opening times are not included in the test setup.

SELOGIC control equation setting FAULT also controls other relay functions. See SELOGIC
Control Equation Setting FAULT in this section.

If neutral channel IN is rated 0.2 A nominal and directional control is selected for a Petersen Coil
grounded or ungrounded/high-impedance grounded system (see Table 4.1), then A, B, and C
target logic for ground faults uses Relay Word bits NSA, NSB, and NSC in determining the
involved phase for forward faults only.
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G Target LED

G target LED is illuminated at the rising edge of trip if a residual ground overcurrent element
causes the trip or was picked up and timing to trip.

N Target LED

N target LED is illuminated at the rising edge of trip if a neutral ground overcurrent element
causes the trip.

79 Target LEDs

If the reclosing relay is turned off (enable setting E79 = N or 79011 = 0), all the Device 79
(reclosing relay) target LEDs are extinguished.

Target Reset/Lamp Test Front-Panel Pushbutton

When the Target Reset/Lamp Test front-panel pushbutton is pressed:
e All front-panel LEDs illuminate for one (1) second.

o All latched target LEDs (target LEDs numbered 2 through 13 in Table 5.1) 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 and the
TAR R (Target Reset) serial port command is available as Relay Word bit TRGTR. Relay Word
bit TRGTR pulses to logical 1 for one processing interval when either the TARGET RESET
Pushbutton is pushed or the TAR R (Target Reset) serial port command is executed.

Relay Word bit TRGTR can be used to unlatch logic. For example, refer to the breaker failure
logic in Figure 7.26 in Section 7: Inputs, Outputs, Timers, and Other Control Logic. If a
breaker failure trip occurs (SV7T asserts), the occurrence can be displayed on the front panel with
seal-in logic and a rotating default display (see Rotating Default Display in Sections 7 and 11,
also):

SV8 = (SV8 + SVIT)*ITRGTR

DP3 =SV8

DP3_1 = BREAKER FAILURE

DP3_0= (blank)
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Breaker Failure Trip LT\
SV7T ——— SV8

Target Reset
TRGTR

DP3 = Sv8
(= logical 1) ——m=— DP3_1 = BREAKER FAILURE
(= logical 0) —m=— DP3_0 = (blank)

Figure 5.17: 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 5.17 to seal-in. Asserted SV8 in turn asserts DP3, causing the message:

BREAKER FAILURE

to display in the rotating default display.

This message can be removed from the display rotation by pushing the TARGET RESET
Pushbutton (Relay Word bit TRGTR 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 FAULT

SELOGIC control equation setting FAULT has control over or is used in the following:

o Front-panel target LEDs INST, A, B, and C. See earlier subsection Front-Panel Target
LED:s.

e Demand Metering — FAULT is used to suspend demand metering peak recording. See
subsection Demand Metering in Section 8: Breaker Monitor, Metering, and Load
Profile Functions.

¢ Maximum/Minimum Metering — FAULT is used to block Maximum/Minimum metering
updating. See subsection Maximum/Minimum Metering in Section 8: Breaker Monitor,
Metering, and Load Profile Functions.

e Voltage Sag, Swell Interruption elements — FAULT is used to suspend the calculation of
Vbase. See subsection Voltage Sag, Swell, and Interruption Elements in Section 3:
Overcurrent, Voltage Synchronism Check, Frequency, and Power Elements.
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SECTION 6: CLOSE AND RECLOSE LOGIC

This section is made up of three subsections:
Close Logic

This subsection describes the final logic that controls the close output contact (e.g.,
OUT102 = CLOSE). This output contact closes the circuit breaker for automatic
reclosures and other close conditions (e.g., manual close initiation via serial port or
optoisolated inputs).

If automatic reclosing is not needed, but the SEL-351 Relay is to close the circuit
breaker for other close conditions (e.g., manual close initiation via serial port or
optoisolated inputs), then this subsection is the only subsection that needs to be read in
this section (particularly the description of SELOGIC® control equation setting CL).

Reclose Supervision Logic

This subsection describes the logic that supervises automatic reclosing when an open
interval time times out—a final condition check right before the close logic asserts the
close output contact.

Reclose Logic

This subsection describes all the reclosing relay settings and logic needed for automatic
reclosing (besides the final close logic and reclose supervision logic described in the
previous subsections).

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.

Note: Setting E79 = N defeats the reclosing relay, but does not defeat the ability of the
close logic described in the first subsection (Figure 6.1) to close the circuit
breaker for other close conditions via SELOGIC control equation setting CL
(e.g., manual close initiation via serial port or optoisolated inputs).

CLosE Locic

The close logic in Figure 6.1 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 settings sheet in Section 9: Setting the Relay for setting ranges.
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Figure 6.1: Close Logic

Set Close

If all the following are true:
e The unlatch close condition is not asserted (ULCL = logical 0).
e The circuit breaker is open (52A = logical 0).

e The reclose initiation condition (79RI) is not making a rising edge (logical O to logical 1)
transition.

e And a close failure condition does not exist (Relay Word bit CF = 0).
Then the CLOSE Relay Word bit can be asserted to logical 1 if either of the following occurs:

¢ A reclosing relay open interval times out (qualified by SELOGIC control equation setting
79CLS—see Figure 6.2).

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

Note: CLOSE Command no longer embedded in Close Logic

In previous firmware versions of the SEL-351 Relay, the CLOSE command was
embedded in the close logic in Figure 6.1. The CLOSE command was routed directly
into the same OR logic gate as Reclosing Relay Open Interval Time-out and SELOGIC
control equation setting CL.

The CLOSE command is no longer directly embedded in the close logic. This change
was made so that users can supervise the CLOSE command if desired via setting CL.

The CLOSE command is included in the close logic in the factory settings:
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CL=...+CC

Relay Word bit CC asserts for execution of the CLOSE Command. See CLO Command
(Close Breaker) in Section 10: Serial Port Communications and Commands for more
information on the CLOSE Command. More discussion follows later on the factory
settings for setting CL.

If previous firmware versions of the SEL-351 Relay with the CLOSE command
imbedded in the close logic also have setting CL set as:

CL=...+CC

this would appear as a redundancy in inputting the CLOSE command into the close logic.
But, this is no problem—just a redundancy in logic. Thus, SEL-351 Relays with various
firmware versions can be set the same with respect to setting CL = ... + CC.

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.

Unlatch Close

If the CLOSE Relay Word bit is asserted at logical 1, it stays asserted at logical 1 until one of the
following occurs:

e The unlatch close condition asserts (ULCL = logical 1).

e The circuit breaker closes (52A = logical 1).

e The reclose initiation condition (79RI) makes a rising edge (logical O to logical 1)

t

ransition.

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

The Clo

se Failure Timer is inoperative if setting CFD = OFF.

Factory Settings Example

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

52A = IN101
CL = LB4+CC
ULCL = TRIP

The factory setting for the Close Failure Timer setting is:

CFD = 60.00 cycles

See the settings sheets at the end of Section 9: Setting the Relay for setting ranges.
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Set Close

If the Reclosing Relay Open Interval Time-Out logic input at the top of Figure 6.1 is ignored
(reclosing is discussed in detail in a following subsection), 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 = LB4 + CC

e Local bit LB4 operates as a manual close switch via the front panel. See Local Control
Switches in Section 7: Inputs, Outputs, Timers, and Other Control Logic and Local
Control in Section 11: Front-Panel Interface for more information on local control.

e Relay Word bit CC asserts for execution of the CLOSE Command. See CLO Command
(Close Breaker) in Section 10: Serial Port Communications and Commands for more
information on the CLOSE Command.

Unlatch Close

SELOGIC control equation setting ULCL is set with the TRIP Relay Word bit. This prevents the
CLOSE Relay Word bit from being asserted any time the TRIP Relay Word bit is asserted (TRIP
takes priority). See Trip Logic in Section 5: Trip and Target Logic.

SELOGIC control equation setting 52A is set with optoisolated input IN101. Input IN101 is
connected to a 52a circuit breaker auxiliary contact. When a closed circuit breaker condition is
detected, the CLOSE Relay Word bit is deasserted to logical 0. Setting 52A can handle a 52a or
52b circuit breaker auxiliary contact connected to an optoisolated input (see Optoisolated Inputs
in Section 7: Inputs, Outputs, Timers, and Other Control Logic for more 52A setting
examples).

With setting CFD = 60.00 cycles, once the CLOSE Relay Word bit asserts, it remains asserted at
logical 1 no longer than a maximum of 60 cycles. If the Close Failure Timer times out, Relay
Word bit CF asserts to logical 1, forcing the CLOSE Relay Word bit to logical 0.

Defeat the Close Logic

If SELOGIC control equation circuit breaker auxiliary setting 52A is set with numeral 0 (52A = 0),
then the close logic is inoperable. Also, the reclosing relay is defeated (see Reclosing Relay later
in this section).

Circuit Breaker Status

Refer to the bottom of Figure 6.1. Note that SELOGIC control equation setting 52A (circuit
breaker status) is available as Relay Word bit 52A. This makes for convenience in setting other
SELOGIC control equations. For example, if the following setting is made:

52A =1IN101 (52a auxiliary contact wired to input IN101)
or
52A = !IN101 (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 doesn’t have to enter IN101 (for a 52a) or !IN101 (for a 52b). For example, refer to
Rotating Default Display in Section 7: Inputs, Outputs, Timers, and Other Control Logic. In
the factory settings, circuit breaker status indication is controlled by display point setting DP2:
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DP2 =1IN101
This can be entered instead as:
DP2 = 52A

(presuming SELOGIC control equation setting 52A = IN101 is made).

Program an Output Contact for Closing

In the factory settings, the resultant of the close logic in Figure 6.1 is routed to output contact
OUT102 with the following SELOGIC control equation:

OUT102 = CLOSE

See Qutput Contacts in Section 7: Inputs, Outputs, Timers, and Other Control Logic for more
information on programming output contacts.

RECLOSE SUPERVISION LoGIC
Note that one of the inputs into the close logic in Figure 6.1 is:
Reclosing Relay Open Interval Time-Out (qualified by 79CLS)

This input into the close logic in Figure 6.1 is the indication that a reclosing relay open interval
has timed out (see Figure 6.6), 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 6.1 is an output of
the reclose supervision logic in the following Figure 6.2.
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Reclosing

SELogic Relay Open T
Setting Interval 1o
Reclose Supervision Time—0ut F\gure
79CLS . 6.1
(qualified :
Reclosing by 79CLS)
Relay Open Relay
Interval Word
Time—Out Bt
RCSF
Operation of Reclose Supervision Logic if Reclose SUDGWISIO” Failure
timer setting 79CLSD is set: Pulses (logical 1) for one
processing interval if SELOGIC
Control Equation setting 79CLS is
79CLSD=0 nat asserted to logical 1 at the
instant a reclosing relay open
The above logic satisfies most applications. interval timer times out (drives
reclosing relay to lockout)
((Operation of Reclose Supervision Logic if
timer setting 79CLSD is set:
79CLSD#0 (e.g., 79CLSD=60)
The logic below is used only in a few,
unique applications.
SELocic
Setting
79CLS Reclose Supervision
Reclosing
Re‘g‘y tOpem‘ Reclosing
nterva
. Rising edge Relay Open
Time—0Out ‘d‘etgect 9 N Interval .TO
/ Time—Out ( Figure
F&/e\ody (qualified
i cclose Rela by 79CLS
_Bits. St e v /oeLs)
CLOSE 79CLSD=0FF 79CLSD Bit
79L0 kockout] (I setting —@ RCSF
SELoGIC 79CLSD=0FF, the 0
Settings Reclose SUpervision
Limit Timer is
52A ; .
inoperative and Reclose
does not time limit Supervision Failure
the wait for the .
Reclose Relcose Supervision Pulses (logical
79R| Initiate condition, 79CLS, to 1) for one
assert to logical 1) processing
interval if
Reclose
Supervision Limit :
Timer times out DWG: M55118a
(drives reclosing
relay to lockout)

Figure 6.2: Reclose Supervision Logic (Following Open Interval Time-Out)
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Open Interval
Timer

Reclose Supervsion
Limit Timer

79CLS
(Reclose Supervsion
Condition)

RCSF
(Reclose Supervision
Failure)

ouT102 = CLOSE
(Close Output Contact)

Open Interval
Timer

Reclose Supervsion
Limit Timer
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(Reclose Supervsion
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Failure)
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(Close Output Contact)
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Reclosing proceeds
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79CLSD times out.

Figure 6.3: Reclose Supervision Limit Timer Operation (Refer to Bottom of Figure 6.2)
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Settings and General Operation

Figure 6.2 contains the following SELOGIC control equation setting:

79CLS (reclose supervision conditions—checked after reclosing relay open interval time-
out)

and setting:
79CLSD (Reclose Supervision Limit Time)

See the settings sheets at the end of Section 9: Setting the Relay for setting ranges.

For Most Applications (Top of Figure 6.2)
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 6.2 is operative. When an open interval times out,
the SELOGIC control equation reclose supervision setting 79CLS is checked just once.

If 79CLS is asserted to logical 1 at the instant of an open interval time-out, then the now-qualified
open interval time-out will propagate onto the final close logic in Figure 6.1 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.

e Relay Word bit RCSF (Reclose Supervision Failure indication) asserts to logical 1 for one
processing interval.

e The reclosing relay is driven to the Lockout State.

See Factory Settings Example and Additional Settings Example 1 that follow in this subsection.

For A Few, Unique Applications (Bottom of Figure 6.2 and Figure 6.3)

For a few unique applications, the Reclose Supervision Limit Time setting is not set equal to zero
cycles:

e.g., 79CLSD = 60.00

With this setting, the logic in the bottom of Figure 6.2 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 6.1 to
automatically reclose the circuit breaker.
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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.

e Relay Word bit RCSF (Reclose Supervision Failure indication) asserts to logical 1 for one
processing interval.

e The reclosing relay is driven to the Lockout State.

The logic in the bottom of Figure 6.2 is explained in more detail in the following text.

Set Reclose Supervision Logic (Bottom of Figure 6.2)
Refer to the bottom of Figure 6.2. If all the following are true:

e The close logic output CLOSE (also see Figure 6.1) is not asserted (Relay Word bit
CLOSE = logical 0).

e The reclosing relay is not in the Lockout State (Relay Word bit 79LO = logical 0).
e The circuit breaker is open (52A = logical 0).

e The reclose initiation condition (79RI) is not making a rising edge (logical O to logical 1)
transition.

e 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 Figure 6.2. Then, when 79CLS asserts to
logical 1, the sealed-in reclosing relay open interval time-out condition will propagate through
Figure 6.2 and on to the close logic in Figure 6.1.

Unlatch Reclose Supervision Logic (Bottom of Figure 6.2)

Refer to the bottom of Figure 6.2. 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 6.1) asserts (Relay Word bit CLOSE =
logical 1).

¢ The reclosing relay goes to the Lockout State (Relay Word bit 79LO = logical 1).
e The circuit breaker closes (52A = logical 1).

e The reclose initiation condition (79RI) makes a rising edge (logical O to logical 1)
transition.

¢ SELOGIC control equation setting 79CLS asserts (79CLS = logical 1).

¢ Or the Reclose Supervision Limit Timer times out (Relay Word bit RCSF = logical 1 for
one processing interval).

The Reclose Supervision Limit Timer is inoperative if setting 79CLSD = OFF. With

79CLSD = OFF, reclose supervision condition 79CLS is not time limited. When an open interval
times out, reclose supervision condition 79CLS is checked indefinitely until one of the other
above unlatch conditions comes true.
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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 6.1.

See Additional Settings Example 2 that follows in this subsection.

Factory Settings Example

Refer to the top of Figure 6.2.

The factory setting for the SELOGIC control equation reclose supervision setting is:
T9CLS =1 (numeral 1)

The factory setting for the Reclose Supervision Limit Timer setting is:
79CLSD = 0.00 cycles

Any time a reclosing relay open interval times out, it propagates immediately through Figure 6.2
and then on to Figure 6.1, because SELOGIC control equation setting 79CLS is always asserted to
logical 1. Effectively, there is no special reclose supervision.

Additional Settings Example 1

Refer to the top of Figure 6.2 and Figure 6.4.

SEL-351 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-351(1) Relay recloses
circuit breaker 52/1 first, followed by the SEL-351(2) Relay reclosing circuit breaker 52/2, after a
synchronism check across circuit breaker 52/2.

~ 152 - 52
5 % [
1 —phase 1 —phase
SEL-351(1) P P SEL—351(2)

N IA,IB,IC IAIB,IC g

) %)

m
N}

% % VAVBVC VS VS VAVBVC % %

3—phase S3—phase

DWG: M35178

Figure 6.4: SEL-351 Relays Installed at Both Ends of a Transmission Line in a High-Speed
Reclose Scheme
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SEL-351(1) Relay

Before allowing circuit breaker 52/1 to be reclosed after an open interval time-out, the
SEL-351(1) Relay 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
278 = monitored single-phase transmission line voltage (channel VS) is dead

SEL-351(2) Relay

The SEL-351(2) Relay checks that Bus 2 voltage is hot, the transmission line voltage is hot, and
in synchronism after the reclosing relay open interval times out, before allowing circuit breaker
52/2 to be reclosed. This requires reclose supervision settings:

79CLSD = 0.00 cycles (only one check)
79CLS = 25Al
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-351(1) and SEL-351(2) Relays

Refer to Skip Shot and Stall Open Interval Timing Settings (79SKP and 79STL, Respectively)
in the following Reclosing Relay subsection.

SELOGIC control equation setting 79STL stalls open interval timing if it asserts to logical 1. If
setting 79STL is deass erted to logical O, open interval timing can continue.

The SEL-351(1) Relay has no intentional open interval timing stall condition (circuit breaker 52/1
closes first after a transmission line fault):

T9STL =0 (numeral 0)

The SEL-351(2) Relay starts open interval timing after circuit breaker 52/1 at the remote end has
reenergized the line. The SEL-351(2) Relay has to see Bus 2 hot, transmission line hot, and in
synchronism across open circuit breaker 52/2 for open interval timing to begin. Thus,
SEL-351(2) Relay 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)]

Note: A transient synchronism check condition across open circuit breaker 52/2 could possibly
occur if circuit breaker 52/1 recloses into a fault on one phase of the transmission line.
The other two unfaulted phases would be briefly energized until circuit breaker 52/1 is
tripped again. If channel VS of the SEL-351(2) Relay is connected to one of these briefly
energized phases, synchronism check element 25A1 could momentarily assert to
logical 1.
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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-351(2) Relay 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-351(2) Relay (see Figure 7.25 and Figure 7.26). Note the
built-in 3-cycle qualification of the synchronism check voltages shown in Figure 3.24.

Additional Settings Example 2

Refer to subsection Synchronism Check Elements in Section 3: Overcurrent, Voltage,
Synchronism Check, Frequency, and Power Elements. Also refer to Figures 6.3 and 6.4.

If the synchronizing voltages across open circuit breaker 52/2 are “slipping” with respect to one
another, the Reclose Supervision Limit Timer setting 79CLSD should be set greater than zero so
there is time for the slipping voltages to come into synchronism. For example:

79CLSD = 60.00 cycles
79CLS = 25Al1

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.

In the above referenced subsection Syrnchronism Check Elements, note item 3 under
Synchronism Check Element Outputs, Voltages V, and V are “Slipping.” Item 3 describes a
last attempt for a synchronism check reclose before timer 79CLSD times out (or setting 79CLSD
= (.00 and only one check is made).

RECLOSING RELAY

Note that input:
Reclosing Relay Open Interval Time-Out

in Figure 6.2 is the logic input that is qualified by SELOGIC control equation setting 79CLS, and
then propagated on to the close logic in Figure 6.1 to automatically reclose a circuit breaker. The
explanation that follows in this reclosing relay subsection describes all the reclosing relay settings
and logic that eventually result in this open interval time-out logic input into Figure 6.2. Other
aspects of the reclosing relay are also explained. Up to four (4) automatic reclosures (shots) are
available.

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 that follows in this subsection).
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Reclosing Relay States and General Operation

Figure 6.5 explains in general the different states of the reclosing relay and its operation.

Reset State

The circuit breaker has been closed
for a qualifying reset time. The
SEL-351 Relay 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 illuminated

maintained
lockout unsuccessful successful
diti reclose reclose successful
condrion initiation eton reclose
initiation

Lockout State
R R Reclose Cycle State
All automatic reclosing attempts are

unsuccessful, reclose initiation is all automatic The SEL—351 Relay automatically
unsuccessful, other lockout conditions reclosing attempts recloses the circuit breaker after
occur, or the SEL—351 Relay powers up. unsuccessful each successful reclose initiation and
The relay returns to the reset state after corresponding set open interval time.
the circuit breaker is closed, the reset
timer times out, and there are no regﬂassicﬁﬁifgggn Relay Word bit 79CY = logical 1
maintained lockout conditions.

Front—panel CY LED illuminated.

Relay Word bit 79LO = logical 1 other lockout conditions
Front—panel LO LED illuminated

power up

DWG. M35179

Figure 6.5: Reclosing Relay States and General Operation

Table 6.1: Relay Word Bit and Front-Panel Correspondence to Reclosing Relay States

Corresponding Corresponding
Reclosing Relay State Relay Word Bit Front-Panel LED
Reset 7T9RS RS
Reclose Cycle 79CY CY
Lockout 79LO LO

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.
Automatic reclosing only takes place when the relay is in the Reclose 