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Preface Q

This manual provides information and instructions for installing and operati
the SEL-421 Relay. The three volumes that comprise this manual are for use
by power engineers and others experienced in protective relaying applications.
Included are detailed technical descriptions of the relay and application

examples. While this manual gives reasonable examples andll ons of
relay uses, you must exercise sound judgment at all time ing the
SEL-421 in a power system.

SEL-421 Versions and Supported Features on page U.\b. s the relay

features supported by versions SEL-421-0, SEL-4 -421-2, and
SEL-421-3. Throughout the manual, we providegmargin'notes next to the text
explaining a feature to specify the availabilit ! ture in different
versions of the relay.
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Manual Overview O

The SEL-421 Relay Manual consists of three volumes: 0
» User’s Guide

» Applications Handbook @

» Reference Manual
In addition, the SEL-421 Relay Manual contains a compr S\ dex that
encompasses the entire manual. The index appears at t ach printed
volume. In the electronic version of the manual, the inde ars once;
hyperlinks take you to material referenced in the index. included is a

glossary that lists and defines technical terms used th out the manual.

The SEL-421 Relay Manual is a comprehensi orkicovering all aspects of
relay application and use. Read the sectionsythat pettain to your application to
gain valuable information about using t 1. For example, to learn
about relay protection functions, read tion sections of this manual
and skim the automation section n trate on the operation sections
or on the automation sections of th as your job needs and
responsibilities dictate. An ie each manual section and section
topics follows.

User's Guide Preface. Describes mnization and conventions used to present
information (appea ce in the electronic form of the manual;
repeated in e volume).

Section 1:
su

cti d Specifications. Introduces SEL-421 features;
relay functions and applications; lists relay specifications,
and ratings.

Sectio
at

i

T

alfation. Discusses the ordering configurations and interface
ontrol inputs, control outputs, and analog inputs, for
; provides information about how to design a new physical
tion and secure the relay in a panel or rack; details how to set
2 elay board jumpers and make proper rear-panel connections
\ cluding wiring to CTs, PTs, and a GPS receiver); explains basic
connections for the relay communications ports.

\&ection 3: PC Software. Explains how to use the ACSELERATOR®

QuickSet™ SEL-5030 software program.
Section 4: Basic Relay Operations. Describes how to perform fundamental

operations such as applying power and communicating with the relay,
setting and viewing passwords, checking relay status, viewing
\ metering data, reading event reports and SER (Sequential Events
Recorder) records, operating relay control outputs and control inputs,
and using relay features to make relay commissioning easier.
Section 5: Front-Panel Operations. Describes the LCD display messages
and menu screens; shows you how to use front-panel pushbuttons and

read targets; provides information about local substation control and
how to make relay settings via the front panel.

Section 6: Testing and Troubleshooting. Describes techniques for testing,
troubleshooting, and maintaining the SEL-421; includes the list of
status notification messages and a troubleshooting chart.

-421 Relay Date Code 20080110
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versions and details differences between the current and previous

Appendix A: Firmware and Manual Versions. Lists the current firmware O

versions. 0
Applications Section 1: Protection Application Examples. Provides the following
Handbook protection schemes with explanations and settings:
» Overhead single 230 kV transmission line L 4

» Overhead parallel 500 kV transmission lines wit! -
sequence mutual coupling
» Overhead tapped 345 kV transmission li

» Parallel 230 kV underground cables
This section also provides separate applicati
step blocking and tripping, circuit break
automatic reclose and synchronism c i

Section 2: Monitoring and Metering. Désexibes how to use the circuit

breaker monitors and the substatd c battery monitors; provides
information on viewing funda rms metering quantities for
s

ples for out-of-
rotection, and

voltages and currents, as and energy metering data.

Section 3: Analyzing Dat lains to obtain and interpret high-
resolution raw data os , filtered event reports, event
summaries, histor ort d SER reports; discusses how to enter
SER trigger and alias settings

Section 4: Time-Synchronized Measurements. Explains synchronized
phasor measufre and estimation of power system states using the
SEL-4 igh- cy time-stamping capability; presents real-time

wer flow application ideas.

\ d SEL-2020 Communications Processors for total substation
automation solutions.

\&ection 7: Direct Network Communication. Explains how to use DNP3

(serial and LAN/WAN) and other Ethernet protocols such as Telnet,
O FTP, and IEC 61850.

Reference NK@ Section 1: Protection Functions. Describes the function of various relay
protection elements; describes how the relay processes these elements;
gives detailed specifics on protection scheme logic for POTT, DCB,
DCUB, and DTT; provides trip logic diagrams, and current and
voltage source selection details.

Section 2: Auto-Reclosing and Synchronism Check. Explains how to
operate the SEL-421 two-circuit breaker multi-shot recloser; describes
how to set the SEL-421 for single-pole reclosing, three-pole reclosing,
or both; shows selection of the lead and follow circuit breakers;
explains how to set and apply synchronism-check elements for
automatic and manual closing.

Section 3: SELocIc Control Equation Programming. Describes multiple
setting groups and SELOGIC control equations and how to apply these
equations; discusses expanded SELOGIC control equation features
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conditioning timers; provides a tutorial for converting older format
SELOGIC control equations to new free-form equations.
Section 4: Communications Interfaces. Explains the physical connec@

of the SEL-421 to various communications network topologies.

such as PLC-style commands, math functions, counters, and O

Section 5: SEL Communications Protocols. Describes the various SEL
software protocols and how to apply these protocols to substatiorf®
integration and automation; includes details about SE SCII, SEL

S é

Compressed ASCII, SEL Fast Meter, SEL Fast Fast
SER, and enhanced MIRRORED BITS® communical

Section 6: DNP3 Communications. Describes the unications
protocol and how to apply this protocol to sub tegration and
automation; provides a Job Done® example fogi enting DNP3 in
a substation.

Section 7: Synchrophasors. Describes thy or Measurement Unit
(PMU) functions of the SEL-421; ides details on synchrophasor
measurement; describes the IEE . synchrophasor protocol
settings; describes the SEL Fas synchrophasor protocol
settings.

Section 8: IEC 61850 Communicati Describes the IEC 61850 protocol
and how to apply thi substation automation and

integration. Includ 850 protocol compliance statements.
Section 9: ASCII Command ence. Provides an alphabetical listing of

all ASCII commands,with examples for each ASCII command option.

CD-ROM The €D- contains the SEL-421 Relay Manual in an electronic form that
. youcan s€arch easily.

Q
o
&

L 4
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Conventions

There are three ways to communicate with the SEL-421:

Typographic

Conventions » Using a command line interface in a PC terminal emulation
window.
» Using the front-panel menus and pushbuttons.
» Using ACSELERATOR® QuickSet™ SEL-5030/Sofiware
The instructions in this manual indicate these options with specifi€¢ font and
formatting attributes. The following table lists these cofivehtions:
Typographic Conventions
Example Description \}
STATUS Commands, command options, aind command variables typed at
a command line interface*om,a PC.
n Variables determined basethon an application (in bold if part of a
SUMn command).
<Enter> Single keystroke,onja, PC'keyboard.
<Ctrl+D> Multiple/combination keystroke on a PC keyboard.
Start > Settings PC software dialog boxes and menu selections.
The >s«Chatacter indicates submenus.
{CLOSE} Relay:front-panel pushbuttons.
ENABLE Relayafront- or rear-panel labels.
RELAY RESPONSE Relay/front-panel LCD menus and relay responses visible on
MAIN > MEJER the PC screen.
The > character indicates submenus.
U.3.1 Page numbers include a reference to the volume, section, and
A3.1 page number.
R3.1 U stands for User’s Guide
A stands for Applications Handbook
R stands for Reference Manual.
SELOGIC control SEL trademarks and registered trademarks contain the appropri-
equations ate symbol on first reference in a section. In the SEL-421 Instruc-
tion Manual, certain SEL trademarks appear in small caps. These
include SELOGIC control equations, MIRRORED BITS communi-
cations, and the ACSELERATOR QuickSet software program.
Modbus® Registered trademarks of other companies include the registered
trademark symbol with the first occurrence of the term in a sec-
tion.

Examp|es This instruction manual uses several example illustrations and instructions to
explain how to effectively operate the SEL-421. These examples are for
demonstration purposes only; the firmware identification information or
settings values included in these examples may not necessarily match those in
the current version of your SEL-421.

Notas Margin notes serve two purposes in the SEL-421 Relay Manual. Notes present
valuable or important points about relay features or functions. Use these notes
as tips to easier and more efficient operation of the relay. Also in this manual,
notes specify differences between the SEL-421-0, SEL-421-1, SEL-421-2,
and SEL-421-3 models when these differences affect relay functions or
operations.
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command to the first three characters (upper- or lowercase); for example,

Commands You can simplify the task of entering commands by shortening any ASCII
ACCESS becomes ACC. O

Always send a carriage return <CR> character, or a carriage return chara
followed by a line feed character <CR><LF>, to command the relay to
process the ASCII command. Usually, most terminals and terminal programs
interpret the <Enter> key as a <CR>. For example, to send the ACCESSy

command, type the following:
ACC <Enter> %

Cross-References Cross-references are formatted as described below in Bot d copy and
electronic documentation for the SEL-421. In the elec ocumentation,
clicking with the mouse on cross-references takes y referenced
location.

» References to figures, tables, examples, and equations in the
same volume include only theeference item:

> Table 3.1
> Figure4.5

> Dis& nitoring on page U.3.8
» Referenc items in another volume include the reference
item a mber (the first letter in the page number
indicates lume):

ss Levels on page U.4.8
Figure 2.3 on page R.2.5.
k nces to a specific section in another volume or another

me include the reference item (if a section) and the volume
le:
> Section 4: Basic Relay Operations in the User’s Guide

2 4 > User’s Guide
Step-by-step %S 1.-421 Relay Manual contains many step-by-step procedures. These
P d procedures lead you easily and efficiently through complex tasks. Each
roceaures ocedure lists required equipment, as well as the basic knowledge you need
to perform the steps in the procedure. Throughout the procedure, the

documentation references other SEL-421 Relay Manual sections where you
can find more information.

® Read the entire procedure before performing the listed steps. Read each step

again before you perform it. The format of a single step is the following:
» Synopsis of the step (if the step involves multiple actions)

» Tasks to perform the step (listed as a., b., c., etc. if the step
involves multiple actions)

» Explanatory text or how the relay responds (if applicable)

The following text shows sample steps. Steps include explanations, text
references, table references, and figure references to further illustrate the step.
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Synopsis
Step 1. Establish communication.

a. Press <Ctrl+T> to use the serial communications
terminal in ACSELERATOR. 3 ks

b. Press <Enter> to see if the communications link is
active between the software and the relay.

You should see the Access Level 0 = prompt in the’
terminal window. %
Step 2. Confirm that you have loaded the correct p onds‘in
ACSELERATOR.

a. Click Communication > Port ers.

b. Confirm that you have entere ect passwords in
the Level One Password‘dialog box and the Level
Two Password dialo

Step 3. Click Settings > Read to re e present configuration in the
SEL-421.

The relay sends al
ACSELERATOR.

the + mark next to the Group you
e Settings tree view.

Step 4. Select setting
want to pro

This example us roup 1, as shown in Figure 1.2.
~—Figure

Reference
Sample Step-By-Step | tions
Numbers This manua ys numbers as decimal values. Hexadecimal numbers
include thi ppended to the number. Alternatively, the prefix 0X can
also indicate adecimal number. For instance, 11 is the decimal number

h and 0X 11 are hexadecimal representations of the decimal
value seve

Safety Information 2 4 @al uses three kinds of hazard statements, formatted as follows:

\%:AUHON
Indicates a potentially hazardous

uation that, if not avoided, may
result in minor or moderate injury or
equipment damage.

@ AWARNING
Indicates a potentially hazardous
situation that, if not avoided, could

result in death or serious injury.

/A\DANGER

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

Date Code 20080110 SEL-421 Relay



xxxviii | Preface

Logic Diagram S Logic diagrams in this manual follow the conventions and definitions shown
below.
NAME SYMBOL FUNCTION
COMPARATOR A—+ C Input A is compared to input B. Output C
B——I_ asserts if A is greater than B.
L 4
INPUT FLAG A Input A comes from otherdagic.
A S )
OR C Either input A ut erted cause
B output C to assert:
EXCLUSIVE OR
NOR D C Ifn A nor B asserts, output C asserts.
B
AND A nput A and input B must assert to

assert output C.

AND W/ INVERTED INPUT If input A is asserted and input B
is deasserted, output C asserts. Inverter "0"

inverts any input or output on any gate.

NAND c If A and/or B are deasserted, output C is
asserted.

X'is a time-delay-pickup value;

Y is a time-delay-dropout value.

Y B asserts time X after input A asserts;
B will not assert if A does not remain
asserted for time X. If X is zero, B

will assert when A asserts. If Y is
zero, B will deassert when A deasserts.

B Rising edge of A starts timers. Output B
will assert time X after the rising edge of
¥ A. B will remain asserted for time Y. If
Y is zero, B will assert for a single processing
interval. Input A is ignored while the timers
are running.

\&T RESET FLIP FLOP —S 0 Input S asserts output Q until input R asserts.

—R Output Q deasserts or resets when R asserts.

O FALLING EDGE Al B B asserts at the falling edge of input A.

Logic Diagram Symbols
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SEL-421 Cautions, Warnings,

Preface

and Dangers

The following hazard statements appear in the body of this manual in English.
See the following table for the English and French translation of these

statements.

Cautions, Warnings, and Dangers

English

/\CAUTION

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

/\CAUTION

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

/\CAUTION

Equipment damage can result from connecting ac circuits to Hybrid
(high-current-interrupting) control outputs. Do not connect ac circuits
to Hybrid control outputs. Use only dc circuits with Hybrid control
outputs.

/\CAUTION

Substation battery systems that have either a high resistance to
ground (greater than 10 kQ) or are ungrounded when used in
conjunction with many direct-coupled inputs can reflect a_dc voltage
offset between battery rails. Similar conditions can exist'for battery
monitoring systems that have high-resistance balancing cig€uitsior
floating grounds. For these applications, SEL provides optional
ground-isolated (optoisolated) contact inputs. In aédition, SEE has
published an application advisory on this issue. Contact the factory for
more information.

/\CAUTION

If you are planning to install an INT4 I/O laterface Board in your relay
(see Table 2.3 and Table 2.4 for beard desgriptions), first check the
firmware version of the relay—see Fikmware Version Number on

page U.6.41. If the firmwaregversion is R111 or lower, you must first
upgrade the relay firmware to the newest version and verify that the
firmware upgrade wasjsuccessful before installing the new board.
Failure to install the newirmware first will cause the 1/0 Interface
Board to fail, apd'it may require factory service. Complete firmware
upgrade instrdctionsfare provided when new firmware is ordered.

A\CAUTION

Field replacement of I/O boards INT1, INT2, INT5, INT6, INT7, or INT8
with INT4 can cause 1/0O contact failure. The INT4 board has a pickup
and dropout delay setting range of O-1cycle. For all other 1/0 boards,
pick@ap and dropout delay settings (IN201PU-IN224PU, IN201DO-
IN224B0, IN301PU-IN324PU, and IN301DO-IN324DO0) have a range of
@=5,cycles. Upon replacing any /0 board with an INT4 board, manually
confirmireset of pickup and dropout delays to within the expected
range of O-1cycle.

Date Code 20080110

French \ g !
A\ATTENTION

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

A\ATTENTION

Il'y a un dangef d@explosion sila pile électrique n'est pas correctement
remplacée. Utiliserexclusivement Ray-O-Vac® No. BR2335 ou un
équivalent recommandé,par le fabricant. Se débarrasser des piles
usagées@uivant lesiinstructions du fabricant.

A\ATTENTION

Des dommages@ 'appareil pourraient survenir si un circuit CA était
raccordé aux contacts de sortie a haut pouvoir de coupure de type
“Hybrid™iNe pas raccorder de circuit CA aux contacts de sortie de
type“Hybrid.” Utiliser uniqguement du CC avec les contacts de sortie
deftype “Hybrid."”

A\ATTENTION

Les circuits de batterie de postes qui présentent une haute résistance
a la terre (plus grande que 10 kQ) ou sont isolés peuvent présenter un
biais de tension CC entre les deux polarités de la batterie quand
utilisés avec plusieurs entrées a couplage direct. Des conditions
similaires peuvent exister pour des systemes de surveillance de
batterie qui utilisent des circuits d'équilibrage a haute résistance ou
des masses flottantes. Pour ce type d'applications, SEL peut fournir
en option des contacts d'entrée isolés (par couplage
optoélectronique). De surcroit, SEL a publié des recommandations
relativement a cette application. Contacter I'usine pour plus
d'informations.

/\ATTENTION

Si vous avez l'intention d'installer une Carte d'Interface INT4 1/O dans
votre relais (voit Table 2.3 et Table 2.4 pour la description de la carte),
vérifiez en premier la version du logiciel du relais (voir I'indentification
de la Version du logiciel [Firmware Version Number on page U.6.41]).
Si la version est R111 ou antérieure, vous devez mettre a jour le logiciel
du relais avec la version la plus récente et vérifier que la mise a jour a
été correctement installée sur la nouvelle carte. Les instructions
completes de mise a jour sont fournies quand le nouveau logiciel est
commandé.

A\ATTENTION

Le remplacement en chantier des cartes d'entrées/sorties INT1, INT2,
INT5, INT6, INT7 ou INT8 par une carte INT4 peut causer la défaillance
du contact d'entrée/sortie. La carte INT4 présente un intervalle
d'ajustement pour les délais de montée et de retombée de O a1cycle.
Pour toutes les autres cartes, I'intervalle de réglage du délai de
montée et retombée (IN201PU-IN224PU, IN201DO- IN224DO,
IN301PU-IN324PU, et IN301DO-IN324DO) est de O a 5 cycles. Quand
une carte d'entrées/sorties est remplacée par une carte INT4, vérifier
manuellement que les délais de montée et retombée sont dans
I'intervalle de O a 1cycle.

XXXiX
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Cautions, Warnings, and Dangers

English

French

/\CAUTION

Do not install a jumper on positions A or D of the main board J18
header. Relay misoperation can result if you install jumpers on
positions J1I8A and J18D.

/\CAUTION

Insufficiently rated insulation can deteriorate under abnormal
operating conditions and cause equipment damage. For external
circuits, use wiring of sufficiently rated insulation that will not break
down under abnormal operating conditions.

/\CAUTION

Relay misoperation can result from applying other than specified
secondary voltages and currents. Before making any secondary circuit
connections, check the nominal voltage and nominal current specified
on the rear-panel nameplate.

/\CAUTION

Severe power and ground problems can occur on the communications
ports of this equipment as a result of using non-SEL cables. Never use
standard null-modem cables with this equipment.

/\CAUTION

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

/\CAUTION

Use of controls or adjustments, or performance of proc es

than those specified herein, may result in hazardous radia

exposure.

Use of this equipment in a manner other than spgcified i ;manual

can impair operator safety safeqguards prw’ded this equipment.
Ui

ent. If you are not
re yourself or others,

/AWARNING

/AWARNING

Have only qualified personnel servi
qualified to service this equipme
or cause equipment damage.

can

/AWARNING

This device is shippe

should be chan to pri
change each
unauthorize
resulting from

asswords. Default passwords
passwords at installation. Failure to
o0 a private password may allow
Il not be responsible for any damage

/AWARNING

t look into%e fiber (laser) ports/connectors.

A\ATTENTION

Ne pas installer de cavalier sur les positions A ou D sur le connecteur
J18 de la carte principale. Une opération intempestive du relais
pourrait résulter suite a I'installation d'un cavalier entre les positions
J18A et J18D.

AATTENTION

Un niveau d'isolation insuffisant peut entraine e dé ration sous
des conditions anormales et causer des dommagesia I'équipement
Pour les circuits externes, utiliser des co C c une isolation
suffisante de fagon a éviter les claguages.d conditions

anormales d'opération.

/\ATTENTION

Une opération intempestive
de tensions et courants se
spécifications. Avant de bra
tension ou le courant inal

résulter par le branchement
n conformes aux
r un circuit secondaire, vérifier la
plaque signalétique a I'arriére.

‘alimentation et de terre peuvent survenir sur
n de cet appareil si des cables d'origine
ilisés. Ne jamais utiliser de cable de modem nul

s a I'éguipement pourraient survenir autrement.

AATTENTION

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

/\AVERTISSEMENT

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

AAVERTISSEMENT

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

/\AVERTISSEMENT

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

AAVERTISSEMENT

Ne pas regarder vers I'extremité des ports ou connecteurs de fibres
pour laser.

AAVERTISSEMENT

Ne pas regarder vers I'extrémité d'un cable optique raccordé a une
sortie optique.
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Cautions, Warnings, and Dangers

Preface | xli

English

French

/AWARNING

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

/AWARNING

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

/AWARNING

Incorporated components, such as LEDs, transceivers, and laser
emitters, are not user serviceable. Return units to SEL for repair or
replacement.

/\DANGER

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

/\DANGER

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

AAVERTISSEMENT

Ne pas appliquer une procédure ou un ajustement qui n'est pas décrit
explicitement dans ce manuel d'instruction.
L 4

AAVERTISSEMENT

iques,
comme

Durant I'installation, la maintenance ou le test de
utilisez exclusivement des équipements de omol
produits de type laser de Classe 1.

/\AVERTISSEMENT

Les composants internes tels que les
électroluminescentes), émetteur:
rayon laser ne peuvent pas étre en
unités a SEL pour toute répa ou

ou émetteurs pour
ar |'usager. Retourner ces
lacement.

/\DANGER

Débrancher tous les
appareil. Tout
I'appareil peut
blessures ou la

ensions ou courants internes a
électrique pouvant entrainer des

s bornes de I'appareil peut causer un choc
t entrainer des blessuers ou la mort.

Tout ¢
électfique

L 4

Q
o
&

L 4
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Section 1 C)O
Protection Application Examples

L 4
This section provides detailed instructions for setting th @elay
protection functions. Use these application examples to hel 1arize
yourself with the relay, and to assist you with your owfl p tion settings
calculations. The settings that are not mentioned in th ples do not

apply.

Introduction Detailed setting calculation guidelines are [Q the following

applications:

» 230 kV Overhead Trans e Example on page A.1.2
» 500 kV Parallel T i8S ines With Mutual Coupling

Example on page A.

Transmission Line Example on
page A.1 5&
» EHV Parak Underground Cables Example on

Separate protecti n examples are provided for the following
functions:

\ eclose Example on page A.1.136
to-Reclose and Synchronism Check Example on
age A.1.140

/'S Q Circuit Breaker Failure Application Examples on page A.1.151

-of-Step Logic Application Examples on page A.1.117

\/

ersettings in the following order for the first four examples listed above:

Relay Settings nt
\ » Global Settings
O » Breaker Monitor
» Group Settings
» Control Outputs

® All the settings are listed in a single table at the end of each application

example.

Date Code 20080110 Applications Handbook SEL-421 Relay



A.1.2 | Protection Application Examples
230 kV Overhead Transmission Line Example

230 kV Overhead Transmission Line Example _O

Figure 1.1 shows a double-ended 230 kV line with SEL-421 protection at
end. This example explains how to calculate settings for the SEL-421 at
Station S that protects the line between Stations S and R.

— 4
NOTE: The SEL-421 and the This application example uses step-distance protection to provide high-speed
SEL-421-2 provide fast and secure trippi for faults in the fi 80 f the li dti 1 ..
tripping for the line segment but does ripping for faults in the first 80 percent of the line and time- tripping
not have the high-speed distance for the last 20 percent.
elements of the SEL-421.
S (Harvard) m( rinceton)
BK1
Zis, 20s | Il 2oL R | iR ZoR

L]

SEL-421 SEL-421
Figure 1.1 230 kV Overhead Transmis in

Power System Data Table 1.1 lists the power system d application example. Substitute
the values and parameters that.correSpondto your system when you set the
relay, using this example as a

Table 1.1 System Data-2 rhead Transmission Line
Parameter Value
Nominal system line-to=li ge 230 kV
Nominal rela @ 5 A secondary
Nominal frequ 60 Hz

Line length\ 50 miles

39 Q £84° primary, 124 Q /81.5° primary

50 Q £86° primary

R impedances:

Zi1r = Zor 50 Q £86° primary
R (potential transformer ratio) 230 kV:115 V =2000
O CTR (current transformer ratio) 500:5 =100

Phase rotation ABC

@ Convert the power system impedances from primary to secondary, so you can
% later calculate protection settings. Table 1.2 lists the corresponding secondary

4

impedances. Convert the impedances to secondary ohms as follows:

- CTR _ 100 _ (05
PTR 2000 Equation 1.1

Z =k Z

1L(secondary) 1L(primary)

0.05« (39 Q£84°)
1.95 QQ.£84° Equation 1.2

-421 Relay Applications Handbook Date Code 20080110



230 kV Overhead Transmission Line Example

Table 1.2 Secondary Impedances
Parameter Value
Line impedances: < ’
Ziy, Zor 1.95 Q3 £84° secondary, 6.2 Q2 £81.5° secondary

Source S impedances:

Protection Application Examples ‘ A3

Zi1s="Zys 2.5 Q /86° secondary ¢
Source R impedances:

Zir =Zor 2.5 Q) £86° secondary

The maximum load current is 495 A primary.
App"cation Summ ary This'par.ticula'r example is fpr a sing}e circuit breakeyth ole tripping
application with the following functions:
» Two zones of mho distance p ion
> Zone 1, forward-loo instantaneous underreaching

protection
> Zone 2, fo , time-delayed tripping

» Inverse-time directio -sequence overcurrent backup
protection

» SOTF prote& ripping when the circuit breaker closes
Relay settings that are notimentioned in these examples do not apply to this
application examplem
Global Settings Q

General Global Setfl
The SE ettings for identification. These settings allow you to

identify/ th wing:
Station (SID)
¢ O» Relay (RID)
\ » Circuit Breaker 1 (BID1)
can enter as many as 40 characters per identification setting.

O SID := HARVARD - 230 kV Station Identifier (40 characters)
RID := SEL-421 Relay Relay Identifier (40 characters)

Configure the SEL-421 for one circuit breaker.

® NUMBK =1 Number of Breakers in Scheme (1, 2)

BID1 := Circuit Breaker 1 Breaker 1 Identifier (40 characters)

You can select both nominal frequency and phase rotation for the relay.
NFREQ := 60 Nominal System Frequency (50, 60 Hz)
4 PHROT := ABC System Phase Rotation (ABC, ACB)

Current and Voltage Source Selection

The voltage and current source selection is for one circuit breaker. The relay
derives the line current source from current input IW when you set ESS to N.

ESS:=N Current and Voltage Source Selection (Y, N, 1, 2, 3, 4)

Date Code 20080110 Applications Handbook SEL-421 Relay



A.1.4 | Protection Application Examples
230 kV Overhead Transmission Line Example

application. The relay uses potential input VY and current input IW for line

Figure 1.2 illustrates the current and voltage sources for this particular
relaying; potential input VAZ is for synchronism check. Section 2: Auto- OO
to

Reclosing and Synchronism Check in the Reference Manual describes ho
apply the synchronism-check function.

345 kV Bus

Figure 1.2 Circuit Breaker Arrangement at St@
Breaker Monitor

Circuit Breaker Configuration

Set the relay to indicate that Circu is a three-pole trip circuit

breaker.

BKITYP := 3 Breaker 1 K

gle-Pole = 1, Three-Pole = 3)

Circuit Breaker 1Inputs

The SEL-421 uses aor; open auxiliary contact from the circuit breaker
Sther t cuit breaker is open or closed.

to determine
52AA1 = l@ Phase N/O Contact Input -BK1 (SEL0OGIC Equation)

Line Configurati

Th@ﬂ has four transformer turns ratio settings that convert the

Group Settings \i

L 4

potentials and currents that the relay measures to the corresponding

&y values. These settings are the potential transformer and current
ansformer ratios PTRY, PTRZ, CTRW, and CTRX.

\e the Y potential input for line relaying and the Z potential input for
synchronism check. Use the W current input for line relaying. The settings

VNOMY and VNOMZ specify the nominal secondary line-to-line voltage of
the potential transformers (see Figure 1.2).

\@ CTRW:=100 Current Transformer Ratio—Input W (1-50000)
PTRY :=2000 Potential Transformer Ratio—Input Y (1-10000)

VNOMY =115 PT Nominal Voltage (L-L)—Input Y (60-300 V secondary)
PTRZ :=2000 Potential Transformer Ratio—Input Z (1-10000)

VNOMZ :=115 PT Nominal Voltage (L-L)—Input Z (60-300 V secondary)

. Enter the secondary value of the positive-sequence impedance of the protected

line. See Table 1.2 for the secondary line impedances.

ZIMAG :=1.95 Positive-Sequence Line Impedance Magnitude
(0.05-255 Q) secondary)

Z1ANG = 84.00 Positive-Sequence Line Impedance Angle (5.00-90
degrees)

-421 Relay Applications Handbook Date Code 20080110



Protection Application Examples | A.1.5
230 kV Overhead Transmission Line Example

line.

Enter the secondary value of the zero-sequence impedance of the protected O
ZOMAG = 6.20 Zero-Sequence Line Impedance Magnitude O

(0.05-255 Q) secondary)
Z0ANG := 81.50 Zero-Sequence Line Impedance Angle (5.00-90 degrees)

Enable the fault locator. s
EFLOC := Y Fault Location (Y, N)

The LL setting is the line length. This value has no defined unit; can set
the line length in miles, kilometers, ohms, etc. For this e the length

in miles.
LL:=50 Line Length (0.10-999)

The fault locator uses the values you enter for ZWMAG, Z1ANG, ZOMAG,
Z0OANG, and LL.
Relay Configuration Q
e 70 f mho phase (E21P), mho
21XG) distance protection. You
es per type of distance protection.

For this application example, use two
ce protection.

Select only the number of zon )
zones of mho phase and g%
E21P ;=2 Mho Phase Bistan ones (N, 1-5)

E2IMG :=2 Mho Gz tance Zones (N, 1-5)

You can select from zero to five

Now enable er logic you will need for this application example.

You do no
is less than.fi IR is equal to the ratio of the local source impedance to the
relay redch ulate the ratio based on the Zone 1 reach because you do not

want stance protection to overreach during an external fault.
L 4 Z
\ SIR = A

0.8+ |2,

\K _ 250
08+ 1950

1.603, SIR < 5 Equation 1.3
ECVT:=N CVT Transient Detection (Y, N)

The transmission line is not series compensated.
ESERCMP := N Series-Compensated Line Logic (Y, N)

You can select a common time delay or an independent time delay per zone
for phase and ground distance protection. If you choose independent timing,
evolving faults (such as those changing from single phase to multi-phase)
cause the timer to reset and result in additional delay. Select common time
delay for this application.

ECDTD := Y Distance Element Common Time Delay (Y, N)
The SOTF logic permits tripping by specified protection elements for a
settable time after the circuit breaker closes.
ESOTF := Y Switch-Onto-Fault (Y, N)

S Date Code 20080110 Applications Handbook SEL-421 Relay




A.1.6 | Protection Application Examples

230 kV Overhead Transmission Line Example

NOTE: If line-side PTs are usedfthe
circuit breaker(s) must'te,closed, for
the LOP logic to détect an“G@P
condition. Therefore, if three-phase
potential to thé relayds’lost while the
circuit breaker(s)lis@open (eq., the PT

fuses are removed‘while the line is de-

energized), the relay cannot detect an
LOP when the circuit breaker(s) closes
again.

SEL-421 Relay

Do not enable the Out-of-Step logic for this application example.
E00S: =N Out-of-Step (Y, N)

Do not enable the load-encroachment logic, as the minimum apparent load
impedance is outside the mho phase distance characteristics.

ELOAD := N Load Encroachment (Y, N)

Use Level 1 high-set instantaneous phase overcurrent element for SOTF
protection.

E50P :=1 Phase Instantaneous/Definite-Time Overcurtent Elements
(N, 1-4)

This application does not require residual ground overeugrent protection.

E506 := N Residual Ground Instantaneous/Definite-Time Overcurrent
Elements (N, 1-4)

This application does not require negative-sgquenge overcurrent protection.

E50Q := N Negative-Sequence Instantaneous/Definite-Time Overcurrent
Elements (N, 1-4)

Use inverse-time overcurrent protection toprovide backup protection for high-
resistance ground faults. The 51S1 element provides backup protection for
unbalanced faults if the step‘distanee protection fails to operate.

E51S:=1 Selectable Inverse-Time Overcurrent Element (N, 1-3)

Set E32 to AUTO and thérelay automatically calculates the settings
corresponding to the ground‘directional element (32G).

E32 := AUTO Directional €ontrol (Y, AUTO)

Communications-assisted tripping is not required.

ECOMMy= N“*€ommunications-Assisted Tripping (N, DCB, POTT, POTT2,
POTTS, DEUB1, DCUB2)

Fuses ot molded case circuit breakers often protect potential transformers.
Opetation(of one or more fuses, or molded case circuit breakers, results in a
losg of polarizing potential inputs to the relay. Loss of one or more phase
voltages prevents the relay from properly determining fault distance or
dirégtion.

Ogcasional LOP (loss-of-potential) to the distance relay, while unavoidable, is
detectable. When the relay detects the loss-of-potential, the relay can block
distance element operation, block or enable forward directional overcurrent
elements, and issue an alarm for any true LOP condition.

Table 1.3 LOP Enable Options

Option Description

N The LOP logic operates but does not disable voltage-polarized directional
elements, distance elements, and forward directional overcurrent elements.
Use LOP in this case for alarm only.

Y The relay disables all voltage-polarized directional elements and distance
elements, but enables forward directional overcurrent elements. These for-
ward directional overcurrent elements effectively become nondirectional
and provide overcurrent protection during an LOP condition.

Y1 The relay disables all voltage-polarized directional elements and distance
elements. The relay also disables the overcurrent elements controlled by
the voltage-polarized directional elements.
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Protection Application Examples | A.1.7
230 kV Overhead Transmission Line Example

Set ELOP to Y1 for this application example. This choice reduces the chances
of false tripping because of a loss-of-potential condition.

ELOP := Y1 Loss-of-Potential (Y, Y1, N)

You do not need Advanced Settings for this application example.
EADVS :=N Advanced Settings (Y, N)

Phase Distance Elements (21P)
Mho Phase Distance Element Reach

Employ each zone of mho phase distance protection asgfollows:
» Zone 1—Instantaneous underreaching tripping

» Zone 2—Time-delayed overreaching backup tripping

Zone 1 Phase Distance Element Reach. (" Zene 1 phase distance
protection provides instantaneous protectionfer phase-to-phase, phase-to-
phase-to-ground, and three-phase faultsgn‘the first 80 percent of the
transmission line. Errors in the cusrent(gransformers and potential
transformers, modeled transmissionline data, and fault study data do not
permit setting Zone 1 for 100 percent ofithe transmission line. If you set
Zone 1 for 100 percent of thetrafismission line, unwanted tripping could
occur for faults just beyonéthe rémote end of the line.

Set Zone 1 phase distancg'protection equal to 80 percent of the transmission
line positive-sequence impedance.

ZIP=0.8Z1L= 156
Z1P :=1.56fZone) 1 Reach (OFF, 0.05-64 Q secondary)

Zone 2 Phase'Distance Element Reach. Zone 2 phase distance
protection must have adequate reach to detect all phase-to-phase, phase-to-
phase-tofground,and three-phase faults along the protected line to make
certain delayed tripping occurs for faults located in the last 20 percent of the
lineg'S€t Zone 2 phase distance reach equal to 120 percent of the positive-
sequence impedance of the transmission line.

Z2P=127Z1L=2.34Q
Z2P = 2.34 Zone 2 Reach (OFF, 0.05-64 Q secondary)

Ground@istance Elements (21IMG)
Mto Ground Distance Element Reach

Employ each zone of mho ground distance protection as follows:

» Zone 1—Instantaneous underreaching tripping

» Zone 2—Time-delayed overreaching backup tripping
Zone 1 Mho Ground Distance Element Reach. Zone 1 mho ground
distance reach must meet the same requirement as that for Zone 1 mho phase

distance protection; i.e., the reach setting can be no greater than 80 percent of
the line.

ZIMG=08+ZIL=1.56 Q
ZIMG :=1.56 Zone 1 (OFF, 0.05-64 Q secondary)
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A.1.8 | Protection Application Examples
230 kV Overhead Transmission Line Example

distance reach must meet the same requirement as that for Zone 2 mho phase

Zone 2 Mho Ground Distance Element Reach. Zone 2 mho ground O
distance protection; i.e., set the reach equal to 120 percent of the line. 0

7Z2MG =1.2Z1L =234 Q
Z2MG : = 2.34 Zone 2 (OFF, 0.05-64 Q secondary)

Zero-Sequence Current Compensation Factors ¢
nd

Zero-sequence current compensation helps to keep the phas u
distance elements at the same reach if you set the reach e pe; e (for

example, Z1P = ZIMG). Ground distance elements sh m re fault
7

impedance in terms of positive-sequence impedance elay
automatically calculates the setting for the Zone 1 - nce current
compensation factor when you set kOM1 to AUTO.

kOM1:= AUTO Zone 1 ZSC Factor Magnitu , 0.000-10)

When you enter AUTO as the setting for kM, the'relay calculates the zero-
sequence current compensation as follo

IMAG/Z1ANG
Z7Z1ANG Equation 1.4

Zone 2 uses the same zero-se; ent compensation factor as that for

Zone 1 because the Advan& s are disabled.
The relay displays the fo%g alues for kOM1 and kOA1:
kOM1:= 0.727 Zo actor Magnitude (AUTO, 0.000-10)
kOA1:=-3. Factor Angle
Distance Elemen '
Set the timers Z1D and Z2D for both phase and ground distance

a
elemen%
Yo n ed to delay Zone 1 distance protection; it trips instantaneously.

2 4 :=0.000 Zone 1 Time Delay (OFF, 0.000—16000 cycles)

% distance protection must coordinate with downstream Zone 1 distance

Z
\gxtection, plus downstream circuit breaker operating time and a safety

O gin. A typical Zone 2 phase and ground distance time delay setting is 20
cycles.

22D :=20.000 Zone 2 Time Delay (OFF, 0.000-16000 cycles)

This logic provides protection for a short duration (setting SOTFD) until other
protection (such as tripping from SELOGIC control equations TR and
TRCOMM) is available. The TRSOTF SELOGIC control equation defines

S which protection elements cause the relay to trip when the SOTF scheme is
active. Assertion of the protection elements assigned to TRSOTF during the
SOTFD time causes the relay to trip instantaneously.

\@ Scheme
% SOTF (Switch-Onto-Fault) logic is enabled when the circuit breaker closes.
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Protection Application Examples | A.1.9
230 kV Overhead Transmission Line Example

Apply SOTF when using line-side potentials for relaying. Use nondirectional
overcurrent protection to clear close-in faults. Also use instantaneous

overreaching distance protection to clear faults along the line. Assign
instantaneous Zone 2 mho phase and ground distance protection plus Le@

phase overcurrent element to TRSOTF.
TRSOTF := M2P OR Z26 OR 50P1 Switch-Onto-Fault Trip (SELOGIC Equation)

. L 4
Single-Pole SOTF

This is a three-pole tripping application example; confi th%)TF
protection is for three-pole tripping.

ESPSTF := N Single-Pole Switch-Onto-Fault (Y, N) @
Voltage Reset

You can configure the logic such that the SO
at least 5 cycles after it first asserted, but before OTFD timer expires. To
quickly reset the SOTF period, the relay mustisense that the positive-sequence
voltage is greater than 85 percent of th inal%oltage.

n uration resets within

It ge Reset) to enable fast reset.
The advantage of resetting SOTF p ion quickly is that unwanted tripping
does not occur for subseque: ernal to the remote terminals during

the SOTF period; these tri curif you set instantaneous Zone 2
distance protection eleme he PRSOTF SELOGIC control equation.
Enable the voltage reset @ption.

EVRST =Y Switc -Fault Voltage Reset (Y, N)

SOTF Initiation

The SOTFE 1 serts via one or both of the following methods:
> change in the normally open auxiliary contact 52A status
showing that the circuit breaker has just opened

@sserﬁon of the relay control input assigned to the circuit

breaker close bus

L 4
\ ethod works well for both single and multiple circuit breaker
applications and does not require an input from the close bus. However, the
e bus method only enables SOTF protection immediately following the

ON)S&% command to the circuit breaker. For more information see Switch-Onto-

Fault Logic on page R.1.94.

Turn off 52AEND, 52A Pole Open Time Delay.

52AEND := OFF 52A Pole Open Time Delay (OFF, 0.000-16000 cycles)
Select the close bus option for this application and set the close enable delay
(CLOEND) shorter than the shortest reclose open interval.

CLOEND :=10.000 CLSMON or Single-Pole Open Delay
(OFF, 0.000-16000 cycles)

L 4 SOTF Duration

Setting SOTFD determines the longest period the SOTF logic can assert after
the circuit breaker closes.

SOTFD :=10.000 Switch-Onto-Fault Enable Duration (0.500-16000 cycles)
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A.1.10 | Protection Application Examples
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Close Signal Monitor

execution of the close command. Connect IN102 in parallel with the circuit

Assign the Relay Word bit CLSMON to a control input, so the relay can de
breaker close coil. C

CLSMON :=IN102 Close Signal Monitor (SELOGIC Equation)

Phase Instantaneous/Definite-Time Overcurrent Elements ¢

Use 50P1, Level 1 phase instantaneous overcurrent ele
nondirectional high-set phase overcurrent element for SOT ction. If the
local circuit breaker closes into a close-in three-phase ault with line-
side potential transformers, the polarizing voltage for e distance

S

elements is zero. Therefore, the distance protection operate. In this
case, the S0P1 element quickly trips the circuit breaker because this

overcurrent element does not rely on the polazizi ge.
To rapidly clear faults, set SOP1P equal to rcent of the fault current
measured at the local terminal for a clo -phase fault; use weak

source conditions so that the rela
50P1P:=13.29 Level 1 Pickup

petat ow-level fault current.
0:25-100 A secondary)

This application uses 50P1
not need time delay.

67P1ID :=0.000 Level 1¢Ti ay (0.000-16000 cycles)

aneous overcurrent element; you do

This application uses nondirectional overcurrent element; you do
not need torque contfol.

67PITC := é
Selectable Opera ntity Time Overcurrent Element 1
Use inveg me ‘overcurrent protection to provide backup protection for high-

resistance & d faults. The 51S1 element provides backup protection for
un cedufaults if the step distance protection fails to operate.
¢ 1 -sequence line current as the operating quantity.
NOTE: Use your company practices 10 := 3I0L 51S1 Operate Quantity (IAn, IBn, ICn, IMAXn, I1L, 312L,
and philosophy when determining 310
these settings. n)
O he » in the 51S10 setting is L for line, 1 for BK1, and 2 for BK2.
The relay measures 8.61 A secondary of 31 for a bolted single phase-to-
ground fault at the remote terminal. Set the pickup to 20 percent of 31,

®® 51S1P:=1.72 51S1 Overcurrent Pickup (0.25-16 A secondary)

1 e Control (SELOGIC Equation)

Use the following formula to determine approximately how much primary
fault resistance coverage (Rg) is provided by 51S1P on a radial basis:

PTR A VNOMY/./3

R. =
V'S F™ CTR 51S1P
_ 2000, 115V/./3
~ 100 1.72A
=722 Q Equation 1.5

-421 Relay Applications Handbook Date Code 20080110



Protection Application Examples | A.1.11
230 kV Overhead Transmission Line Example

Use the following as a guide to set the curve and time dial; for secure backup
protection, perform a coordination study. Set the local overcurrent element to
coordinate with the downstream overcurrent element such that there is an
18-cycle (60 Hz nominal) safety margin for ground faults in front of the first
downstream overcurrent element. Assume the operating time of the
downstream overcurrent element is 12 cycles for a close-in ground fault.
Therefore, set the local time-overcurrent element to operate approximately
30-cycles for ground faults in front of the first downstream overcurrent
element.

51S1C:= U3 51S1 Inverse-Time Overcurrent Curve (U1sUS)
5151TD :=1.96 51S1 Inverse-Time Overcurrent Time Dial (Q:50-15)

Set the overcurrent element to emulate electromechanieal reset, so the
overcurrent element coordinates properly with electromech@nical relays.

51SIRS := Y 51S1 Inverse-Time Overcurrent Eleéetromechanical
Reset (Y, N)

Torque control the overcurrent element with the forward decision from the
ground directional element.

51S1TC := 32GF 51S1 Torque Control (SELOGIC Equation)

Directional Control

The SEL-421 uses an array/ofidirectional elements to supervise the ground
distance elements and residual gréuind directional overcurrent elements during
ground fault conditionsglntetnal logic automatically selects the best choice for
the ground directiondl element (32G) from among the negative-sequence
voltage-polarizedydirectional element (32QG), zero-sequence voltage-
polarized dizéctional element (32V), and the zero-sequence current-polarized
directional elément (321).

The relay setting ORDER determines the order in which the relay selects
directional elemetits to provide ground directional decisions. You can set
ORDER with any combination of Q, V, and I. The listed order of these
directiénalielements determines the priority in which these elements operate
to provide the ground directional element. Only one specific directional
elementdperates at any one time. Directional element classification is as
follows:

» (Q—Negative-sequence voltage-polarized directional element
» V—Zero-sequence voltage-polarized directional element

» [—Zero-sequence current-polarized directional element

Set ORDER equal to QV. The first listed directional element choice, Q, is the
first priority directional element to provide directional control for the ground
distance elements and residual ground directional overcurrent elements. If Q
is not operable, the second listed directional element choice, V, provides
directional control for the ground distance elements and residual ground
directional overcurrent elements. A polarizing quantity was not available for
choice I, so I is not selected for this particular application example.

ORDER := QV Ground Directional Element Priority (combine Q, V, I)
SELOGIC control equation E32IV must assert to logical 1 to enable V or I for

directional control of the ground distance elements and residual ground
directional overcurrent elements. Set E32IV equal to logical 1.

E32IV:=1 Zero-Sequence Voltage and Current Enable (SELOGIC Equation)

Date Code 20080110 Applications Handbook SEL-421 Relay
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Pole Open Detection

The setting EPO, Enable Pole-Open logic, offers two options for decidin
what conditions signify an open pole, as listed in Table 1.4. i )

Table 1.4 Options for Enabling Pole-Open Logic

Option Description ¢

EPO :=V The logic declares a single-pole open if the correspon se under-
voltage element asserts and the open phase detegtion eclares the

pole is open. Select this option only if you use line al trans-
formers for relaying purposes. A typical settin O, pole-open
undervoltage threshold, is 60 percent of the ngmi ine-to-neutral volt-

age.

voltage slowly decays after the circuit
selected, the relay cannot declare

EPO :=52 | The logic declares a single-pole

Select the second option because ct is available. The relay uses
both open phase detection and statusjinfepmation from the circuit breaker to
make the most secure decisio

EPO :=52 Pole-Open

Pole-Open Time Delay on out

The setting 3POD e the time delay on dropout after the Relay Word
This y is important when you use line-side potential
ying. Use the 3POD setting to stabilize the ground

8'in case of pole scatter during closing of the circuit breaker.

transforme
distance

ree-Pole Open Time Dropout Delay (0.000-60 cycles)

onfigures the relay for tripping. These settings consist of four

Trip equations
Trip unlatch options

Trip timers

Y Y YvyYy

Three-pole tripping enable

\ Trip Equations
Set these two SELOGIC control equations for tripping:

» TR (unconditional)
» TRSOTF (SOTF)

TR. The TR SELOGIC control equation determines which protection
elements cause the relay to trip unconditionally. You typically set all direct
tripping and time-delayed protection elements in the SELOGIC control
equation TR. Direct tripping and time-delayed protection elements include
step distance protection elements, plus instantaneous and time-overcurrent
protection elements.
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distance protection, and the inverse-time overcurrent element (51S1T). For

Set TR equal to Zone 1 instantaneous protection (Z1T), time-delayed Zone 2
information on setting 51S1T, see Selectable Operating Quantity Time OO

Overcurrent Element 1 on page A.1.10.
TR :=Z1T OR Z2T OR 51S1T Trip (SELOGIC Equation)

TRSOFT. The TRSOTF SELOGIC control equation defines which protegtion
elements cause the relay to trip when the SOTF scheme is active. Assertion of
these protection elements during the SOTFD time causes the trip
instantaneously (see SOTF Scheme on page A.1.8). Set eous Zone 2
distance protection (M2P and Z2G) and Level 1 phase insta S
overcurrent element (S0P1) in the TRSOTF SELOGIC gontrel equation.

TRSOTF := M2P OR Z26 OR 50P1 Switch-Onto- OGIC Equation)

Fau
Trip Unlatch Options b

Unlatch the control output you programmed'for tripping (OUT101) after the
circuit breaker 52A contacts break the dc_cu . The SEL-421 provides two
methods for unlatching control output ing a protection trip:

» ULTR—all three p
» TULO—pha

ULTR. Use ULTR, the tc SELOGIC control equation, to unlatch
all three poles. Use the default setting, which asserts ULTR when you push the
front-panel {TARGET RESE shbutton.

ULTR:=TRGTR U ip (SELOGIC Equation)

nlatch Option) to select the conditions that cause

TULO. Us
the SEL-4 atch the control outputs that you programmed for tripping.
Table 1.5°show four trip unlatch options for setting TULO.

Table 1. ing TULO Unlatch Trip Options
Option scription
™ 1 Unlatch the trip when the relay detects that one or more poles of the line ter-
\ minal are open, and Relay Word bit 3PT has deasserted.
Unlatch the trip when the relay detects that the corresponding 52A contact(s)

\\ from both circuit breakers (e.g., 52AA1 and 52AA2) are deasserted.

3 Unlatch the trip when the relay detects that the conditions for Options 1 and
2 are satisfied.

4 Do not run this logic.

most secure decision. For information on the pole-open logic, see Pole Open
Logic on page R.1.24.

TULO :=3 Trip Unlatch Option (1, 2, 3, 4)

@ Select Option 3 because a 52A contact is available; the relay uses both open
% phase detection and status information from the circuit breaker to make the

? Trip Timers

The SEL-421 provides dedicated timers for minimum trip duration.
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TDURS3D, determines the minimum time that Relay Word bit 3PT asserts. Fo:

Minimum Trip Duration. The minimum trip duration timer setting, O
this application example, Relay Word bit 3PT is assigned to OUT101. Th@

corresponding control output closes for TDUR3D time or the duration ofithe
trip condition, whichever is longer.

A typical setting for this timer is 9 cycles.

TDUR3D :=9.000 Three-Pole Trip Minimum Trip Duration Time Delay
(2.000-8000 cycles)

Three-Pole Tripping Enable \%

The relay contains both three-pole and single-pole trippi ic. Set E3PT
(Three-Pole Trip Enable) equal to logical 1 to enable,t! -421 for
three-pole tripping only.

E3PT:=1 Three-Pole Trip Enable (SELOG ion)
Also set the appropriate three-pole trippin LOGIC control equation for
Circuit Breaker 1.

E3PTI:=1 Breaker 1 3PT (SEL®GICEg @.

Control Qutputs

Main Board \
OUT101 trips Circuit Bl&rl.
0uUT101:= 3PT
Examp|e Comp|eted This comple; ppli€ation example describing configuration of the
SEL-421 fo istance protection of a 230 kV overhead transmission line.
You can 1 mple as a guide when setting the relay for similar
applications. lyze your particular power system so you can properly
determi corresponding settings.
Re|ay Settings Table 1.64lists the protection relay settings for this example. Settings used in
L 2 K le appear in boldface type.
%e .6 Settings for 230 kV Overhead TX Example (Sheet 1 of 5)
N&ttinq Description Entry
O General Global (Global)
SID Station Identifier (40 characters) HARVARD -
230 kV
\ RID Relay Identifier (40 characters) SEL-421 Relay
NUMBK Number of Breakers in Scheme (1, 2) 1
BID1 Breaker 1 Identifier (40 characters) Circuit Breaker 1
NFREQ Nominal System Frequency (Hz) 60
S PHROT System Phase Rotation (ABC, ACB) ABC
DATE_F Date Format (MDY, YMD, DMY) MDY
FAULT Fault Condition Equation (SELOGIC Equation) 50P1 OR 51S1
OR M2P OR
Z2G OR M3P
OR Z3G
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230 kV Overhead Transmission Line Example

Table 1.6 Settings for 230 kV Overhead TX Example (Sheet 2 of 5)

Setting Description

Entry

Current and Voltage Source Selection (Global)
ESS

Breaker Configuration (Breaker Monitoring)

EBIMON Breaker 1 Monitoring (Y, N)
BKI1TYP Breaker 1 Trip Type (Single Pole = 1,
Three Pole = 3)
Breaker 1 Inputs (Breaker Monitoring)
52AA1 A-Phase N/O Contact Input—BK1
(SELoGIC Equation)
Line Configuration Settings (Group)
CTRW Current Transformer Ratio—Input —
CTRX Current Transformer Ratio—Inp (1- 0)
PTRY Potential Transformer Rati 10000)
VNOMY PT Nominal Voltage (
(60-300 V secondary)
PTRZ
VNOMZ
Z1IMAG
Z1ANG
Z0MAG equence Line Impedance Magnitude

—255 Q secondary)
ZOANG

EF ault Location (Y, N)
L Line Length (0.10-999)
Configuration (Group)
E21 Mho Phase Distance Zones (N, 1-5)
MG Mho Ground Distance Zones (N, 1-5)

E21XG Quadrilateral Ground Distance Zones (N, 1-5)

ECVT CVT Transient Detection (Y, N)

ESERCMP | Series-Compensated Line Logic (Y, N)

ECDTD Distance Element Common Time Delay (Y, N)

ESOTF Switch-Onto-Fault (Y, N)

EOOS Out-of-Step (Y, N)

ELOAD Load Encroachment (Y, N)

ESO0P Phase Inst./Def.-Time O/C Elements (N, 1-4)

ES0G Residual Ground Inst./Def.-Time O/C Elements
N, 1-4)

ES0Q Negative-Sequence Inst./Def.-Time O/C Elements
N, 1-4)

ES51S Selectable Inverse-Time O/C Elements (N, 1-3)

E32 Directional Control (Y, AUTO)

Applications Handbook

Current and Voltage Source Selection (Y, N, 1, 2, 3, 4) | N

N L 4

NS

100
200
2000
115

2000
115

1.95

84.00

6.20

81.50

Z Z < < zZ Z zZ P

AUTO

SEL-421 Relay
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L 4

-421 Relay

Table 1.6 Settings for 230 kV Overhead TX Example (Sheet 3 of 5)

Setting Description Entry
ECOMM Communications-Assisted Tripping N

(N, DCB, POTT, POTT2, POTT3, DCUB1, DCUB2)
EBFL1 Breaker 1 Failure Logic (N, 1, 2) N
E25BK1 Synchronism Check for Breaker 1 (Y, N) N ¢
E79 Reclosing (Y, Y1, N)
EMANCL Manual Closing (Y, N)
ELOP Loss-of-Potential (Y, Y1, N)
EDEM Demand Metering (N, THM, ROL)
EADVS Advanced Settings (Y, N) N
Mho Phase Distance Element Reach (Group) 0
71P Zone 1 Reach (OFF, 0.05-64 Q se 1.56
72pP Zone 2 Reach (OFF, 0.05-64 Q sec y) 2.34
Mho Phase Distance Element Time Delay/(Gr
Z1PD Zone 1 Time Delay ( 00 00 cycles) OFF
Z2PD Zone 2 Time De 000516000 cycles) OFF
Mho Ground Distance Element p)
7Z1MG Zone 1 (OFF, condary) 1.56
72MG Zone 2 (OF 5-64 Q) secondary) 2.34
Zero-Sequence Curre ensation Settings (Group)
kOM1 tor Magnitude (AUTO, 0.000-10) AUTO
kOA1 ZSC Factor Angle (-180.0 to +180.0 degrees) | —3.65
Ground ance Element Time Delay (Group)
Z1GD e | Time Delay (OFF, 0.000-16000 cycles) OFF
72GD ne 2 Time Delay (OFF, 0.000-16000 cycles) OFF
Di ent Common Time Delay (Group)

Zone 1 Time Delay (OFF, 0.000-16000 cycles) 0.000
& Zone 2 Time Delay (OFF, 0.000-16000 cycles) 20.000

\&TF Scheme Settings (Group)

PSTF Single Pole Switch-Onto-Fault (Y, N) N
EVRST Switch-Onto-Fault Voltage Reset (Y, N) Y
52AEND 52A Pole Open Delay (OFF, 0.000-16000 cycles) OFF
CLOEND CLSMON or Single Pole Delay 10.000

(OFF, 0.000-16000 cycles)
SOTFD Switch-Onto-Fault Enable Duration 10.000
(0.500-16000 cycles)
CLSMON Close Signal Monitor (SELOGIC Equation) IN102
Phase Instantaneous Overcurrent Pickup Settings (Group)
50P1P | Level 1 Pickup (OFF, 0.25-100 A secondary) | 13.29
Phase Overcurrent Definite-Time Delay (Group)
67P1D | Level 1 Time Delay (0.000-16000 cycles) | 0.000
Phase Overcurrent Torque Control (Group)
67P1TC | Level 1 Torque Control (SELOGIC Equation) | 1
Applications Handbook Date Code 20080110
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Table 1.6 Settings for 230 kV Overhead TX Example (Sheet 4 of 5)

Entry

Setting Description

Selectable Operating Quantity Time Overcurrent Element Setting

51810 5181 Operating Quantity (IAn, IBn, ICn, IMAXn,
11L, 312L, 310n)2

51S1P 51S1 Overcurrent Pickup (0.25-16 A secondary)

51S1C 5181 Inverse-Time Overcurrent Curve (U1-U5)

51S1TD 51S1 Inverse-Time Overcurrent Time Dial
(0.50-15.00)

51S1RS 51S1 Inverse-Time Overcurrent Electromechanica
Reset (Y, N)

51S1TC 5151 Torque Control (SELOGIC Equation)

Directional Control (Group)

ORDER Ground Directional Element Priori
(combine Q, V, I)

E321V Zero-Sequence Voltage and €urr, able
(SELoGIC Equation)

Pole Open Detection Settings (Group
EPO Pole-Open Dete
Delay (0.000-60 cycles)

SPOD Single-Pole O ro
3POD Three-Pole n D t Delay (0.000-60 cycles)

Trip Logic Settings (Gr

TR Trip (S uation)

TRSOTF -Onto-Fault Trip (SELOGIC Equation)

DTA ransfer Trip A-Phase (SELOGIC Equation)

DTB irect Transfer Trip B-Phase (SELOGIC Equation)

D irect Transfer Trip C-Phase (SELOGIC Equation)
4B T Manual Trip — Breaker 1 (SELOGIC Equation)

Date Code 20080110

U} Unlatch Trip (SELoGIC Equation)

MTRI1 Unlatch Manual Trip — Breaker 1 (SELOGIC

Equation)
TOPD Trip During Open Pole Time Delay
(2.000-8000 cycles)
TULO Trip Unlatch Option (1, 2, 3, 4)
Z2GTSP Zone 2 Ground Distance Time Delay SPT (Y, N)
67QGSP Zone 2 Dir. Neg.-Seq./Residual O/C Single Pole Trip
(Y, N)

TDURI1D SPT Minimum Trip Duration Time Delay
(2.000-8000 cycles)

TDUR3D 3PT Minimum Trip Duration Time Delay
(2.000-8000 cycles)

E3PT Three-Pole Trip Enable (SELOGIC Equation)
E3PT1 Breaker 1 3PT (SELoGIC Equation)

Applications Handbook

s (Group)
3I0L

1.72 @

32GF

Qv

52
0.500
0.500

51S1T

M2P OR 722G
OR 50P1

NA
NA
NA

OC1 OR
PB8_PUL

TRGTR

NOT (52AA1
AND 52AB1
AND 52AC1)

2.000

6.000

9.000

Z1TORZ2T OR
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Table 1.6 Settings for 230 kV Overhead TX Example (Sheet 5 of 5)

Setting Description Entry

ER Event Report Trigger (SELOGIC Equation) R TRIG MZO

R TRIG 72G
OR
R_TRIG 5 ly

G M3pP

R4TRIG Z3G

Main Board (Outputs)
OUT101 (SELoGIC Equation) 3PT

a Parameter nis 1for BK1, 2 for BK2, and L for Line.
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500 kV Parallel Transmission Lines With Mutual
Coupling Example

Figure 1.3 shows double-ended overhead 500 kV parallel lines with SEL-421
protection at each end of the first circuit. These transmission lines have Zero-

sequence mutual coupling. This example explains how to calculate settings for
the SEL-421 at Station S that protects Line 1 in Figure I3 betweéen Stations S
and R.

This application example uses communications-assisted tripping with a digital
communications channel to provide high-speed protection for faults along the
500 kV circuit. Distance protection is enabled.

S (Moscow) R (Pullman)

Z11, ZoL1 Line1

2. 2012

Line 2

AN IR, ZoR

Figure 1.3 500 kV Parallel Overhead Transmission Lines

Power System Data Table 1.7 lists the power system data for this application example. Substitute
the values and parameters that correspond to your system when you set the
relay using this example as a guide.

Table 1.7 System Data—-500 kV Parallel Overhead Transmission Lines
(Sheet 1 0of 2)

Parameter Value
Nominal system line-to-line voltage 500 kV
Nominal relay current 5 A secondary
Nominal frequency 60 Hz

Line length 75 miles
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Table 1.7 System Data—500 kV Parallel Overhead Transmission Lines
(Sheet 2 of 2)

Parameter Value

Line impedances:
ZiL1=2Zyo 44.78 Q3 £87.6° primary
Zor1=Zora 162.9 Q £82.1° primary

. L 4
Zero-sequence mutual coupling:

Zom 88.35 Q0 £76.6° primary,
Source S impedances:

le = ZOS 50 Q £88° prlm

Source R impedances:
Zigr =Zor 20 Q £88°

PTR (Potential transformer ratio) 500 kV:1 1V =4500

CTR (Current transformer ratio)

Phase rotation

Convert the power system imped
later calculate protection settings.
impedances. Convert the im

N

mary to secondary so you can
sts the corresponding secondary
ondary ohms as follows:

400 _ 0.089

4500 Equation 1.6

ZlL se: y) = ke Z1L1(primary)
= 0.089 « (44.78 QO /£87.6°)
= 3.98 QQ £87.6° Equation 1.7
Impedances
Value

3.98 Q £87.6° secondary
14.48 Q £82.1° secondary

\ oM 7.86 Q2 £76.6° secondary
ource S impedances:
Zis="2Zgs 4.45 Q £88° secondary

Source R impedances:
Zi1r=Zor 1.78 Q /88° secondary

® The maximum load current is 1302 A primary and occurs when the parallel

line is out of service.
App"catmn Summa ry This application is for two circuit breakers, single-pole tripping application

with the following functions:

» POTT (permissive overreaching transfer tripping) scheme
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» Three zones of phase (mho) and ground (mho and
quadrilateral) distance protection O
> Zone 1, forward-looking, instantaneous underreachi

protection

> Zone 2, forward-looking, communications-assisted an
time-delayed tripping

> Zone 3, reverse-looking, prevents unwanted trippiﬁg
during current reversals

» Inverse-time directional zero-sequence ox@ckup

protection

reaker closes
Relay settings that are not mentioned in this example ot apply to this
application example.

Global Settings Q

General Global Settings

» SOTF protection, fast tripping when th

The SEL-421 has settings for ident ion. These settings allow you to
identify the following:

» Station (SII\
Relay (RI&
k

>
» Circui
> ircu

itBrea (BID1)
: é er 2 (BID2)
You can en ny as 40 characters per identification setting.
SID = C 500 kV Station Identifier (40 characters)
: - lay Relay Identifier (40 characters)

SEL-421 for two circuit breakers. This particular application
uit breakers because the terminal is a circuit breaker-and-a-half
on.

UMBK :=2 Number of Breakers in Scheme (1, 2)

\K BID1 := Circuit Breaker 1 Breaker 1 Identifier (40 characters)

BID2 := Circuit Breaker 2 Breaker 2 Identifier (40 characters)

O You can select both the nominal frequency and phase rotation.

NFREQ := 60 Nominal System Frequency (50, 60 Hz)
PHROT := ABC System Phase Rotation (ABC, ACB)

@urrent and Voltage Source Selection
The voltage and current source selection is for two circuit breakers in a circuit

breaker-and-a-half configuration. Set ESS to 3.
4 ESS:=3 Current and Voltage Source Selection (Y, N, 1, 2, 3, 4)
After you select 3 for setting ESS, the relay automatically sets LINEI, BK1I,
and BK2I as follows:
LINEI :=COMB Line Current Source (IW, COMB)
BKll := IW Breaker 1 Current Source (IW, IX, NA)
BK2I := IX Breaker 2 Current Source (IW, IX, NA)
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In this application example Circuit Breaker BK1A is Breaker 1 in the relay
settings and BK1B is Breaker 2 in the relay settings. O

Figure 1.4 illustrates the current and voltage sources for this particular
application. The relay uses potential input VY and the combination of curtent
inputs IW and IX for line relaying; potential input VAZ is for synchronism
check. Auto-Reclose and Synchronism Check Example on page A.1.140
describes how to apply the synchronism-check function. @

VAZ

Circuit1

alf Arrangement: Station S, Line 1

Breaker Monitor

Figure 1.4 Circuit Breake\

Circuit Breaker Configurati

Set the rela ate that both circuit breakers are single-pole trip type.

BKITYR:= aker 1 Trip Type (Single-Pole = 1, Three-Pole = 3)
BK2TYP :=14Breaker 2 Trip Type (Single-Pole = 1, Three-Pole = 3)

Circuit Breake @

4 The SEL-421 uses normally open auxiliary contacts from the circuit breakers
ine whether each pole is opened or closed.

AA1:=IN101 A-Phase N/O Contact Input—BK1 (SEL0GIC Equation)
\ 52AB1:= IN102 B-Phase N/O Contact Input—BK1 (SEL0GIC Equation)

52AC1:=IN103 C-Phase N/O Contact Input—BK1 (SELoGIC Equation)

it Breaker 2 Inputs

®® 52AA2 = IN104 A-Phase N/O Contact Input—BK?2 (SELOGIC Equation)

52AB2 := IN105 B-Phase N/O Contact Input—BK?2 (SEL0OGIC Equation)
52AC2 :=IN106 C-Phase N/O Contact Input—BK2 (SELOGIC Equation)

Group Settings
Line Configuration

The SEL-421 has four transformer turns ratio settings that convert the
secondary potentials and currents that the relay measures to the corresponding
primary values. These settings are the potential transformer and current
transformer ratios PTRY, PTRZ, CTRW, and CTRX. Use the Y potential input
for line relaying and the Z potential input for synchronism checks. Enable the
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inputs for the line current. VNOMY and VNOMZ specify the nominal

voltage and current source selection so you can combine W and X current
secondary line-to-line voltage of the potential transformers (see Figure ].C

CTRW := 400 Current Transformer Ratio—Input W (1-50000)
CTRX =400 Current Transformer Ratio—Input X (1-50000)
PTRY := 4500 Potential Transformer Ratio—Input Y (1-10000)

VNOMY :=111 PT Nominal Voltage (L-L)—Input Y
(60-300 V secondary)

PTRZ := 4500 Potential Transformer Ratio—Input Z

VNOMZ :=111 PT Nominal Voltage (L-L)—Input Z 00W secondary)
Enter the secondary value of the positive-sequence i of the protected
line. See Table 1.8 for the secondary line impedances:

L 4

ZIMAG = 3.98 Positive-Sequence Line Impeda gnitude
(0.05-255 Q) secondary)

Z1ANG = 87.6 Positive-Sequence Line Impedance Angle (5.00-90 degrees)

%ﬁmpedance of the protected

Impedance Angle (5.00-90 degrees)

Enter the secondary value of the
line.

ZOMAG :=14.48 Zero-Seq
(0.05-255 Q seconda

ZOANG := 82.1 Zero-Seq e

Enable the fault locator.

EFLOC := Y Fault Iéocati , N)
The LL setti li gth. This value has no defined unit; you can set
0 e

the line len les, kilometers, ohms, etc. Set the length in miles.
Length (0.10-999)

LL:=
The rel t tor uses the values you enter for ZIMAG, Z1ANG,

ZOMA! ,and LL.

Relay Cmfi@n

Yo select from zero to five phase mho (E21P), ground mho (E21MG),
d ground quadrilateral (E21XG) distance zones. You can independently
select the number of zones per type of distance protection. Select only the
umber of zones needed. For this application example, use three zones of
phase and ground distance protection.

E21P := 3 Mho Phase Distance Zones (N, 1-5)
E2IMG := 3 Mho Ground Distance Zones (N, 1-5)
E21XG = 3 Quadrilateral Ground Distance Zones (N, 1-5)
Now enable the other logic you will need for this application example.

You do not need CVT transient detection if the SIR (Source Impedance Ratio)
is less than five. SIR is equal to the ratio of the local source impedance to the

* relay reach. Calculate the ratio based on the Zone 1 reach because you do not
want Zone 1 distance protection to overreach during an external fault. Double
the source impedance magnitude because the relay measures half the total
fault current when the parallel line is in service and the fault is located at the
remote bus.
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2 |Z
SR = 2 %18
0.8+ |Z 1L|
_ 204450 < )
0.83.98 Q
= 2.76,SIR<5 Equation 1.8
ECVT:= N CVT Transient Detection (Y, N) L 4
NOTE: The SEL-421-1 and the The transmission line is not series compensated. %
SEL-421-2 do not provide series-
compensated line protection logic. ESERCMP := N Series-Compensated Line Logic (Y, N)

You can select a common time delay or an independet ti
for phase and ground distance protection. If you ¢
evolving faults (such as those changing from single phase to multiphase)
cause the timer to reset and result in additional . Sglect common time
delay for this application.

ECDTD := Y Distance Element Common e Delay (Y, N)

The SOTF logic permits tripping by speci otection elements for a

Do not enable the Out-of- i this application example.
E00S:=N Out-of-Step,

Do not enable the load- chment logic, as the minimum apparent load

impedance is outsid o phase distance characteristics.

ELOAD:=N hment (Y, N)
Use Level et instantaneous phase overcurrent element for SOTF
protection:

ES0P 4 nstantaneous/Definite-Time Overcurrent Elements

Thi§ application does not require residual ground overcurrent protection.

N Residual Ground Instantaneous/Definite-Time Overcurrent
lements (N, 1-4)

\& application does not require negative-sequence overcurrent protection.

E50Q:= N Negative-Sequence Instantaneous/Definite-Time Overcurrent
Elements (N, 1-4)

Use inverse-time overcurrent protection to provide backup protection for high-
resistance ground faults. The 51S1 element provides backup protection for

\Z unbalanced faults if both the communications-assisted and step distance
protection fail to operate.
E51S:=1 Selectable Inverse-Time Overcurrent Element (N, 1-3)
Set E32 to AUTO and the relay automatically calculates the settings
corresponding to the ground directional element (32G).
E32 := AUTO Directional Control (Y, AUTO)
Use the two-channel POTT trip scheme (POTT2) to quickly clear faults

internal to the protected line.

ECOMM = POTT2 Communications-Assisted Tripping (N, DCB, POTT,
POTT2, POTT3, DCUBI, DCUB2)
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Fuses or molded case circuit breakers often protect potential transformers.
Operation of one or more fuses, or molded case circuit breakers, results in a
loss of polarizing potential inputs to the relay. Loss of one or more phase
voltages prevents the relay from properly determining fault distance or
direction.

Occasional loss-of-potential to the distance relay, while unavoidable, is
detectable. When the relay detects a loss-of-potential condition, the relayfcan
block distance element operation, block or enable forward-looking directional
overcurrent elements, and issue an alarm for any true loss-oftpoténtial
condition.

If line-side PTs are used, the circuit breaker(s) must bg'closed for the LOP
logic to detect an LOP condition. Therefore, if three-phage potential to the
relay is lost while the circuit breaker(s) is open (e.g., the PTfuses are removed
while the line is de-energized), the relay cannot detect a loss-of-potential
condition when the circuit breaker(s) closes again. At€ircuit breaker closing,
the relay can detect one or two missing potentials‘that occurred while the
circuit breaker was open. See Loss-of-PotentialhLogic on page R.1.26 for more
information.

Table 1.9 lists the three choices for,ehablingd.OP.

Table 1.9 LOP Enable Options

Option Description E

N The LOP logic@perates but does not disable voltage-polarized directional
elements, distance‘€lements, and forward-looking directional overcurrent
elements. Use LOP in this case for alarm only.

Y Thé'relay disables all voltage-polarized directional elements and distance
élements, but enables forward-looking directional overcurrent elements.
Thesefforward-looking directional overcurrent elements effectively become
nondirectional and provide overcurrent protection during an LOP condition.

Y1 Thetelay disables all voltage-polarized directional elements and distance
elements. The relay also disables the overcurrent elements controlled by the
voltage-polarized directional elements.

SettELOP to Y1 for this application example. This choice reduces the chances
ofifalsetripping because of a loss-of-potential condition.

ELOP := Y1 Loss-of-Potential (Y, Y1, N)

Enable the Advanced Settings so you can properly set the zero-sequence
compensation factors for the zero-sequence mutual coupling between the
parallel transmission lines.

EADVS :=Y Advanced Settings (Y, N)

Phase Distance Elements (21P)
Mho Phase Distance Element Reach

Employ each zone of distance protection as follows:
» Zone 1—Instantaneous underreaching direct tripping

» Zone 2—Forward-looking tripping elements for the POTT
scheme and backup tripping

» Zone 3—Current reversal guard for the POTT scheme, echo
tripping, and weak infeed logic
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Zone 1 Phase Distance Element Reach. Zone 1 phase distance
protection provides instantaneous protection for phase-to-phase, phase-to-
phase-to-ground, and three-phase faults in the first 80 percent of the
transmission line. Errors in the current transformers, potential transformers,
modeled transmission line data, and fault study data do not permit setting of
Zone 1 for 100 percent of the transmission line. Unwanted tripping could
occur for faults just beyond the remote end of the line if you set Zone 1 for
100 percent of the transmission line.

Set Zone 1 phase distance protection equal to 80 percengof the tfansmission
line positive-sequence impedance.

ZI1P=0.8+ ZlLl =3.18Q
Z1P:=3.18 Zone 1 Reach (OFF, 0.05-64 Q secondary)

Zone 2 Phase Distance Element Reach. Zeme 2 phase distance
protection must have adequate reach to detectfallphase-to-phase, phase-to-
phase-to-ground, and three-phase faults along the ptotected line. Set Zone 2
phase distance reach to 120 percent of thespositiye-sequence impedance of the
transmission line. This setting provides high=speed tripping via the
communications channel for faultsiecated in/the last 20 percent of the line.

Z2P =12 ZlLl =478 Q
22P = 4.78 Zone 2 Reach (OEE, 0M05-64 Q secondary)

Zone 3 Phase Distance@&lement Reach. Zone 3 phase distance
protection must have adequate reach to prevent unwanted tripping during
current reversals (thisf@application example uses a permissive overreaching
transfer tripping (POTT) schéme). Set the Zone 3 reach equal to Zone 2 and
rely on the length of theprotected transmission line for the safety margin. This
setting makes,the Zone 3 fault coverage greater than the Zone 2 fault coverage
at the rendote tetminal.

Z3P =72P=4.78 Q)
Z3P:= 478 'Zone 3 Reach (OFF, 0.05-64 Q secondary)

Ground Ristance Elements (2IMG and 21XG)

SEL-421 Relay

MhosGround Distance Element Reach

Employ each zone of distance protection as follows:
» Zone 1—Instantaneous underreaching direct tripping

» Zone 2—Forward-looking tripping elements for the POTT
scheme and backup tripping

» Zone 3—Current reversal guard for the POTT scheme, echo
tripping, and weak infeed logic

Zone 1 Mho Ground Distance Element Reach. Zone 1 mho ground
distance reach must meet the same requirement as that for Zone 1 mho phase
distance protection; the reach setting should be no greater than 80 percent of
the line.

ZIMG=0.8Z;1=3.18Q

ZIMG = 3.18 Zone 1 (OFF, 0.05-64 Q secondary)
Zone 2 Mho Ground Distance Element Reach. Zone 2 mho and ground

distance reach must meet the same requirement as that for Zone 2 mho phase
distance protection; the reach setting is 120 percent of the line.
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Z2MG =12+ ZlLl =478 Q
Z2MG = 4.78 Zone 2 (OFF, 0.05-64 Q secondary) O
Zone 3 Mho Ground Distance Element Reach. Zone 3 mho groun()

distance reach must meet the same requirement as that for Zone 3 mho pha
distance protection; it equals the Zone 2 reach.

Z3MG =72MG =4.78 Q L 4
Z3MG := 4.78 Zone 3 (OFF, 0.05-64 Q secondary)

Quadrilateral Ground Distance Element Reach \@

The reactive reach for each zone of quadrilateral grou e protection
lies on the relay characteristic angle (Z1ANG), rather th the ordinate
(reactance) of the impedance plane (see Figure L.5).

X

X6

N

\N

Figure lateral Ground Distance Element Reactive Reach Setting

4 must meeft the same requirement as that for Zone 1 mho phase distance

; the reach setting should be no greater than 80 percent of the line.
\ Gl =0'8.ZIL1=3'189

Zo ance. Zone 1 quadrilateral ground distance reactance reach
e

XG1:=3.18 Zone 1 Reactance (OFF, 0.05-64 Q secondary)

O Zone 1 Resistance. Find RG1 (Zonel resistance) from the per-unit
reach m of the Zone 1 reactance. Use Equation 1.9 which is Equation (3) in
Appendix A—Quadrilateral Reactive Reach Versus Resistive Reach Setting

@ Guideline from the paper Digital Communications for Power System
% Protection: Security, Availability, and Speed. You can find a copy of this paper

on the SEL website at www.selinc.com.

Equation 1.9

Where:
m = per-unit reach of XG1
R = RG1, the Zone 1 resistance
X411 = positive-sequence transmission line reactance
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positive-sequence reactance of the overhead transmission line Xy ; is
3.977 Q secondary (from the rectangular form of Z,y | in Table 1.8). O

Z,.; = 3.98Q./87.6°

XGl is set at 80 percent of the transmission line (i.e., m = 0.8 per-unit); the O

Ry +iX,
0.167 +j3.977 Equatioff 1.10

Rearrange Equation 1.9 as follows to calculate RG1: @
RG1 = (1-m)*20+X, \
(1-0.8) «20+3.977 %
159 Q Equation 1.11

ercent because single

SEL recommends that you apply a safety margi
pole tripping is enabled for this particular applic

RG1=0.5159Q=796Q
RG1:=7.96 Zone 1 Resistance 0.0%condary)

Zone 2 Reactance. Zone2 qua al ground distance reach must meet
the same requirement as tha mho phase distance protection; the

reach setting is 120 perce theyline.
XG2=12- ZlLl = 50 478 Q

XG2 := 4.78 Zone 2 Reactance (OFF, 0.05-64 Q secondary)

Zone 2 Resis one 2 quadrilateral resistive reach as follows:
RG1
7.96 Q
(b = 47800 202
= 1197 Q Equation 1.12

L 4 62 :=M2.00 Zone 2 Resistance (0.05-50 Q secondary)
ame requirement as that for Zone 3 mho phase distance protection; it

uals Zone 2 reach.
O XG3=XG2=4.78Q

XG3 :=4.78 Zone 3 Reactance (OFF, 0.05-64 Q secondary)

\® Zone 3 Resistance. The Zone 3 quadrilateral resistive reach is also scaled
by an additional factor of 125 percent to ensure that it has greater coverage

@3 Reactance. Zone 3 quadrilateral ground distance reach must meet

than the remote Zone 2 during external resistive ground faults behind the local
terminal.

RG3=125RG2=1.25+12.00=15Q
Y3 RG3:=15.00 Zone 3 Resistance (0.05-50 Q secondary)
Quadrilateral Ground Polarizing Quantity

You must enter two final settings for quadrilateral ground distance protection
because Advanced Settings are enabled. These settings are XGPOL and
TANG.
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ground distance protection. You can choose either negative- or zero-sequence

XGPOL allows you to choose the polarizing quantity for the quadrilateral
current. Choose appropriately to reduce overreach and underreach of the QO

reactance line. The reactance line can underreach or overreach during high-
resistance single phase-to-ground faults. Nonhomogeneous negative- or z
sequence networks can cause this underreach or overreach.

Figure 1.6 defines whether the negative- or zero-sequence network is 4

homogeneous.
l IF \%

ZLEFT

Figure 1.6 Definition of Ho

Z; gpr is the total impeda he fault (F) on the left-hand side, while
ZRigur 1s the total imped to'the fault on the right-hand side. A
network is homogeneoustwith respect to the particular fault location if
equation 1.12 is satisfi

XLEFT — XRIGHT
RLEFT RRIGHT Equation 1.13
Use EquaN d Equation 1.15 to determine the zero-sequence and

negative ence homogeneity:

Zos+ZoL + Zor
To = arg {7 “Zo +7Z
2 (I-m)*Zy +Zyg Equation 1.14
\ Zyg+Zi +Zx
\ T, = arg

(I-m)*Z +Zx Equation 1.15
O The values Ty and T, represent how much the apparent fault impedance (Zg)

@ measured by relay tilts up or down (electrical degrees) because of the

nonhomogeneity of the corresponding network for a fault at location m (see
Figure 1.7).
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== N ] ZF
o L 4
Figure 1.7 Tilt in Apparent Fault Q
Impedance Resulting From Nonhomoger
Calculate Ty and T, for a ground & mote bus (i.e., m equals one per

unit). The magnitude of whichever
corresponding network is le
bus. The remote bus is selecte
distance overreach.

Table 1.15 provides the r%) quation 1.14 and Equation 1.15 for both
the negative-sequenc ero-sequence networks. The negative-sequence
network is more ho s than the zero-sequence network because the
ess the magnitude of T,

s for a ground fault at the remote
ult location to prevent Zone 1 ground

sulting From Nonhomogeneity

ulation Angle

-0.2°

T, —4.1°
ative-sequence current flowing in the line as the polarizing quantity

for the ground distance quadrilateral reactance measurement.

\ XGPOL := 12 Quadrilateral Ground Polarizing Quantity (12, IG)

@homogeneous Correction Angle
@ TANG is the nonhomogeneous angle setting that also helps prevent overreach

or underreach by compensating the angle of the reactance line.
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X
___TANG>0

Protection Application Examples ‘ A131

Figure 1.8 Nonhomogeneous Angle SettinQ

Set TANG to prevent the Zone 1 qua ound distance reactance
measurement from overreaching ults located at the remote bus.
Equation 1.15 (T,) from Quadrilat und Polarizing Quantity was
approximately zero. Theref equal to zero.

TANG:=0 Nonhomoge& ection Angle (—40.0 to +40.0 degrees)
Zero-Sequence Current Ct%ls ion Factors

Zero—sequence curre

a
oul

ompensation helps to keep the phase and ground
distance elem t the Q e reach if you set the reach equal per zone (for
example, Z G)."Ground distance elements should measure fault
impedance 1 s of positive-sequence impedance only.

The relay hasthreeZero-sequence current compensation factors (k01, kO, and
kOR). The Zone 1"ground distance element has a dedicated zero-sequence
current'¢o @- ation factor (kO1). Advanced Settings are enabled for this
pargicular e ple; set two independent zero-sequence current compensation
4 facters, one for forward-looking (kO) zones and one for reverse-looking (kOR)

es:
%L-Ql ground distance elements do not employ zero-sequence mutual
coupling compensation. Zero-sequence mutual coupling can cause under/
erreaching problems on both the faulted line and the nonfaulted line

O relaying terminals for parallel line applications employing ground distance
elements. Set the residual current compensation factors kO and kOR

appropriately to compensate for the effect of mutual coupling on parallel lines.

® Apply the following expression for the Zone 1 zero-sequence current

compensation factor.

kOl = Z0L1 _ZlLl

37,4
L 4 _ 1448 Q /82.1°-3.98 Q £87.6°
3398 Q £87.6°
= 0.88 £-7.6° Equation 1.16

kOM1:= 0.880 Zone 1 ZSC Factor Magnitude (AUTO, 0.000-10)
kOA1:=-7.60 Zone 1 ZSC Factor Angle (—180.0 to +180.0 degrees)
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bus because residual current flows in the same direction for both parallel lines.

Zone 2 ground distance elements tend to underreach for faults at the remote
Apply the following expression for the forward compensation factor so t:bo

Zone 2 ground distance elements see ground faults at the remote bus wh
zero-sequence mutual coupling is a concern.

KO0 = ZopLy ;.ZIZLI +Zom *
1L1
1448 QO £82.1°-3.98 Q /87.6° +7
3398 Q £87.6°
1.54 £-9° Equation 1.17

kOM :=1.540 Forward Zones ZSC Factor Magni 10)

kOA :==9.0 Forward Zones ZSC Factor Angle (-1 to +180.0 degrees)

Set the reverse compensation factor equal to rward compensation factor
so that Zone 3 ground distance protection the e reach for external
faults as the remote Zone 2 ground dist ction.

KOMR :=1.540 Reverse Zones
kOAR:=-9.0 Reverse Zones Z

C gnitude (0.000-10)
ngle (=180.0 to +180.0 degrees)

Parallel Line Out-of-Ser n the parallel line is out-of-service,
Zone 2 and 3 ground dista ts overreach; these elements still
coordinate properly durin aults because the elements overreach by
the same amount. Consi sing an alternate settings group if Zone 2 ground
distance protection p s time-delayed backup protection; Zone 2 ground
distance protection %@tream Zone 1 ground distance protection could

coordinate poj

Distance EIementx n Time Delay
Set the riate timers Z1D, Z2, and Z3D for both phase and ground

distanc%s.

There is do need to delay Zone 1 distance protection since it trips

@

st usly.
g\) =0.000 Zone 1 Time Delay (OFF, 0.000-16000 cycles)

e 2 distance protection must coordinate with downstream Zone 1 distance

O\otecﬁon, downstream circuit breaker operating time, and a safety margin. A

typical Zone 2 phase and ground distance time delay setting is 20 cycles.
72D :=20.000 Zone 2 Time Delay (OFF, 0.000-16000 cycles)

\@ Set Zone 3 for zero time delay.

Z3D:=0.000 Zone 3 Time Delay (OFF, 0.000-16000 cycles)
SOTF Scheme

SOTF (Switch-Onto-Fault) logic is enabled when the circuit breaker closes.

L 4 This logic provides protection for a short duration (setting SOTFD) until other
protection (such as tripping from SELOGIC control equations TR and
TRCOMM) is available. The TRSOTF SELOGIC control equation defines
which protection elements cause the relay to trip when the SOTF scheme is
active. Assertion of the protection elements assigned to TRSOTF during the
SOTFD time causes the relay to trip instantaneously.
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Apply SOTF when using line-side potentials for relaying. Use nondirectional
overcurrent protection to clear close-in faults. Also use instantaneous

overreaching distance protection to clear faults along the line. Assign
instantaneous Zone 2 mho phase and ground distance protection plus Le@

phase overcurrent element to TRSOTF.
TRSOTF := M2P OR Z26 OR 50P1 Switch-Onto-Fault Trip (SELOGIC Equation)

Single-Pole SOTF

L 4
Single-pole tripping is applied for this particular example, T 1lity to
single-pole trip when SOTF is enabled helps improve tran er system
stability. The setting ESPSTF enables single-pole switgh-onto-fault

protection; the SOTF is armed following a single-pole ttempt. Enable

this option.
ESPSTF =Y Single-Pole Switch-Onto-Fault ( )

Voltage Reset

You can configure the logic so the SOT, e duration resets within at least
5 cycles after it first asserted, but before t FD timer expires. To quickly
reset the SOTF period, the relay n at the positive-sequence voltage
is greater than 85 percent of the nominaliyoltage.

Voltage Reset) to enable fast reset.
ection quickly is that unwanted tripping
s external to the remote terminals during

does not occur for subse
i n occur if you set instantaneous Zone 2

the SOTF period; these
distance protection ele
Enable the vo ese

EVRST = h-Onto-Fault Voltage Reset (Y, N)
SOTF Initiatio\
The S ic asserts via one or both of the following methods:

showing that the circuit breaker has just opened

L 4
\ » Assertion of the relay control input assigned to the circuit
breaker close bus

Ne 52A method works well for both single and multiple circuit breaker
applications and does not require an input from the close bus. However, the
close bus method only enables SOTF protection immediately following the
close command to the circuit breaker. For more information, see Switch-Onto-

@ Fault Logic on page R.1.94.
% Select the 52 A option for this application and set the delay (S2AEND) shorter

O A change in the normally open auxiliary contact 52A status

than the shortest reclose open interval.
52AEND :=10.000 52A Pole Open Time Delay (OFF, 0.000-16000 cycles)

Turn off CLOEND (CLSMON Delay) since this method is not used.

4 CLOEND := OFF CLSMON or Single Pole Open Delay
(OFF, 0.000-16000 cycles)
SOTF Duration

Setting SOTFD determines the longest period the SOTF logic can assert after
the circuit breaker closes.
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SOTFD :=10.000 Switch-Onto-Fault Enable Duration (0.500-16000 cycles) O

Phase Instantaneous/Definite-Time Overcurrent Elements 0

Use 50P1, Level 1 phase instantaneous overcurrent element, as a
nondirectional high-set phase overcurrent element for SOTF protection. If the
local circuit breaker closes into a close-in three-phase bolted fault with line-
side potential transformers, the polarizing voltage for the phase distance
elements is zero. Therefore, the distance protection does not gperate. In this

case, the S0P1 element quickly trips the circuit breaker beca i
overcurrent element does not rely on the polarizing voltage:
To rapidly clear faults, set 50P1P equal to 50 percent

measured at the local terminal for a close-in three-
source conditions so that the relay operates for low-le ault current.

50P1P:=7.21 Level 1 Pickup (OFF, 0.25-1

This application uses 50P1 as an instantan: overcurrent element; you do
not need time delay.

67P1D :=0.000 Level 1 Time 6000 cycles)

This application uses 50P1 as a no
conditions on torque contro

67P1ITC:=1 Level 1 Tor

ional overcurrent element; place no

1 (SELocIC Equation)

Selectable Operating QuantityFime Overcurrent Element 1

Use inverse-time ove protection to provide backup protection for high-
i e 51S1 element provides backup protection for
both the communications-assisted and step distance

protectiomyfai erate.

NOTE: Use your company practices Select z ce line current as the operating quantity.
and philosophy when determining
these settings. 51510 : 5151 Operate Quantity (Ian, Ibn, Icn, IMAXn, I1L, 312L,
31
* e'minthe 51S10 setting is L for line, 1 for BK1, and 2 for BK2.

The fault current (31;) measured by the relay for a bolted single phase-to-
nd fault at the remote station with both lines in-service is 2.25 A
ondary. (A remote end fault for the downstream relay gives a fault current

O of 1.22 A secondary.) Set the pickup to 30 to 50 percent of 31,
51S1P = 0.50 51S1 Overcurrent Pickup (0.25-16 A secondary)

Use the following formula to determine approximately how much primary

® fault resistance coverage (Rg) is provided by 51S1P on a radial basis:

PTR ,  VNOMY /./3
CTR SISIP

_ 4500, 111.11V /3
¢ 400 0.50 A

1443 Q primary Equation 1.18

Rp =

Use the following as a guide to set the curve and time dial; for secure backup
protection, perform a coordination study.
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Set the local overcurrent element to coordinate with the downstream
overcurrent element such that there is an 18-cycle (60 Hz nominal) safety
margin for ground faults in front of the first downstream overcurrent elements
Assume the operating time of the downstream overcurrent element is 12
cycles for a close-in ground fault. Therefore, set the local time-overcurrent
element to operate approximately 30 cycles for ground faults in front of the
first downstream overcurrent element.

51S1C = U3 51S1 Inverse-Time Overcurrent Curve (U1-U5)
51S1TD =1.68 51S1 Inverse-Time Overcurrent Time Dial (0.50515.0)

Set the overcurrent element to emulate electromechanical reset.
51SIRS =Y 51S1 Inverse-Time Overcurrent Electromechanical Reset (Y, N)

Torque control the overcurrent element with the forward ‘deCision from the
ground directional element.

51S1TC = 32GF 51S1 Torque Control (SEL@GIE Equation)

Zone/Level Direction

Zone 1 and Zone 2 distance elementidirections are fixed in the forward
direction. You can select the other zoenesyindependently as forward-looking
(F), or reverse-looking (R). SetZenc 8, distance elements reverse-looking,
because these are blockingelements for the POTT trip scheme.

DIR3:=R Zone/Level 3dDireetional Control (F, R)

Directional Control

The SEL-42141ses an atray of directional elements to supervise the ground
distance elefaents@nd residual directional overcurrent elements during ground
fault conditions¥Internal logic automatically selects the best choice for the
ground directienal‘€lement (32G) from among the negative-sequence voltage-
polarized’directional element (32QG), zero-sequence voltage-polarized
directional€lemient (32V), and the zero-sequence current-polarized directional
element (321"

Thetelay/setting ORDER determines the order in which the relay selects
diregtional elements to provide ground directional decisions. You can set
ORDER with any combination of Q, V, and I. The listed order of these
ditectional elements determines the priority in which these elements operate
to'provide the ground directional element. Only one specific directional
element operates at any one time. Directional element classification is as
follows:

» (Q—Negative-sequence voltage-polarized directional element
» V—Zero-sequence voltage-polarized directional element

» [—Zero-sequence current-polarized directional element

Set ORDER to QV. The first listed directional element choice, Q, is the first
priority directional element to provide directional control for the ground
distance elements and residual ground directional overcurrent elements. If Q
is not operable, the second listed directional element choice, V, provides
directional control for the ground distance elements and residual ground
directional overcurrent elements. A polarizing quantity was not available for
choice I, so I is not selected for this particular application example.

ORDER :=QV Ground Directional Element Priority (combine Q, V, I)
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SELOGIC control equation E32IV must assert to logical 1 to enable V or I for
directional control of the ground distance elements and residual ground
directional overcurrent elements. Set E32IV to logical 1.

E32IV:=1 Zero-Sequence Voltage and Current Enable (SELOGIC Equation)

Pole-Open Detection

The setting EPO, Enable Pole-Open logic, offers two options feg deciding
what conditions signify an open pole, as listed in Table [.11.

Table 1.11 Options for Enabling Pole-Open Logic

Option Description m

EPO :=V | The logic declares a single-pole open if the corrésponding phase undervolt-
age element asserts and the open phase defection [ogic declares the pole is
open. Select this option only if you use line-sidegpotential transformers for
relaying purposes. A typical setting for the'27PO, pole-open undervoltage
threshold, is 60 percent of the nominalline-to-neutral voltage.

Do not select this option when shtneactors are applied, because the volt-
age slowly decays after the circuit preaker opens. With this option selected,
the relay cannot declare‘aniopen pole during assertion of LOP.

EPO :=52 | The logic declares a single-pole‘open if the corresponding 52A contact
(52AA1, for example) from, the circuit breaker deasserts and the open phase
detection logic declaresjthat the pole is open.

Select the second option because@d’5S2A contact is available. The relay uses
both open phase detection and status information from the circuit breaker to
make the most securg degision:

EPO=52 Pgle®@pen Detection (52, V)

Pole-Open Time Delay on Dropout

SPOD is the titae delay on dropout after the Relay Word bit SPO deasserts.
This time delay allows power system transients to settle after the open-pole
recloses; thergby stabilizing the ground distance elements corresponding to
that'phase. Tf a three-pole open condition (3PO) asserts, SPOD resets
immediately.

SPOD := 0.500 Single Pole Open Dropout Delay (0.000-60 cycles)

The setting 3POD establishes the time delay on dropout after the Relay Word
bit 3PO deasserts. This delay is important when you use line-side potential
transformers for relaying. Use the 3POD setting to stabilize the ground
distance elements in case of pole scatter during closing of the circuit
breaker(s).

3P0D :=0.500 Three-Pole Open Dropout Delay (0.000-60 cycles)

POTT Trip Scheme

The permissive overreaching transfer trip (POTT) scheme is selected to
provide high-speed tripping for faults along the protected line.

The POTT scheme logic consists of four sections:
» Current reversal guard logic
» Echo

» Weak infeed logic

>

Permission to Trip Received
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Current Reversal Guard Logic

You need current reversal guard for this parallel line application. When a
reverse-looking element detects an external fault, the relay does not key the
transmitter and ignores reception of a permissive signal from the remote
terminal. The Zone 3 Reverse Block Delay (Z3RBD) timer extends these two
conditions after a current reversal occurs and the reverse-looking elements
drop out.

Set Z3RBD timer to accommodate for the following:
» Remote terminal R circuit breaker maximumigpenifig time
» Maximum communications channel reséet time

» Remote terminal R Zone 2 relay maXimumyséset time

Assume a circuit breaker opening time of 3 cyclesja communications channel
reset time of 1 cycle, and remote Zone 2 relay reset time of 1 cycle. The sum
of these times gives a conservative setting oS cycles for a three-cycle circuit
breaker.

Z3RBD :=5.000 Zone 3 Reversg,Bloek Fime"Delay (0.000-16000 cycles)

Echo

If the local circuit breaker jis epeiy,or a' weak infeed condition exists at the
local terminal, the received{pesmissive signal can echo back to the remote
relay and cause it to issue,a high=8peed trip for faults beyond the remote relay
Zone 1 reach. The SEL-42 I"includes logic that echoes the received permissive
signal back to the remiotg tesminal after specific conditions are satisfied. The
echo logic includes timers for qualifying the permissive signal as well as
timers for blocking the echo logic during specific conditions.

Use EBLKD (Echo Block Time Delay) to block the echo logic after dropout
of local permissive‘€lements. The recommended setting for the EBLKD timer
is the sum ofythe following:

» /Remote terminal R circuit breaker opening time
» Communications channel round trip time

» Safety margin

Assume a circuit breaker opening time of 3 cycles, a communications channel
round trip time of 2 cycles, and a safety margin of 5 cycles. The sum of these
three times gives a conservative setting of 10 cycles for a 3-cycle circuit
breaker.

EBLKD :=10.000 Echo Block Time Delay (OFF, 0.000-16000 cycles)

The echo time delay, setting ETDPU, makes certain that the reverse-looking
elements at the receiving end have sufficient time to operate and block the
received echo signal for external faults behind the remote terminal. The delay
also guards the echo and weak infeed logic against noise bursts that can occur
on the communications channel during close-in external faults.

Because of the brief duration of noise bursts and the pickup time for the
reverse-looking elements, a received signal must be present for a short time to
allow the POTT scheme to echo the permissive signal back to the remote
terminal. The ETDPU (Echo Time Delay Pickup) timer specifies the time a
permissive trip signal must be present. The ETDPU setting depends upon your
communications equipment, but a conservative setting for this timer is 2
cycles.
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ETDPU:=2.000 Echo Time Delay Pickup (OFF, 0.000—16000 cycles)

The setting EDURD (Echo Duration Time Delay) limits the duration of the
echoed permissive signal. Once an echo signal initiates, it should remain for a
minimum period of time and then stop, even if a terminal receives a
continuous permissive signal. This termination of the echo signal prevents t
permissive trip signal from latching between the two terminals. Assume a
3-cycle circuit breaker at the remote terminal and a 1-cycle channel delay§The

sum of these two is a setting of 4 cycles.
EDURD :=4.000 Echo Duration Time Delay (0.0001@
Weak Infeed

The SEL-421 provides weak infeed logic to high-s
terminals for internal faults near the weak terminal.

terminal to trip. The weak terminal trips by ing the echoed permissive
signal to a trip signal after satisfaction of speci

This application does not require use o -infeed feature.
EWFC:=N Weak Infeed Trip (
Permission to Trip Received
Two Relay Word bits idenmﬁ of permission to trip:
» PT1—General permission to trip received

> PT3 -pole permission to trip received
Refer to Cross nt It Identification on page A.1.42 for a detailed

SEL- tion S from three-pole tripping for cross-country faults (for

ase-to-ground fault on Line 1 and B-phase-to-ground fault

\an usly on Line 2) beyond the reach of local Zone 1 ground distance
C

\&pect tripping is also implemented for reliability and to decrease the overall

¢

ping time of the SEL-421 at Station S for cross-country faults beyond the
reach of local Zone 1 ground distance protection. The logic PT1 and PT3
requires that the circuit breakers at Station R single-pole trip the external fault
on line 2 first before the SEL-421 at Station S can single-pole trip for the case
of cross-country faults beyond the reach of Zone 1 ground distance protection

\® at Station S. Direct tripping for cross-country faults is faster since the
SEL-421 at Station S do not have to wait for the remote circuit breakers to
single-pole trip.
PT1:= RMBIA General Permissive Trip Received (SELOGIC Equation)
PT3:=RMB2A Three-Pole Permissive Trip Received (SELOGIC Equation)

Trip Logic

Trip logic configures the relay for tripping. These settings consists of the
following:

» Trip equations
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» Trip unlatch options
» Single-pole trip options O
» Trip timers ‘ )
» Enable single-pole tripping
Trip Equations S

Set these six SELOGIC control equations for tripping:

» TR (unconditional) \%

» TRCOMM (communications-assisted)
» TRSOTF (SOTF) @
» DTA, DTB, and DTC (direct tﬁp@
The TR SELOGIC control equation determi@ protection elements trip
unconditionally. Set TR to Zone 1 instantan distance protection, Zone 2
t1

time-delayed distance protection, and i overcurrent protection for
backup.
TR:=Z1T OR Z2T OR 51S1T Trip GIC'Equation)

The TRCOMM SELOGIC co

ion determines which elements trip via

the communication-based ic. Set instantaneous Zone 2 distance
protection in the TRCOM ic equation.
TRCOMM = M2P OR Z2 mmunications-Assisted Trip (SELOGIC
Equation)

and DTC SELOGIC control equations receive single-pole
dire rips from the remote terminal whenever the remote SEL-421
single-pole trips. Use this tripping logic for reliability and to decrease

* perating time during cross-country faults beyond the reach of local
1 ground distance protection.
DTA :=RMB3A Direct Transfer Trip A-Phase (SELOGIC Equation)
O DTB := RMB4A Direct Transfer Trip B-Phase (SELOGIC Equation)

DTC:= RMB5A Direct Transfer Trip C-Phase (SELOGIC Equation)

Trip Unlatch Options

\® Unlatch the control output programmed for tripping after the circuit breaker
auxiliary a contacts break the dc current. The SEL-421 provides three methods
for unlatching control outputs programmed for tripping after occurrence of a

protection trip:

» ULTR—following a protection trip, all three poles

* » TOPD—Unlatch single-pole trip if another protection trip
occurs during single-pole dead time

» TULO—following a protection trip, phase selective
ULTR. Use ULTR, the unlatch trip SELOGIC control equation, to unlatch all

three poles. Use the default setting, to assert ULTR when you push the front-
panel {TARGET RESET} pushbutton.
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ULTR :=TRGTR Unlatch Trip (SELoGIC Equation)

TOPD. It is common practice to trip the two remaining phases after the
single-pole open dead time, or if the single-pole auto-reclose cycle does not
reset, following the original single-pole trip. If the SEL-421 internal reclosing
relay is being used, the E3PT, E3PT1, and E3PT?2 settings in the trip logic
should be set as shown in Internal Recloser on page R.2.27. See Auto-Reclose
Example on page A.1.136 for information on using the SEL-421 reclositg
relay.

To illustrate another way of using an external reclosing relay, this example
will not use the SEL-421 Relay’s auto-reclose logic, rather, itases the TOP
(Trip During Open Pole) Relay Word bit to control the trip 1ogic.

The timer setting TOPD determines the length of time,for®éonverting any
subsequent single-pole trips to a three-pole trip foellowing the original single-
pole trip. Set this timer to the single-pole opensdeaditimie (30 cycles) and the
reset time (three seconds) for the recloser plus a S<gycle safety margin. See
Trip During Open-Pole Time Delay on page R¥M. 117 and External Recloser on
page R.2.28 for additional informationy

TOPD := 215.00 Trip During Ofén,Pole Time Delay (2.000-8000 cycles)

TULO. Use TULO (Trip Udilatch Option) to select the conditions that cause
the SEL-421 to unlatch the contrel ottputs that you programmed for tripping.
You can select from among the foufytrip unlatch options in Table 1.12.

Table 1.12 Trip Unlatch Options

Option Descriptio! ?*

1 Unlatch the tripswhen the relay has detected that one or more poles of the line
términaldre open, and Relay Word bit 3PT has deasserted.

2 ‘Unlatchithe trip when the relay has detected that the corresponding 52A con-
tact(§),from both circuit breakers (e.g., 52AA1 and 52AA?2) are deasserted.

3 Unlateh the trip when the relay has detected that the conditions for the first two
options are satisfied.

4 Do not run this logic.

Seleet the third option if a 52A contact is available because the relay uses both
epen phase detection and status information from the circuit breaker(s). For
infermation on the pole-open logic, see Switch-Onto-Fault Logic on

page R.1.94.

TULO := 3 Trip Unlatch Option (1, 2, 3, 4)

Single-Pole Trip Options

You can program the SEL-421 to single-pole trip for Zone 2 ground distance
operations. Employ this method if you want single-pole tripping during
ground faults within the last 20 percent of the protected line when the
communications channel is not available. Do not enable this option.

Z2GTSP:=N Zone 2 Ground Distance Time Delay SPT (Y, N)

The SEL-421 can assert a single-pole trip during high resistance ground faults
such that the fault impedance lies outside of the ground distance protection
characteristics; the FIDS logic selects the faulted phase when residual
directional overcurrent elements provide communications-assisted tripping.
Do not enable this option.
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67QGSP := N Zone 2 Dir. Negative-Sequence/Residual Ground Overcurrent
SPT (Y, N) O

Trip Timers

The SEL-421 provides dedicated timers for minimum trip durations and open-
pole time delays.

L 4

TDURI1D and TDUR3D, determine the minimum length of Relay
Word bits TPA1, TPA2, TPB1, TPB2, TPC1, TPC2, and ass se these
timers to control the designated trip control outputs. T! ntrol outputs
programmed for tripping close for the greater of the TDU ime, or the
duration of the trip condition.

Minimum Trip Duration. The minimum trip duration tim'@ttizgs,

TDURI1D is the minimum trip duration followinga singlé-pole trip. TDUR3D

is the minimum trip duration following a thr le‘teip. If another trip occurs
during the single-pole open dead time foll@gle—pole trip, TDUR3D

replaces TDURI1D.
'me@cles.
ion"Time Delay (2.000-8000 cycles)

tion Time Delay (2.000-8000 cycles)

A typical setting for both of thes
TDURID := 9.000 SPT Min Trip
TDUR3D :=9.000 3PT Min Tri

Enable Single-Pole Tripping
The relay contains both t&({)le and single-pole tripping logic. The relay
uses single-pole trippi 1Cif the setting for E3PT, Three-Pole Trip Enable

SELOGIC control equati uals logical 0. For this example, an external
reclosing rel prese se the TOP (Trip During Open Pole) Relay Word
bit and the N

logical O (assigned control input is deasserted), single-pole tripping is enabled.
E3PT := RTOP Three-Pole Trip Enable (SELOGIC Equation)

Bre
V'S thr@ trip selection input is used for both breakers. See Trip Logic and

Cir >r BK1 and Circuit Breaker BK2. In this example, the same
ources on page R.2.11 for details on the three-pole trip enable
set

\K E3PT1:= IN107 Breaker 1 3PT (SELoGIC Equation)

O E3PT2:= IN107 Breaker 2 3PT (SELoOGIC Equation)
Control Outputs@
in Board

\ Use SELOGIC control equations to assign the control outputs for tripping.
Use the Main Board control outputs for tripping. The first three control

outputs trip Circuit Breaker BK1A and the next three trip circuit breaker
BKIB.

0UT101:= TPA1

0UT102 := TPB1
0UT103 := TPC1
0UT104 = TPA2
OUT105 := TPB2
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0UT106 := TPC2 O
Cross-Country C)
Fault Identification

Fault Identification

The SEL-421 provides two means of implementing simultaneo
tripping logic for single-pole tripping applications in double
applications. This particular example is based upon the
channel POTT scheme. The implementation of this logic us e simplicity
and flexibility of SELOGIC control equations and MIR s®
communications.

ground?ault

For this particular example, when a cross-countgy fault'@ecurs close in to

Station R, the local line protection correctly ident e faults as single

phase-to-ground; Line 1 protection identifies a 1 A Phase-to-ground

fault, while Line 2 protection identifies a 1 B Phase-to-ground fault.

Tripping for both lines at Station R is i neous and independent from the

communications channel. Figure 4.9 illus a cross-country fault close in
c

to Station R (that is, beyond Zone respect to Station S).

A B C ]
IAS1 IART
IBSt IBSt
@ |3|0(1)
S = R
LINE 2
. IAR? |AR?
K ez, oo

Figure 1.9 Current Distribution During Cross-Country Fault

® The difficulty arises with the line protection at Station S prior to a circuit

breaker opening at Station R (after the circuit breakers open at Station R, the
line protection at Station S identifies each fault as single phase-to-ground).
This difficulty diminishes as the fault location moves closer to Station S. At
Station S, the relays for Lines 1 and 2 misidentify the fault as ABG. If the

4 permissive trip signal from Station R arrives while an overreaching Zone 2
phase-phase distance element at Station S is picked up, an undesirable three-
pole trip results for both lines at Station S. (An ABG fault involves more than
one phase, so protection for this fault must use three-pole tripping.)
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type identification between the line protection at both ends of the line. In

To avoid this, you must make provisions for identifying the mismatch in fault
doing so, you avoid three-pole tripping both lines at Station S while singloo

pole tripping both lines at Station R.

Transmit Equations

Overcoming this mismatch requires at least two communications channefls,
one for transmitting three-pole trip permission (KEY3) and anether for
transmitting all permissive trips (KEY 1). The relay at S tion% receive
both permissive signals before three-pole tripping via the munaications
scheme. Thus, the POTT?2 scheme determines if there is e t at both line
ends on fault type declaration. The relay checks fault typ ment by
comparing the local fault identification with the type, of ed permissive
trip signal.

and KEY3. The
only. Use two separate

The Zone 2 phase distance (M2P) element a
Zone 2 ground distance (Z2G) element ass
signals, rather than one, to send permissi

» KEY1—Transmit
» KEY3—Transmit

s K

eneftal sive Trip

e Permissive Trip
Assign these two permissive e first two Transmit MIRRORED BITS

signals.
TMBIA := KEY1 OR EKEY AND Transmit MIRRORED BIT 1A

(SELocIc Equati

TMB2A := KEY3 OR ND RMB2A Transmit MIRRORED BIT 2A
(SELo qua @

Receive Equati

Any type of ected within Zone 2 at Station R transmit KEY 1, which is
ed t t Station S through the MIRRORED BITS pair, TMB1A and
, L-421 at Station S can high-speed single-pole trip via the
cory ications channel if the fault type is identified as single-phase and
4 single-pole tripping is enabled, regardless of fault selection at the remote

igure 1.10 is a simplified logic diagram for the communications-assisted
tripping logic.

Local Station (Station Remote Station (Station S)

___________________________________________

PTI N
| 726 SPT
-

3PT

TMB2A  RMB2A

KEY3 PT3

M2P
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Figure 1.10 Simplified POTT Scheme KEY1/KEY3 Logic

SEL-421 Relay

If the SEL-421 at Station S detects a multiphase fault in Zone 2, it can high-
speed three-pole trip only if both PT1 and PT3 assert. PT3 confirms that the
remote terminal (Station R) has also identified the fault type as multiphases If
the SEL-421 detects a multiphase fault in Zone 2 and receives only PT1, like
in the cross-country fault situation on a parallel-line system, the relay delays a
trip until the permissive signal received agrees with the fault type detected
locally. The fault type detected by the SEL-421 at Station S changes from a
multiphase to a single-phase ground fault after Station R cledrs th@&%®xternal
fault on line 2. The relay can then single-pole trip via the'teceived PT1. Note
that a desired single-pole trip at Station S occurs only afteg,Station R clears the
external fault on line 2. To avoid a delayed trip in a crgss-¢ountry fault
situation, you may choose the three-channel POTT scheme (POTT3), as
described below.

Two Relay Word bits identify receipt of trip pesmission:
» PT1—General permission to¥sip received
» PT3—Three-pole permigsionito trip received
Assign PT1 to the corresponding Reeeived MIRRORED BITS signals.

PT1:= RMBIA General PermissiveTripReceived (SELOGIC Equation)
PT3:=RMB2A Three-Pgle Pemmissive Trip Received (SELOGIC Equation)

Three-Channel POTT Scheme, POTT3

In a cross-country faudt'situation of a mutually coupled parallel-line system, a
relay using the one-chagnel POTT scheme will trip all three poles at the
remote-to-fault terminalyThis is because the relay at the remote terminal sees
a multiphasé fault/and receives the only permissive trip signal. Both
transmissien [imes will be out of service if even a single-phase ground fault
occurs on each,circuit.

The two-chantiel POTT scheme retains the much-desired single-pole tripping
in the,event of cross-country faults. However, the relay at the remote terminal
has(to delay a single-pole trip until the external fault is cleared at the close-in
terminal /This application example uses direct transfer trips described below
to cempliment the two-channel POTT scheme and reduce the single-pole trip
delay to a minimum.

As an alternative to the two-channel POTT scheme with direct transfer trips,
you may use the phase-segregate three-channel POTT scheme (POTT3) to
correctly single-pole trip without a delay in the event of cross-country faults.
In the previous cross-country fault example, the SEL-421 on line 1 at Station
R will transmit KEYA to the relay at Station S, which converts it to PTA, a
permissive A-phase trip signal. The relay then combines a locally detected
Zone 2 phase distance element with the received PTA and trips A-phase only
without a time delay. Because the direct transfer trips are not necessary in the
three-channel POTT scheme, the total communications channels used would
be three.

For three-channel POTT applications, the following equations apply:

ECOMM := POTT3 Communications-Assisted Tripping (N, DCB, POTT,
POTT2, POTT3, DCUB1, DCUB2)

TMBIA := KEYA Transmit MIRRORED BIT 1A (SELoGIC Equation)
TMB2A := KEYB Transmit MIRRORED BIT 2A (SELOGIC Equation)
TMB3A := KEYC Transmit MIRRORED BIT 3A (SELocGIC Equation)
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PTA:= RMBIA A-phase Permissive Trip Received (SELOGIC Equation)
PTB := RMB2A B-phase Permissive Trip Received (SELOGIC Equation)
PTC:= RMB3A C-phase Permissive Trip Received (SELOGIC Equation)

Relay Word bit KEY is general permission to trip.

Single Line Applications

For single line applications, the following equations apply:

ECOMM = POTT Communications-Assisted Tripping (NjpDCB;, POTT,
POTT2, POTT3, DCUBI, DCUB2)

TMBIA := KEY Transmit MIRRORED BIT 1A (SELOGIC Equation)
PT1:= RMBIA General Permissive Trip Received(SELOGIC Equation)

Relay Word bit KEY is general permission to tript

Direct Tripping

Direct tripping is faster because the SEL-421 relays at Station S do not have to
wait for the circuit breakers at Statiop,R to,single-pole trip first; that is, the
SEL-421 relays at Station R single-pele‘direct transfer trip the SEL-421 relays
at Station S during crossing €ountsy, faults beyond the reach of Zone 1 ground
distance protection at Statien,S.

Transmit Equations

TMB3A := TPA AND NOT3PT “Transmit MIRRORED BIT 3A (SELOGIC
Equation)

TMB4A := TPB AND NOTS3PT Transmit MIRRORED BIT 4A (SELOGIC
Equation)

TMB5A™STPC"AND NOT 3PT Transmit MIRRORED BIT 5A (SELOGIC
Equation)

Receive Equations
DTA :=RMB3A Direct Transfer Trip A-Phase (SELOGIC Equation)
DTB"=RMB4A Direct Transfer Trip B-Phase (SELOGIC Equation)
DTC:= RMB5A Direct Transfer Trip C-Phase (SELOGIC Equation)

Examp|e Comp|eted This compleFes t.he appli.cation example that describes how to set the SEL-421
for communications-assisted protection of 500 kV parallel overhead
transmission lines with zero-sequence mutual coupling. Analyze your
particular power system to determine the appropriate settings for your
application.

Re|ay Settings Table 1.13 lists all protection relay settings for this example. Settings used in
this example appear in boldface type.

Table 1.13 Settings for 500 kV Parallel TX Example (Sheet 1 of 7)

Setting Description Entry

General Global (Global)

SID Station Identifier (40 characters) MOSCOW - 500 kV
RID Relay Identifier (40 characters) SEL-421 Relay
NUMBK Number of Breakers in Scheme (1, 2) 2
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Table 1.13 Settings for 500 kV Parallel TX Example (Sheet 2 of 7)

Setting Description Entry
BID1 Breaker 1 Identifier (40 characters) Circuit Breaker
BID2 Breaker 2 Identifier (40 characters) Circuit Breaker 2
NFREQ Nominal System Frequency (50, 60 Hz) 60
PHROT System Phase Rotation (ABC, ACB) ABC L 4
DATE_F Date Format (MDY, YMD, DMY) Y
FAULT Fault Condition (SELOGIC Equation) P1 1S1 OR
OR Z2G OR
P'OR Z3G
Current and Voltage Source Selection (Global)
ESS Current and Voltage Source Selection ( .1, 3
3,4
LINEI Line Current Source (IW, COMB COMB
BK1I Breaker 1 Current Source (IW, w
BK2I Breaker 2 Current Souree (I YNA) IX
Breaker Configuration (Breaker Mo
EBIMON Breaker 1 Moni N
EB2MON Breaker 2 Mo in, N) N
BKI1TYP Breaker 1 TripfType{(Single Pole = 1, 1
Three Pole =
BK2TYP Breaker, pe (Single Pole =1, 1
Thre e
Breaker 1 Inp aker“Monitoring)
52AA1 se N/O Contact Input—BK1 IN101
©GIC Equation)
52AB1 B-Phase N/O Contact Input—BK1 IN102
" LoaIC Equation)
52 -Phase N/O Contact Input—BK1 IN103
(SELogcIc Equation)
X Inputs (Breaker Monitoring)
52A A-Phase N/O Contact Input—BK?2 IN104
(SELogcIC Equation)
B-Phase N/O Contact Input—BK2 IN105
(SELogcIC Equation)
52AC2 C-Phase N/O Contact Input—BK?2 IN106
(SELoGIC Equation)
Line Configuration (Group)
CTRW Current Transformer Ratio—Input W (1-50000) | 400
CTRX Current Transformer Ratio—Input X (1-50000) 400
PTRY Potential Transformer Ratio—Input Y (1-10000) | 4500
VNOMY PT Nominal Voltage (L-L)—Input Y 111
(60-300 V secondary)
PTRZ Potential Transformer Ratio—Input Z (1-10000) | 4500
VNOMZ PT Nominal Voltage (L-L)—Input Z 111
(60-300 V secondary)
Z1IMAG Positive-Sequence Line Impedance Magnitude 3.98
(0.05-255 Q2 secondary)
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Setting Description Entry
Z1ANG Positive-Sequence Line Impedance Angle 87.6
(5.00-90 degrees)
Z0MAG Zero-Sequence Line Impedance Magnitude 14.48
(0.05-255 € secondary)
Z0ANG Zero-Sequence Line Impedance Angle 82.
(5.00-90 degrees)
EFLOC Fault Location (Y, N)
LL Line Length (0.10-999) 5
Relay Configuration (Group)
E21P Mho Phase Distance Zones (N, 1-5)
E2IMG Mho Ground Distance Zones (N, 1-5 3
E21XG Quadrilateral Ground Distance Zones (N, ) 3
ECVT CVT Transient Detection (Y, N
ESERCMP | Series-Compensated Line L« N
ECDTD Distance Element Com: i lay (Y, N) Y
ESOTF Switch-Onto-Fa Y
EOOS Out-of-Step ( N
ELOAD Load Encroac‘&l) N
ESO0P Phase Inst ~<EFime O/C Elements (N, 1-4) 1
ES0G nst./Def.-Time O/C Elements N
ES0Q e-Sequence Inst./Def.-Time O/C Elements | N
E51S ble Inverse-Time O/C Elements (N, 1-3) 1
E32 Rirectional Control (Y, AUTO) AUTO
EC M ommunications-Assisted Tripping (N, DCB, POTT2
POTT, POTT2, POTT3, DCUB2, DCUB2)
Q Breaker 1 Failure Logic (N, 1, 2) N
&2 Breaker 2 Failure Logic (N, 1, 2) N
Synchronism Check for Breaker 1 (Y, N) N
Synchronism Check for Breaker 2 (Y, N) N
E79 Reclosing (Y, Y1, N) N
EMANCL Manual Closing (Y, N) N
ELOP Loss-of-Potential (Y, Y1, N) Y1
EDEM Demand Metering (N, THM, ROL) N
EADVS Advanced Settings (Y, N) Y
Mho Phase Distance Element Reach (Group)
1P Zone 1 Reach (OFF, 0.05-64 Q) secondary) 3.18
72pP Zone 2 Reach (OFF, 0.05-64 Q secondary) 4.78
73P Zone 3 Reach (OFF, 0.05-64 Q) secondary) 4.78
Mho Phase Distance Element Time Delay (Group)
Z1PD Zone 1 Time Delay (OFF, 0.000-16000 cycles) OFF
Z2PD Zone 2 Time Delay (OFF, 0.000-16000 cycles) OFF
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Table 1.13 Settings for 500 kV Parallel TX Example (Sheet 4 of 7)

Setting

Description

Entry

Z3PD

Zone 3 Time Delay (OFF, 0.000-16000 cycles)

Mho Ground Distance Element Reach (Group)

ZIMG
12MG
Z3MG
Quadrilateral
XG1
RG1
XG2
RG2
XG3
RG3
XGPOL
TANG

Zero-Sequence Current Co

kOM1
kOA1

kOM

kOA

Gr D
&
GD

71D
72D
73D

Zone 1 (OFF, 0.05-64 Q secondary)

SOTF Scheme Settings

ESPSTF
EVRST
52AEND

CLOEND

SOTFD

CLSMON

Applications Handbook

OFF

3.18
Zone 2 (OFF, 0.05-64 Q secondary) 478 L 4
Zone 3 (OFF, 0.05-64 Q secondary) 4
Ground Distance Element Reach (Group) \
Zone 1 Reactance (OFF, 0.05-64 Q secondary) .1
Zone 1 Resistance (0.05-50 Q2 secondary) %
Zone 2 Reactance (OFF, 0.05-64 Q secondar 4.78
Zone 2 Resistance (0.05-50 Q secon 12.00
Zone 3 Reactance (OFF, 0.05-64 eco’ ) 478
Zone 3 Resistance (0.05-50 n 15.00
Quadrilateral Ground ty (12,1G) |12
Nonhomogeneous Corr 0.0
(-40.0 to +40.0
tor (Group)
Zone 1 ZSCF. ude (AUTO, 0.000-10) | 0.880
—7.6
C Factor Magnitude (0.000-10) | 1.540
ZSC Factor Angle -9.0
Zones ZSC Factor Magnitude (0.000-10) [ 1.540
everse Zones ZSC Factor Angle -9.0
180.0 to +180.0 degrees)
ce Element Time Delay (Group)
Zone 1 Time Delay (OFF, 0.000-16000 cycles) OFF
Zone 2 Time Delay (OFF, 0.000-16000 cycles) OFF
Zone 3 Time Delay (OFF, 0.000-16000 cycles) OFF
istance Element Common Time Delay (Group)
Zone 1 Time Delay (OFF, 0.000-16000 cycles) 0.000
Zone 2 Time Delay (OFF, 0.000-16000 cycles) 20.000
Zone 3 Time Delay (OFF, 0.000-16000 cycles) 0.000
Single-Pole Switch-Onto-Fault (Y, N) Y
Switch-Onto-Fault Voltage Reset (Y, N) Y
52A Pole Open Time Delay 10.000
(OFF, 0.000-16000 cycles)
CLSMON or Single Pole Open Delay OFF
(OFF, 0.000-16000 cycles)
Switch-Onto-Fault Enable Duration 10.000
(0.500-16000 cycles)
Close Signal Monitor (SELOGIC Equation) NA
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Table 1.13 Settings for 500 kV Parallel TX Example (Sheet 5 of 7)

Setting Description Entry
Phase Instantaneous Overcurrent Pickup (Group)
50P1P | Level 1 Pickup (OFF, 0.25-100 A secondary) | 721
Phase Overcurrent Definite-Time Delay (Group)
67P1D | Level 1 Time Delay (0.000-16000 cycles) 0.000
Phase Overcurrent Torque Control (Group)
67P1TC Level 1 Torque Control
(SELoGIC Equation)
Selectable Operating Quantity Inverse-Time Overcurrent Ele (Group)
51S10 5151 Operating Quantity (IAn, IBn, ICn, 1 n, OL
I1L, 312L, 310n)2
51S1P 5181 Overcurrent Pickup (0.25-16 0l 0.50
51S1C 51S1 Inverse-Time Overcurrent Céirve (U 5) U3
51S1TD 5181 Inverse-Time Overcurre; 1.68
(0.50-15)
51S1RS 5181 Inverse-Time Ove t romechanical | Y
Reset (Y, N)
51S1TC 5181 Torque Cont C Equation) 32GF
Zone/Level Direction (Grou
DIR3 | Zone/Level irection Control (F, R) R
Directional Control (G
Qv
1
tecti
EPO %e—Open Detection (52, V) 52
S Single-Pole Open Dropout Delay (cycles) 0.500
Three-Pole Open Dropout Delay (cycles) 0.500
&Trip Scheme (Group)
Zone 3 Reverse Block Time Delay 5.000
(0.000-16000 cycles)
EBLKD Echo Block Time Delay 10.000
(OFF, 0.000-16000 cycles)
ETDPU Echo Time Delay Pickup 2.000
(OFF, 0.000-16000 cycles)
EDURD Echo Duration Time Delay (0.000-16000 cycles) | 4.000
EWFC Weak Infeed Trip (Y, N, SP) N
27PWI Weak Infeed Phase Undervoltage Pickup (1.0- 47.0
200 V secondary)
27PPW Weak Infeed Phase-Phase Undervoltage Pickup 80.0
(1.0-300 V secondary)
S9NW Weak Infeed Zero-Sequence Overvoltage Pickup 5.0
(1.0-200 V secondary)
PT1 General Permissive Trip Received RMBI1A

(SELoGIc Equation)

Applications Handbook
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Table 1.13 Settings for 500 kV Parallel TX Example (Sheet 6 of 7)

Setting Description Entry
PT3 Three-Pole Permissive Trip Received RMB2A
(SELoGIC Equation)
Trip Logic (Group)
TR Trip (SELOGIC Equation) ZITORZ2T OR
518
TRCOMM | Communications-Assisted Trip 2P
(SELogIc Equation)
TRSOTF Switch-Onto-Fault Trip R Z2G OR
(SELogcIC Equation) 1
DTA Direct Transfer Trip A-Phase B3A
(SELogcIc Equation)
DTB Direct Transfer Trip B-Phase RMB4A
(SELOGIC control equation)
DTC Direct Transfer Trip C-Phase RMBSA
(SELoGIC Equation)
BKIMTR Manual Trip—Breaker uation) OC1 OR PB7_PUL
BK2MTR Manual Trip—Breaker 2 ( Equation) OC2 OR PB8_PUL
ULTR Unlatch Trip (SEL ion) TRGTR
ULMTRI1 Unlatch Manu ip—B er 1 (SELOGIC NOT (52AA1
Equation) AND 52AB1
AND 52AC1)
ULMTR2 Unlatc 1p—Breaker 2 (SELOGIC NOT (52AA2
io AND 52AB2
AND 52AC2)
TOPD uring Open Pole Time Delay 215.000
(2. 8000 cycles)
TULO nlatch Option (1, 2, 3, 4) 3
Z2GT ne 2 Ground Distance Time Delay SPT (Y, N) N
67QGSP Zone 2 Directional Neg.-Seq./Residual Ground N
Overcurrent SPT (Y, N)
NID SPT Minimum Trip Duration Time Delay 9.000
(2.000-8000 cycles)
UR3D 3PT Minimum Trip Duration Time Delay 9.000
(2.000-8000 cycles)
E3PT Three-Pole Trip Enable IN107 OR TOP
(SELoGIC Equation)
E3PT1 Breaker 1 3PT (SELoGIC Equation) IN107
E3PT2 Breaker 2 3PT (SELoGIC Equation) IN107
ER Event Report Trigger (SELOGIC Equation) R_TRIG M2P OR

Main Board (Outputs)

OouT101 (SELoGIC Equation)
0ouT102 (SELoGIC Equation)
OUT103 (SELoGIC Equation)
OouT104 (SELoGIC Equation)
Applications Handbook

R_TRIG Z2G OR
R_TRIG 5181 OR
R_TRIG M3P OR
R_TRIG Z3G

TPA1
TPB1
TPC1
TPA2
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Table 1.13 Settings for 500 kV Parallel TX Example (Sheet 7 of 7)

Setting Description Entry

OUT105 (SELoaIc Equation) TPB2

OUT106 (SELoGIC Equation) TPC2

MIRRORED BITs Transmit Equations (Outputs)

TMBIA | (SELoGIc Equation) KEY1 OR EKEY
A MBIA

TMB2A (SELocIc Equation) OREKEY

B2A

TMB3A (SELoaIc Equation) ND NOT

TMB4A (SELogIc Equation) 0 PB AND NOT
3PT

TMBSA | (SELoGIC Equation) Q TPC AND NOT
3PT

TMB6A (SELocIc Equation) NA

TMB7A (SELogIc Equation) NA

TMBSA (SELoGIc Equation) NA

TMB1B (SELocIc Equat NA

TMB2B (SELOGIC Equ& NA

TMB3B (SELoGIC EQ NA

TMB4B (SELOG at NA

TMBSB ( %n) NA

TMB6B 1C ation) NA

TMB7B 0OGIC Equation) NA

IC Equation) NA

Applications Handbook
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345 kV Tapped Overhead Transmission Line Examplgo

Figure 1.11 shows a three-ended 345 kV transmission line with SEL-421
protection at Stations S and R. A tap midway between Stations S and R feeds
an autotransformer. This example explains how to calculate settings for the
SEL-421 at Station S that protects the 345 kV circuit between SubstatiomiS,

Substation R, and the autotransformer. The 345 kV and 138 indings of
the autotransformer are wye-connected and solidly grounde iary
voltage windings are delta-connected and lag the other winding

30 degrees.

@ ng with PLC
d'protection for faults
and residual

n scheme.

This application example uses communications-assisted
(power line carrier) communication to provide high-
along the 345 kV circuit. The relay uses distanc
ground directional overcurrent elements in thisgpro

Another SEL-421 located on the 138 kV si the autotransformer blocks
high-speed tripping at Stations S and n the 138 kV side of the
autotransformer.

S (Kellogg) R (St. Maries)

Z1s, 205 W BR 7 Zon Bk2 -~ w_ i IR ZOR

(Section 1) 0,
VY VY
SEL-421 K SEL-421 E—<

VAZ @ou VAZ
Q ion 3)

T (Bonners Ferry)

ar. 2ot

Figure 1.11 345 kV T@erhead Transmission Line
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Power System Data Table 1.14 lists the power system data for this application example. Substitute
the values and parameters that correspond to your system when you set the
relay using this example as a guide.

Table 1.14 System Data—-345 kV Tapped Overhead Transmission Line

Parameter Value

EHYV nominal system line-to-line voltage 345 kv *
(transformer primary)

HV line-to-line voltage 138 kV %
(transformer secondary)

MV line-to-line voltage (transformer tertiary) | 13.8 kV

Nominal relay current SA secons

Nominal frequency 60 Hz

Line lengths?
S—t (Section 1) iles
t—R (Section 2) 0
iles

t-T (Section 3)

Line impedances:

ZlLl = Zle 9.67 Q £84.7° prlmary
ZOL] = ZOL2 96.65 QQ £73° prlmary
Zi13 44.5 Q £84.7° primary
Zoiz 144.98 Q0 £73° primary
Transformer impedances:
Xum 8% on 500 MVA; 1.6% on 100 MVA
XML 10% on 25 MVA; 40% on 100 MVA
XHL 15% on 25 MVA; 60% on 100 MVA
Source S imp 1 Zys ="Zys 10 @ £87° primary
Source R impeédanc IR =Zor 35 Q £87° primary
Source danc€s: Z1 = Zyr 0.656 ©Q £87° per unit
PTR Q ransformer ratio) 345 kV:115 V = 3000
e CTR (curfent transformer ratio) 1000:5 =200
ABC

35 tion
%a meter t is the tap point on the 345 kV line; S and R are terminals at the ends of the

345 kV line (see Figure 1.11).

\onvert the power system impedances from primary to secondary so you can
later calculate protection settings. Table 1.15 lists the corresponding

secondary impedances. Convert the impedances to secondary ohms as
follows:

\ kK = TR _ 200 _ (67
PTR 3000 Equation 1.19

Z1L1(sec0ndary) = ke Z1L1(primary)
= 0.067 « (29.67Q./84.7°)
= 2Q./84.7° Equation 1.20

Date Code 20080110 Applications Handbook SEL-421 Relay
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Table 1.15 Secondary Impedances

Parameter

Value

Line impedances:
ZiLi1=2Z2
ZoL1 =ZoL2
Zi13
Zors

Transformer impedances:

Source S impedances:
Zis=Zps

Source R impedances:

2 Q) £84.7° secondary

6.44 QO £73° secondary

3 Q) £84.7° secondary s
9.65 Q £73° secondary

8% @ 500 MVA; 1.6%o0n 1 VA
10% @ 25 MVA; o MVA
15% @ 25 MVA 6 00 MVA
0.67Q @y

Application Summary

-421 Relay

23 /8 condary

yﬁ W./87° per unit

00 MVA; the corresponding

ZirR=Zpr

Source T impedances:

Zi1=Zyr

The tapped autotransformer is ratedta
maximum load current is 839 A%pui

This particular example i

application with the foll
» DCB (direetional comparison blocking) trip scheme

f mho phase and ground distance protection

> v/
Zone 1, forward-looking, instantaneous underreaching
protection
> Zone 2, forward-looking, communications-assisted
high-speed tripping and time-delayed tripping
> Zone 3, reverse-looking, starting element

Two levels of zero-sequence directional overcurrent protection

> Level 2, forward-looking, communications-assisted
high-speed tripping

> Level 3, reverse-looking, starting element

» Inverse-time directional zero-sequence overcurrent backup
protection

» Load-encroachment logic: prevents unwanted tripping during
heavy load conditions

» SOTF protection: fast tripping when the circuit breaker closes

Relay settings that are not mentioned in this example do not apply to this
application example.

Applications Handbook Date Code 20080110
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Global Settings
General Global Settings O

The SEL-421 has settings for identification. These settings allow you to O
identify the following:

» Station (SID)
» Relay (RID)

L 4
» Circuit Breaker 1 (BID1) @
You can enter as many as 40 characters per identificati ti
SID := KELLOG - 345 kV Station Identifier (40 chara
RID := SEL-421 Relay Relay Identifier (40 character

Configure the SEL-421 for one circuit breake:
NUMBK :=1 Number of Breakers in Sch (1,
BID1 := Circuit Breaker 1 Breaker 1 Id r characters)

a ase rotation for the relay.
(50, 60 Hz)
(ABC, ACB)

You can select both nominal freq
NFREQ := 60 Nominal System F
PHROT := ABC System Ph

Current and Voltage Source S{N

The voltage and curr selection is for one circuit breaker. The relay
derives the line current from current input IW when you set ESS to N.

'@| an Itage Source Selection (Y, N, 1, 2, 3, 4)

Figure 1.42 illustrates the current and voltage sources for this particular
application. relay uses potential input VY and current input IW for line
relayin tial input VAZ is for synchronism check. Section 2: Auto-

Reclosi nchronism Check in the Reference Manual describes how to

app, e ronism check function.
L 4
W BK1

345 kV Bus

- —u:n—g SEL421
VAZ

\@ Figure 1.12 Circuit Breaker Arrangement at Station S

Circuit Breaker Configuration

Set the relay to indicate that Circuit Breaker 1 is a three-pole trip circuit
breaker.
BKITYP := 3 Breaker 1 Trip Type (Single-Pole = 1, Three-Pole = 3)

Date Code 20080110 Applications Handbook SEL-421 Relay
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Circuit Breaker 1Inputs O
The SEL-421 uses a normally open auxiliary contact from the circuit bre
to determine whether the circuit breaker is open or closed.
52AA1:= IN101 A-Phase N/O Contact Input -BK1 (SEL0GIC Equation)
Group Settings 4
Line Configuration

The SEL-421 has four transformer turns ratio settings th the
secondary potentials and currents that the relay measu e corresponding

primary values. These settings are the potential transf d current

transformer ratios PTRY, PTRZ, CTRW, and CTRX Y potential input
for line relaying and the Z potential input for sy checks. Use the W
current input for line relaying. The settings V VNOMZ specify the

nominal secondary line-to-line voltage of t ial transformers (see

Figure 1.12).
CTRW :=200 Current Transformer Rati ut W (1-50000)
PTRY := 3000 Potential Trans R Input Y (1-10000)
VNOMY :=115 PT Nomina )—Input Y (60-300 V secondary)
PTRZ :=3000 Potential Tra Ratio—Input Z (1-10000)
VNOMZ :=115 PT Nomi (L-L)—Input Z (60-300 V secondary)

Set ZIMAG equal to Z s Z11 5 so the fault locator provides correct
results for internal faglts ated on the tap (i.e., source T is extremely
weak and provides p no infeed). See Table 1.15 for the secondary
line impeda:

ZIMAG,:= ositive-Sequence Line Impedance Magnitude
(. secondary)
Z1A .IWPositive-Sequence Line Impedance Angle (5.00-90 degrees)

dary value of the zero-sequence impedance of the protected
ion S to Station R, ignoring the tap.

'=12.88 Zero-Sequence Line Impedance Magnitude

\\ (0.05-255 Q secondary)

Z0ANG :=73.0 Zero-Sequence Line Impedance Angle (5.00-90 degrees)

Ox\able the fault locator.

EFLOC := Y Fault Location (Y, N)

The LL setting is the line length. This value has no defined unit; you can set
\ the line length in miles, kilometers, ohms, etc. Set the length in miles.
LL:=100.00 Line Length (0.10-999)
The relay fault locator uses the values you enter for ZIMAG, Z1ANG,
ZOMAG, ZOANG, and LL.

. Relay Configuration

You can select from zero to five phase zones of phase mho (E21P), ground
mho (E21MG), and ground quadrilateral (E21XG) distance protection. You
can independently select the number of zones per type of distance protection.

-421 Relay Applications Handbook Date Code 20080110
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three zones of mho phase and ground distance protection.
E21P := 3 Mho Phase Distance Zones (N, 1-5)
E2IMG := 3 Mho Ground Distance Zones (N, 1-5)
E21XG := N Quadrilateral Ground Distance Zones (N, 1-5)

Select only the number of zones needed. For this application example, use O

Now enable the other logic you will need for this application example. 4

You do not need CVT transient detection if the SIR (Source Imp ce Ratio)
is less than five. SIR is equal to the ratio of the local so impedance to the

relay reach. Calculate the ratio based on the Zone 1 reach b you do not
want Zone 1 distance protection to overreach during ag'e al'fault.
15|
Zyp,+
0.67
0.8+ (2 Q)
0.2094'S Equation 1.21

SIR =

0.8

ECVT:=N CVT Transient Det

NOTE: The SEL-4211 and the The transmission line is not §&ties,compensated.
SEL-421-2 do not provide series-

compensated line protection logic. ESERCMP := N Series-C ine Logic (Y, N)
You can select a common,time or an independent time delay per zone

for phase and ground rotection. If you choose independent timing,
evolving faults (suc anging from single phase to multiphase)
cause the time

The SOT\C its tripping by specified protection elements for a
settabl ter the circuit breaker closes.

F witch-Onto-Fault (Y, N)

w
N relay has a load-encroachment feature that prevents operation of the phase

istance elements during heavy load. This unique feature permits the load to
enter a predefined area of the phase distance characteristics without causing
unwanted tripping.

ELOAD =Y Load Encroachment (Y, N)

\Z Use Level 1 high-set instantaneous phase overcurrent element for SOTF
protection.

E50P :=1 Phase Instantaneous/Definite-Time Overcurrent Elements
(N, 1-4)

Use residual ground overcurrent elements for the DCB trip scheme. The

L 4 Level 2 residual ground overcurrent element (67G2) is forward-looking and
provides communications-assisted tripping. The Level 3 residual overcurrent
element (67G3) is reverse-looking and blocks the tripping at Station R during
out-of-section faults behind Station S. Enable three levels of residual ground
overcurrent protection.

E506 := 3 Residual Ground Instantaneous/Definite-Time Overcurrent
Elements (N, 1-4)

Date Code 20080110 Applications Handbook SEL-421 Relay
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This application does not require negative-sequence overcurrent protection.

E500 := N Negative-Sequence Instantaneous/Definite-Time Overcurrent
Elements (N, 1-4)

Use inverse-time overcurrent protection to provide backup protection for highs
resistance ground faults. The 51S1 element provides backup protection for
unbalanced faults if both the communications-assisted and step distance
protection fail to operate.

E51S:=1 Selectable Inverse-Time Overcurrent Element (N, 1-3)

Set E32 to AUTO and the relay automatically calculates thelsettings
corresponding to the ground directional element (32G)

E32 := AUTO Directional Control (Y, AUTO)

Use the DCB tripping scheme.

ECOMM := DCB Communications-Assisted Tnippings(N, DCB, POTT,
POTT2, POTT3, DCUB1, DCUB2)

Fuses or molded case circuit breakers offemyprotect potential transformers.
Operation of one or more fuses, og,molded case€ circuit breakers, results in a
loss of polarizing potential inputstothe relay. Loss of one or more phase
voltages prevents the relay from properlypdetermining fault distance or
direction.

Occasional loss-of-potential te, the distance relay, while unavoidable, is
detectable. When the relay detects’a loss-of-potential condition, the relay can
block distance element operation, block or enable forward-looking directional
overcurrent elements{andiissue an alarm for any true loss-of-potential
condition.

If line-side PT's are used, the circuit breaker(s) must be closed for the LOP
logic to détect a LOP condition. Therefore, if three-phase potential to the
relay is lost while the circuit breaker(s) is open (e.g., the PT fuses are removed
while thefline is de-energized), the relay cannot detect a loss-of-potential
condition when'the circuit breaker(s) closes again. At circuit breaker closing,
the gelay cangdetect one or two missing potentials that occurred while the
circuit breaker was open. See Loss-of-Potential Logic on page R.1.26 for more
information.

Juble].16 lists the three choices for enabling LOP.

Table 1.16 LOP Enable Options

Option | Description

N The LOP logic operates but does not disable voltage-polarized directional
elements, distance elements, and forward-looking directional overcurrent
elements. Use LOP in this case for alarm only.

Y The relay disables all voltage-polarized directional elements and distance
elements, but enables forward-looking directional overcurrent elements.
These forward-looking directional overcurrent elements effectively become
nondirectional and provide overcurrent protection during an LOP condition.

Y1 The relay disables all voltage-polarized directional elements and distance
elements. The relay also disables the overcurrent elements controlled by the
voltage-polarized directional elements.

Set ELOP to Y1 for this application example. This choice reduces the chances
of false tripping because of a loss-of-potential condition.

ELOP := Y1 Loss-of-Potential (Y, Y1, N)

SEL-421 Relay Applications Handbook Date Code 20080110
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EADVS :=N Advanced Settings (Y, N)

Phase Distance Elements (21P) C)

Mho Phase Distance Element Reach

You do not need Advanced Settings for this application example. O

Employ each zone of mho phase distance protection as follows: ¢
» Zone 1—Instantaneous underreaching tri in%
» Zone 2—DCB scheme tripping \
» Zone 3—DCB scheme blocking

Zone 1Phase Distance Element Reach. Zone distance
protection provides instantaneous protection fo se-to‘phase, phase-to-
phase-to-ground, and three-phase faults for f the distance from
Station S to Station R because this is the s segment from one
terminal to another. Errors in the current ers, potential transformers,

modeled transmission line data, and faj ata do not permit Zone 1 to
be set equal to 100 percent of th tation R. Otherwise, unwanted
tripping could occur for faults just e remote terminal.

Set Zone 1 phase distance pr ual to 80 percent of the positive-

sequence impedance from& to Station R.
& B (Zyp,+ ZlL2)
=08 (2+2)Q
=32Q Equation 1.22
Z1P = 3. 1 Reach (OFF, 0.05-64 Q secondary)
d I

ance Element Reach. Set Zone 2 phase distance

Zone 2 Ph\
reach t% e tapped autotransformer.
1

Pe owing fault study to determine the apparent fault impedance
. the/SEL-421 distance elements measure for faults at the 138 kV terminals of
ﬁ nsformer. Use these measurements to set the distance reach

sel s. Station R should be in service to account for infeed. Place an AG and

C fault at the 138 kV terminals of the autotransformer and record the
secondary voltage and current the relay measures at Station S. Apply these
antities in Equation 1.23 and Equation 1.26, to determine the fault

impedance the relay measures for the two fault types shown in Table 1.17. Use

Equation 1.23 for an A-phase-to-ground fault and Equation 1.26 for the three-

Iy +koe 31, Equation 1.23
Where:

V4 = A-phase-to-neutral voltage

I, = A-phase current

ko= zero-sequence compensation factor

3Iy = zero-sequence current

Applications Handbook SEL-421 Relay
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The relay uses the zero-sequence compensation factor to measure zero-
sequence quantities in terms of positive-sequence quantities.
_ ZOL1 -7 1L1
N
3¢ Zyy, Equation 1.
The zero-sequence current is the sum of the phase currents. s

3p =Ty +Ig+Ic @tion 1.25
The magnitude of the impedance for B-phase-to-C-phas ase-to-C-

phase-to-ground, and three-phase faults is [Zgcl.

Zgc| =

IBC Equation 1.26

Where:

Vgc = B-phase-to-C-phas,
Igc = B-phase-to-

Table 1.17 lists the results of,

Table 1.17 Local Zone 2 edance Measurements

Fault Type 1Z Al 1Zgcl
777 Q NA

NA 8.8Q

Select the pha
by a safet§jfactor.o
reach.
(b Z2P = 125+ 88 Q
11.00 Q Equation 1.27
04 :=1.00 Zone 2 Reach (OFF, 0.05-64 Q secondary)

@se Distance Element Reach

O ne 3 phase distance protection is reverse-looking. Zone 3 at Station S must

phase measurement from 7able 1.17. Multiply this value
f 125 percent to obtain Zone 2 phase distance element

have adequate reach to prevent unwanted tripping by the SEL-421 relays at
Stations R or T during external faults behind the local terminal. The Zone 3
reach at Station S must cover overreach from the furthest reaching remote
Zone 2 for reverse faults when there is no infeed from the other remote

\i terminal.
Figure 1.13 illustrates this coordination issue. You must set the Zone 2 reach

at Station T to account for infeed during faults beyond the tap on the 345 kV

system. However, when one 345 kV station is out of service, the Zone 2 at

Station T overreaches for faults on the other side of the tap on the 345 kV
system.
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13,2013

Figure 1.13 Reverse Zone 3 Coordination
Place AG and ABC faults at Station T 2 e Equation 1.23 and

Equation 1.26 with respect to St ord the results in primary. Next
place AG and ABC faults at Stati e Equation 1.23 and

Equation 1.26 with respect t record the results in primary.
Table 1.18 lists the results in

Table 1.18 Apparent Imp surement for Remote Faults

Station 1Zacl [Zgcl
Relay at Station R, Fault a T 152.7 Q 196.65 Q2
(0.128 per unit) (0.165 per unit)
Relay at Statio ault at Station S 79.605 Q 76.845 QO
(0.418 per unit) (0.404 per unit)
Relay at’S @ , Fault at Station R 103.86 Q 115.86 Q2

_g (0.545 per unit)) (0.608 per unit)
L 4
21 at Station T measures the largest apparent fault impedance for

Q t Station R because the source at Station S is stronger than the source at
t

ion R. Therefore, Zone 2 at Station T must be set to 115.86 Q primary
(plus a safety margin) so that the relay can detect faults at Station R when the
urce at Station S is in-service; this is the largest Zone 2 reach.

Q>®

Figure 1.14 is an impedance diagram of the 345 kV tapped overhead
transmission line; only the reactances (per unit) are shown.

Date Code 20080110 Applications Handbook SEL-421 Relay



A.1.62 | Protection Application Examples
345 kV Tapped Overhead Transmission Line Example

T 0
Figure .14 Impedance Diagram

To determine the greatest amount of ovi m a remote terminal during
reverse faults with respect to Station S{su the fault impedance from the
a

corresponding apparent impedan S nt from Table 1.18.

Calculate the overreach at S open; SW-L and SW-R closed).

OVCHGK pe| ~ X1~ XiL2
& 165 - 0.0248 — 0.0248

0.115 per-unit Equation 1.28

Calculate the e@ﬁon T (SW-R open; SW-L and SW-B closed).
h = |ZAPP| XM~ Xg = X3 =X
\ 0.608 — (-0.092) — 0.108 — 0.0372 — 0.0248

0.53 per-unit Equation 1.29
Statiofr T e greatest overreach. Use Equation 1.30 to set Zone 3 phase

’dls nce element reach.

\ CTR .
\K Z3P = PTR * Z(per-unit)* Z, . 120%

200 | 0.53« 1190.25+ 1.2

~ 3000
=505 Q Equation 1.30

O
@Q’ R

base ™ 100 MVA
1190.25 ©Q

Z3P:=50.50 Zone 3 Reach (OFF, 0.05-64 Q secondary)
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Ground Distance Elements (2IMG and 21XG)
Mho Ground Distance Element Reach

Employ each zone of mho ground distance protection as follows:
» Zone 1—Instantaneous underreaching tripping
» Zone 2—DCB scheme tripping
» Zone 3—DCB scheme blocking

Zone 1 Mho Ground Distance Element Reach. Zone tanh&%round
distance element reach must meet the same requiremenf asjthatfor Zone 1
mho phase distance protection; the reach setting can be no greater than 80
percent of the protected line.

ZIMG=Z7Z1P=32Q
ZIMG = 3.20 Zone 1 (OFF, 0.05-64 Q) se¢ondazxy)

Zone 2 Mho Ground Distance ElementyReach. Set Zone 2 ground
distance element reach equal to Zone 2 phase distance element reach; this
ensures that Zone 2 ground distan¢elelements$ can see faults internal to the
tapped autotransformer. Zone 2 phase distance element reach was set to see
the largest apparent fault impedanee for faults at the 138 kV terminal of the
tapped autotransformer.

Z2MG =72P =11 Q
Z2MG :=11.00 Zone 2 (OEE, 0.05-64 Q secondary)

Zone 3 Mho Ground Distance Element Reach. Set Zone 3 ground
distance element réach equal to Zone 3 phase distance element reach; this
ensures that“enef3 ground distance elements coordinate with the remote
Zone 2 ground distance elements at Stations R and T for out-of-section faults
behind the locakterminal. Zone 3 phase distance element reach was set to
coordingte with the largest remote Zone 2 phase distance element reach.

£3MG,=Z3P = 50.50 Q
/3MG = 50.50 Zone 3 (OFF, 0.05-64 Q secondary)

Zero-Sequence Current Compensation Factors

Zero-sequence current compensation helps to keep the phase and ground
distance elements at the same reach if you set the reach equal per zone (for
example, Z1P = ZIMG). Ground distance elements should measure fault
impedance in terms of positive-sequence impedance only. The relay
automatically calculates the setting for the Zone 1 zero-sequence current
compensation factor when you set kOM1 to AUTO.

kOM1:= AUTO Zone 1 ZSC Factor Magnitude (AUTO, 0.000-10)

When you enter AUTO as the setting for kOM1, the relay calculates the zero-
sequence current compensation as follows:

ZOMAG/ZZ0OANG -Z1MAGZZ1ANG
3¢« ZIMAGZZ1ANG Equation 1.31

k0l =

Zone 2 and Zone 3 use the same zero-sequence current compensation factor as
that for Zone 1 because Advanced Settings are disabled.
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The relay displays the following values for kOM1 and kOMA:
kOM1:=0.750 Zone 1 ZSC Factor Magnitude (AUTO, 0.000-10)
kOMA := -16.87 Zone 1 ZCS Factor Angle (—180.0 to +180.0 degrees)

Distance Element Common Time Delay

Set the appropriate timers Z1D, Z2D, and Z3D for both phase and groun@®
distance elements.

You do not need to delay Zone 1 distance protection; it N@neously.
1

Z1D:=0.000 Zone 1 Time Delay (OFF, 0.000—16000

Zone 2 distance protection provides time-delayed
function. Set this delay to 20 cycles.

22D :=20.000 Zone 2 Time Delay (OFF, 0.0 cycles)
Zone 3 distance protection is reverse-looking and do not need to apply it
for tripping in this application. Set Zone 3,fo o time delay.

Z3D:=0.000 Zone 3 Time Delay ( —16000 cycles)

SOTF Scheme

SOTF (Switch-Onto-Fault
This logic provides protecti
protection (such as trippi
TRCOMM) is availa h
which protection elefne se the relay to trip when the SOTF scheme is
active. Asserti t ction elements assigned to TRSOTF during the

nabled when the circuit breaker closes.
ort duration (setting SOTFD) until other
from"SELOGIC control equations TR and

SOTFD ti S the relay to trip instantaneously.

Apply S using line-side potentials for relaying. Use nondirectional
overcurre ction to clear close-in faults. Also use instantaneous
overrea stance protection to clear faults along the line. Assign

instant one 2 mho phase and ground distance protection plus Level 1

ent element to TRSOTF.
:=M2P OR Z2G OR 50P1 Switch-Onto-Fault Trip (SELOGIC Equation)

is is a three-pole tripping application example; confirm that the SOTF
O protection is for three-pole tripping.

ESPSTF :=N Single-Pole Switch-Onto-Fault (Y, N)

\@ Voltage Reset
% You can configure the logic so the SOTF enable duration resets within at least

5 cycles after it first asserted, but before the SOTFD timer expires. To quickly
reset the SOTF period:

the relay must sense that the positive-sequence voltage is greater than 85
@ percent of the nominal voltage.

Use setting EVRST (Switch-Onto-Fault Voltage Reset) to enable fast reset.
The advantage of resetting SOTF protection quickly is that unwanted tripping
does not occur for subsequent faults external to the remote terminals during
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the SOTF period; these trips can occur if you set instantaneous Zone 2
distance protection elements in the TRSOTF SELOGIC control equation.
Enable the voltage reset option.
EVRST:= Y Switch-Onto-Fault Voltage Reset (Y, N) < ’

SOTF Initiation

The SOTF logic asserts via one or both of the following methods:

» A change in the normally open auxiliary contdct tatus
showing that the circuit breaker has just (N
» Assertion of the relay control input assi

breaker close bus

L 4

circuit

The 52A method works well for both single and multiple circuit breaker
applications and does not require an input from theclose bus. However, the
close bus method only enables SOTF protec mediately following the
close command to the circuit breaker. For e information, see Switch-Onto-

Fault Logic on page R.1.94.
Turn off 52AEND, 52A Pole Op 'n@ because the 52A method is
not used.

52AEND := OFF 52A Pole

Delay (OFF, 0.000-16000 cycles)

Select the close bus option for, this@pplication and set the close enable delay
(CLOEND) shorter than S t reclose open interval.

CLOEND :=10.000 C or Single-Pole Open Delay
(OFF, 0.000 cles)
SOTF Duration
Setting S ermines the longest period the SOTF logic can assert after

the circuit bri r closes.
SOT, Switch-Onto-Fault Enable Duration (0.500-16000 cycles)

Close Signal
7Y

e Relay Word bit CLSMON to a control input, so the relay can detect
execution of the close command.

\ CLSMON :=IN102 Close Signal Monitor (SELOGIC Equation)

Lo@roachment

The relay uses a load-encroachment feature that prevents operation of the

@ phase distance elements during heavy load. This unique feature permits the
load to enter a predefined area of the phase distance characteristics without
causing unwanted tripping. Figure 1.15 illustrates the load-encroachment
function superimposed on the mho phase distance protection characteristics.
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——IMPORT

Figure 1.15 Load-E gwt Function

o

2 6roa nt characteristic with load impedance settings in
the forward @ and reverse (ZLR) directions. Define the two load sectors,
export andyimp with angle settings PLAF, NLAF, PLAR, and NLAR in the
forward an ersgdirections.

O Therefore, the minimum load impedance the relay measures is as follows:

VLN
Zload - I_

%, :
_ 657V
42 A
15.6 Q Equation 1.32

Note that this load impedance is well inside the Zone 3 mho ground distance

. element reach, Z3MG, or 50.5 QO
Multiply Z;,,4 by a safety factor of 80 percent to account for overload
conditions.
Zioaq = 0.8+ 156 Q
=125Q Equation 1.33
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Set the forward and reverse load impedance thresholds (ZLF and ZLR,
respectively) according to the minimum load impedance.

ILF :=12.5 Forward Load Impedance (0.05-64 Q secondary)
ILR =12.5 Reverse Load Impedance (0.05-64 Q secondary)

To be conservative, assume a load angle range of +45°. Assume both forward
(export) and reverse (import) load ranges to be the same.

PLAF := 45.0 Forward Load Positive Angle (—90.0 to +90.0.degrees)
NLAF := -45.0 Forward Load Negative Angle (—90.0 te, +90:0°degrees)
PLAR :=135.0 Reverse Load Positive Angle (+90.0 to +270.0 ‘degrees)
NLAR :=225.0 Reverse Load Negative Angle (+90.0 to/+270.0 degrees)

Phase Instantaneous/Definite-Time Qvercurrent Elements

Use 50P1, Level 1 phase instantaneous overgiirreént element, as a
nondirectional high-set phase overcurrent element fér SOTF protection. If the
local circuit breaker closes into a close-imfthree<phase bolted fault with line-
side potential transformers, the polarizing #oltage for the phase distance
elements is zero. Therefore, the distance protection does not operate. In this
case, the 50P1 element quickly tripsythejeircuit breaker because this
overcurrent element does nof télypon the polarizing voltage.

To rapidly clear faults, set SOP1P equal to 50 percent of the fault current
measured at the local terminal fos@ close-in three-phase fault; use weak
source conditions to ensureithe relay operates for low-level fault current.

50P1P = 49.80 Level A*Rickup (OFF, 0.25-100 A secondary)

This application uses 50P4"as an instantaneous overcurrent element; you do
not need time,delay.

67P1ID=0.000pL evel 1 Time Delay (0.000-16000 cycles)

This application uses S0P1 as a nondirectional overcurrent element; you do
not need torque‘control.

6/PITC =1 Level 1 Torque Control (SELOGIC Equation)

Residualg6round Instantaneous/Definite-Time QOvercurrent Elements

This application example has three levels of residual ground overcurrent
elements. You will use these overcurrent elements later in the DCB scheme.
The Level 2 residual ground overcurrent element is set forward-looking to
serve as a tripping element. The Level 3 residual ground overcurrent element
is set as both a nondirectional (50G3) and reverse-looking (67G3) starting
element. Be sure to set residual ground elements above any loading unbalance.

Disable Level 1 residual ground overcurrent element; this particular
application does not use this element.

50G1P := OFF Level 1 Pickup (OFF, 0.25-100 A secondary)

Enable Level 2 residual ground overcurrent element for DCB tripping. Ground
distance elements measure fault resistance consisting of arcing resistance and
ground return resistance. Ground return resistance can consist of tower footing
resistance and tree resistance. The total ground fault resistance can lie outside
of the ground distance characteristics. Residual overcurrent protection is the
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method of protection provides the greatest sensitivity. Set the pickup to
20 percent of the nominal current (5 A).

5062P :=1.00 Level 2 Pickup (OFF, 0.25-100 A, secondary)

best method available for detecting high-resistance ground faults because this O

Enable Level 3 residual ground overcurrent element to send the blocking
signal for out-of-section faults. Set the pickup of Level 3 residual ground
overcurrent element (50G3) at Station S to half the remote forward-lookﬂg
residual ground overcurrent element (50G2) at Station R.

50G2Py
50G3Pg = .

2 quation 1.34
This measure provides security during out-of-sectien fa ecause the

blocking elements are twice as sensitive as the trippinglelements.
50G3P:= 0.50 Level 3 Pickup (OFF, 0.25- ndary)

You do not need to add intentional time de for Level 2 and Level 3

pickups.

6762D :=0.000 Level 2 Time
6763D :=0.000 Level 3 Time

.000-16000 cycles)

Set Level 2 torque control e e forward decision from the ground

directional element, 32GF!
6762TC := 32GF Level 2 Tor ontrol (SELOGIC Equation)
Set Level 3 torque co equation to the reverse decision from the ground
directional element,
67G3TC : ev orque Control (SELOGIC Equation)
tity Time Overcurrent Element 1

Selectable Opera\
Use invgrsestime overcurrent protection to provide backup protection for high-

nd faults. The 51S1 element provides backup protection for

un aults if both the communications-assisted and step distance

anced
4 protection fail to operate.
NOTE: Use your company practices &zero-sequence line current as the operating quantity.

and philosophy when determining
these settings. \ 51510 := 310L 51S1 Operating Quantity (IAn, IBn, ICn, IMAXn, I1L, 312L,

310n)
O The » in the 51S10 setting is L for line, 1 for BK1, and 2 for BK2.

The relay measures 4.8 A secondary of 31, for a bolted single-phase-to-

@ ground fault at the 345 kV terminals of the autotransformer. Set the pickup to
% 20 percent of 31,

51S1P:=0.96 51S1 Overcurrent Pickup (0.25-16 A secondary)

Use the following formula to determine approximately how much primary
fault resistance coverage (Rg) is provided by 51S1P on a radial basis:

PTR , VNOMY/./3
CTR SISIP

_ 3000, 115V/3
T 200 0.96A

1037 Q primary Equation 1.35

Rp =
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Use the following as a guide to set the curve and time dial; for secure backup
protection, perform a coordination study.

Set the local overcurrent element to coordinate with the downstream
overcurrent element such that there is an 18-cycle (60 Hz nominal) safet
margin for ground faults in front of the first downstream overcurrent element.
Assume the operating time of the downstream overcurrent element is 12
cycles for a close-in ground fault. Therefore, set the local time-overcurrefit
element to operate approximately 30 cycles for ground faults imfront of the
first downstream overcurrent element.

51S1C:= U3 51S1 Inverse-Time Overcurrent Curve (IN
51S1TD := 2.0 51S1 Inverse-Time Overcurrent TimeAD1

(0.50-15.0)
Set the overcurrent element to emulate electromechan reset, so the
overcurrent element coordinates properly with ele chanical overcurrent

w
relays.
51SIRS := Y 51S1 Inverse-Time OvercurrentyElectromechanical
Reset (Y, N)

Torque control the overcurrent el e forward decision from the
ground directional element.
51S1TC := 32GF 51S1 Torq (SELocIc Equation)

Zone/Level Direction \

Zone 1 and Zone 2 di§tanee element directions are fixed in the forward
direction. You S ther zones independently as forward-looking (F)
or reverse-lo ). one 3 distance elements reverse-looking because
these are bl lements for the DCB trip scheme.

0

DIR3 := evel 3 Directional Control (F, R)

Directional Con@
Th@ uses an array of directional elements to supervise the ground
e

 dis ments and residual directional overcurrent elements during ground
N)nditions. Internal logic automatically selects the best choice for the
%m directional element (32G) from among the negative-sequence voltage-
N rized directional element (32QG), zero-sequence voltage-polarized

ectional element (32V), and the zero-sequence current-polarized directional
element (32I).

The relay setting ORDER determines the order in which the relay selects
directional elements to provide ground directional decisions. You can set

\ ORDER with any combination of Q, V, and I. The listed order of these
directional elements determines the priority in which these elements operate
to provide the ground directional element. Only one specific directional

element operates at any one time. Directional element classification is as
follows:

S » (Q—Negative-sequence voltage-polarized directional element
» V—Zero-sequence voltage-polarized directional element

» [—Zero-sequence current-polarized directional element

Set ORDER to QV. The first listed directional element choice, Q, is the first
priority directional element to provide directional control for the ground
distance elements and residual directional overcurrent elements. If Q is not
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control for the ground distance elements and residual directional overcurrent

operable, the second listed directional element choice, V, provides directional
elements. A polarizing quantity was not available for choice I, so I is not O

selected for this particular application example.
ORDER :=QV Ground Directional Element Priority (combine Q, V, I)

SELOGIC control equation E321V must assert to logical 1 to enable V or I for
directional control of the ground distance elements and residual directioffdl
overcurrent elements. Set E32IV to logical 1.

E32IV:=1 Zero-Sequence Voltage and Current Enabl@iquation)

Reverse Ground Directional Checks
32QG and 32V makes forward and reverse directi d ns during
unbalanced faults based upon the following fourgsettin

» Z2F—Forward Directional Z

S
» Z72R—Reverse Directional eshold
» Z0F—Forward Directiofal eshold
» Z0R—Reverse Dir a hreshold

For 32QG, if the apparent n ence impedance measured by the
relay (z2) is less than Z2F lanced fault is declared forward. If z2 is
greater than Z2R, the unb t is declared reverse.

For 32V, if the apparent z equence impedance measured by the relay (z0)
is less than ZOF, the ced fault is declared forward. If z0 is greater than
ZO0OR, the unbala eclared reverse.

atically calculates these four settings as follows when
are disabled and setting E32 is AUTO:

Advanced,Se
Z2F =

Z2R = Z2F +

0.5« ZIMAG

0.5+ 4.00 Q
2.00 Q Equation 1.36

Q

0.5
nom

2.00 Q+0.10 Q
2.10 Q Equation 1.37

s

ZOF = 0.5+ ZOMAG
0.5+ 12.88 Q

6.44 Q Equation 1.38

0.5
nom

6.44 Q+0.10 Q
6.54 Q Equation 1.39

ZOR = ZOF +

%

4
[

Perform the following two checks to make sure the ground directional element
does not incorrectly make a forward decision during a reverse unbalanced
fault.
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711, so the fault locator provides correct results for internal faults not located
on the tap (i.e., source T is extremely weak and provides practically no
infeed).

32QG Reverse Directional Check. You set ZIMAG equal to Z;; ; plus O

Figure 1.16 is the negative-sequence network for the 345 kV tapped overhea
transmission line. Assume that the negative-sequence impedances are equal to
the positive-sequence impedances. L 4

1.16). The relay automatically sets Z2F equal to one-half ZIMAG.
Equation 1.40 is the apparent negative-sequence impedance z2 measured by

\ 32QG element during a reverse unbalanced fault.

22 =7y, +Zyp Equation 1.40

@ Z,p = parallel combination of the Line 3 impedance,
transformer reactances (neglect resistance), and the Bus T
impedance with Line 2 and the Bus R impedance

Xy = transformer high-side winding reactance

Xy = transformer low-side winding reactance
X = transformer tertiary winding reactance

The downstream parallel impedance, Z,p, is the Line 3 impedance, the
transformer reactances, and the Bus R impedance.

Zop = (Zy1 3+ Xy + )Xy +1X 1)

I (Z1L2 + ZIR) Equation 1.41
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Use the following two assumptions to simplify the calculations:
1. Assume the power system is purely reactive

2. Ignore source impedances Z;r and Z (a conservative < )

assumption)

Calculate the transformer reactances.
Xg = 05 (Xgm+ Xgn —XmL)
=05« (0.016+0.6-04)
= 0.108 per-unit %
Xy = 0.5 (Xpp+ XpL—
=05 (0016 +04 -

—-0.092 per-unQ
0.5 (Xyf+ X

ol
o
I

Use these assumptions fro

downstream parallel imp&&,‘
Z)pg=Ni 3+ Xy + Xyl 11X 0D

L XL+ Xg+ Xy X1L2j
(X3 + X+ Xy) + X1
\ _ .((0.038 +0.108 — 0.092) » 0.025)
= (0,038 +0.108-0.092) + 0.025
= j0.017 per-unit primary Equation 1.43

\ _ CTR~ (345 kV)
Zbase -

\ PTR » 100 MVA

200« (345 kV)?

3000« 100 MVA
79.35 Q Equation 1.44

® Calculate the parallel impedance in secondary ohms.

=7

ZZP(secondary) 2P(primary) ° Zbase

J0.017« 79.35 Q
1.35 Q) secondary Equation 1.45

To determine whether the 32QG element always operates correctly during
reverse unbalanced faults, check the following condition:

Z2F <|Zyp 1| + 1Zypl
2Q0<20+135Q
2Q0<335Q
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The condition is satisfied; the reverse negative-sequence voltage-polarized
directional element decision is correct during reverse unbalanced faults.

32V Reverse Directional Check.  You set ZOMAG equal to Zy | plLQ
C

Z1 > so the fault locator provides correct results for internal faults not lo
on the tap (that is, source T is extremely weak and provides practically no
infeed).

L 4

Figure 1.17 is the zero-sequence network for the 345 kV tapI%werhead

transmission line. \

If z0 is Z0F during a reverse unbalanced fault, 32V incorrectly
de e fault is forward with respect to the relay location (CT shown
&in .17). The relay automatically sets ZOF equal to one-half ZOMAG.

1.46 is the apparent zero-sequence impedance measured by 32V
during reverse unbalanced faults:

\ zg = Zop1 +Zop Equation 1.46

Where:
Zgp = parallel combination of the Line 3 impedance,
transformer high-side reactance (neglect resistance), and

® the parallel combination of the transformer low-side and

Bus T impedance in parallel with the transformer tertiary
impedance, in parallel with Line 2 and the Bus R
impedance (see Figure 1.17).

P Zop = ZoLs +iXy + Zopp) 1 (ZoLy + Zor)  gquation 1.47

Where:
Zypp = the parallel combination of the transformer low-side and
Bus T impedance in parallel with the transformer tertiary
impedance
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1. Assume the power system is purely reactive

2. Ignore source impedances Zyr and Zyy (a conservative
assumption)

Calculate the effect of transformer low side and transformer tertiary
impedances.

Zopp = (Zy+Zop) 12, \%
2

Use the following two assumptions to simplify the calculations: O

Xopp = —J0-113peramnit, Xopp  Equation 1.48

Use these assumptions to create a simpld orm of the downstream parallel
impedance (from Equation 1.47),

+ Xopp) * XOLZJ
1+ Xopp) + X2

2+0.108-0.113) « 0.081)
122 +0.108 — 0.113) + 0.081

.048 per unit Equation 1.49

Calculatf\lel impedance using Zy,, . from Equation 1.44.
ZOP = ZOP * Zbase
j0.048 « 79.35 Q

3.8 Q secondary Equation 1.50
termine whether the zero-sequence voltage-polarized 32V element
Iways operates correctly during reverse unbalanced faults, check the
\ wing condition:
O ZOF < lZOLll + lZOP'
6440<644Q+38Q
\@ 6.44 Q2 <10.24 Q

The condition is satisfied; the reverse zero-sequence voltage-polarized
directional element decision is correct during reverse unbalanced faults.
Pole Open Detection

@ The setting EPO, Enable Pole-Open logic, offers two options for deciding
what conditions signify an open pole, as listed in Table 1.19.

L 4
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Table 1.19 Options for Enabling Pole-Open Logic

R T \
Option Description
P P o~

EPO :=V The logic declares a single-pole open if the corresponding phase underyolt-
age element asserts and the open phase detection logic declares the poles
open. Select this option only if you use line-side potential transformers for
relaying purposes. A typical setting for the 27PO, pole-open undervoltage
threshold, is 60 percent of the nominal line-to-neutral voltage.

Do not select this option when shunt reactors are applied beeause the volt-
age slowly decays after the circuit breaker opens. With this option selected,
the relay cannot declare an open pole during assertion,of TOP.

EPO :=52 | The logic declares a single-pole open if the corresponding®$2A contact
(e.g., 52AA1) from the circuit breaker deassertsfand/helopen phase detec-
tion logic declares that the pole is open.

Select the second option because a 52A contact i§available. The relay uses
both open phase detection and status information from‘the circuit breaker to
make the most secure decision.

EPO :=52 Pole Open Detection (52, V)

Pole-Open Time Delay on Dropout

The setting 3POD establishegithe time delay on dropout after the Relay Word
bit 3PO deasserts. This delay isimpoftant when you use line-side potential
transformers for relaying. Use the 3ROD setting to stabilize the ground
distance elements in case 0f polgseatter during closing of the circuit
breaker(s).

3P0D :=0.500 Thtee Pole Open Time Dropout Delay (0.000-60 cycles)

DCB Trip Scheme

This application example uses DCB trip scheme. In this scheme high-speed
tripping eeeurs‘during internal autotransformer faults when the
commufiications channel is not available.

ThefDCB,trip scheme consists of the following three sections:
» Starting elements
» Coordination timers

» Extension of the blocking signal

Starting Elements

You can select nondirectional elements (NSTRT), directional elements
(DSTRT), or both to detect out-of-section faults behind the local terminal.
These elements send a blocking signal to Station R to prevent unwanted
tripping during out-of-section faults. Nondirectional elements are always
faster than directional elements, because directional elements need additional
time to process the directional decision. Select both types of elements for this
application.

Assign Relay Word bit NSTRT (Nondirectional Start) to OUT102 to start
transmission of the blocking signal. NSTRT asserts if Level 3 residual ground
overcurrent element (50G3) picks up. However, Relay Word bit STOP has
priority over Relay Word bit NSTRT. If a M2P, Z2G, or 67G2 assert, the relay
halts transmission of the blocking signal that nondirectional overcurrent
elements started.
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Level 2 residual ground directional overcurrent element provides

You have enabled three levels of residual ground overcurrent elements. The
communications-assisted tripping for internal unbalanced faults. The Le\bO
nd

residual ground overcurrent element provides nondirectional start (50G3
directional start (67G3).

The Relay Word bit DSTRT asserts if any of the following elements pick up:

» Zone 3 phase distance elements (M3P) ¢

» Zone 3 ground distance elements (Z3MG. @

» Level 3 residual ground directional overcurr Iement (67G3)
Relay Word bit DSTRT is useful when a bolted close hase fault
occurs behind the relay. If the polarizing voltage ce elements

f e
collapses to zero, the corresponding Zone 3 supervisorypphase-to-phase
current level detectors latch the Zone 3 phase dis e elements. Therefore,

the Zone 3 phase distance characteristics do a reverse offset for this
particular situation.

Assign Relay Word bit DSTRT (Direction ) to OUT102 to start
transmission of the blocking sig

0UT102 := NSTRT AND NOT STOP 0

OUT103 stops the local trans T sending the blocking signal to the
remote terminal.

0UTIO3 = STOP OR 3PT&
Time delay on pickuppr ts'transmission of the blocking signal if a

transient causesga,rever, ing element to pick up momentarily. Set the
correspondi to cle.
Z3XPU= 1. one 3 Reverse Pickup Time Delay (0.000-16000 cycles)

You can N the blocking signal during current reversals. Set the
corresp dropout timer to 5 cycles.

: 0 Zone 3 Reverse Dropout Delay (0.000-16000 cycles)

The ard-looking elements that provide high-speed tripping at Station S
t be delayed momentarily so the local circuit breaker does not trip for
ernal faults behind Station R. This time delay provides time for the
nondirectional and reverse-looking blocking elements at Station R to send a
signal to Station S during out-of-section faults. This particular time delay is
the coordination time for the DCB trip scheme. There are separate
coordination timers for Zone 2 distance elements (21SD) and Level 2 residual

®® directional overcurrent elements (67SD).

The recommended setting for the 21SD timer is the sum of the following three
times:

» Control input recognition time (including debounce timer)
@ » Remote Zone 3 distance protection maximum operating time

» Maximum communications channel time

If the control input time delay on pickup debounce timer is zero, the
maximum recognition time for the control input is 0.125 cycles. Assume a
remote Zone 3 distance protection pickup time of one cycle; the remote

Zone 3 distance protection should operate faster than the local Zone 2 distance
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protection because the apparent fault impedance is deeper inside the remote
Zone 3 distance protection characteristic. Finally, assume a communications
channel time of 0.5 cycle. The sum of these times provides a conservativeo

setting of 1.63 cycles.
21SD :=1.625 Zone 2 Distance Short Delay (0.000-16000 cycles)

The recommended setting for the 67SD timer is the sum of the following three
times: 4

» Control input recognition time (including deb@‘ner)

» Remote Level 3 nondirectional low-set ove edtelement

maximum operating time
» Maximum communications channel ti

If the control input time delay on pickup debou

maximum recognition time for the control input,i
1-cycle pickup for remote Level 3 nondirec
remote Level 3 current level detectors operal
current level detectors because the remgte

pickup is lower. Finally, assume
The sum of these times provides a

675D :=1.625 Level 2 Oy,

current level detectors
ons channel time of 0.5 cycle.
e setting of 1.63 cycles.

entjShort Delay (0.000—16000 cycles)

Blocking Signal Extension

Assign a control input to gnize when the local terminal receives a
blocking signal from thejremote terminal during external faults.

BT := IN103 a eceived (SELOGIC Equation)

e uses an on/off carrier signal to block high-speed
tripping agStations S and R for out-of-section faults. Connect the carrier
receive balNh utput from the teleprotection equipment to a control
input assi e SELOGIC control equation BT. This control input must
remain o block the forward-looking tripping elements after the
coordinati mers expire. If the blocking signal drops out momentarily, the

e distance felay can trip for out-of-section faults.

Ntr:n timer, BTXD, delays dropout of the control input assigned to BT.
hi er maintains the blocking signal at the receiving relay by delaying the
\ out of BT. However, delayed tripping can occur for internal faults because
s DCB protection scheme employs nondirectional elements; the relay
O always sends a blocking signal regardless of fault location. Therefore, set this
timer to zero so that high-speed tripping occurs when the nondirectional
starting elements assert for an internal autotransformer fault.

®® BTXD :=0.000 Block Trip Received Extension Time (0.000-16000 cycles)

Figure 1.18 illustrates the dc schematic for the DCB trip scheme.

Date Code 20080110 Applications Handbook SEL-421 Relay
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Figure 1.18 DC Schematic for DCB Tri e

Trip Logic
Trip logic configures the rel ipping. There are four trip logic settings:
» Trip equatiN
» Trip unlat%o
» Tripti
> -p pping enable

Trip Equatio
Set these thre GIC control equations for tripping:

(unconditional)
TRCOMM (communications-assisted)
L 4 \c )) TRSOTF (Switch-Onto-Fault)
. The TR SELOGIC control equation determines which protection
elements cause the relay to trip unconditionally. Set TR to the Zone 1
stantaneous distance protection (Z1T), Zone 2 time-delayed distance

protection, and the inverse-time overcurrent element (51S1) for backup
protection. For information on setting 51S1, see Selectable Operating

@ Quantity Time Overcurrent Element 1 on page A.1.68.
\ TR :=Z1T OR Z2T OR 51S1T Trip (SELOGIC Equation)
TRCOMM. The TRCOMM SELOGIC control equation determines which
protection elements cause the relay to trip via the communications-assisted
tripping scheme logic. Set delayed Zone 2 mho phase and ground distance
protection (Z2PGS) plus delayed Level 2 negative-sequence residual ground
L 4 directional overcurrent element (67QGS2) in the TRCOMM SELOGIC control

equation. See Directional Comparison Blocking Scheme on page R.1.98 for
more information.

TRCOMM := Z2PGS OR 67Q62S Communications-Assisted Trip (SELOGIC
Equation)
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TRSOFT. The TRSOTF SELOGIC control equation defines which protection
elements cause the relay to trip when the SOTF scheme is active. Assertion of!
these protection elements during the SOTFD time causes the relay to trip
instantaneously (see SOTF Scheme on page A.1.64). Set instantaneous Zone 2
distance protection (M2P and Z2G) and Level 1 phase instantaneous
overcurrent element (S0P1) in the TRSOTF SELOGIC control equation.

TRSOTF := M2P OR Z26 OR 50P1 Switch-Onto-Fault Trip (SELOGIC Equation)

Trip Unlatch Options

Unlatch the control output you programmed for tripping (OWTL10T) after the

[T73e1]

circuit breaker auxiliary “a” contacts break the dc curtgnt;Ehe SEL-421
provides two methods for unlatching control outputs following a protection
trip:

» ULTR—all three poles
» TULO—phase selective

ULTR. Use ULTR, the Unlatch Trip SEL@QGIC €ontrol equation, to unlatch
all three poles. Use the default setting, which asserts ULTR when you push the
front-panel target reset button.

ULTR := TRGTR Unlatch Tripy(SEL'QGIC"Equation)

TULO. Use TULO (Trip Unlatch@ption) to select the conditions that cause
the SEL-421 to unlatch thé contteloutputs that you programmed for tripping.
Table 1.20 shows the four ttip unlatch options for setting TULO.

Table 1.20 Setting TULO Unlatch Trip Options

Option | B @ on

1 Unlateh the trip when the relay detects that one or more poles of the line ter-
minal arejopen and Relay Word bit 3PT has deasserted.

2 Unlatch the trip when the relay detects that the corresponding 52A contact(s)
from both circuit breakers (e.g., 52AA1 and 52AA?2) are deasserted.

3 Uhlatch the trip when the relay detects that the conditions for Options 1 and 2
are satisfied.

4 Do not run this logic.

Select Option 3 because a 52A contact is available; the relay uses both open
phase detection and status information from the circuit breaker to make the
most secure decision. For information on the pole-open logic, see Pole Open
Logic on page R.1.24.

TULO := 3 Trip Unlatch Option (1, 2, 3, 4)

Trip Timers

The SEL-421 provides dedicated timers for minimum trip duration.

Minimum Trip Duration. The minimum trip duration timer setting,
TDUR3D, determines the minimum time that Relay Word bit 3PT asserts. For
this application example, Relay Word bit 3PT is assigned to OUT101. The
corresponding control output closes for TDUR3D time or the duration of the
trip condition, whichever is longer.

A typical setting for this timer is 9 cycles.

TDUR3D :=9.000 Three-Pole Trip Minimum Trip Duration Time Delay
(2.000-8000 cycles)

Date Code 20080110 Applications Handbook SEL-421 Relay
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Three-Pole Tripping Enable
The relay contains both three-pole and single-pole tripping logic. Set E3P’
(Three-Pole Trip Enable) to logical 1 to enable three-pole tripping only.
E3PT:=1 Three-Pole Trip Enable (SELOGIC Equation)
Also set the appropriate three-pole tripping SELOGIC control equation for
Circuit Breaker BK1. L 4
E3PT1:=1 Breaker 1 3PT (SELOGIC Equation)

Control Qutputs ®:

Main Board
OUT10L1 trips Circuit Breaker 1. 0
ouTI01 := 3PT
OUT102 keys the local transmitter to send locking signal to the remote

terminal during out-of-section faults b tation S.
0UT102 := NSTRT AND NOT STOP S

OUT103 stops the local tran

remote terminal.

0UTI03 = STOP OR 3PT \

Examp|e Comp|eted This completes the application example that describes setting of the SEL-421
for communications d protection of a 345 kV tapped overhead
transmission li sour particular power system to determine the

nding the blocking signal to the

appropriate
Re|ay Settings Table 1 .2\ otection relay settings for this example.
Table 1. ings for 345 kV Tapped TX Example (Sheet 1 of 6)
Se escription Entry
L4 ?e@obal (Global)
N Station Identifier (40 characters) KELLOG --
345 kV
% Relay Identifier (40 characters) SEL-421 Relay
O NUMBK Number of Breakers in Scheme (1, 2) 1
BID1 Breaker 1 Identifier (40 characters) Circuit Breaker 1
@ NFREQ Nominal System Frequency (50, 60 Hz) 60
\ PHROT System Phase Rotation (ABC, ACB) ABC
DATE_F Date Format (MDY, YMD, DMY) MDY
FAULT Fault Condition Equation (SEL0GIC Equation) 50P1 OR 51S1 OR
M2P OR Z2G OR
M3P OR Z3G
4 Current and Voltage Source Selection Settings (Global)
ESS Current and Voltage Source Selection (Y, N, 1,2,3, [N
4)

-421 Relay Applications Handbook Date Code 20080110



Date Code 20080110

Protection Application Examples | A.1.81
345 kV Tapped Overhead Transmission Line Example

Table 1.21 Settings for 345 kV Tapped TX Example (Sheet 2 of 6)

Setting Description

Entry

Breaker Configuration (Breaker Monitoring)
EBIMON
BKITYP

Breaker 1 Monitoring (Y, N)

Breaker 1 Trip Type (Single Pole = 1,
Three Pole = 3)

Breaker 1 Inputs (Breaker Monitoring)

52AA1 A-Phase N/O Contact Input—BK1
(SELocGIC Equation)

Line Configuration (Group)

CTRW Current Transformer Ratio—Input W (1-5 m)

CTRX Current Transformer Ratio—Input X (1% 200

PTRY Potential Transformer Ratio—Input —1 3000

VNOMY PT Nominal Voltage (L-L)—Inpu 115
(60-300 V secondary)

PTRZ Potential Transformer i @—IOOOO) 3000

VNOMZ PT Nominal Voltage (L- p 115
(60-300 V secon

ZIMAG Positive-Sequence nce Magnitude 4.00
(0.05-255Qs dar

Z1ANG Positive-Sequence Li pedance Angle 84.7
(5.00-90 de

Z0MAG Zero-Seque pe Impedance Magnitude 12.88

0 ondary)
Z0OANG equence Line Impedance Angle 73.0
0 degrees)

EFLOC [ocation (Y, N) Y

LL ength (0.10-999) 100.00

Rel tion (Group)

E21P Mho Phase Distance Zones (N, 1-5) 3
Mho Ground Distance Zones (N, 1-5) 3

E21 Quadrilateral Ground Distance Zones (N, 1-5) N

T CVT Transient Detection N

ESERCMP | Series-Compensated Line Logic (Y, N) N

ECDTD Distance Element Common Time Delay (Y, N) Y

ESOTF Switch-Onto-Fault (Y, N) Y

EOOS Out-of-Step (Y, N) N

ELOAD Load Encroachment (Y, N) Y

E50P Phase Inst./Def.-Time O/C Elements (N, 1-4) 1

E50G Residual Ground Inst./Def.-Time O/C Elements 3
(N, 1-4)

E50Q Negative-Sequence Inst./Def.-Time O/C Elements N
(N, 1-4)

E5SI1S Selectable Inverse-Time O/C Elements (N, 1-3) 1

E32 Directional Control (Y, AUTO) AUTO

ECOMM Communications-Assisted Tripping (N, DCB, DCB
POTT, POTT2, POTT3, DCUB1, DCUB2)

Applications Handbook
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L 4

O
Q>®

L 4

N

Table 1.21 Settings for 345 kV Tapped TX Example (Sheet 3 of 6)
Setting Description Entry
EBFL1 Breaker 1 Failure Logic (N, 1, 2) N
E25BK1 Synchronism Check for Breaker 1 (Y, N) N
E79 Reclosing (Y, Y1, N) N
EMANCL Manual Closing (Y, N) N *
ELOP Loss-of-Potential (Y, Y1, N) %
EDEM Demand Metering (N, THM, ROL)

EADVS Advanced Settings (Y, N)
Mho Phase Distance Element Reach (Group)
Z1P Zone 1 Reach (OFF, 0.05-64 Q secondary) 3.20
72P Zone 2 Reach (OFF, 0.05-64 Q seco 11.00
Z3P Zone 3 Reach (OFF, 0.05-64 Q seeondary 50.5
Mho Phase Distance Element Time Delay p)
Z1PD Zone 1 Time Delay (O Ocycles) OFF
Z2PD Zone 2 Time Delay (O 6000 cycles) OFF
Z3PD Zone 3 Time De 00-16000 cycles) OFF
Mho Ground Distance Elem
Z1IMG Zone 1 (OFF, econdary) 3.20
7Z2MG Zone 2 (O 64 () secondary) 11.00
Z3MG Zone 3 (OF 64 Q secondary) 50.5
Zero-Sequen nt ensation Factor (Group)
kOM1 ZSC Factor Magnitude (AUTO, 0.000-10) 0.750
kOA1 on SC Factor Angle (=180.00 to +180 degrees) | —16.87
Ground ce'Blement Time Delay (Group)
Z1GD %e 1 Time Delay (OFF, 0.000-16000 cycles) OFF
Z@ Zone 2 Time Delay (OFF, 0.000-16000 cycles) OFF
Zone 3 Time Delay (OFF, 0.000-16000 cycles) OFF
@ce Element Common Time Delay (Group)
Zone 1 Time Delay (OFF, 0.000-16000 cycles) 0.000
2D Zone 2 Time Delay (OFF, 0.000-16000 cycles) 20.000
Z3D Zone 3 Time Delay (OFF, 0.000-16000 cycles) 0.000
SOTF Scheme (Group)
ESPSTF Single-Pole Switch-Onto-Fault (Y, N) N
EVRST Switch-Onto-Fault Voltage Reset (Y, N) Y
52AEND 52A Pole Open Time Delay OFF
(OFF, 0.000-16000 cycles)
CLOEND CLSMON or Single Pole Open Delay 10.000
(OFF, 0.000-16000 cycles)
SOTFD Switch-Onto-Fault Enable Duration 10.000
(0.500-16000 cycles)
CLSMON | Close Signal Monitor (SELOGIC Equation) IN102
Load Encroachment (Group)
ZLF Forward Load Impedance (0.05-64 Q secondary) 12.50
Applications Handbook Date Code 20080110
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1S1TD

Table 1.21 Settings for 345 kV Tapped TX Example (Sheet 4 of 6)
Setting Description Entry
ZLR Reverse Load Impedance (0.05-64 Q) secondary) 12.50
PLAF Forward Load Positive Angle (-90.0 to +90 degrees) | 45.0
NLAF Forward Load Negative Angle (-90.0 to +90 —45.0

degrees)
PLAR Reverse Load Positive Angle (+90.0 to +270
degrees)
NLAR Reverse Load Negative Angle 5.
(+90.0 to +270 degrees)
Phase Instantaneous Overcurrent Pickup (Group)
50P1P | Level 1 Pickup (OFF, 0.25-100 A secondary) 49.80
Phase Overcurrent Definite-Time Delay (Group)
67P1D | Level 1 Time Delay (0.000-16000,dycles | 0.000
Phase Overcurrent Torque Control (Group)
67P1TC | Level 1 Torque Control (SELOGT ion) | 1
Residual Ground Instantaneous Ove up (Group)
50G1P Level 1 Pickup ( secondary) OFF
50G2P Level 2 Picku 0 A secondary) 1.00
50G3p Level 3 Picku —100 A secondary) 0.50
Residual Ground Overcurre efinite-Time Delay (Group)
67G2D Level 2 Tim (0.000-16000 cycles) 0.000
67G3D el 3 Ti lay (0.000-16000 cycles) 0.000
Residual Gre ercurrent Torque Control (Group)
67G2TC evel2 Torque Control (SELOGIC Equation) 32GF
67G3TC 3 Torque Control (SELOGIC Equation) 32GR

rating Quantity Inverse-Time Overcurrent Eleme

nt 1(Group)
3I0L

51810 5151 Operating Quantity (IAn, IBn, ICn, IMAXn,

I1L, 312L, 310n)2
N 51S1 Overcurrent Pickup (0.25-16 A secondary) 0.96

51S1 Inverse Time Overcurrent Curve (U1-U5) U3
51S1 Inverse Time Overcurrent Time Dial (0.50— 2.0
15.00)

51S1IRS 51S1 Inverse Time Overcurrent Electromagnetic Y
Reset (Y, N)

51S1TC 51S1 Torque Control (SELOGIC Equation) 32GF

Zone/Level Direction (Group)

DIR3 Zone/Level 3 Directional Control (F, R) R

Directional Control (Group)

ORDER Ground Directional Element Priority Qv
(combine Q, V, I)

E32IV Zero-Sequence Voltage and Current Enable 1
(SELogIC Equation)

Pole-Open Detection (Group)

EPO Pole Open Detection (52, V) 52

SPOD Single Pole Open Dropout Delay (0.000-60 cycles) | 0.500

Applications Handbook
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Table 1.21 Settings for 345 kV Tapped TX Example (Sheet 5 of 6)
Setting Description Entry
3POD Three Pole Open Dropout Delay (0.000-60 cycles) | 0.500
DCB Trip Scheme (Group)
Z3XPU Zone 3 Reverse Pickup Time Delay 1.000
(0.000-16000 cycles) @
73XD Zone 3 Reverse Dropout Delay (0.000-16000 5
cycles)
21SD Zone 2 Distance Short Delay (0.000-16000 cycles) 2
67SD Level 2 Overcurrent Short Delay 6
(0.000-16000 cycles)
BT Block Trip Received (SELOGIC Equation) IN103
BTXD Block Trip Receive Extension Time 0.000
(0.000-16000 cycles)
Trip Logic (Group)
TR Trip (SELoGIC Equation) Z1T OR Z2T OR
S51SI1T
TRCOMM | Communications-Assiste 0GIC Equation) | Z2PGS OR
67QG2S
TRSOTF Switch-Onto- ELOGIC Equation) M2P OR Z2G OR
50P1
DTA Direct Trans rip A-Phase (SELOGIC Equation) NA
-Phase (SELOGIC Equation) NA
rip C-Phase (SELOGIC Equation) NA
Trip—Breaker 1 (SELOGIC Equation) OC1 OR
PB8_PUL
Trip (SELoGIC Equation) TRGTR
latch Manual Trip—Breaker 1 (SELOGIC Equa- NOT (52AA1
AND 52AB1 AND
52AC1)
T Trip During Open Pole Time Delay 2.000
(2.000-8000 cycles)
TUL Trip Unlatch Option (1, 2, 3, 4) 3
TSP Zone 2 Ground Distance Time Delay for N
Single-Pole Tripping (Y, N)
67QGSP Zone 2 Directional Negative-Sequence/Residual N
Overcurrent Single-Pole Trip (Y, N)
TDURI1D Single-Pole Trip Minimum Trip Duration Time 6.000
Delay (2.000-8000 cycles)
TDUR3D Three-Pole Trip Minimum Trip Duration Time 9.000
Delay (2.000-8000 cycles)
E3PT Three-Pole Trip Enable (SELOGIC Equation) 1
E3PT1 Breaker 1 Three-Pole Trip (SELOGIC Equation) 1
* ER Event Report Trigger (SELOGIC Equation) R_TRIG M2P OR

Main Board (Outputs)

OUTI101

-421 Relay

(SELocIc Equation)

Applications Handbook

R_TRIG Z2G OR
R_TRIG 51S1 OR
R_TRIG M3P OR
R_TRIG Z3G

3PT
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Table 1.21 Settings for 345 kV Tapped TX Example (Sheet 6 of 6)
Setting Description Entry O
OUT102 (SELogGIC Equation) NSTRT ANDNOT
STOP OR DS
OUT103 (SELoGIC Equation) STOP OR 3PT
a Parameter nis 1for BK1, 2 for BK2, and L for Line. .
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EHV Parallel 230 kV Underground Cables Example _O

This application example presents an underground cable system with double-
ended 230 kV parallel cables (see Figure 1.19). SEL-421 relays protect each
end of the first circuit. This example explains settings calculations for the
SEL-421 at Station S that protects Cable 1 between Station S and StatiomdR.

The SEL-421 uses communications-assisted high-speed trip rovide
protection for faults along the 230 kV underground cab

The two 230 kV underground cables run from Station a R. Each
circuit consists of three single-phase cables, each having -filled copper
conductor (hollow core). The cables are insulated nated paper and
have a lead sheath to prevent intrusion of moistuse an withstand fluid
pressure. The cables are also grounded at bot ending on the nature
of a ground fault, ground fault current can refurn Via the sheath, the ground, or

both the sheath and ground.

— e

S (Lewiston) R (Grangeville)

ANRAN Z1R, Z0R

\ Cable 2

30 kV Parallel Underground Cables
L 2

Power System Data M 2 lists the power system data for this application example. Substitute
he values and parameters that correspond to your system when you set the

\ y, using this example as a guide.

O Table 1.22 System Data—-230 kV Parallel Underground Cables (Sheet 1 of 2)

Parameter Value
@ Nominal System Line-to-Line Voltage 230 kV
\ Nominal Relay Current 5 A secondary

Nominal Frequency 60 Hz

Cable Length 25 miles

Cable Impedances:

V'S Zii1=2Zn 4.78 Q £42.5° primary

ZoL1 (sheath return) = Z0L2 (sheath return) 9.45Q Z£17.4° primary
ZyL1 (ground return) = ZOL2 (ground return) 91.4 Q) £84.9° primary

Zory (sheath and ground return) = Zy o (sheath and ground return) 9.58 Q £21.7° primary

-421 Relay Applications Handbook Date Code 20080110
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Table 1.22 System Data—230 kV Parallel Underground Cables (Sheet 2 of 2)

Parameter Value

Cable Admittances:

YL =Y j6.71 ¢ 10-6 S primary
(susceptance)

YoLi = Yor2 j6.71 « 10-6 S primary
(susceptance)

Source S Impedances:

Zi1s="2Zps 50 ma
Source R Impedances:

Zir =Zor 3 rimary
PTR (potential transformer ratio) 5V =2000
CTR (current transformer ratio) 5 =200

Phase Rotation

Convert the power system impedances aary to secondary so you can
later calculate protection settings. Table 1 s the corresponding

secondary quantities. Convert th e to secondary ohms as follows:
k 200 _ o4 ,
2000 Equation 1.51
@

Zivi K Z, 1 (primary)

@ 0.10« 4.78 Q.£42.5°

= 0.48 Q142.5° Equation 1.52
Table 1.23 ndary Impedances
Value
0.48 Q £42.5° secondary
1 (sl return only) = Z0L2 (sheath return only) 0.95 Q £17.4° secondary
1 (ggound return only) = ZOL2 (ground return only) 9.14 Q £84.9° secondary

&L] (sheath and ground return) = Zo1.2 (sheath and ground return) 0.96 Q £21.7° secondary

Cable’ Admittance:
\ 1= Y 6.71+10-5S £90° secondary
YoL1 = YoL2 6.71 ¢ 10-5 S £90° secondary

Source S Impedances:
Z1s=Zgs 5.0 Q £87° secondary

Source R Impedances:
Zi1r =Zor 3.5 Q £87° secondary

The maximum load current of 777 A primary occurs when the parallel cable is
out of service.

This particular example is for a single circuit breaker, three-pole tripping
application with the following functions:

» POTT (permissive overreaching transfer trip) scheme

Applications Handbook SEL-421 Relay
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» Three zones of phase (mho) and ground (quadrilateral) distance

protection O

> Zone 2—forward-looking, provides communications-
assisted and time-delayed tripping

> Zone 1—forward-looking, provides instantaneous
underreaching protection

> Zone 3—reverse-looking, prevents unwanted trippﬂlg
during current reversals

» Two levels of negative-sequence directior\\®nt

protection
> Level 2—forward-looking, provid munications-
assisted high-speed tripping
> Level 3—reverse-lookinggprevents unwanted tripping
during current reversal

» Inverse-time directional negdtive-sequence overcurrent backup
protection

» SOTF protection ( 19 @ when the circuit breaker closes)

is example do not apply to this

Global Settings K\'

\ay (RID)
ircuit Breaker 1 (BID1)

You can énter as many as 40 characters per identification setting.
\ EWISTON -- 230 kV Station Identifier (40 characters)
= SEL-421 Relay Relay Identifier (40 characters)

N&\ﬁgure the SEL-421 for the one circuit breaker that this particular

pplication uses:
NUMBK :=1 Number of Breakers in Scheme (1, 2)

BID1 := Circuit Breaker 1 Breaker 1 Identifier (40 characters)

%\Z Set the relay for nominal frequency and phase rotation.

L 4

NFREQ := 60 Nominal System Frequency (50, 60 Hz)
PHROT := ABC System Phase Rotation (ABC, ACB)

Current and Voltage Source Selection

The voltage and current source selection is for one circuit breaker. The relay
derives the line current source from current input IW when you set ESS to N.

ESS:=N Current and Voltage Source Selection (Y, N, 1, 2, 3, 4)

-421 Relay Applications Handbook Date Code 20080110
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application. The relay uses potential input VY and current input IW for line

relaying. O

L 4
(Bus Potential) \
Figure 1.20 Circuit Breaker Arrangement at Stat @1

Breaker Monitor
Circuit Breaker Configuration Q

Set the Circuit Breaker BK1 type for a e trip circuit breaker.
BKITYP := 3 Breaker 1 Trip Type\(Si ole = 1, Three-Pole = 3)

Figure 1.20 illustrates the current and voltage sources for this particular O

I:l:I%

Circuit Breaker 1Inputs

The SEL-421 uses a no &auxiliary contact (52A) from the circuit
breaker to determine whe the circuit breaker is open or closed.

52AA1:=IN101 N/@C t Input—BK1 (SELoOGIC Equation)

Line Confiquratio\
The SEE-42yhas four transformer turns ratio settings that convert the

@ ntials and currents the relay measures to the corresponding
prima alies. These settings are the potential transformer and current
ratios (PTRY, PTRZ, CTRW, and CTRX). Use the VY potential
ine relaying; these come from the bus potentials (see Figure 1.20).
Use the IW current input for line current. Relay setting VNOMY is the
inal secondary line-to-line voltage of the potential transformers.

O\ PTRY :=2000 Potential Transformer Ratio—Input Y (1-10000)

VNOMY :=115 PT Nominal Voltage (L-L)—Input Y (60-300 V secondary)

Group Settings

CTRW:=200 Current Transformer Ratio—Input W (1-50000)

@ Enter the secondary values of the positive-sequence impedance of the
protected cable. See Table 1.23 for the secondary cable impedances.
ZIMAG := 0.48 Positive-Sequence Line Impedance Magnitude
(0.05-255 Q secondary)

Z1ANG := 42.5 Positive-Sequence Line Impedance Angle (5.00-90 degrees)
L 4 Enter the secondary values of the zero-sequence impedance of the protected

cable. The zero-sequence impedance should correspond to the parallel sheath
and ground fault return path (see ZO0y i (sheath and ground) it Table 1.23).

ZOMAG = k* |Z0

L1(sheath and ground)| Equation 1.53

Date Code 20080110 Applications Handbook SEL-421 Relay
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Where:
k = the result of Equation 1.51

ZOMAG =0.1-° |ZOL1(sheath and ground)| =0.1- |958 Q 421.70| = 09@

ZOMAG :=0.96 Zero-Sequence Line Impedance Magnitude
(0.05-255 Q) secondary) *

Z0ANG := 21.7 Zero-Sequence Line Impedance Angle (5.00-90 degrees)

Enable the fault locator.
EFLOC := Y Fault Location (Y, N)
The LL setting is the line length. This value has no d t; you can set

the line length in miles, kilometers, ohms, etc. Set e in miles.
LL:=25.00 Line Length (0.10-999)

The relay fault locator uses the values you efiter 1IMAG, Z1ANG,

ZOMAG, ZOANG, and LL.

(E21P), ground mho (E21MG),
and ground quadrilateral (E2 nce zones. The number of zones per
type of distance protection dependently selectable. Select only the number
of zones you need. For thigfap, ion example, use three zones of mho phase
distance protection and t zones of quadrilateral ground distance
protection.

E21P:=3 S ance Zones (N, 1-5)
E2IMG := round Distance Zones (N, 1-5)
E21X64s.3 drilateral Ground Distance Zones (N, 1-5)
You do & T (capacitive voltage transformer) transient detection

becaus wound windings are used for this particular application

exa .
e ECVT 3N CVT Transient Detection (Y, N)
) i N’l erground cable is not series-compensated.
SEL-421-2 do not provide series-

NOTE: The SEL-421- and the
compensated line protection logic. K ESERCMP := N Series-Compensated Line Logic (Y, N)

Relay Configuration

You can select from zero to

u can select a common time delay or an independent time delay per zone
for phase and ground distance protection. If you choose independent timing,
evolving faults (such as those changing from single phase to multiphase)
cause the timer to reset and result in additional delay. Select common time

@ delay for this application.
ECDTD := Y Distance Element Common Time Delay (Y, N)
The SOTF (switch-onto-fault) protection logic permits tripping by specified
protection elements for a settable time after the circuit breaker closes.

ESOTF := Y Switch-Onto-Fault (Y, N)
L 4

Do not enable the out-of-step logic for this application example.
E00S:=N Out-of-Step (Y, N)

Do not enable the load-encroachment logic; the minimum apparent load
impedance is outside the mho phase distance characteristics.

ELOAD := N Load Encroachment (Y, N)
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Use Level 1 high-set instantaneous phase overcurrent element for SOTF
protection. O
E50P :=1 Phase Instantaneous/Definite-Time Overcurrent Elements
(N, 1-4)

This application does not require residual ground overcurrent protection.

E506 := N Residual Ground Instantaneous/Definite-Time Overcurrent.
Elements (N, 1-4)

Enable three levels of negative-sequence overcurrent pr ct@ these
negative-sequence current level detectors in conjunction h
communications-assisted tripping scheme.

E50Q := 3 Negative-Sequence Instantaneous/Defin Overcurrent
Elements (N, 1-4)

Use inverse-time overcurrent protection to proyi p protection for high-
resistance ground faults. The 51S1 element pro ackup protection for
unbalanced faults if both the communicationssassisted and step distance
protection fail to operate.

E51S:=1 Selectable Operatin
(N, 1-3)

aj rse-Time Overcurrent Element

The relay automatically cal
settings when you select

E32 := AUTO Direction

the ground directional elements

(Y, AUTO)

Use the POTT trip sc ickly clear faults internal to the protected line.

ECOMM := POTT C ations-Assisted Tripping (N, DCB, POTT,

POT T UB1, DCUB2)

Fuses or mo ase circuit breakers often protect potential transformers.
Operation ne ore fuses, or molded case circuit breakers, results in a
loss of polatiz otential inputs to the relay. Loss of one or more phase
voltages pr, the relay from properly determining fault distance or
directi

o
S

@ ional loss-of-potential to the distance relay, while unavoidable, is
N] ¢. When the relay detects a loss-of-potential condition, the relay can
blockidistance element operation, block or enable forward-looking directional

current elements, and issue an alarm for any true loss-of-potential
ndition.

O If line-side PTs are used, the circuit breaker(s) must be closed for the LOP
logic to detect a loss-of-potential condition. Therefore, if three-phase potential
@ to the relay is lost while the circuit breaker(s) is open (e.g., the PT fuses are
removed while the line is de-energized), the relay cannot detect a loss-of-
potential condition when the circuit breaker(s) closes again. At circuit breaker
closing, the relay can detect one or two missing potentials that occurred while

the circuit breaker was open. See Loss-of-Potential Logic on page R.1.26 for
more information.

e Table 1.24 lists the three choices for enabling LOP protection.
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Table 1.24 LOP Enable Options

R L. \
Option Description
o~

N The LOP logic operates but does not disable voltage-polarized directional
elements, distance elements, and forward-looking directional overcurrent
elements. Use LOP in this case for alarm only.

Y The relay disables all voltage-polarized directional elements and distance
elements, but enables forward-looking directional overcurrent elements.
These forward-looking directional overcurrent elementsfeffectively
become nondirectional and provide overcurrent protectionduring a loss-
of-potential condition.

Y1 The relay disables all voltage-polarized directiofal*€lements and distance
elements. The relay also disables the overcurrent elements controlled by
the voltage-polarized directional elements.

Set ELOP to Y1 for this application example. Thisighoi¢e reduces the chances
of false tripping because of a loss-of-potential'condition.

ELOP := Y1 Loss-of-Potential (Y, Y1, N)
Enable the Advanced Settings so you c¢an properly set the zero-sequence
compensation factors.

EADVS:=Y Advanced Settings (YaN)

Phase Distance Elements (21P)

SEL-421 Relay

Mho Phase Distance Element Reach

Employ each zone of distance protection as follows:
» 47one 1—=lnstantaneous underreaching tripping

» WZone 2—Forward-looking fault detector for the POTT scheme
andybackup time delayed tripping

». Zone 3—Current reversal guard for the POTT scheme, echo
tripping, and weak infeed logic

Zone 1 Phase Distance Element Reach. Zone 1 phase distance
protection provides instantaneous protection for phase-to-phase, phase-to-
phase-to-ground, and three-phase faults in the first 80 percent of the cable.
Errors in the current transformers, potential transformers, modeled cable data,
and fault study data do not permit a Zone 1 setting for 100 percent of the
cable; unwanted tripping could occur for faults just beyond the remote end of
the cable.

Set Zone 1 phase distance protection to 80 percent of the cable positive-
sequence impedance.

Z1P=0.8°Z;1;=08048Q=0.380Q
Z1P:=0.38 Zone 1 Reach (OFF, 0.05-64 Q secondary)

Zone 2 Phase Distance Element Reach. Zone 2 phase distance
protection must have adequate reach to detect all phase-to-phase, phase-to-
phase-to-ground, and three-phase faults along the protected cable. Set Zone 2
phase distance protection to 120 percent of the cable positive-sequence
impedance. With this reach, high-speed tripping occurs via the
communications channel for faults located in the last 20 percent of the cable.

Z2P =127, =12°048Q=0.58Q
Z2P = 0.58 Zone 2 Reach (OFF, 0.05-64 Q secondary)
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protection must have adequate reach to prevent unwanted tripping during

Zone 3 Phase Distance Element Reach. Zone 3 phase distance O
current reversals when the parallel line is in service because this example b

a POTT scheme. So that Zone 3 has greater fault coverage than Zone 2 at the
remote terminal, set the reach to remote Zone 2 and rely upon the length o
protected cable as the safety margin.

Z3P=72P=0.58 Q S

Z3P:=0.58 Zone 3 Reach (OFF, 0.05-64 Q secondary) %
Ground Distance Elements (21XG)

Quadrilateral Ground Distance Element Reach

The main advantage of ground distance protection is
instantaneous protection independent of the co ications channel.
Typically cable faults have little fault resista vantageous to
conservatively set the resistance reach for quadrilatéral ground distance
protection. Supplement quadrilateral gr nce protection with
directional negative-sequence overcurrént nts. The directional negative-
sequence overcurrent elements e e communications-assisted
tripping scheme provide excellent ive coverage for high-resistance

ground faults (e.g., a contal ead flashes over).
uadrilateral ground distance protection

The reactive reach for eac ne
lies on the relay characteri§tic (Z1ANG), rather than on the ordinate

(reactance) of the imped plane (see Figure 1.21).

t Zone 1 provides

X

A
Q)

O T

Figure 1.21 Quadrilateral Ground Distance Element Reactive Reach Setting

® Employ each zone of distance protection as follows:

» Zone 1—Instantaneous underreaching direct tripping

» Zone 2—Forward-looking tripping elements for the POTT
scheme and backup tripping

» Zone 3—Current reversal guard for the POTT scheme, echo
tripping, and weak infeed logic

Zone 1Reactance. The reach of the Zone 1 reactance measurement of the
quadrilateral ground distance elements must meet the same requirement as
that for Zone 1 mho phase distance protection; the reach setting can be no
greater than 80 percent of the cable.
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XG1=0.821Z111/=0.8048Q=038Q

XG1:=0.38 Zone 1 Reactance (OFF, 0.05-64 Q secondary) O
Zone 1 Resistance. Find RG1 (Zone 1 Resistance) from the per-unit reach
m of the Zone 1 reactance. Use Equation 1.54, which is Equation (3) in
Appendix A—Quadrilateral Reactive Reach Versus Resistive Reach Setting

Guideline from the paper Digital Communications for Power System P
Protection: Security, Availability, and Speed (go to www.selinc.com for a

copy of this paper): %
m=1- __R \
Xip1* 20 @ Equation 1.54

m = per-unit reach of XG1

R = RGI1 (the Zone 1 resistance
X411 = positive-sequence transmission line reactance

XGl1 is set at 80 percent of the underg le (i.e., m = 0.8 per-unit); the
positive-sequence reactance of th e, 1,15 0.323 Q) secondary (from
the rectangular form of Z ; in Tab .

Where:

Zinr = Ryt

alculate RG1:

R =(1-m)e* 20 X,
(1-0.8) 20+ 0.323 Q
1.29 Q Equation 1.55

RG]@ne 1 Resistance (0.05-50 Q secondary)
Zo tance. Zone 2 quadrilateral ground distance reach must meet

L 4 & quirement as that for Zone 2 mho phase distance protection; the
e

setting is 120 percent of the cable.

\{XGz =12¢|Z,/=1.220.48=058Q

XG2 = 0.58 Zone 2 Reactance (OFF, 0.05-64 Q2 secondary)

O Zone 2 Resistance. Use the following formula to set RG2:

RG1

\@ RG2 = XG2+ L=
058 . 11290

0.38 Q
058 Qe 34
1.97 Q Equation 1.56
RG2 :=1.97 Zone 2 Resistance (0.05-50 Q secondary)

Zone 3 Reactance. Zone 3 quadrilateral ground distance reach must meet
the same requirement as that for Zone 3 mho phase distance protection; it
equals Zone 2 reach.

XG3=XG2=0.58Q
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XG3:=0.58 Zone 3 Reactance (OFF, 0.05-64 Q secondary)

resistance reach and multiply the reach by 125 percent for a safety margi
account for external resistive ground faults.

Zone 3 Resistance. Set the Zone 3 resistance reach equal to Zone 2 OO
to

RG3=125+RG2=1.25+197=246Q

RG3:=2.46 Zone 3 Resistance (0.05-50 Q secondary) L 4

Quadrilateral Ground Polarizing Quantity

Advanced Settings are enabled, so you must enter two
quadrilateral ground distance protection. With setting XGPC
choose the polarizing quantity for the quadrilateral grou
You can choose either negative-sequence current (12

you can

nal settings for the

-sequence current

(IG). Choose the appropriate quantity to reduce each and underreach of

the reactance line. The reactance line can un c overreach during

high-resistance single phase-to-ground faults\becatse of nonhomogeneous

negative-sequence or zero-sequence netwerks,‘and prefault load flow.

Figure 1.22 shows the network toddetermi 3: cgative-sequence or zero-
sequence homogeneity.

& Ziefpis thetotal impedance up to the fault (F) on the left side of the fault
hile Z,;

\/
Fiqur: @cuit to Determine Network Homogeneity

right 18 the total impedance up to the fault on the right side of

the network. A network is homogeneous with respect to the particular fault

\ ation if Equation 1.57 is satisfied:
O Xleft _ Xright
Rleft Rright Equation 1.57

Use Equation 1.58 and Equation 1.59 to determine the zero-sequence and

negative-sequence homogeneity:

T, = ARG( Zos+ZoL + Zor ]

(I-m)e Zy +Zyg Equation 1.58
T, = ARG[ Zis+Zy+Zig J

(I-m)e Z; +Zy Equation 1.59

The values Ty and T, represent how much the apparent fault impedance
measured by XAG tilts up or down (electrical degrees) due to the
nonhomogeneity of the corresponding network. Figure 1.23 illustrates the
possible tilt situations caused by a nonhomogeneous network.

Applications Handbook
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~ \\/_T XAG

N
¥

Figure .23 Apparent Fault Impedance Re ing From Nonhomogeneity

Table 1. 25 prov1des the results of Equ zo § and Equanon 1.59 for both

parallel combination of both{] istance to fault is assumed to be 100

percent (m equals 1).
Table 1.25 Tilt Resulting &homoqeneity

To To To
2 (sheath) | (ground) | (ground and sheath)

-5.8° -1.1° -5.6°

i @ dances. Choose negative-sequence current for polarizing the
ground distance protection.

=12 Quadrilateral Ground Polarizing Quantity (12, IG)

S election 12 indicates that the negative-sequence current flowing in the cable

\ e polarizing quantity for the reactance line.
Q\lphomogeneous Correction Angle

TANG, the nonhomogeneous angle setting, also helps prevent overreach or
underreach for ground faults at a specific fault location by compensating the

®® angle of the reactance line.
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X
___TANG>0

Figure .24 Nonhomogeneous Angle SettLQ

Set TANG to prevent the Zone 1 qua ound distance reactance
measurement from overreaching ults located at the remote bus.
Use the result from Equation 1.59 uadrilateral Ground Polarizing
Quantity on page A.1.95).

TANG := =2.2 Nonhomx orrection Angle (—40.0 to +40.0 degrees)
Zero-Sequence Current Compensation Factors

Zero-sequence curreft c sation helps keep the phase and ground

distance elementSya e reach if you set the phase reach and the ground
reach equal g @ e (e.g., Z1P = XG1). Ground distance elements should
measure fau C

mpedance in terms of positive-sequence impedance only.
The relayNe Zero-sequence current compensation factors (kO1, kO, and
kOR). The Zone 1"ground distance element has a dedicated zero-sequence
current ‘eompensation factor (kO1). Advanced Settings are enabled for this
par| ar.e ple (EADVS :=7Y), so you must set two additional

4 independent zero-sequence current compensation factors, one for forward-
1 nes (kO) and one for reverse-looking zones (kOR).

% zero-sequence cable impedance depends on the return path of the ground
fault current during ground faults. The zero-sequence current compensation

ctors must be set so the Zone 1 ground distance elements do not see ground

a
oul

faults external to the protected cable, while Zone 2 and Zone 3 ground
distance elements must see all internal ground faults.

@ The SEL-421 uses Equation 1.60 to calculate the A-phase-to-ground distance
% reactance measurement.

j* TANG.*

) 1

j+ TANG
€

CAG - Im[V, * (Ipgp * €

&
Im[z1e (I, +kOL* 3L))* (Ipg® )] Equation 1.60

L 4
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Where:
V4 = A-phase-to-ground voltage measured at Station S O
I, = A-phase current measured through Cable 1 at Statio
3Iy= zero-sequence current measured through Cable 1 at
Station S

Ipor = negative-sequence or zero-sequence current measured
through Cable 1 at Station S (based on the XGPOL 4
setting, see Quadrilateral Ground Polarizimg Quantity on
page A.1.95)

TANG = nonhomogeneous correction angle
Im[ ] = imaginary part @

* = complex conjugate
1 Equation 1.61
Where: %

kO1.  You can set kO1 based on'hree values for the zero-sequence cable
impedance: ZOL.I(shea 0 ound)> OF ZOL1(sheath and ground)* Select the zero-
sequence cable impedal prevents Zone 1 ground distance element
overreach.

To determi @ est setting for kO1, place an A-phase-to-ground fault at
Station R4yith the parallel cable out of service. Find the ground distance
reactance measurement XAG that does not overreach for this fault. Perform
this eva USINE Zop 1 (sheath and ground) a1d ZoL 1 (sheath) for the zero-
sequen mpedance. There is no need to determine the XAG

measure or ground faults at the remote terminal when kO1 is set based
& 0N %o 1 (orpund) because severe overreach occurs in all cases for the ground-

Eh and Ground Return Path. First apply Equation 1.60 with k01
based on Zoy i sheath and ground) (k01 equal to 0.374 £-39.2°). This is the most
common ground fault return path. Set TANG equal to zero and assume that
Ipor, is equal to negative-sequence current (i.e., XGPOL is equal to 12).

Equation 1.62

@ Table 1.26 lists the corresponding XAG (reactance of the phase-to-ground
fault) calculations for the remote single phase-to-ground fault for each of the
three possible zero-sequence cable impedances when the k01 calculation is
based on the parallel return path. Use Equation 1.63 to determine the amount
of overreach/underreach:

Overreach/Underreach = XAG e 100%
4 |ZIL1| Equation 1.63
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Table 1.26 XAG Measurement for Remote AG Fault
(kO1=0.374 £-39.2°, sheath and ground return path)

Calculation ZoL1(sheath) ZoL1(ground) ZoL1(sheath and groufid)
XAG (secondary ohms) 0.45Q 3.04 Q2 0.48 Q
Overreach/Underreach? 93.8% (0O) 633% (U) 100%

3 O indicates overreach, U indicates underreach.

The results in Table 1.26 show that the XAG calculation overfeaches by

6.2 percent (i.e., 100% —93.8% = 6.2%) if the sheath is the return path for the
ground fault; therefore, you should not set kO1 based on the sheath and ground
(parallel) return path.

Sheath Return Path. 7ubie 1.27 lists the correspondifi® XAG (reactance
of the phase-to-ground fault) calculations for thélsemote8ingle phase-to-
ground fault for each of the three possible zeressequence cable impedances
when the kO1 calculation is based on the sheath return path.

Table 1.27 XAG Measurement for Remote AG Fault
(kO1 = 0.385 £-46.7°, sheath retugn path)

Calculation ZoL1(sheath) ZoL1(ground) ZoL1(sheath and ground)
XAG (secondary ohms) 0480 3.17Q 051 Q
Overreach/Underreach? 100% 660% (U) 106% (U)

a O indicates overreach, U indicates underreach.

The results in Table I§27;show'that there is no Zone 1 ground distance
overreach. Thereforeysgt kOT based on Zgp 1 (sheath)-

kOM1:= 0385 Zone 1"ZSC Factor Magnitude (AUTO, 0.000-10)
kOA1:3-46.Ty¢Zone 1 ZSC Factor Angle (—180.0 to +180.0 degrees)

kO and kOR. “Set the forward (k0) and reverse (kOR) zero-sequence current
compensation factors so that the overreaching zones of ground distance
proteetion domot underreach for any internal ground fault. Put both parallel
cables in€ervice. Table 1.28 lists the corresponding XAG calculations for a
remote (Station R) ground fault for each of the three possible zero-sequence
cable impedances when the kO calculation is based on Zgy. 1 (ground)- (Replace
kO1 with kO or replace kO1 with kOR in Equation 1.60 and Equation 1.62.)

Table 1.28 XAG Measurement for Remote AG Fault
(kO = 6.105 £44.5°, ground return path)

Calculation ZoL1(sheath) ZoL1(ground) ZoL1(sheath and ground)
XAG (secondary ohms) 0.04 Q 0.48 Q 0.05Q
Overreach/Underreach? 8.33% (0) 100% 10.4% (O)

a O indicates overreach, U indicates underreach

The results of Table 1.28 show that the XAG calculation does not underreach
when you set kO based on the ground return path. Set kO and kOR based on

ZoL1(ground).

kOM := 6.105 Forward Zones ZSC Factor Magnitude (0.000-10)
kOA := 44.5 Forward Zones ZSC Factor Angle (—180.0 to +180.0 degrees)
kOMR := 6.105 Reverse Zones ZSC Factor Magnitude (0.000-10)
kOAR := 44.5 Reverse Zones ZSC Factor Angle (-180.0 to +180.0 degrees)
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Distance Element Common Time Delay O
Set the operation time delay of both the phase and ground distance elemeb

Zone 1

There is no need to delay Zone 1 distance protection; the relay trips
instantaneously for faults in Zone 1. L 4

21D =0.000 Zone 1 Time Delay (OFF, 0.000-16000 cycl

Zone 2 \

Zone 2 distance protection must coordinate with downstri one 1 distance
protection plus the downstream circuit breaker operatin and a safety
margin. A typical Zone 2 phase and ground distance time delay setting is

20 cycles.
72D :=20.000 Zone 2 Time Delay (OFE, 0.0 6000 cycles)

nsider the following fault

n example; this information is
acent lines. Figure 1.25 illustrates
e-delayed Zone 2 ground distance
1 ground distance protection.

Short Adjacent Lines. You do notlee
current return path scenario for t i
provided here for applications wit
an important consideration ifyyou a
protection to backup downst:

Zone 2 Grou@
S

Zone 1Ground Distance

e, ~y v Conductor
Is

.\C) oS~y Sheath

JG_ Ground

M re 1.25 External Ground Fault

O Fault current flows through the sheath and ground with respect to the cable

because the sheath is grounded at each end during external ground faults.
However, because you must make sure that Zone 2 ground distance elements
see all ground faults at remote Station R, the kO setting was for the ground

® path only. Therefore, Zone 2 ground distance protection may overreach for

external ground faults, especially for the case of a short adjacent line. The
solution is to increase Zone 2 time delay.

Zone 3

L 4 Zone 3 has reverse-looking distance protection that you do not need to apply
for tripping in this application. Set Zone 3 for zero time delay.

Z3D:=0.000 Zone 3 Time Delay (OFF, 0.000—-16000 cycles)
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SOTF Protection O
SOTF (Switch-Onto-Fault) logic is enabled when the circuit breaker close

This logic provides protection for a short duration (setting SOTFD) until a@
protection (such as tripping from SELOGIC control equations TR and
TRCOMM) is available. The TRSOTF SELOGIC control equation defines

which protection elements cause the relay to trip when the SOTF scheme is
active. Assertion of the protection elements assigned to TRSOTF duringﬁle

SOTFD time causes the relay to trip instantaneously.
Use nondirectional overcurrent protection to clear close-in‘fault SO use
instantaneous overreaching distance protection to clear faults g the line.
Assign instantaneous Zone 2 mho phase and ground dist otection plus
Level 1 phase overcurrent element to TRSOTF.

TRSOTF := M2P OR Z2G OR 50P1 Switch-Onto-F@(SELOGIC Equation)

Voltage Reset

You can configure the logic so the SOT b ration resets within at least

5 cycles after it first asserted but before't FD timer expires. To quickly
reset the SOTF period before this t ay must sense that the positive-

sequence voltage V is greater than cent of nominal voltage.

Voltage Reset) to enable fast reset.

Use setting EVRST (Switch- -
The advantage of resetting ection quickly is that unwanted tripping
does not occur for subseqéent external to the remote terminals during
the SOTF period; these tripgcan occur if you set instantaneous Zone 2

1’the TRSOTF SELOGIC control equation.

distance protection e

Enable the voltage réset option.
EVRST := - -Fault Voltage Reset (Y, N)
SOTF Initiatio\
ic

The SO serts via one or both of the following methods:
A change in the normally open auxiliary contact 52A status
. O showing that the circuit breaker has just opened
» Assertion of the relay control input assigned to the circuit
breaker close bus

The 52A method initiation works well for both single and multiple circuit
eaker applications and does not require an input from the close bus.

However, close bus only initiation enables SOTF protection immediately

following the close command to the circuit breaker. For more information see

@ Switch-Onto-Fault Logic on page R.1.94.
\ Turn off 52AEND (52A Pole Open Time Delay).
52AEND := OFF 52A Pole Open Time Delay (OFF, 0.000—16000 cycles)

Select the close bus option for this application and set the close enable delay
(CLOEND) shorter than the shortest reclose open interval.

V'S CLOEND :=10.000 CLSMON or Single-Pole Open Delay
(OFF, 0.000-16000 cycles)
SOTF Duration

Setting SOTFD determines the longest period the SOTF logic can assert after
the circuit breaker closes.

SOTFD :=10.000 Switch-Onto-Fault Enable Duration (0.500-16000 cycles)

Date Code 20080110 Applications Handbook SEL-421 Relay



A.1.102 | Protection Application Examples

EHV Parallel 230 kV Underground Cables Example

Close Signal Monitor

Assign the Relay Word bit CLSMON to a control input, so the relay can deteet
execution of the close command.

CLSMON :=IN102 Close Signal Monitor (SELOGIC Equation)

Phase Instantaneous/Definite-Time Overcurrent Elements

Use Level 1 instantaneous phase overcurrent element (50P1)As a
nondirectional high-set phase overcurrent element for SOEF pfotection. To
rapidly clear faults, set pickup threshold SOP1P equal to 50 percent of the fault
current measured at the local terminal for a close-in thfee-phase‘fault; use
weak source conditions so that the relay operates for lowslevel fault current.

50P1P :=9.57 Level 1 Pickup (OFF, 0.25-100 A secendary)
This application uses 50P1 as an instantaneoussevereurrent element; you do
not need time delay.

67P1D :=0.000 Level 1 Time Delay (0:000—16000 cycles)
This application uses 50P1 as a ngndirectional overcurrent element; you do
not need torque control.

67P1TC:=1 Level 1 Torqu€'@entrol(SELOGIC Equation)

Negative-Sequence Instantanegus/Definite-Time Overcurrent Elements

SEL-421 Relay

Negative-sequence dirgetional, overcurrent protection is an excellent choice
for underground cable. Theeable zero-sequence impedance depends on the
current return paths, but the cable negative-sequence impedance does not.
Negative-seglience directional overcurrent protection provides reliable and
sensitive proteetion for cables against all unbalanced faults. Be sure to set
negative-sequenceyovercurrent elements above system unbalances.

Negative-Sequenge Overcurrent Elements

Enable threeflevels of negative-sequence overcurrent elements.

£500.:7 3 Negative-Sequence Instantaneous/Definite-Time Overcurrent
Elements (N, 1-4)

Disable Level 1 negative-sequence overcurrent element. This application does
net use 50Q1.

50Q1P := OFF Level 1 Pickup (OFF, 0.25-100 A secondary)

The Level 2 negative-sequence directional overcurrent element (67Q2)
provides communications-assisted tripping for internal unbalanced faults.
This element detects unbalanced faults in the forward direction and trips via
the communications channel. The 50Q2P setting is the pickup for the
directional overcurrent element 67Q2. Apply a setting equal to the default for
the pickup of 32QG (Negative-Sequence Voltage Polarized Directional
Element), which is S0FP (Forward Supervisory Overcurrent Pickup)

50Q2P =50FP=0.12+1,,,=0.125A =06 A

50Q2P = 0.60 Level 2 Pickup (OFF, 0.25-100 A secondary)
The Level 3 negative-sequence directional overcurrent element (67Q3)
provides current reversal guard during unbalanced faults on the parallel cable
to prevent unwanted tripping. The 50Q3P setting is the pickup for directional

overcurrent element 67Q3. Set the pickup of Level 3 negative-sequence
overcurrent element equal to the default for the pickup of 32QG (Negative-
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Supervisory Overcurrent Pickup). The reverse-looking element is 150 percent
more sensitive than the forward-looking element.

50Q3P =50RP=0.08*1,,,=0085A=04A
50Q3P := 0.40 Level 3 Pickup (OFF, 0.25-100 A secondary)

Sequence Voltage Polarized Directional Element), which is SORP (Reverse O

Negative-Sequence Overcurrent Pickup Coordination Check. &
Figure 1.26 illustrates why you need to check the sensitivity ©f rward
(50Q2P) and reverse (50Q3P) negative-sequence overcu\ settings.

I2s s I2R
- -

l2cs

Il

Figure .26 Negative-Sequence
Fault Current Distribution-External

le causes the SEL-421 at Station S to
current for a reverse out-of-section

The shunt capacitance of t
measure less negative-seq fa
ground fault than at Statign R.

@ - I2R - I2CR - I2CS Equation 1.64
Where;
negative-sequence fault current supplied from Source R
\ egative-sequence fault current flowing through the line
terminal at Station S
@ = negative-sequence shunt current at Station R
cs = negative-sequence shunt current at Station S
&
I , if the reverse-looking directional element at the local station is not
mo nsitive than the forward-looking directional element at the remote
tion, unwanted tripping can occur during external ground faults; the local

3 element can fail to detect a reverse unbalanced fault that the remote
Q2 element sees.

Use a short-circuit study to determine I,g for a close-in reverse single phase-

@ to-ground fault with respect to Station S; make sure to perform the fault
calculations for the parallel cable both in service and out of service. The
results of the study for this particular application show that the maximum

difference between I,g and I, for any close-in reverse unbalanced fault at

Station S is 8.5 mA secondary. Therefore, the existing settings provided for

50Q2P and 50Q3P maintain coordination for external unbalanced faults.
There is no need to add any intentional time delay on pickup for Level 2 or 3
negative-sequence overcurrent elements.

6702D :=0.000 Level 2 Time Delay (0.000—16000 cycles)

6703D := 0.000 Level 3 Time Delay (0.000-16000 cycles)

L 4
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ground directional element.
6702TC := 32GF Level 2 Torque Control (SELOGIC Equation) Q
0

Set the Level 3 torque control equation to the reverse decision from the gr
directional element.

67Q3TC := 326R Level 3 Torque Control (SELOGIC Equation) P

Set the Level 2 torque control equation to the forward decision from the O

Selectable Operating Quantity Time Overcurrent Element 1

Use inverse-time overcurrent protection to provide bac ction for
unbalanced faults including high-resistance ground faglts ctable
Operating Quantity Time Overcurrent Element 1 5 p es backup
protection for unbalanced faults if both the communications-assisted and step
distance protection fail to operate.
NOTE: Use your company practices Select negative-sequence line current 3121 a§ the'@perating quantity rather
and philosophy when determining
these settings. than 3I0L because ground current return w
51810 := 3I12L 51S1 Operating Quantity
(IAn, 1Bn, ICn, IMAXn, 3 ")

The fault current (31,) that t
ground fault at the end of the
parallel cable in service at ‘mihi
minimum of minimums).

easures for a bolted single phase-to-

e from the remote station with the
eneration is 3.0 A secondary (this is the
up between 30 to 50 percent of this

current.
51S1P =1/3 « 3Kk =1/33.00A=1.00 A
51S1P =1.0 1 rrent Pickup (0.25-16 A secondary)
Use the fol ormula to determine approximately how much primary

rage (Rg) that 51S1P provides on a radial basis:

VNOMY
R. - PTR | .3
C) F~ CTR  5ISIP

¢ sy
K\ _ 2000, 3
200 1.00 A

\ = 664 Q primary Equation 1.65

O Use the following as a guide to set the curve and time dial; for secure backup
protection, perform a coordination study. Set the local overcurrent element to
coordinate with the downstream overcurrent element so there is a 12-cycle

\ (60 Hz nominal) safety margin for phase-to-phase (high current) faults in front
of the first downstream overcurrent element. Assume the operating time of the
downstream overcurrent element is 12 cycles for close-in phase-to-phase
faults. Therefore, set the local time-overcurrent element to operate at

approximately 24 cycles for phase-to-phase faults in front of the first
downstream overcurrent element.

The fault current (31,) that the relay measures for a bolted close-in phase-to-
phase fault at the remote station with the parallel cable out of service is 18.67
A secondary. The pickup multiple is shown in Equation 1.66.
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M = 2FAULT
51S1P

_ 1867 A
1.00 A

18.67 Equation 1.66

Protection Application Examples ‘ A.1.105

Use the parameters of 24 cycles operating time and M = 18.67 to choose‘the

curve and time dial settings for the 51S1 element. For curve iming
information, see Inverse-Time Overcurrent Elements on :

51S1C = U3 51S1 Inverse-Time Overcurrent Curve (Ul-

51S1TD = 3.72 51S1 Inverse-Time Overcurrent Tim@ -15.0)
Set the overcurrent element to emulate electromechani et.

51SIRS =Y 51S1 Inverse-Time Overcurrent eset (Y, N)
Torque control the overcurrent element with(the ard decision from the
ground directional element.

51SITC = 32GF 51S1 Torque Control% Equation)

Zone/Level Direction

Zone 1 and Zone 2 distan t directions are fixed in the forward
direction. You can select t er zones independently as forward-looking

(F), or reverse-looking (R): Set e 3 distance elements reverse-looking;
these are blocking elemen the POTT scheme.

DIR3:=R Zone/Lgve irectional Control (F, R)

Directional ControIQ
The SEL% array of directional elements to supervise the ground
e

distance glém nd residual directional overcurrent elements during ground

fault conditionsr Internal logic automatically selects the best choice for the

ground ditectional element (32G) from among the negative-sequence voltage-
& Poldrize irectional element (32QG), zero-sequence voltage-polarized

i
ire element (32V), and the zero-sequence current-polarized directional
ele t (320).

\ relay setting ORDER determines the order in which the relay selects

ectional elements to provide the ground directional decisions. You can set
ORDER with any combination of Q, V, and I. The listed order of these
directional elements determines the priority in which these elements operate
to provide ground directional decisions. Only one specific directional element
operates at any one time. Directional element classification is as follows:

\ » (Q—Negative-sequence voltage-polarized directional element
» V—Zero-sequence voltage-polarized directional element

» [—Zero-sequence current-polarized directional element

S Set ORDER to Q. This setting selects only the negative-sequence voltage-
polarized directional element. You rely on 32QG to provide high-speed
reliable and sensitive protection during unbalanced faults via the
communications channel. Cable zero-sequence impedance depends on the
fault current return path; the negative-sequence impedance of the cable does
not.

ORDER := Q@ Ground Directional Element Priority (combine Q, V, I)
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The relay hides the ZOF, ZOR, a0, and E32IV settings because ORDER does
not contain V or I. O

Negative-Sequence Voltage-Polarized ‘ )
Directional Element Reverse Decision (R32QG) Check

The setting Z2R is the reverse threshold for the negative-sequence voltage-
polarized directional element. If the apparent negative-sequence impedalﬁe

(z2) that the relay measures is greater than Z2R, the relay de s that an
unbalanced fault is reverse. For overhead transmission li es,%e shunt
admittance that represents the charging capacitance. ThN tive-
sequence admittance of the underground cable is signi andymodifies the
z2 measurement during reverse faults. You must inclu ittance in the
cable model to verify proper operation of the defaulgset
c

Figure 1.27 illustrates the effect of the shunt ad nce at both ends of the

circuit for a reverse unbalanced fault. Q
R

s
|

Negative-Sequence Network

ere 1.27 Reverse Unbalanced Fault on Cable Circuit (Shunt Admittance)

e technical paper Underground/Submarine Cable Protection Using a

Sequence Directional Comparison Scheme (see www.selinc.com for a copy of
this paper) provides an equation that allows you to express the apparent
negative-sequence impedance at the relay terminal for a reverse unbalanced

®® fault when accounting for charging capacitance:

N
I~
120

1

‘—st
IZS

e Zyp+2 Yy 0 2y 0 Zig+4c Zig

2
¢ d+de Yy o Zig+2 Yy o Zyp + YL Zy 0 Zig

3.86 Q Equation 1.67
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impedance during unbalanced faults:

L _RelVye (4, /Z1ANG) ] < )

2
|I2| Equation 1.68

The SEL-421 uses Equation 1.68 to calculate the apparent negative-sequence O

Equation 1.68 yields a more conservative result for the negative—sequencg

impedance when the parallel cable is out of service:

1Z,gl =2.97 Q \
The result of Equation 1.68 is greater than the default ge o for Z2R; Z2R =
(Z2F + 1/(2 * 1,,o)- (See Ground Directional Elementio @ ¢ R.1.31 for

more information.) 0
Pole-Open Detection

The setting EPO, Enable Pole-Open logi two options for deciding
what conditions signify an open pole, a§ i in Table 1.29.

Table 1.29 Options for Enabling ogic

Option Description

EPO =V The logic dec -pole open if the corresponding phase under-
voltage elemefit as nd the open phase detection logic declares the
pole is open:“Select this option only if you use line-side potential trans-
formers la; purposes. A typical setting for the 27PO, pole-open
undervglta hold, is 60 percent of the nominal line-to-neutral volt-

select this option when shunt reactors are applied because the volt-
slowly decays after the circuit breaker opens. With this option
ted, the relay cannot declare an open pole during assertion of LOP.

phase detection and status information from the circuit breaker to
m e most secure decision.
\ EP0 := 52 Pole-Open Detection (52, V)
@-Open Time Delay on Dropout

The setting 3POD is the time delay on dropout after the Relay Word bit 3PO
deasserts. The setting 3POD stabilizes the ground distance elements during
pole scatter when the circuit breaker closes.

3P0D :=0.500 Three-Pole Open Dropout Delay (0.000-60 cycles)

% POTT Trip Scheme

S This application example presents the permissive overreaching transfer trip
(POTT) scheme to high-speed trip for faults along the protected cable.

The POTT scheme logic consists of the following sections:
» Current reversal guard logic

» Echo
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» Weak infeed logic
» Permission to trip received

Current Reversal Guard Logic 0

Echo

L 4

O

Q>®

-421 Relay

This is a parallel cable application, so you must use current reversal guard.
When the reverse-looking elements detect an external fault, the relay does not
key the transmitter and ignores reception of a permissive signal from the
remote terminal. The Zone 3 Reverse Block Delay (Z3RBD) tends
these two operations after a current reversal occurs and the reverse-looking
elements drop out.

Set the Z3RBD timer to accommodate the following:
» Remote Station R circuit breaker ma pening time
» Maximum communications chann time

» Remote Station R Zone 2 re@\um reset time
Assume a circuit breaker opening time , a communications channel

reset time of 1 cycle, and remote @ eset time of 1 cycle. The sum
of these times gives a conservativ f’S cycles for a three-cycle circuit
breaker.

Z3RBD :=5.000 Zone 3K

If the circuit breaker i , or a weak infeed condition exists at the local
terminal, the receivedp ive signal can echo back to the remote relay and

cause it to iss igh d trip for faults beyond the remote relay Zone 1
reach. The § 4?

k Time Delay (0.000-16000 cycles)

includes logic that echoes the received permissive trip

signal baek to'th€ remote terminal after specific conditions are satisfied. The
echo logic 1 desytimers for blocking the echo logic as well as timers for
p

qualifyi issive signal.
Use cho Block Time Delay) to block the echo logic after dropout
of local 1ssive elements. The recommended setting for the EBLKD timer

is the,sum of the following:

» Remote Station R circuit breaker opening time

\K » Communications channel round trip time

» Safety margin

Assume a circuit breaker opening time of 3 cycles, a communications channel
round trip time of 2 cycles, and a safety margin of 5 cycles. The sum of these
times gives a conservative setting of 10 cycles for a three-cycle circuit breaker.

EBLKD :=10.000 Echo Block Time Delay (OFF, 0.000-16000 cycles)

The echo time delay, setting ETDPU, makes certain that the reverse-looking
elements at the receiving end have sufficient time to operate and block the
received echo signal for external faults behind the remote terminal. The delay
also guards the echo and weak infeed logic against noise bursts that can occur
on the communications channel during close-in external faults.

Because of the brief duration of noise bursts and the pickup time for the
reverse-looking elements, a received signal must be present for a short time to
allow the POTT scheme to echo the permissive signal back to the remote
terminal. The ETDPU (Echo Time Delay Pickup) timer specifies the time a
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communications equipment, but a conservative setting for this timer is
2 cycles.

ETDPU :=2.000 Echo Time Delay Pickup (OFF, 0.000-16000 cycles)

permissive trip signal must be present. The ETDPU setting depends upon your O

The setting EDURD (Echo Duration Time Delay) limits the duration of the
echoed permissive signal. Once an echo signal initiates, it should remain for a
minimum period of time and then stop, even if a terminal receives a L 4
continuous permissive signal. This cessation of the echo signal'prevents the
permissive trip signal from latching between the two terin ssume a
3-cycle circuit breaker at the remote terminal and a 1-cycle'¢han elay. The
sum of these two is a setting of 4 cycles.

EDURD :=4.000 Echo Duration Time Delay (0.000=16000 cycles)

Weak Infeed 0

The SEL-421 provides weak-infeed logic to fhigh<speed trip both line
terminals for internal faults near the weak terminal. The weak terminal echoes
the permissive signal back to the stron inalfand causes the strong
terminal to trip. The weak terminal tri erting the echoed permissive
signal to a trip signal if specific ¢ i satisfied.

This application example d he weak-infeed feature.

EWFC:=N Weak InfeedK

Permission to Trip Receiv
Assign a control input t ive trip permission from the remote terminal.
PT1:= IN10 eral issive Trip Received (SELOGIC Equation)

Trip Logic
Trip logi 1gures the relay for tripping. There are four trip logic settings

compo
Trip equations
Trip unlatch options

\ >
K » Trip timers
\ >

Three-pole tripping enable

Set these three SELOGIC control equations for tripping:

\Z » TR (unconditional)
» TRCOMM (communications-assisted)
» TRSOTF (SOTF)

TR. The TR SELOGIC control equation determines which protection

* elements cause the relay to trip unconditionally. Set TR to the Zone 1
instantaneous distance protection (Z1T), Zone 2 time-delayed distance
protection, and the inverse-time overcurrent element (51S1) for backup
protection. For information on setting 51S1, see Selectable Operating
Quantity Time Overcurrent Element 1 on page A.1.104.

TR := Z1T OR Z2T OR 51S1T Trip (SELOGIC Equation)
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TRCOMM. The TRCOMM SELOGIC control equation determines which
elements trip via the communication-assisted tripping logic. In the TRCOMM
SELOGIC control equation, set Zone 2 mho phase distance protection (M2P)
for phase faults, and Level 2 negative-sequence directional overcurrent
element (67Q?2) for ground faults.

TRCOMM = M2P OR 67Q2 Communications-Assisted Trip (SELOGIC
Equation)

TRSOTF.  The TRSOTF SELOGIC control equation defines gvhiehwprotection
elements cause the relay to trip when the SOTF scheme Tstactive. Assertion of
these protection elements during the SOTFD time causes the'telay to trip
instantaneously (see SOTF Protection on page A.1.101). Setjinstantaneous
Zone 2 distance protection (M2P and Z2G) and Level'l phase instantaneous
overcurrent element (S0P1) in the TRSOTF SELOGI@¢ontfol equation.

TRSOTF := M2P OR Z26 OR 50P1 Switch-Onto-Fault Trip (SELOGIC Equation)

Trip Unlatch Options

Unlatch the control output you programimedfer tripping (OUT101) after the
circuit breaker auxiliary a contactSibreak the dc current. The SEL-421
provides two methods for unlatching e€entrol outputs following a protection
trip:

» ULTR—alllthree poles
» TULO—phase sele¢tive
ULTR. Use ULTR ghelnlatch Trip SELOGIC control equation, to unlatch

all three poles. Use the default setting to assert ULTR when you push the
front-panel tafget reset button.

ULTR := TRGIRAUnlatch Trip (SELoGIC Equation)

TULO. Use WULO (Trip Unlatch Option) to select the conditions that cause
the SEL£421%e unlatch the control outputs that you programmed for tripping.
Table 130 shows the four trip unlatch options for setting TULO.

Table 1.30/ Setting TULO Unlatch Trip Options

Nn Description
1
2
3
4

Unlatch the trip when the relay detects that one or more poles of the line ter-
minal are open, and Relay Word bit 3PT has deasserted.

Unlatch the trip when the relay detects that the corresponding 52A contact(s)
from both circuit breakers (52AA1 and 52AA2) are deasserted.

Unlatch the trip when the relay detects that the conditions for Options 1 and 2
are satisfied.

Do not run this logic.

Select Option 3 because a 52A contact is available; the relay uses both open
phase detection and status information from the circuit breaker to make the
most secure decision. For information on the pole-open logic, see Pole Open
Logic on page R.1.24.

TULO := 3 Trip Unlatch Option (1, 2, 3, 4)

Trip Timers

The SEL-421 provides dedicated timers for minimum trip duration.
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TDURS3D, determines the minimum time that Relay Word bit 3PT asserts. Fo:

Minimum Trip Duration. The minimum trip duration timer setting, O
this application example, Relay Word bit 3PT is assigned to OUT101. Th@

corresponding control output closes for TDUR3D time or the duration ofithe
trip condition, whichever is longer.

A typical setting for this timer is 9 cycles.

TDUR3D :=9.000 Three-Pole Trip Minimum Trip Duration Time Delay
(2.000-8000 cycles)

Three-Pole Tripping Enable \%
The relay contains both three-pole and single-pole trippi ic. Set E3PT
(Three-Pole Trip Enable) to logical 1 to enable the: - or three-pole

tripping only.

E3PT:=1 Three-Pole Trip Enable (SELOG )
Also set the appropriate three-pole trippin LOGIC control equation for
Circuit Breaker BK1.

E3PTI:=1 Breaker 1 3PT (SEL®GICEg @.

Control Qutputs

Main Board \'
Use SELOGIC control eq&ns to assign the control output for tripping.

puts for tripping and keying the transmitter of

Use the main board ¢on
t uipment.

the external te 1t

ouTI01 :2 LoGIC Equation)
0UT102g= SELoacIC Equation)

Examp|e Comp|eted This coffip the application example that describes setting of the SEL-421
for co tions-assisted protection of 230 kV underground cables. You
canfuse t| ample as a guide when setting the relay for similar applications.

4 Analyze your particular power system to determine the proper settings for

1cation.

Rel ay Settmg S \x/e 1.31 lists the protection relay settings available for this example.

Table 1.31 Settings for 230 kV Parallel Cables Example (Sheet 1 of 6)

Setting Description Entry

General Global Settings (Global)

® SID Station Identifier (40 characters) LEWISTON --

230 kV
RID Relay Identifier (40 characters) SEL-421 Relay
NUMBK Number of Breakers in Scheme (1, 2) 1
V'S BID1 Breaker 1 Identifier (40 characters) Circuit Breaker 1
NFREQ Nominal System Frequency (50, 60 Hz) 60
PHROT System Phase Rotation (ABC, ACB) ABC
DATE_F Date Format (MDY, YMD, DMY) MDY
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Table 1.31

Settings for 230 kV Parallel Cables Example (Sheet 2 of 6)

Setting

Description

Entry

FAULT

Fault Condition Equation (SELOGIC Equation)

Current and Voltage Source Selection (Global)

ESS

Breaker Configuration (Breaker Monitoring)

EBIMON
BKITYP

Current and Voltage Source Selection
()N, 1,2,3,4)

Breaker 1 Monitoring (Y, N)

Breaker 1 Trip Type
(Single Pole = 1, Three Pole = 3)

Breaker 1 Inputs (Breaker Monitoring)

52AA1

N/O Contact Input—BK1 (SELOGI i0]

Line Configuration (Group)

CTRW
CTRX
PTRY
VNOMY

PTRZ
VNOMZ

Z1IMAG

Z1ANG

Current Transformer Ratio p 1-50000)
Current Transformer n (1-50000)

Potential Transfo

PT Nominal Volta -

(60-300 V sec&
Potential Tr: orm tio—Input Z (1-10000)

PT Nomi o (L-L)—Input Z
(60-301 ary)

e-S ce Line Impedance Magnitude
55 Q) secondary)

o

itive-Sequence Line Impedance Angle

Z(@ Zero-Sequence Line Impedance Angle
& (5.00-90 degrees)
NC Fault Location (Y, N)
& Line Length (0.10-999)
\elay Configuration Settings (Group)
O E21P Mho Phase Distance Zones (N, 1-5)
E2IMG Mho Ground Distance Zones (N, 1-5)
@ E21XG Quadrilateral Ground Distance Zones (N, 1-5)
\ ECVT CVT Transient Detection (Y, N)
ESERCMP | Series-Compensated Line Logic (Y, N)
ECDTD Distance Element Common Time Delay (Y, N)
ESOTF Switch-Onto-Fault (Y, N)
@ EOOS Out-of-Step (Y, N)
ELOAD Load Encroachment (Y, N)
E50P Phase Inst./Def.-Time O/C Elements (N, 1-4)
E50G Res. Ground Inst./Def. Time O/C Elements
(N, 1-4)
-421 Relay Applications Handbook

Ng’
3

| IN101

50P1 OR 51S1 OR
M2P OR 722G O
M3P OR Z3G

200
200
2000
115

2000
115

0.48

42.5

0.96

Z Z <K XK z z v z @

z»—a
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Table 1.31 Settings for 230 kV Parallel Cables Example (Sheet 3 of 6)
Setting Description Entry
E50Q Negative-Sequence Inst./Def. Time O/C Elements | 3

(N, 1-4)
E51S Selectable Inverse Time O/C Element (N, 1-3) 1
E32 Directional Control (Y, AUTO) AUTO ¢
ECOMM Comm.-Assisted Tripping P
(N, DCB, POTT, POTT2, POTT3, DCUBI,
DCUB?2)
EBFL1 Breaker 1 Failure Logic (N, 1, 2)
E25BK1 Synchronism Check for Breaker 1 (Y, N)
E79 Reclosing (Y, Y1, N) N
EMANCL Manual Closing (Y, N) N
ELOP Loss-of-Potential (Y, Y1, N) Y1
EDEM Demand Metering (N, THM, N
EADVS Advanced Settings (Y, Y
Mho Phase Distance Element Reach
Z1P Zone 1 Reach ( —64 Q) secondary) 0.38
72P Zone 2 Reach , —64 Q) secondary) 0.58
73P Zone 3 Reach &64 Q) secondary) 0.58
Mho Phase Distance Elementiliime Delay (Group)
Z1PD Zone 1 [Tt (OFF, 0.000-16000 cycles) OFF
Z2PD e2 Ti lay (OFF, 0.000-16000 cycles) OFF
73PD @ Time Delay (OFF, 0.000-16000 cycles) OFF
Quadrila d Distance Element Reach (Group)
XGl1 Z 1 Reactance (OFF, 0.05-64 Q) secondary) 0.38
RG1 one 1 Resistance (0.05-50 Q secondary) 1.29
X Zone 2 Reactance (OFF, 0.05-64 Q secondary) 0.58
Zone 2 Resistance (0.05-50 Q secondary) 1.97
Zone 3 Reactance (OFF, 0.05-64 Q secondary) 0.58
Zone 3 Resistance (0.05-50 Q secondary) 2.46
GPOL Quad Ground Polarizing Quantity (12, IG) 12
TANG Nonhomogeneous Correction Angle 2.2
(—40.0 to +40 degrees)
Zero-Sequence Current Compensation Factor (Group)
kOM1 Zone 1 ZSC Factor Magnitude (AUTO, 0.000-10) | 0.385
kOA1 Zone 1 ZSC Factor Angle —46.7
(-180.0 to +180 degrees)
kOM Forward Zones ZSC Factor Magnitude (0.000-10) | 6.105
kOA Forward Zones ZSC Factor Angle 44.5
(~180.0 to +180 degrees)
kOMR Reverse Zones ZSC Factor Magnitude (0.000-10) | 6.105
kOAR Reverse Zones ZSC Factor Angle 44.5
(-180.0 to +180 degrees)
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Table 1.31 Settings for 230 kV Parallel Cables Example (Sheet 4 of 6)

Setting Description Entry

Ground Distance Element Time Delay (Group)

Z1GD Zone 1 Time Delay (OFF, 0.000-16000 cycles) OFF
Z2GD Zone 2 Time Delay (OFF, 0.000-16000 cycles) OFF
Z3GD Zone 3 Time Delay (OFF, 0.000-16000 cycles) OFF L 4

Distance Element Common Time Delay (Group)
Z1D Zone 1 Time Delay (OFF, 0.000-16000 cycles)
72D Zone 2 Time Delay (OFF, 0.000-16000 cycles)

73D Zone 3 Time Delay (OFF, 0.000-16000 cycles 0
SOTF Scheme (Group)

ESPSTF Single-Pole Switch-Onto-Fault (Y, N N
EVRST Switch-Onto-Fault Voltage Reset (X; N) Y
52AEND 52A Pole Open Time Delay OFF

(OFF, 0.000-16000 cycles)

CLOEND CLSMON or Single P
(OFF, 0.000-16000 cycl

SOTFD Switch-Onto-Fa ation 10.000

(0.500-16000 S
CLSMON Close Signal Moni 0OGIC Equation) IN102

Phase Instantaneous Overc nt Pickup (Group)

en 10.000

50P1P | Level 1 F, 0.25-100 A secondary) | 9.57
Phase Overcurrent Defi ime Delay (Group)

67P1D Q 1 Time Delay (0.000-16000 cycles) | 0.000
Phase Ov rentyTorque Control (Group)

67P1TC L 1 Torque Control (SELOGIC Equation) | 1
Negative-Sequence Instantaneous Overcurrent Pickup (Group)
50Q1P Level 1 Pickup (OFF, 0.25-100 A secondary) OFF
¢ Level 2 Pickup (OFF, 0.25-100 A secondary) 0.60
é Level 3 Pickup (OFF, 0.25-100 A secondary) 0.40
\ ative-Sequence Overcurrent Definite-Time Delay (Group)
7Q2D Level 2 Time Delay (0.000-16000 cycles) 0.000
O 67Q3D Level 3 Time Delay (0.000-16000 cycles) 0.000

Negative-Sequence Overcurrent Torque Control (Group)

@ 67Q2TC Level 2 Torque Control 32GF
(SELogIC Equation)
67Q3TC Level 3 Torque Control 32GR
(SELogIC Equation)

Selectable Operating Quantity Inverse-Time Overcurrent Element 1 (Group)

51S10 51S1 Op. Qty 312L
¢ (IAn, IBn, ICn, IMAXn, I1L, 312L, 310n)2

51S1P 51S1 O/C Pickup (0.25-16 A secondary) 1.00

51S1C 51S1 Inverse Time O/C Curve (U1-U5) U3

51S1TD 5151 Inverse Time O/C Time Dial (0.50-15) 3.72

51S1RS 51S1 Inverse Time O/C EM Reset (Y, N) Y
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Table 1.31 Settings for 230 kV Parallel Cables Example (Sheet 5 of 6)

Z2GTSP
67QGSP

TDURI1D

TDUR3D

Manual Trip-Breaker 1 (SEL0OGIC Equation)
Unlatch Trip (SELOGIC Equation)

Unlatch Manual Trip—Breaker 1 (SELOGIC
Equation)

Trip During Open Pole Time Delay
(2.000-8000 cycles)

Trip Unlatch Option (1, 2, 3, 4)
Zone 2 Ground Distance Time Delay SPT (Y, N)

Zone 2 Dir. Negative-Sequence/Residual
Overcurrent Single Pole Trip (Y, N)

SPT Min Trip Duration Time Delay
(2.000-8000 cycles)

3PT Min Trip Duration Time Delay
(2.000-8000 cycles)

Applications Handbook

TRGTR

NOT (52AA1
AND 52AB1
AND 52AC1)

2.000

6.000

9.000

Setting Description Entry
51S1TC 51S1 Torque Control (SELOGIC Equation) 32GF
Zone/Level Direction (Group)
DIR3 | Zone/Level 3 Directional Control (F, R) | R
Directional Control (Group) L 4
ORDER | Ground Dir. Element Priority (combine Q, V, ) |
Pole Open Detection (Group) \
EPO Pole Open Detection (52, V) 2
SPOD Single Pole Open Dropout Delay %Q
(0.000-60 cycles)
3POD Three Pole Open Dropout Delay (0.000 cycl 0.500
POTT Trip Scheme (Group)
Z3RBD Zone 3 Reverse Block Time Dela)Q 5.000
(0.000-16000 cycles)
EBLKD Echo Block Time Del @ 10.000
(OFF, 0.000-16000 cyc
ETDPU Echo Time Del 2.000
(OFF, 0.000-160
EDURD Echo Duration 4.000
EWFC Weak Infee N
PT1 General IN103
(SELo
Z1T OR Z2T OR
51SIT
M2P OR 67Q2
16 M2P OR Z2G OR
50P1
K Direct Transfer Trip A-Phase (SELOGIC Equation) | NA
Direct Transfer Trip B-Phase (SELOGIC Equation) | NA
Direct Transfer Trip C-Phase (SELOGIC Equation) | NA

OC1 OR PB8_PUL

SEL-421 Relay
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Table 1.31 Settings for 230 kV Parallel Cables Example (Sheet 6 of 6)

Setting Description Entry

E3PT Three-Pole Trip Enable (SELOGIC Equation) 1 0
E3PT1 Breaker 1 3PT (SELOGIC Equation) 1

ER Event Report Trigger (SELOGIC Equation) R_TRIG M2P OR

R_TRIG Z2G QR

R_TRIG 51S1 OR
3P OR
WTRIGZ3G
Main Board (Outputs)
OUT101 (SELoGIC Equation)
OUT102 (SELoGIC Equation) 0 Y

a Parameter nis 1for BK1, 2 for BK2, and L for Line.

Q
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Out-of-Step Logic Application Examples

The SEL-421 features OOS (out-of-step) logic for the following two
functions:

» OSB (out-of-step blocking) logic blocks phase distance
elements and Zone 1 ground distance elements during power
swings.

» OST (out-of-step tripping) logic trips the cireuit biedker(s)
during unstable swings.

There are two application examples that explain how t6 apply OOS logic: an
out-of-step blocking scheme and an out-of-step trippifig and blocking scheme.
The examples provide detailed setting procedurégyfor a SA relay.

These examples are for three-pole tripping if'a S00,kV power system.
Applications for single-pole tripping are similar. Refer to Figure 1.28 for a
one-line diagram of the 500 kV systemy

S R
z
21 I - TN\ ] AN ] i R
Figure .28 500 kV Power,System
Power System Table 1.32 liSts the'power system parameters.
Parameters Table 1.32 “Positive-Sequence Impedances (Secondary)
Parameter Value
Lingdmpedances:
Z1, 8.00 © £87.6° secondary (ZIMAG Q £ZZ1ANG°®)
Zone 2WPhase Distance Reach:
Z2P 9.60 Q secondary
Source S impedances:
Zis 8.8 2 /88° secondary
Source R impedances:
Zir 3.52 Q £88° secondary
Nominal frequency (f},,) 60 Hz
Nominal current (I,,o,) 5 A secondary
Line Length 100 miles
Out-of-step B|0ckinq This example demonstrates setting OSB function. Use this logic to

discriminate between power swings and faults to prevent unwanted distance
element trips. This application example assumes that you have set the phase-
to-phase mho distance element Zone 2 reach. First, enable the OOS logic.
Next, calculate the impedance reach settings for Zones 6 and 7 (R1R6, R1R7,
X1T6, and X1T7), and then calculate OSBD (out-of-step block time delay).
All of the OOS settings appear in Table 1.33 and Table 1.34 at the end of this
example.

Date Code 20080110 Applications Handbook SEL-421 Relay
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Enable 00S Logic O
NOTE: The relay automatically Access Group settings to enable the out-of-step logic.
calculates and hides settings when E00S:=Y Out-of—Step (Y N)
you set EADVS to N and EOOST to N. ’

Table 1.33 lists th ttings. . . L
ane 151 fhese settings You do not need to enable the Advanced Settings for this application example.

EADVS :=N Advanced Settings (Y, N) s

Out-of-Step Tripping

Disable the OST logic for this particular application exz@
EO0ST =N Out-of-Step Tripping (N, I, O) @
Phase Distance Element Blocking
OSB logic blocks phase distance protection dusing ng when the
measured positive-sequence impedance entets thetoperating characteristics of

the phase distance elements (see Zone 1 an e 2 in Figure 1.29). In
practice, it is not necessary to block all@n is application example, the

OSB logic blocks zones that genetate i eous tripping. The OSB logic
blocks instantaneous Zone 1 and e 2 is part of the
communications-assisted trippi

The OSB logic typically s
the operation time of these
during which the imped
zones. For example, i

supervise instantane@us

forward-looking Zones 1 and 2 because
is ordinarily shorter than the time period
wer swing resides in these protection

iod of a swing is 1.5 seconds, OSB logic should
and communications-assisted Zone 2.

g, the'relay typically does not block overreaching zones

of protectio ovide time-delayed tripping. Do not block reverse-looking
Zone 3 thisyzone serves as a starting element for the DCB (directional
comparison ) scheme or when this zone provides current reversal
guard f (permissive overreaching transfer tripping) scheme. For
example; i SB logic inhibits the DCB blocking signal during swings that

e local relay, over-tripping can occur at the remote terminal. If a

ing Zone 2, high-speed tripping occurs at the remote terminal
bec OSB logic removes the local Zone 3 element DCB scheme block.
Set'the relay to block Zone 1 and Zone 2.

00SB1:=Y Block Zone 1 (Y, N)

00SB2:=Y Block Zone 2 (Y, N)
00SB3:=N Block Zone 3 (Y, N)

-421 Relay Applications Handbook Date Code 20080110
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RILT

Xi
XIT7 O

4
RIRT
______ %y inimum

X176
Zone 2

Impedance
(Export)

Zone1 Load
S )

Figure .29 00S Ch te

Zone 6 and Zone 7 |

ic Settings Parameters

ttings

s two zones of concentric polygons, outer Zone 7 and inner
.29). The relay uses Zone 6 and Zone 7 for OOS logic

The OOS lo
Zone 6 (seckigu
timing todifferentiate between power swings and faults. The relay measures a

a po
imped
2

S

NOTE: This settings philosoph
provides the most time for th

to decide whether a fault or(a po
swing has occurred. \

Ve

-sequence impedance locus (Z,) in Zone 6 and Zone 7 when
or fault occurs. Two factors affect the Zone 6 and Zone 7

settings:

The outermost overreaching zone of phase distance protection
that you want to block.

The load impedance that the relay measures during maximum
load (minimum load impedance locus).

Set inner Zone 6 (X1T6, RIR6, X1B6, and R1L6) to encompass the outermost
zone of phase distance protection that you have selected for out-of-step
blocking. Set Zone 7 so that the closest minimum load impedance locus is
outside the Zone 7 characteristic for all loading conditions.

Resistance Blinders

Zone 2 is the outermost characteristic for this particular example. Include a
safety margin (20 percent for this example).

L 4
RIRG = 120 —22F___
2« sin(Z1ANG)
_ 1o 9.60 O
2« sin(87.6°)
=577 Q Equation 1.69
Date Code 20080110 Applications Handbook SEL-421 Relay
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Where:
Z2P = Zone 2 mho phase distance element reach (see

Table 1.32).

RIR6 := 5.77 Zone 6 Resistance—Right (0.05-70 2 secondary)

Set Zone 7 outer resistance blinders according to maximum load. In other
words, set the Zone 7 outer right-hand resistance blinder just inside the *
corresponding minimum export load impedance locus (maxi ad locus).
The maximum load current is 2.41 A secondary, determined oad studies.
The corresponding line-to-neutral voltage during maximu a tation S
is 61.44 V secondary.

IL(max) = 241A

VLN = 6144 V
Determine the minimum load impedan: T easures:

ce tha
\%
ZLmin =
61
1A

5.49 Q Equation 1.70

Assume that the maximumglo e is 245°. Use trigonometry to calculate
R1R7, which is the distafice from the origin to the right-hand resistance

blinder along line OP, of the right triangle (see Figure 1.30). The
resistance blinders a to the line characteristic impedance Zy ;, for
which the an, tti ANG.

\ cos(A) = <
b Equation 1.71
I
= 45° + (90°-ZZ1ANG)

A
b= Zi (min)
c = setting R1R7
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711

/

/
/
/ A
/
0
Rearrange Equati
calculate R&

\— 9% Zy yiny® COS[45° +(90° = Z1ANG)]
@ = 0.9+ 2549+ cos[45°+(90° - 87.6°)]
. () = 0.9+ 2549« cos(47.4°)
\ = 1553 Q Equation 1.72

7:=15.53 Zone 7 Resistance—Right (0.05-70 Q secondary)

L

Zone 6 inner reactance lines X1T6 and X1B6 should completely encompass

the outermost zone of phase distance protection that you want to block from
tripping during a power swing. Include a safety margin (20 percent).

Q>®

V'S Where:
Z2P = Zone 2 mho phase distance element reach

1.2« Z2P

1.2 9.60 Q
11.52 Q Equation 1.73

X1T6 :=11.52 Zone 6 Reactance—Top (0.05-96 Q secondary)
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The distance between Zones 6 and 7 top reactance lines should equal the
distance between Zones 6 and 7 right-hand resistance blinders. O

NOTE: The value for X1T7 must be at _
least 0.1Q gr\:eatuer than that fli)r X1T6. XIT7 = X1T6 + (R IR7-R1 R6)
= 11.52 Q+ (1553 Q-5.76 Q) O
= 2129 Q Equation 1.74
XIT7 := 21.29 Zone 7 Reactance—Top (0.05-96 Q2 secondary) L 4

Out-of-Step Block Time Delay \%
When the Z; impedance locus initially moves inside therelay starts

the OSBD (out-of-step block time delay) timer. The Zigpi nce trajectory
is shown in Figure 1.31 for the case of [Epl = IE% oltage at Node A
r de

and Ep is the voltage at Node B). The OSBD ti slow swings. If the

OSBD timer expires before the Z; trajectory ente 6, the relay detects a
power swing blocking condition. é
X1

Zone 7

I1 Trajectory
————— e Minimum Load

\ Impedance

x$

O Figure 1.31 Swing Trajectory to Determine the OSBD Setting

Use Equation 1.75 through Equation 1.78 to calculate the OSBD setting.

@ These equations are derived from the impedance trajectory shown in
Figure 1.31. Line section AB is the transfer impedance, Zt. The horizontal
dashed line represents the trajectory of the power swing perpendicular to line
section AB. The trajectory passes through the midpoint of line section AB.

Ly =Zig+Zy 1 +ZR Equation 1.75

Where:
Z1 = transfer impedance
Z1g = positive-sequence source impedance
Z1; | = positive-sequence impedance for Line 1
Z1R = positive-sequence remote impedance
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|z
Ang_R6 = 2« atan 2
(R1R6) < ,

_|8.8 0 ./88° +8.00 Q./87.6°+3.52 O./88°
2 e atan 2
577 Q

120.9° \%tion 1.76

;AN
Ang_R7 = 2+ atan| 9
RI1R7 0

[18.8 ©.,88° +8.00 Q 6°+3.52 Q889

2 e atan

= 664° Equation 1.77

A typical stable swing freq .- = 5 Hz. Use this value in

Equation 1.78 to find setti .
&_ Ang—R7) * fnom

OSBD =

360° -
cycle slip
A 0.9° - 66.4°) « 60 Hz

360° | 5 Hz
cycle
\ = 1.82 cycles Equation 1.78

nom = nominal power system frequency (Hz)

cycles

cycles

¢ Jfs1ip = maximum slip frequency (Hz)
@SBD timer settings are in increments of 0.125 cycle; round up to the
N est valid relay setting.

0SBD :=1.875 Out-of-Step Block Time Delay (0.500-8000 cycles)

ut-of-Step Blocking

\ The SEL-421 automatically resets the OSB logic if this logic asserts for more
than two seconds while the positive-sequence impedance locus is inside
Zone 7. During an unstable power swing, the relay also resets the OSB logic
each time the swing impedance exits Zone 7. You can latch on the OSB
function during an unstable power swing to continue blocking the distance
elements if the power swing impedance locus moves outside of Zone 7 and
L 4 before it comes back inside Zone 7 on its next swing cycle. If latched, the
OSB logic resets one second after the power system stops the out-of-step.
Latching the OSB gives you an advantage in that the relay can successfully
block uncontrolled distance element operations if a fault occurs when the
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faults that occur during a power swing and take the appropriate action

(unblock).
0SBLTCH:= Y Latch Out-of-Step Blocking (Y, N) O

Out-of-Step Unblocking

The relay disables out-of-step blocking automatically when a fault occur?
during a power swing. Therefore, the distance protection suc detects

all fault types and trips the circuit breaker(s) during int\.
Out-of-Step Unblocking During Three-Phase Fa trajectories
of a three-phase fault and a power swing appear the same @ Hase distance
elements because both a three-phase fault and a power swing consist of
positive-sequence quantities only (V; and I;). T if a power swing
evolves into an internal three-phase fault, typical gic cannot detect the

unstable swing impedance is outside of Zone 7. Relay elements detect internal O

occurrence of the balanced fault. The SEL-421 1 es an additional set of
inner blinders to provide proper detection o internal three-phase fault (see
Figure 1.32). If the positive-sequence i esides between these

logi cks. The relay calculates this
e g enters Zone 7. A short timer
elay needs a longer timer setting

blinders for a specific duration, O,
duration (UBOSBD) each time th
setting is adequate for fast swings,
for slow power swings. For
passes gradually between inner blinders during a slow swing, a short
timer setting would cause ippi
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Xi
Zone 7

Zone 6

,.L Zone 2 \@
Left Right @
Blinder Blinder

=

R1

timer length is the expected duration of the power swing within
inders. The relay bases the calculation on the actual time required
ing to traverse from Zone 7 to Zone 6, before entering the inner

L 4 er
s. If the swing remains inside the inner blinders for a period greater
N UBOSBD, an unblock signal asserts.
ou can increase the adaptive UBOSBD timer calculation in multiples of

O setting UBOSBF. If UBOSBF is a multiplier of one, the relay calculates the
expected time to traverse across the inner blinders based on the rate at which

Th
e
lin

the swing moved from Zone 7 to Zone 6. Similarly, if UBOSBF is a multiplier

®® of four, the relay multiplies UBOSBD by four.

Out-of-Step Unblocking During Unbalanced Faults. The SEL-421
treats Zone 1 phase and ground distance elements differently than phase
distance elements of other zones.

P Operation of either of two negative-sequence directional elements, 67QUBF
(forward-looking), or 67QUBR (reverse-looking), defeats the OSB logic and
unblocks the phase distance elements (except the Zone 1 elements) when an
unbalanced fault occurs following a power swing. Therefore, the phase
distance protection operates in the POTT scheme and high-speed clears the
unbalanced fault if it is an internal one. The time-delayed elements of
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associated zones also start timing to initiate backup protection functions. The
67QUBF element unblocks forward-looking zones and 67QUBR unblocks
reverse-looking zones.

The relay supervises the 67QUBF and 67QUBR elements with negative-
sequence pickup setting SOQUBP. When you set the SOQUBP pickup level to
other than OFF, the level of negative sequence current exceeds the SOQUBP
setting threshold, and the relay has made a valid directional decision

(32 elements), the relay asserts either the 67QUBF or the 67QUBR directional
element after time delay setting UBD. In this manner the relay remoyes out-
of-step blocking for phase distance elements other than Zone 1 elements
during unbalanced faults.

The S0QUBP setting is an advanced setting and must be€oordinated with the
distance protection for the protected line. Setting UBB.is“also an advanced
setting; set the UBD timer to coordinate clearingitimes with protection
external to the protected line.

For out-of-step unblocking on unbalanced faults you must do the following:
Step 1. Set EADVS :=Y to enable advanced settings.

Step 2. Set the negative sequence unblocking element pickup with
setting SOQUBP (NegativesSequence Current Supervision).

Coordinate withine distance protection.

Step 3. Set the unblockidelay timer UBD (Negative-Sequence Current
Unblock Delay).

Coordinatetelearing times with other protection.

If a power swifig ceénteriisgOn the line under protection, the Zone 1 distance
elements at@ne ox both terminals may operate if the OSB is removed. For
example,duringfan unstable swing, if an external A-phase ground fault occurs
beyond the rémoteterminal R in Figure 1.28, the A-phase ground distance
elementgfatibothterminals operate correctly; that is, A-phase distance element
picks upyinfZone 2 at the S terminal, and in reverse Zone 3 at the R terminal.
Howewer, allZone 1 phase and ground distance elements at both terminals
may also‘Operate if the swing center is within the Zone 1 reach and a negative-
sequencefovercurrent element removes the OSB. The undesirable operations
of Zone 1 elements may trip all three phases at both terminals for an external
A-phase fault.

The SEL-421 uses a directional negative-sequence element (67Q1T) to
supervise the out-of-step blocking of Zone 1 distance elements. 67Q1T is
independent from 67QUBF and 67QUBR, which are used to defeat the OSB
for distance elements other than Zone 1 elements. This separation gives you a
choice to control the Zone 1 element operations during an unstable swing
situation.

For those applications that allow the relay to operate for any internal and
external faults on a system during a power swing, set the 67Q1T element
similar to the 67QUBF element:

50Q1P := same value as of 50QUBP Level 1 Pickup (OFF, 0.25-100 amps
sec.)

67Q1D := same value as of UBD Level 1 Time Delay (0.000-16000 cycles)
67Q1TC:=1 Level 1 Torque Control (SELOGIC Equation)
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a power swing, disable the 67Q1T element by setting S0Q1P to OFF or E50Q

For those applications that require the relay only trip for internal faults during O

= N. This way, the Zone 1 distance elements are always blocked by the O
logic. The relay relies on Zone 2 overreaching elements together with th
POTT scheme to make high-speed trips for internal faults.

Example Completed

L 4

This completes the application example that describes settingghe -421 for
out-of-step blocking. Analyze your particular power sy termine the

appropriate settings for your application.

Relay Settings

Table 1.33 lists the settings that the relay automatically
when you set EADVS to N and EOOST to N,

Table 1.33 Automatically Calculated/Hidde

Y

Iculates and hides

Default Setting

Setting Description

X1B7 Zone 7 Reactance—Bot
(-0.05t0 -96 Q' s

X1B6 Zone 6 Reactangce o
(~0.05 to _%M

RIL7 Zone 7 Resis e—
(-0.05 to -7

RIL6

OSTD
50ABCP

dary

egative-Sequence Current Unblock Delay
(0.500-120 cycles)

Out-of-Step Angle Unblock Rate (1-10)

X1B7 =-X1T7
X1B6 =-X1T6
RIL7 =-RIR7
RIL6 =-RIR6
0.500

50ABCP =0.2 *I,o

OFF

0.500

O Table 1.34 Relay Configuration (Group)

Setting Description Entry
EOOS Out-of-Step (Y, N) Y
EADVS Advanced Settings (Y, N) N

Applications Handbook
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Table 1.35 Out-of-Step Tripping/Blocking

Setting Description Entry
OOSBI1 Block Zone 1 (Y, N) Y
OOSB2 Block Zone 2 (Y, N) Y
OOSB3 Block Zone 3 (Y, N) N
OSBD Out-of-Step Block Time Delay (0.500-8000 cycles) 1.875’

OSBLTCH | Latch Out-of-Step Blocking (Y, N)

EOOST Out-of-Step Tripping (N, I, O) \%

X1T7 Zone 7 Reactance—Top (0.05 to 96 Q second: 21.29
X1T6 Zone 6 Reactance—Top (0.05 to 96 Q secondary 11.52
RI1R7 Zone 7 Resistance—Right (0.05 to 70 @) 15.53
RIR6 Zone 6 Resistance—Right (0.05 to S Y) 5.77
X1B7 Zone 7 Reactance—Bottom (-0.0§ to -9 secondary) -21.29
X1B6 Zone 6 Reactance—Bottom Q secondary) -11.52
RI1L7 Zone 7 Resistance—! (-0.0 70 Q secondary) —15.53
RI1L6 Zone 6 Resistance—Le to =70 Q secondary) =5.77
50ABCP Positive-Sequen ervision 1.00
(1.00-100 A's
50QUBP Negative-Sequénc nt Supervision OFF

(OFF, 0.50— A secondary)

UBD Negaﬁ% urrent Unblock Delay 0.500
(0.500 )

UBOSBF Ste; gle Unblock Rate (1-10) 4

50Q1P Pickup (OFF, 0.25-100 amps sec.) OFF

67Q1D Time Delay (0.000-16000 cycles) 0.000
67QIT

evel 1 Torque Control (SELOGIC Equation) 1

Out-of-step Tr|pp|nq . This exa le. demonstrates how to set the OST. (out-of—sFep tripping) fungtion.
e ogic to detect an unstable power swing and trip the local terminal.
ST logic, you can split the power system at predetermined locations
er

N an OST condition occurs.
e Zone 6 and Zone 7 settings for the OST logic depend on the positive

sequence impedance (Z,) trajectory of the power swing (see Figure 1.33). Set
inner Zone 6 at the point along the trajectory where the power system cannot
regain stability. Set Zone 7 so that the impedance due to maximum load

®® conditions is outside the Zone 7 characteristic for all loading conditions.

L 4
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provides the most time for the relay
to decide whether the power swing is
unstable.

Xi
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TOWO

Zone 6

Figure 1.33

To configure
Next, calcula
X1T6, and X
OSBD (out
Table 1.3

Enable 00S Lo

& [E00sBY

NOTE: Table 1.36 lists the settings 0
that the relay automatically calculate
and hides when you set EADVS to N. \ EAD

G

Q>®

Date Code 20080110

of-Step Trip

and

Zone 7

C)O

Minimum Load

Impedance

OST Characteris
the OO ic for, out-of-step tripping, enable the OOS logic.

te the i

Out-of-Step (Y, N)

ping

gi
Access G settings to enable the out-of-step logic.

p block time delay). All of the OOS settings appear in

reach settings for Zones 6 and 7 (R1R6, R1R7,
2 calculate OSTD (out-of-step trip delay) and
5 ble 1.38.

not need to enable the Advanced Settings for this application example.
VS:=N Advanced Settings (Y, N)

When the positive-sequence impedance locus enters Zone 7, both OOS logic
timers (OSBD and OSTD) start (see Figure 1.33). If OSTD expires before
OSBD and Zone 6 asserts, the relay declares an out-of-step tripping condition.
Enable the relay to trip when Zone 6 drops out (Trip-On-the-Way-Out). See
Out-of Step Tripping and Blocking on page A.1.131 for OSTD and OSBD

calculations.

EO0ST:=0 Out-of-Step Tripping (N, I, O)

Where:

I = Enable out-of-step tripping (Trip-On-the-Way-In)
O = Enable out-of-step tripping (Trip-On-the-Way-Out)

N = Disable out-of-step tripping

Applications Handbook
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Phase Distance Element Blocking
Enable the OSB function to prevent tripping when the positive-sequence

impedance locus enters the Zone 1 and Zone 2 distance protection
characteristics during an unstable power swing. Therefore, in this applica
example, the relay trips after the Z; impedance locus exits Zone 6 (Zone 6
drops out).

4
Block Zone 1 and Zone 2 distance protection elements during pewer swings.
00SB1:=Y Block Zone 1 (Y, N)
00SB2:= Y Block Zone 2 (Y, N) \

00SB3:=N Block Zone 3 (Y, N) @

Zone 6 and Zone 7 Impedance Settings

The purpose of this OOS application examp igure the relay to trip
when the power system reaches a critical adgle limitto prevent system
collapse. Thus, the Zone 6 impedance setti rs from Out-of-Step
Blocking on page A.1.117.

Resistance Blinders

If the angle of the power swi tory passes 120 degrees with respect
to the transfer impedance, 0 ystem cannot recover. The transfer
impedance is the total impéda the power system (line AB in

Figure 1.33). Set the Zone@,right-hand inner resistance blinder R1R6 so
Ang_R6 equals 120 . Rearrange Equation 1.76 as shown in

Equation 1.79:

2

5\%\ o an(57)
C) tan(uzoo)

587 Q Equation 1.79

\@ R1R6 :=5.87 Zone 6 Resistance—Right (0.05 to 70 2 secondary)
% Use the minimum load impedance Zy ;) (Equation 1.70) and the 90 percent

O@ |8.80 Q./88° + 8.00 Q./87.6° + 3.52 2./83°

safety margin criterion (see Equation 1.72) applied earlier in Resistance
Blinders on page A.1.119 to set the Zone 7 right-hand resistance blinder.

RIR7 = 0.9 % Zy i ® cos[45° +(90° ~ ZIANG)]

0.9 2549« cos[45° + (90° —87.6°)]

0.9 2549 « cos[47.4°]

1553 Q

RIR7 :=15.53 Zone 7 Resistance—Right (0.05-70 Q secondary)
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Reactance Lines
Set the reactance lines equal to the maximum values to help the relay dete
power swings far from the relay location. <( )
Set the Zone 7 top reactance line equal to the maximum setting.

X1T7:=96 Zone 7 Reactance—Top (0.05-96 Q2 secondary)

Protection Application Examples ‘ A1.131

L 4
Set the Zone 6 top reactance line to the maximum setting minus,one ohm.

X1T6 = X1T7-1 Q
=9%6Q-1Q
=95Q Equation 1.80
X176 := 95 Zone 6 Reactance—Top (0.05-96 @ )
Out-of Step Tripping and Blocking

The OOS logic uses two zones of concenti ons, outer Zone 7 and inner
Zone 6 (see Figure 1.33). The relay us and Zone 7 for OOS logic
timing to differentiate OOS bloc s, OOS tripping conditions,
and faults. The relay measures a tr. sitive-sequence impedance locus

(Z,) in Zone 6 and Zone 7 er swing or fault occurs. When the

impedance locus initially movesy one 7, the relay starts two OOS logic
timers. One OOS timer det O locking conditions (OSBD), while the
other timer detects OOS % nditions (OSTD).
NOTE: You must set OSTD shorter The OOS logic decla ing condition if OSBD expires before the
than OSBD by at least a half cycle. .- . .
positive-sequence impe locus enters Zone 6. The logic declares a
i o expires and the positive-sequence impedance
prior to OSBD timing out.

You can selec
enab e Q to trip if OSTD expires and the positive-sequence impedance
enters Zoae 6; this method is Trip-On-the-Way-In (TOWI in Figure 1.33). The

@ el s Relay Word bits OSTI and OST for a Trip-On-the-Way-In

Non.
\q can also enable the relay to trip if OSTD expires and the positive-

uence impedance enters and exits Zone 6; this second method is Trip-On-
the-Way-Out (TOWO in Figure 1.33). The relay asserts Relay Word bits
OSTO and OST for a Trip-On-the-Way-Out condition. Relay Word bit OST is
the OR combination of OSTI and OSTO (see Out-of-Step Logic on
page R.1.51).

® Trip-On-the-Way-Out (TOWO) is selected for this application example (see

Enable OOS Logic on page A.1.129).

Out-of-Step Tripping Time Delay

S Use Equation 1.81, Equation 1.82, and Equation 1.83 to calculate the OSTD
setting. These equations are derived from the impedance trajectory shown in
Figure 1.33. Line section AB is the transfer impedance, Zt. The horizontal
dashed line represents the trajectory of the power swing perpendicular to line
section AB. The trajectory passes through the midpoint of line section AB.

Zy=Zig+ 2 +2Zx Equation 1.81
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Where:
Zr = transfer impedance
Z1g = positive-sequence source impedance

Z1y = positive-sequence impedance for Line 1 O

Z1lg = Positive-sequence remote impedance
Angle Ang_R6 was specified at 120.0° as a design criterion for this @

application example (see Zone 6 and Zone 7 Impedance Settings on
page A.1.130).

2 &
Ang_R7 = 2« atan 2
RIR7 0

[18.80 Q./88° + 8. 7.6° +3.52 Q./88°]

2 e atan 2

= 66.4° Equation 1.82

Apply a fast unstable swing uency and calculate OSTD (for this
application example, f;, = unstable power swing).

OST & 6-Ang R7)* fhom
360°,
slip

cycle

@120.0° —66.4°) 60 Hz
360%, 19 1y
cycle
\ = 0.89 cycles Equation 1.83
Ocnom = nominal power system frequency (Hz)

L 4

fs1ip= maximum slip frequency (Hz)

hSTD timer settings are in increments of 0.125 cycle; round up to the

\xest valid relay setting.

0STD := 0.875 Out-of-Step Trip Delay (0.500-8000 cycles)
To find the effective slip rate for OOS tripping, solve Equation 1.83 for fg;:

B (Ang_R6-Ang_R7)e« f_

\ fslip - 360° ¢
cycle slip
_ (120°-66.4°) « 60 Hz

360%, 10 He
cycle

¢ 10.2 Hz Equation 1.84
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Out-of-Step Block Time Delay
Set OSBD longer than OSTD by the next timer setting step (0.125-cycle

s
size) greater than 0.500 cycle. Thus, the OSBD setting is calculated in
Equation 1.85.

OSBD

OSTD + 0.500 cycle + timer step
0.875 + 0.500 + 0.125

4
1.500 cycles tion 1.85
0SBD :=1.500 Out-of-Step Block Time Delay (0.500— c

To find the effective slip rate for OOS blocking, solve Equation1.86 for fy;,.

~

(Ang_R6 - Ang_R7)
fslip = 360°
cycle

Equation 1.86

The relay detects OOS blocki ns for power swing slip frequencies
up to 5.95 Hz and OOS tripping itions for power swing slip frequencies
from 5.95 Hz to 10.2 Hz (§ee ton 1.84). Zone 1 and Zone 2 elements
remain blocked during th&S‘B and OST conditions. The event is not a

[]

swing condition if thefZj ance locus crosses Zone 7 and Zone 6 before
the OSTD and OSBD,ti @ s‘time out. The relay identifies this event as a fault

condition.

Latch Out-of-Step'Blo
Latch out- epblocking to maintain the blocking condition throughout the
entire swi e. See Latch Out-of-Step Blocking on page A.1.123 for

OSB latching and relay tripping during this condition.
=Y Latch Out-of-Step Blocking (Y, N)

uts
1 local OOS tripping, configure the relay control outputs for tripping and
remote notification of an out-of-step condition. Include Relay Word bit OST
in the direct tripping SELOGIC control equation TR. (Add OR OST to the
existing TR equation; the default is shown here.)

®® TR := MIP OR Z1G OR M2PT OR Z2GT OR OST Trip (SELoGIC Equation)

Set a control output for remote notification of the out-of-step tripping
condition. This example uses OUT205. Select a relay control output that is
appropriate for your particular application.
0UT205:= 0ST Output OUT205 (SEL0oGIC Equation)
L 4
Example Completed

This completes the application example that describes setting the SEL-421 for
out-of-step tripping. Analyze your particular power system to determine the
appropriate settings for your application.
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Relay Settings

Table 1.36 lists the settings that the relay automatically calculates and hid:
when you set EADVS to N.

Table 1.36 Automatically Calculated/Hidden Settings

Setting Description Default Settingy

X1B7 Zone 7 Reactance—Bottom
(-0.05 to —96 Q secondary)

X1B6 Zone 6 Reactance—Bottom
(-0.05 to —96 Q secondary)

RIL7 Zone 7 Resistance—Left (-0.05 to =70 Q second- L7 =-RIR7
ary)

RI1L6 Zone 6 Resistance—Left (-0.05 to —70 Q nd-, RI1L6 =-R1R6
ary)

50ABCP Positive-Sequence Current Supervis 50ABCP =021,
(1.00-100 A secondary)

50QUBP Negative-Sequence Current Super, OFF
(OFF, 0.50-100 A secon

UBD Negative-Sequenc bleck Delay 0.500
(0.500-120 cycles

UBOSBF | Out-of-Step Ang ate (1-10) 4

Table 1.37 and Table 1.3 the protection relay settings available in this
example.

Table 1.37 nf tion (Group)

Setting Description Entry

EOOS

t-of-Step Y

EADV Advanced Settings (Y, N) N
Ta 3 ut-of-Step Tripping/Blocking (Sheet 1 of 2)
L 4 %
t Description Entry
%1 Block Zone 1 (Y, N) Y
\ SB2 Block Zone 2 (Y, N) Y
O OOSB3 Block Zone 3 (Y, N) N
OSBD Out-of-Step Block Time Delay (0.500-8000 cycles) 1.500
@ OSBLTCH | Latch Out-of-Step Blocking (Y, N) Y
\ EOOST Out-of-Step Tripping (N, I, O) O
OSTD Out-of-Step Trip Delay (0.500-8000 cycles) 0.875
XI1T7 Zone 7 Reactance—Top (0.05 to 96 Q secondary) 96.00
X1T6 Zone 6 Reactance—Top (0.05 to 96 Q secondary) 95.00
S R1R7 Zone 7 Resistance—Right (0.05 to 70 © secondary) 15.53
RI1R6 Zone 6 Resistance—Right (0.05 to 70 Q) secondary) 5.87
XI1B7 Zone 7 Reactance—Bottom (-0.05 to —96 (2 secondary) -96.00
X1B6 Zone 6 Reactance—Bottom (—0.05 to —96 (2 secondary) -95.00
RIL7 Zone 7 Resistance—Left (—0.05 to =70 Q secondary) -15.53
RIL6 Zone 6 Resistance—Left (-0.05 to =70 Q secondary) -5.87
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Table 1.38 Out-of-Step Tripping/Blocking (Sheet 2 of 2)

Setting Description Entry
S0ABCP Positive-Sequence Current Supervision 1.00
(1.00-100 A secondary)
50QUBP Negative-Sequence Current Supervision OFF
(OFF, 0.50-100 A secondary)
UBD Negative-Sequence Current Unblock Delay 0.500
(0.500-120 cycles)
UBOSBF Out-of-Step Angle Unblock Rate (1-10) \
50Q1P Level Pickup (OFF, 0.25-100 amps sec.) OFF
67Q1D Level 1 Time Delay (0.000-16000 cycles) 0.000
67Q1TC Level 1 Torque Control (SELOGIC Equation) 1
TR Trip (SELoGIC Equation) MI1P OR
Z1G OR
M2PT OR
Z2GT OR
OST
OUT205 Output OUT205 (SELO ual OST

N
S

Q
o
&

L 4
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Auto-Reclose Example _O

This application example is for a double-ended 230 kV overhead transmis
line with SEL-421 protection at each end. The one-line drawing for this circui
is shown in Figure 1.34. This example shows settings for the SEL-421 at
Station S (Harvard) in Figure 1.35.

S (Harvard)
BK1

Zis, 2os | — Il ZoL
L

SEL-421

Figure .34 230 kV Example Power Syste

Application
Auto-Reclose Mode of Operation (b

Apply the SEL-421 for one of three-pole auto-reclose.

Solution {\'

Auto-Reclose Conditions

The relay initiates threespolerauto-reclosing if a Zone 1 trip occurs because of

a multiphase ‘

Circuit Brea ttempts the three-pole reclose if Bus 1 is hot and the line is
dead. For application example, block auto-reclose if any of the following
events oceur:

anual trip

. 0 Time-delayed trip
\ » Bus trip
K » Circuit breaker failure trip

Nhe SEL-421 detects an LOP (loss-of-potential) condition, the auto-reclose

O logic drives the auto-reclose function to lockout.

L 4

345 kV Bus

Sy
[ —D%g 1 SEL-421 ’ E\

VAZ

Figure 1.35 Circuit Breaker Arrangement at Station S
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Rel ay Settmg S Select the relay settings for this application example. O

Relay Configuration < : ’

NOTE: Setting E79 := Y1is intended Enable reclosing:
for certain double circuit breaker
applications. Use E79 := Y for a single E79:=Y Rec]osing (Y, Y1,N)

circuit breaker.

L 4
Recloser Closing %
Select one shot of three-pole auto-reclose. \
N3PSHOT :=1 Number of Three-Pole Reclosures (N@
Use an external switch to select when Circuit Breakerdhis enabled for
three-pole auto-reclose.

E3PR1:=IN106 Three-Pole Reclose Enabl¢ - (SELocIc Equation)
If Circuit Breaker 1 fails to close within conds after the reclose command
is received, the auto-reclose logic goes/to t.

BKCFD := 600 Breaker Close (1-99999 cycles)

Unlatch the reclose comma it Breaker 1 when all three poles are

closed.
ULCL1:= 52AA1 AND 52A 1 Unlatch Closing for Circuit Breaker 1
(SELogGIC Equati
Drive the auto-reclo: 0 lockout if the SEL-421 detects an LOP
condition.

T9DTL := @ loser Drive to Lockout (SELOGIC Equation)

You can b eclaim timing. However, it is not necessary for this single
xample.

Block Reclaim Timer (SELOGIC Equation)

&QMRCD =900 Manual Close Reclaim Time Delay (1-99999 cycles)

ircuit Breaker 1 reclose supervision conditions fail to occur within
300 cycles after the three-pole open interval time delay expires, BK1CLST
will assert, and the auto-reclose logic goes to lockout.

@ BKICLSD :=300 BK1 Reclose Supervision Delay (OFF, 1-99999 cycles)
\wee-PoIe Reclose
Set the three-pole open interval time equal to 30 cycles.
3P0ID1:=30 Three-Pole Open Interval 1 Delay (1-99999 cycles)
V'S There is no need to enable fast three-pole auto-reclose because we have

already used the first and only three-pole shot for this purpose.
3PFARC := NA Three-Pole Fast ARC Enable (SELOGIC Equation)

Set the reset time following a three-pole auto-reclose cycle equal to
900 cycles.

3PRCD =900 Three-Pole Reclaim Time Delay (1-99999 cycles)
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A.1.138 | Protection Application Examples
Auto-Reclose Example

because of Zone 1 phase distance protection. Communications-assisted
tripping is not enabled.

3PRI := 3PT AND MIP Three-Pole Reclose Initiation (SELOGIC Equatio

Initiate a three-pole auto-reclose cycle when the SEL-421 three-pole trips O

You can force the auto-reclose logic to skip a three-pole shot. However, it is
not necessary for this application example.

79SKP := NA Skip Reclosing Shot (SELOGIC Equation) ¢
Only attempt to reclose Circuit Breaker 1 if the bus is h n@& is dead

(setting cannot be set to NA or logical 0).

3PICLS := DLLB1 Three Pole BK 1 Reclose Supervis% IC Equation)
Voltage Elements Q
: y

The SEL-421 checks the Bus and Line conditi
voltage check elements. Figure 1.36 show checking scheme.
Potentials VAY and VAX are the default ism inputs for Vp (setting
SYNCP) and Vg (setting SYNCS1), résp y (see PT Connections on
page R.2.57).

ou enable the

(Bus Potenti

Line VY (Line Potential)
Disconnect

/
Figure 1. P i
Enable tage check elements.

EV eclosing Voltage Check (Y, N)

P Set the dead line voltage threshold equal to 15 V secondary.
\ =15.0 Dead Line Voltage (1.0-200 V secondary)

\%the live line voltage threshold equal to 50 V secondary.

59LP:=50.0 Live Line Voltage (1.0-200 V secondary)

O Set the dead bus voltage threshold for Circuit Breaker 1 equal to
15 V secondary.

27BKIP:=15.0 Breaker 1 Dead Busbar Voltage

\Z (1.0-200 V secondary)
Set the live bus voltage threshold for Circuit Breaker 1 equal to

50 V secondary.

59BKIP := 50.0 Breaker 1 Live Busbar Voltage
(1.0-200 V secondary)
4

le Comp|ete This completes the application example that describes setting the SEL-421 for
one shot of three-pole reclosing for a single circuit breaker. Analyze your
particular power system to determine the appropriate settings for your
application.
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Re|ay Settings Table 1.39 provides a list of all the SEL-421 auto-reclose settings. Those
settings that were applied for this particular application appear in boldface.
Table 1.39 Settings for Auto-Reclose Example

Setting Description Entry
Relay Configuration
E79 Reclosing (Y, Y1, N) Y ¢
Recloser Closing (Group)
NSPSHOT Number of Single-Pole Reclosures (N, 1, 2)
N3PSHOT Number of Three-Pole Reclosures (N, 1-4)
E3PR1 Three-Pole Reclose Enable—BK1 IN106
(SELoGIC Equation)
BKCFD Breaker Close Failure Delay 600
(OFF, 1-99999 cycles)
ULCL1 Unlatch Closing for Breaker 1 52AA1
(SELoGIC Equation)
79DTL Recloser Drive to L ut LOP
(SELoGIC Equation)
79BRCT Block Reclai Equation) NA
3PMRCD Manual Clo! i Delay 900
(1-99999 cy
BK1CLSD BK1 Recl upervision Delay 300
(OFF, 15999 cles)
Three-Pole Reclose (Gro
30
NA
900
3PRI Three-Pole Reclose Initiation 3PT AND MI1P
2 4 (SELoGIC Equation)
N Skip Reclosing Shot (SELoGIC Equation) NA
CLS2 Three-Pole BK 1 Reclose Supervision DLLBI1
(SELoGIC Equation)
O Voltage Elements (Group)
EVCK Reclosing Voltage Check (Y, N) Y
27LP Dead Line Voltage (1.0-200 V secondary) 15.0
59LP Live Line Voltage (1.0-200 V secondary) 50.0
27BK1P Breaker 1 Dead Busbar Voltage 15.0
(1.0-200 V secondary)
59BK1P Breaker 1 Live Busbar Voltage 50.0
(1.0-200 V secondary)
. a8 This setting cannot be set to NA or logical O.
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Auto-Reclose and Synchronism Check Example _O

Use the SEL-421 to provide automatic reclosing and synchronism check
overhead transmission lines. This application example is for double-ended
500 kV parallel lines with SEL-421 protection at each end of the first circuit
as shown in Figure 1.37. This example shows the settings for the SEL-42} at

Station S protecting Line 1 in Figure 1.38 between Buses S (@v) and R

(Pullman).

S (Moscow) &(Puman)
—— RS 1
- [] VAZ

Z0M
; IR, Z0R

50
First setj@eclose logic, and then set the synchronism-check function.
Auto-Reclose Ap@ -421 for one shot of single-pole reclosing and one shot of three-
e

U
. . losing.
Application M A

Nthe recloser mode with the enable setting E79 :=Y or Y1, and set
PR1 and E3PR2 to logical 1.

Maodes af Operation

The SEL-421 auto-reclose logic operates in one of two modes at all times:

» Single-pole mode (SPAR)

® » Three-pole mode (3PAR)

Single-pole trips initiate single-pole reclosing. For this application example, if
the single-pole reclose is unsuccessful, the second trip is a three-pole trip.
Three-pole trips initiate three-pole reclosing. If a single-pole auto-reclose

P cycle is in progress and the relay receives an initiation for three-pole
reclosing, the relay immediately starts a three-pole auto-reclose cycle.

Select the recloser mode with the three-pole enable settings and the single-
pole enable settings E3PR1, E3PR2, ESPR1, and ESPR2.
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Auto-Reclose Sequence O
The relay performs one shot of reclosing for both single-pole and three-p

automatic reclosing.

Protection Application Examples ‘ A4

When E79 :=Y, the leader circuit breaker (CB1) recloses if the line is dead
and Bus 1 is hot. If the leader successfully recloses, the follower circuit
breaker (CB2) also attempts a reclose if the synchronism check is succes§ful.
CB2 can also close if the line is dead and Bus 2 is hot if CB1 i t of service.
A similar SEL-421 installation would protect line 2, an ro@-reclose
capabilities.

When E79 := Y1, if CB2 trips from the line 2 protecti hown), the
SEL-421 on line 1 would attempt to reclose CB2. This'c uration would
typically employ a hot bus check.

Open interval timing does not begin until th 1 se(s) is opened.

e
If another trip occurs while the single-pole ‘@uto-reclose cycle is in progress
the relay trips the other two poles.

The auto-reclose logic resets aft timer (SPRCD or 3PRCD)
expires.

Dynamic Determination of the K uit Breaker
T

If Circuit Breaker 1 (the leade ker) is out of service, the leader settings
are automatically routed to Circuit Breaker 2. Circuit Breaker 2 operates as the

leader circuit breake; 1rcuit Breaker 1 is out of service. When Circuit

Breaker 2 is t det, ircuit breaker can single-pole reclose.
Auto-Reclose Q
Solution \
Auto-Reclose C(‘@ﬁs

The relayfinitiates single-pole auto-reclose if a Zone 1 trip or a

ications-assisted trip occurs for a single phase-to-ground fault. The
Nlitiates three-pole auto-reclose if a Zone 1 trip or a communications-
sist

d trip occurs for a multiphase fault.

Ncuit Breaker 1 can attempt a reclose if Bus 1 is hot and the line is dead.
Circuit Breaker 2 can attempt a reclose if the synchronism check is successful
or if Circuit Breaker 1 is out of service and the line is dead and Bus 2 is hot.

@ Block auto-reclose if any of the following events occur:
® » Manual trip

» Time-delayed trip
» Bus trip

» Circuit breaker failure trip

L 4

If the SEL-421 detects a loss-of-potential condition, the auto-reclose logic
drives the auto-reclose function to lockout.
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BUS 1 from BUS 2 O
CBI CB2

Leader Follower

vy  SEL-421 Relay

Figure 1.38 Partial Circuit t

Breaker-and-a-Half Arrange t at'Station S, Line 1

Auto-Reclose Select the auto-reclose relay'setti or this application example.
Relay Settings
Relay Configuration (b
Enable reclos @
E79:=Y ing (Y, Y1, N)
Selection Y be'used in circumstances where CB2 can be tripped
extemam SEL-421 is to be able to auto-reclose.
Recloser’CI ng

e shot of single-pole auto-reclose.
PSHOT :=1 Number of Single-Pole Reclosures (N, 1, 2)
\e an external switch to select when the leader or follower circuit breaker is
O enabled for single-pole auto-reclose.

ESPR1:=IN205 Single-Pole Reclose Enable—BK1 (SELOGIC Equation)
ESPR2 :=IN206 Single-Pole Reclose Enable—BK?2 (SEL0GIC Equation)

® Select one shot of three-pole auto-reclose.

N3PSHOT :=1 Number of Three-Pole Reclosures (N, 1-4)
Use an external switch to select when the leader or follower circuit breaker is
enabled for three-pole auto-reclose.
@ E3PR1:= IN207 Three-Pole Reclose Enable—BK1 (SELOGIC Equation)
E3PR2 := IN208 Three-Pole Reclose Enable—BK?2 (SELOGIC Equation)
The time delay before Circuit Breaker 2 attempts a reclose after Circuit

Breaker 1 has successfully reclosed is 15 cycles. The short delay prevents both
circuit breakers closing back into a permanent fault.

TBBKD :=15 Time Between Breakers for ARC (1-99999 cycles)
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command is received, the auto-reclose logic goes to lockout for the failed
circuit breaker.

BKCFD := 600 Breaker Close Failure Delay (OFF, 1-99999 cycles)

If either circuit breaker fails to close within 10 seconds after the reclose O

You can use a normally closed a auxiliary contact from the Circuit Breaker 1
disconnect switch to denote that this circuit breaker is the leader when in
service. Use the contact to energize a control input; if the disconnect swiféh is

closed, the input is energized.

SLBK1:= IN107 Lead Breaker = Breaker 1 (SELOGIC
We have selected Circuit Breaker 1 as the leader. The close logic
automatically recognizes Circuit Breaker 2 as the lea ircuit
Breaker 1 is out of service.

SLBK2 := 0 Lead Breaker = Breaker 2 (SELO Equation)

Circuit Breaker 2 is the follower circuit breaker. ollower can attempt to
reclose if all three poles of Circuit Breaker 2:are actually open or if Circuit

Breaker 1 is out of service.
FBKCEN := 3POBK2 OR (NOT LEADBK1) Fo @ er Breaker Closing Enable

(SELocIc Equation)
Unlatch the reclose comma isctit Breaker 1 when all three poles are
closed.
ULCL1:= 52AA1 AND 52ABt A C1 Unlatch Closing for Breaker 1
(SELocIc Equati
Unlatch the reclose to Circuit Breaker 2 when all three poles are

Drive th o-reclose logic to lockout if the SEL-421 detects a loss-of-
potentidl ¢ ion.

TL Recloser Drive to Lockout (SELOGIC Equation)

04 ‘;0 ck reclaim timing. However, it is not necessary for this application
7

e.
\h( BRCT := NA Block Reclaim Timer (SELOGIC Equation)
en leaving the lockout condition, the recloser goes to the Ready or Reset
state after the 3PMRCD (Manual Close Reclaim Time Delay) timer has

expired.
3PMRCD :=900 Manual Close Reclaim Time Delay (1-99999 cycles)

® If Circuit Breaker 1 reclose supervision conditions (settings SP1CLS and

3P1CLS) fail to occur within 300 cycles after the three-pole open interval time
delay expires, the auto-reclose logic goes to lockout.

BKICLSD :=300 BK1 Reclose Supervision Delay (OFF, 1-99999 cycles)
If Circuit Breaker 2 reclose supervision conditions (settings SP2CLS and

3P2CLS) fail to occur within 300 cycles after the three-pole open interval time
delay expires, the auto-reclose logic goes to lockout.

BK2CLSD := 300 BK2 Reclose Supervision Delay (OFF, 1-99999 cycles)
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Single-Pole Auto-Reclose Logic O
Initiate a single-pole auto-reclose cycle whenever the SEL-421 single-pol

trips. Auto-reclose is blocked if a manual, time-delayed, bus, or circuit breaker
failure trip occurs. None of these events generate a single-pole trip (see A
Reclose Conditions on page A.1.141).

Set the single-pole open interval time equal to one second. L 4
SPOID := 60 Single-Pole Open Interval Delay (1-99999 cy,

Set the reclaim time following a single-pole auto-reclose e to 900

cycles.

SPRCD =900 Single-Pole Reclaim Time Delay (199 cles)

Initiate a single-pole auto-reclose cycle whenever the -421 single-pole
trips.
SPRI:= SPT AND (Z1G OR COMPRM) Single-Role lose Initiation (SELOGIC
Equation)

No supervision is required before Circuit r 1 attempts a single-pole
reclose. The SEL-421 auto-reclo ic applies synchronism
supervision during a single-pole au se cycle in this application example
(setting cannot be set to NA i

SPICLS :=1 Single-Pole

1 lose Supervision (SELOGIC Equation)

No supervision is required beforeiCircuit Breaker 2 attempts a single-pole

reclose when this circuit bri 1 is the leader. The SEL-421 auto-reclose logic
only applies synchr pervision during a single-pole auto-reclose cycle
in this applicati

SP2CLS :#N A
o or
Three-Pole Auto X Logic

Set thert! ole open interval time equal to 30 cycles.
& POIDT;=30 Three-Pole Open Interval 1 Delay (1-99999 cycles)
Ns no need to enable fast three-pole auto-reclose because we have
eady used the first and only three-pole shot for this purpose.
3PFARC:= NA Three-Pole Fast ARC Enable (SELOGIC Equation)

Set the reclaim time following a three-pole auto-reclose cycle equal to
900 cycles.

@ 3PRCD :=900 Three-Pole Reclaim Time Delay (1-99999 cycles)
Initiate a three-pole auto-reclose cycle when the SEL-421 three-pole trips
because of Zone 1 phase distance protection or a communications-assisted

trip. No manual, time-delayed, bus, or circuit breaker failure trips are included
in the 3PRI SELOGIC control equation for this application example.

3PRI:= 3PT AND (M1P OR COMPRM) Three-Pole Reclose Initiation (SELOGIC
L 4 Equation)
You can force the auto-reclose logic to skip a three-pole shot. However, it is
not necessary for this application example.
79SKP := NA Skip Reclosing Shot (SELoGIC Equation)
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The SEL-421 auto-reclose logic only applies this supervision during a three-

Only attempt to reclose Circuit Breaker 1 if Bus 1 is hot and the line is dead.
pole auto-reclose cycle (you cannot set this setting to NA or logical 0; seeQO

Voltage Elements on page A.1.138).
3PICLS := DLLB1 Three Pole BK 1 Reclose Supervision (SELOGIC Equati

Only attempt to reclose Circuit Breaker 2 if the synchronism check is
successful or if Circuit Breaker 1 is out of service and the line is dead an&

Bus 2 is hot. The SEL-421 auto-reclose logic only applies sy ism
supervision during a three-pole auto-reclose cycle in thi. iedtion example
(you cannot set this setting to NA or logical 0).
3P2CLS := 25A2BK2 OR (NOT LEADBK1 AND DLLB2) T 2 Reclose
Supervision (SELOGIC Equation)
Voltage Elements 0
from BUS 2
Buls1 i Q - rom BUS

¥D4

Leader Follower
(Bus Potential) (Bus Potential)
1§ C 2
DI . 10

@ o VAZ VBZ
Q Line Disconnect SEL-421 Relay

F3E
\ 3
(Line Potential)
Figure 1 otential Sources
Ena age check elements.

S EVCK'®Y Reclosing Voltage Check (Y, N)

e dead line voltage threshold equal to 15 V secondary.
N 27LP:=15.0 Dead Line Voltage (1.0-200 V secondary)
t the live line voltage threshold equal to 50 V secondary.
59LP:=50.0 Live Line Voltage (1.0-200 V secondary)
Set the dead bus voltage threshold for Circuit Breakers 1 and 2 equal to

@ 15 volts secondary.
% 27BK1P :=15.0 Breaker 1 Dead Busbar Voltage (1.0-200 V secondary)

27BK2P :=15.0 Breaker 2 Dead Busbar Voltage (1.0-200 V secondary)

Set the live bus voltage threshold for Circuit Breakers 1 and 2 equal to
50 V secondary.
* 59BKIP :=50.0 Breaker 1 Live Busbar Voltage (1.0-200 V secondary)

59BK2P := 50.0 Breaker 2 Live Busbar Voltage (1.0-200 V secondary)
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Trip Logic O
If you want Circuit Breaker 2 to always three-pole trip, except when Circui

Breaker 2 is the leader, program SELOGIC control equation E3PT?2 as fol@
E3PT2:= NOT LEADBK2 Breaker 2 3PT (SELOGIC Equation)

Synchroni sm-Check Reclose Circuit Breaker 1 following a three-pole trip if the line is dead afd
. . Bus 1 is hot. Reclose Circuit Breaker 2 following a three-polenip if a
App"catlon synchronism check across the hot line to Bus 2 is successful it
Breaker 1 is out of service and the line is dead and Bus ot.

In this application example, the relay does not perfor nism check
on single-pole reclosing.

Syn chronism-Check Apply the synchronism-check function as follo r Circuit Breaker 2:

Solution » Use the A-Phase voltages from theline and Bus 2 for the
synchronism check across Cireuit Breaker 2.

a and low voltage magnitude
ro check.

1 angle difference allowed for both
ing.

» Select the high voltage
thresholds for the

» Select the maxi
reclosing and

» Select condi lock the synchronism check.

Synchronism-Check Select the relay settin r this application example.

Relay Settings
Relay Configuratio
Enable syn nisin, check for Circuit Breaker 2 only.

E25BKT™ chronism Check for Breaker 1 (Y, N)
E25 ynchronism Check for Breaker 2 (Y, N)

Synchroﬂ@k Element Reference
kléc A-Phase voltage from the line source for the synchronism check

rence. VAY is the reference for the synchronism check because this analog

ut is connected to the line potential.
SYNCP := VAY Synch Reference (VAY, VBY, VCY, VAZ, VBZ, VCZ)

Set the low voltage threshold that supervises synchronism check equal to

@ 60 V secondary.
% 25VL:=60.0 Voltage Window Low Threshold (20.0-200 V secondary)

Set the high voltage threshold that supervises synchronism check equal to
70 V secondary.

25VH:=70.0 Voltage Window High Threshold (20.0-200 V secondary)

Circuit Breaker 2 Synchronism Check

Select A-Phase voltage from Bus 2 for the synchronism check source. VBZ is
the source for the synchronism check because this is the bus potential.

SYNCS2:=VBZ Synch Source 2 (VAY, VBY, VCY, VAZ, VBZ, VCZ)
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Set the ratio factor equal to unity.

KS2M:=1.00 Synch Source 2 Ratio Factor (0.000-30)
You do not need to shift the angle of the synchronism check because both
source and reference voltage are measured A-Phase-to-neutral.

KS2A:=0 Synch Source 2 Angle Shift (0, 30, 60, 90, 120, 150, 180, 2‘0,
240, 270, 300, 330 degrees)

Both the line reference and bus source voltages are measured line-to-neutral. O

There is no alternate synchronism source for Circuit Br
application example.

ALTS2 := NA Alternative Synch Source 2 (SELOGICEquation
Assume that there is no slip between the source andiefe voltages.
25SFBK2 := OFF Maximum Slip Frequency—BK2 ( , 0.005-0.5 Hz)

Set the maximum allowable voltage angular (di ce between the source
and reference voltages equal to 20 degrees attempting to reclose Circuit

Breaker 2.

ANGIBK2 := 20.0 Maximum A e 1—BK2 (3.0-80 degrees)
Set the maximum allowable yoltag r difference between the source
and reference voltages equa es when attempting to manually close

Circuit Breaker 2.
ANG2BK2 := 20.0 Maxh& e Difference 2—BK2 (3.0-80 degrees)

The relay does not co the synchronism check to account for circuit
breaker closing time(be etting 25SFBK2 is OFF. Leave the close time

compensatio ng a default.
TCLSBK @ reaker 2 Close Time (1.00-30 cycles)
ism check if Circuit Breaker 2 is closed.

Block the
st% 2 AND 52AB2 AND 52AC2 Block Synchronism Check—BK2

Equation)

Examp|e Comp|ete 4 This,completes the application example that describes setting the SEL-421 for
xﬂ f high-speed single-pole reclosing and one shot of three-pole
% ing for two circuit breakers. This example showed a configuration for

chronism check, as well. Analyze your particular power system to
termine the appropriate settings for your application.

Q>®
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Table 1.40 provides a list of all the SEL-421 auto-reclose settings.

Relay Settings

Table 1.40 Settings for Auto-Reclose and Synchronism Check Example
(Sheet 1 of 3)

Setting Description Entry
Recloser Closing (Group)
E79 Reclosing (Y, Y1, N) Y ¢
NSPSHOT Number of Single-Pole Reclosures (N, 1, 2) 1
ESPR1 Single-Pole Reclose Enable—BK1 8]
(SELoGIC Equation)
ESPR2 Single-Pole Reclose Enable—BK?2
(SELoGIC Equation)
N3PSHOT Number of Three-Pole Reclosures ( —4)
E3PR1 Three-Pole Reclose Enable—B IN207
(SELoGIC Equation)
E3PR2 Three-Pole Reclose Enable, IN208
(SELoGIC Equation)
TBBKD Time Between Brea atic 15
Reclose (1-99999 cyc
BKCFD Breaker Close 600
(OFF, 1-99 yC
SLBK1 IN107
SLBK2 0
L ation)
FBKCEN wer Breaker Closing Enable 3POBK2 OR NOT
LogIc Equation) LEADBKI1
ULCL1 ch Closing for Breaker 1 52AA1 AND 52AB1
LogIc Equation) AND 52AC1
ULCL nlatch Closing for Breaker 2 52AA2 AND 52AB2
(SELoaIc Equation) AND 52AC2
'S 7@ Recloser Drive to Lockout LOP
\: (SELoGIC Equation)
79BRCT Block Reclaim Timer NA
\P (SELoGIC Equation)
MRCD Manual Close Reclaim Time Delay 900
(1-99999 cycles)
BK1CLSD BK1 Reclose Supervision Delay 300
(OFF, 1-99999 cycles)
BK2CLSD BK2 Reclose Supervision Delay 300
(OFF, 1-99999 cycles)
Single-Pole Reclose (Group)
SPOID Single-Pole Open Interval Delay 60
(1-99999 cycles)
s SPRCD Single-Pole Reclaim Time Delay 900
(1-99999 cycles)
SPRI Single-Pole Reclose Initiation SPT AND (Z1G AND
(SELoGIC Equation) COMPRM)
SP1CLS2 Single-Pole BK1 Reclose Supervision 1
(SELOGIC control equation)
-421 Relay Applications Handbook Date Code 20080110
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Table 1.40 Settings for Auto-Reclose and Synchronism Check Example

(Sheet 2 of 3)

Setting Description Entry
SP2CLS2 Single-Pole BK2 Reclose Supervision NOT LEADBKI1
(SELoGIC Equation)
Three-Pole Reclose (Group)
3POID1 Three-Pole Open Interval 1 Delay 30
(1-99999 cycles)
3PFARC Three-Pole Fast Auto-Reclose Enable
(SELoGIC Equation)
3PRCD Three-Pole Reclaim Time Delay
(1-99999 cycles)
3PRI Three-Pole Auto-Reclose Initiate PT AND (M1P OR
(SELoGIC Equation) COMPRM)
79SKP Skip Reclosing Shot NA
(SELoGIC Equation)
3P1CLS2 Three-Pole BK 1 Reclose Sup: i DLLBI1
(SELogIC Equatio
3P2CLS2 Three-Pole BK 2 Reclose ervision 25A2BK2 OR (NOT
(SELoGIC Eq LEADBK1 AND
DLLB2)
Voltage Elements (Group) x
EVCK Reclosin, tage Check (Y, N) Y
27LP Dead Itage (1.0-200 V secondary) 15.0
59LP ive Li age (1.0-200 V secondary) 50.0
27BK1P ‘a aker 1 Dead Busbar Voltage 15.0
(1.0-200 V secondary)
59BK1P kker 1 Live Busbar Voltage 50.0
0-200 V secondary)
27BK2 Breaker 2 Dead Busbar Voltage 15.0
(1.0-200 V secondary)
& 59BK2P Breaker 2 Live Busbar Voltage 50.0
\ (1.0-200 V secondary)
Trip Cogic (Group)
T2 | Breaker 2 3PT (SELoGIC Equation) NOT LEADBK?2
O Relay Configuration (Group)
E25BK1 Synchronism Check for Breaker 1 (Y, N) N
@ E25BK2 Synchronism Check for Breaker 2 (Y, N) Y
\ Synchronism-Check Element Reference (Group)
SYNCP Synchronism Reference VAY
(VAY, VBY, VCY, VAZ, VBZ, VCZ)
25VL Voltage Window Low Threshold 60.0
(20.0-200 V secondary)
Y3 25VH Voltage Window High Threshold 70.0
(20.0-200 V secondary)
Breaker 2 Synchronism Check (Group)
SYNCS2 Synchronism Source 2 VBZ
(VAY, VBY, VCY, VAZ, VBZ, VCZ)
KS2M Synchronism Source 2 Ratio Factor (0.10-3) | 1.00
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Table 1.40 Settings for Auto-Reclose and Synchronism Check Example
(Sheet 3 of 3)

Setting Description Entry

KS2A Synchronism Source 2 Angle Shift (0, 30, 60, | O
90, 120, 150, 180, 210, 240, 270, 300, 330
degrees)

ALTS2 Alternative Synchronism Source 2 NA ¢
(SELoGIC Equation)

25SFBK2 Maximum Slip Frequency—BK2

(OFF, 0.005-0.5 Hz)

ANG1BK2 Maximum Angle Difference 1—BK2
(3.0-80 degrees)

ANG2BK2 Maximum Angle Difference 2—BK2
(3.0-80 degrees)

TCLSBK2 Breaker 2 Close Time (1.00-30 1.00

BSYNBK2 Block Synchronism Check—B 52AA2 AND 52AB2
(SELoGIC Equation) AND 52AC2
a8 These settings cannot be set to NA ica

&
>
R

N
>
$

L 4

Q
o
&

L 4
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Circuit Breaker Failure Application Examples

NOTE: The following discussion Under normal operating conditions, local station primary protection operates
designates Circuit Breaker 1. For . . .
Circuit Breaker 2, replace the 1 with 2. to remove faulted equipment from service. Zones of protection are arranged to

minimize service disruption when local primary protection operates. Backup
protection clears the fault when local protection fails to do so, typically
removing more equipment from service than the primary proteetion would
have removed for a correct operation.

Protection systems typically employ both local and remote baekup protection.
Local backup protection uses dedicated additional equipmengto clear a fault if
the local primary protection fails. Remote backup protéctionconsists of
overlapping, time-coordinated protection zones situated atremote locations
with respect to the local terminal. Remote backupiprotection operates if a fault
outside the local protection zone persists. Cicenig breaker failure relaying is
local backup protection.

The SEL-421 features four types of cirgliit biecaker failure and retrip
protection capability:

1. Failure to interrupt faultieurrent for phase currents

2. No current/residual®euirent circuit breaker failure protection
3. Failure to intergupt 1ead current
4

Flashover ‘€ircuit breaker failure protection

Protection against failurg toyinterrupt fault current for phase currents is the
most commondfiplementation. This subsection describes failure to interrupt
fault current€ircuif breaker failure protection.

Failure to |nter|‘upt The SEL-420yprovides two schemes for failure to interrupt fault current for
phase cusfénts. Seheme 1 is protection for basic cases involving both

Fault Current for multiphase/faults and single-phase faults with a common breaker failure time

Phase Currents delaymScheme 2 is for more elaborate protection that discriminates between

multiphase and single-phase faults and features separate circuit breaker failure
timedelays. Use Scheme 2 for separate circuit breaker failure timing for three-
poléand single-pole faults.

Basic Operation-Scheme 1and Scheme 2

NOTE: The following discussion A trip output from the local primary or backup line protection typically
specifies three elements. Theregis: C e he fail . faul . itb Ker fail h

one element for each phaseif =A¢B, 1nitiates the failure to interrupt fault current circuit breaker taitlure scheme

and C). (BFI3P1 and BFI¢$1 for Scheme 1 or BFI$1 for Scheme 2). When initiated, the

relay starts circuit breaker failure timing; the time delay is BFPU1 (Breaker
Failure Time Delay—BK1). The SEL-421 does not require an external BFI
contact when applied for local circuit breaker failure protection because the
relay detects line faults. In addition, you can add external BFI from an input in
parallel with the circuit breaker trip coil to capture additional trip initiations to
increase scheme dependability.

Set the instantaneous overcurrent element pickup threshold 50FP1 to pick up
for all line faults. The relay asserts Relay Word bit S0F¢1 when the phase
current exceeds the SOFP1 threshold. The 50F$1 element must reset quickly
even during the presence of subsidence current at the circuit breaker opening.
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If S0F¢1 is asserted when timer BFPU1 expires, the relay asserts circuit
breaker failure protection Relay Word bit FBF1 (Breaker 1 Breaker Failure).
Assign FBF1 to SELOGIC control equation BFTR1 (Breaker Failure Trip—
BK1) as one of the circuit breaker failure elements that can cause a circuit
breaker failure trip. When SELOGIC control equation BFTRI asserts, the relay
asserts corresponding Relay Word bit BFTRIP1 (Breaker 1 Failure Trip
Output). Assign BFTRIP1 to a high current interrupting control output to
perform circuit breaker failure tripping or to a standard control output to
operate an 86 lockout relay.

Scheme Components

SEL-421 Relay

The following are components of the circuit breaker failure schemes in the
SEL-421:

» Circuit Breaker Failure Initiation (BEI3P1 or BFI$1)
» Phase Fault Current Pickup (50FP1),
» Breaker Failure Pickup Time Delay (BFPU1)

For a detailed description see Ciréuit Breaker Failure Trip Logic on
page R.1.131.

Circuit Breaker Failure Initiation(BFI3P1 or BFI¢1)

All circuit breaker trips typically, initiate the circuit breaker failure scheme.
The SEL-421 detects power system faults; the relay does not need an external
BFI contact for local gifeuit btgaker failure protection applications.

Scheme 1. _Scheme [ uses initiation SELOGIC control equation BFI3P1 for
three-pole tripping applications and BFI¢1 for single-pole tripping
applications.

Schemeg2s, Seheme 2 uses initiation SELOGIC control equations BFI¢1 for
both three-polésmultiphase) and single-phase faults.

Phase Fault Current Pickup (50FP1)

Cireuit breaker failure protection must pick up for all faults on the protected
line. Two settings philosophies are prevalent. One philosophy is to set the
nstantaneous overcurrent element (S0F¢1) to pick up above load current and
below the minimum fault current (under minimum generation), if possible
(T10ad max < SOFP1 < I iimum fault)- Another settings philosophy is to set the
threshold to match the line protection sensitivity; this increases circuit breaker
failure protection dependability.

In the following application examples, we use the first settings philosophy
because this approach gives greater security. In either case, when input phase
currents exceed the overcurrent element threshold, the relay asserts Relay
Word bit S0F¢1.

Subsidence current results from the energy trapped in the CT magnetizing
branch after the circuit breaker opens to clear a fault or interrupt load.
Subsidence current exponentially decays and delays resetting of instantaneous
overcurrent elements. However, the open phase detection logic causes the
SEL-421 50F¢1 element to reset in less than one cycle during subsidence
current conditions. The open phase detection logic determines that a pole is
open during the presence of subsidence current and immediately resets the
corresponding current level detectors.
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Breaker Failure Pickup Time Delay (BFPU1) O

Scheme 1. Relay Word bit FBF1 (Breaker 1 Breaker Failure) asserts w
the time delay on pickup timer BFPU1 expires and the corresponding 50F¢1
element is asserted.

Scheme 2. Relay Word bit FBF1 (Breaker 1 Breaker Failure) asserts for
these conditions: ¢

» A single phase-to-ground fault occurs: F
delay on pickup timers BFPU1 (Breaker
BK1) followed by SPBFPU1 (SPT Bre

Delay—BK1) expire. The correspondi 1 element and

only one single-phase breaker failure, initi (for example,
BFIA1) are asserted.

» A multiphase fault occurs: FBEL a hen time delay on
pickup timer BFPU1 (Breaket Fa Time Delay—BK1)
expires. The correspondin 1 elements and at least two
single-phase breaker fai itiations (for example, BFIA1
and BFIB1) are as

Timing Sequence
Figure 1.40 and Figure 1. lus
failure schemes. K
Scheme 1
Scheme 1 ng 0.

the timing sequence for circuit breaker

depend e fault type (multiphase fault and single-phase fault,

Scheme 2
Schem%\h timing sequences in Figure 1.40 and Figure 1.41,
ing
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Fault Occurs

A
Trip Asserts O
Normal
Operation | Protective Relay | Maximum Breaker 50Fon Safety Margin O
~_ Operate Time | Operating Time | Dropout Time |~ Time
< S Bl B =
Local Backup ~ P
Breakers Trip
50Fen Element BF Timer Delay (BFPU) Time
Asserts - >

Breaker
Failure
Operation

-

Auxiliary Breaker Failure —pm
Relay Operate Time

BF Trip
Outputs
Assert

Fault Occurs
A

Trip Asserts
Normal | Protective Relay | Maximum Breaker Safety Margin
Operation | _ Operate Time [ Operating Time | Dr A Time
< Bale > <
Local Backup >t
BF Timer, SPBF Timer Delay Breakers Operate
S0F¢n Element F - (SPBFPU) Time
Asserts —l -
L 4
B;gﬁﬁfer Auxiliary Breaker Faillure — | —
Operation Relay Operate Time
BF Trip Remote Breakers
Outputs Trip Time
Assert
Communications Channel Time —| -—

Figure 1.41
4

-421 Relay

Absolute Maximum Fault Clearing Time

Transfer
Trip
Asserts

Q
o
&

Scheme 2 Single-Phase Fault Timing Diagram
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The absolute maximum fault clearing time depends on power system transient

stability and the thermal withstand capability of the equipment. If a circuit

breaker fails, the total time required to trip all electrically adjacent circuit

breakers must be less than this absolute maximum clearing time. Set the time
delay on pickup timer to allow time for the protected circuit breaker to operate
and the instantaneous overcurrent element (S0F¢1) to reset. Always include a
safety margin, remembering that the operating time of the line relays and the

electrically adjacent circuit breakers limit this margin.

Use the SEL-421 to provide circuit breaker failure protéétionfor one circuit

breaker. This is a circuit breaker failure protection Scheme Tapplication

example for three-pole tripping circuit breakers (you cdn alse use this scheme
for single-pole tripping applications). For a single-poleitripping circuit breaker

application example (Scheme 2), see Circuit Breakerailuge Protection—
Example 2 on page A.1.160. This example uses 4230 K¥opower system
similar to the system in 230 kV Overhead TramsinisSiew Line Example on
page A.1.2. Figure 1.42 shows the SEL-421 @t the'§, terminal of the two-

terminal line between Harvard and Princeton:¥able 1.41 provides the related

power system parameters.

S (Harvard) R (Princeton)
W BK1 BK2
| 0 1 1 |
| - - |

Figure 1.42 230 kV/Power,System for Circuit Breaker Failure Scheme 1

Table 1.41 Sécondary Quantities

ParametS g Value

Line impedances

71, 1.95 Q /84° secondary

ZoL 6.2 Q £81.5° secondary
Source S impedances

Z98=4os 2.5 Q £86° secondary
Souree R impedances

Z1r = Zor 2.5 Q £86° secondary
Nominal frequency (f;,or,) 60 Hz
Maximum operating current load (I;,,4) 4.95 A secondary

Relay Configuration

Enable Scheme 1 circuit breaker failure protection for Circuit Breaker BK1.

EBFL1:=1 Breaker 1 Failure Logic (N, 1, 2)

Circuit Breaker 1 Failure Logic

= g

NOTENThis is one method for
calculating setting SOFP1. Use your
company practices and policies for
determining the pickup setting for
your particular application.

Date Code 20080110

Phase Current Level Detector

Set the phase current level detector equal to 120 percent of the maximum load
current I;,,4. Check that this setting is less than the minimum fault current (¢¢
fault) with minimum generation. Circuit breaker failure protection for faults
involving ground (SLG and ¢¢G faults) is covered in this application example
by no current/residual current circuit breaker failure protection (see Residual

Applications Handbook
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philosophy provides security for the circuit breaker failure protection. For this

Current Circuit Breaker Failure Protection on page A.1.165). This settings
power system, the maximum load current is 4.95 A secondary and the OO

minimum ¢¢ fault current is 13.0 A secondary.

S50FP1 =120% ¢ I}y, = 120% *4.95 A =594 A
50FP1:=5.94 Phase Fault Current Pickup—BK1 (0.50-50 A secondary)

Circuit Breaker Failure Protection Time Delay

L 4
The recommended setting for BFPU1 (Breaker Failure \@—BKI) is
the sum of the following (see Figure 1.43):
» Maximum circuit breaker operating tin@
» 50FA1 maximum dropout time 0
» Safety margin Q

Fault Occurs
50FA1
BFI3P1
{{

Line Protection eaker 50FA1 Safety
Maximum Operate Time rateTime t-pk | Dropout Time, tsor | Margin Time, tg

[ — [ [
g g |

FBF] < ! BFPU1 |
Figure 1 \\q Diagram for Setting BFPU1-Scheme 1

To maint stem stability, the relay must clear the fault within the total

clearing time. Use the maximum operating time of the local and remote circuit

@ bre he maximum operating time of the circuit breaker, t, , is 3 cycles
{ is example. Also, use the maximum dropout time for Relay Word bit
OF

‘AT; the maximum dropout time of the phase current level detector, ts, is
\rncle. You must also include the communications channel time, t.,, for
ote circuit breaker tripping.

To determine setting BFPU1, you must find the safety margin, t;. Determine
the safety margin from Figure 1.40:

\Z te = = (b + 6 _p + o +lgg +tp + 4 )
17-2+3+1+1+1+3)

6 cycles Equation 1.87

L 4
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Where:
t, = safety margin
t; = total clearing time (17 cycles)

t; = line protection maximum operating time (2 cycles)
t.pkx = local circuit breaker maximum operating time (3 cycles

tsor = circuit breaker failure overcurrent element 5S0FA 1
maximum reset time (1 cycle)

L 4
tge = auxiliary breaker failure relay operating ti cycle)
t;p, = communications channel maximu e%ne
(1 cycle)
t.px = remote circuit breaker maximum "Xme
(3 cycles)
Use the safety margin result from Equation 1.87to ca te BFPU1:

BFPUI = t; ;£ tsot,
3
1

C Equation 1.88
BFPU1:=10.000 Breaker Failur ay—BKI1 (0.000-6000 cycles)

Retrip Time Delay

If the circuit breaker is eq two trip coils, the relay should attempt

to retrip the protected circuit breaker before a circuit breaker failure trip
asserts. Wait 4 cycles e tetrip.
RTPUT := 4.000, Retri e Delay—BK1 (0.000-6000 cycles)

Circuit Breake Protection Initiation

To initiate cifeuit bteaker failure protection for Circuit Breaker BK1, assign

the prot elements to Relay Word bit BFI3P1 (Three-Pole Breaker

Failure {Ini BK1). This protection example uses three-pole tripping only.
P1:=8PT Three-Pole Breaker Failure Initiate—BK1 (SELOGIC

Equation)

=NA A-Phase Breaker Failure Initiate—BK1 (SELOGIC Equation)

081 :=NA B-Phase Breaker Failure Initiate—BK1 (SELOGIC Equation)

L 4

BFIC1:=NA C-Phase Breaker Failure Initiate—BK1 (SELOGIC Equation)

iccuit Breaker Failure Protection Initiation Dropout Delay

Set the circuit breaker failure initiate dropout time delay to zero. Disable this

®® feature for this application example because this is not a dual circuit breaker
scheme.

BFIDO1:= 0.000 Breaker Fail Initiate Dropout Delay—BK1
(0.000-1000 cycles)

Circuit Breaker Failure Protection Initiation Seal-In Delay

Set the latch logic circuit breaker failure pickup time delay to zero. Disable
this feature for this application example. Relay Word bit 3PT internally
initiates circuit breaker failure protection and has a minimum duration three-
pole time delay on dropout (that is, TDUR3D).

BFISP1:= 0.000 Breaker Fail Initiate Seal-In Delay—BK1
(0.000-1000 cycles)
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Residual Current Circuit Breaker Failure Protection O

Enable no current/residual circuit breaker failure protection for Circuit
Breaker BK1. Use this logic to detect a circuit breaker failure and take ‘ )
appropriate action when a weak source drives the fault or if the protected

circuit breaker fails to trip during a high-resistance ground fault.

ENCBF1:= Y No Current/Residual Current Logic—BK1 (Y, N) s

Residual Current Pickup

Set the pickup of the residual current level detector greaN%ximum
system unbalance; assume a 15 percent maximum un .
50RP1=0.151},,g=0.15495A=0.74 A
50RP1:= 0.74 Residual Current Pickup—BK@ A secondary)
Residual Current Circuit Breaker Failure Time Delay
Setting NPU1 is the time delay on pick forgythe relay asserts a low
current circuit breaker failure trip for Circ aker BK1. You can set this
delay greater than BFPU1; a hig round fault is not as much a

threat to power system transient stabi s 1s a phase fault, because
synchronizing power still fl the two unfaulted phases.

NPU1:=12.000 No Cu er Failure Delay—BK1 (0.000-6000
cycles) ‘c

Residual Current Circui Failure Initiation

T
ista

ses the residual current circuit breaker failure

t n the circuit breaker fails to trip during high-

aults. Set SELOGIC control equation BFIN1 (No Current
iate) to NA

Breaker .
If you y this scheme for no current conditions (e.g., weak source),

assign ontact from Circuit Breaker BK1 (52AA1) to the SELOGIC
co e n BFIN1 (No Current Breaker Failure Initiate).
L 4 IN1 Z NA No Current Breaker Failure Initiate—BK1 (SELOGIC

Loa% Circuit Breaker Failure Protection

O Disable load current circuit breaker failure protection for Circuit

Breaker BK1.
@ ELCBF1:=N Load Current Breaker Failure Logic—BK1 (Y, N)

\tashover Circuit Breaker Failure Protection
Disable flashover current circuit breaker failure protection for Circuit

Breaker BK1.
EFOBF1:=N Flashover Breaker Failure Logic—BK1 (Y, N)
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Circuit Breaker Failure Protection Trip Logic
Circuit Breaker 1Failure Trip Equation :O

Protection Application Examples ‘ A.1.159

The SEL-421 has dedicated circuit breaker failure trip logic. Set SELOGI
control equation BFTR1 (Breaker Failure Trip—BK1) to assert for either
Circuit Breaker BK1 circuit breaker failure trip or Circuit Breaker BK1
residual current circuit breaker failure trip. When this SELOGIC control 4
equation asserts, the relay sets Relay Word bit BFTRIP1 to l%until

BFTR1 deasserts, the TDUR3D timer times out, and an unlatch set
condition is active. \

BFTR1:= FBF1 OR NBF1 Breaker Failure Trip—BXK1 ( GIGWEquation)

Unlatch Circuit Breaker 1 Failure Trip Equation

Use SELOGIC control equation BFULTR1 (Breakes, Failtire Unlatch Trip—
BK1) to define the conditions that unlatch t rol"outputs that assert
during a circuit breaker failure trip. BFUL unlatches the circuit breaker
trip condition BFTRIP1 (Breaker FailuregEri Circuit Breaker BK1).
Assign a control input that is energized'ex y to signal the relay when the
circuit breaker failure trip clears t essfully.

BFULTR1:=IN104 Breaker Failur ch Trip—BK1 (SELoGIC Equation)

Control Outputs \'
Use SELOGIC control eq&ns‘t assign control outputs for tripping Circuit

Breaker BK1, retrippi ircuit Breaker BK1, and circuit breaker failure

tripping. Figure 1.44 sh connections for the circuit breaker failure trip
and circuit br T1p
Use the mat high current interrupting control output for the retrip

signal (R
currents.

e this output can interrupt large circuit breaker coil
is n0 TDUR3D (3PT Minimum Trip Duration Time Delay) for

1(+) DC2 (+) DC3 (+)
c , " .
BFTRIPI J_ 3pT J_ Oﬁ RTI
z ouTion (ouT101) == 86-1 (0UT103)
86-1 52AA1 52AA1
DCI (- - DC3 (-
% ) C2 () 1' ()
P CBF LOCKOUT TRIP COIL #1 TRIP COIL #2

Figure 1.44 Circuit Breaker Failure
Trip and Circuit Breaker Trip DC Connections
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Example Completed

This completes the application example that describes setting of the SEL- O
for circuit breaker failure protection. Analyze your particular power system to
determine the appropriate settings for your application.

Relay Settings .
Table 1.42 lists all protection relay settings applied for this e
Table 1.42 Settings for Circuit Breaker Failure Example
Setting Description Entry
Relay Configuration (Group)
EBFL1 Breaker 1 Failure Logic (N, 1, 2) 0 1
Breaker 1 Failure Logic (Group)
50FP1 Phase Fault Current Pickup—BK1 -50 A secondary) 5.94
BFPU1 00-6000 cycles) 10.000
RTPU1 cycles) 4.000
BFI3PI i BK1 3PT
BFIA1 NA
BFIB1 NA
BFIC1 NA
BFIDO1 gaker Fail Initiate Dropout Delay—BK1 (0.000-1000 0.000
BFISP1 er Fail Initiate Seal-In Delay—BK1 (0.000-1000 cycles) | 0.000
ENCBE urrent/Residual Current Logic—BKI1 (Y, N) Y
SORP1 Residual Current Pickup—BK1 (0.25-50 A secondary) 0.74
¢ No Current Breaker Failure Delay—BK1 (0.000-6000 cycles) | 12.000
Qx No Current Breaker Failure Initiate—BK1 NA
(SELocIc Equation)
\LCBFI Load Current Breaker Failure Logic—BK1 (Y, N) N
O EFOBF1 Flashover Breaker Failure Logic—BK1 (Y, N) N
@ BFTRI1 Breaker Failure Trip—BK1 (SELoGIC Equation) FBF1 OR
NBF1
\ BFULTRI1 | Breaker Failure Unlatch Trip—BK1 IN104
(SELogcIC Equation)
% Main Board (Outputs)
OUT101 3PT
OUT103 RT1
¢ OUT107 BFTRIPI
Breaker Use the SEL-421 to provide circuit breaker failure protection for both circuit
. breakers in breaker-and-a-half schemes. This application example explains
ailure Protection— setting the relay for Circuit Breaker BK1 (see Figure 1.45). You can apply
amp|e 2 these same settings for Circuit Breaker BK2. You can apply circuit breaker

failure Scheme 2 protection for single-pole trip circuit breakers. Scheme 2
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faults (SPBFPU1). For more information on Scheme 2 circuit breaker failure

provides separate timers for multiphase faults (BFPU1) and single-phase
protection, see Failure to Interrupt Fault Current: Scheme 2 on page R.1. O

fNOtTE This.tagl)”csﬁon :Xa:mf;'he is This example uses a 500 kV power system with single-pole tripping enab
S‘;anv Sect'tr,f]lé's forf {éi,?crj{t BprzgkereBKz (see Figure 1.45). Table 1.43 provides the power system parameters.

as for Circuit Breaker BK1. For Circuit
Breaker BK2, substitute 2 for 1in the

following settings. S (MOSCOW) R (PULLMAN) @
BUS1
B 1y s
Line1
BK2
Line 2
BUS 2

Figure 1.45 500 kV Pow s or Circuit Breaker Failure Scheme 2

Value

3.98 Q0 £87.6° secondary
14.48 Q £82.1° secondary

4.4 Q £88° secondary

IR= 1.78 Q /88° secondary
L 4
\ equency (foom) 60 Hz
Maximum operating current (Ijy,q) 3.25 A secondary

Re@guration

Enable Scheme 2 circuit breaker failure protection for two circuit breakers.

\@ EBFL1:=2 Breaker 1 Failure Logic (N, 1, 2)

EBFL2 := 2 Breaker 2 Failure Logic (N, 1, 2)

Circuit Breaker 1 Failure Logic
Phase Current Level Detector

NOTE: This is orfe method for Set the phase fault current pickup greater than maximum load and less than
calculating setting 50FP1. Use your

practices and policies for the fault current that flows through Circuit Breaker BK1 (Iggk)). Maximum

g the pickup setting for load current, Ig, is 3.25 A secondary.
lar application.
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l Is(BK1) O
W sp-a21 ()

BK1

BK2 @
x Is(BK2)

Figure .46 Fault Current Distribution Throug ulted Line at Station S
e

om Substation S flows
#6). Calculate setting SOFP1

Assume that the total load current (Ig) s
through BK1 only; Iggk 1) = Is (see Fi,
with all the load current Ig throu i

SOFP1 = 420%
(100% » 325 A)

&&secondary Equation 1.89
e

A fault study shows t inimum ground fault current, It 1t mininume 15

4.2 A secondary wh allel line is in service at minimum generation.
Calculate the se for dependability at 1/2 of the minimum fault
current.

0.5+ (Percent Currente Ig ;.. =)

0.5« (100% = 4.20 A)
2.10 A secondary Equation 1.90

&
4 Altheugh/the result of this setting calculation is below maximum load (see

1.89), use this calculation to set the SOFP1 element for

ependability.
\ 50FP1:= 2.10 Phase Fault Current Pickup—BK1 (0.50-50 A secondary)

Circuit Breaker Failure Time Delay

BFPU1 (Breaker Failure Time Delay—BK1) is the time delay on pickup for a
circuit breaker trip following a multiphase fault. You can also add an

® additional delay, SPBFPU1 (SPT Breaker Failure Time Delay—BK1).

The recommended setting for BFPU1 is the sum of the following (see
Figure 1.47):

» Maximum circuit breaker operating time
L 4 » 50FA1 maximum dropout time
» Safety margin
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Fault Occurs O
50FAT I ()

Protection Application Examples ‘ A.1.163

BFIAT *
Line Protection Breaker 50FA1 Safety
Maximum Operate Time | Operate Time t}-.py | Dropout Time, t5or Margin Time, tg
B — —_—— - I
FBF1 BFPUI - SPB

Figure .47 Timing Diagram for Setting BFPU1-Scheme 2

To maintain system stability, you must cle e fault within the total clearing
time. Use the maximum operating time 1 and remote circuit
breakers. The maximum operating time o ircuit breaker, t|_py, is 2 cycles
for this example. Also use the m time of SOFA1; the maximum
reset (dropout) time of the phase c vel detector, ts,, is 1 cycle. You
must also include the com ion§ channel time, ty, for remote circuit

breaker tripping.
To determine setting BF%\ust find the safety margin, t;. Determine

the safety margin from Fi 1.40.

Ly = b _bk * tsor + e T ten T b _pk)
15=2+2+1+1+1+2)
\= 6 cycles Equation 1.91
Wm = safety margin
t,= total clearing time (15 cycles)

r'S O t,;= line protection maximum operating time (2 cycles)
\ ti.pk = local circuit breaker maximum operating time (2 cycles)
tsor = circuit breaker failure overcurrent element SOFA1

\K maximum reset time (1 cycle)

tge = auxiliary breaker failure relay operating time (1 cycle)

t;, = communications channel maximum operating time
(1 cycle)
remote circuit breaker maximum operating time

@ trpk =
® (2 cycles)

Use the safety margin result from Equation 1.92 to calculate BFPU1:

BFPUL = t;_\ +tso, + 1t
=3+1+6
= 10 cycles Equation 1.92
BFPU1:=10.000 Breaker Failure Time Delay—BK1 (0.000-6000 cycles)
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faults (see Figure 1.48). Set SPBFPUI to extend breaker failure pickup time
delay as long as the total clearing time t, = 15 cycles.
SPBFPU1:=5.000 SPT Breaker Failure Time Delay -BK1 O

(0.000-6000 cycles)

SPBFPUI1 is an additional delay you can cascade to BFPU1 for single-phase O

Retrip Time Delay P
Scheme 2 provides retrip timers RT3PPU1 for multiphase fa RTPU1
for single-phase faults. Set the retrip following a single-ele tripto Occur
3 cycles after circuit breaker failure initiation.

RTPU1:=3.000 Retrip Time Delay—BK1 (0.000- le

A three-pole retrip follows a three-pole trip. The relay, sh attempt to retrip
the protected circuit breaker before a circuit breaker fa trip asserts. Apply
the default setting for the three-pole retrip ti pickup.

e
RT3PPUT:=3.000 Three-Pole Retrip Ti el BK1 (0.000-6000

cycles)
'ence for single-pole versus
i0

Figure 1.48 compares the comple;
three-pole circuit breaker failure

3-Pole Event
(AB Fault)

BFIA1

BFIBI

50FA1

RT3PI : i
| BFPUI |
- ————— .
@ : —
L 4 le Event
t)
\K W —]
50FA1 — |

RTA1

SPBFPUI

@ - —————————— >l - -
\ FBFI ! [
Figure 1.48 Timing Sequences for

Circuit Breaker Failure Protection Scheme 2

Circuit Breaker Failure Initiation

Scheme 2 does not use Relay Word bit BFI3P1 to initiate failure to interrupt
fault current circuit breaker failure protection.

BFI3P1:= NA Three-Pole Breaker Failure Initiate—BK1 (SELOGIC
Equation)
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Assign the protection elements to Relay Word bits BFIA1, BFIB1, and BFIC1
to initiate single-pole trip circuit breaker failure protection for Circuit
Breaker BK1. For a complete description of circuit breaker failure initiations
see Circuit Breaker Failure Protection on page R.1.125. This application
example uses the POTT tripping scheme, step-distance backup protection, and
SOTF protection.

BFIA1:= BFIAT1 OR TPA1 A-Phase Breaker Failure Initiate—BK1
(SELocIc Equation)

BFIB1:= BFIBT1 OR TPB1 B-Phase Breaker Failure Initiate—BKdl
(SELocIc Equation)

BFIC1:= BFICT1 OR TPC1 C-Phase Breaker Failure Initiafes—BkKl
(SELocIc Equation)

Relay Word bits BFIAT1, BFIBT1, and BFICT1 (Cireuit Breaker 1 Latched
Single-Pole Circuit Breaker Failure Initiation) lateh the/BFIA1, BFIB1, and
BFIC1 inputs to the circuit breaker failure protéetion:

Circuit Breaker Failure Protection Initiation Dropout Delay

Set the circuit breaker failure initidte time'delay on dropout to stretch a short
pulsed circuit breaker failure initiationyEnable this feature for this application
example because you are protecting dual‘€ircuit breakers.

BFIDOT:= 3.000 Breaker Failate Initiate Dropout Delay—BK1
(0.000-1000 cycles)

Circuit Breaker Failure Protegtion Initiation Seal-In Delay
Set the circuit breaker failure’initiate time delay on pickup for the latch logic
to qualify exténdedicircuit’breaker failure initiation latch seal-in.
BFISP1:=4:000" Breaker Failure Initiate Seal-In Delay—BK1
(0:000-1000 cycles)

For thes¢' BEIDOY and BFISP1 settings, if the circuit breaker failure initiate is
1 cycle 'or morg;the relay seals in the circuit breaker failure extended initiation
afterthe initiate signal deasserts until the BFIDOI1 time (3 cycles) expires and
all SOF¢ 1 elements deassert.

Residual'Current Circuit Breaker Failure Protection

Disable residual current circuit breaker failure protection for Circuit
Breaker BK1 because a strong source drives this terminal.

ENCBF1:=N No Current/Residual Current Logic—BK1 (Y, N)

Lead Current Circuit Breaker Failure Protection

Disable load current circuit breaker failure protection for Circuit
Breaker BK1.

ELCBF1:=N Load Current Breaker Failure Logic—BK1 (Y, N)

Flashover Circuit Breaker Failure Protection

Disable flashover current circuit breaker failure protection for Circuit
Breaker BK1.

EFOBF1:= N Flashover Breaker Failure Logic—BK1 (Y, N)
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Circuit Breaker Failure Protection Trip Logic
Circuit Breaker 1Failure Trip Equation O

The SEL-421 has dedicated circuit breaker failure trip logic. Set SELOGIQ
control equation BFTR1 (Breaker Failure Trip—BK1) to assert for a Circui
Breaker BK1 circuit breaker failure trip. When this SELOGIC control equation
asserts, the relay sets Relay Word bit BFTRIP1 to logical 1 until BFTR14
deasserts, the TDUR1D timer times out, and an unlatch or resetscondition is
active. %

0

BFTR1:= FBF1 Breaker Failure Trip—BK1 (SEL0OGIC i

Unlatch Circuit Breaker Failure Trip Equation

Use SELOGIC control equation BFULTR1 (Breaker Fai nlatch Trip—
BK1) to define the conditions that unlatch the c 1 outputs that assert
during a circuit breaker failure trip. BFULT atches the circuit breaker
trip condition BFTRIP1 (Breaker Failure Tti cuit Breaker 1). Assign a
control input that is energized externall the relay when the circuit
breaker failure trip clears the fault success

BFULTR1:= IN104 Breaker Fail

rip—BK1 (SELoGIC Equation)

la
Use the same input signal t h the circuit breaker failure trip on Circuit

Breaker BK2.
Control Outputs \\'

Use SELOGIC control eqiations to assign the control outputs for tripping and
retripping CircuitgBrea K1 and Circuit Breaker BK2 and circuit breaker
se 0

failure trippi ut assignments are for the SEL-421 with an
additiona interface board (see I/O Interface Boards on
page U.2.
NOTE: The symbol ¢ indicates A, B, Assign ip outputs to the hybrid (high current interrupting) control
and C for A-phase, B-phase, or . . . . .
C-phase of the power system. outputs high current interrupting control outputs for the retrip signal
b e these outputs can interrupt large circuit breaker coil currents.

4 There i TDUR3D (3PT Minimum Trip Duration Time Delay) for RT¢1;
signal can drop out while there is current flowing through the trip
the auxiliary circuit breaker contacts have not yet opened.

\ 0UTIOT := TPA1
0UTI02 = TPBI
0UTIO3 = TPCT

OUT107 := BFTRIP1

@ 0UT201:= TPA2
0UT202 := TPB2
0UT203 :=TPC2

0UT204 := RTA1
0UT205 := RTBI1
4 0UT206 := RTC1
0UT207 := RTA2
0UT208 := RTB2
0UT209 := RTC2

Figure 1.49 illustrates the corresponding dc connections for Circuit
Breaker BK1. Circuit Breaker BK2 connections are similar.
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DC2 (+)
o

TPA1 TPB]
(0UTI101) J-861 (0UT102) l 0UT103 l861

52AA1 52AB1 i

0c2 () T T & g !
BK1 TRIP COILS #1 @
DC1 (*‘) DC3 (+) 0

BFTRIP] TB1 RTCI
(0UT107) 04) (0UT205) (0UT206)

# 52AA1 52AB1 T 52ACt
J

BK1TRIP COILS #2
Figure 1.4 r BK1 DC Connections (Two Trip Coils)

Example Comple

This co application example that describes setting the SEL-421 for
Schem it breaker failure protection. Analyze your particular power
m

ine the appropriate settings for your application.

-
\C

@
+—

Table 1.44 Settings for Circuit Breaker Failure Example 2 (Sheet 1 of 2)

@ Setting Description Entry
% Relay Configuration (Group)

EBFL1 Breaker 1 Failure Logic (N, 1, 2) 2
EBFL2 Breaker 2 Failure Logic (N, 1, 2) 2

Breaker 1 Failure Logic (Group)

L 4 50FP1 Phase Fault Current Pickup—BK1 (0.50-50 A secondary) 2.10
BFPU1 Breaker Failure Time Delay—BK1 (0.000-6000 cycles) 10.000
SPBFU1 SPT Breaker Failure Time Delay—BK1 (0.000-6000 cycles) | 5.000
RTPU1 Retrip Time Delay—BK1 (0.000-6000 cycles) 3.000

RT3PPU1 Three-Pole Retrip Time Delay—BK1 (0.000-6000 cycles) 3.000
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Table 1.44 Settings for Circuit Breaker Failure Example 2 (Sheet 2 of 2)

Setting Description Entry
BFI3P1 Three-Pole Breaker Failure Initiate—BK1 NA
BFIAI A-Phase Breaker Failure Initiate—BK1 BFIAT1
(SELogIc Equation) OR TPA1
BFIB1 B-Phase Breaker Failure Initiate—BK1 BFIBTI
(SELoGIC Equation) OR TPB1
BFIC1 C-Phase Breaker Failure Initiate—BK1 %FICTI
(SELoGIC Equation) R TPC1
BFIDO1 Breaker Fail Initiate Dropout Delay—BK 1 \ 3.000
(0.000-1000 cycles)
BFISP1 Breaker Fail Initiate Seal-In Delay—BK% 4.000
cycles)
ENCBF1 No Current/Residual Current Logic N
ELCBF1 Load Current Breaker Failure Logi%, N) N
EFOBF1 Flashover Breaker Failure Logi 1Y, N) N
BFTR1 Breaker Failure Trip— @quaﬁon) FBF1
BFULTR1 | Breaker Failure Unlatch Tti 1 IN104
(SELogcIc Equati
Control Outputs
OUTI101 \ TPA1
OUT102 TPB1
OUT103 TPC1
OuT107 BFTRIP1
OUT201 TPA2
OouUT202 TPB2
OUT20 TPC2
OUT20 RTA1
OuT205 RTB1
L 4
RTC1
% 7 RTA2
\ T208 RTB2
O UT209 RTC2
L 4
-421 Relay Applications Handbook Date Code 20080110



Section 2 OO
Monitoring and Metering

L 4
The SEL-421 Relay provides extensive capabilities for i bstation
components and metering important power system paramet e relay

provides the following useful features:

» Circuit Breaker Monitor on page A.
» Station DC Battery System Monitox.on page A.2.22
» Metering on page A.2.28

This section explains each of these feat andygives practical examples for
applying these features in the power syste

S

RS
R
. (Sb
&
O
&

L 4
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Circuit Breaker Monitor

Overview

NOTE: This section lists settings
for Circuit Breaker 1; settings for
Circuit Breaker 2 are similar; replace
1in the setting with 2.

-421 Relay

The SEL-421 features advanced circuit breaker monitoring.

This subsection is organized as follows:

»  Overview L 4
» Enabling the Circuit Breaker Monitor on pag
» Circuit Breaker Contact Wear Monitor on page A
» Other Circuit Breaker Monitor Functio%e A.2.10
» BREAKER Command on page A.2.1
The SEL-421 features advanced circuit bre o ng. Figure 2.1 shows

that the relay processes phase currents, circuit breaker auxiliary contacts, and
the substation dc battery voltages to detect o -tolerance and maximum life
circuit breaker parameters. These para include current interrupted,
operating times, and contact we -421 monitoring,
maintenance personnel can deter ent of a developing circuit
breaker problem and select iat&response to correct the problem.
These monitoring features ar online in real-time; you can detect
impending problems immedidtely-‘Ehe result is better power system reliability

and improved circuit breaker pectancy.
One of the many circuitsbre monitor features is the circuit breaker contact
wear monitor. The S acks the number of circuit breaker close-open

operations and
breakers. Th
compare

especti It interrupting levels for each of two circuit
@ ses data from the circuit breaker manufacturer to
orded operational data with the manufacturer’s recommended

o collect the following data on these circuit breaker parameters:
Electrical operating time

Mechanical operating time

Circuit breaker inactivity time

Interrupted current

Pole scatter

Pole discrepancy

Y Y Y VY VY YVYY

Motor run time
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Excess Breaker
Contact Wear

Excess Mechanical

Excess Electrical

\ ™| Operating Time
&% —
—_—

SEL-421
Relay
Circuit

Phase Currents

Aux. Contact Inputs Excess Motor

Running Time

Breaker

Excess kA

Figure 2.1 SEL-421 Intelligent Circuit Breaker Monitor

Enabling the Circuit
Breaker Monitor

L 4

\&me Description Range | Default

\Q’O

Contact WearMonitor

L 4

Date Code 20080110

Interrupted

Deviations in Station
Battery Voltages

You can program the relay to alarm
preset threshold. In additio
history in nonvolatile me

ny of the above quantities exceed a
tores a 128-event circuit breaker
circuit breaker history report includes

circuit breaker mechanical tionwtimes, electrical operation times,
interrupted currents, and @ther 1 rtant parameters. The alarm and reporting
features help you oper; substation safely and reliably.

Enable and configure t L-421 circuit breaker monitor by using the
settings liste @ ble 2.1 for each of two possible circuit breakers. Power

system circuitbr€akers are either single-pole tripping or three-pole tripping
circuit breakers; septhe relay for the circuit breaker type that the relay
controls a le pole tripping circuit breaker, set BK1TYP := 1, and for a
three-pole ing circuit breaker, set BK1TYP := 3. The factory default

settingyis YP := 1. Be sure to configure the relay with the settings that
ma@ circuit breakers.

Circuit Breaker Monitor Configuration

B1IMON Enable Circuit Breaker 1 monitoring Y, N N
BKITYP Circuit Breaker 1 type 1,3 1
EB2MON Enable Circuit Breaker 2 monitoring Y, N N
BK2TYP Circuit Breaker 2 type 1,3 1

The circuit breaker contact wear monitor in the SEL-421 provides information
that helps you schedule circuit breaker maintenance. This monitoring function
accumulates the number of close-open operations and integrates the per-phase
current during each opening operation. The SEL-421 compares this
information to a predefined circuit breaker maintenance curve to calculate the
percent contact wear on a per-pole basis.

The circuit breaker maintenance curve also incorporates the accumulated fault
current arcing time (£I2t), assuming an identical arcing time for each trip. You
can obtain the one-cycle arcing time from circuit breaker manufacturer data.
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of trip operations in nonvolatile memory. You can view this information

The SEL-421 updates and stores the contact wear information and the number
through any communications port.

Any phase wear percentage that exceeds the threshold setting BIBCWA'
asserts the alarm Relay Word bit, BIBCWAL, for Circuit Breaker 1. You can
use this Relay Word bit in a SELOGIC® control equation to alert operations
personnel, or you can control other functions such as blocking reclosing4The
relay clips or limits the maximum reported circuit breaker weampercentage at

150 percent.
:‘:‘OTEli In the following discussion, The SEL-421 integrates currents and increments the trior the
eazehe;h‘;?;; iiﬁ?gﬁ 'Ce) onetor contact wear monitor each time the SELOGIC control gquation 1TRP¢

asserts. Set the logic for this function from a commun
SET M ASCII command, with the ACSELERATOR
software program Breaker Monitor Settings trée,vi
panel SET/SHOW menu. (See Making Simple S,
for information on setting the relay using these methods.) The default settings
cause the contact wear monitor to integrate anéyincrement each time the
SEL-421 trip logic asserts.

Using the Circuit Breaker Contact We r
Perform the following specific S se the circuit breaker contact wear
monitor:

Step 1. Enable th%t reaker monitor.
Step 2. Load % cturer’s circuit breaker maintenance data.

Step 3.

pad xisting circuit breaker wear (if setting up the
Act wear monitor on a circuit breaker with preexisting
ice time).

Ste \ am the SELOGIC control equations for trip and close
onditions.
Enable the Ci Breaker Monitor
L 4
NOTE: If you want to enable the enable the circuit breaker monitor before you load the

ircuit break it Circuit , S .
g‘{;;'(er;‘fioenrf{?;'}'hg{ the r;ﬁ;ﬁ'is se marifacturer’s daFa, preload any existing 01rcu1t.breaker wear, .and. set the trip
for two-circuit breaker operation; tiate and close initiate SELOGIC control equations. Set the circuit breaker
Setting ot byeoi nce you itor enable setting EBIMON to Y (for Yes). You can set EBIMON by
Circuit Breaker 2 monitor settings using ASCII command SET M, the ACSELERATOR QuickSet Breaker
including EB2MON. Monitor branch of the Settings tree view, or with the front-panel SET/SHOW

submenu.

®® Load Manufacturer Circuit Breaker Maintenance Data

&

Load the maintenance data supplied by the circuit breaker manufacturer.
Circuit breaker maintenance information lists the number of permissible
operating cycles (close/open operations) for a given current interruption level.
Table 2.1 shows typical circuit breaker maintenance information from an

s actual SF6 circuit breaker. The log/log plot of Figure 2.2 is the circuit breaker
maintenance curve, produced from the Table 2.2 data.
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Table 2.2 Circuit Breaker Maintenance Information—Example

Current Interruption Level (kA) Permissible Close/Open Operations2
0.00-1.2 10000
2.00 3700
3.00 1500
5.00 400 ¢
8.00 150
10.00
20.00

a The action of a circuit breaker closing and then later opening is'co @ ed one close/open

operation.
10000 —©
5
§ o
S 1000
s
38
(&)
kS
2 100
E A4
=
O
10 T
1 0 100

1
KA Interrupted per Operation (kA)
Figure @uit Breaker Maintenance Curve (Manufacturer's Data)
Th@et points necessary to reproduce this circuit breaker maintenance

r e SEL-421 are listed in Table 2.3 for Circuit Breaker 1. This circuit
&r contact wear curve is shown in Figure 2.3.

\&e 2.3 Contact Wear Monitor Settings—Circuit Breaker 1

O Setting Definition Range
B1COSP1 Close/Open set point 1—max 0-65000 close/open operations

B1COSP2 Close/Open set point 2—mid 0-65000 close/open operations

%\E B1COSP3 Close/Open set point 3—min 0-65000 close/open operations

L 4

B1KASPI12 [ kA Interrupted set point l—min 1.0-999 kA in 0.1 kA steps
B1KASP2 [ kA Interrupted set point 2—mid 1.0-999 kA in 0.1 KA steps

B1KASP32 [ kA Interrupted set point 3—max 1.0-999 kA in 0.1 kA steps

. a The ratio of settings BIKASP3/B1KASP1 must be in the range: 5 < BIKASP3/B1KASP1<100.
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(BIKASP1, BICOSP1)

10000 \ =
£ BICOSP! N @
53
g 1000 \‘2\

o N\ —
g AWy t
L ‘( ;
2 N | (BIKASPZ, BICOSP
o
sl N B2

BICOSP2
= 100 X
=

- $P3, BICOSP3) ]
BICOSP3
10
1 100
BIKASP1 BIKASP TKASP3
KA Interru er Operation (kA)

Figure 2.3 Circuit Breaker Contact Wear, With SEL-421 Settings

ails. Circuit breaker
end values of Table 2.2 or Figure 2.2
P1) and set point (B1KASP3,

determine set point (B1K
B1COSP3) for the contact C of Figure 2.3. Set point (B1KASP2,
B1COSP2) is the middle maint ce point in these data. There are two

Circuit Breaker Contact Wear
maintenance information fr t

philosophies for selecti iddle set point. One method places the middle
set point to provide “curve-fit” for your plot of the manufacturer’s
circuit breaker mai ata of Figure 2.2. Another philosophy is to set
the middle pg ased ctual experience or fault studies of the typical

e manufacturer's maintenance information (this example
data of Table 2.2 for Circuit Breaker 1). If you receive the
tabular form, plot the manufacturer’'s maintenance

rmation on log/log paper in a manner similar to Figure 2.2.

\ oose the left and right set points from the extremes of the curve

you just plotted. Select the left set point on the contact wear curve
corresponding to (BIKASP1, BICOSP1) by setting BIKASP1:=1.2 and
B1ICOSP1:=10000. Plot the right set point (BIKASP3, BICOSP3) by
setting BIKASP3 := 20.0 and BICOSP3 :=12.

Choose the midpoint of the contact wear curve based on your
experience and system fault studies. The majority of operations for a
typical circuit breaker are to interrupt single-line-to-ground faults.

\@ Therefore, plot the midpoint (BIKASP2, BICOSP2) by setting BIKASP2
at or slightly greater than the expected single-line-to-ground fault
current: BIKASP2 := 8.0 and BICOSP2 := 150.
There are two other notable portions of the circuit breaker contact wear curve
in Figure 2.3. The curve is horizontal below the left set point (B1KASPI1,
B1COSP1). This is the close/open operation limit regardless of interrupted
current value (for the Example 2.1 circuit breaker, this is at BICOSP1 :=
¢ 10000). Some manufacturers call this point the mechanical circuit breaker
service life.

-421 Relay Applications Handbook Date Code 20080110
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Another part of the circuit breaker maintenance curve falls vertically at the
right set point (B1KASP3, BICOSP3). This is the maximum interrupted
current limit (for the Example 2.1 circuit breaker, this is at BIKASP3 :=20.0)»
If the interrupted current exceeds setting BIKASP3, the relay sets contact
wear at 105 percent.

EXAMPLE 2.2 12t Criteria Application

Some circuit breaker manufacturers do not provide a circuit breaker
maintenance curve, but specify the accumulated fault cdrrentsarcing
time (Z12t) for circuit breaker maintenance. For exdmple;
manufacturer's data specify 212t per phase at 750 kA22seconds for a
particular circuit breaker, at a rated arcing durationsfer eaeh trip of

1 cycle. The circuit breaker maximum interrupting current rating is
40 kA, and the continuous load current rating is 2'kiA.

You can construct the contact wear curve for thi§circuit breaker
from the specified ZI2t. Choose BIKASP1 :=@.0 (the €ontinuous
current rating) and BIKASP3 := 40.0 (thegmaximum interrupting
current rating). Choose the middle of the coatact wear curve based
on experience and system fault studiesaThe majority of faults a
typical circuit breaker interrupts asessinglésline-to-ground faults.
Therefore, set NnKASP2 at or slightly greater than the expected
single-line-to-ground fault ¢asrent (BIKASP2 := 10.0 kA in this
example). From the followingyequations, calculate these settings
points to obtain the number ofyclose/open operations:

2
e
BICOSPI = 2 s 750 = 11250
BIKASP® ¢ 2%(0.01667+1)  Equation 2.
y It
B1CQSP2.= T 750 = 450
BIKASP2) et 10%(0.01667+ 1) Equation 2.2
2
2t
B1COSP3 = 2 - 750 =28

(BIKASP3)*st, . 407 (0.01667 1) Equation 2.3

In these equations, t, is the arcing time in seconds; t,.c = (1/from)*
(afc duration in cycles); f,om is the nominal power system frequency
(50 Hz or 60 Hz). These calculations show the number of close/open
operations rounded to the nearest unit.

Preloading Contact Wear Data

Upon the first commissioning of the SEL-421, the associated circuit breakers
can already have some wear. You can preload a separate amount of wear for
each pole of each circuit breaker (see Preload Breaker Wear on page A.2.20 to
preload existing contact wear data). The relay accepts integer values of
percentage wear as great as 100 percent. The relay adds the incremental
contact wear at the next circuit breaker monitor initiation (and at all
subsequent initiations) to the preloaded value to obtain a total wear value. The
limit for reporting circuit breaker contact wear is 150 percent for each pole.

Program the SELocIc Control Equations for Trip and Close Conditions

NOTE: In the following discussior. . Circuit Breaker Monitor Trip Initiation Settings: BMITRP¢. ~The
orfevelement for each phase: ¢ = A, B, SEL-421 employs SELOGIC control equations to initiate the circuit breaker
andiQ). monitor. For Circuit Breaker 1, this setting is BM1TRP¢. These SELOGIC

control equations use Relay Word bits to determine when the circuit breaker
monitor accumulates circuit breaker operating parameters from phases A, B,
and C. When detecting a rising edge (a transition from logical O to logical 1)
of the initiation settings, the relay accumulates the interrupted rms currents

Date Code 20080110 Applications Handbook SEL-421 Relay
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NOTE: Factory defaults differ for
single-pole tripping and three-pole
tripping. Three-pole tripping uses the
single setting BM1TRPA for all three
poles.

SEL-421 Relay

and advances the trip counter by one count. There are separate current
accumulators and trip counters for each circuit breaker pole. Table 2.4 shows
the factory default settings for circuit breaker monitor initiation.

Table 2.4 Circuit Breaker Monitor Initiate SELocIc Control Equations

Name Description Default Commenta

BMITRPA | BK1 Monitor initiate equation 3PT If BKITYP%=3
BMITRPA | A-phase BK1 Monitor initiate equation | TPA1 If BIGITYP =1
BMITRPB | B-phase BK1 Monitor initiate equation | BMITRPA, [If BKITYP :=1
BMITRPC | C-phase BK1 Monitor initiate equation | BM1ERPA |THBKITYP :=1

2 See Table 2.1.

Initiation settings can include both internal and externalitsipping conditions. In
order to capture trip information initiated by devices,other than the SEL-421,
you must program the SELOGIC control equation®BM 1TRP¢ to sense these

trips.

EXAMPLE 2.3 Circuit Breaker Monitor External Trip Initiation

Connect external trip signalstothe refay control inputs. This example
uses input IN201; you can use any control inputs that are appropriate
for your installation. Controlnput IN201is located on the SEL-4211/0
Interface Board #1, andyis €ither a direct-coupled or optoisolated
input, depending on thespecific I/0 board that was ordered. Make the
control input settings as explained in Control Inputs on page U.2.6.

If you want Circuit Breaker Monitor 1to initiate for the trip elements
TPA1, TPB1, and TRGI, orfor external trips, set these SEL0GIC control
equations from the SEFM ASCIl command or the ACSELERATOR
QuickSéet Breaker\Monitor Settings tree view:

BKILYP :#1 Breaker 1 Trip Type (Single Pole =1, Three Pole = 3)
BMITRPAx:= TPA1 OR IN201 Breaker Monitor A-Phase Trip Initiate—

BK1

BMIIRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip Initiate—
BK1

BMITRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip Initiate—
BK1

S
EXAMPLE 2.4 Using a Control Input to Capture External and
Internal Trip Commands

Applications Handbook

You can also capture all trip information for circuit breaker trips by
using a relay control input to monitor the trip bus for the given circuit
breaker. Figure 2.4 shows an illustration of this method in which
IN106 connects to the Circuit Breaker 1 A-phase trip bus (via a parallel
connection across the trip bus), and asserts for any trip from any
source. This example uses inputs IN106; you can use any control
inputs that are appropriate for your installation. Vdc for this example
is 125 Vdc.

Date Code 20080110
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)
Incandescent Lamp e

D R
I |
\ ! SEL-421 Relay C)
I
CS/T I I
(Control switch Trip) —— () | —— QUTION := TRIP @3 |
| 0:
| .
I |
\_ _ y ___
Other %
External —— - - - .
Trips Trip Bus
Trip
Figure 2.4 Trip Bus Sensing Wi IN106
Many U.S. substation trip bu i ations have an incandescent
trip indicator lamp fro terminal to the trip bus. This
lamp presents an imp can provide sufficient “pull-up” on
NOTE: the trip bus to false he control input. The worst case for this
page U'ng‘iocr"r’;ir;’%';‘;‘:‘t;e‘éncontrol condition occurs wh it breaker is open (auxiliary circuit
inpgut settings. breaker (52A) con in‘Rigtre 2.4 is open). Use the input assertion
level setting IN10 set the sensitivity of the control input. In most
applications, s i t pickup level at 80 percent of the station

battery volta

change the input debounce time IN106D for
ical switches; the default debounce time of

c station battery system, compute the assertion level as
Q6P*= 80% + 125 Vdc =100 Vdc

G (GLOBAL) command or in the ACSELERATOR QuickSet
Control Inputs Settings tree view, confirm that the assertion level

Glot
P (setting IN106P) and the debounce time (setting INTO6PU and
6D0) are correct for your trip bus control voltage. You must
\ enable independent control input conditioning by using Global setting
EICIS. Enter these settings:
\ EICIS:=Y Independent Control Input Settings (Y, N)
IN106P :=100 Input IN106 Pickup Level (15-265 Vdc)
IN106PU := 0.1250 Input IN106 Pickup Delay (0.0000-5 cyc)
IN106D0 := 0.1250 Input IN106 Dropout Delay (0.0000-5 cyc)
\ BMITRPA := IN106 Breaker Monitor Trip—BK1 (SELocIc Equation)

Use this procedure to cause the circuit breaker monitor to initiate for
either external or internal Circuit Breaker 1 A-phase trips.

possion Circuit Breaker Monitor Close Initiation Settings: BMICLS$. The
one element for each phase: ¢ = A, B, SEL-421 employs SELOGIC control equations to initiate the circuit breaker
and C). monitor duration timers for close functions. For Circuit Breaker 1, this setting
L 4 is BMICLS¢. These SELOGIC control equations use Relay Word bits to

determine when the circuit breaker monitor times mechanical closing,
electrical closing, and pole scatter. Table 2.5 shows the factory default settings
for circuit breaker monitor close initiation.

S Date Code 20080110 Applications Handbook SEL-421 Relay
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Other Circuit Breaker
Monitor Functions

Table 2.5 Circuit Breaker Monitor Close SELoGIc Control Equations

\
Name Description Default Commenta
y A

BMI1CLSA | Breaker Monitor 1 close equation BKICL If BKITYP:=3
BMI1CLSA | Breaker Monitor 1 A-phase close equation | BK1CL If BKITYP =1
BMI1CLSB | Breaker Monitor 1 B-phase close equation | BMICLSA | If BKITYP:=1

BMI1CLSC | Breaker Monitor 1 C-phase close equation | BMICLSA | If BKITYP:=1

a See Table 2.1.

As in Example 2.4 (connection of the trip bus to a control input), you can also
capture the circuit breaker close information by using @telay, input to monitor
the close bus for the given circuit breaker.

kA Interrupt Monitoring

The SEL-421 monitors the amoufitief phase eurrent that each pole of the
circuit breaker interrupts at each trip,operation. The relay records the
interrupted current as a percéftage ofithe Circuit breaker maximum
interrupting rating specified by‘the manufacturer. Set the maximum
interruption current with setfing BIMKAI (Maximum kA Interrupt Rating—
BK1). If the percent of cufrent mtétrupt that the relay records exceeds
threshold setting B1KAIATY(kA Interrupt Capacity Alarm Thresh—BK1), the
relay asserts breaker mnoniter alarm Relay Word bit BIKAIAL.

Mechanical Operatin@ Time

NOTE: This section lists settings for
Circuit Breaker 1; settings for Circuit
Breaker 2 are similar; replace 1in the
setting with 2.

SEL-421 Relay

The mechani€al opérating time is the time between trip initiation or close
initiatiogfand,thetassociated phase circuit breaker 52A normally-open contact
status change. (Assertion of 52A¢1 indicates that a particular circuit breaker
phasé™has cleSed). The SEL-421 measures the tripping times for each phase
from the assertion of the respective BM1TRP¢ Relay Word bit to the dropout
of thelwespective 52A¢1 Relay Word bit. Similarly, for mechanical closing
timeythe relay measures the closing times for each phase from the assertion of
the BM1CLS¢ Relay Word bit to the pickup of the 52A¢1 Relay Word bit.
The relay compares these tripping or closing times to the mechanical slow
operation time thresholds for tripping and closing, BIMSTRT and BIMSCLT,
respectively. The SEL-421 issues a mechanical slow operation alarm,
BIMSOAL, for 5 seconds when trip or close times exceed these thresholds.
See Figure 2.5 for a Circuit Breaker 1 A-phase timing diagram.

Applications Handbook Date Code 20080110



Figure

EXAMPLE 2.5 Mechanical Operating

Date Code 20080110

Monitoring and Metering | A.2.11

Circuit Breaker Monitor

O

L 4
52AA1 f - —
i=—— Mechanical Closing Ti
I
2.5 Maechanical Operating Time for Circ@er 1 A-Phase

BMITRPA
(Phase A Trip)

52AA1

|
I
| L
I

~—— Mechanical Tripping Time —|

I I

BMICLSA I

(Phase A Close)

e Settings

Use Circuit Breaker 1, a single-po
example. Connect the circui
through station battery po
example uses inputs IN101, |
respectively; you can
your installation. The ¢

ing'circuit breaker, for this
ally-open 52A contacts
102, and IN103. This

IN103 for phases A, B, and C,
inputs that are appropriate for
ge for this example is 125 Vdc.

Control Inputs IN101- cated on the SEL-421 main board and
are direct-coupled iApu e the control input pickup, dropout,
and debounce timarsettings as explained in Control Inputs on

3

page U.2.6.
Set the Relay Wo, to respond to these inputs.
52 01 ase N/O Control Input-BK1 (SELoGIc Equation)

102 B-Phase N/O Control Input-BK1 (SELocic Equation)
03 A-Phase N/O Control Input—-BK1 (SELoclIc Equation)

respectively. Use the default settings for input conditioning
Unce time and assertion level), as with inputs IN101 to IN103

3t the mechanical operating time threshold for the slow trip alarm
(BIMSTRT) at 30 ms, and the slow close alarm threshold (BIMSCLT)
at 70 ms. Use your company standard practices to determine these
settings for your application. For this example, enter the following
settings:

BIMSTRT := 30 Mechanical Slow Trip Alarm Threshold-BK1
(1-999 ms)

BIMSCLT := 70 Mechanical Slow Close Alarm Threshold—BK1
(1-999 ms)

EBIMON :=Y Breaker 1 Monitoring (Y, N)
BKITYP :=1 Breaker 1 Trip Type (Single Pole =1, Three Pole = 3)

BMITRPA := TPA1 OR IN201 Breaker Monitor A-Phase Trip—BKi1
(SELocIc Equation)

BMITRPB := TPB1 OR IN202 Breaker Monitor B-Phase Trip—BK1
(SELocIc Equation)

BMITRPC := TPC1 OR IN203 Breaker Monitor C-Phase Trip—BK1
(SELoclIc Equation)

BMICLSA := BKICL OR IN204 Breaker Monitor A-Phase Close—BK1
(SELocIc Equation)

BMICLSB := BK1CL OR IN205 Breaker Monitor B-Phase Close—-BKI1
(SELoclIc Equation)

Applications Handbook SEL-421 Relay
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BMICLSC := BKICL OR IN206 Breaker Monitor C-Phase Close—BKI1
(SELocIc Equation) O

Assertion of the Relay Word bit BIMSOAL indicates any one of the
following four conditions:
» The mechanical operating time for a trip operation exceed

30 ms (the slow trip alarm setting)

» The mechanical operating time for a close operation exceeds
70 ms (the slow close setting)

» No 52A¢1 status change occurred during the STRT
plus approximately 100 ms after trip initiatio rip time-out
condition)

» No 52A¢1 status change occurred duri time BIMSCLT
plus approximately 100 ms after close ini (a close time-
out condition)

The relay makes a further check on the auxiliaryfgircuit/breaker (52A)
contacts by testing whether these circuit bre 0 s have changed state
within approximately 100 ms after the end or close threshold times.
Thus, this additional check serves as the tri -out and close time-out

opened, and it alerts you if main i ired on the circuit breaker
mechanical linkages or auxiliary

measures eleg g time for closing each phase from the assertion of
BMI1CLS¢ fopthegestoration of phase quantities. The relay compares these
tripping osing times to the electrical slow operation time thresholds for
tripping ;N B1ESTRT and B1ESCLT, respectively. The SEL-421
issues am'eleetrical slow operation alarm, BIESOAL, for 5 seconds when trip
or closetiy @ exceed these thresholds. Figure 2.6 shows the timing diagram
sespole of Circuit Breaker 1.

BMITRPA I

(Phase A Trip)

—

r-—CElectrical Tripping Time—=1
| |

A-phase Open

BMICLSA |

(Phase A Close)

I
|
|
A-phase Open L
| L
|

~——-=Electrical Closing Time
L 4 ' |
Figure 2.6 Electrical Operating Time for Circuit Breaker 1 A-Phase

Primary load/fault current can indicate contact closing, contact opening, and
arc extinction, depending upon the actual circuit breaker monitor setup. You
can detect problems within the circuit breaker arcing chamber by timing the
interval from trip/close initiation to electric arc extinction.
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EXAMPLE 2.6 Electrical Operating Time Settings
Use Circuit Breaker 1, a single-pole tripping circuit breaker, for this
example. Connect external trip signals to IN201, IN202, and IN203,
and external close signals to IN204, IN205, and IN206 for the A-, B-,
and C-phases, respectively. This example uses control inputs IN201

through IN206; you can use any control inputs that are appropriate
for your installation. The control voltage for this example is 125 Vdc.

Control Inputs IN201-IN206 are located on the SEL-4211/0 Interface’
board #1 and are either direct-coupled or optoisolated in ,
depending on the specific I/0 Interface board that was “Make

the control input settings as explained in Control In
page U.2.6.

settings for your application. For this exa

settings:

BIESTRT := 25 Electrical Slow Trip Alarm Threshold—BK1 (1-999 ms)

BIESCLT := 65 Electrical Slow Close Threshold-BK1 (1-
999 ms)

EBIMON:=Y Breaker 1M

BKITYP :=1 Breaker 1 Trip e Pole =1, Three Pole = 3)

BMITRPA := TPA1 OR er Monitor A-Phase Trip—BKi
(SELocIc Equatio

BMITRPB := TPB1 0 aker Monitor B-Phase Trip—BKi1
(SELoclIc Equati

BMITRPC := TPC1.0 03 Breaker Monitor C-Phase Trip—BK1
(SELog| io

BMI1 IN204 Breaker Monitor A-Phase Close—-BKi1

C tion)
= BKICL OR IN205 Breaker Monitor B-Phase Close-BK1

(S : Ic Equation)
1 = BKICL OR IN206 Breaker Monitor C-Phase Close—BKI1
n

o

Loclic Equation)
of the Relay Word bit BIESOAL indicates any one of the

S
f ing four conditions:
¢ » The electrical operating time for a trip operation exceeds

\ 25 ms (the slow trip alarm setting)
» The electrical operating time for a close operation exceeds
65 ms (the slow close setting)
» No pole-open logic status change occurred during the time

BIESTRT plus approximately 100 ms after trip initiation (a trip
time-out condition)

@ » No pole-open logic status change occurred during the time
\ BIESCLT plus approximately 100 ms after close initiation (a
close time-out condition)
The relay further checks the circuit breaker by testing whether the circuit
breaker has interrupted or restored current within 100 ms after the end of the
trip or close threshold times. Thus, this additional check serves as the trip
time-out and close time-out condition. This verifies that the circuit breaker

2 actually closed or opened, and alerts you if maintenance is required on circuit
breaker mechanical linkages.
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NOTE: Pole scatter applies only to
single-pole mechanism circuit
breakers (BKITYP :=1). These circuit
breakers have an auxiliary circuit
breaker (52A) contact for each phase.

-421 Relay

Pole Scatter

pole to detect time deviations between pairs of circuit breaker poles whe
tripping and closing all three poles simultaneously on single-pole-capable
circuit breakers. The relay measures the differences in operating times

resulting from auxiliary circuit breaker (52A) contact status changes. Th
logic compares the operation time of each individual circuit breaker pole

against the time for each of the other poles. The relay trigger rm,
B1PSAL, for any time deviation greater than the preset t old settings
B1PSTRT and B1PSCLT for Circuit Breaker 1.

Figure 2.7 shows the operating time for each pole (A, (B, ) of Circuit

Breaker 1. TAB represents the operating time deviation en poles A and
B. TBC is the time between B and C, and TCA is the
Once activated, the pole scatter alarm remains assested for five seconds.

Pole A: 52AA1

-

Pole B: 52AB1 —|

Pole C: 52AC1

| |

Al Poles CI& B l_qcp_st AllPoles Open
|
TAB '

u ion for Pole Scatter at Trip

Pole Scatter Settings

eaker 1, a single-pole tripping circuit breaker, for this
~Bhis example uses control inputs IN101, IN102, and IN103 for
s, and C-phases, respectively; you can use any control inputs
appropriate for your installation.

ontrol voltage for this example is 125 Vdc. Control Inputs IN101-

T
L 4 %3 are located on the SEL-421 main board and are direct-coupled
uts. Make the control input pickup, dropout, and debounce timer

Applications Handbook

settings as explained in Control Inputs on page U.2.6. Connect the
circuit breaker normally-open auxiliary circuit breaker (52A) contacts
through station battery power to IN101, IN102, and IN103.

Set the relay to respond to these inputs by using the ACSELERATOR
QuickSet Breaker Monitor (SET M) settings:

52AA1:= IN101 A-Phase Normally Open Control Input—BK1 (SELoGIC
Equation)

52AB1:= IN102 B-Phase Normally Open Control Input-BK1 (SELoGIC
Equation)

52AC1:=IN103 C-Phase Normally Open Control Input-BK1 (SELoGIC
Equation)

Connect external trip signals to IN201, IN202, and IN203, and
external close signals to IN204, IN205, and IN206 for the A-, B-, and
C-phases, respectively. This example uses control inputs IN201
through IN206; you can use any control inputs that are appropriate
for your installation. Use the default settings for conditioning inputs
IN201 through IN206.

Set the pole scatter trip alarm time threshold (BIPSTRT) at 4 ms, the
pole scatter close alarm time threshold (BIPSCLT) at 6 ms, and the
pole discrepancy time delay (BIPDD) at 1400 ms. (See Pole

e between C and A.

The SEL-421 records and compares the operation time of each circuit brelco
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Discrepancy on page A.2.15 for information on setting BIPDD). Use
your company standard practices to determine these settings for
your application. For this example, enter the following settings:

A.2.15

BIPSTRT := 4 Pole Scatter Trip Alarm Threshold-BK1 (1-999 ms)
BIPSCLT :=6 Pole Scatter Close Alarm Threshold-BK1 (1-999 ms)

BIPDD :=1400 Pole Discrepancy Time Delay-BK1 (1-9999 ms)
EBIMON := Y Breaker 1 Monitoring (Y, N) r's
BKITYP :=1 Breaker 1 Trip Type (Single Pole =1, Three Pale = 3)
BMITRPA := TPA1 OR IN201 Breaker Monitor A-Ph T%

(SELoclIc Equation)

BMITRPB := TPB1 OR IN202 Breaker Monitor B-P ripsBKi1
(SELocIc Equation)

BMITRPC := TPC1 OR IN203 Breaker Moni a ip—BK1

tor h
(SELocIc Equation)
BMICLSA := BKICL OR IN204 Breaker Monit -Phase Close—-BK1

(SELocIc Equation)
BMICLSB := BKICL OR IN205 Breaker itor B-Phase Close—BKI1

(SELocIc Equation)
BMICLSC := BKICL OR IN206, Br itor C-Phase Close-BK1
(SELoclIc Equation)

If any of the pole-ope »@BC, and TCA in Figure 2.7)

exceed 4 ms, or if an close times exceed 6 ms, the relay
asserts the Relay W . Assertion of BIPSAL indicates any
one of the following

» Thepo

> T

One phase auxiliary circuit breaker (52A) contact status

p tter time for close operation exceeds the alarm

h
i e (6 ms)
e phase auxiliary circuit breaker (52A) contact status
hange exceeds BIPSTRT plus approximately 5 ms after the
\ ip initiation

change exceeds BIPSCLT plus approximately 5 ms after the

close initiation

ncy

e relay provides a time out of approximately 200 ms after the trip
\ after the close threshold to end detection of pole scatter alarms.

Pol '&a

he SEL-421 continuously monitors the status of each circuit breaker pole to
detect open or close deviations among the three poles. In addition, at tripping
and closing, the relay measures the differences in operating times during the
auxiliary circuit breaker (52A) contact status changes or open phase logic
operation. The relay triggers an alarm Relay Word bit, BIPDAL, if the status
of any pole compared to another pole exceeds the time window setting
B1PDD for the circuit breaker.

You can set the relay to use the current flowing through the circuit breaker to
supervise pole discrepancy timing of the auxiliary circuit breaker (52A)
contacts. Enable this supervision by setting EIPDCS to Y for Circuit
Breaker 1.

Pole discrepancy setting B1PDD should be longer than the single-pole
reclosing dead time.

B1PDD := (SPOID + circuit breaker pole operating time +
contact latency) ¢ 1.2 Equation

Applications Handbook
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Where:
SPOID is the single-pole open interval time and the factor 1.2 is a safet O
factor.

Round this time to the next higher hundreds of milliseconds value to give
pole discrepancy setting. See Auto-Reclosing and Synchronism Check on
page R.2.1 for information on setting the SEL-421 recloser. S

Figure 2.8 shows a Circuit Breaker 1 operation where Pole B ¢l6ses first,
followed by Pole C; Pole A closes slowly. If the time from a ein 52AB1
to the change in 52AA1 exceeds the pole discrepancy time'thre setting
B1PDD, then the relay asserts the BIPDAL alarm. On 1 d, the relay
asserts the pole discrepancy alarm for five seconds.

Pole A: 52AAT : : 0
I
I
I
|

Pole B: 52AB1

Pole C: 52AC1

Breaker 1, a single-pole tripping circuit breaker, for this
is example uses control inputs IN101, IN102, and IN103 for

@ rol voltage for this example is 125 Vdc. Control Inputs IN101-
08fare located on the SEL-421 main board and are direct-coupled
puts. Make the control input pickup, dropout, and debounce timer

ettings as explained in Control Inputs on page U.2.6. Connect the
circuit breaker normally-open auxiliary circuit breaker (52A) contacts
through station battery power to IN101, IN102, and IN103.

Set the relay internal Relay Word bits to respond to these inputs by
using the ACSELERATOR QuickSet Breaker Monitor (SET M) settings:

52AA1:=IN101 A-Phase Normally Open Control Input-BK1 (SELoGIC

O Equation)
52AB1:= IN102 B-Phase Normally Open Control Input—BK1 (SELoGIC
® Equation)

52AC1:=IN103 C-Phase Normally Open Control Input-BK1 (SELoGIC
Equation)

Connect external trip signals to IN201, IN202, and IN203, and

external close signals to IN204, IN205, and IN206 for the A, B, and C

phases, respectively. This example uses control inputs IN201 through

IN206; you can use any control inputs that are appropriate for your
Y installation.

Use the default relay Global settings for conditioning inputs IN101 to
IN103. Set the pole discrepancy time delay (BIPDD) at 1400 ms. This
time delay assumes a dead time of 1000 ms plus a pole closing time
of 100 ms (including contact latency), plus 20 percent (for security),
rounded to the next higher hundreds of milliseconds value. This pole
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settings.

Enter the following settings:
BIPDD :=1400 Pole Discrepancy Time Delay-BK1 (1-9999 ms)

EBIMON := Y Breaker 1 Monitoring (Y, N)
BKITYP :=1 Breaker 1 Trip Type (Single Pole =1, Three Pole = 3) 'S

The pole discrepancy timing window is BIPDD :=1400 (m ssertion
of the Relay Word bit BIPDAL indicates that the status ee
Circuit Breaker 1 poles disagrees for 1400 ms or lo .

discrepancy time is longer than the single-pole open interval time
default of 900 ms; confirm that this is the case for your application O

Circuit Breaker Inactivity Time Elapsed

The SEL-421 circuit breaker inactivity time monito
(measured in days) since the last trip or close o a circuit breaker.
Use setting B1ITAT to set the circuit breaker i ime. An alarm Relay
Word bit, BIBITAL, asserts if the elapsed time e ds a predefined setting.
This alarm is useful to detect circuit breakers are not operated on a regular
basis. These circuit breakers can fail tofop en needed to perform a
protection trip.

the elapsed time

EXAMPLE 2.9 Inactivi ime Settings

Use Circuit Breaker is_ex
Breaker 1 has not op d
following settings:&

ple. To assert an alarm if Circuit
in the last 365 days, enter the

EBIMON =Y Brea Monitoring (Y, N)
ivity Time Alarm Thresh—BK1 (N, 1-9999 days)

Assertij Word bit BIBITAL indicates that it has been
more since the last Circuit Breaker 1 operation.

inactivity timer, you must measure actual relay clock

e 00:00:00.000 (to increment the day counter). If you set
fic date, enable the circuit breaker monitor

, then advance the date setting to a new date, the inactivity

ime. Depending on your particular circuit breaker, you can use the motor
running time to monitor the charge time of the circuit breaker springs or the
running time of the compressed air motor. An alarm asserts if the elapsed

motor running time exceeds the predefined threshold setting B1MRTAT.

@ Setting BIMRTIN is a SELOGIC control equation to activate the motor-
running timer. The rising edge of BIMRTIN indicates the motor starting time;
a falling edge indicates the motor stop time. The motor running time logic
asserts the alarm Relay Word bit, BIMRTAL, for 5 seconds when the motor
running time exceeds the predefined threshold. Setting BIMRTIN to logical O

disables the motor running time feature of the circuit breaker monitor.
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EXAMPLE 2.10 Motor Running Time Settings
Use Circuit Breaker 1for this example.

Connect the motor control contact to IN207. This example uses
control input IN207; you can use any control inputs that are
appropriate for your installation.

To determine the motor run time value, take the circuit breaker out of
service using your company standard circuit breaker maintenance
policy. Issue a trip and close command while you measure the time
that the circuit breaker motor requires for recharging thé spring or
reestablishing the return air pressure to normal. Add 20p€rcent to
this time measurement to avoid false alarms. Use the‘tesulting time
value for the motor running time alarm setting BIMRTIAL:

The control voltage for this example is 125 Vdc. Cantpol Input IN207 is
located on the SEL-4211/0 Interface board #1,and is either a direct-
coupled or an optoisolated input, depending on‘the specific I/O
Interface board that was ordered. Make theé¢controlinput settings as
explained in Control Inputs on page U.2.6.

The recharge time measurement for this circuit breaker was 20
seconds; add 20 percent (4 seconds) todgive an alarm time of 24
seconds. To set the motor runningstime alapm threshold at 24
seconds, enter the following settings:

EBIMON := Y Breaker 1 Monitering (N)

BIMRTIN := IN207 Motor RunilimeyControl Input-BK1 (SELoGIC
Equation)

BIMRTAT := 24 Motef’Runiime Alarm Threshold—BK1 (1-9999
seconds)

Assertion of the Relay Word bit BIMRTAL indicates the following
condition: motormpunning, time exceeds 24 seconds because IN207
was asserted for more,than 24 seconds.

BREAKER Command Use the BRE command to access vital information about the condition of
substation,circuit breakers and preset or reset circuit breaker monitor data. The
SEL-421 menitorsitwo separate circuit breakers; you must specify Circuit
Breaker lgand Cixcuit Breaker 2 for most BRE commands. Table 2.6 shows
the SEIL-421 BRE commands. For more information on the BRE command,

see BREAKER on page R.9.2.
Tabley2.6/ BRE Command?
Ecmand Description Access Level
BREC A Clear all circuit breaker monitor data to zero. B,P A O,2
BRER A Clear all circuit breaker monitor data to zero. B,P,AO,2
BRE n C Clear Circuit Breaker n data to zero. B,P, A O,2
BREn R Clear Circuit Breaker n data to zero. B,P,AO,2
BRE n Display the breaker report for the most recent Circuit 1,B,P A,O,2
Breaker n operation.

BREn H Display history data for the last 128 Circuit Breaker n 1,B,P, A 0,2
operations.

BREn P Preload previously accumulated Circuit Breaker n data. B,P,AO,2

a nis1or 2, representing Circuit Breaker 1and Circuit Breaker 2, respectively.

The BRE 1 C, BRE 2 C, BRE 1 R, and BRE 2 R commands reset the
accumulated circuit breaker monitor data for Circuit Breaker 1 or Circuit
Breaker 2, respectively. If you do not specify Circuit Breaker 1 or Circuit
Breaker 2, the clear commands BRE C A and BRE R A clear all data for both
circuit breakers.
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The BRE 1 or BRE 2 commands display the circuit breaker report for the
most recent Circuit Breaker 1 or Circuit Breaker 2 operation, respectively.

The relay also displays the operation summary and the circuit breaker alafms.
When the circuit breaker maintenance curve reaches 150 percent for a
particular pole, the percentage wear for this pole remains at 150 percent (even
if additional current is interrupted) until reset. However, the relay continues to
advance the operation counter to as many as 9999999 operations per poledntil
reset. Accumulated circuit breaker wear/operations data are retained if the
relay loses power or if the circuit breaker monitor is disable ON :=N
and EB2MON := N).

Circuit Breaker Report

Figure 2.9 is a sample breaker report (shown with typical data). The relay
reports DC battery monitor voltages for the mini voltage during a 20-
cycle period at circuit breaker monitor trip initi MITRP¢) and for a
30-cycle window at circuit breaker monito: se inttiation (BM1CLS¢). The
circuit breaker report contains data only s that you have enabled. For
example, if you set EDCMON := |, th@ay does not show the row

labeled Last Op Minimum DC2 (

=>BRE 1<Enter>

Date: 03/20/2001 Time: 17:21:42.577
Serial Number: 2001001234

Relay 1
Station A
Breaker 1

Breaker 1 Report

Trip A Trip B Trip C Cls Cls B Cls C

A
5.8 7.5 8.4
18.2 20.0 17.9 8.4 10.4 8.4

25.8 24.4 26.5 30.1 26.3 34.2

1 1 1 1 1 1
3 Pole Trip 3 Pole Close
AB BC CA AB BC CA
Pol catter (ms) 5.1 3.1 5.0 6.3 4.1 2.1
4 Last Pole Scatter (ms) 2.1 1.0 3.1 4.1 2.1 2.1

\ Pole A Pole B Pole C
Accum Pri Current (kA) 3.13657 0.43533 0.41785
ccum Contact Wear (%) 0.5 0.5 0.5
x Interrupted Current (%) 1.6 0.2 0.2
Last Interrupted Current(%) 1.6 0.2 0.2
Number of Operations 5 5 5

Alarm  Total Count

Mechanical Operating Time MSOAL 4
Electrical Operating Time ESOAL 3
Breaker Inactivity Time BITAL 0
Pole Scatter PSAL 2
Pole Discrepancy PDAL 1
Current (kA) Interrupted KATAL 0
LAST BREAKER MONITOR RESET  03/15/2001 07:21:31.067

=>>

Figure 2.9 Breaker Report
(For the most recent operation)
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Breaker History O
The SEL-421 displays the circuit breaker history report when you issue t

BRE 1 H or BRE 2 H commands. The report consists of as many as 128‘ )
circuit breaker monitor events stored in nonvolatile memory. These events
determined by settings BM1TRP¢ and BM1CLS¢ (see Program the SELOGIC
Control Equations for Trip and Close Conditions on page A.2.7). The breaker
history report is similar to Figure 2.10 (shown with typical data).

=>BRE 1 H <Enter>
Breaker 1 History Report
Relay 1 Date: 03/15/20 07:19:27.156
Station A Serial Number:t01
No. Date Time Bkr.Op Op Time(ms) P 1 vDC2
Elect Mech (A) V) V)
1 06/01/2000 12:24:36.216  Trp A 26 28 119 118
2 06/01/2000 12:24:36.216  Trp B 26 2 5260 119 118
3 06/01/2000 12:24:36.216  Trp C 26 160 119 119
4 09/26/1999 16:24:36.214  Cls A 39 3 1020 118 118
5  09/26/1999 16:24:36.214  Cls B 990 118 118
6  09/26/1999 16:24:36.214  Cls C 1010 118 118
7 03/26/1999 11:24:36.218  ClsnC 39 1100 117 115
8  03/26/1999 11:24:31.218 T 26 3460 116 112
128
=
Figure 2.10 Breaker Hist po
Preload Breaker Wear
You can preload aisepa ontact wear value for each pole of each circuit

> commands BRE 1 P or BRE 2 P for Circuit Breaker 1
1 2, respectively. The relay adds the incremental contact
ent circuit breaker monitor initiations to your preloaded
value to in‘aytotal wear value. You can enter integer values of percentage
wear fr ent to 100 percent. In addition to preloading contact wear

data,gyou nter values for previous operations and accumulated currents.

The maxiinum number of operations or accumulated primary current (in kA)
* & ter is 9999999. The circuit breaker preload terminal screen is

breaker by
and Circui
wear at all el

r to Figure 2.11 for both the terminal and ACSELERATOR QuickSet.

1
\ BRE 1P <Enter>
Accum Contact Wear (%) A-phase % : 5 ? 12 <Enter>
B-phase % 10 ? 15 <Enter>
C-phase %
Accum Num of Operations: A-phase :

7 ? 10 <Enter>
25 ? 11 <Enter>

B-phase :

C-phase :

25 ? 11 <Enter>
25 ? 11 <Enter>

99.0 ? 299 <Enter>
98.0 ? 254 <Enter>
98.0 ? 257 <Enter>

>

@ Accum Pri Current (kA) Trip A :
Trip B :
Trip C :
Pole
Accum Contact Wear (%) 12
Accum Num of Operations 11

Pole B Pole C

15 10

11 11
Accum Pri Current (kA) 299 254 257

-421 Relay

Figure 2.1 Circuit Breaker Preload Data

When performing circuit breaker testing, capture the BRE 1 P information
(write the date or use a terminal screen capture) before testing. Test the circuit
breaker, then enter the previously recorded preload data with the BRE 1 P
command. Using this method, you can eliminate testing operations from
actual usage data in the circuit breaker monitor.
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Compressed ASCII Circuit Breaker Report

You can retrieve a Compressed ASCII circuit breaker report by using the C
command from any communications port. See CBREAKER on page R.9.4\for
more information on the CBR command.

The relay arranges items in the Compressed ASCII circuit breaker report in a
special order. For the purpose of improving products and services, SEL 4
sometimes changes the items and item order.

The information presented below explains the message s as a guide
to the items in a Compressed ASCII configuration circuit, bri T report.

The format of the Compressed ASCII CBR message

“RID”,“SID”,“FID”,“yyyy”
relayid,stationid, fidstring, “yyyy”
“BID”,"yyyy”

breakerid, “yyyy”

“AVG_TR_ELEC”,“LAST_TR_ELEC”, “AVG_TR_MECH~, _MECH”, “LAST_TR_MINDC2”, “TR_INAC(
days)”, “MAX_TR_SCAT(ms)”, “LAST. yyyy”

fff, fff, fff, fff, £ff, £ff, FfF,1i1,fff,

fff, fff, fff, fff, £ff, fff, fff,i

FEELFFE, FEF, FFF, FFE,FEF, PRI, ff, "
“AVG_CL_ELEC”, “LAST_CL_ELEC, “AUG.CL_MECH”,“LAST_CL_MECH", “LAST_CL_MINDC2", “CL_INAC(
days)”, “MAX_CL_SCAT(ms)", “LASTMGL_SCAT(ms)”,“yyyy”

FEELFEE, FFF, FFF,FFF,

fff,fff,“yyyy”

&nitions for the items and fields in the Compressed ASCII configuration
the following:
O » yyyy is the checksum

» iii is an integer value

\@ » ftf is a floating-point value
% The relay reports the data as A-phase in the first line, B-phase in the second

line, and C-phase in the third line. Pole scatter data are slightly different: TAB
is in the first line, TBC is in the second line, and TCA is in the third line.
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Station DC Battery System Monitor _O

gltotTEiggi; Stel’.Ctiorl]\A”St'St Se:_ﬁnqti,for The SEL-421 automatically monitors station battery system health by
fof Sli):tion D‘E Be;t\{ersn,\h g;it'o“?ez ;?25 measuring the dc voltage, ac ripple, and voltage between each battery termina
similar; replace 1in the setting with 2. and ground. The relay provides two dc monitor channels, Vdc1 and Vdc2.

Four voltage thresholds give you the ability to create five sensing zones low
failure, low warning, normal, high warning, and high failure) the dc

voltage.
The ac ripple quantity indicates battery charger health. QN guring the

ac ripple setting DC1RP, we can define the ripple contgnt ¢ supply as the

peak-to-peak ac component of the output supply wavefo

The relay also makes measurements between th%minal voltages and
f:

station ground to detect positive and negative aults. Figure 2.12
shows a typical dual-battery dc system.

LALJ Station
Y Y Y .
Chassis

Service
Ground
Battery A =
el Charge : ;’ower
T R
Vdc 0—_|_
= SEL-421
— Relay
+
Vdc1

e O Battery .
K\ Charger Vde 2
\ 18Vdc ¢——

- Equipment
| +

O L
Q>® T [

lim

Comm.

Figure 2.12 Typical Station DC Battery System

The dc battery monitor measures the station battery voltage applied at the rear-
panel terminals labeled Vdc1 (+ and —) and Vdc2 (+ and —). Monitoring dc
voltage during circuit breaker operation gives a quick test of the battery

* system, which includes wiring and junctions from the batteries to the circuit
breaker. In the breaker report and in the breaker history report, the relay
displays the minimum value of station battery voltage during circuit breaker
operation on a per-pole basis (see Circuit Breaker Report on page A.2.19).
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NOTE: First enable Station DC Table 2.7 lists the station dc battery monitor settings and the corresponding

Monitoring (with the Global settin . s s .
EDCMON)gté access station dc bat(t;ery Relay Word bits that assert when battery quantities exceed these settings

monitor settings. thresholds. Use the SET G ASCII command from a terminal or use the
ACSELERATOR QuickSet Global > Station DC Monitoring branch of the
Settings tree view to access the DC Monitor settings.

Table 2.7 DC Monitor Settings2 and Relay Word Bit Alarms

Setting | Definition &Word Bit

DCILFP | Low Level Fail Pickup (OFF, 15-300 Vdc)® DC1E
DCILWP | Low Level Warn Pickup (OFF, 15-300 Vdc)2 DEe1wW
DCIHWP | High Level Warn Pickup (OFF, 15-300 Vdc)2 DC1W
DCIHFP | High Level Fail Pickup (OFF, 15-300 Vdc)?2 DCIF
DCIRP Peak to Peak AC Ripple Pickup (1-300 Vac)® DCIR

DCIGF Ground Detection Factor (1.00-2.00) (advanced setting) | DC1G

a For DC2 Monitor Settings and Relay Word bit Alasms, stibstitute 2 for 1in the setting names
and Relay Word bit names.
b Minimum setting step size is 1V for voltage settings.

Station DC Not only does the station dc enitorprovide a view of how much the station
dc battery voltage dips when trippin@gelosing, and when other dc control

Battery SyStem functionsy occur,g the (Iijc monjtor 5120 ilarms f(;gr undervoltage or overvoltage dc

Monitor Application battery conditions in five §ensingegions. The following describes how to
apply the dc battery monitento a typical 125-Vdc protection battery system
with a 48-Vdc communi€ation®equipment battery system. Adjust the values
used here to meet the)specifi€ations of your company.

Battery Voltage

When setting the station dc battery monitor, you must determine the minimum
and maximum,dc‘levels in the battery system. In addition, you must also
establish the threshold levels for different battery system states or conditions.
Theffollowing voltage levels describe these battery system conditions:

» Trip/Close—the lowest dc voltage point at which circuit
breaker trip and close operations occur

» Open-circuit—the dc battery voltage when all cells are fully
charged and not connected to the battery charger

» Float low—the lowest charging voltage supplied by the battery
charger

» Float high—the highest charging voltage supplied by the
battery charger

» Equalize mode—a procedure during which the batteries are
overcharged intentionally for a pre-selected time in order to
bring all cells to a uniform output

Set the low end of the allowable dc battery system voltage according to the
recommendations of C37.90-1989 (R1994) IEEE Standard for Relays and
Relay Systems Associated with Electric Power. Section 6.4 in this standard is
titled Allowable Variation from Rated Voltage for Voltage Operated Auxiliary
Relays. This section calls for an 80 percent low-end voltage and 28, 56, 140,
or 280-Vdc high-end voltages for the popular nominal station battery voltages.
Table 2.8 lists expected battery voltages under various conditions using
commonly accepted per-cell voltages.
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Table 2.8 Example DC Battery Voltage Conditions

Condition Calculation Battery Voltage (Vdc)
Trip/Close 80% * 125 Vdc 100.0
Open-Circuit 60 (cells) » 2.06 (volts/cell) 123.6
Float Low 60 (cells) » 2.15 (volts/cell) 129.0
Float High 60 (cells) » 2.23 (volts/cell) 133.8
Equalize Mode 60 (cells) » 2.33 (volts/cell) 139.8
Trip/Close 80% * 48 Vdc 38.4
Open Circuit 24 (cells) » 2.06 (volts/cell) 49.4
Float Low 24 (cells) » 2.15 (volts/cell) 51.6
Float High 24 (cells)  2.23 (volts/cell) 53.5
Equalize Mode 24 (cells) » 2.33 (volts/eell) 55.9
Trip/Close 80% 24 Vdc 19.2
Open Circuit 12 (cells) * 2.06°(volts/cell) 24.7
Float Low 12 (cellg)ye 2.15 (yolts/cell) 25.8
Float High 12 (cells)'$,2:23,(volts/cell) 26.8
Equalize Mode 124(cells)e,2:33 (volts/cell) 28.0

Use the expected battery valtages of"Table 2.9 to determine the SEL-421
station dc battery monitogthreshold settings. Table 2.9 shows these threshold
settings for a nominal J25-Vide battery system (the Vdcl input) and a nominal
48-Vdc battery systein (thep\dc2 input).

Table 2.9 Example DC Battery Monitor Settings—-125 Vdc for Vdc1 and
48 Vdc for Vdc2

Setting Description Indication Value (Vdc)
DCILFP" [Iew-fail threshold, Mon. 1 Poor battery performance 100
DCLWP (| Low-warning threshold, Mon. 1 | Charger malfunction 127
DCIHWP | High-warning threshold, Mon. 1 | Equalization 137
DEIHFP | High-fail threshold, Mon. 1 Charger malfunction 142
DC2LFP | Low-fail threshold, Mon. 2 Poor battery performance 38
DC2LWP | Low-warning threshold, Mon. 2 | Charger malfunction 50
DC2HWP | High-warning threshold, Mon. 2 | Equalization 55
DC2HFP | High-fail threshold, Mon. 2 Charger malfunction 57

ACRipple

Another method for determining whether the substation battery charger has
failed is to monitor the amount of ac ripple on the station dc battery system.
The IEEE C37.90-1989 standard also identifies an “Allowable AC Component
in DC Control Voltage Supply” (Section 6.5) as an alternating component
(ripple) of 5 percent peak or less. (This definition is valid if the minimum
instantaneous voltage is not less than 80 percent of the rated voltage.) The
SEL-421 measures ac ripple as a peak-to-peak waveform, consequently,
DCI1RP and DC2RP should be set at or greater than 10 percent (2 * 5% peak)
of the equalizing voltage. Table 2.10 shows the ac ripple threshold settings for
this example.
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Table 2.10 Example DC Battery Monitor Settings—AC Ripple Voltages
Setting Description Indication Value (V.
DCIRP AC ripple threshold, Mon. 1 | Charger malfunction 14
DC2RP AC ripple threshold, Mon. 2 | Charger malfunction 6
DC Ground ¢

If a battery system is centered around chassis ground, t t@mde of
the voltage measured from the positive terminal to grourM the
negative terminal of the battery to ground should be ap: i y one half of
the nominal battery system voltage. The ratio of the pogiti
voltage to the negative-to-ground battery voltage iséhto

Equation 2.5 is the balanced (no grounding) ratig for 5-Vdc battery
system.

Equation 2.5

If either terminal is partially or co
terminal voltage will be less

orted to chassis ground, then the
al terminal-to-ground voltage.
This causes the ratio of positi o negative voltage to differ from 1.00.
Equation 2.6 is an exampleiof thetanbalanced (grounding) ratio for a partial

short circuit to ground or& ve side of a 125-Vdc battery system.
1p o

th

s _ 6250V _
del ., 5910V

1.06
Equation 2.6

The SEL-4 his voltage ratio to calculate a ground detection factor.

Figure 2.13,sh a graphical representation of the ground detection factor
setting and b stem performance.

|Vdc po i@ . $
(VOC) DCIGF := 105 N

Y AR
/ NG
/ /
/ /

Relay Word bit / -

DCIG alarm area / /‘7—\

/ Z Normal operating area
/ /
D 7 S
’ S s
Y 4 ~ - Relay Word bit
P DCIG alarm area
Y4
/7
v
/ 7
4
Y
V4
i
¢ y 4

|Vdc negative|
(volts)

Figure 2.13 Ground Detection Factor Areas
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NOTE: Only the upper ground
detection factor in Figure 2.12 is
entered as a setting. The SEL-421
calculates the lower factor by taking
the reciprocal of the upper factor: 1/
1.05 = 0.952 in this case.

If the ground detection factor ratio exceeds a setting threshold, the relay
asserts the DCIG Relay Word bit. To set the ground detection factor threshold,
enable the advanced Global settings (set EGADVS :=Y), and set the DC1GE
and the DC2GF thresholds at a value close to 1.05 (the factory default setting)
to allow for some slight battery system unbalance of around 5 percent.

Table 2.11 lists the ground detection factor threshold settings for this example.

Table 2.11 Example DC Battery Monitor Settings—Ground Detection Factor
(EGADVS :=Y)

Setting Description Indication \ E Zl Value
DCIGF Ground detection factor, Mon. 1 Battery wiringsgsound(s) 1.05
DC2GF Ground detection factor, Mon. 2 Battery wirthg/ground(s) 1.05

DC Battery Monitor Alarm

DC Battery
Monitor Metering

SEL-421 Relay

You can use the battery monitor Relay Word bits totalert operators for out-of-
tolerance conditions in the battery systems. Addthe appropriate Relay Word
bit to the SELOGIC control equation that drives,the relay control output you
have selected for alarms. For exafmple, use the b contact of control output
OUT108. Set the SELOGIC control'equation to include the battery monitor
thresholds:

0UT108 := NOT (HALARM OR SALARM OR DC1F OR DC1W OR DC1R OR DC1G)
(Output SELocGIC Equation)

This is one method; you camimplement many other methods as well. See
Alarm Output on pagé U.2e45 for more information.

The SEL-424 monitors battery system voltages and records time stamps for
voltage excursions. In addition, the relay records maximum and minimum
battery voltages.‘Eigure 2.14 shows a sample dc battery monitor meter report.
Use the METBAT command from a communications terminal to obtain this
report. For mase information on the MET commands, see METER on

page R.9.27.

=»MET BAT <Enter>
Relay 1 Date: 03/22/2001 Time: 09:37:10.035
Station A Serial Number: 2001001234
Station Battery VDC VDCPO VDCNE VAC

VDC1 (V) 24.17 11.98 -12.19 0.01

VDC2 (V) 47.68 23.80 -23.88 0.02

VDC1(V) Date Time VDC2(V) Date Time

Minimum 20.12 03/15/2001 14:28:59.172 41.64 03/22/2001 08:46:25.726
Enter L-Zone 03/15/2001 14:28:51.490 03/18/2001 18:46:23.868
Exit L-Zone 03/15/2001 14:29:05.035 03/18/2001 18:47:55.441
Maximum 27.19 03/19/2001 08:34:49.761 50.84 03/22/2001 08:34:55.490
Enter H-Zone 03/19/2001 08:34:27.172 03/22/2001 08:34:27.172
Exit H-Zone 03/19/2001 08:37:01.041 03/22/2001 08:35:00.912

LAST DC RESET: 03/15/2001 12:30:30.492

-

Figure 2.14 Battery Metering: Terminal

Any battery voltage between setting DCnLWP and the dc battery monitor low
limit of 15 Vdc is in the L-Zone. Battery voltages in the H-Zone are voltages
between setting DCnHWP and the dc battery monitor high limit of 300 Vdc.
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Reset DC Battery Monitor Metering O

Use the MET RBM command from a communications terminal to reset th
battery monitor. The relay sets the Relay Word bit RST_BAT to reset theic )
battery monitor, and clears RST_BAT when the reset has been successfull
completed. You can program a SELOGIC control equation RST_BAT (in

Global settings) to control dc battery monitor reset. Enable data reset control
with global setting EDRSTC :=Y. 14
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The SEL-421 provides five metering modes for measuring power system
operations:

A.2.28 ‘ Monitoring and Metering

Instantaneous Metering on page A.2.29 e
Maximum/ Minimum Metering on page A.2.33
Demand Metering on page A.2.35 %

Energy Metering on page A.2.39 /@\

Y Yy vyy

» Time-Synchronized Metering on page

Monitor present power system operating conditigns withyinstantaneous
metering. Maximum/Minimum metering displays gest and smallest
system deviations since the last reset. Dema ring includes either
thermal or rolling analyses of the power sy and’peak demand metering.
Energy metering displays the megawat imported, megawatt-hours

exported, and total megawatt-hougs. Time ronized metering displays the
line voltage and current synchrop S.

The SEL-421 processes thr
(when configured for two ¢i
circuit breakers, Terminal
generally connected as B
provides the voltage quant
Selection on page R.

inputs.

Use the ME @

f eurrent quantities: LINE, BK1, and BK2
1rs). In one configuration using two

y connected as BK1, and Terminal X is
e voltage from Terminal Y (V¢Y)

for LINE. See Current and Voltage Source

e information on configuring the SEL-421

and to access the metering functions. Issuing the MET
commandywith o options returns the fundamental frequency measurement
quantities i inable 2.13. The MET command followed by a number,

MET k ifiesrthe number of times the command will repeat (k can range
from 1 . This is useful for troubleshooting or investigating
uncharact ¢ power system conditions. With other command options, you
e ca@rrents from either circuit breaker. For example, you can monitor
ental currents on Circuit Breaker 1 or Circuit Breaker 2 by entering
MKI or MET BK2, respectively. Additionally, the MET PM command

ovides time-synchronized phasor measurements at a specific time, e.g.,
T PM 12:00:00.

O Table 2.12 lists MET command variants for instantaneous, maximum/

minimum, demand, and energy metering. The METER on page R.9.27
describes these and other MET command options. Other MET command
options are for viewing protection and automation variables (see SELOGIC
Control Equation Programming on page R.3.5); analog values from
MIRRORED BITS® communications (see SEL MIRRORED BITS Communications

on page R.5.17); and synchronism check (see Section 2: Auto-Reclosing and
Synchronism Check in the Reference Manual).

L 4
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Table 2.12 MET Command?
Name Description
MET Display Fundamental Line metering information
MET BKn Display Fundamental Circuit Breaker n metering information
MET RMS Display rms Line metering information
L 4

MET BKr RMS | Display rms Circuit Breaker n metering information
MET M Display Line Maximum/Minimum metering informati
MET BKn M Display Circuit Breaker n Maximum/Minimum Ti formation

MET RM Reset Line Maximum/Minimum metering i jon

MET BKrn RM | Reset Circuit Breaker n Maximum/Minimum ering information
MET D Display Demand Line metering infoematio
MET RD Reset Demand Line metering in

MET RP Reset Peak Demand Line met
METE Display Energy Line met i ation
MET RE Reset Energy Lin

MET SYN Display Synchronis
information

voltage and slip angle/frequency

MET BAT Display D i onitor information (see Figure 2.14)
MET PM Display PHaso urement (Synchrophasor) metering information
a nis1or 2, representing Circ eaker 1and Circuit Breaker 2, respectively.
Instantaneous Use instantane@@symet: to monitor power system parameters in real time.
. The SEL-424'p des these fundamental frequency readings:
Metering

ndamental frequency phase voltages and currents
\se—to-phase voltages
equence voltages and currents
0 Fundamental real, reactive, and apparent power
¢ \ » Displacement power factor
&wn also monitor these real-time rms quantities (with harmonics
included):

» RMS phase voltages and currents

» Real and apparent rms power

\@ » True power factor
% Both the fundamental and the rms-metered quantities are available for the

LINE input. The relay also provides both the fundamental and rms circuit
breaker currents for circuit breakers BK1 and BK2.

Voltages, Currents, Frequency

Table 2.13 summarizes the metered voltage, current, and frequency quantities
available in the SEL-421. The relay reports all instantaneous voltage
magnitudes, current magnitudes, and frequency as absolute value 10-cycle
averages (for example, the LINE A-phase filtered magnitude LIAFM_10c; see
Appendix B: Analog Quantities in the Reference Manual). Instantaneous
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metering also reports sequence quantities referenced to A-phase. The
SEL-421 references angle measurements to positive-sequence quantities. The
relay reports angle measurements in the range of £180.00 degrees.

Table 2.13 Instantaneous Metering Quantities—
Voltages, Currents, Frequency

Metered Quantity Symbol Fundamental RMS s
Phase voltage magnitude IVl X X
Phase voltage angle Z(Vy)
Phase current magnitude ITy! X
Phase current angle 4(I¢) @
Phase-to-phase voltage magnitude IV ! X
Phase-to-phase voltage angle £ (V¢¢)
Positive-sequence voltage magnitude Vil X
Positive-sequence voltage angle Z(V,y X
Negative-sequence voltage magnitude 3 X
Negative-sequence voltage angle Z X
Zero-sequence voltage magnitu ol X
Zero-sequence voltage angle (3Vp) X
Positive-sequence current ma; L1 X
Positive-sequence current a Z(1y) X
Negative-sequence currént itude 131! X
Z(3L,) X
131 X
Z(31y) X
Battery v (S Vdc X
Frequency f X X
current magnitudes Tyl X X
2 4 breaker current angles L(I‘b) X

Pow\'
able 2.14 shows the power quantities that the relay measures. The
instantaneous power measurements are derived from 10-cycle averages that

the SEL-421 reports by using the generator condition of the positive power
flow convention; for example, real and reactive power flowing out (export) is

@ positive, and real and reactive power flowing in (import) is negative (see
% Figure 2.15).

For power factor, LAG and LEAD refer to whether the current lags or leads
the applied voltage. The reactive power Q is positive when the voltage angle is
greater than the current angle (Oy > 6y, which is the case for inductive loads

P where the current lags the applied voltage. Conversely, Q is negative when the
voltage angle is less than the current angle (0y < 0y ); this is when the current
leads the voltage, as in the case of capacitive loads.
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Q
Export power and
export reactive power
(inductive load)
4
<2
O
S
P
=L
P
Q
7 pf = Lead
9,
cr
S
ort power and
import reactive power
(capacitive load)
*; \ *
Figure 2.15 Comple Q) Plane
etering Quantities—Powers
Fundamental RMS
Symbol (50 Hz/ (Harmonics
60 Hz Only) Included)
Py X
P X
7S Per-phasereactive power Qp1 X X
N fundamental apparent power Se1 X
er-phase true apparent power U‘bms X
ree-phase fundamental real power 3P, X
O Three-phase true real power 3P X
Three-phase reactive power 3Q, X X
@ Three-phase fundamental apparent power 35, X
\ Three-phase true apparent power 3Upms X
Per-phase displacement power factor PFy X
Per-phase true power factor PF,, X
Three-phase displacement power factor 3PF,; X
'S Three-phase true power factor 3PF X
Date Code 20080110 Applications Handbook SEL-421 Relay
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High-Accuracy Instantaneous Metering

Table 2.16 show the metering accuracy for the relay instantaneous meteri
quantities at nominal power system frequency and at 20°C. Use a method
similar to that in Example 2.11 to compute exact error coefficients.

The SEL-421 is a high-accuracy metering instrument. 7able 2.15 and @

Table 2.15 Instantaneous Metering Accuracy-Voltages, Currents, and L 4

Frequency
—— Magnitude Accuracy APhase
Range Specificati (AR
V¢, VM 33.5-200 Vi _n +0.1% +0.05°
3V0, V1, 3V2 33.5-200 Vi _n +0.15% +0.10°
I (0.5-3) T om +0.2% Tnom +0.20°
310, 11, 312 (0.5-3) Lo +0. A Liom +0.30°
f 40-65 Hz +001 Hz
Table 2.16 Instantaneous Meter cc —Power?
Quantity Description Power Factor | Accuracy (%)
At 0.1 lom
3P Three-phas Nwer Unity +0.40
-0.5 or +0.5 +0.70
3Q Reactive p, —0.5o0r +0.5 +0.50
At1.0 ¢ lnom
3P e-phase fundamental real power Unity +0.40
-0.5 or +0.5 +0.40
3Q eactive power -0.50r+0.5 +0.40
a :’owe c is valid for applied currents in the range (0.1-1.2) * I, and applied voltages
rom
¢ PLE 2.11 Calculating Exact Error Coefficients
K\ Consider the case of a 5 A relay during normal operating conditions.
The secondary current in the CT is 1.0 A for nominal system
operation. Noting that this current is greater than 10 percent of I,,o,
\ (1A> 0.5 A), calculate the error coefficient:
O error = +(0.2% * 1.0 A)+ (0.8 mA -« 1 _ )
@ = £(0.002+ 1.0 A) = (0.008 A+ 5)
\ = +(0.002A +0.04A)
= +0.002 A to +0.006 A
and
= —0.006 A to —0.002 A Equation 2.7
S Figure 2.16 represents the calculated accuracy range. The error is

very small, indicating that the SEL-421 measures normal operating
currents accurately.
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Actual Value
0998 1 1.002
0.994 \ / 1006
\ /
L 4

0 1.0 | =5A
Measured Curren nom

Figure 2.16 Typical Current Measuring

amount related to the nominal
numeric portion of I, either

o not use the unit (A). The errors in
the SEL-421 as a high-accuracy

When you use Equation 2.7, you
current rating of the relay, I,,,,. U
“5” fora 5 A relay or “1” fo
Example 2.11 are very small

meter.
Maximum / The SEL-421 measures,an ains the deviations of the power system since
.. . the last maximum/mi n reset. Knowing these maximum and minimum
Minimum Meteri ng quantities can ate your power system more effectively in a
variety of w example, you can benefit from maximum/minimum
metering in on by using it to track power flow for troubleshooting,
planning e expansion, and scheduling maintenance.
The rel ides maximum/minimum metering for LINE input rms
voltage rents, rms powers, and frequency; it also conveys the
maxd imum rms currents for circuit breakers BK1 and BK2, as well

4 as both debattery voltage maximums and minimums. The SEL-421 also

x e maximum values of the sequence voltages and sequence currents.
Ta .17 lists these quantities.
Nge 2.17 Maximum/Minimum Metering Quantities—
Itages, Currents, Frequency, and Powers (Sheet 1 of 2)
O Metered Quantity Symbol
@ RMS phase voltage V prms
\ RMS phase current Lprms
Positive-sequence voltage magnitude? IVl
Negative-sequence voltage magnitude? 13V,l
Zero-sequence voltage magnitude? 13Vl
S DC battery voltage VDC1, VDC2
Positive-sequence current magnitude? L1
Negative-sequence current magnitude? 131,
Zero-sequence current magnitude? 131!
Frequency f
Circuit breaker rms current Lyrms
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SEL-421 Relay

Table 2.17 Maximum/Minimum Metering Quantities—
Voltages, Currents, Frequency, and Powers (Sheet 2 of 2)

Metered Quantity Symbol C
Three-phase true real power 3P

Three-phase reactive power 3Q

Three-phase true apparent power 3Upms

a Sequence components are maximum values only.

Maximum/Minimum Metering Accuracy

The accuracy of the maximum/minimum metering quantifies 1§ the same as
the equivalent instantaneous metering accuracies listed ing@ble 2.17 and
Table 2.16. The SEL-421 maximum/minimum meteringwalues are a true
reflection of the extremes that occur in the power system.

View or Reset Maximum/Minimum Metering Infermation

The relay shows time stamped magimum/minimum quantities when you use a
communications port or ACSELERATOR QuickSet to view these quantities.
See Examining Metering Quantities'on page U.4.37 for an introduction to
reading metering quantities. Imtadditieny you can read the maximum/minimum
quantities on the SEL-421%gént-panel LCD screen. For more information on
using the front panel to vigw metesing quantities, see Meter on page U.5.16.

To reset the maximum/minimum values, use the MET RM command from a
communications terminal, Osuse the {RESET} button in the ACSELERATOR
QuickSet HMEF=Meter and Control > Maximum/Minimum window, or
answer Y and'presg {ENT} at the Maximum/Minimum submenu reset prompt on
the front-panelhL.CD screen. You can also reset maximum/minimum metering
with Globalsettings RSTMML, RSTMMBI1, and RSTMMB?2 (for line,
Circuit Breakerdl, and Circuit Breaker 2) when EDRSTC (Data Reset Control)
is Y.

Find'more nformation on these methods in METER on page R.9.27 and Meter
on page UJ5.16.

Maximum/Minimum Metering Updating and Storage

The SEL-421 updates maximum/minimum values once per power system
cycle. The relay stores maximum/minimum values and the corresponding
dates and times to nonvolatile storage once per day. If greater than a
previously stored maximum or less than a previously stored minimum, the
new value overwrites the previous value. Should the relay lose control power,
it will restore the maximum/minimum information saved at 23:50 hours on the
previous day.

The relay updates maximum/minimum values under the following conditions:
» DFAULT is deasserted (equals logical 0)

» The metering value is greater than the previous maximum, or
less than the previous minimum, for 2 cycles

» Voltage input is greater than 13 V secondary

» Current input is greater than 0.05 I, ,,, (in secondary amps)

Megawatt and megavar maximum/minimum values are subject to the above
voltage thresholds, current thresholds, and conditions.
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FAULT SELocIc Control Equation

The relay suspends updating maximum/minimum metering when SELOGIC
control equation FAULT asserts to logical 1. If there is a fault, the elemenits
programmed in FAULT pick up and assert Relay Word bit DFAULT (Delayed
FAULT Suspend). This Relay Word bit remains asserted for one minute after
SELOGIC control equation FAULT deasserts. While DFAULT is asserted, the
relay does not record maximum/minimum data.

The factory default setting for SELOGIC control equation FAULTgfigludes
specific time-overcurrent and distance elements pickups:'EAULT :=50P1 OR
51S1 OR M2P OR Z2G OR M3P OR Z3G.

In addition, the relay also suspends demand metering duging|the time that
Relay Word Bit DFAULT is asserted (see Demand Meterimg Updating and
Storage on page A.2.39).

Demand Meterinq Economic operation of the power system inyolves the proper allocation of the
load demand among the available generating Units. By knowing the demand
requirements at different points in the systemyand at different times of the day
you can optimize your system gefiesation/tesgurces or your consumption of
electric power. The SEL-421 providesiyou this demand information and
enables you to operate your pewer system'with an effective economic strategy.

Demand metering and peakydemand metering are available only for the LINE
quantities. The relay uses Jonges-term accumulations of the metering
quantities for reliable demand data. Table 2.18 lists the quantities used for
demand and peak demand metering.

Table 2.18 Demand and Peak Demand Metering Quantities—(LINE)?

Symbol w Description
— & |

Tprms A, pripary Input rms currents

IGindé A, ptimary Residual ground rms current
31, A, primary Negative-sequence current
P¢ MW, primary Single-phase real powers (with harmonics)
QF MVAR, primary Single-phase reactive powers
U¢ MVA, primary Single-phase total powers (with harmonics)
3P MW, primary Three-phase real power (with harmonics)
3Q MVAR, primary Three-phase reactive power
3U MVA, primary Three-phase total power (with harmonics)

a8 (Ig=3lg=lp+Ig+Ic)

Thermal Demand and Rolling Demand

Two methods exist for measuring power system current and power demand.
These methods are thermal demand metering and rolling demand metering.
Figure 2.17 and Figure 2.18 illustrate the step input response of the two
demand measuring methods with setting DMTC (demand meter time
constant) at 15 minutes.
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Thermal Demand
Thermal demand is a continuous exponentially increasing or decreasing

accumulation of metered quantities. Thermal demand measurement is similar
to parallel RC network integration. Thermal demand metering response i

90 percent (0.9 per unit) of the full applied value after a period equal to the
DMTC setting (15 minutes in Figure 2.17).

L 4
10+-----
Step
Current (5
Input
() —
' Time
1 5 16 (minutes)
| {1 S I . O e
Thermal 09— —--==7-7"""7---- . *
Demand |
Meter 0.5 : RS ——¢
Response | T
(EDEM := THM) :
() — i - -
5 Time
] (minutes)
|
DMTC Period———=
|
Figure 2.17 Thermal a etering
Rolling Demand
Rolling de a sliding time-window arithmetic average. Rolling demand
measure is'similar to a step-sampled A/D conversion system. Figure 2.18

shows the ro mand response for a step input for a demand meter time
utes (DMTC := 15). The relay divides the DMTC period
ute intervals and averages the three DMTC sub-interval

sa DMTC period. Table 2.19 lists the rolling demand response for

4 fout DMTC periods shown in Figure 2.18. Rolling demand metering response

\ ercent (1.0 per unit) of the full applied value after a time equal to the
fourtlDMTC period (see (d) in Figure 2.18).
le 2.19 Rolling Demand Calculations

q . Rolling
O DMTC Period 1/3DMTC | Interval Rolling Rolling Demand
. Interval Sample Demand Demand
(see Figure 2.18) " R R Response
(minutes) | (per unit) Total Calculation :
(per unit)
(a) -5t00 0 0 0/3 0
(b) 0to5 1 1 1/3 0.33
(©) 5to 10 1 2 2/3 0.67
(d) 10to 15 1 3 3/3 1.00
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04+ -——-
Step
Current 0.5—
Input
(] S | | | =
0 5 10 5 Ime
0 : (minutes)
Rolling | ] rs
Demand 67— :
Meter 33 i
Response 0 !
(EDEM := ROL) . 0 é 10 Time
~——DMTC Period—— (minutes)
T — ] @
Step :
Current 05— '
Input !
[0 S— ; " : ]}5 =
1 (minutes)
Rolling 10
Demand 67—
Meter 33
Response
(EDEM := ROL) 0 ]'5 Time
- DMICP (minutes)
Step
Current
Input
c
15 Time ©
(minutes)
Ro )
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W
( ! Ti
15 Ime
(minutes)

Step
Current 0.5 —

K Input |
(i . T t (d)
b

Time
(minutes)

Rolling LR
Demand O/ —-----F--------—-—-—-—- I
Meter 33—

I
@ Response | | :
% o L e

1
«— DMTC Period (minutes)

Figure 2.18 Rolling Demand Metering

Demand Metering Settings

Use the demand metering enable setting EDEM to select the demand metering
type (thermal or rolling) appropriate to your needs. Use demand pickup
settings PDEMP, QDEMP, and GDEMP to set alarm thresholds to notify you
when demand currents exceed preset operational points. Table 2.20 shows the
demand metering settings.
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NOTE: Changing EDEM or DMTC
resets the demand meter values to
zero. This also applies to changing the
active settings group where either
setting EDEM or DMTC is different in
the new active settings group.
(Changing demand current pickup
settings PDEMP, GDEMP, and QDEMP
will not affect the demand meters.)

-421 Relay

Table 2.20 Demand Metering Settings?

Dem.teO

15 minutes

Setting | Description Range

EDEM | Demand meter type N, THM = Thermal, ROL = Rolling N

DMTC | Demand meter time 5,10, 15, ..., 300 minutes
constant

PDEMP | Phase demand current | OFF, (0.10-3.20) ¢ I, secondary 2.00 -.nom
pickup

GDEMP | Residual ground OFF, (0.10-3.20) * L,y p, d@AO *Liom
demand current pickup

QDEMP | Negative-sequence OFF, (0.10-3.20) * I, S€CO; 0.40°1,0m
demand current pickup

a Current pickup settings are in steps of 0.01 A, secondary.

Figure 2.19 shows how the SEL-421 applies
settings of Table 2.20 over time. When resi

IgEM) exceeds the corresponding de
Word bit GDEM asserts to logical 1.
(PDEM, GDEM, and QDEM) fo

unbalance conditions.

ground demand

and current pickup

current

ickup setting GDEMP, Relay
Sdemand current logic outputs
arm for high loading or

Instantaneous Demand Currents Relay
Currents Pickup Settings Word Bits
PDEMP
max.
| 'ADEM) phase PDEM
A demand
IB(DEM) current
_le(oem)
Demand Function GDEMP _
| GDEM
R Thermal (EDEM := THN) [—2 o) v
) or
Rolling (EDEM := ROL)
Reset Demand
Demand Function QDEMP A
3l
3, Thermal (EDEM := THM) 2(DEW) ODEM
or
(Residual) Rolling (EDEM := ROL)
Command
MET RD, Reset Demand
setting EDEM change,
or setting DMTC change
Figure 2.19 Demand Current Logic Outputs
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View or Reset Demand Metering Information

The relay shows demand metering quantities and time-stamped peak demand
quantities when you use a communications port or ACSELERATOR QuickSet
to view these quantities. See Section 4: Basic Relay Operations in the Users
Guide for an introduction to reading metering quantities. In addition, you can
read the demand and peak demand quantities on the SEL-421 front-panel
LCD screen. For more information on using the front panel to view metering
quantities, see Meter on page U.5.16.

To reset the demand metering values use the MET RD commandffom a
communications terminal, or use the {RESET} button in theyACSELERATOR
QuickSet HMI > Meter and Control > Demand/Peak windew, or answer Y
and press {ENT} at the Demand Submenu reset demand prompton the front-
panel LCD screen. The relay begins the demand metefisampling period from
the time of the demand meter reset.

To reset the peak demand metering values, enter thégMET RP command from
a communications terminal, or use the {RESET}button in the ACSELERATOR
QuickSet HMI > Meter and Control » Demand/Peak window, or answer Y
and press {ENT} at the Demand Suliienu‘Teset peak demand prompt on the
front-panel LCD screen. You can also'teset'demand metering with Global
settings RST_DEM and RSTaRDM (for demand and peak demand) when
EDRSTC (Data Reset Control)is Y-

Find more information on theseéynethods in METER on page R.9.27 and Meter
on page U.5.16.

Demand Metering Updating and Storage

The SEL-421 updates demand and peak demand values once per second. The
relay alsogstore§{peak demand values and the date and time these occurred to
nonvolatile steragelonce per day (it overwrites the previous stored value if it is
exceeded)-*Should the relay lose control power, it will restore the peak
demand information saved at 23:50 hours on the previous day.

Demand metering updating and peak recording is suspended during the time
that'SELQGIC control equation FAULT asserts Relay Word bit DFAULT
(Delayed FAULT Suspend). (See FAULT SELoGIC Control Equation on
page A.2.35 for more information.)

Energy Metering Energy is the power consumed or developed in the. electric power system
measured over time. You can use accurate accounting of power system energy
flow to manage billing revenues, whether your system is a net energy producer
or consumer. Time-synchronized demand and energy measurements make
demand and energy metering information even more useful for power system
status applications. See Section 4: Time-Synchronized Measurements in the
Applications Handbook for more information on high-accuracy timing
applications.

The SEL-421 integrates energy imported and exported on a per-phase basis
every second. As in demand metering, the relay uses the longer-term
accumulations of rms or true real power for reliable energy data. Also similar
to demand metering, energy metering is available only for the LINE data.
Table 2.21 lists the energy metering quantities that the relay displays.
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Table 2.21 Energy Metering Quantities—(LINE)

R R s \
Analog Quantity Units Description
y -4

MWH¢OUT MWh, primary Single-phase energy export
MWH¢IN MWh, primary Single-phase energy import
MWH¢T MWh, primary Single-phase energy total
3MWHOUT MWh, primary Three-phase energy export
3MWHIN MWh, primary Three-phase energy imipokt

3MWH3T MWh, primary Three-phase energy total

Energy Metering Accuracy

At low currents (0.1¢ I,,,,,), energy metering accligacy at'near-unity power
factors is +0.5 percent. At power factors of 0. alagging’or leading, energy
metering accuracy is +0.7 percent. At high current§y(1.0 « I, ), energy
metering accuracy at near unity power factorsis + 0.4 percent. At power
factors of 0.5 lagging or leading, energy metering accuracy is +0.4 percent.

View or Reset Energy Metering Informatien

You can read the energy metering quantities by using a communications port,
ACSELERATOR QuickSet, orthe SEL-421 front-panel LCD screen. See
Section 4: Basic Relay Operationshin the User’s Guide for an introduction to
reading metering quantitiesjFor more information on using the front panel to
view metering quantiies,see Section 5: Front-Panel Operations in the User’s
Guide. The ACSELERATORQuickSet HMI also displays the energy metering
data; see Sectgion 32\ PC'Software in the User’s Guide.

To reset the energy values, use the MET RE command from a
communications tetminal, or use the {RESET} button in the ACSELERATOR
QuickSeyHMI >Meter and Control > Energy window, or answer Y and
press {ENT}at'the Energy Meter submenu reset prompt on the front-panel
LCDysereen.You can also reset energy metering with Global setting
RST_ENE when EDRSTC (Data Reset Control) is Y.

Find more information on these methods in METER on page R.9.27 and in
Meter’on page U.5.16.

Enefgy Metering Updating and Storage

The SEL-421 updates energy values once per second. The relay also stores
energy values to nonvolatile storage once every four hours, referenced from
23:50 hours (it overwrites the previously stored value if it is exceeded).
Should the relay lose control power, it restores the energy values saved at the
end of the last four-hour period.

Time-Synchronized The SEL-421 provides synchrophasor measurement with an angle reference
Meteri according to IEEE C37.118. See Section 7: Synchrophasors in the Reference
etering Manual for more information on synchrophasor application. The relay
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depending on the nominal system frequency contained in Global setting

calculates the phasor measurement quantities 50 or 60 times per second,
NFREQ.

When you issue the MET PM #ime command, the SEL-421 captures the -
synchronized data for the given trigger time (specify fime in 24-hour format).
The relay displays the synchrophasor data immediately after the time trigger.

See Figure 7.5 on page R.7.20 for a sample MET PM command response.

The SEL-421 Synchrophasor measurements are only vali
high-accuracy IRIG-B time source is connected to the rela i
Relay Word bit TSOK = logical 1. See Configuring Hi curacy
Timekeeping on page U.4.77 for detailed information.

The MET PM command is only available when the 1 is configured for
phasor measurement functions (Global settings) therelay is in high-

accuracy timekeeping mode. Q
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L 4

capabilities. The relay provides these useful analysis too

The SEL-421 Relay features comprehensive power syst\%sis

» Data Processing on page A.3.2

» Triggering Data Captures and Event on page A.3.4

» Duration of Data Captures and E@rts on page A.3.6

» Oscillography on page A.3.

» Event Reports, Event Su jes,vand Event Histories on
page A.3.12

» SER (Sequential Ev der) on page A.3.34

An event is a representation
a specific time. Events inc 1
situation in the power sys

ting conditions of the power system at
ces such as a relay trip, an abnormal
gers a relay element, or an event capture

command.
Information from os¢ill s, relay event reports, and SER data is very
valuable if y le for outage analysis, outage management, or

The SEL accepts an IRIG-B clock input for high-accuracy timing. When
a suitable extemnal elock is used (such as the SEL-2407), the SEL-421

¢'data acquisition system to the received signal. Knowledge of

f data across the power system. Use a coordinated network of

lays to create moment-in-time “snapshots” of the power system.

X are useful for determining power system dynamic voltage and
phasors, impedances, load flow, and system states. For more

4 SEL:421
S
cu
ormation on this feature, see Section 4: Time-Synchronized Measurements
in,the Applications Handbook.

The SEL-421 can also perform the PMU (Phasor Measurement Unit) function
of gathering synchrophasor data when the relay is in high-accuracy

timekeeping mode (HIRIG). See Section 7: Synchrophasors in the Reference
® Manual.

L 4

Date Code 20080110 Applications Handbook SEL-421 Relay



A.3.2 | Analyzing Data
Data Processing

Data Processing

Raw and Filtered Data

SEL-421 Relay

The SEL-421 is a numeric, or microprocessor-based, relay that samples power
system conditions via the CT and PT inputs. The relay converts these analog
inputs to digital information for processing to determine relaying quantities
for protection and automation. Figure 3.1 shows a general overview of the
input processing diagram for the SEL-421.

The SEL-421 outputs two types of analytical data: high-resélutién’raw data
and filtered data. Figure 3.1 shows the path a power system,signal takes
through relay input processing. A CT or PT analog input/begitis at hardware
acquisition and sampling, continues through softwate filtesing, and progresses
to protection and automation processing. The inijtial hatdware low-pass filter
half-power or —3 dB point is 3.0 kHz. Next, the relay samples the power
system voltage or current with an 8000 samples/second A/D (analog to
digital) converter. This is the tap point for high-resolution raw data captures.
You can select 8000 samples/second, 40005samples/second, 2000 samples/
second, and 1000 samples/second.effective sampling rates for presentation
and storage of the high-resolution‘taw, data,in binary COMTRADE format
(see Oscillography on page A.3.8).

The software portion of input signal processing receives the high-resolution
raw data sampled quantities;and passes these to the Anti-Aliasing Digital
Filter. The half-power or &3 dBpeint of the anti-aliasing filter is 640 Hz.
Subsequent processing decimates the sampled data to eight samples per power
system cycle using additional digital filtering. This 8-samples/cycle
information is thefilteréd data for event reports and other relay functions. The
relay selects éveryjother§ample of 8-samples/cycle filtered data to present
4-samples/Cyele gvent reports.

The SEL-4214samples the control inputs at a rate of 16 samples per cycle.
There argtwe types of control inputs: direct-coupled and optoisolated, and
these arle pfocessed differently

The SEL421 Main Board A and INT1, INTS, and INT6 I/O Interface boards
haveydirect-coupled control inputs with analog-to-digital converters that
measure the applied voltage. These analog sample values are available in
COMTRADE files and as analog quantities (labeled INI01A-IN107A or
IN201A-IN208A or IN301A-IN308A). The relay compares the sampled data
against setting-defined pickup and dropout voltage thresholds to create the
raw contact status information. This raw digital data can be included in high-
resolution (COMTRADE) data files. Contact bounce may be visible when the
raw data is viewed.

The SEL-421 Main Board B and INT2, INT3, INT4, INT7, and INT8 I/O
Interface boards have optoisolated control inputs with fixed pickup voltages.
Optoisolated inputs are ordered with one of six available pickup voltage
ratings. No analog voltage information is available. The raw input digital
status is available in high-resolution (COMTRADE) data files. Contact
bounce may be visible when the raw data is viewed.

The SEL-421 filters both types of control inputs with settable debounce
timers, and updates the resulting Relay Word bits 8 times per cycle. Event
reports can include the filtered control input Relay Word bits.
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oscillography files than in event reports (EVE command) or Sequential

Control input state changes will appear to occur faster in COMTRADE
Events Recorder reports (SER command) because of the control input OO

debounce time delays.

See Control Input Assignment on page U.4.70 and Control Inputs on
page U.2.6 for details on control inputs.
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Triggering Data Captures and Event Reports

Triggering Data Captures and Event Reports

Relay Word Bit TRIP

SELocIc Control
Equation ER

SEL-421 Relay

The SEL-421 displays power system data from oscillograms, event reportsy
event summaries, event histories, and SER data. For information on the SER,
see SER (Sequential Events Recorder) on page A.3.34. All of these features,
except the SER, require sampled or filtered data from the power system,@nd
are triggered both internally and externally depending on the event trigger that
you program in the relay.

Use an event trigger to initiate capturing power system data. ‘Both high-
resolution raw data oscillography and event reports us¢ the $ame triggering
methods. The trigger for data captures comes from three/possible sources:

» Relay Word bit TRIP assertions
» SEL0GIC® control equation ERs(EventReport Trigger)
» TRI command

In previous SEL relays, the PUL command mitiated event recording. If you
want the PUL command to initiate'data capture, add the Relay Word bit
TESTPUL to the SELOGIC controlequation ER (see SEL0GIC Control
Equation ER and Example 3¢2yaEor more information on the PUL command,
see PULSE on page R.9.36_ and@perating the Relay Inputs and Outputs on
page U.4.61.

If Relay Word bit TRIPsasseftts, the relay automatically generates a data
capture event trigger/on thesising edge of the TRIP Relay Word bit state
change. In evergfinstance, TRIP causes the relay to begin recording data. You
therefore dogrot have to enter any condition that causes a trip in the ER
SELOGIC controlfequation. For information on Relay Word bit TRIP see Trip
Logic on page R1IylL1S5.

Program the SEL.OGIC control equation ER to trigger high-resolution raw data
oscidlegraphyfand standard event reports for conditions other than TRIP
condition$s When ER asserts, the SEL-421 begins recording data if the relay is
not algeady capturing data initiated by another trigger.

-~
EXAMPLE 3.1 Triggering Event Report/Data Capture Using the ER
SELogcic Control Equation

This example shows how the elements in the ER SEL0GIC control
equation initiate relay data capture. See Section 3: SELocIc Control
Equation Programming in the Reference Manual for more information
on rising-edge operators and SELoGIC control equations.

The factory default setting for Group setting SELoGIC control
equation ER is

ER:=R_TRIG M2P OR R_TRIG Z2G OR R_TRIG 5151 OR R_TRIG M3P OR R_TRIG
Z3G Event Report Trigger Equation (SELocIc Equation)

The element transitions in this setting are from the following Relay
Word bits:

» MZ2P, M3P: Zone 2 mho phase distance element, Zone 3 mho
phase distance element

» Z2G, Z3G: Zone 2 mho ground distance element, Zone 3 mho
ground distance element

» 51S1: Selectable operating quantity time overcurrent element
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are especially useful for generating an event report at fault inception.
The triggering element causes ER to assert, then clears the way for
other elements to assert ER because the relay uses only the
beginning of a long element assertion. The starting element in a
continuously occurring fault does not mask other possible element
triggers. This allows another rising-edge sensitive element to
generate another event report later in that same continuously
occurring fault (such as an overcurrent situation with the R_TRIG
51S1 element).

In the factory default ER SELoGIC control equation, G
element remains asserted for the duration of the gro atilt, the
rising-edge operator, R_TRIG, in front of Z3G cau t sert for
only one processing interval (a 1/8-cycle pulse).

The rising-edge operator, R_TRIG, occurs in front of each of the
elements in the factory default ER equation. Rising-edge operators O

ER SELoGIC control equation can trigger evenfre hile the Z3G
element remains asserted throughout the faul
You can also use the falling-edge operator, F itiate data captures.
See Section 3: SELOGIC Control Equation Pfog ing in the Reference

Manual for more information on falling ed erators.

EXAMPLE 3.2 Including P
SELogcic Control Equation

riggering in the ER

dd'the effect of the PUL command to
elay asserts Relay Word bit,

Ises via the PUL command. For more
information on the P. d, see PULSE on page R.9.36.

This example shows y

Program the Grou ELocIc control equation ER as follows:

ER:=R_TRIG TRIG Z2G OR R_TRIG 5151 OR R_TRIG M3P OR R_TRIG
Z3G OR Event Report Trigger Equation (SELoGIC
ion)

TRI (Trigger Event Use the and from any communications port to trigger the SEL-421
R t)C d to begin recotdi igh-resolution raw data and event report data. When
epor ) omman testing wi I command, you can gain a glimpse of power system

operati ions that occur immediately after you issue the TRI
co TRIGGER on page R.9.56 and Triggering an Event on
o U.4%6 for more information on the TRI command.
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Duration of Data Captures and Event Reports

The SEL-421 stores high-resolution raw data and filtered data. The numbegof
stored high-resolution raw data captures and event reports is a function of the
amount of data contained in each capture. You can configure the relay to
record long data captures at high sampling rates, although this reduces the
total number of stored events you can retrieve from the relay.

To use the data capture functions, select the effective sampling rate/and data
capture times. Relay setting SRATE, listed in Table 3.1, detefmines the
number of data points the relay records per second. Your camset SRATE to

8 kHz, 4 kHz, 2 kHz, and 1 kHz. The effective samplingfrate and the event
report length are related:

» 8 kHz sampling—2.00 seconds totalievent report
» 4 kHz sampling—3.00 seconds totallevent report
» 2 kHz sampling—4.00 se€onds total event report

» 1 kHz sampling—4$200 secgnds total event report

The length of the data capture/event tepott (setting LER) and the pretrigger or
prefault time (setting PRE) areyelated;as shown in Figure 3.2. The LER
setting is the overall lengthief thetevent report data capture; the PRE setting
determines the time reserved imthe LER period when the relay records
pretrigger (prefault) data®Typically, you set the PRE time to 20 percent of the
total LER period. Table®s.] shews the relay settings for the data capture
recording times at edch gffeetive sampling rate.

Table 3.1 Reéport Settings

Label Description Range Default
SRATE Effective sample rate of event report 1,2, 4,8 kHz 2 kHz
SRATE(s 8 kHz

LER Length of event report 0.25-2.00 seconds 0.5 seconds
PRE Length of prefault 0.05-1.95 seconds 0.1 seconds
SRAGE = 4 kHz

RER Length of event report 0.25-3.00 seconds 0.5 seconds
PRE Length of prefault 0.05-2.95 seconds 0.1 seconds
SRATE = 2 kHz

LER Length of event report 0.25-4.00 seconds 0.5 seconds
PRE Length of prefault 0.05-3.95 seconds 0.1 seconds
SRATE =1kHz

LER Length of event report 0.25-5.00 seconds 0.5 seconds
PRE Length of prefault 0.05-4.95 seconds 0.1 seconds
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LER

~—PRE— 0

Event Trigger Yy

Figure 3.2 Data Capture/Event Report Times
The relay stores all data captures to volatile RAM and t}m ese data

to nonvolatile memory storage. There is enough volatil

store one

triggering. Thus, to record sequential events, yo
than half of the maximum LER setting. The
captures as you set LER smaller.

Table 3.2 lists the maximum number of
stores in nonvolatile memory for §acio
relay automatically overwrites the
the nonvolatile storage capagity,i

NOTE: Consider the total capture The relay stores approxim econds of high-resolution raw or filtered
time when choosing a value for d . latil . luti 8000 les/ d
setting LER at the SRATE := 8 kHz. At ata in nonvolatile memor, ximum resolution ( samples/secon
LER:= 0.5 or LER := 1.0 the relay effective sampling rate). I you have selected LER at 0.5 seconds (30 cycles at

records at least two data captures.
These and smaller LER settings are
sufficient for most power system 11 reports are at 80
disturbances.

7),%0u can store eleven 1/2-second reports. These
/second resolution (approximately eight times
more resolutig -300 series relays.) Table 3.2 lists the storage
-421 for common event report lengths:

The lowe able 3.2 show the number of event reports the relay stores
at the maxi ata capture times for each SRATE sampling rate setting.
Table entri e maximum number of stored events; these can vary by

10 pe rding to relay memory usage.

4 Table 3.2/ Event Report Nonvolatile Storage Capability

& Maximum Number of Stored Reports
vent Report Length
8 kHz 4 kHz 2 kHz 1kHz
.25 seconds 18-20 25-27 31-33 36-39
0.50 seconds 11 16 18-20 23-25
@ 1.0 seconds 6 8 11 15
\ 2.0 seconds 3 4 6 8
3.0 seconds N/A 3 4 5
4.0 seconds N/A N/A 3 4
5.0 seconds N/A N/A N/A 3

L 4
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Oscillography

Oscillography

Raw Data
Oscillography.

SEL-421 Relay

The SEL-421 features two types of oscillography:

» Raw data oscillography—effective sampling rate as fast as
8000 samples/second

» Event report oscillography from filtered data—either 8
samples/cycle or 4 samples/cycle

Use high-resolution raw data oscillography to view transient'€enditions in the
power system. You can set the relay to report these high-reselution
oscillograms at 8000 samples/second, 4000 samples/second, 2000 samples/
second, and 1000 samples/second effective samplingtates(see Duration of
Data Captures and Event Reports on page A.3.6)9The high-resolution raw
data oscillograms are available as files throughnthe use’of Ymodem file
transfer and FTP (file transfer protocol) in the binar§COMTRADE file format
output (/EEE Standard Common Format for Transient Data Exchange
(COMTRADE) for Power Systems, IEBE O37111-1999).

The filtered data oscillograms at 8'samples/eycle and 4 samples/cycle give you
accurate information on the relay protection and automation processing
quantities. The relay outputs 8zsamples/cycle and 4-samples/cycle filtered
event reports through a terfifial ogas files in ASCII format, Compressed
ASCII format, and binary FTPtand Ymodem file outputs. Figure 3.3 shows a
sample filtered-data oscillogram.

B® Graph for C:AMYDOCU~14421LIT~14\BCG_FA~1.CEY
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Figure 3.3 Sample SEL-421 Oscillogram

Raw data oscillography produces oscillograms that track power system
anomalies that occur outside relay digital filtering. Raw data oscillography
captures data with content ranging from dc to greater than 3.0 kHz; the -3 dB
point of the single-order low-pass analog input filter is 3.0 kHz (with response
rolling off at —20 dB per decade).

COMTRADE files include all eight Relay Word bits from each row of the
Relay Word that has at least one element included in the event report digital
elements setting—see Table 10.91 on page R.10.48.
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The SEL-421 stores high-resolution raw data oscillography in binary format
and uses COMTRADE file types to output these data:

» .HDR—header file
» .CFG—configuration file
» .DAT—high-resolution raw data file

The .HDR file contains summary information about the event in ASCII ¢
format. The .CFG file is an ASCII configuration file that des e layout
of the .DAT file. The .DAT file is in binary format and ai e yalues for
each input channel for each sample in the record. These da rm to the
IEEE C37.111-1999 COMTRADE standard.

HDR File

the Event Report on page A.3.23 and Setti, tion of the Event Report on
page A.3.23). The settings portion is infa c a-delimited format as
illustrated in Figure 3.4.

The .HDR file contains the summary and rel tt nformation that
appears in the event report for the data cap@vent Summary Section of

Relay 1
Station A

Event: BCG T

Event Numbers: 10007

Targets: INST TIME ZONE_1 B_PHASE C_PHASE bklrs

Breaker 1: OPEN

Breaker 2: OPEN

PreFault: IA
MAG(A/kV) 276
ANG(DEG) 22.1
Fault:

MAG(A/kV) 217
ANG(DEG) -17.0

SET_GL.TXT
[INFO]
RELAYTYPE=421

1B
262
-91.7

8892
167.3

PARTNO=04210415X125XHX

[IOBOARDS]

[I0OBOARDS]

. 8,8,0,0,

ECéMCARDS]
[G1]

","Breaker
"NUMBK", 2

"BID1","Bre r 1%

"BID2","Bpeaker
"NFREQ", 6

Date: 03/15/2001 Time:
Serial Number: 20010012

Location: 48.17 Time
Shot 1P: 0  Shot 3P: 0 Freq: 60.

Trip Time: 23:30:49.026 Summary Event

Trip Time: 23:30:49.026 Information
IC 16 312 B Vimem
246 65 17 364.704 364.614
138.2 5.1 178.5 0.2

8727 5586 11403 361.

24.8 95.6 94.4 \

.687 214.239 321.083
126.7 0.7

FID=SEL-421-R101-V0-Z001001-D20010315 Relay Settings
BFID=SLBT-4XX-R100-V0-Z001001-D20010315
’ O

Figure 3.4 Sample COMTRADE .HDR Header File

Date Code 20080110

.CFG File

The .CFG file contains data such as sample rates, number of channels, line
frequency, channel information, and transformer ratios (see Figure 3.5). A
<CR><LF> follows each line. If control inputs or control outputs are not
available because of board loading and configuration, the relay does not report
these inputs and outputs in the analog and digital sections of the .CFG file.
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Station A,FID=SEL-421-R101-V0-Z001001-D20010315,1999

373,29A,344D

COMTRADE Standard

1,IAW,A,,A,0.007553,0,0,-3
2,1BW,B,,A,0.007553,0,0,-3
3,ICW,C,,A,0.007553,0,0,-3
4,IAX,A,,A,0.007553,0,0,-3
5,1BX,B,,A,0.007553,0,0,-3
6,1CX,C,,A,0.007553,0,0,-3
7,VAY,A,,kV,0.015107,0,0, -
8,VBY,B,,kV,0.015107,0,0, -
9,vcy,C,,kv,0.015107,0,0, -
10,VAZ,A, ,kV,0.015107,0,0,
11,vBZ,B,,kV,0.015107,0,0,
12,vcz,C,,kv,0.015107,0,0,
13,vpcC1,,,v,1.000000,0,0, -
14,vpc2,,,v,1.000000,0,0,-

15,1IN101,,,V,1.000000,0,0,
16,IN102,,,V,1.000000,0,0,
17,1IN103,,,V,1.000000,0,0,
18,IN104,,,V,1.000000,0,0,
19,1IN105,,,V,1.000000,0,0,
20,IN106,,,V,1.000000,0,0,
21,IN107,,,V,1.000000,0,0,
22,IN201,,,V,1.000000,0,0,
23,IN202,,,V,1.000000,0,0,
24,1IN203,,,V,1.000000,0,0,
25,1IN204,,,V,1.000000,0,0,
26,IN205,,,V,1.000000,0,0,
27,IN206,,,V,1.000000,0,0,
28,IN207,,,V,1.000000,0,0,
29,IN208,,,V,1.000000,0,0,
1,278PO,,,0
2,27AP0,,,0
3,3p0,,.,0
4,Sp0,,,0
5,SP0C,,,0
6,SP0B,,,0
7,SPOA,, .0

.

L]

L]
337,0uT101,,,0
338,0UT102,,,0
339,0UT103,,,0
340,0UT104,,,0
341,0UT105,,,0
342,0UT106,,,0
343,0UT107,,,0
344,0UT108,,,0
60
1
2000,1000

15/03/2001,23:30:48.925200
15/03/2001,23:30:49.026800
BINARY

1

2767,32767,400.
2767,32767,400.
2767,32767,400.
2767,32767,400.
2767,32767,400.
2767,32767,400.
32767,32767,363
32767,32767,363
32767,32767,3636.
-32767,32767,3636.
-32767,32767,3636.
-32767,32767,3636.
32767,32767,1,1,P

32767,32767,1,1,P

-32767,32767,1,1
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,
-32767,32767,1,

COoOOR I EF I E

O OO v v v v o oe e .

coo0oo0o0co00oo

s~ - - - - I -]
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P
P

1,P
1,P
1,P

,
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1
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1
1
1
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1
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Analog Channel Data
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el Data
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Figure 3.5 COMTRADE .CEG Cofifiguration File Data

Q>®

-421 Relay

>
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Applications Handbook

The configuration file has the following format:

Station name, device identification, COMTRADE standard
year

Number and type of channels

Channel name units and conversion factors
Line frequency

Sample rate and number of samples

Date and time of first data point

Date and time of trigger point

Data file type

Time stamp multiplication factor

Date Code 20080110



Analyzing Data | A.3.11
Oscillography

binary data files is sample number, time stamp, data value for each analo
channel, and grouped status channel data for each sample in the file. There

no data separators in the binary file, and the file contains no carriage return/
line feed characters. The sequential position of the data in the binary file
determines the data translation. Refer to the IEEE Standard Common Foftnat

for Transient Data Exchange (COMTRADE) for Power Systents, E
al

.DAT File O
The .DAT file follows the COMTRADE binary standard. The format of tb

C37.111-1999 for more information. Many programs read t
COMTRADE files. These programs include the SEL-560

and the ACSELERATOR® QuickSet™ SEL-5030 softw% )
Generating Raw Data Oscillograms

To use high-resolution raw data oscillograph

event and use a trigger event method descri

and Event Reports on page A.3.4. Use the se

set the SEL-421 for the appropriate datd sampli
(see Duration of Data Captures

Assistant

le type of triggering
iggering Data Captures
s SRATE, LER, and PRE to
rate and data capture time

eports on page A.3.6).

Retrieving Raw Data Oscillogra

Use a computer terminal e ti ogram and the FILE commands at any
communications port to retrie stored high-resolution raw data capture
from the relay file structu ee Retrieving High-Resolution COMTRADE

Data: Terminal on p .50 for the method of identifying and
downloading C es. You can also use ACSELERATOR QuickSet
(see Retrievi R tion COMTRADE Data: ACSELERATOR QuickSet
on page U.
Event Report Use a ter L-supplied PC software to retrieve filtered event report
. files stofed he relay and transfer these files to your computer. Both
Oscillography ACSELER QuickSet and the SEL-5601 Analytic Assistant read the
comipressed'event files that the relay generates for an event. See Analyze
& Eveénts onpage U.3.19 for instructions on viewing event report oscillography

LERATOR QuickSet.

<
&

Q>®
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Event Reports, Event Summaries, and Event Histories

Event Reports, Event Summaries, and Event

Histories

Alias Names

NOTE.: if Alias names were changed

Event reports simplify postfault analysis and help you improve your
understanding of protection scheme operations. Event reports also aid in
testing and troubleshooting relay settings and protection scheni€s because
these reports contain detailed data on voltage, current, and relayfelement
status. For further analysis assistance, the relay appends theéjactivestelay
settings to each event report. The relay stores event repefts,in nenvolatile
memory, and you can clear the event report memory on ajpottsby-port basis
(see the EVE command in EVENT on page R.9.17)

You decide the amount of information and length¥in an gvent report (see
Duration of Data Captures and Event Reports®on,page A.3.6).

The SEL-421 records the filtered power system,data that the relay uses in
protection and automation processing. Youw ean view filtered information
about an event in one or more of the following forms:

>» Event report
>» Event summary.

» Event history

To customize your eventgepott, rename any Relay Word bit, analog quantity,
or default terminal namg with more meaningful names to improve the

after an event was recorded, the relay readability of faul@analysisiand customized programming. After renaming the
uses the present alias names in primitive quantities; the alias names rather than the primitive names appear in

subsequent event reports.

Event Report

SEL-421 Relay

the event gepottsfand SER. The primitive names of the analog channels still
appear in théyeventgeports.

The relay generates event reports to display analog data, digital data (control
input§¥contiol outputs, and the state of Relay Word bits), and relay settings.
Theleventireport is a complete description of the data that the relay recorded in
fesponsesto an event trigger. Each event report includes these components:

» Report header and analog section

> Currents, voltages, polarizing voltage (VIMEM)
» Digital section

> Relay Word bit elements, control outputs, control inputs
>» Event summary
» Settings

> Group settings

> Global settings
> QOutput settings
>

SELOGIC control equations protection logic

Viewing the Event Report

Access event reports from the communications ports and communications
cards at Access Level 1 and higher. (You cannot view event reports at the front
panel, although you can view event summary information at the front-panel
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display; see Events on page U.5.19.) You can independently acknowledge the
oldest event report at each communications port (EVE ACK command) so
that you and users at other ports (SCADA, Engineering, etc.) can retrieve
complete sets of event reports. To acknowledge the oldest event report, y
must first view that event report at a particular port by using the EVE N(E
command (see EVENT on page R.9.17).

You can use the EVE command and a terminal to retrieve event reports by
event order or by event serial number. (The relay labels each event with a
unique serial number as reported in the HIS command histo ; see
Event History on page A.3.31.)

n is 1 through 9999, n indicates the order of the rt. The most recent
event report is 1, the next most recent report i . When parameter n
is 10000 through 42767, n indicates the absolute ségial number of the event

report.

You can retrieve only analog or di 'tal@on, and you can exclude the
summary or settings portions of t 0 e default EVE command event
report data resolution is 4 samples/ d the default report length is 0.5
seconds (30 cycles at 60 Hz at 50 Hz) with the factory default

setting for LER. x
Table 3.3 lists a summary,of E ommands (see EVENT on page R.9.17 for

complete information VE command). Table 3.4 shows a few

Event Numbering %
Use the EVE r command to access particular event reports. When parameter
nt r
n n

examples of command o s that you can use with the EVE command. The
EVEL and E (o] ds provide compatibility with older command
sets.
Table 3.3 manda b: ¢ (Sheet 1 of 2)

Comm scription

EVE Return the most recent event report (including settings and summary)

at full length with 4-samples/cycle data.

L 4 \\O Return a particular n event report (including settings and summary) at

full length with 4-samples/cycle data.

%E A Return only the analog information for the most recent event report.
E ACK Acknowledge the oldest unacknowledged event at the present commu-

nications port.

EVECn Return a particular n event report at a 15-cycle length with 8-samples/
cycle data.

EVEDn Return only the digital information for a particular n event report.

EVEnrL Return a particular n event report at full length with 8-samples/cycle
sampling.

EVE n Lyyy Return yyy cycles of a particular n event report with 4-samples/cycle
data.

EVEN Return the oldest unacknowledged event report with 4-samples/cycle

L 2 data (N = next).

EVE n NSET Return a particular »n event report without settings at full length with 4-
samples/cycle data.

EVE n NSUM | Return a particular n event report without the event summary at full
length with 4-samples/cycle data.

Date Code 20080110 Applications Handbook SEL-421 Relay
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Table 3.3 EVE Command? b: ¢ (Sheet 2 of 2)

— \
Command Description
y _A
EVE n Sx Return a particular n event report at full length with x-samples/cycle
data.
EVE n TE Return a particular n event report at full length without the report
header with 4-samples/cycle data.

a8 The optional parameter n indicates event order or serial number (see Event,Numbering).

b The parameter x is 4 or 8 to represent data resolution of 4 samples/cycle andgs8 samples/
cycle, respectively.

¢ The parameter yyy represents an event length in cycles.

Table 3.4 EVE Command Examples

Example Description < P

EVE L10 S8 Return 10 cycles of an 8-samplesfeycle event report for the most
recent event.

EVEL010 A Return 10 cycles of the analog portion only of the most recent
event report at 4-samples/cyclépesolution.

EVE 2 NSET For the secon@ymostrec¢ent event, return the event report with no
settings at 4-samples/cyelé data.

You can retrieve event reports withathe)ACSELERATOR QuickSet Analysis >
View Event History menuyThe Amalysis > View Event Files menu gives you
oscillogram/element displays;{phasor displays, harmonic analysis, and an
event summary for each eyent you'select in the Event History dialog box. See
Analyze Events on pageaU.319, and Reading the Event History on

page U.4.48 for morg information on viewing event reports with
ACSELERATOR/QuickSet.

You can alsoidowitload event report files from the relay. Use a terminal
emulation‘program with file transfer capability. At an Access Level 1 prompt
or higher, type'{ILE READ EVENTS E8_nnnnn.TXT <Enter> for the
8-samples/cyele event report and type FILE READ EVENTS
E4_nnnnn.TXT <Enter> for the 4-samples/cycle event report (nnnnn is the
event serialfumber). Start the terminal download routine to store the file on
yous,computer. If you want the Compressed ASCII file, use the
C8unnfinn. TXT and C4_nnnnn.TXT file names for the 8-samples/cycle and
4-samiples/cycle Compressed ASCII event reports, respectively. See
Retrieving Event Report Data Files: Terminal on page U.4.54 for file
dewnload procedures.

The following discussion shows sample portions of an event report that you
download from the relay using a terminal and the EVE command. An event
report contains analog, digital, summary, and settings sections without breaks.

Report Header and Analog Section of the Event Report

The first portion of an event report is the report header and the analog section.
See Figure 3.6 for the location of items included in a sample analog section of
an event report. If you want to view only the analog portion of an event report,
use the EVE A command.

The report header is the standard SEL-421 header listing the relay identifiers,
date, and time. Report headers help you organize report data. Each event
report begins with information about the relay and the event. The report lists
the RID setting (Relay ID) and the SID setting (Station ID). The FID string
identifies the relay model, flash firmware version, and the date code of the
firmware. See Firmware Version Number on page U.6.41 for a description of
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the FID string. The relay reports a date and time stamp to indicate the internal
clock time when the relay triggered the event. The relay reports the firmware
checksum as CID.

The event report column labels follow the header. The data underneath th

analog column labels contain samples of power system voltages and currents

in primary kilovolts and primary amps, respectively. These quantities are

instantaneous values scaled by \2/2 (0.707) and are described in Tuble 3.6 To
obtain phasor rms values, use the methods illustrated in Obtaining RMS

Phasors From 4-Samples/Cycle Event Reports on page A.3.
and Figure 3.8.
Relay 1 Date: 03/15/2001 Time: 23:30:49.026
Station A Serial Number: 2001001234 Hea
FID=SEL-421-R101-V0-Z001001-D20010315 — Event Number = 10007 CID=0x3425
ware
Currents (Amps Pri) Voltages (kV Pri)
1A 1B IC 16 VA VB Ve vs1 VS2  Vimem
[11

-267 167 44 -56 -288.0 337.7 -47.8 215.3 144.9 -287.9
-76| -203 241 -37 -223.7 -138.4 361.3 -290.5 331.3 -223.7 Cycle
266| -166 -45 55 288.2 -337.5 47.5 -215.2 -145.0 288.1 of Data

76 202 -242 36 223.4 138.7 -361.4 290.5 -331.2 223.5
. See Figure 3.7 and Figure 3.8 to
calculate phasors for this data
[6]
-269 167 46 -56 -289.
-74  -202 240 -35 -222.
268  -165 -45 57 289.
93 151 -888  -643 221.
[71]

-208 2701 -3760 -1267 -288.

-146 2941 173 2968 -219. Trigger
134 -5748 8310 2696 286.

179 -6677 1811 -4688 219.
[8l

-125 5661 -8506 -2971 -286.

-177 6857 -1950 4730 -220. Largest Current
129 -5508 8382 3003 286. 243.9 (to Event Summary)
174 -6726 1839 -4712 220. 185.9

91

-128 5623 -8479 -2984 - -234.5

-173 6821 -1924 4724 - -180.4
126 -5540 8404 2990 227.3
177 -6749 1860 -4713 176.2

[10]
-126 4616 -6204 -1714 - -222.1
-106 4288 -1047 3135 - -162.6
65 -1722 1878 221 194.6
16 807 4 -786 130.7 Circuit Breaker Open
[11]
-1 -1 -2 -5 -147.1
2 3 4 9 -93.5
1 1 2 5 109.8
-2 -2 -3 65.3

e 3.7,

Figure 3.6 Ana e the Event Report

Table 3.5 Event Report Metered Analog Quantities (Sheet 1 of 2)

Quantity

Description

1A
1B
IC
1G
VA
VB
vC

Date Code 20080110

Instantaneous filtered line current, A-phase
Instantaneous filtered line current, B-phase
Instantaneous filtered line current, C-phase
Instantaneous filtered line current, residual (or ground)
Instantaneous filtered A-phase voltage

Instantaneous filtered B-phase voltage

Instantaneous filtered C-phase voltage

Applications Handbook
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Table 3.5 Event Report Metered Analog Quantities (Sheet 2 of 2)

Quantity Description \
y _A
VS1 Instantaneous filtered synchronization Source 1 voltage
VS2 Instantaneous filtered synchronization Source 2 voltage
VIiMem Instantaneous memorized positive-sequence polarization voltage

Figure 3.6 contains selected data from the analog section of a 4#samples/cycle
event report for a BCG fault on a 400 kV line with CT ratio i=400/) and PT
ratio := 3636/1. The bracketed numbers at the left of the repert (fer'example,
[11]) indicate the cycle number; Figure 3.6 presents seyemcycles of
4-samples/cycle data.

The trigger row includes a > character following immediately after the

V1Mem column to indicate the trigger point. Thi§,is the dividing point

between the prefault or PRE time and the fault%or remiainder of the data
capture.

The row that the relay uses for the currgntsiin the’event summary is the row
with the largest current magnitudes; the'rglay)marks this row on the event
report with an asterisk (*) character fimmediately after the V1Mem column.
The (*) takes precedence over the >%f both occur on the same row in the
analog section of the event report:

Obtaining RMS Phasors From 4*Samples/Cycle Event Reports

Use the column data ingan event report to calculate rms values. You can use a
calculator to convert/rectangular data to phasor data, or use hand-calculations
to separately defémmine the'magnitude and angle of the rms phasor.

Hand Calculation Method. The procedure in the following steps explains
a method foepobtaining a current phasor from the IA channel data in the event
report of Kigureép3.6. You can process voltage data columns similarly. The
drawings in Figure 3.7 and Figure 3.8 show one cycle of A-phase current in
detail. Figure/3.7 shows how to relate the event report ac current column data
to the sampled waveform and rms values. Figure 3.8 shows how to find the
phaser angle. If you use the larger 8-samples/cycle event report, take every
othier sample and apply those values in this procedure.

This example demonstrates using a terminal or terminal emulation program. A
more convenient method is to use ACSELERATOR QuickSet or the SEL-5601
Analytic Assistant. These programs automate the analysis process presented
in this example and provide you with voltage and current phasors as software
outputs.

This example assumes that you have successfully established communication
with the relay; see Making an EIA-232 Serial Port Connection on page U.4.7
for step-by-step instructions. In addition, you must understand relay access
levels and passwords. See Changing the Default Passwords on page U.4.9 to
change the default access level passwords.

Step 1. Prepare to monitor the relay at Access Level 1:
a. Using a communications terminal, type ACC <Enter>.
b. Type the Access Level 1 password and press <Enter>.
You will see the Access Level 1 => prompt.
Step 2. Identify an event:
a. Type HIS <Enter>.
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The HIS command gives a quick, one-row listing of
relay-stored events (see Event History on page A.3.31
for more information).

This example uses the latest captured event.

b. If no events are available, use the TRI command to
generate an event (see Triggering Data Captures and

Event Reports on page A.3.4). y
Step 3. Gather data from the event report:
a. Enable terminal data capture (usu a er >
ina erminal

Capture Text menu) in your ter
emulation program.
b. Type EVE <Enter> at the Aceess 11 => prompt to
obtain an event report similar to'kigure 3.6.
(See Table 3.3 or EVE n R.9.17 for a summary
of EVENT commands.)
The relay respon it entire event report.

Step 4. Calculate the phas

a. Selectacyc rom the TA column of the event
Figure,s. [1] data for this example are shown in

ree pairs of scaled instantaneous current
rom Cycle [1].

te phasor magnitude using the following
ssion:

«/X2 +Y’= |Phasor] Equation 3.1

: b.

& In Equation 3.1,Y is the first row of IA column current
\ C
d

of a data pair, and the next row is X, the present value of
the pair.

For this example, the computation shown in Figure 3.7
yields 277.0 A.

Compute phasor magnitudes from the remaining data
pairs for Cycle [1].

L 4

Confirm that all values are similar.

Q
o
&

L 4
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Raw Waveform \ < ,

| IApeak = 392 Apeak

| ! \ t \ *
0 | ) -

I

| 1/4 cycle \

2 S 2

\ i -

multiply by “%
s <
N 2 = 27112 Ars
\Q .

261 -267
g -6 -z TR - 21
7
@E “ s b= (O @6612= 2166 = 2770 Ay
6 .
. () T @ =6

Fig 3.7 Event Report Current Column Data and RMS Current Magnitude

\ Step 5. Calculate the immediate phase angle:

a. Select the same cycle of data from the IA column of the
event report as you did when finding the magnitude

(Cycle [1] data for this example).

b. Compute phasor angle using the following expression:

® 0 = arctan(z): ZPhasor
X Equation 3.2

In Equation 3.2, 'Y is the first (or previous value) IA
column current of a data pair, and X is the present value
'S of the pair.

For this example, the computation shown in Figure 3.8
yields —105.9 degrees.

c. Compute phasor angles from the remaining data pairs
for Cycle [1].
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NOTE: The arctan function of many
calculators and computing programs
does not return the correct angle for Raw Wavef
the second and third quadrants (when aw Waverorm
X is negative). When in doubt, graph
the X and Y quantities to confirm that |
the angle that your calculator reports
is correct. | | \
t
0 i J &
pd 2 S
g 5
AV
@multiply by “%_
AN
o
~

IA
=267 «— — Y = pfevi ycle

-6 =— S ple
266
7
. X=-716

L -267
-16
266

Event Report Column Data

y

S 0= arctan(%)
N _
¢ ~ = arctan(%)
N
K\ N =-1059 degrees
-
b
\ 8

Y = -267

@ Figure 3.8 Event Report Current Column Data and RMS Current Angle
Step 6. Calculate the reference phase angle. Usually, you compare
power system angles to a reference phasor (positive-sequence
A-phase voltage, for example):
> Repeat Step 5 for the row data in the VA column that
correspond to the TA column data values you used in

L 4 Step 5.
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The angle calculation for the VA data is the following:
6 = ZLVA O
= arctan()l;) 0
_ arctan(_zgg'o) .
-223.7
= -127.8° ation 3.3

(This is an example of an arctan calculation‘that yields the
incorrect answer from some calculators ath’programs.)

Step 7. Calculate the absolute phase angle:
> Subtract the IA angle fror@mgle to obtain the

A-phase-referenced phasor or [A.

ZVA - ZIA =-127.8°— 5.9

I4 leads V,; thus, the rmis phaseor for current IA at the present
sample is 277.0 A&21.9° @ enced to Vy.

In the procedure above, you f current data from the event report
to calculate an rms phasor ¢ e first sample pair of Cycle [1], the

rms phasor is I, =277.0 .
The present sample of the samplefpair (X = —76) is a scaled instantaneous

current value (not an quantity) that relates to the rms phasor current value
by the expression

=-21.9° Equation 3.4

X="=76 = 277.0 * cos(-105.9°) Equation 3.5

Polar Calcula ethod. A method for finding the phasor magnitude
and angle fro ent report quarter-cycle data pairs is to use a polar-capable
uter program. Many calculators and computer programs
sian (X and Y) coordinate data to polar data. Key or enter the X
value or lower value of a column pair) and the Y value (later
oper value in a column pair) as Cartesian (rectangular) coordinates.
e keystrokes necessary for your calculator or computing program to
convert to polar coordinates. This is the phasor value for the data pair.

Digital ion of the Event Report

The second portion of an event report is the digital section. Inspect the digital
data to evaluate relay element response during an event. See Figure 3.9 for the
locations of items in a sample event report digital section. If you want to view
only the digital portion of an event report, use the EVE D command (see
Table 3.3 or Section 9: ASCII Command Reference in the Reference Manual
for details). In the digital portion of the event report, the relay indicates

deasserted elements with a period (.) and asserted elements with an asterisk
(*) character.

4 The element and digital information labels are single character columns. Read
these columns from top to bottom. The trigger row includes a > character
following immediately after the last digital element column to indicate the
trigger point. The relay marks the row used to report the maximum fault
current with an asterisk (*) character at the right of the last digital element

-421 Relay Applications Handbook Date Code 20080110



Analyzing Data | A.3.21
Event Reports, Event Summaries, and Event Histories

column. Event reports that are 4-samples/cycle reports show the OR
combination of digital elements in the two 8-samples/cycle rows to make the
quarter-cycle entry.

The digital report arranges the event report digital settings into 79 colum
pages. For every 79 columns, the relay generates a new report that follows th
previous report.

The report displays the digital label header for each column in a vertical
fashion, aligned on the last character. For example, if the first digital section

elements are IN101, #, RMBAS, M2P, LOKA, #, OUT , and
HALARM, the header appears as in Figure 3.10. If the bits
included in the header were assigned aliases, the alias ear in the
report.
228 B
C 55 F F
vz S 66 66 55 0 BBBBBB AA T T
MMM 777 PL 3333 05 666 77 666 77 511 Z M KKKKKK 11 RFRF lumn Labels

TTT MMMM 234 7777 234 00L 00 3S 2222 TO 777 GG 777 QQ 1SS 3KP 121212 BB IBIB
PPP 1234 PPP 1234 GGG LAO SS PP QQGG FP GGG 23 QQQ 23 S11 PRER RRLLCC KK PFPF
ABC PPPP TTT GGGG TTT VDP BT 00 FRFR T1 123 TT 123 TT 1TR TBYM SSOOLL 12 1122

One Cycle of Data

ENE

Trigger

Largest Current
(to Event Summary)

Circuit Breaker Open

Figure 3.9 ction of the Event Report
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may contain ad

(ASCII) event
on page A.3.24.

S

1 Relay

L 4

———— INI01
—
—— RMBAS
——— M2P
—— LOKA
#
0UT203
0UT204
— HALARM P
00H
I R|| UUA
N ML TTL
1 BMO 22A
0 A2K OOR
1 5PA 34M

X%
* .. * .« ..
of@t Report

| Portion of the Event Report

EXAMPLE 3.3 Readin ig

This example show e he digital event report shown in
Figure 3.9. The sam igitallevent report shows seven cycles of
4-samples/cycle d fo G fault that trips a single-pole-capable

circuit breaker.

In this particu rt;the mho phase distance elements M1P and
M2P pick up i sample of Cycle [7]. The relay asserts the
ing E" its TPA, TPB, and TPC when the distance

2rate because of programming in the TR (Unconditional
Locic control equation.

eported sample (the second sample of Cycle [7]), the

C imately three cycles later, the digital event report shows that
the circuit breaker has tripped. In Cycle [10], Relay Word bit SPO
indicates that the relay has detected a single-pole open; one of the
\ poles of the circuit breaker has opened. The remaining poles open
and the relay asserts Relay Word bit, 3P0, (Three-Pole Open). Note
that the relay polarizing voltage for element security, VPOLYV, is
always available.

Gs’cting Event Digital Elements

Specify the digital elements in the digital section of the event report by using
the Event Reporting Digital Elements settings found in the Report settings
(the SET R command from a terminal or the Report branch of the Settings
tree view of ACSELERATOR QuickSet). You can enter as many as 800 Relay
Word bits from 100 target rows. The # symbol places a blank column in the
digital report. Use the # symbol to organize the digital section of the event
report. See Report Settings on page R.10.47 for a list of the default
programmed digital elements.

Digital Section INnnn Times

Reported assertion times for input digital elements differ, although these
elements have the same name in both high-resolution raw data reports and in
the filtered event reports. When you enter an input (INnnn) in the event
digitals list, the relay displays the filtered input with time latency in the event
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report and the Compressed ASCII event report. However, in the binary
COMTRADE file event report, the relay reports the actual high-sample rate
capture time for relay inputs.

Event Summary Section of the Event Report

The third portion of an event report is the summary section. See Figure 3,11
for the locations of items included in a sample summary section of an event
report. If you want to exclude the summary portion from an ort, use
the EVE NSUM command (see EVENT on page R.9.1

The information in the summary portion of the event r x same
information in the event summary, except that the rep does not
appear immediately before the event information n iew a summary

in the event report. See Event Summary on page a description of the
items in the summary portion of the event report.

Event: BCG T Location: 48.17 Time Source: OTHER
Event Numbers: 10007 Shot 1P: 0 Shot 3P: 0 Freq: 60.01 Group: 1 .
Targets: INST TIME ZONE_1 A_PHASE B_PHASE bklrs Event Information
Breaker 1: OPEN Trip Time: 23:30:49.026
Breaker 2: OPEN Trip Time: 23:30:49.026
Prefault: IA 18 Ic 16 312 VA vB
MAG(A/kV) 276 262 246 65 17 364.704 364.903 364. Prefault Data
ANG(DEG) 22.1 -91.7 138.2 5.1 178.5 0.0 -119.9 1207
Fault:
MAG(A/KV) 217 8892 8727 5586 11403 361.421 Fault Data
ANG(DEG) -17.0 167.3 24.8 95.6 94.4 0.1
MIRRORED BITS
Channel Status
MB:8->1 RMBA TMBA RMBB TMBB
TRIG 00000000 00000000 00000000 00000000
Figure 3.1 Summary Section of the Event Rep
Settings Sectio Event Report
Th ﬁnal ortion of an event report is the settings section. See Figure 3.12 for
ns of items included in a sample settings section of an event report.
want to exclude the settings portion from an event report, use the EVE

E command (see EVENT on page R.9.17).

e settings portion of the event report lists important relay settings at the
time the relay event triggered. The event report shows group, global, output,
protection SELOGIC control equation settings and alias settings. For the group
settings and the protection SELOGIC settings, the relay reports only the active
group. The settings order in the event report is the same order as when you
issue a SHOW command from a terminal. See SHOW on page R.9.43 for
information on the SHOW command, and Making Simple Settings Changes
on page U.4.17 for information on relay settings.

4
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Group 1

Line Configuration

CTRW = 400 CTRX := 400 PTRY = 3636
PTRZ := 3636 VNOMZ := 115 Z1MAG =4.72
Z0MAG = 14.50 Z0ANG  := 75.70 EFLOC =Y

L]

L]

L]
Global

General Global Settings

SID = "Station A"
RID = "Relay 1"
NUMBK =
BID1 = "Breaker 1"
BID2 = "Breaker 2"
NFREQ = 60 PHROT  := ABC DATE_F := MDY
FAULT = NA

L]

L]

L]
Output
Main Board
0uUT101 := 3PT
0UT102 := BKICL
0UT103 := BK2CL
0UT104 := NA
0UT105 := NA
0UT106 := NA
0UT107 := NA
0UT108 := NA

Protection 1

Freeform Protection SELogic

1:  fHH PROTECTION FREEFORM AUTOMATION EXA

2: {HHE

3: {44t SET CONTROL VARIABLE 1

4:  fHHE ASSERTS WHEN PRIMARY POSITIVE SEQUENCE

5: {HHF GREATER THAN 90% OF 230 KV DIVID Y S 3

6: PSVO1l := VIM >= 119.5 #90% OF 230 BY SQRT 3
Alias

Relay Aliases

VNOMY
Z1ANG
LL

115
82.60
100.00

Active Group Settings

\@.

Global Settin

O

=S

. o)
| Q
>

(ReTay Word Bit or Analog Qu N 7 Character Alias [0-9 A-Z _1)

1: EN,"REL_EN"

Output Settings

Active Protection Logic Settings

Alias Settings

Figure 3.12 Se s ti

% CEVENT

of the Event Report

The relay provides a Compressed ASCII event report for SCADA and other
automation applications. ACSELERATOR QuickSet uses Compressed ASCII

commands to gather event report data. If you want to view the Compressed

L 4 ASCII event report data, use a terminal to issue ASCII command CEV. A
sample of the report appears in Figure 3.13; this is a comma-delimited ASCII
file. The relay appends a four-digit hex checksum at the end of the lines in the
Compressed ASCII report.

Items included in the Compressed ASCII event report are similar to the event
report, although the relay reports the items in a special order. CEV files (and
COMTRADE files) include all eight Relay Word bits from each row of the

-421 Relay
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Relay Word that has at least one element included in the event report digital
elements setting—see Table 10.91 on page R.10.48. For the purpose of
improving products and services, SEL sometimes changes the items and i
order.

See SEL Compressed ASCII Commands on page R.5.6 and ASCII Comman
Reference on page R.9.1 for more information on the Compressed ASCII

A.3.25

command set.

L 4

"FID","RID","SID","03E2"
"FID=SEL-421-R101-V0-Z001001-D20010315","ReTay 1","Station A","0f0c"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
3,15,2001,23,30,49,26,"0400"
"EVENT_NUM","EVENT","LOCATION","FREQ","NFREQ","SAM/CYC_A","SAM/CYC_D","NUM_OF_CY
C","SER_NUM","PRIM_VAL","CTR_IA","CTR_IB","CTR_IC","CTR_IG","PTR_VA","PTR_VB","P
TR_VC","PTR_VS1","PTR_VS2","CTRW","CTRX","PTRY","PTRZ","GROUP", "BREAKER1", "HOUR_
T1","MIN_T1","SEC_T1","MSEC_T1","HOUR_C1","MIN_C1","SEC_C1","MSEC_C1","BREAKER2"
,"HOUR_T2","MIN_T2","SEC_T2","MSEC_T2","HOUR_C2","MIN_C2","SEC_C2","MSEC_C2","T
LED","TARGETS","MB_TRIGGER","MB_TRIP","IA_PF","IA_DEG_PF","IB_PF","IB_DEG_PF",
C_PF","IC_DEG_PF","IG_PF","IG_DEG_PF","3I2_PF","312_DEG_PF","I1_PF","I1_DEG_PF",
"VA_PF","VA_DEG_PF","VB_PF","VB_DEG_PF","VC_PF","VC_DEG_PF","VS1_PF","VS1_DEG_PF
","VS2_PF","VS2_DEG_PF","VIMEM_PF","VIMEM_DEG_PF","VO_PF","VO_DEG_PF","V2_PF","V
2_DEG_PF","V1_PF","V1_DEG_PF","IA","IA_DEG","IB","IB_DEG","IC","IC_DEG","IG","IG
_DEG","312","312_DEG","I1","I1_DEG","VA","VA_DEG","VB","VB_DEG","VC","VC_DEG
S1","VS1_DEG","VS2","VS2_DEG","VIMEM","VIMEM_DEG","VO","VO_DEG","V2","V2_D
1","V1_DEG","EFCC"
10007,"BCG

T",48.17,60.01,60,4,4,15.000,"0000000000","YES",1.0,1.0,1.0,1.0,1.0,
1.0,400,400,3636,3636,1,"YES",1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,40
636,1,"0PEN",23,30,49,26,,,,,"0PEN",23,30,49,26,,,,,28872,"INST TIME

A_PHASE B_PHASE bklrs","0000000000","0000000000",276,22.05,262, -
91.71,246,138.23,784,68.57,17,178.47,261,22.93,365,0.00,365, -

119.87,364,120.30,361,-88.78,362,151.39,365,-0.01,0,-43.94,365,0.1
16.99,8727,24.82,17836,175.10,11403,94.44,361,0.07,219, -

"TACA)","IB(A)","IC(A)","TIG(A)","VACKV)","VB(kV)","VC(kV)","V
VIMEM(kV)™,"FREQ","TRIG","LOPHC SPOA SPOB SPOC SPO 3P0 27APO
LOP ZLOAD ZLIN ZLOUT FIDEN FSA FSB FSC DFAULT ER EAFSRC_* *
M5P * * * 50Q1 50Q2 5003 5004 67Q1 6702 67Q3 6704 51S

51S2R * 51S3 51S3T 51S3R * * * * * 71G 72G Z3G Z4G
67G1T 67G2T 67G3T 67G4AT RMBBA RMB7A RMB6A RMBSA RMB
TMB7A TMB6A TMB5A TMB4A TMB3A TMB2A TMB1A RMB8B
RMB2B RMB1B TMB8B TMB7B TMB6B TMB5B TMB4B TMB3B
LBOKA ANOKA DOKA * * ROKB RBADB CBADB LBOKB ANOKB D
SPT TPA1l TPB1 TPC1 TPA2 TPB2 TPC2 TOP ULTR ULMTR
52AAL1 52BAL1 52CAL1 52AA1 52AB1 52AC1 * 52ACL2 BCB2 52CCL2 52AAL2 52BAL2
52CAL2 BK2LO BK1CL BK2CL LEADBKO LEADBK1 LEADB
TLED_3 TLED_4 TLED_5 TLED_6 TLED_7 TLED_8 T
TLED_14 TLED_15 TLED_16 M1PT M2PT M3PT M4
* x * XAG5 XBG5 XCG5 * CVTBL VPOLV % * 0
F32P R32P F32Q R32Q 32QF 32QR 3ZSPO’3 SP

kvy™, "
ILOP
3P M4p
5182 51S2T
G2 67G3 67G4
RMB2A RMB1A TMB8A
RMB5B RMB4B RMB3B
ROKA RBADA CBADA
PA TPB TPC TRIP 3PT

* Z1GT Z2GT Z3GT ZA4GT Z5GT
SB4 0SB5 0SB OSTI 0STO OST

321 F32V R32V F32QG R320QG 32GF
T 67Q02T 67Q3T 67Q4T * * * *

K1 25A1BK1 59VS2 25ENBK2 SFZBK2
SFBK2 25W1BK2 25W2BK2 25A1BK2
79CY3 BKILO RXPRM COMPRM TRPRI E3PT E3PT1 E3PT2 PT Z3RB KEY EKEY ECTT
27AWI 27BWI 27CWI RTSALl RTSBI1 FA1 FBFB1 FBFC1 FBF1 FOC1 FOBF1
BFTRIP1 BFTR1 BFULTR1L * * * TSC2 RT2 FBFA2 FBFB2 FBFC2 FBF2 FOC2
FOBF2 BFTRIP2 BFTR2 BFULTR2 & * * # IN107 IN106 IN105 IN104 IN103 IN102 IN101
PSV08 PSV07 PSV06 PSV0O5 PSVQ4, PSVO3FPSV02 PSVO1 ASV008 ASV007 ASV006 ASV005

ASV004 ASV003 ASV002 ASV UT107 OUT106 OUT105 OUT104 OUT103 0UT102
ouT101","CFDC"

-267,167,44,-56,-288. .66,-47.82,215.25,144.89, -

287.93,60.00,," 00000000000000000000003fc00000000000004000000000000000

0070000000000
-76,-203,241 . -138.45,361.32,-290.46,331.28, -
223.70,60. 0000000000000000000003fc00000000000004000000000000000

007000000 1E63"
266,-166,-4 -337.52,47.48,-215.15, -
144.99,288.12, 0000000000000000000000000000000003fc0000000000000400000000

0000000007000000 00000000","1E01"
76,202,-242,36,223.44,138.73,-361.35,290.51, -
331.23,223.45,60.02,,"0000000000000000000000000000000003fc0000000000000400000000
000000000700@00000000000000" ,"1DAE"

Report H%

>

mary Labels

Summary Data

Column Labels

Event Data (Cycle 1)

(Continued on next page)

igure 3.13 Sample Compressed ASCII Event Report
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-269,167,46,-56,-289.32,336.87,-45.79,215.46,144.66, -
289.43,60.02,,"0000000000000000000000000000000003fc00000000000004000000000000000
007000000000000000000","1E13"
-74,-202,240,-35,-222.17,-140.21,361.53,-290.20,331.42, -
221.78,60.02,,"0000000000000000000000000000000003fc00000000000004000000000000000
007000000000000000000", "1E4F"

268,-165,-45,57,289.38,-336.74,45.57,-215.42, -
144.63,289.53,60.02,,"0000000000000000000000000000000003fc0000000000000400000000
0000000007000000000000000000","1E08"
93,151,-888,-643,221.15,133.53,-335.01,290.18, -
331.43,220.75,60.02,,"0000000000000000000000000000000003fc0000000000000400000000
0000000007000000000000000000","1E15"
-208,2701,-3760,-1267,-288.72,293.71,-24.11,215.51,144.50, -
286.25,60.02,">","000200c00000000000000000000000fbf3fc00000000800004000000000000
000027000000000000000001™,"206F"
-146,2941,173,2968,-219.57,-87.56,261.56,-290.11,331.44, -
214.05,60.02,,"000300c00000000000000000000000fbf3fc0000c80080000400a80a000000000
027000000000000000001","2043"

134,-5748,8310,2696,286.92,-232.41,3.47,-215.64, -
144.36,273.34,60.02,,"000000c00000000000000000000000fbf3fc0000c80080000400a80a00
0000000027000000000000000001","2015"
179,-6677,1811,-4688,219.83,47.36,-214.22,290.03, -
331.50,202.83,60.02,,"000200c00000000000000000000000fbf3fc0000c80080000400a80a00
0000000027000000000000000001","2047"
-125,5661,-8506,-2971,-286.10,213.60,-3.75,215.77,144.18, -
256.46,60.02,,"000300c00000000000000000000000fbf3fc0000c80080000400a80a00000
027000000000000000001","206E"
-177,6857,-1950,4730,-220.85,-46.88,214.21,-289.93,331.58, -
193.18,60.02,"*","000300c00000000000000000000000fbf3fc0000c87080000400a
000027000000000000000001","212C"
129,-5508,8382,3003,286.89,-213.75,3.55,-215.97, -
143.98,243.86,60.02,,"000300c00000000000000000000000fbf3fc0000c870800004 a00
0000000027000000000000000001","2031"
174,-6726,1839,-4712,220.39,47.21,-214.22,289.79, -
331.64,185.90,60.02,,"000300c00000000000000000000000fbf3fc00 00400a80a00
0000000027000000000000000001","2058"
-128,5623,-8479,-2984,-287.15,213.94,-3.52,216.15,143 .8
234.46,60.02,, "00O300cOOOOOOOOOOOOOOOOOOOOOOOfbech

027000000000000000001","2080"
0000 080000400a80a000000000

000 80a000000000

-173,6821,-1924,4724,-219.78,-47.29,214.01,-289.66,
180.38,60.02,,"000300c00000000000000000000000fb
027000000000000000001","20B4"

126,-5540,8404,2990,286.60,-213.66,3.52,-216.26, -

143.67,227.34,60.02,,"000300c00000000000000000 3¥€0000c87080000400a80a00
0000000027000000000000000001","2015"
177,-6749,1860,-4713,220.04,47.35,-212.90,289.
331.82,176.19,60.02,,"000300c000000000000 00 £3fc0000c87080000400a80a00

0000000027000000000000000001","2056"

-126,4616,-6204,-1714,-282.94,178.63p41. 16.40,143.49, -
222.05,60.02,,"000300c000000000000000 0 fc0000c87080000400a80a000000000
027000000000000000001","2075"

-106,4288,-1047,3135,-231.56,-64.52,95.28,

162.59,60.02,,"800000c0000000
027000000000000000001","2084"
65,-1722,1878,221,140.22,-72. 16.57,-

143.30,194.58,60.02,,"b8000 000000000000fbf3000000c87000000400000000
000000000700000000000000000

.40,331.89, -
00000fbf3fc0000c87080000400a802000000000

142.80,109.76,60% ,"£40000000000000000000000000000fbf3000000c87000000400000000
0000000007000000000000000001","1C61"

-2,-2,-3,-8,-58.22,0.22,0.22,288.96, -
332.25,65.27,60.02,,"f40000000000000000000000000000fbf3000000c870000004000000000
000000007000*0000000000001" ,"1cep”

Trigger

(Continued from previous page

Event Data (Cycle 6-11)

(Continued on next page)

ure 3.13 Sample Compressed ASCII Event Report
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(Continued from previous page

"SETTINGS™,"02E1"

"Group 1
Line Configuration . )
Active Group Settings
CTRW = 400 CTRX := 400 PTRY = 3636 VNOMY := 115 .
PTRZ 1= 3636 VNOMZ  := 115 Z1MAG =4.72 Z1IANG  := 82.60
Z0MAG = 14.50 Z0ANG  := 75.70 EFLOC =Y LL := 100.00 %
L] _—
Global
L]
General Global Settings
SID = "Station A"
RID = "Relay 1" S
NUMBK =2
BID1 = "Breaker 1"
BID2 = "Breaker 2"
NFREQ = 60 PHROT := ABC DATE_F := MDY
FAULT = NA
L]
L]
L]
Output
Main Board
ouT101 3PT
0uT102 BK1CL X
0UT103 BK2CL Output Settings
0uT104 NA

0UT105 NA

0UT106 := NA
0UT107 := NA
0UT108 := NA
L]
L]
L]
Protection 1
Freeform Protection SElLogic

1: fHH PROTECTION FREEFORM AUTOH‘TIO XAMP L ) . .
2:  HHE Active Protection Logic Settings
3: {4k SET CONTROL VARIABLE 1

4: {HHF ASSERTS WHEN PRIMARY POSITIVE SE E IS

5: {HHF GREATER THAN 90% OF 230 KV IDED SQRT 3

6: PSVOLl := VIM >= 119.5 #90% 3 DIVIDED BY SQRT 3

Alias

Relay Aliases . .
(ReTay Word Bit or Analog Qu it ame, 7 Character Alias [0-9 A-Z _1) Alias Settings

1: EN,"REL_EN"

Figure 3.13 /Sa pressed ASCII Event Report

The order of the labels in the digital portion of the Column Labels field
matches the order of the HEX-ASCII Relay Word. Each numeral in the HEX-
ASCII Relay Word reflects the status of four Relay Word bits from the Digital

P Column Labels field of the Compressed ASCII event report. The HEX-ASCII
Relay Word from the first sample of Cycle [7], the trigger cycle, is the
following:

"000200c00000000000000000000000fbf3fc00000000800004000000000000000027000000000000000
001"
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In this HEX-ASCII Relay Word, the seventh numeral in the HEX-ASCII
Relay Word is C. In binary, this is 1100. Mapping the labels to the digital

Column Labels yields the following:
M1P M2P M3P M4P 6
1 1 0 o

MIP and M2P are elements that picked up at the first sample of Cycle [7{(see
Figure 3.9).

Event Files Download \%

You can download the event file from the relay and save ﬁ iles to a PC to
keep as a record or examine later. Use a terminal emulationsprogram with file
transfer capability. For example, type FILE READ E TS
E4_10007.TXT <Enter> at an Access Level 1L pr r higher to download
a 4-samples/cycle event report with serial numbefal0007. Start the terminal
download routine to store the file on your computer. Use Y modem protocol.

If you want the Compressed ASCII file, t LE READ EVENTS
C4_10007.TXT <Enter>. In ad y use ACSELERATOR QuickSet
to download event files. See Retrievi ent Report Data Files: Terminal on
page U.4.54 for more infor vent report file download procedures.

of stored event reports as event
reports present vital information about a
ates an event in response to power system

Event Summary You can retrieve a shorten

summaries. These short-
triggered event. The r

faults and other trigger (see Triggering Data Captures and Event
Reports on p 4) Figure 3.14 for a sample event summary.
The SEL-4 e configured to automatically send an event summary—see

s on page R.5.9.

Relay 1 Da 001 Time: 23:30:49.026

Station A er: 2001001234 Report Header
Event: BCG T Location:  48.1 Time Source: OTHER .
Event Numberst: 10007 shot 1P: 0% sh P: Freq: 60.01 Group: 1 Event Information
Targets: INST TIME ZONE_1 A_PHASE B,P% j—

Breaker 1: OPEN Trip Time: B .026 e

Breaker 2: OPEN Trip Tim 3:30:49:026 Circuit Breaker Status
PreFault: IA 1B I 312 VA VB Ve Vlimem

MAG(A/kV) 276 262 246 65 17 364.704 364.903 364.452 364.614 ——— Prefault Data
ANG(DEG) 22.1 -91.7 138 78.5 0.0 -119.9 120.3 0.2

Fault:

MAG(A/kV) 217 8892 8727 5586 11403 361.421 218.687 214.239 321.083 ——— Fault Data
ANG(DEG)  -17.0 167.3 2 6 94.4 0.1 -129.9 126.7 0.7

co>»o>» ®woO
co>»o>»w=o
co» <o ™

CowxO W
cCowo>» ™o
cCowo» W™
cCowmARO XD

L
B
0
K MIRRORED BITS
MB:8->1 MB A RMBB TMBB A Channels Status
TRIG 000 00000000 00000000 00000000 0
TRIP 0 0000 00000000 00000000 0

Figure 3.14 Sample Event Summary Report
4
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The event summary contains the following information:
» Standard report header
> Relay and terminal identification 0
> Event date and time
Event type
Location of fault (if applicable)

Time source (HIRIG or OTHER) \%

Event number

Recloser shot counter at the trigger tim@
System frequency

Active group at trigger time 0

Targets

YYVYVY Y VY VY YVYY

Circuit breaker trip and
status

; and auxiliary contact(s)

\

Prefault and fault v
(from the eve or

» MIRRORED mmunications channel status (if enabled)
The relay derives the summary t information and circuit breaker trip and
close times from the risin e of relevant Relay Word bits during the event.

If no trip or circuit b lement asserted during the event, the relay uses
the last row of the.e

Fault locatig @ an be indeterminate (for example, when there is no fault

on the power em). If this is the case, the relay displays “$$$$.$$” for the

Locatior?MI e event summary. You will also see the “$$$$.$$” display
ca

enable setting EFLOC is N.

ents, and sequence current
ith the largest current)

©eve ¢
Nminate fault events. For example, you can trigger an event when there
is no fault condition on the power system by using the TRI command. In this
, when there is no fault, the relay reports the event type as TRIG.

O Table 3.6 Event Types
Event Event Trigger
AG, BG, CG, ABC, The relay reports phase involvement. If Relay Word bit TRIP
AB, BC, CA, ABG, asserts at any time during the event, the relay appends a T to the
BCG, CAG phase (AG T, for example).
TRIP The event report includes the rising edge of Relay Word bit
TRIP, but phase involvement is indeterminate.
ER The relay generates the event with elements in the SELOGIC
P control equation ER, but phase involvement is indeterminate.
TRIG The relay generates the event in response to the TRI command.
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Viewing the Event Summary O
Access the event summary from the communications ports and

communications cards. View and download history reports from Access ‘ )
Level 1 and higher. You can independently acknowledge a summary (with

SUM ACK command) at each communications port so that you and users at
other ports (SCADA, Engineering, etc.) can retrieve a complete set of

summary reports. To acknowledge and remove a summary, you must firsPuse
the SUM N(EXT) command to view that summary. %

You can use the SUM command to retrieve event summaries, by or date
range, and by event number. (The relay labels each ne ntWith a unique
number as reported in the HIS command history repott; nt History on

page A.3.31.)
Table 3.7 lists the SUM commands. See S UMM@age R.9.48 for

complete information on the SUM comman:

Table 3.7 SUM Command

Command Description

SUM Return the most rec mary (with header).

SUM n Return a p : nt summary (with header).
SUM ACK Acknowl nt summary on the present communications
port.

SUMN View the‘aldest unacknowledged event summary (N = next).

a The parameter n indic
page A.3.13).

nt summaries with ACSELERATOR QuickSet. The Event
Wavefor Summary Data menu item gives you summary
informatio each event you select in the Event History dialog box. Access

the Rela, e istory dialog box via the Analysis > View Event Files
menu. See ze Events on page U.3.19 for information and examples.

CSUMMARY
N

You can retg

heelay outputs a Compressed ASCII summary report for SCADA and other
tomation applications. Issue ASCII command CSU to view the Compressed
N II summary report. A sample of the summary report appears in
gure 3.15; this is a comma-delimited ASCII file. The relay appends a four-
digit hex checksum at the end of the lines in the Compressed ASCII report.

Items included in the Compressed ASCII summary report are similar to those
included in the summary report, although the relay reports the items in a

® special order. For the purpose of improving products and services, SEL

sometimes changes the items and item order.

See SEL Compressed ASCII Commands on page R.5.6 and ASCII Command
Reference on page R.9.1 for more information on the Compressed ASCII
command set.
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“RID","SID","FID","03e2"

"Relay 1","Station A","SEL-421-R101-V0-Z001001-D20010315","0dfc" Report Header
"EVENT_NUM","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","USEC","EVENT","LOCAT
ION","TIME_SOURCE","SHOT_1P","SHOT_3P","FREQUENCY","GROUP","BREAKER1","HOUR_T1",
“MIN_T1","SEC_T1","MSEC_T1","HOUR_C1","MIN_C1","SEC_C1","MSEC_C1","BREAKER2","HO
UR_T2","MIN_T2","SEC_T2","MSEC_T2","HOUR_C2","MIN_C2","SEC_C2","MSEC_C2","T_LED"
,"TARGETS","MB_TRIGGER","MB_TRIP","IA_PF","IA_DEG_PF","IB_PF","IB_DEG_PF","IC_PF
","IC_DEG_PF","IG_PF","IG_DEG_PF","312_PF","312_DEG_PF","I1_PF","I1_DEG_PF","VA_ Report Labels
PF","VA_DEG_PF","VB_PF","VB_DEG_PF","VC_PF","VC_DEG_PF","VS1_PF","VS1_DEG_PF","V
S2_PF","VS2_DEG_PF","VIMEM_PF","VIMEM_DEG_PF","VO_PF","VO_DEG_PF","V2_PF","V2_DE
G_PF","V1_PF","V1_DEG_PF","IA","IA_DEG","IB","IB_DEG","IC","IC_DEG","IG","IG_DEG
","312","312_DEG","I1","I1_DEG","VA","VA_DEG","VB","VB_DEG","VC","VC_DEG","VS1",
"VS1_DEG","VS2","VS2_DEG","VIMEM",b"VIMEM_DEG","VO","VO_DEG","V2","V2_DEG","V1","

L 4
V1_DEG","D94E" %
10007,3,15,2001,23,30,49,026,900,"BCG
T",48.17,"0THER",0,0,60.01,1,"0PEN",23,30,49,26,,,,, "OPEN",23,30,49,26,,,,, 28872, ]
INST TIME ZONE_1 A_PHASE B_PHASE bklrs™,"0000000000","0000000000",276,22.05,262, m

-91.71,246,138.23,784,68.57,17,178.47,261,22.93,365,0.00,365,-119.87,364,120.30,
361,-88.78,362,151.39,365,-0.01,0,-43.94,365,0.14,217, -
16.99,8727,24.82,17836,175.10,11403,94.44,361,0.07,219, -
129.89,214,126.73,321,0.75,31,2.67,321,0.75,31,2.67,67,2.55,263,-0.87,"49C7"

Report D

Figure 3.15 Sample Compressed ASCII Summary

Event Hi Story The event history gives you a quick lo t relay activity. The relay
labels each new event with a uni m| om 10000 to 42767. (At 42767,
the top of the numbering range, the eturns to 10000 for the next event
number and then continues t.) See Figure 3.16 for a sample event
history.

The event history contai e ing:

» Standard eader

>

and terminal identification

ate and time of report
nt number
\ date and time
@«ent type
Q Location of fault (if applicable)

Maximum phase current from summary fault data

K\ » Active group at the trigger instant
\ » Targets

Figure 3.16 is a sample event history from a terminal.

Relay 1 Date: 03/16/2001 Time: 11:57:27.803
Station A Serial Number: 2001001234
% # DATE TIME EVENT LOCAT  CURR GRP TARGETS

10007 03/15/2001 23:30:49.026 BCG T  48.17 8892 1 INST TIME ZONE_1 B_PHASE
10006 03/15/2001 07:15:00.635 ABC T  22.82 8203 1 INST ZONE_1 A_PHASE bklrs
10005 03/15/2001 06:43:53.428 TRIG $$$$.$$ 0 1

I T |
Event Event Maximum Active
Number Type Current  Group

Figure 3.16 Sample Event History
Fault location data can be indeterminate (for example, when you trigger an
event and there is no fault on the power system). If this is the case, the relay

displays $$$$.$$ for the Location entry in the event history. You will also see
the $$$$.$$ display if the fault location enable setting EFLOC is N.
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The event types in the event history are the same as the event types in the event
summary (see Table 3.6 for event types).

The event history report indicates events stored in relay nonvolatile memgry.
The relay places a blank row in the history report output; items that are aboye
the blank row are available for viewing (use the EVE and CEV commands).
Items that are below the blank row are no longer in relay memory; these
events appear in the history report to indicate past power system performdnce.

The relay does not ordinarily modify the numerical or time ordemin the history
report. However, if an event report is corrupted (power was 1 g
storage, for example), the relay lists the history report lin: ent after
the blank row.

Viewing the Event History
Access the history report from the communicatio and communications

L 4

N

O
Q>®

L 4

-421 Relay

cards. View and download history reports fr
You can also clear or reset history data fro

can independently clear/reset history da
you and users at other ports (SCADA,
history reports. You can also clea

ess Level 1 and higher.
ccess'Levels 1 and higher. You
ommunications port so that
ring, etc.) can retrieve complete
data from all ports (with the HIS

CA and HIS RA commands).
Use the HIS command from a o obtain the event history. You can

view event histories by date y range, or you can specify the number of
the most recent events that the returns. See HISTORY on page R.9.22 for

information on the HIS c and. Table 3.8 lists the HIS commands.

Table 3.8 HIS

Command escription

HIS Return event histories with the oldest at the bottom of the list and the
ost recent at the top of the list.
HIS k Return the k most recent event summaries with the oldest at the
bottom of the list and the most recent at the top of the list.
HIS date Return the event summaries on date datel?.
I date? Return the event summaries from datel to date2, with datel at the

bottom of the list and date2 at the top of the list.
Clear all event data on the present port.
Clear all event data on the present port.
HIS CA
HIS RA

Clear event data for all ports.

Clear event data for all ports.

a Use the same date format as Global setting DATE_F.

You can use ACSELERATOR QuickSet to retrieve the relay event history. Use
the Analysis > View Event History menu to view the Event History dialog
box. See Analyze Events on page U.3.19 for information and examples.
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“RID","SID","FID","03e2"

"Relay 1","Station A","FID=SEL-421-R101-V0-Z001001-D20010315","0f0c"
"EVENT_NUM","MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","USEC","EVENT","LOCAT
ION","TIME_SOURCE","SHOT_1P","SHOT_3P","FREQUENCY","GROUP","BREAKER1","HOUR_T1",
“MIN_T1","SEC_T1","MSEC_T1","HOUR_C1","MIN_C1","SEC_C1","MSEC_C1","BREAKER2","HO
UR_T2","MIN_T2","SEC_T2","MSEC_T2","HOUR_C2","MIN_C2","SEC_C2","MSEC_C2","T_LED"
,"TARGETS","MB_TRIGGER","MB_TRIP","IA_PF","IA_DEG_PF","IB_PF","IB_DEG_PF","IC_PF
","IC_DEG_PF","IG_PF","IG_DEG_PF","312_PF","3I2_DEG_PF","I1_PF","I1_DEG_PF","VA_
PF","VA_DEG_PF","VB_PF","VB_DEG_PF","VC_PF","VC_DEG_PF","VS1_PF","VS1_DEG_PF","V
S2_PF","VS2_DEG_PF","VIMEM_PF","VIMEM_DEG_PF","VO_PF","VO_DEG_PF","V2_PF","V2_DE
G_PF","V1_PF","V1_DEG_PF","IA","IA_DEG","IB","IB_DEG","IC","IC_DEG","IG","IG_DEG
","312","312_DEG","I1","I1_DEG","VA","VA_DEG","VB","VB_DEG","VC","VC_DEG","VS1",
"VS1_DEG","VS2","VS2_DEG","VIMEM",6"VIMEM_DEG","VO","VO_DEG","V2","V2_DEG","V1","
V1_DEG","D94E"

10007,3,15,2001,23,30,49,26,900,"BCG

T",48.17,"0THER",0,0,60.01,1,"0PEN",23,30,49,26,,,,,"0PEN",23,30,49,26,,,,,28872,"

INST TIME ZONE_1 B_PHASE C_PHASE GROUND
bklrs™,"0000000000","0000000000",276,22.05,262, -
91.71,246,138.23,65,5.11,17,178.47,261,22.93,365,0.00,365, -
119.87,364,120.30,361,-88.78,362,151.39,365,-0.01,1,-117.90,0, -
43.94,365,0.14,217,-16.99,8892,167.27,8727,24.82,5586,95.60,11403,94.44,5789, -
83.19,361,0.07,219,-129.89,214,126.73,361, -
88.92,362,151.24,321,0.75,31,2.67,67,2.55,263,-0.87,"637E"
00006,3,15,2001,7,15,0,635,900,"ABC

T",22.82,"0THER",0,1,59.98,1,"0PEN",7,15,0,635,,,,,"0PEN",7,15,0,635,,,,,57480,"IN

ST ZONE_1 A_PHASE
bklrs™,"0000000000","0000000000",9,125.27,9,128.10,7,96.08,24,118.43,5,109.90,1,
-120.66,0,79.68,0,73.83,0,106.76,0,134.13,0,178.99,0,99.44,0,87.50,0, -
80.58,0,73.48,8203,-91.24,6617,148.12,7485,39.60,70,113.90,1757,-118.74,74
87.80,32,0.00,40,-118.11,38,110.17,0,88.59,1,-79.09,26,-7.83,0, -
165.97,6,159.23,36,-2.68,"5A30"

,0,138.88,0,94.55,1,0.00,0,41.08,1,-16.92,2,-1.92,2,19.32,0,-26.30
58.17,0,-64.16,0,-70.49,0,131.85,0,34.89,0,-110.51,0,121.49,0,177.3

Report Header

Report Labels

»
N4

Figure 3.17 Sample Compressed ASCII History Report

CHISTORY

The rela Compressed ASCII history report for SCADA and other
automation applications. Issue the CHI command to view the Compressed

eport. A sample of the report appears in Figure 3.17; this is a

comma d ASCII file. The relay appends a four-digit hex checksum at

history in the Compressed ASCII history report.

ded in the Compressed ASCII history report are similar to those

&d in the history report, although the relay reports the items in a special
der. For the purpose of improving products and services, SEL sometimes
changes the items and item order.

< , See SEL Compressed ASCII Commands on page R.5.6 and Section 9: ASCII
Command Reference in the Reference Manual for more information on the

Compressed ASCII command set.

emulation program with file transfer capability. At an Access Level 1 prompt

\&istory File Download
You can also download the history report file from the relay. Use a terminal

or higher type FILE READ REPORTS HISTORY.TXT <Enter>. Start the

P terminal download routine to store the file on your computer. If you want the
Compressed ASCII file, type FILE READ REPORTS CHISTORY.TXT
<Enter>. In addition, you can use ACSELERATOR QuickSet to download
history files. See Retrieving Event Report Data Files: Terminal on

page U.4.54 for file download procedures.
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A.3.34 | Analyzing Data
SER (Sequential Events Recorder)

SER (Sequential Events Recorder)

Viewing the
SER Report

SEL-421 Relay

The SEL-421 SER (Sequential Events Recorder) gives you detailed
information on relay states and relay element operation. The SER captures
and time-tags state changes of Relay Word bit elements and relay conditions.
These conditions include power-up, relay enable and disable, group changes,
settings changes, memory overflow, diagnostic restarts, and SERvautoremoval/
reinsertion. The SEL-421 stores the latest 1000 SER entries to nonvolatile
memory. Figure 3.18 is a sample SEL-421 SER report.

The SER report contains the following:
» Standard report header
> Relay and terminal identification

> Date and time of repout

» SER number
» SER date and time
» Relay element or condition
» Element state:
y N -
Relay 1 Date: 03/16/2001 Time: 13:09:29.341
Station A Serial Number: 2001001234

FID=SEL-421-R101-V0-Z001061-D20010315

# DATE TIME ELEMENT STATE

6 03/15/200100:00:00.004 Power-up Group 1

5 03/15/2001 00:00:00.022 Relay Enabled

4 03/1542001 ,00:30:00.021  GROUND 0/C 1 LINE 1 51S1 PICKED UP
3 03/15/20014 00:30:03.221  GROUND 0/C 1 LINE 1 51S1 TIMEOUT

2 03/15420014300:32:00.114  GROUND 0/C 1 LINE 1 51S1 RESET

1 03/15/2001 00»32:00.114  GROUND 0/C 1 LINE 1 51S1 DROPOUT

1 y AR . N 1
SER Relay Element
Number or Condition

Eigure 3.18 Sample SER Report

In theé)SER report, the oldest information has the highest number. The newest
information is always #1. When using a terminal you can order the positions
of the SER records in the SER report (see Table 3.9 or the SER on

page R.9.36).

The relay displays the SER records in ASCII and binary formats. For more
information on binary SER messaging, see SEL Communications Protocols on
page R.5. 1.

Access the SER report from the communications ports and communications
cards in Access Level 1 and higher. You can independently clear/reset already
viewed SER data at each communications port (with the SER CV or SER RV
command) so that users at other ports (SCADA, Engineering, for example)
can retrieve complete SER reports. The SER CV or SER RV command will
not clear any SER data that has been recorded, but not viewed, on a particular
serial port. To clear all SER data on a serial port, use the SER C or SER R
command.

To clear all SER data from all serial ports, use the SER CA or SER RA
command, available only from Access Levels P, A, O, and 2. This procedure
would normally be used after relay commissioning or testing.

Applications Handbook Date Code 20080110



Analyzing Data | A.3.35
SER (Sequential Events Recorder)

Use an ASCII terminal or ACSELERATOR QuickSet to examine SER records.
You can use the SER command to view the SER report by date, date range,
SER number, or SER number range. The relay labels each new SER recor,
with a unique number. See Table 3.9 or Section 9: ASCII Command Reference
in the Reference Manual for more information on the SER command.

Table 3.9 SER Commands?a

Command Description

SER Return the 20 most recent records fro e i
(highest number) at the top of the list an m
number) at the bottom of the list.

SER k Return the k most recent records from t , with the oldest
(highest number) at the top of theflist ai most recent (lowest

number) at the bottom of the list.

SERmn Return the SER records fr

SER datelb
SER datel date2

SER C and SER R le R records on the present port.

SER CA and SER R R data for all ports.

SER CV and viewed SER records on the present port.

SERD List chattering SER elements that the relay is removing from the
SER records.

a The par. te and n indicate SER numbers that the relay assigns at each SER trigger.
b Use thé'sa ate format as Global setting DATE_F.
Yo r e SER records with ACSELERATOR QuickSet. The HMI >
e Meter and Control menu item gives you the SER report. See Viewing SER
page U.4.54 for information and examples. The latest 200 SER
ev are viewable on the front-panel display through the front-panel EVENTS
\NU see Section 5: Front-Panel Operations in the User’s Guide).
0
The relay outputs a Compressed ASCII SER report for SCADA and other
automation applications. Issue the CSE command to view the Compressed
\ ASCII SER report. A sample of the SER report appears in Figure 3.19; this is
a comma-delimited ASCII file. The relay appends a four-digit hex checksum
at the end of the lines in the Compressed ASCII report.
Items included in the Compressed ASCII SER report are similar to the SER
report, although the relay reports the items in a special order. For the purpose

S of improving products and services, SEL sometimes changes the items and
item order.

See SEL Compressed ASCII Commands on page R.5.6 and CSER on
page R.9.13 for more information on the Compressed ASCII command set.
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A.3.36 | Analyzing Data
SER (Sequential Events Recorder)

“RID","SID","FID","03e2"

"Relay 1","Station A","SEL-421-R101-V0-Z001001-D20010315","0dfc"
", "MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","ELEMENT","STATE","0FC8"

3

Report Header

1,3,15,2001,00,32,00,114, "GROUND_0/C_1_LINE.1","51S1_DROPOUT","09D2"

2.3.15.2001,00,32,00,114,"GROUND_0/C_1_LINE_1","51S1_RESET","08E7"

3,3,15,2001,00,30,03,221, "GROUND_0/C_1_LINE_1","51S1_TIMEOUT","09B0" SER Data (6 records)

4.3,15,2001,00,30,00,021,"GROUND_0/C_1_LINE_1","51S1_PICK_UP","097B"

5.3,15,2001,00,00,00,222,"Relay", "Enabled" , "09BA"

6.3,15,2001,00,00,00,004,"Power-up","Group 1","0AOA"

.

Figure 3.19 Sample Compressed ASCIl SER Report

Setting SER

Point and Aliases

SEL-421 Relay

SER File Download

You can also download the SER data as a file from4he relay. Use a terminal
emulation program with file transfer capability. At an Aecess Level 1 prompt
or higher type FILE READ REPORTS SER.TXT,<Enter>. Start the
terminal download routine to store the file on'yous,computer. If you want the
Compressed ASCII file, type FILE READ'REPORTS CSER.TXT
<Enter>. See Downloading an SER ReporgpFileton page U.4.59 for SER file
download procedures.

You program the relay elemeats thatrigger an SER record. You can select as
many as 250 elements. These tuggerssor points, can include control input and
control output state changesy€lement pickups and dropouts, recloser state
changes, and so on. You cgn alse,change the names of the elements and set
aliases for the element cleagand set states. Use the SET R command from a
terminal, or use ACSEIFERATOR QuickSet Report branch of the Settings tree
view to enter SER Peints and Aliases.

Use the textedit line mode settings method to enter or delete SER elements
(see Text-EditsMode Line Editing on page U.4.22). To set an SER element,
enter the fiveyitems,of this comma-delimited string (all but the first parameter
are optional):

Relay/Word Bit, Reporting Name, Set State Name, Clear State Name,
HMI Alarm

Names or'aliases can contain any printable ASCII character. See Viewing SER
'Recoids on page U.4.54 for examples of entering SER data.

The relay defaults to the element name when you do not provide a reporting
name. The default names for the set and clear states are Asserted and
Deasserted, respectively. By default, SER Points are not configured for HMI
alarm display. The relay always creates an SER record for power-up, relay
enable and relay disable, any group change and settings change, diagnostic
restart, and memory overflow. For a setting example, see Viewing SER
Records on page U.4.54.

Automatic Deletion and Reinsertion

The SER also includes an automatic deletion and reinsertion function. The
relay automatically deletes oscillating SER items from SER recording. This
function prevents overfilling the SER buffer with “chattering” information.
Set Report setting ESERDEL (Enable SER Delete) to Y to enable this
function, and select values for the setting SRDLCNT (SER Delete Count) and
the setting SRDLTIM (SER Delete Time) that mask the chattering SER
element. The relay removes an item from all SER recordings once a point has
changed state more than SRDLCNT times in an SRDLTIM period. Once
deleted from SER recording, the relay ignores the item for a 10 « SRDLTIM

Applications Handbook Date Code 20080110
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SER (Sequential Events Recorder)

point does not exceed the criteria, the relay automatically reinserts the item

period. At the end of this period, the relay checks the chatter criteria and, if the
into SER recording. To see a list of deleted SER points, use the SER D OO

command (see SER on page R.9.36).
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Section 4 O

Time-Synchronized Measurements O

L 4
The SEL-421 Relay records power system events with high aceuracy
when you provide high-accuracy clock input signals, such a a GPS
receiver. SEL-421 relays placed at key substations canfgi uinformation

on power system operating conditions in real time.

Based on the high-accuracy time input, the relay galcu synchrophasors for
currents and line voltages (for each phase and for pesitive-sequence), as

specified in IEEE C37.118, Standard for Sy asors for Power Systems.
You can then perform detailed analysis an ulate load flow from the
synchrophasors.

See Section 7: Synchrophasors i e e Manual for more information

about phasor measurement functio

This section presents details O asurements as well as suggestions for

further application areas. se covers:
» Relay Configuration for High-Accuracy Timekeeping on
page A

»  Fault An, on page A.4.7

r Flow Analysis on page A.4.8
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Relay Configuration for High-Accuracy Timekeeping

A.4.2 ‘ Time-Synchronized Measurements

Relay Configuration for High-Accuracy Timekeeping

Time-Synchronized
Triggers

The SEL-421 features two IRIG-B timekeeping modes, IRIG and high-
accuracy IRIG, called HIRIG.

The HIRIG mode replaces the PPS mode in previous SEL-421 relays, which
required a separate 1k PPS time input in firmware versions R111 and earlier.
Relay Word bit TSOK asserts when the SEL-421 is in HIRIG mode)(see
Table 4.9 on page U.4.77).

The SEL-421 must be in the HIRIG mode in order for thesynchrophasor
features to operate (see Section 7: Synchrophasors in thefReference Manual).

See Configuring High-Accuracy Timekeeping on pageW.4.77 for details on
the time-source connections of the SEL-421, including the changes made to
the SEL-421 hardware and firmware versiondRT12.

GPS Receiver
—— to Data Server
o OO a5
COMM
IRIG-B
SEl*421 Relay

Figure 4.1, High=Accuracy Timekeeping Connections

Programfthe)SEL#421 to perform data captures at specific times. Relays that
are timesloekedusing HIRIG mode provide high-accuracy time-synchronized
datas€apturest When you use this method on multiple relays, the actual trigger
times can|differ by as much as 5 ms, but the information in the binary
COMTRADE file outputs from each relay is time-stamped at very high
accutacy. Do not assume that the relay triggers are locked with high accuracys;
tather, compare corresponding time-stamped data points from each
COMTRADE file.

TimeJJriggering the SEL-421

NOTE: The MET PM tirie,commafd can
be used to capturesynchirephasen
data at a specificdime, if
synchrophasorsfare enabled with
Global settingdERMUZZ'Y. SegyView
Synchrophasors byUsing the MET PM
Command on page Rialof

SEL-421 Relay

Perform the following steps to trigger an event data capture in the SEL-421 at
a specific time. These settings cause the relay to initiate a data capture at
12:00:30 p.m. Use other SELOGIC® control equations in a similar manner to
trigger relay event recordings.

You should be familiar with the ACSELERATOR® SEL-5030 Software
Program. See Section 3: PC Software in the User’s Guide and Section 4: Basic
Relay Operations in the User’s Guide for ACSELERATOR operational
information.

This example assumes that you have successfully established communication
with the relay (see Establishing Communication on page U.4.6 for a step-by-
step procedure). In addition, you should be familiar with relay access levels
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Time-Synchronized Measurements | A.4.3
Relay Configuration for High-Accuracy Timekeeping

the default access level passwords.

Step 1. Configure the communications port:
a. Start the ACSELERATOR® QuickSet™ SEL-5030

software.

and passwords. See Changing the Default Passwords on page U.4.9 to change O

b. On the top toolbar, click Communication >
Parameters.

You will see the Communication Pa dialog
box.

c. Select the Data Speed, Data Bi op Bits, Parity,
and RTS/CTS that match the relay/s gs. The
defaults are 9600, 8, 1, Non ff, respectively.

d. Click OK to update the AGSELERATOR QuickSet

communications para

L 4

T

e. Type <Ctrl + T> to the serial communications
terminal.

f. Type <Enter> tQ!s ther the communications link
is active be ERATOR QuickSet and the

ccess Level 0 = prompt in the

ternx .
g. E><§é inal window.

Step 2. Confirm

ct ACSELERATOR passwords:

2 a- et the Communication menu and click Port
eters.

a.
. Enter your Access Level 1 password in the Level One
\ Password text box and your Access Level 2 password
c.
e

in the Level Two Password text box.

SEL-421.

The relay sends all configuration and settings data to
ACSELERATOR.
\ Step 4. Click the + mark next to the Group you want to program on the
O Settings tree view.
This example uses Group 1.

You will see the Protection Free-Form Logic Settings dialog

\Z box.
Step 5. Enter time trigger settings:

a. Click the | button beside the first unused Protection
SELOGIC row entry field to start the Expression
r's Builder.

(b Click OK.
@ Click Settings > Read to read the present configuration in the

b. On the left side of the SELOGIC control equation, select
Math Variables and double-click PMV64.

c.  On the right side of the equation, select Analog
Quantities > Date and Time.

d. Double click THR (Time in Hours).
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A.4.4 | Time-Synchronized Measurements
Relay Configuration for High-Accuracy Timekeeping

e. Use the # character to add a comment to the line.
f.  When finished, click Accept.

© Global ™ = =
“ E’Eﬂke{ Manitor Protection SELogic Fow 012
=0 Group —
e Sa1 [PhévEa = THR ]
® Protecionloge 1 | | pitection SELagic Raw 013
- @ Group 2
B I |
| L1 - PROTSEL12
5 T
=) | [PHves = [THA Aooept
] Cancel
|
i ana 0r| Wot| T ]3] o] [ 7] %] 5] eloef e
'E] - Boolean Variables
w| - [’:';::"ab'es Ficlaywiond Bits
Analog Quantities
Condiioning Timers *
- Sequencing Timers mets
- Counters
[Fevt ez Eoclean Variables
Psvoz PSv23 Math Variables
PSVD3 PSy24
PSWD4 PSY25
SV PSv25
PSYO6 PV
PSvO7 P32
PSYOB P29
PSv09 P30
PSY10 PSv31
PSY11 PSY32
PSy12 PSv33
PSV13 PS4
PSv14 PSY35
SV PSV35
PSY16 PV
PSW17 P33
PSY18 P39
PSv19 PSv4D
PSva0 PSva41
Syl PSy42
<] (2]
T B
Protection SE| w025
Figure 4.2 Setting h the Expression Builder Dialog Box
im anner, build a free-form SELOGIC program in

ction Logic that causes protection free-form SELOGIC
trol equation variable PSVO02 to assert to logical 1 at
0:30.005 p.m. Use the following expressions:

4 := THR # Clock hours

V63 := TMIN # Clock minutes

. PMV62 := TSEC # Clock seconds

NOTE: In this example, the event PSV02 := (PMV64=12) AND (PMV63=00) AND (PMV62=30) # Set
report trigger will occur between PSV02 at 12:00:30

12:30:00.002 and 12:30:00.005
because of the method of SEL-421 . .
protection logic processing. : Step 7. Select settings:

a. Click the + mark next to Relay Configuration as
shown in Figure 4.3.

b. Click the Trip Logic and ER Trigger branch.

@ You will see the Trip Logic and ER Trigger Settings
% dialog box (see Figure 4.3).
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NOTE: The Relay Editor dialog box

shown in Figure 4.4 are for the
SEL-421. The SEL-421-1 and the

Time-Synchronized Measurements | A.4.5
Relay Configuration for High-Accuracy Timekeeping

Figure 4.3 Selecting Trip Logic and E

Step 8.

Step 9.
Step 10.

L 4

N

es

SEL-421-2 dialog boxes do not conto
0

Automation 2 through Auto
setting instances.

%

Date Code 20080110

\ : that you are programming).
‘ Z r c.

O Global & [TT =]
@ Breaker Monitor X .
= Group1 TOPD Trip During Open Pale Time Delay
=@ Set1 2.000 Range = 2.000 to 8000.000
@ Line Configuration X
= © FRelay Configuration TULD Trip Unlatch Option
@ Phase Distance Elements 3 | Select 1-4
@ Ground Distance Elements
@ Distance Elements Common Time Delay Z2GTSP Zone 2 Ground Distance Time Delay SPT
~© SwitchOnio-Faul [ =] et
~ @ Out-of-Step Tripping/Blacking
~@ Load Encroachment E7OGSP Zone 2 Dir. Neg.-5eq./Res. Overcunent SPT
© Phase Inst 0/C N 21 Select v 1
@ Residual Ground Inst 0./C
~@ Negative-Seqg Inst 0/C TDUR1D SPT Min Trip Duration Time Delay
@ Time Dvercuirent = || [Foo Fiange = 2000 to §000.000
@ Directional
o ;'E_"ESDT" Detection TDUR3D 3T Min Trip Durstion Time Delay
~ @ Tnp Schemes _
o EBreaker 1 Failure Logic 12.000 Fiange = 2.000 to 8000.000
© Breaker 2 Failure Logic E3PT ThieePole Trip Enablz
-+ © Gynchronism Check
@ PReclosing and Manual Closing I‘I _I
@ D i Met
emane Heteng E3PT1 Breaker 1 37T
@ Tiip Logic
& Protestion Logic 1 =
[#- @ Group 2
WO Group? E3PT2 Breaker 2 3FT
[+ O Groupd fl =
-0 Group s
F-0 GroupB ||| | ER EventReport Trigg
[ © Automation Logic M3P OF F_TFIG Z3G OR A_TRIG PSY0Z .|
- Outputs

already in thi
Click File ve

Upload the'new settings to the SEL-421:
a. i > Send.

control equation.

ve the new settings in ACSELERATOR.

ERATOR prompts you for the settings class or
i ce you want to send to the relay, as shown in the

first dialog box in Figure 4.4.

Click the check box for Group 1 (or the settings group

Click OK.

The relay responds with the second dialog box shown

in Figure 4.4.

If you see no error message, the new settings are loaded

in the relay.

Settings Group!Class'_Sel... @
"5

Select Groups/Clazzes to Send

[ Global S

[ Ereaker Monitor == EI EI
v Group 1

[ Group 2

[ Group 3 =

I Group 4

[ Group &

[ Group B

[ Autornation 1
||: Automation 2

Hov ke b D

Cancel |

|£

Transfer Status

wiiting 1 of 2
O bytes Sent

Sending File:  SETTINGSASET_S1.TAT

Figure 4.4 Uploading Group Settings to the SEL-421
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Relay Configuration for High-Accuracy Timekeeping

COMTRADE Retrieve the COMTRADE files for the time-triggered data captures from each
il f ti relay with the FILE READ EVENTS command. See Reading Oscillograms,
File Information Event Reports, and SER on page U.4.46 for methods to retrieve these files

Parse the binary COMTRADE data for the power system currents and
voltages you need to calculate system quantities. See Raw Data Oscillography
on page A.3.8 for more information on the COMTRADE file format.

4
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Fault Analysis

Fault Analysis _O

Use the SEL-421 measurement and communications capabilities to obtai
precise simultaneous measurements from the power system at different
locations. Combining system measurements from a number of key substations
gives you a snapshot picture of the phasor relationships in the power systéim at

a particular time. You can perform extensive fault analysis byg;luating the

simultaneous measurements gathered at a central computer rver.
Power System Install at least two SEL-421 relays in the power syste ent dynamic
M t phasor determination. Figure 4.5 shows an example o overhead
easurements transmission line with a SEL-421 at each terminal. n PS clocks (such
as the SEL-2407) at each substation to provide very highsaccuracy time signal
inputs for each relay. See Configuring High-Accu mekeeping on

page U.4.77 for details on the IRIG-B connegtionsyrequired for high-accuracy
IRIG (HIRIG) timekeeping in the SEL-421.

0

S (Harvard) R (Princeton)

Zis, 205 | | 2R Zor

SEL-421
sion Line System

Figure 4.5 230 kv%
With synchrg and -stamped binary COMTRADE data, you can

develop auton computer algorithms for comparing these data from
different in the power system.

In partic an use fault data extracted from two relays. Use third-party
softwarg t the binary COMTRADE data so that the signals are
e ndamental quantities only (50 Hz or 60 Hz). You can also use

co
. thitd-p software to convert the binary COMTRADE data to ASCII
E files. Use the Phasor Diagram in the SEL-5601 Analytic

{ ant to select the appropriate prefault and post-fault quantities.

Q>®
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Power Flow Analysis

Power Flow Analysis

Use the SEL-421 to develop instantaneous power flow data. Obtain the
voltage and current phasors from different power system buses at the same
instant and use these measurements to determine power flow at that instant.
Use the synchronized phasor measurement capabilities of the relay and the
METER PM command or a synchrophasor protocol to colle nchronized

voltage and current data. Use this information to confi 0 flow
models.

Four SEL-421 relays are installed in the power syste in Figure 4.6.
Substations S and R provide generation for the load a tion T.

SEL-421 Voltage and Current Measurement (Sheet 1 of 2)

bag Current
\ -421 at Substation S
'AS 288.675 kV £0° Ips 238.995 A £41.9°
O Vgs 288.675 kV £240° Igs 238.995 A £-78.1°
@ Ves 288.675 kV £120° Icg 238.995 A £161.9°
\ SEL-421 at Substation R
Var 303.109 kV £-0.2° IAr 234.036 A £-44.2°
ViR 303.109 kV £239.8° Igr 234.036 A £195.8
Ver 303.109 kV £119.8° Icr 234.036 A £75.8°
SEL-421 at Substation T Looking Towards Substation S
* Var_s 295.603 kV £-1.6° Int_s 238.995 A £-138.1°
VBT.s 295.603 kV £238.4° IgT_s 238.995 A £101.9°
Verss 295.603 kV £118.4° Ict_s 238.995 A £-18.1°
SEL-421 at Substation T Looking Towards Substation R
VAT-R 295.603 kV £-1.6° IAT_R 234.036 A £135.8°
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Time-Synchronized Measurements ‘ A.4.9

Power Flow Analysis

Table 4.1 SEL-421 Voltage and Current Measurement (Sheet 2 of 2)
Voltage Current O
VTR 295.603 kV £238.4° Igr_r 234.036 A £15.8° 0
Verr 295.603 kV £118.4° Ierr 234.036 A £-104.2°

Use Equation 4.1 to calculate the generation supplied from Substation S and
Substation R, plus the load at Substation T.

S35 = P3y +jQ3

A/§0 Vppn
3¢V o]

I
&
LQ

Where:
S3¢ = Three-phase complex
P34 = Three-phase real po
Q3¢ = Three-phase imag
Vpp = Phase-to-pha:
V,, = Phase-to-neutral,v
I} = Complé

The comple

0

The\load at Substation T supplied by Substation S is:

\ St_s

N

er (MVA)

= -j1382 MVAR

r generation supplied by Substation R is:

The load at Substation T supplied by Substation R is:

ST—R

The total load at Substation T is:

St =Sr_g+St_r

Applications Handbook

-306.5 MW + j5.4 MVAR

r (MVAR)

)
€
c

kV.£0°) e« (238.995 A£-41.9°)

Equation 4.1

* 303.109 kV.£-0.2°) * (234.036 A.£44.2°)
152.6 MW +j148.3 MVAR

(3% 295.603 kV£-1.6°)+ (238.995 A£138.1°)
—153.7 MW +j145.9 MVAR

(3¢ 295.603 kVZ£-1.6°)« (234.036 A£-135.8°)
-152.8 MW —-j140.5 MVAR

SEL-421 Relay



A.4.10 | Time-Synchronized Measurements
Power Flow Analysis

S | O
| P = 1541 MW P = 1537 MW
S | |

0 =138.2 MVAR Q=1459 MVAR P =306.5 MW

Line Loss
P=0.4MW —— ¢

R Q=T77MVAR

| P =1531MW

>

| Q =147.8 MVAR l
Line Loss
P=03MW
Q=T73MVAR

Figure 4.7 Power Flow Solution

Use the power flow solution to verify th
impedances of your system transmission

&

Q‘b

N
>
$

antaneous positive-sequence

L 4

Q
o
&

L 4
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Time-Synchronized Measurements | A.4.11
State Estimation Verification

State Estimation Verification

Electric utility control centers have used state estimation to monitor the state
of the power system for the past 20 years. The state estimator calculates the
state of the power system using measurements such as complex power, voltage
magnitudes, and current magnitudes received from different substations. State
estimation uses an iterative, nonlinear estimation technique. Theystate of the
power system is the set of all positive-sequence voltage phasQrsqf the
network. Typically, several seconds or minutes elapse fromithe timefof the first
measurement to the time of the first estimation. Thereforepstatélestimation is a
steady-state representation of the power system.

Consider using precise simultaneous positive-sequence,volfage measurements
from the power system to verify your state estimagion model. Take time-
synchronized high-resolution positive-sequeneeyoltageé measurements at all
substations. Send the SEL-421 Fast Messages to a‘gentral database to
determine the power system state.

Use Synchropha SOrs Power system contingency analy$isimodels rely on state-estimation
for Stat techniques, and may have inaccuracies‘eaused by incorrect present-state
or >tate information, or errors in systefimeharagteristics, such as incorrect line and
Measu rement’ source impedance estimates. Thesimultaneous event-report triggering
. . technique described earlier dmthis séetion can be used to verify present
Not Estimation rodels YP

With Phasor Measurement, Units (PMUs) such as the SEL-421 installed in
several substations, syné¢hrophasor measurements can be transmitted to a
central proces$or 1) neaggéal-time, providing very accurate snapshots of the
power systefn., This type of data processing system provides system-state
measurendents that are a few seconds old, rather than state estimates that may
be several miawtes'@ld. In addition, the synchrophasor results are real
measurements, rather than estimates.

See Section 74 Synchrophasors in the Reference Manual for information on
thefPMU¢ettings and the communications protocols available for
synchrophasor data collection.

Date Code 20080110 Applications Handbook SEL-421 Relay






Substation Automatic Restoration

L 4

Section 5

Many electric utilities tap overhead transmission lines b er
transformers. A tapped line with three terminals present operating
constraints and line protection complications than doeg a twe-te

Use an automatic restoration scheme to reduce the decisi

operations and dispatch personnel during equipmentail
and lightning-induced line operations.

This section contains the following:

» 230 kV Tapped Transmissi; pplication Example on
page A.5.2

with subsections:
» Philosophy o 5.3
> SEL-42] C% n on page A.5.5
ings

Substation T on page A.5.6

> SEL-421 Q
This section assumesgthatiyyouare familiar with line protection. Find
supporting material for @ nformation in this section in Section 2: Auto-
Ton Check in the Reference Manual, Section 3:
0 @ quation Programming in the Reference Manual, and
Section 54 ormmunications Protocols in the Reference Manual.

4

N

O
Q>®

L 4

Date Code 20080110
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inal line.
aking burden on
, System events,
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A.5.2 | Substation Automatic Restoration
230 kV Tapped Transmission Line Application Example

230 kV Tapped Transmission Line Application O

Example C)

This example shows you how to automate the complete restoration sequence,
including auto-reclose and synchronism check, for the tapped 230/115 KV
autotransformer located at Substation T. Figure 5.1 shows@®ne-line

diagram of the tapped 230 kV overhead transmission li
| % |
BKISE 0 EBK]R

Q

e 7 a Sl 2]

MIRRORED BITS

|
-|:||-BK2R
|
\
& 230 KV

h ped autotransformer at Substation T has a high-side MOD (motor-
erated disconnect) and two low-side circuit breakers. Whenever an internal
N t occurs on the 230 kV overhead transmission line, the SEL-421 relays at
ch of the three terminals open all of the circuit breakers, followed by the
high-side MOD at Substation T. The SEL-421 relays replace separate line

relays, discrete reclosing and synchronism check relays, timers, latching
relays, and extensive wiring for this particular example.

® Use the SEL-421 protection free-form SELOGIC control equations in Table 5.4

& Fiq@ 230 kV Tapped Overhead Transmission Line

to automate the following actions at Substation T:

» Restore tapped Substation T to service after a successful
230 kV overhead transmission line auto-reclose operation.

» Restore the 230 kV overhead transmission line to service after
an autotransformer failure or a low-side circuit breaker failure
operation.

» Restore Substation T station service and 115 kV bus continuity
after an unsuccessful automatic line reclose operation or a
remote 230 kV circuit breaker failure trip.

-421 Relay Applications Handbook Date Code 20080110



Substation Automatic Restoration
230 kV Tapped Transmission Line Application Example

O

SEL-421 relays located at each of the three 230 kV terminals protect the O
tapped 230 kV transmission line; the relays operate in the DCB (directional
comparison blocking) trip scheme. Zone 1 distance protection also operates in
the DUTT (direct underreaching transfer trip) scheme. When the high-side
MOD is closed, the SEL-421 at Substation T direct transfer tripssthe other two
‘gt-ta)

Philosophy
System Protection Philosophy

terminals if a 115 kV circuit breaker fails to operate or rmer

commands from Substations S and R.

au
failure occurs; the SEL-421 at Substation T also receiv% fer trip

Auto-Reclose Philosophy

Y

Refer to Figure 5.2 for a timing diagram of the @uto-reclose cycle.
Use the SEL-421 to provide auto-reclose a@n T as follows.

Circuit Breaker BKIT

>

If the high-side M
across Circuit Break
potential is su

recloses Cim
If the high;Side is open and the 115 kV system has been

energize least four seconds, the relay recloses Circuit
Brea five seconds total.

cl and the synchronism check
T with respect to the 230 kV

at least four seconds, the SEL-421
er BK1T in five seconds total.

Circuit Breaker
ircuit Breaker BKI1T recloses and the synchronism check is
u sful across Circuit Breaker BK2T with respect to the

S
>

Initial operation
230 kV line dead

kV potential for at least four seconds, the SEL-421

and the 115 kV system has been energized for at least four
seconds, the relay recloses Circuit Breaker BK2T in five
seconds total.

@closes Circuit Breaker BK2T in five seconds total.
If the high-side MOD is open, Circuit Breaker BK1T recloses,
2 \< ’

BK2T closes if:

BKIT closes if: (1) BKIT closed,

MOD closes (1) Synch-check (2) Synch-check
M 0 kV line if 230 kV line successful successful
op eclosed is hot (2) MOD closed (3) MOD closed
MOD closed | | | |
MOD open 5 5 10s 155 20s 255

MOD locked open if: BKIT closes if: BK2T closes if:
230 kV line is dead (1) M5kV source (1) 115 kV source

is hot is hot
(2)MOD is (2) MOD is locked open
locked open  (3) BKIT is closed

igure 5.2 Automatic Restoration Timing Diagram

Date Code 20080110
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A.5.4 | Substation Automatic Restoration
230 kV Tapped Transmission Line Application Example

Automatic Restoration Philosophy

Refer to Figure 5.2 for a timing diagram of the complete automatic restoration
cycle. The SEL-421 at Substation T automatically restores service in response
to the following system conditions:

» Low-side circuit breaker or autotransformer failure at
Substation T

» Successful 230 kV line reclose

» Permanent 230 kV line fault or circuit breaker failusé at
Substations S or R

Transmission Line Faults or Circuit Breaker/Autotransformer Failure

The SEL-421 at Substation T responds to a 230 &V transmission line fault,
low-side circuit breaker failure or autotransfosmer failiire at the local
substation, and any circuit breaker failure ag'Substations S and R. For these
situations, the relay does the following:

» Sends a pulsed open command te the high-side MOD. The
230 kV transmission line must’be dead for two seconds, and the
relay must have successfully opened the 115 kV circuit
breakers.

» Disables DTT (dire€ptransfer trip) via MIRRORED BITs®
communicaftonsi@ssued at Substation T) when the high-side
MOD is open

» Inhibifs reception of any DTT via MIRRORED BITS
¢ommunications from any of the two remote 230 kV terminals
when the high-side MOD is open

Low-Side Circuit,Breaker or Autotransformer Failure. The
followinggactions,occur if a low-side circuit breaker or autotransformer failure
occurs at Substation T:

> Substation S and R reclose five seconds later.

» Lockout relays at Substation T locks out the high-side MOD
and low-side circuit breakers. The relay uses an external
lockout relay (86 a and 86 b contacts in the breaker trip and
close circuits, and an 86 b contact in the MOD close circuit);
Substation T remains locked out pending further action from
operations or field personnel.

Successful 230 kV Line Reclose. The SEL-421 at Substation T issues
the following actions if the 230 kV transmission line auto-reclose is successful
at Substations S and R:

» Sends a pulsed close command to the high-side MOD at
Substation T to energize the autotransformer if the relay
measures balanced nominal voltage from the high-side PTs for
five seconds and the low-side circuit breakers are open; the
tertiary windings of the autotransformer restore station service.

» Recloses Circuit Breaker BK1T five seconds after the high-side
MOD closes, if the voltage is nominal and synchronized.

» Recloses Circuit Breaker BK2T five seconds later if the voltage
is still nominal and synchronized.

Thus, the local SEL-421 restores the 115 kV system at Substation T.

SEL-421 Relay Applications Handbook Date Code 20080110



Substation Automatic Restoration | A.5.5

230 kV Tapped Transmission Line Application Example

permanent 230 kV line fault or circuit breaker failure operation occurs at

Permanent 230 kV Line Fault Or Circuit Breaker Failure. Ifa O
Substations S or R, the SEL-421 at Substation T executes the following O

actions:

» Locks open the high-side MOD if there is no voltage on the
230 kV side for 13 seconds. (You can implement this logically
via a timer and latch bit combination.) The latch resets if the

230 kV system is hot for 60 seconds and both low-side circuit
breakers (BK1T and BK2T) are open. 6
d

» Recloses Circuit Breaker BK1T after ﬁves\ there is
nominal voltage on the 115 kV side an i ide MOD is

locked open.

» Recloses Circuit Breaker BK2T five s later if there is
nominal voltage on the 115 kV sideéythe high-side MOD is
locked open, and Circuit Bre reclosed successfully.

ide continuity at Substation T.
il operations or field personnel

These actions restore station service and low
Substation T operates in this configura
take further action.

T measures a single set of three-
phase potentials (input VY)) a set of three-phase currents (input IW)
on the 230 kV side of the a ansformer. The relay uses single-phase
potential inputs VAZ an ovide synchronism check across the low-
side circuit breakers. Figu 3 shows the connection diagram.

&

2000/1
O B

Vaz

12005 (

ouo—!

SEL-421 Configuration In this example, the SEL-4

SEL-421 Relay

1000/ 1000/1
l BKIT

| ]

| 0 L

Figure 5.3 SEL-421 Inputs

&
S

(o =)
=
N
—

[]

N5 kv
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A.5.6 | Substation Automatic Restoration

230 kV Tapped Transmission Line Application Example

SEL-421 Settings
at Substation T

The settings in Table 5.1 through Table 5.6 provide 230 kV transmission line
protection, auto-reclose, and substation restoration at Substation T as
described in this application example.

Protection free-form SELOGIC control equations appear in tabular form (see
Table 5.4). These equations, which are the free-form settings extracted from a
SEL-421, are also shown in Figure 5.4.

Global Settings

Table 5.1 Global Settings2
Setting Description Entry
General Global Settings
SID Station Identifier StationyT
RID Relay Identifier SEL-421
NUMBK Number of Breakers in Scheme 2
BID1 Breaker 1 Identifier Circuit Breaker 1-115 kV
BID2 Breaker 2 Identifier Circuit Breaker 2-115 kV
NFREQ Nominal System Frequency(Hz) 60
PHROT System Phase Rétation ABC
Current and Voltage Source'Sélection
ESS Current and Voltage'Sedrce Selection |Y
LINEI Line Curreat Source w
BK1I Breaket | Currenr Source NA
BK2I Breaker 2 Current Source NA

a This table shows only the global settings relevant to this particular application example.

Breaker Monitor

Table 5.2 /Breaker Monitor Settings?
Setting Description Entry
BreakeFConfiguration
BKITYP Breaker 1 Trip Type (Single-Pole = 1, Three-Pole = 3) 3
BK2TYP Breaker 2 Trip Type (Single-Pole = 1, Three-Pole = 3) 3
Breaker 1 Inputs
52AA1 | N/O Contact Input—BK1 (SELOGIC) | NOT IN101
Breaker 2 Inputs
52AA2 | N/O Contact Input—BK2 (SELOGIC) | NOT IN102
a This table shows only the breaker monitor settings relevant to this particular application

example.
Group Settings

Table 5.3 Group Settings (Sheet 1 of 3)
Setting Description Entry
Line Configuration
CTRW CT Ratio—Input W 240
CTRX CT Ratio—Input X 240

SEL-421 Relay Applications Handbook Date Code 20080110
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Substation Automatic Restoration

A5.7

230 kV Tapped Transmission Line Application Example

Table 5.3 Group Settings (Sheet 2 of 3)
Setting Description Entry
PTRY PT Ratio—Input Y 2000
VNOMY PT Nominal Voltage (L-L)—Input Y 115
PTRZ PT Ratio—Input Z 1000
VNOMZ PT Nominal Voltage (L-L)—Input Z 115 ¢
DCB Trip Scheme?
BT Block Trip

Synchronism-Check Element Reference (Group)
SYNCP
25VL

25VH Voltage Window High Threshold (volt,
Breaker 1 Synchronism Check (Group)
SYNCS1 Synch Source 1

Synch Reference

Voltage Window Low Threshold (volts)

KS1M Synch Source 1 Ratio Factor

KS1A Synch Source 1 Angle S

25SFBK1 Maximum Slip F K

ANGI1BKI1 | Maximum An i ce 1—BK1(degrees)
ANG2BKI1 | Maximum An‘g&ce 2—BKI1 (degrees)
BSYNBKI1 | Block Synch C —BK1 (SELoGIC)

Breaker 2 Synchroni
SYNCS2
KS2M

Group)

Source 2 Ratio Factor

KS2A urce 2 Angle Shift (degrees)

ALTS2 ative Synch Source 2 (SELOGIC)

25SFB aximum Slip Frequency—BK2

AI@ Maximum Angle Difference 1—BK2 (degrees)

XB Maximum Angle Difference 2—BK2 (degrees)
% K2 | Block Synch Check—BK?2 (SELOGIC)
\ loser and Manual Closing
SPSHOT | Number of Single-Pole Reclosures

N3PSHOT | Number of Three-Pole Reclosures

E3PRI1 Three-Pole Reclose Enable—BK1 (SELOGIC)

E3PRI2 Three-Pole Reclose Enable—BK?2 (SELOGIC)

TBBKD Time Between Breakers for ARC (cycles)

BKCFD Breaker Close Failure Delay (cycles)

SLBK1 Leader = Circuit Breaker 1 (SELOGIC)

SLBK?2 Leader = Circuit Breaker 2 (SELOGIC)

FBKCEN Follower Breaker Closing Enable (SELOGIC)

ULCL1 Unlatch Closing for Breaker 1 (SELOGIC)

ULCL2 Unlatch Closing for Breaker 2 (SELOGIC)

79DTL Recloser Drive to Lockout (SELOGIC)

T9BRCT Block Reclaim Timer (SELOGIC)

Applications Handbook

N RMBI1B

70.0

VAZ
1.00
0.00
OFF
20.00
20.00
NA

VBZ
1.00
0.00
NA
OFF
20.00
20.00
NA

N

1

1

NOT LEADBK?2
300
300

1

0
52AA1
52AA1
52AA2
NA
NA

SEL-421 Relay



A.5.8 | Substation Automatic Restoration

230 kV Tapped Transmission Line Application Example

Table 5.3 Group Settings (Sheet 3 of 3)

Setting Description Entry

BKICLSD | BK1 Reclose Supervision Delay (cycles) 1200

BK2CLSD | BK2 Reclose Supervision Delay (cycles) 1200

Three-Pole Reclose Settings (Group)

3POID1 Three-Pole Open Interval 1 Delay (cycles) 300 ¢

3PFARC Three-Pole Fast ARC Enable (SELOGIC) N.

3PRCD Three-Pole Reclaim Time Delay (cycles)

3PRI Three-Pole Reclose Initiation (SELOGIC) Z1G OR

T9SKP Skip Reclosing Shot (SELOGIC)

3PICLS Three-Pole BK1 Reclose Supervision (S PCTO1Q

3P2CLS Three-Pole BK2 Reclose Supervisio, GIC) | PCT02Q

Trip Logic?

TR Zone 1 direct transfer trip RMB2A OR RMB2B
OR

Step-distance or time-ove rotection Z1T OR Z2T OR
51S1T OR
Direct transfer K (RMB3A OR

RMB3B) AND NOT
IN103...

a This portion of the tabl WS f the receive MIRRORED BITS (RMBN) communications

assignments.

Protection Free-Fo

-421 Relay

6Ic Control Equations

n Free-Form SELocic Control Equations (Sheet 1 of 3)

cription Entry Comments
otection PSVO1l: =VIM Logical 1 if V, greater
Comparison 1 >=119.500 than or equal to 90% nom-
inal voltage
Protection PSV02:=VIM < Logical 1 if V is less than
Comparison 2 26.500 20% nominal voltage
Protection Latch 1 set | PLTO1S := R_TRIG MOD latch set
PST02Q AND NOT
PLTO1
PLTOIR Protection Latch 1 PLTOIR := R_TRIG MOD latch reset
reset PST03Q AND PLTO1
PSTOIPT | Protection Sequence | PSTO1PT :=150.00 Pulse open the MOD if:
Timer 1 preset
PSTOIR Protection Sequence | PSTOIR := NOT 230 kV bus is not dead
Timer 1 reset PSV02 OR NOT OR BKIT OR BK2T is
IN101 OR NOT closed OR PSTO1 output
IN102 OR PSTO01Q equals logical 1 OR MOD
OR IN103 is open
PSTOIIN Protection Sequence | PSTOIIN :=PSV02 230 kV bus is dead AND
Timer 1 enable AND IN101 AND BKIT AND BK2T are
IN102 AND NOT open AND MOD is closed
IN103
Applications Handbook Date Code 20080110



Substation Automatic Restoration

A5.9

230 kV Tapped Transmission Line Application Example

Table 5.4 Protection Free-Form SELoGIc Control Equations (Sheet 2 of 3)
Setting Description Entry Comments
OUT1032 | Output 103 PSTO1ET > 120.00 MOD open comman
AND NOT PCNO1Q
PSTO2PT | Protection Sequence | PSTO2PT := 780.00 MOD latch is set if:
Timer 2 preset *
PSTO2R Protection Sequence | PSTO2R := PLTO1
Timer 2 reset
PSTO2IN | Protection Sequence | PSTO2IN :=PSV02
Timer 2 enable AND IN103
PSTO3PT | Protection Sequence | PSTO3PT :=3600.00
Timer 3 preset
PSTO3R Protection Sequence | PSTO3R := NOT
Timer 3 reset PLTO1
PSTO3IN | Protection Sequence | PSTO3IN :=PSV 230 kV bus is hot AND
Timer 3 enable AND IN10 BKIT AND BK2T are
IN102 open for 60 s
PSTO4PT | Protection Sequence .00 Pulse close the MOD if:
Timer 4 preset
PSTO4R Protection Seque R*=NOT 230 kV bus is not hot OR
Timer 4 reset OR NOT BKIT OR BK2T is closed
01 OR NOT OR MOD is closed OR
02 OR NOT PSTO04 output equals logi-
103 OR PLTO1 cal 1
OR PST04Q
PSTO4IN Protection, S PSTO4IN :=PSVO01 230 kV bus is hot AND
i enal AND IN101 AND BKIT AND BK2T are
IN102 AND IN103 open AND MOD is open
AND NOT PLTO1 AND MOD latch reset
OUT106* 6 AND PSTO4ET > 300.00 MOD close command
CNO02Q AND NOT PCN02Q
PCNO1 ection Counter 1 | PCNOIPV :=2 MOD block trip if:
4 PCNOIR Protection Counter 1 | PCNOIR :=1IN103
X reset
PC IN | Protection Counter 1 | PCNOIIN := OUT103 | Two trips without MOD
enable open
Protection Counter 2 | PCNO2PV :=2 MOD block close if:

O
Q>®

L 4

Date Code 20080110

\CNOZPV

preset

PCNO2R Protection Counter 2 | PCNO2R := NOT
reset IN103
PCNO2IN | Protection Counter 2 | PCNO2IN := OUT106 | Two closes without MOD
enable closed
PCTO1PU | Protection Condition- | 240.00
ing Timer 1 Pickup
PCTO1DO | Protection Condition- | 0.00
ing Timer 1
Dropout
PCTOI1IN Protection Condition- | NOT IN103 AND MOD is closed AND syn-

ing Timer 1 Enable

25A1BK1 OR PLTO01
AND IN103 AND
59VS1

Applications Handbook

chronized OR MOD latch
set AND MOD is open
AND BKIT bus is hot for
45
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Substation Automatic Restoration

230 kV Tapped Transmission Line Application Example

-421 Relay

Table 5.4 Protection Free-Form SELocIc Control Equations (Sheet 3 of 3)

Setting Description Entry Comments
PCTO2PU | Protection Condition- | 240.00
ing Timer 2 Pickup
PCTO02DO | Protection Condition- | 0.00
ing Timer 2 Dropout S
PCTO2IN | Protection Condition- | NOT IN103 AND MOD is ed AND syn-
ing Timer 2 Enable 25A1BK2 AND NOT | chroni. BKI1T is
IN101 OR PLTO1 d latch set
AND IN103 AND AN open AND
59VS2 AND NOT busiis hot AND
IN101 is closed for 4 s
a This control output assignment is not a protection free-for L ntrol equation, but

appears in this table for continuity of the overall logic.

Applications Handbook
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Substation Automatic Restoration | A.5.11
230 kV Tapped Transmission Line Application Example

=>> SHO L <Enter>
Protection 1

Free-Form Protection SELogic

: {4t PROTECTION FREE-FORM AUTOMATION EXAMPLE
HHE
fHHE  SET CONTROL VARIABLE 1
fHHE  ASSERTS WHEN PRIMARY POSITIVE SEQUENCE VOLTAGE IS
JHHF  GREATER THAN 90% OF NOMINAL r's
PSVOLl := VIM >= 119.500 # 90% OF 230 KV DIVIDED BY SQRT 3
HHE
fHHE  SET CONTROL VARIABLE 2
fHHF  ASSERTS WHEN PRIMARY POSITIVE SEQUENCE VOLTAGE IS

: JHHF  LESS THAN 20% OF NOMINAL

: PSV02 := VIM < 26.500 # 20% OF 230 KV DIVIDED BY SQRT 3

: fHHE

©ONOUTAWN

e e e o
PO O -

JHHF  SET LATCH 1
: PLTO1S := R_TRIG PST02Q AND NOT PLTOL # SET LATCH WITHPT @ OUTPUT
: PLTOIR := R_TRIG PST03Q AND PLTOl # RESET LATCH WI OUTPUT

: fHHE

: JHHF  SET SEQUENCING TIMER 1
: fHHE TIMES IF PSV02 IS ASSERTED, BREAKER 1 AND 2
: fHH THE MOD IS CLOSED. RESETS IF PSV02 IS
: fHHF 1 OR 2 IS CLOSED, OR MOD IS OPEN, OR
: PSTOLPT := 150.00 # TIMER 1 PICKUP 150 CY
: PSTOLR := NOT PSV02 OR NOT IN101 OR NO 10
: PSTOLIN := PSV02 AND IN101 AND IN102 I
: fHHE

: fHHE SET SEQUENCING TIMER 2
: fHHE TIMES IF PSV02 IS ASSERTED
: fHHE  LATCH 1 IS SET

: PSTO2PT := 780.00 # TIME
: PSTO2R := PLTOL

: PSTO2IN := PSV02 AND I
: fHHE

: fHHE SET SEQUENCING TI
: fHHF TIMES IF PSVO1 I
. fHHE RESETS WHEN LATC
: PSTO3PT := 3600.00, PICKPUP 3600 CYCLES
: PSTO3R := NOT PL
: PSTO3IN := PSVOL (AN AND IN102
: fHHE

—
o

=
® N o

N, AND
, OR BREAKER
TPUT ASSERTED

NN N
N = o o

IN103 OR PSTO1Q
3

n N
N

NN
o o

IS OPEN. RESETS IF

WWWWWWwWwWwN NN
ONOT R WN RO WO

w
©

ING R 4

VOl IS ASSERTED AND BREAKER 1 AND 2 ARE OPEN
OPEN, AND LATCH 1 IS NOT SET. RESET IF PSVO1l NOT
OR BREAKER 1 OR 2 NOT OPEN, OR MOD NOT OPEN

ET, OR TIMER 4 OUTPUT ASSERTED

I NN
roNE o
o
o
o
=
-
-
=
m
=
S
-l
—
o
=~
o=
-l
w
w
o
o
<
o
—
m
wn

1
: fHHE QSET COUNTER 1
& 49: 444+ JMOD TRIP ANTI-PUMP, TWO TRIPS WITHOUT AN OPEN LOCKS OUT TRIP
0: PV :=2.00 ## A TWO COUNT COUNTER
PCNOIR := IN103 # AN OPEN MOD RESETS COUNTER
52:“PCNOLIN := OUT103 # COUNTS ON THE RISING EDGE OF AN MOD TRIP
53: iHHt
: fHH  SET COUNTER 2
5: {4 MOD CLOSE ANTI-PUMP, TWO CLOSES WITHOUT A CLOSE LOCKS OUT CLOSE
56: PCNO2PV := 2.00 f# A TWO COUNT COUNTER
57: PCNO2R := NOT IN103 # A CLOSED MOD RESETS THE COUNTER
58: PCNO2IN := OUT106 # COUNTS ON THE RISING EDGE OF AN MOD CLOSE

59: fHHE
60: #HHf SET CONDITIONING TIMER 1

61: fHHf SUPERVISES BK1 RECLOSING, ASSERTS IF MOD IS CLOSED AND IN SYNC. OR
62: fHHF MOD LATCH SET AND MOD OPEN AND BK1 BUS HOT FOR FOUR SECONDS
63: PCTO1PU := 240.00 #f FOUR SECOND PICKUP TIME
64: PCTO1DO := 0.0 # NO DELAY ON DROPOUT
65: PCTOLIN := NOT IN103 AND 25A1BK1 OR PLTO1 AND IN103 AND 59VS1

66: dHHE

67: #HH SET CONDITIONING TIMER 2

68: fHHF SUPERVISES BK2 RECLOSING, ASSERTS IF MOD IS CLOSED AND IN SYNC. AND BK1

69: fHHf CLOSED OR MOD LATCH SET AND MOD OPEN AND BK2 BUS HOT AND BK1 CLOSED

70: {44t FOR FOUR SECONDS

71: PCTO2PU := 240.00 #f FOUR SECOND PICKUP TIME

4 72: PCT02D0 := 0.0 # NO DELAY ON DROPOUT
73: PCTO2IN := NOT IN103 AND 25A1BK2 AND NOT IN101 OR PLTO1 AND IN103 AND \
59VS2 AND NOT IN101

Figure 5.4 Protection Free-Form SELocIic Control Equations
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230 kV Tapped Transmission Line Application Example

Control Inputs

Connect the relay control inputs as specified in Table 5.5. This table shows
substation equipment that each control input monitors.

Table 5.5 Control Inputs

Input Monitor Condition @
IN101 115 kV BKIT 52 b contact

IN102 115 kV BK2T 52 b contact

IN103 230 kV MOD b contact \

IN104 Circuit breaker and autotransformer fail outs (86)

Control Outputs

Table 5.6 Control Outputs (SELogic Contr ions)
Setting Function t

Main Board
OUT101 Trip BKIT
OuT102 Trip BK2T RIP
OUT103 Trip MOD PSTO1ET > 120.00 AND NOT PCNO1Q
OUT104 Close BK1T BKICL
OUT105 Close BK2 BK2CL
OUT106 Close M PSTO4ET > 300.00 AND NOT PCN02Q
OuT107 al ala NOT HALARM OR NOT SALARM OR
NOT ILOP

MIRRORE S nsmit Equations (SELocIc Control Equations)
TMBIA [xdng signal M3P OR Z3G OR DSTRT
TMB2 1 direct underreaching MIPOR Z1G

nsfer trip

V'S TY@ Direct transfer trip: 86BF or NOT IN103 AND IN104
86T and MOD closed

m Blocking signal M3P OR Z3G OR DSTRT

\&BZB Zone 1 direct underreaching MIPOR Z1G

transfer trip
TMB3B Direct transfer trip: 86BF or NOT IN103 AND IN104

86T and MOD closed

Figure 5.5 and Figure 5.6 are logical representations of the free-form

® protection SELOGIC control equations.
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230 kV Tapped Transmission Line Application Example

VIM >=
PSVOI1
19,500.00

VIM <
PSV02
L
PSV02

-

4
INIO1 AND \%
INI02
PSTOI
INI03 W

PSV02

WTT

18

INT01

IN102

IN103

—llir

PSTO1Q

PSTOIET

Al

~
IS

PCNO1Q

]

PSV02 AND

IN103

i

PST02
IN (O

0uTI03

:

.
T

AND
. L
o }— b ;
[ 3600 ] PT BT —

igure 5.5 Protection Free-Form SELoGIc Control Equations
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AND

PST02Q R_TRIG

AND

PST03Q R_TRIG

PLTO1
S —o—
I

10

PSVO1

|

IN101

IN102 1

IN103

PSVOI1

L

PLTON [ b
[ b

T ¥

PLTO1

PST04Q

BT
7o |
:

AND
0UT106
PCTO1
IN QF—
PU
DO
PCT02
IN Qr—
PU
DO

5.5 Protection Free-Form SELocIic Control Equations (continued)
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PSVOI
O
VIM
119500
PSV02
< R
/
VIM
26,500 Yy
PSVO2 INIOT  INIO2  INIO3 pSTO!
—it it it in IN Q0 —
PSV02 | R T —
W
AT
PT=150.0
INTO1
w
T
IN102
W
AT
IN103
—i—
PSTOIQ
PCNOIQ 03
> H
PSTOIET
1200
PSV02  IN103 PSTO!
—it it IN Q
PLTO! R
T
0uTI03 PCNOT
—i} IN Q—
IN103 R o —
PV=2
0UTIO6 PCNO2
| IN 0 —
IN103 R o —
psvolL INt01 ‘YINi02 PST03
—i } IN Q0 —
R £ —
PT=3600
PLTO! PLTO!
H S
PLTO! R
e
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PSVOI INIOT  INIO2  INIO3  PLTOI PSTO4
— } i} i} i} (n IN 0 —
PSVO1 | R (T —
w
AT
PT=330
INT0T
w
AT
IN102
i L 4
INI03 %
W
AT
PLTO!
——
PST04Q
——¢
bCNO20 0UTI06
> —it—e
PSTO4ET
3000

IN103 25AIBK1
el

PLTOT IN103  59VS1
—i—o—{l—o—|

IN103 25AIBK2  IN101
$—H—e——e—it

PLTOT IN103  59VS2  INI01
e —e—{I—e—

AT

Figure 5.6 Ladder Logic Representation, P \ree-Form SELogic Control Equations (continued)
L 4 \< ’

O
Q>Q)

L 4
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Section 6 QO

SEL Communications
Processor Applications

L 4

N

R @ 1s applied in a
cations
s section addresses

This section describes applications where the SEL-42
system integration architecture that includes SEL
Processors, the SEL-2032, SEL-2030, and SEL-
the following topics:

» SEL Communications Processors on page A.6.2

» SEL Communications Pfoc and Relay Architecture on
page A.6.4

» SEL Communication ssor Example on page A.6.6
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SEL Communications Processors

SEL Communications Processors _O

NOTEI Tfhe IRISGE-E time Siqrjalt, SEL offers Communications Processors, the SEL-2032, SEL-2030, and
gﬁg'cgss‘f,r;‘,’;“ ot Sultable for ‘;igﬂfs SEL-2020, powerful tools for system integration and automation. These
accuracy IRIG (HIRIG) timekeeping devices provide a single point of contact for integration networks with a star

mode, which is required for
synchrophasor functions. See
Configuring High-Accuracy
Timekeeping on page U.4.77 for

details. Local HMI \%
To SCADA ———— @ )
Engineering

»
0

Lifocen |

topology as shown in Figure 6.1. L 4

e o o Non-SELIED

]

SELIED | | SELED

Figure 6.1 SEL Commu% rocessor Star Integration Network

In the star topology nef¥ igure 6.1 the SEL Communications Processor
offers the following ﬂ on integration functions:

@ of real-time data from SEL and non-SEL IEDs

salculation, concentration, and aggregation of real-time IED
atatinto databases for SCADA, HMI, and other data
C

umers
ccess to the IEDs for engineering functions including
O configuration, report data retrieval, and control through local

> ctio

serial, remote dial-in, and Ethernet network connections
\ » Simultaneous collection of SCADA data and engineering
connection to SEL IEDs over a single cable
» Distribution of IRIG-B time synchronization signal to IEDs

based on external IRIG-B input, internal clock, or protocol
interface

@ » Automated dial-out on alarms

\ The SEL Communications Processors have 16 serial ports plus a front port.
This port configuration does not limit the size of a substation integration
project, because you can create a multitiered solution as shown in Figure 6.2.
In this multitiered system, the lower-tier SEL. Communications Processors

forward data to the upper-tier SEL Communications Processor that serves as

the central point of access to substation data and station IEDs.
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SEL Communications Processors

Local HMI

To Engineering

To SCADA
SEL Communications 4
Processor

,_l

SEL Communications
Processor

| seieo ||| seen |

SELIED LI

processors to provide redundancy and

You can add additional communicat
eliminate possible single p offailure. The SEL. Communications
Processors provide an integ@rati lution with a reliability comparable to that

of SEL relays. In terms o BF (mean time between failures), the SEL
Communications Pr 100 to 1000 times more reliable than
computer-based.a technology-based solutions.

SEL communications processor is different from other

general- tegration platforms. You can configure the SEL
Communic ocessors with a system of communication-specific
keywor movement commands rather than programming in C or
anotherige urpose computer language. The SEL Communications
Processor 1 the protocol interfaces listed in Table 6.1.
¢ bQSEL Communications Processors Protocol Interfaces
Protocol Connect to
P3 Level 2 Slave DNP3 masters (serial)

Modbus® RTU Modbus masters
SEL ASCII/Fast Message Slave SEL protocol masters

SEL ASCII/Fast Message Master | SEL protocol slaves including other
\ communications processors and SEL relays
ASCII and Binary auto messaging | SEL and non-SEL IED master and slave devices
Modbus Plus? Modbus Plus peers with global data and Modbus
Plus masters

FTP (File Transfer Protocol)P FTP clients

@ Telnetb Telnet servers and clients
UCA2 GOMSFEP UCAZ2 protocol masters
UCA2 GOOSEP UCA2 protocol and peers

DNP3 Level 2 Slave (Ethernet)d DNP3 masters (Ethernet)

a Requires SEL-2711 Modbus Plus protocol card.
b Requires Ethernet card.
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SEL Communications Processor and Relay Architecture

SEL Communications Processor and Relay
Architecture

You can apply the SEL communications processors and SEL relays in a
limitless variety of applications that integrate, automate, and improve station
operation. Most of the system integration architectures using SEL
communications processors involve either developing a star network) or
enhancing a multidrop network.

Deve|opinq The simplest architecture using both the SEL-421 andian/SEL
t N t k communications processor is shown in Figure 6. 1. TithiStarchitecture, the
Star Networks SEL communications processor collects data from the SEL-421 and other

station IEDs. The SEL communications processor aetsfds a single point of
access for local and remote data consumers, (localHMI, SCADA, engineers).
The communications processor also providesia,single point of access for
engineering operations including configiratien afid the collection of report-
based information.

By configuring a data set optimizedito €ach data consumer, you can
significantly increase the utilizatien efficiency on each link. A system that
uses the SEL communicatiens processors to provide a protocol interface to an
RTU will have a shorter lag'time (data latency); communication overhead is
much less for a single data'exchange conversation to collect all substation data
(from a communications,proeessor) than for many conversations required to
collect data directly from each individual IED. You can further reduce data
latency by conneeting the SEL. communications processor directly to the
SCADA magter and eliminating redundant communication processing in the
RTU.

The SEL communi€ations processor is responsible for the protocol interface,
so you ¢én 1nstally test, and even upgrade the system in the future without
disturbing/protective relays and other station IEDs. This insulation of the
protéctive devices from the communications interface assists greatly in
situationsjwhere different departments are responsible for SCADA operation,
commumnication, and protection.

NOTE: Thgtﬁommtunicgtions . You can equip SEL communications processors with an Ethernet card to
Eg‘;f;;i‘;;ts o UCAD o5 2 subeet of provide a UCA2 interface to serial IEDs, including the standard SEL-421. The
IEC 61850. communications processor presents the SEL-421 data as models in a virtual

device domain similar to the way they would appear if the SEL-421 was
connected directly to the UCA2 network. The SEL communications processor
and the Ethernet card offer a significant cost savings to customers who wish to
continue using serial IEDs. For full details on applying the SEL
communications processor with an optional Ethernet card, see the SEL-2032
or SEL-2030 Communications Processor Instruction Manual.

The engineering connection can use either an Ethernet network connection
through the communications processor Ethernet card or a serial port
connection. This versatility will accommodate the channel that is available
between the station and the engineering center. SEL software, including the
ACSELERATOR® QuickSet™ SEL-5030 software program, can use either a
serial port connection or an Ethernet network connection from an engineering
workstation to the relays in the field.
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SEL Communications Processor and Relay Architecture

Enhancing You can also use the SEL communications processor to enhance a multidrop
. architecture similar to the one shown in Figure 6.3. In this example, the SEL
MuItIdrop Networks communications processor enhances a system that uses the SEL-2701 wit O
Ethernet HMI multidrop network. In the example, there are two Ethernet
networks, the SCADA LAN and the Engineering LAN. The SCADA LA

provides real-time data directly to the SCADA Control Center via a protocol
gateway and to the HMI (Human Machine Interface).

L 4
To SCADA Control Center, E;l(hgdilr{tg(r:iﬂg
RTU, or Protocol Gateway ™ — " | I Access

SCADA
Ethernet LAN

EIA-232

SEL-421Relay | ¢ o e | Ethernet IED EL Rela SELRelay | e o o| Non-SELIED
Figure 6.3 Enhancing Multidrop Networks With S unications Processors

In this ex e SEL communications processor provides the following
enhancem when compared to a system that employs only the multidrop

network;
@hemet access for IEDs with serial ports
. 0 Backup engineering access through the dial-in modem
IRIG-B time signal distribution to all station IEDs

\ >
\K » Integration of IEDs without Ethernet
>

Single point of access for real-time data for SCADA,
HMI, and other uses

» Significant cost savings by use of existing IEDs
with serial ports
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SEL Communications Processor Example

SEL Communications Processor Example

This example demonstrates the data and control points available in the S
communications processor when you connect an SEL-421. The physical
configuration used in this example is shown in Figure 6.4.

L 4

Personal

Computer \®
T
|

Cable C234A
l
é

SEL Communications PortF
Processor

Port 1 |
Cable C273 @

DEVICE
CONFIG
PORTID

Connected device is an SEL device
Y Allow autoconfiguration for this device

ay 1” | Name of connected relay?

BAUD 19200 Channel speed of 19200 bits per second?
DA 8 Eight data bits?
S STOPBI 1 One stop bit

N N No parity
ﬁj_ TS Y Hardware flow control enabled
N EOUT 5 Idle timeout that terminates transparent

connections of 5 minutes
a8 Automatically collected by the SEL communications processor during autoconfiguration.
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Data Collection Table 6.3 lists the automatic messages that are available in the SEL-421.

Table 6.3 SEL Communications Processor Data Collection Automessage

Message ::;;I(Ijeection Data Collected

20METER Binary Power system metering data

20METER2 Binary METER database region *

20TARGET Binary Selected Relay Word bit eleme

20TARGET2 Binary TARGET database region\

20DEMAND Binary Demand metering data

20DEMAND2 | Binary DEMAND database regi

20STATUS ASCII Relay diagnostics,

20STATUS2 Binary STATUS data r

20HISTORY ASCII Relay evenghistory

20HISTORY2 | Binary HISTO, tal region

20BREAKER | ASCII onitor data

20BREAKER?2 | Binary atabase region

20EVENTL ASCIL 6 samples/cycle) event report stored in a lit-
at (see the SEL-2030 Instruction Manual)

20LOCAL2 Binary AL database region

20ANALOGS?2 | Binary ANALOGS database region

20D12 D1 270x DNP database region

Tuble 6.4 sh
communica

automessage (Set A) settings for the SEL

ocessor. In this example, the SEL. communications
processor 1§co red to collect metering and target data from the SEL-421
via the th matic messages: 20TARGET, 20METER, and 20DEMAND.

Table 6. Communications Processor Port 1 Automatic Messaging
Set s ( t1of 2)

* e me | Setting Description
A BUF Y Save unsolicited messages
\ RTUP “ACC\nOTTERW” | Automatically log-in at Access Level 1

END_OPER |Y Send Fast Operate messages for remote bit and
breaker bit control

REC_SER N Automatic sequential event recorder data
collection disabled

Z NOCONN NA No SELOGIC control equation entered to
selectively block connections to this port

MSG_CNT 3 Three automessages
ISSUEL1 P00:00:01.0 Issue Message 1 every second
MESG1 20METER Collect metering data

¢ ISSUE2 P00:00:01.0 Issue Message 2 every second
MESG2 20TARGET Collect Relay Word bit data
ISSUE3 P00:01:00.0 Issue Message 3 every minute
MESG3 20DEMAND Collect demand metering data

Date Code 20080110 Applications Handbook SEL-421 Relay
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SEL Communications Processor Example

NOTE: Communications processors
using 20METER may misinterpret any
analog quantities, AMVOOT1 through
AMV004, that contain a negative
number. Use the math functions in
your communications processor to
handle these instances, or restrict
AMVO0O01 - AMV0O04 to positive values
within the SEL-421 free-form
automation logic.

SEL-421 Relay

Table 6.4 SEL Communications Processor Port 1 Automatic Messaging
Settings (Sheet 2 of 2)

Setting Name | Setting Description C
ARCH_EN N Archive memory disabled
USER 0 No USER region registers reserved

Table 6.5 shows the map of regions in the SEL communications processor for
data collected from the SEL-421 in the example.

Table 6.5 SEL Communications Processor Port 1 Region Map

Region e EolizEten Region Name Des, @ on
Message Type

D1 Binary METER [ Relay metering data

D2 Binary TARGET Relay Word bit data

D3 Binary DEMAND Demand metering data

D4-D8 n/a n/a Unused

Al-A3 n/a n/a Unused

USER n/a nfa Unused

Table 6.6 shows the list of ymetefidata available in the SEL communications
processor and the location andydatatype for the memory areas within D1
(Data Region 1). The typg'field indicates the data type and size. The type “int”
is a 16-bit integer. The type¥ifloat” is a 32-bit IEEE floating point number.

The first four automatiofi math variables (AMV001-AMV004) are reported to
the communigations proeessor as part of relay meter data. The
communicatiens processor treats these as vector quantities. Consequently, if
one of thése hasia negative value, the communications processor will report
the value as 1t§ymagnitude (its absolute value) at an angle of 180 degrees.

See ApplicationyGuide 2002-14: SEL-421 Relay Fast Messages for more
infoumation ofl using the SEL Fast Meter and Fast Message protocols with the
SEL-421¢

Table 6.6 SEL Communications Processor METER Region Map (Sheet 1 of 2)

\m Starting Address Type
“YEAR 2000h int
DAY_OF_YEAR 2001h int
TIME(ms) 2002h int[2]
MONTH 2004h char
DATE 2005h char
YEAR 2006h char
HOUR 2007h char
MIN 2008h char
SECONDS 200%h char
MSEC 200Ah int
IAL 200Bh float[2]2
IB1 200Fh float[2]2
IC1 2013h float[2]2
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SEL Communications Processor Example

Table 6.6 SEL Communications Processor METER Region Map (Sheet 2 of 2)

Item Starting Address Type
1A2 2017h float[2]2
B2 201Bh float[2]2
1C2 201Fh float[2]2
IA3 2023h float[2]2
IB3 2027h float[2]2
1C3 202Bh float]
VA 202Fh
VB 2033h
vC 2037h
FREQ 203Bh t[21>
AMV001 203Fh float[2]P
AMV002 2043h float[2]>
AMV003 2047h float[2]P
AMV004 204Bh float[2]>
TAB(A) 2 float[2]2
IBC(A) 3h float[2]?
ICA(A) 05 float[2]2
VAB(V) h float[2]?
VBC(V) Fh float[2]2
VCA(V) 063h float[2]2
PA(MW) 2067h float
QA(MVA\ 2069h float
PB(MW, 206Bh float
QB 206Dh float
P W) 206Fh float
( ) 2071h float
P(M 2073h float
VAR) 2075h float
10(A) 2077h float[2]2
11(A) 207Bh float[2]2
12(A) 207Fh float[2]2
VO(V) 2083h float[2]2
VI(V) 2087h float[2]2
V2(V) 208Bh float[2]2

a The first two addresses contain quantity; the second two addresses contain angle in degrees.
Both values in IEEE 32-bit floating point format.
b The first two addresses contain the quantity in IEEE 32-bit floating point format; the second
two addresses always contain O.

Table 6.7 lists the Relay Word bit data available in the SEL communications
processor for the memory area within D2 (Data Region 2).

Applications Handbook
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Table 6.7 SEL Communications Processor TARGET Region (Sheet 1 of 3)

Relay Word Bits (in Bits 7-0)

Address

7 6 5 4 3 2 1 (o]
2804h TEST FMTEST STSET STCSET STFAIL STWARN STRSET STGSET
2805h EN TRIPLED & & & * * *
2806h TLED_1 TLED_2 TLED_3 TLED_4 TLED_5 TLED_6 TLED_7 TLED_8
2807h TLED_9 TLED_10 TLED_11 TLED_12 TLED_13 TLED_14 TLEDCLS TLED_16
2808h 3POBK2 3POLINE 3PLSHT BKIRS BK2RS 79CY1 79CY3 BKILO
2809h BK2LO BKICL BK2CL LEADBKO | LEADBK1 | LEADBK2 FOLBKO FOLBK1
280Ah B1OPHA B1OPHB BI1OPHC B20OPHA B20OPHB B20OPHC LOPHA LOPHB
280Bh LOPHC SPOA SPOB SPOC SPO 3PO. 27APO 27BPO
280Ch 27CPO * * * * i * *
280Dh 52ACL1 52BCLL1 52CCL1 52AALL1 52BALI 52€AL1 52AA1 52AB1
280Eh 52AC1 * 52ACL2 52BCL2 52CCL2 52AAL2 52BAL2 52CAL2
280Fh 52AA2 52AB2 52AC2 & ¥ A * *
2814h BMITRPA | BMITRPB BMITRPC | BMICLSAn| BMICLSB BMICLSC | BIBCWAL | BIMRTIN
2815h & B1IMSOAL B1ESOAL B1PSAL B1PDAL BIBITAL BIMRTAL | BIKAIAL
2816h BM2TRPA | BM2TRPB | BM2TRPC4| BM2CLSA | BM2CLSB | BM2CLSC | B2BCWAL | B2MRTIN
2817h & B2MSOAL B2ESOAL B2PSAL B2PDAL B2BITAL B2MRTAL | B2KAIAL
2818h RTDO8ST RTDO7ST RTDO6ST RTDO5ST RTDO4ST RTDO3ST RTDO02ST RTDO1ST
2819h RTDIN RTDCOMF RTDFL & RTD12ST RTD11ST RTD10ST RTDO09ST
281Ah DCIF DC1W PC1G DCIR DC2F DC2wW DC2G DC2R
281Bh PDEM QDEM GDEM & * * * *
281Ch RB25 RB26 RB27 RB28 RB29 RB30 RB31 RB32
281Dh RB17 RBi3 RB19 RB20 RB21 RB22 RB23 RB24
281Eh RB09 RB:10 RBI11 RB12 RB13 RB14 RB15 RB16
281Fh RBO1 RB02 RB03 RB04 RBO05 RB06 RBO07 RBOS
2820h SG6 SGS SG4 SG3 SG2 SG1 CHSG *
2821h b IN107 IN106 IN105 IN104 IN103 IN102 IN101
2822h IN2038 IN207 IN206 IN205 IN204 IN203 IN202 IN201
2823h IN216 IN215 IN214 IN213 IN212 IN211 IN210 IN209
2824h IN224 IN223 IN222 IN221 IN220 IN219 IN218 IN217
2825h IN308 IN307 IN306 IN305 IN304 IN303 IN302 IN301
2826h IN316 IN315 IN314 IN313 IN312 IN311 IN310 IN309
2827h IN324 IN323 IN322 IN321 IN320 IN319 IN318 IN317
2828h PSV03 PSVO07 PSV06 PSVO05 PSV04 PSV03 PSV02 PSVO01
2829h PSV16 PSV15 PSV14 PSV13 PSVI12 PSVI11 PSV10 PSV09
282Ah PSV24 PSV23 PSV22 PSV21 PSV20 PSV19 PSV18 PSV17
282Bh PSV32 PSV31 PSV30 PSV29 PSV28 PSV27 PSV26 PSV25
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Table 6.7 SEL Communications Processor TARGET Region (Sheet 2 of 3)
Relay Word Bits (in Bits 7-0) \

Address

7 6 5 4 3 2 1 0 C
282Ch PLTO8 PLTO7 PLT06 PLTOS5 PLTO04 PLTO3 PLTO02 PLTO1
282Dh PLT16 PLT15 PLT14 PLT13 PLT12 PLT11 PLT10 PLT09
282Eh PCT08Q PCTO07Q PCT06Q PCTO05Q PCT04Q PCTO03Q PCT02Q PCTO1Q
282Fh PCT16Q PCT15Q PCT14Q PCT13Q PCT12Q PCT11Q PCT10Q PCT09Q
2830h PST08Q PSTO7Q PST06Q PST05Q PST04Q PST03Q PST020 PSTO01Q
2831h PST16Q PST15Q PST14Q PST13Q PST12Q PSTI11Q PSTR0Q PST09Q
2832h PCNO8Q PCNO7Q PCNO06Q PCNO5Q PCN04Q PCNO0O3Q PCNO2Q PCNO1Q
2833h PCN16Q PCN15Q PCN14Q PCN13Q PCN12Q PCN110O PCN10Q PCNO09Q
2834h ASV008 ASV007 ASV006 ASV005 ASV004 AS¥003 ASV002 ASV001
2835h ASV016 ASVO015 ASV014 ASVO013 ASV012 ASVO11 ASV010 ASV009
2836h ASV024 ASV023 ASV022 ASV021 ASV020 ASVO019 ASVO018 ASVO017
2837h ASV032 ASVO031 ASV030 ASV029 ASN028 ASV027 ASV026 ASV025
2838h ALTO8 ALTO07 ALTO06 ALTO0S5 ALTO4 ALTO03 ALTO02 ALTO1
2839h ALT16 ALT15 ALT14 ALT13 ALCTH2 ALT11 ALT10 ALTO09
283Ah ASTO8Q ASTO07Q AST06Q ASTO05Q ASTO4Q ASTO03Q ASTO02Q ASTO01Q
283Bh AST16Q AST15Q AST14Q ASTI13Q ASTI2Q ASTI11Q AST10Q AST09Q
283Ch ACNO08Q ACNO7Q ACNO06Q ACNO5Q ACN04Q ACNO03Q ACNO02Q ACNO1Q
283Dh ACNI16Q ACNI15Q ACN14Q ACNI13Q ACN12Q ACNI11Q ACNI10Q ACNO09Q
283Eh | PUNRLBL | PFRTEX | MATHERR i * * * *
283Fh | AUNRLBL | AFRTEXP | AFRTEXA * * * i &
2840h SALARM | HALARM | BADPASS WCCARARM * * * *
2841h * * * * * * * *
2843h & & TIRIG TUPDH TSYNCA TSOK PMDOK FREQOK
2844h OUT108 OUT107 OUT106 OUT105 OUT104 OUT103 OUT102 OUT101
2845h OUT208 OUE207 OUT206 OUT205 OoUT204 0ouUT203 0ouUT202 OUT201
2846h * OUTI215 OuT214 OuUT213 OUT212 OUT211 OUT210 OUT209
2847h OUT308 QUT307 OUT306 OUT305 OUT304 OUT303 OUT302 OUT301
2848h * OUT315 ouT314 OuUT313 OUT312 OUT311 OuUT310 OouT309
2849h PB1 4&ED PB2 LED PB3_LED PB4_LED PB5_LED PB6_LED PB7_LED PB8_LED
284Ah RMBSA RMB7A RMB6A RMBSA RMB4A RMB3A RMB2A RMBIA
284Bh TMBSA TMB7A TMB6A TMBSA TMB4A TMB3A TMB2A TMB1A
284Ch RMBSB RMB7B RMB6B RMBS5B RMB4B RMB3B RMB2B RMBI1B
284Dh TMBSB TMB7B TMB6B TMB5B TMB4B TMB3B TMB2B TMBI1B
284Eh ROKA RBADA CBADA LBOKA ANOKA DOKA * *
284Eh ROKB RBADB CBADB LBOKB ANOKB DOKB & &
2850h TESTDNP TESTDB TESTFM TESTPUL * * * *
2851h CCIN25 CCIN26 CCIN27 CCIN28 CCIN29 CCIN30 CCIN31 CCIN32
2852h CCIN17 CCIN18 CCIN19 CCIN20 CCIN21 CCIN22 CCIN23 CCIN24
2853h CCINO09 CCIN10 CCIN11 CCIN12 CCIN13 CCIN14 CCIN15 CCIN16
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SEL Communications Processor Example

Table 6.7 SEL Communications Processor TARGET Region (Sheet 3 of 3)

Relay Word Bits (in Bits 7-0) \

Address

7 6 5 4 3 2 1 (o] C
2854h CCINO1 CCINO02 CCINO3 CCINO4 CCINO5 CCINO06 CCINO7 CCINOS
2855h CCOUT25 | CCOUT26 | CCOUT27 | CCOUT28 | CCOUT29 | CCOUT30 | CCOUT31 | CCOUT32
2856h CCOUT17 | CCOUTI18 [ CCOUT19 | CCOUT20 | CCOUT21 CCOUT22 | CCOUT23 | CCOUT24
2857h CCOUT09 | CCOUT10 [ CCOUTI11 CCOUT12 | CCOUTI3 | CCOUT14 | CCOUTL54/“€COUTI16
2858h CCOouTO1 CCOUT02 | CCOUTO03 | CCOUT04 | CCOUTO5 | CCOUTO06 | CCOGWIO74#CCOUTO8
2859h CCSTAO1 CCSTAO02 CCSTAO03 CCSTA04 CCSTAO5 CCSTAO06 CCSTAO07 CCSTAO08
285Ah CCSTA09 CCSTA10 CCSTAL11 CCSTA12 CCSTA13 CCSTA14 CCSTA15 CCSTA16
285Bh CCSTA17 CCSTA138 CCSTA19 CCSTA20 CCSTA21 CCSTA22 CCSTA23 CCSTA24
285Ch CCSTA25 CCSTA26 CCSTA27 CCSTA28 CCSTA29 CCSTA30 CCSTA31 CCSTA32
285Dh FSERP1 FSERP2 FSERP3 FSERPF o & & &
285Eh ALTI ALTV ALTS2 DELAY * * * *
285Fh TLED_17 TLED_18 TLED_19 TLED_20 TLEDa21 TLED_22 TLED_23 TLED_24
2860h PB9_LED PB10LED PB11LED PB12LED * * * *

The SEL communications précessor can automatically pass control messages,
called Fast Operate messages, to,the SEL-421. You must enable Fast Operate
messages using the FASTQP setting in the SEL-421 port settings for the port
connected to the commilinications processor. You must also enable Fast
Operate messages in{the/SEIrcommunications processor by setting the
automessage sétting SEND’ OPER equal to Y.

Control Points

When you enable Fast Operate functions, the SEL communications processor
automatically, sends messages to the relay for changes in remote bits RB1—
RB16 or bieakegbits BR1 and BR2 on the corresponding communications
processor portyln this example, if you set RB1 on Port 1 in the SEL
communigations processor, it automatically sets RBO1 in the SEL-421.

Breaker bits BR1 and BR2 operate differently than remote bits. There are no
breaketbits in the SEL-421. For Circuit Breaker 1, when you set BR1, the
SEL‘¢emmunications processor sends a message to the SEL-421 that asserts
the manual open command bit OC1 for one processing interval. If you clear
BR1, the SEL communications processor sends a message to the SEL-421 that
asserts the close command bit CC1 for one processing interval. If you are
using the default settings, OC1 will open the circuit breaker and CC1 will
close the circuit breaker. You can control and condition the effect of OC1 and
CCl1 by changing the manual trip and close settings (BKIMTR, BK2MTR,
BKIMCL, BK2MCL) in the SEL-421. Operation for Circuit Breaker 2 with
BR2, OC2, and CC2 is similar.
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Direct Network Communication S

L 4

This section describes applications in which the SEL-4 elay connects
directly to a communications network via an Ethernet ¢ serial port
connection. This section includes the following topics

Direct Network Communication on e

Serial Networking on page A.7.3

Y yYyvyy

Ethernet Card on page A.7.5
Direct Networking Examp? 0 eA.7.8
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Direct Network Communication

Direct Network Communication _O

You can establish direct network communication with the SEL-421 eithe
serial port or through an optional protocol card. The protocols available on the
serial ports are DNP3 and the SEL suite of ASCII and binary protocols. The
protocol card presently available for the SEL-421 is an Ethernet card with

FTP, Telnet, DNP3, IEC 61850, and synchrophasor protocols isisa
factory-installed option available at the time of purchase,of a -421 or

as a factory-installed conversion to an existing relay.

The SEL-421 includes a protocol card slot. This slot sup
interface for network protocol cards. Communication
and an installed protocol card is automatic; you do noneed any configuration
or driver software. You can access any configurati
protocol parameters or network operation thr L-421. Each protocol
card contains a processor responsible for network faterface operation.

rotocol card installed in the
and protocol processing. This
rk failures do not affect

Unlike a protocol card installed in a conipute
SEL-421 is responsible for all network'me @
means that network traffic volum 0
protection processing.

port, you can establish direct

Because SEL relays have more
networking and a commurm ocessor star network simultaneously.
Combine an SEL-2032 o5 SEL- Communications Processor with a direct

networking applicatio the following system capabilities:
NOTE: The IRIG-B time signal > IRIG-B time synchronization signal
available from SEL communications
processors is not suitable for high- gle point of access for IEDs through an Ethernet network or
accuracy IRIG (HIRIG) timekeeping .
mode, which is required for efial connection
synchrophasor functions. See . .
Configuring High-Accuracy » “WNonvolatile logging of data collected from several IEDs

r'S Recorder) data

Timekeeping on page U.4.77 for
details. ingle point for central substation database access
O Single point of access for Fast SER (Sequential Events
&see Section 6: SEL Communications Processor Applications for more
information regarding use of the SEL-2032, SEL-2030, or SEL-2020
munications Processor with the SEL-421.

Q>®

-421 Relay Applications Handbook Date Code 20080110
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Serial Networking

Serial Networking

The protocols available on the SEL-421 serial ports are either SEL protocels
or standard protocols. While the standard protocols offer connectivity without
a specific SEL support in other integration products, the SEL protocols offer
features not included in standard protocols. These features provide additional
capabilities that can significantly enhance your application.

SEL Protocols SEL protocols are described in detail in Section 5: SEL Comumuumiéations
Protocols in the Reference Manual. SEL protocols inclddéFastiMeter, Fast
Operate, Fast SER, MIRRORED BITS® communication$, afid SEL ASCIL

DNP3 DNP3 is a protocol that provides an interface forgetrieviing SCADA data. The
DNP User’s Group is responsible for maintaining andsdistributing the DNP3
specifications.

This section describes the serial networkingfeatures of DNP3. The DNP3
Ethernet interface is discussed briefly in Btheritet Card on page A.7.5.

NOTE: In order to use DNP3 The DNP3 settings and operation arg déscribed in Section 6: DNP3
features, including virtual terminal . . . .

connections, your DNP3 master Communications in the Refefefiee,Manual. The DNP3 interface has the
device must support the required capabilities summarized in,Jabley?. I.

standard DNP3 objects and

operations.

Table 7.1 DNP3 Serial Feature Summary

Feature &cation

DNP event datagéporting More efficient polling through event collection or
unsolicited data

Time tagged event§ Time-stamped SER data
Control outputigelay blocks | Operator-initiated control through remote bits
Write adalog setpoint Change the active protection settings group

Timegsynchronization Set the relay time from the master station or
automatically request time synchronization from the master

Customymapping Increase communication efficiency by organizing data
and reducing available data to what you need for your
application

Modem support Reduce the cost of the communications channel by either

master dialing to relay or relay dialing to master

Virtual terminal Establish an engineering connection across a DNP3 net-
work
TEST DNP command Test DNP3 interface without disturbing protection

You can build a DNP3 network using either a multidrop or star topology. Each
DNP3 network has a DNP3 master and DNP3 remotes or slaves. Figure 7.1
shows the DNP3 multidrop network topology while Figure 7.2 shows the
DNP3 star network topology.

Date Code 20080110 Applications Handbook SEL-421 Relay
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Serial Networking

Master O

| Remote 1 | | Remote 2 | LI Remote n r's

Figure 7.1 DNP3 Multidrop Network Topology

9
S

| Remote 1 | | Remote 2 | .

Figure 7.2 DNP3 Star Network Topol

substations often use an
twork is vulnerable to the failure of
itter fails in a state that disrupts signals
e DNP3 star network topology
d other single points of failure related to

DNP3 multidrop networks that
EIA-485 physical layer. The multi
a single transmitter. If any
on the network, the netwo
eliminates the network transmitter
the physical medium.

If you are planning eij P3 star or network topology, you should
consider the be f ing an SEL communications processor in your
ith mmunications processor is shown in Figure 7.3. A
includes a communications processor has a lower data
scan time than comparable networks through two primary

latency and sh
mechanisms:‘First,;the communications processor collects data from all
remotesdn parallél rather than one-by-one. Second, the master can collect all

data with g @ essage and response, drastically reducing message overhead.

L 4 \O Master

\ Communications
Processor

® | Remote 1 | | Remote 2 | o oo Remote n

Figure 7.3 DNP3 Network with Communications Processor

In the communications processor DNP3 network you can also collect data
from devices that do not have DNP3 protocol. The communications processor
can collect data and present it to the master as DNP3 data regardless of the
protocol between the communications processor and the remote device.
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Ethernet Card

The SEL-421 Ethernet card is an optional protocol card that you can purchase
as a factory-installed option. In order to exchange data over this interface, you
must choose a data exchange protocol that operates over the Ethernet network
link. The Ethernet card supports Telnet, DNP3, FTP, and IEC 61850 data
exchange protocols.

You should carefully design your Ethernet network to maximize reliability,
minimize system administration effort, and provide adequatesecurity. Work
with a networking professional to design your substation Ethernet network.

Ethernet The SEL-421 Ethernet card provides Ethernet networking support with the
popular physical and data-link standards listed infable)7.2.

Table 7.2 Ethernet Connection Options

Name Connector & Media
10BASE-T/100BASE-TX RJ-45 CAT 5 (Category 5
selectable twisted pair) cable
10BASE-F Standard,ST Multimode fiber-optic cable
100BASE-FX Standard)ST Multimode fiber-optic cable
FTP Use FTP (File TransferProtoeol) to access data stored in files in the SEL-421.

FTP is a standard TCP/IPprotocol for exchanging files. A free FTP
application is ineluded withmost web browser software. You can also obtain a
free or inexpénsive FTP application from the Internet.

When yotiyconnect to the SEL-421 Ethernet card, you will find files stored in
directories. Atthe Toot or top level, you will find three directories, one for the
Ethernetfcard,andtwo for the SEL-421. One SEL-421 directory contains
snapshats of dafa regions within the SEL-421 database. The other SEL-421
direet6try confains the files and subdirectories included in the virtual file
intexface described in Section 5: SEL Communications Protocols in the
Reference Manual.

Files associated with the Ethernet card are in the SEL-2702 directory. This
directory contains the file DIAGNOSTICS.TXT, which contains a log of
Ethernet card system failures. The time and date of the diagnostics file
correspond to the time and date of the last system failure event. The SEL-2702
directory may also contain custom mapping files for the DNP3 LAN/WAN
protocol.

If the IEC 61850 protocol is installed and enabled, the following files will be
found in the root directory:

» CID (Configured IED Description) file—contains the IEC
61850 SCL configuration for the SEL-421

» ERR.TXT file—contains any errors encountered during the
CID file download

» CFG.XML file—contains the Ethernet card and SEL-421
configuration information

Date Code 20080110 Applications Handbook SEL-421 Relay
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Ethernet Card

Telnet

IEC 61850

DNP3

SEL-421 Relay

Use Telnet to connect to the SEL-421 ASCII interface and work with the
relay. Telnet is a terminal connection across a TCP/IP network that operates in
a manner very similar to a direct serial port connection to one of the relay
ports. As with FTP, Telnet is a part of TCP/IP. A free Telnet application i$§
included with most computer operating systems, or you can obtain low-costiox
free Telnet applications on the Internet.

When you connect with Telnet and log-in to the relay, you can use all of ¢he
ASCII and Compressed ASCII commands described in Sections9: ASCII
Command Reference in the Reference Manual to configure and ifitetact with
the relay. You can also use the SEL binary Fast Meter and®Hast Qperate
commands described in Section 5: SEL CommunicationssProtegols in the
Reference Manual.

The IEC 61850 standard is a superset of UCA2 and contains most of the
UCAZ2 specification plus additional functionality. The standard describes
client/server and peer-to-peer communicatiofts, sabstation design and
configuration, testing, and project standards:

UCA2 utilized GOMSEFE to present data fromstation IEDs as a series of
objects called models or bricks. TheJEC wogking group incorporated
GOMSFE concepts into the standard, with some modifications to
terminology; one change wag'the renaming of bricks to logical nodes. Each
logical node represents a group‘of data’(controls, status, measurements, etc.)
associated with a particularfunctiony For example, the MMXU logical node
(polyphase measurement,unit) comtains measurement data and other points
associated with three-phaseimetering including voltages and currents. Each
IED may contain many functions such as protection, metering, and control.
Multiple logicalgnodes gepresent the functions in multifunction devices.

The GOOSE object within IEC 61850 is for high-speed control messaging.
IEC 61850, GO@SE objects can quickly and conveniently transfer status,
controls, and'measured values between peers on an IEC 61850 network.

MMS providegservices for the application-layer transfer of real-time data
within.a substation LAN. MMS was developed as a network independent data
exchangegprotocol for industrial networks in the 1980s and standardized as
ISO9506, MMS supports complex named objects and flexible services that
enable the mapping to IEC 61850 in a straightforward manner. It was for this
reason that the UCA users group utilized MMS for UCA from the start, and
why the IEC chose to keep it for IEC 61850.

See Section 8: IEC 61850 Communications in the Reference Manual for

important information regarding IEC 61850.

Installation of the Ethernet card in an SEL-421 relay provides a high
performance DNP3 Level 2 slave network interface designed for operation in
a substation environment.

The DNP3 Ethernet interface has the capabilities summarized in Table 7.3.

Table 7.3 Ethernet DNP3 Feature Summary (Sheet 1 of 2)

Feature Key Features

DNP3 Event data reporting More efficient polling through event collec-
tion or unsolicited data

Time tagged events Time-stamped SER data directly from the
SEL-421, not an intermediate device

Applications Handbook Date Code 20080110
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Ethernet Card
Table 7.3 Ethernet DNP3 Feature Summary (Sheet 2 of 2)
Feature Key Features O
Control output relay blocks Operator-initiated control through remote
bits
Custom mapping Increase communication efficiency by

organizing and/or reducing available data
to what is needed with 5 custom data maps

for up to 10 different sessi
Analog deadband settings per session Deadbands may b t erent values
per session dependin, de applica-

tion

Customized DNP3 data within the SEL-421 relay i
DNP3 master sessions configured in the Ethernet card:
implementation of DNP3 over the Ethernet interfacei
any serial DNP3 settings that might exist in the

See Section 6: DNP3 Communications i rence Manual for
information on configuring and using /WAN for the SEL-421.

LERATOR® QuickSet™ SEL-5030
control an SEL-421 with an Ethernet
uickSet software to choose a connection
tion for a network connection. With this
capability, you can confi ontrol SEL-421 relays from a local
substation LAN (Loc twork) or from an engineering workstation
across a WAN (Wide A twork). The ACSELERATOR QuickSet®

are will be included with your purchase of the
he ACSELERATOR QuickSet Architect software enables
sgration engineers to design and commission IEC 61850
ing SEL IEDs.

SEL Software The SEL-421 configuration softwa
Software, can connect to, co
card. You can use ACSEL
type and provide the requi

net network for engineering connections to SEL protection
products. Check the documentation of your specific software

S
&

Q>®
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Direct Networking Example _O

Application

NOTE: The IRIG-B time signal
available from SEL communications
processors is not suitable for high
accuracy IRIG (HIRIG) timekeeping
mode, which is required for
synchrophasor functions.
Configuring High-Accuracy
Timekeeping on pag

2

details.

-421 Relay

L 4

This direct networking example demonstrates direct networking to the
SEL-421 using the Ethernet card. Figure 7.4 shows the Ethernet network
topology.

L 4

Engineering

To WAN Router Workstation
Ethernet Hub IRIG-B m

— Fthernet =——

— EIA232 —

SEL-421 | e o o

Line1

i

SEL35IS | | SEL38T | e e o | Serial D

Figure 7.4 Example/Di working Topology

In this applig @ all IEDs connect to the Ethernet network. The SEL-421
relays and the)SELL-2030 each have an Ethernet card installed. In this example,

EL-2030'to one of the serial IEDs in order to configure these devices or

vides IRIG-B time synchronization from the SEL-2030 that is
synchronized by the GPS clock attached to the SEL-2030. The SEL-2030
provides its output synchronization signal from its internal clock, so that loss
of the signal from the GPS will not result in a loss of synchronization between
substation devices as they will all be synchronized to the SEL-2030 clock.
During long periods of loss of synchronization, the SEL-2030 clock drift will
become noticeable, but all substation devices will remain synchronized
relative to each other and the SEL-2030 clock. The serial cables also allow the
SEL-2030 to provide a single point for dial-in communications with the
substation IEDs avoiding the high cost of high bandwidth connections (for
example, ISDN or DSL) for this backup to the Ethernet network engineering
connection.

% agnostic information.
&re is a serial cable from the SEL-2030 to the SEL-421 relays. This cable

This example focuses on the relay labeled Line 1 shown in Figure 7.4. PORT 5
settings for the SEL-421 configure the Ethernet card. PORT 5 settings for this
example are shown in Table 7.4.

Applications Handbook Date Code 20080110
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Direct Network Communication | A.7.9
Direct Networking Example

Table 7.4 SEL-421PORT 5 Direct Networking Settings (Sheet 1 of 2)

Applications Handbook

Setting Name | Setting Description

TIMEOUT 5 Port inactivity time-out in minutes (drops to Access
Level 0 on Telnet connections when this expires)

AUTO N Automessage disabled because engineering
connection will not require unsolicited messages,,
from SEL-2030

FASTOP N Fast Operate messages disabled becal y are not
required on engineering connegtio

TERTIM1 1 Length of time the channel b before
checking for the terminati in seconds

TERSTRN \005 Transparent communi ation string
default of CTRL +

TERTIM2 0 Length of time ust be idle before
accepting the termination string in seconds

IPADDR 10.201.0.112 IP network.add

SUBNETM 255.255.0.0 IP network ask

DEFRTR 10.201.0.1

ETCPKA N keep-alive functionality

0 only)
KAIDLE 10 of time to wait with no detected activity
e sending a keep-alive packet (must be greater
than or equal to KAINTV)

KAINTV 1 Length of time to wait between sending keep-alive
packets after receiving no response for the prior keep-
alive packet (must be less than or equal to KAIDLE)

KACNT Maximum number of keep-alive packets to send

NETPORT A Primary network port selected to Port A

FAILO Automatic fail-over disabled, forcing network
operation on Port A only

F 5 Fail over time-out; not used in this application

* A Automatically detect network speed on Port A
N PD A Automatically detect network speed on Port B;
not used in this application
‘TPSERV Y FTP sessions enabled
FTPCBAN FTP SERVER: | FTP connect banner
FTPIDLE 5 FTP connection time-out in minutes
N Anonymous log-in disabled so that passwords are
required for all FTP users
« Host user from which anonymous FTP client inherits
access rights; not used in this application

TICBAN HOST Host Telnet connect banner

TERMINAL
SERVER:

T1INIT N Telnet session from Ethernet card enable; not used in
this application

TIRECV Y Telnet session to SEL-421 enable

TIPNUM 23 Host Telnet TCP/IP port

SEL-421 Relay
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Direct Networking Example

Table 7.4 SEL-421PORT 5 Direct Networking Settings (Sheet 2 of 2)

O

O

Setting Name | Setting Description
T2CBAN CARD TER- Ethernet card Telnet connect banner
MINAL
SERVER:
T2RECV Y Telnet session to Ethernet card enable P
T2PNUM 1024 Ethernet card Telnet TCP/IP port
TIDLE 5 Telnet connection time-out i i

FTP Session

the relay, moves to the SETTINGS directory, a
Figure 7.7 shows a portion of the PORT 5 setti

Telnet Session

Figure 7.&
Figure

This section contains screen captures of, 1
SEL-421. The Telnet application showf i
operating system. Figure 7.5 sho el
required to connect to the SEL-42

Connect

Figure 7.6 is a screen capture of an FTP session with the r¢
used for this example is included with the Window

the PORT 5 settings.
ET_P5.TXT file.

ession with the Line 1
ed with the Windows NT
dialog box and the entries

Cancel |

Connection Dialog Box

en capture of a Telnet session with the relay. The operator

7
connec@elay, and displays the PORT 5 settings. Only a portion of the
PORTs5uset

-421 Relay

are shown.
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C:\>ftp10.201.0.112 <Enter>

Connected to 10.201.0.112.
220 SEL-2701 FTP SERVER:

User (10.201.0.112:(none)): 2AC
331 User name okay, need password.
Password:

230 User logged in, proceed.

ftp> Is<Enter> .

200 PORT Command okay.
150 File status okay; about to open data connection.

SEL-421

SEL-2701

DDO1_SEL-421

CFG.TXT

226 Closing data connection.

42 bytes received in 0.00 seconds (42000.00 Kbytes/sec)
ftp> cd SEL-421 <Enter>

250 CWD requested file action okay, completed.

ftp> Is<Enter>

200 PORT Command okay.

150 File status okay; about to open data conn ion.
CFG.TXT

EVENTS

REPORTS

SETTINGS

226 Closing data connection.

36 bytes received in 0.08 seconds ( t sec)
ftp> cd SETTINGS <Enter>

250 CWD requested file action s eted.

ftp> Is<Enter>

200 PORT Command okay.

150 File status okay; abo to op ata connection.
ERR.TXT

SET_AL.TXT

SET_ALO0.TXT

SET_A2.TXT

SET_A3.TXT

SET_A4.TXT

SET_A5.TXT
SET_A6.TXT

L4 TXT
SETUR5. TXT

SET_L6.TXT

T_O01.TXT
SET_P1.TXT
SET_P2.TXT
SET_P3.TXT
SET_P5.TXT
SET_PF.TXT

SET_RL.TXT
SET_S1.TXT

@ SET_S2.TXT
SET_S3.TXT
SET_S4.TXT
SET_S5.TXT
SET_S6.TXT
SET_SM.TXT

226 Closing data connection.
419 bytes received in 0.73 seconds (0.57 Kbytes/sec)

ftp> get SET_P5.TXT <Enter>
. 200 PORT Command okay.
150 File status okay; about to open data connection.
226 Closing data connection.
2392 bytes received in 1.58 seconds (1.51 Kbytes/sec)

ftp> user entry <Enter>
221 Goodbye.
C:\>

Figure 7.6 Example FTP Session
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[INFO]

RELAYTYPE=SEL
FID=SEL-421-X045-V0-Z001001-D20010106
BFID=SLBT-CFS-X000
PARTNO=SEL-400H1234

[IOBOARDS]

[COMCARDS]

, SEL-2701-X061-V0-2000000-D20010117, SLBT-2701-X021-V0-2000000-D20010109, 1
[P5]

"TIMEOUT",5

"AUTO",Y .
"FASTOP",N

"TERTIM1",1

"TERSTRN","\005"

"TERTIM2",0
"IPADDR","10.201.0.112"
"SUBNETM","255.255.0.0"
"DEFRTR","10.201.0.1"
"NETPORT","A"

"FAILOVR","N"

"FTIME",5

"NETASPD","A"

"NETBSPD","A"

"FTPSERV","Y"

"FTPCBAN","FTP SERVER:"
"FTPIDLE",5

"FTPANMS™,"N"
"FTPAUSR","ACC"
"T1CBAN","HOST TERMINAL SERVER:"
"TLINIT™,"N"

"TIRECV™,"Y"

"T1PNUM",23

"T2CBAN","CARD TERMINAL SERV
"T2RECV™,"Y"

"T2PNUM",1024

"TIDLE",5

Remaining settings not shown

Figure 7.7 Partial of SET_P5.TXT

N
>
$

L 4

Q
o
&

L 4
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HOST TERMINAL SERVER:

Relay 1
Station A

=ACC <Enter>
Password: 2x****

Relay 1
Station A

Level 1
=>2AC <Enter>
Password: ?****

Relay 1
Station A

Level 2
=>>SHO P 5 <Enter>
Port 5

SEL Protocol Settings

TIMEOUT := 5 AUTO

TERSTRN := "\005"
TERTIM2 := 0

Protocol Card Settings

IPADDR

SUBNETM :=

DEFRTR

NETPORT :
FAILOVR :

FTIME

NETASPD :
NETBSPD :
FTPSERV :
FTPCBAN :
FTPIDLE :
FTPANMS
FTPAUSR :

T1CBAN

’ QUI <En

>

"10.201.0.112"
"255.255.0.0"
.201.0.1"

TIDLE

RMINAL SERVER:"

ERMINAL SERVER:"

-CTRLB64 Not Shown

Date: 01/19/200
Serial Number:

1 Time:
00000000

Date: 01/19/2001 Time:
00000000

Serial Number:

Date: 01/19/200
Serial Number:

F :

TERTIM1

15:35:57.644

15:36:12.856

.887

=1

Applications Handbook

Qconnection terminated, terminating Network connection.

ure 7.8 Example Telnet Session
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Glossary C)O

“a” Contact A breaker auxiliary contact (ANSI Standard Device Number 52A) that cl6ses
when the breaker is closed and opens when the breaker is open®

“a” Output A relay control output that closes when the output relay asserts.
“b”’ Contact A breaker auxiliary contact (ANSI Standard Device B) that opens
when the breaker is closed and closes when the breaker n.
“b”” Output A relay control output that opens when the outputizelay/ asserts.
“c” Contact A breaker auxiliary contact that can be set to'serve €ither as an “a” contact or
as a “b” contact.
“c” Output An output with both an “a” outp d put sharing a common post.
30, 40, 5U The designation of the verti ighfjof a’'device in rack units. One rack unit,

U, is approximately 1.75 inc 45 mm.
A Abbreviation for amps o%unit of electrical current flow.
ABS Operator An operator in math I
value.

AC Ripple The peak-to component of a signal or waveform. In the station dc
battery sy§tem,monitoring ac ripple provides an indication of whether the
substation b arger has failed.

control equations that provides absolute

ne

Acceptance Testing Testing irms that the relay meets published critical performance
spe at and requirements of the intended application. Such testing
4 involves testing protection elements and logic functions when qualifying a
el for use on the utility system.

Access Lev elay command level with a specified set of relay information and
commands. Except for Access Level 0, you must have the correct password to
enter an access level.

Access The least secure and most limited access level. No password protects this
level. From this level, you must enter a password to go to a higher level.
cxvel 1 A relay command level you use to monitor (view) relay information. The

default access level for the relay front panel.

Access Level 2 The most secure access level where you have total relay functionality and

control of all settings types.

L 4

Access Level A A relay command level you use to access all Access Level 1 and Access Level
B (Breaker) functions plus Automation, Alias, Global, Front Panel, Report,
Port, and DNP settings.

Access Level B A relay command level you use for Access Level 1 functions plus circuit
breaker control and data.

Date Code 20080110 SEL-421 Relay
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Access Level 0-ANSI Standard Device Numbers

Access Level O

Access Level P

ACSELERATOR®
Architect™”

ACSELERATOR®
QuickSet

ACSI

Active Settings Group

Admittance

Advanced Settings

Analog Quantities

AND Operator

ANSI Standard
Device Numbers

L 4

L 4

Q
o
¥

A relay command level you use to access all Access Level 1 and Access Level

B (Breaker) functions plus Output, Alias, Global, Front Panel, Report, Port, O
and DNP settings.

A relay command level you use to access all Access Level 1 and Access LQ

B (Breaker) functions plus Protection, SELOGIC, Alias, Global, Group,

Breaker Monitor, Front Panel, Report, Port, and DNP settings. .

ACSELERATOR Architect is an add-on to the ACSELERATOR at utilizes
IEDs.

the IEC 61850 Substation Configuration Language to CK
ACSELERATOR QuickSet SEL-5030 software program; ndows®-based

Ni
program that simplifies settings and provides analysis(Su @

1850 protocol.
i d access those

Abstract Communications Service Interface for the I
p n
bjects.

Defines a set of objects, a set of services to m
objects, and a base set of data types for desc

The settings group that the SEL-421 is t
settings groups available in the relay.

Settings for customizing p:
you set EADVS :=Y and

sing from among six

tions; these settings are hidden unless
=Y.

Variables represented uctuating measurable quantities as
, and voltage.

in Boolean SELOGIC control equations that
ent of conditions on both sides of the operator before the

Alisto numbers used to represent electrical protection and control
relays. dard device numbers used in this instruction manual include
thefollo :

W

Distance element
Synchronism-check element

27  Undervoltage Element

32  Directional Elements

50  Overcurrent Element

51  Inverse-Time Overcurrent Element
52 AC Circuit Breaker

59  Overvoltage Element

67  Definite Time Overcurrent

79  Recloser

86  Breaker Failure Lockout

89  Disconnect

These numbers are frequently used within a suffix letter to further designate
their application. The suffix letters used in this instruction manual include the
following:

P
G

-421 Relay

Phase Element
Residual/Ground Element
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Anti-Aliasing Filter

Apparent Power, S

Arcing Resistance

ASCII

ASCII Terminal

Assert

AT Modem Command Set
Dialing String Standard

Autoconfiguration

Automatic Messages

Automatic Reclose
Automation Vaciables

Auto-Reclose-
Drive-to-Eockout

Autotransformer

AX-S4 MMS

Bandpass Filter

Date Code 20080110
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Anti-Aliasing Filter-Bandpass Filter

N  Neutral/Ground Element
Q Negative-Sequence (312) Element

A low pass filter that blocks frequencies too high for the given sampling tate
to accurately reproduce.

Complex power expressed in units of volt-amps (VA), kilovolt-amps (kVA), or
megavolt-amps (MVA). Accounts for both real (P) and reactive (Q) power
dissipated in a circuit: S =P + jQ. This is power at the fundandentalfrequency
only; no harmonics are included in this quantity.

The resistance in the arc resulting from a power line faglt:

Abbreviation for American Standard Code for Infoffmationdnterchange.
Defines a standard set of text characters. The SEL-421Tuses ASCII text
characters to communicate using front-panel and reas-panel EIA-232 serial
ports on the relay and through virtual serial ports:

A terminal without built-in logic or local pfecessing capability that can only
send and receive information.

To activate. To fulfill the logic or elegtrical requirements needed to operate a
device. To set a logic condition,t6*the true state (logical 1) of that condition.
To apply a closed contact t@uan SEL-421 input. To close a normally open
output contact. To open a mormally, closed output contact.

The command languagesstandard that Hayes Microcomputer Products, Inc.
developed to control{auto-dial modems from an ASCII terminal (usually
EIA-232 connécted) oria PC (personal computer) containing software
allowing emitlation’of such a terminal.

The ability teydetetmine relay type, model number, metering capability, port
ID, baudgate, passwords, relay elements, and other information that an IED
(an SEL-2020/2030 communications processor) needs to automatically
comuunicate/with relays.

Messages including status failure and status warning messages that the relay
genesates at the serial ports and displays automatically on the front-panel
LCD.

Automatic closing of a circuit breaker after a breaker trip by a protective relay.
Variables that you include in automation SELOGIC control equations.

A logical condition that drives the auto-reclose function out of service with
respect to a specific circuit breaker.

A transformer with at least two common windings.

“Access for MMS” is an IEC 61850, UCA2, and MMS client application
produced by SISCO, Inc., for real-time data integration in Microsoft
Windows-based systems supporting OPC and DDE. Included with AX-S4
MMS is the interactive MMS Object Explorer for browser-like access to
IEC 61850 / UCA?2 and MMS device objects.

A filter that passes frequencies within a certain range and blocks all
frequencies outside this range.

SEL-421 Relay
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Best Choice Ground Directional Supervision™ logic-Circuit Breaker Failure Logic

Best Choice Ground
Directional Supervision™
logic

Bit Label

Bit Value

Block Trip Extension

Blocking Signal Extension

Bolted Fault

Boolean Logic Statements

Breaker Auxiliary Contact

Breaker-and-a-half
Configuration

Buffered Report

C37.118
Category
CEYT

Checksum

CID

CID File

Circuit Breaker
Failure Logic

SEL-421 Relay

An SEL logic that determines the directional element that the relay uses for
ground faults.

The identifier for a particular bit.
Logical O or logical 1.

Continuing the blocking signal at the receiving relay by delayifig the dropout
of Relay Word bit BT.

The blocking signal for the DCB (directional comparisefitblocking) trip
scheme is extended by a time delay on dropout timer @ pfevent unwanted
tripping following current reversals.

A fault with essentially zero impedance or resistanee between the shorted
conductors.

Statements consisting of variables that behave agcording to Boolean logic
operators such as AND, NOT, and OR!

An electrical contact associated with, a‘€iccuit breaker that opens or closes to
indicate the breaker positiont A¥ferm-a breaker auxiliary contact (ANSI
Standard Device Number $2A) ¢leses when the breaker is closed and opens
when the breaker is open. A'fésm-b breaker auxiliary contact (ANSI Standard
Device Number 52B) opens when'the breaker is closed and closes when the
breaker is open.

A switching stafion arrangement of three circuit breakers per two circuits; the
two circuits ghare one of the circuit breakers.

IEC 618509EDs ¢an issue buffered reports of internal events (caused by
trigger options‘data-change, quality-change, and data-update). These event
reports €an/beisent immediately or buffered (to some practical limit) for
transmission,such that values of data are not lost due to transport flow control
comnstraint§ or loss of connection. Buffered reporting provides sequence-of-
events, (SOE) functionality.

IEEEC37.118, Standard for Synchrophasors for Power Systems
Arcollection of similar relay settings.

Coupling-capacitor voltage transformer that uses a capacitive voltage divider
to reduce transmission voltage to a level safe for metering and relaying
devices. See CVT.

A method for checking the accuracy of data transmission involving
summation of a group of digits and comparison of this sum to a previously
calculated value.

Checksum identification of the firmware.

IEC 61850 Configured IED Description file. XML file that contains the
configuration for a specific IED.

This logic within the SEL-421 detects and warns of failure or incomplete
operation of a circuit breaker in clearing a fault or in performing a trip or close
sequence.

Date Code 20080110



Circuit Breaker
History Report

Circuit Breaker Report

Class

Cold Start

Commissioning Testing

Common
Class Components

Common Data Class

Common Inputs

Common Time Delay

Common Zone Timing

Communications Protocol

Communications-Assisted
Tripping

Comparison

COMTRADE

Conditioning Timers

Contact Input

Contact Output

Date Code 20080110

Glossary
Circuit Breaker History Report-Contact Output

A concise circuit breaker event history that contains as many as 128 events.
This breaker history report includes circuit breaker mechanical operation
times, electrical operation times, interrupted currents, and dc battery monitor
voltages.

A full report of breaker parameters for the most recent operation. These
parameters include interrupted currents, number of operations, and
mechanical and electrical operating times among many parameters.

The first level of the relay settings structure including Glebaliy@roup; Breaker
Monitor, Port, Report, Front Panel, DNP settings, ProtectiomSEKOGIC control
equations, Automation SELOGIC control equations, and"Output SELOGIC
control equations.

Beginning a system from power up without carryover ofyprevious system
activities.

Testing that serves to validate all system ac and dc connections and confirm
that the relay, auxiliary equipment, and SCADA"interface all function as
intended with your settings. Perfosm suchétestifig when installing a new
protection system.

Composite data objects that ‘contaimyinstances of UCA standard data types.

IEC 61850 grouping of data objects that model substation functions. Common
Data Classes include Status mformation, Measured information, Controllable
status, Controllable analog; Status settings, Analog settings, and Description
information.

Relay controlinputs that share a common terminal.

Both ground andyphase distance protection follow a common time delay on
pickup.

Both ground and phase distance protection follow a common time delay on
pickup.

A language for communication between devices.

@ircuit breaker tripping resulting from the transmission of a control signal
over a communications medium.

Boolean SELOGIC control equation operation that compares two numerical
values. Compares floating-point values such as currents, total counts, and
other measured and calculated quantities.

Abbreviation for Common Format for Transient Data Exchange. The SEL-421
supports the IEEE Standard Common Format for Transient Data Exchange
(COMTRADE) for Power Systems, IEEE C37.111-1999.

Timers for conditioning Boolean values. Conditioning timers either stretch
incoming pulses or allow you to require that an input take a state for a certain
period before reacting to the new state.

See Control input.

See Control output.

SEL-421 Relay
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Coordination Timer-Data Label

Coordination Timer

Control Input

Control Output

COS Operator

Counter

Cross-country fault

CT

CT Subsidence Current

CTR

Current
Reversal Guard Logic

Current
Transformer Saturation

CVT

CVT Tr,

Detéetio
ataAttribute
Data Bit

Data Class

Data Label

-421 Relay

A timer that delays an overreaching element so that a downstream device has
time to operate.

Relay inputs for monitoring the state of external circuits. Connect auxili
relay and circuit breaker contacts to the control inputs.

Relay outputs that affect the state of other equipment. Connect control outputs
to circuit breaker trip and close coils, breaker failure auxiliary relays, L 4

communications-assisted tripping circuits, and SCADA syste%
cosine

Operator in math SELOGIC control equations that provide
function.

Variable or device such as a register or storage location
represents the number of times an event occurs.
r

single phase-to-

ither records or

A cross-country fault consists of simultaneo
ground faults on parallel lines.

Current transformer.

onentially decaying dc current with
ts from the energy trapped in the CT
aker opens to clear a fault or interrupt

Subsidence current appears as a s

a long time constant. This ¢
magnetizing branch after it
load.

Current transformer rati \
Under this logi e es not key the transmitter and ignores reception
. )

the remote terminal when a reverse-looking
external fault.

element deti

The point of imum current input to a current transformer; any change of
input beyo e saturation point fails to produce any appreciable change in
output.

& Ca@ voltage transformer that uses a capacitive voltage divider to reduce
@
CVT Transient Blockpr .

10on voltage to a level safe for metering and relaying devices. See

gic that prevents transient errors on capacitive voltage transformers from
causing false operation of Zone 1 mho elements.

Logic that detects transient errors on capacitive voltage transformers.

In the IEC 61850 protocol, the name, format, range of possible values, and
representation of values being communicated.

A single unit of information that can assume a value of either logical 0 or
logical 1 and can convey control, address, information, or frame check
sequence data.

In the IEC 61850 protocol, an aggregation of classes or data attributes.

The identifier for a particular data item.
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Data Object

DC Offset

DCB (Directional
Comparison Blocking)

DCE Devices

DCUB (Directional
Comparison Unblocking)

Deadband

Deassert

Debounce Time

Default Data Map

Delta

Demand Meter

Direct Tripping

Directional Start

Directional'Supervision

Disabling Time Delay

Distance
Calculation Smoothness

Date Code 20080110
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Data Object-Distance Calculation Smoothness

In the IEC 61850 protocol, part of a logical node representing specific
information (status or measurement, for example). From an object-oriented
point of view, a data object is an instance of a data class.

A dc component of fault current that results from the physical phenomenon
preventing an instantaneous change of current in an inductive circuit.

A communications-assisted protection scheme. A fault occurring behind‘a
sending relay causes the sending relay to transmit a blocking sighal to a
remote relay; the blocking signal interrupts the tripping @ircuigof the remote
relay and prevents tripping of the protected line.

Data communication equipment devices (modems).

A communications-assisted tripping scheme with logicladded to a POTT
scheme that allows high-speed tripping of overreaching elements for a brief
time during a loss of channel. The logic then(bloeks trip permission until the
communications channel guard returns for a'set time.

The range of variation an analog gquantity £an traverse before causing a
response.

To deactivate. To remove thélogie,or electrical requirements needed to
operate a device. To clear glogicieondition to its false state (logical 0). To
open the circuit or open the{contacts across an SEL-421 input. To open a
normally open output contact. ToClose a normally closed output contact.

The time that masks the petiod when relay contacts continue to move after
closing; debouni@&timecoyers this indeterminate state.

The default map©f objects and indices that the SEL-421 uses in DNP
protocol.

A phasg-to-phase series connection of circuit elements, particularly voltage
transformers or loads.

A measuring function that calculates a rolling average or thermal average of
instantaneous measurements over time.

Bocal or remote protection elements provide tripping without any additional
sopervision.

A blocking signal provided by reverse reaching elements to a remote terminal
used in DCB communications-assisted tripping schemes. If the fault is internal
(on the protected line), the directional start elements do not see the fault and
do not send a blocking signal. If the fault is external (not on the protected
line), the directional start elements start sending the block signal.

The relay uses directional elements to determine whether protective elements
operate based on the direction of a fault relative to the relay.

A DCUB scheme timer (UBDURD) that prevents high-speed tripping
following a loss-of-channel condition.

A relay algorithm that determines whether the distance-to-fault calculation
varies significantly or is constant.

SEL-421 Relay
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Distance Protection Zone-End-Zone Fault

Distance Protection Zone

DMTC Period

DNP (Distributed
Network Protocol)

Dropout Time

DTE Devices

DTT (Direct Transfer
Trip)

Dumb Terminal

DUTT
(Direct Underreaching
Transfer Trip)

Echo

Echo Block Time Delay
Echo Duration Time Delay

ECTT
(Echo Conversion to Trip)

EEPROM

EHY

EIA-232

ETA-485

Electrical Operating Time

Electromechanical Reset

End-Zone Fault

SEL-421 Relay

The area of a power system where a fault or other application-specific
abnormal condition should cause operation of a protective relay.

The time of the demand meter time constant in demand metering.

Manufacturer-developed, hardware-independent communications protocol.

The time measured from the removal of an input signal until th€%output signal
deasserts. You can set the time, in the case of a logic vaurable timier,jor the
dropout time can be a result of the characteristics of an element algorithm, as
in the case of an overcurrent element dropout time.

Data terminal equipment (computers, terminals, prifaters; zelays, etc.).

A communications-assisted tripping scheme. A relay at one end of a line
sends a tripping signal to the relay at the oppositéend of the line.

See ASCII terminal.

A communications-assisted trippingischeme4Detection of a Zone 1 fault at
either end of a line causes tripping of theylocal circuit breaker as well as
simultaneous transmission of @ tripping signal to the relay at the opposite end
of the line. The scheme is said tolbe underreaching because the Zone 1 relays
at both ends of the line reach*énly 80 percent (typically) of the entire line
length.

The action of a localfrelay teturning (echoing) the remote terminal permissive
signal to the reM@te terininal when the local breaker is open or a weak infeed
condition exdsts.

A time delagthatblocks the echo logic after dropout of local permissive
elements,

A time delay that limits the duration of the echoed permissive signal.

An'element that allows a weak terminal, after satisfaction of specific
congditions, to trip by converting an echoed permissive signal to a trip signal.

Electrically Erasable Programmable Read-Only Memory. Nonvolatile
miemory where relay settings, event reports, SER records, and other
nonvolatile data are stored.

Extra high voltage. Voltages greater than 230 kV.

Electrical definition for point-to-point serial data communications interfaces,
based on the standard ETA/TTA-232. Formerly known as RS-232.

Electrical standard for multidrop serial data communications interfaces, based
on the standard EIA/TIA-485. Formerly known as RS-485.

Time between trip or close initiation and an open phase status change.

Setting of the relay to match the reset characteristics of an electromechanical
overcurrent relay.

A fault at the farthest end of a zone that a relay is required to protect.
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Energy Metering-Fault Type Identification Selection

Energy Metering Energy metering provides a look at imported power, exported power, and net
usage over time; measured in MWh (megawatt hours).

Equalize Mode A procedure where substation batteries are overcharged intentionally for a
preselected time in order to bring all cells to a uniform output.

ESD The sudden transfer of charge between objects at different potentials caused
(Electrostatic Discharge) by direct contact or induced by an electrostatic field.

Ethernet A network physical and data link layer defined by IEEE802'2 afid IEEE
802.3.

Event History A quick look at recent relay activity that includes a standard geport header;
event number, date, time, and type; fault location; maximuna fault phase
current; active group at the trigger instant; and targets.

Event Report A text-based collection of data stored by thegelayin response to a triggering
condition, such as a fault or ASCII TRI command. The data show relay
measurements before and after the triggefiin addition to the states of
protection elements, relay inputs, and relay outputs each processing interval.
After an electrical system fault, use €yentreports to analyze relay and system
performance.

Event Summary A shortened version of stotedyevent reports. An event summary includes items
such as event date and time§ event type, fault location, time source, recloser
shot counter, prefault andifault voltages, currents, and sequence current, and
MIRRORED BITS® communicagions channel status (if enabled).

The relay sends_an event report summary (if auto messaging is enabled) to the
relay serial port a féw seeonds after an event.

EXP Operator Math SEl@GIC€ontrol equation operator that provides exponentiation.

F_TRIG Falling-edgeytrigger. Boolean SELOGIC control equation operator that triggers
an operation upoén logic detection of a falling edge.

Fail-Safe Refers to‘an output that is open during normal relay operation and closed
whentreldy power is removed or if the relay fails. Configure alarm outputs for
fail=safe operation.

Falling Edge Transition from logical 1 to logical 0.
Fast Hybrid Contrel A control output similar to, but faster than, the hybrid control output. The fast
Otutput hybrid output uses an insulated gate bipolar junction transistor (IGBT) to

interrupt (break) high inductive dc currents and to very rapidly make and hold
the current until a metallic contact operates, at which time the IGBT turns off
and the metallic contact holds the current. Unlike the hybrid control output,

this output is not polarity sensitive; reversed polarity causes no misoperations.

Fast Meter SEL binary serial port command used to collect metering data with SEL
relays.
Fast Operate SEL binary serial port command used to perform control with SEL relays.

Fast Message SEL binary serial port protocol used for Fast SER, Fast Message
Synchrophasors, and RTD communications.

Fault Type Logic the relay uses to identify balanced and unbalanced faults (FIDS).
Identification Selection

Date Code 20080110 SEL-421 Relay
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FID-Ground Directional Element Priority

FID

Firmware

Flash Memory

Flashover

Float High

Float Low
Free-Form Logic

Free-Form SELOGIC
Control Equations

FTP

Function

Function Code

Functional Component

Fundamental Frequency

Global Settings

GOMSFE

GOOSE

GPS

Ground Directional
Element Priority

SEL-421 Relay

Relay firmware identification string. Lists the relay model, firmware version
and date code, and other information that uniquely identifies the firmware
installed in a particular relay.

The nonvolatile program stored in the relay that defines relay operation.

A type of nonvolatile relay memory used for storing large blocks of
nonvolatile data.

A disruptive discharge over the surface of a solid dielectsic injaggas or liquid.
The highest charging voltage supplied by a battery chazger.

The lowest charging voltage supplied by a battery charger.

Custom logic creation and execution order.

Free-form relay programming that includestmathematical operations, custom
logic execution order, extended relay custemization, and automated operation.

File transfer protocol.

In IEC 61850, task(s) perforfiedyby the substation automation system, i.e., by
application functions. Generallygfunctions exchange data with other
functions. Details are dependent on‘the functions involved.

Functions are performed®y, IEDs (physical devices). A function may be split
into parts residing in differenfllEDs but communicating with each other
(distributed function)and with parts of other functions. These communicating
parts are called'logical nodes.

A code that defines how you manipulate an object in DNP3 protocol.

Portion ofia UCA,GOMSFE brick dedicated to a particular function including
status, ¢ontrolland descriptive tags.

The component of the measured electrical signal with a frequency equal to the
normal electrical system frequency, usually 50 Hz or 60 Hz. Generally used to
diffetentiate between the normal system frequency and any harmonic
frequencies present.

General settings including those for relay and station identifiers, number of
breakers, date format, phase rotation, nominal system frequency, enables,
station dc monitoring, control inputs, settings group selection, data reset
controls, frequency tracking, time and date management, and current and
voltage source selection.

Generic Object Model for Substation and Feeder Equipment; a system for
presenting and exchanging IED data.

IEC 61850 Generic Object Oriented Substation Event. GOOSE objects can
quickly and conveniently transfer status, controls, and measured values among
peers on an IEC 61850 network.

Global Positioning System. Source of position and high-accuracy time
information.

The order the relay uses to select directional elements to provide ground
directional decisions; relay setting ORDER.
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Ground Distance Element

Ground Fault
Loop Impedance

Ground
Overcurrent Elements

Ground Quadrilateral
Distance Protection
Ground Return Resistance
Guard-Present Delay

GUI

Hexadecimal Address
High-Resolution

Data Capture

HMI

Homogeneous System

HV

Hybrid Control Output

TAQIB, IC

L€D File

IEC 61850

IED

IEEE

Date Code 20080110
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Ground Distance Element-IEEE

A mho or quadrilateral distance element the relay uses to detect faults
involving ground along a transmission line.

The impedance in a fault-caused electric circuit connecting two or more p@ints
through ground conduction paths.

Elements that operate by comparing a residual ground calculation of the three-
phase inputs with the residual overcurrent threshold setting. The relay asserts

ground overcurrent elements when a relay residual current caletilation exceeds
ground current setting thresholds.

Ground distance protection consisting of a four-sided charagteristic on an R-X
diagram.

Fault resistance that can consist of ground path resistanee typically in tower
footing resistance and tree resistance.

A timer that determines the minimum time‘before the relay reinstates
permissive tripping following a loss-of-¢hannel*¢ondition in the DCUB
communications-assisted trippingsschemes relay setting GARD1D.

Graphical user interface.
A register address consistingof @ynumeral with an “h” suffix or a “0x” prefix.

Reporting of 3 kHz low-pass analég filtered data from the power system at
each event trigger or trip,at high sample rates of 8000 samples/second, 4000
samples/second, 2000 samples/second, and 1000 samples/second.

Human machine interface.

A power systenWith nearly the same angle (<5 ° difference) for the
impedance,angles of the local source, the protected line, and the remote
source.

High voltageé: System voltage greater than or equal to 100 kV and less than
230k V.

Contaets that use an insulated gate bipolar junction transistor (IGBT) in
patallel with a mechanical contact to interrupt (break) high inductive dc
currents. The contacts can carry continuous current, while eliminating the
need for heat sinking and providing security against voltage transients. These
contacts are polarity dependent and cannot be used to switch ac control
signals.

Measured A-phase, B-phase, and C-phase currents.

IEC 61850 IED Capability Description file. XML file that describes IED
capabilities, including information on logical node and GOOSE support.

Internationally standardized method of communications and integration
conceived with the goal of supporting systems of multivendor IEDs networked
together to perform protection, monitoring, automation, metering, and control.

Intelligent electronic device.

Institute of Electrical and Electronics Engineers, Inc.
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1G-Logical 0

IG

IGBT

Independent Zone Timing
Infinite Bus

Input Conditioning

Instance

Instantaneous Meter

IP Address

IRIG-B

Jitter

L/R
Latch Bits
LED

Left-Side Value

Residual current, calculated from the sum of the phase currents. In normal,

balanced operation, this current is very small or zero. O
Insulated gate bipolar junction transistor.

The provision of separate zone timers for phase and ground distance elements.
A constant-voltage bus. L 4

The establishment of debounce time and assertion level %
Xal

A subdivision of a relay settings class. Group settings
subdivisions (Group 1-Group 6), while the Global settin
instance.

s has one

Type of meter data presented by the SEL-421 thatiincludes the present values
measured at the relay ac inputs. The word “ neous” is used to
differentiate these values from the measurements présented by the demand,
thermal, energy, and other meter types.

An identifier for a computer or d
the TCP/IP protocol route message
The format of an IP address
numbers separated by peri

1.160.10.240 could be an ess:

on P/IP network. Networks using
on the IP address of the destination.
umeric address written as four

ber can be zero to 255. For example,

A time code input thai can use to set the internal relay clock.

Time, amplitud or phase-related abrupt, spurious variations in

, or frequency.

. Result storage location of a SELOGIC control equation.

ative-sequence, and zero-sequence impedances of the protected line.

Line ImpedancN phasor sum of resistance and reactance in the form of positive-sequence,
g

okdis
Load/Encroa

ocal Bits

L 4
Lockout Relay
Logical 0

-421 Relay

ko)
t
ent

SEL distributed port switch protocol.
Math SELOGIC control equation operator that provides natural logarithm.

The load-encroachment feature allows setting of phase overcurrent elements
and phase distance elements independent of load levels.

The Relay Word bit outputs of local control switches that you access through
the SEL-421 front panel. Local control switches replace traditional panel-
mounted control switches.

An auxiliary relay that prevents operation of associated devices until it is reset
either electrically or by hand.

A false logic condition, dropped out element, or deasserted control input or
control output.
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Logical 1-Model

Logical 1 A true logic condition, picked up element, or asserted control input or control
output.

Logical Node In IEC 61850, the smallest part of a function that exchanges data. A logical
node (LN) is an object defined by its data and methods. Each logical node
represents a group of data (controls, status, measurements, etc.) associated
with a particular function. .

Loss of Channel Loss of guard and no permissive signal from communicationsgearin a DCUB
(directional comparison unblocking scheme) for either ‘\ e terminal
lines.

Loss of Guard No guard signal from communications gear.
Loss of Potential Loss of one or more phase voltage inputs to the relay ndary inputs.
Low-Level Test Interface An interface that provides a means for interr e connection between the
relay input transformers and the input procéssing module and allows inserting

reduced-scale test quantities for relay t

MAC Address The Media Access Control (hard
shared network medium, most ofte

Maintenance Testing Testing that confirms that is
verifies correct functionin, X1

protection elements.

al of a device connected to a
ith Ethernet networks.

easuring ac quantities accurately and
ry equipment, scheme logic, and

Math Operations Calculations for autofmal r extended protection functions.

Math Operators Operators t

Maximum Dropout Time The maxiu\ interval following a change of input conditions between
the dea%w the input and the deassertion of the output.
Maximum/Minimum Ty data presented by the SEL-421 that includes a record of the

Meter 4 maximuniand minimum of each value, along with the date and time that each
i and minimum occurred.

Mechanical Operatin ime between trip initiation or close initiation and the change in status of an
Ti ociated circuit breaker auxiliary 52A normally open contacts.

Mho Characteris A directional distance relay characteristic that plots a circle for the basic relay
operation characteristic on an R-X diagram.

M1 N Patented relay-to-relay communications technique that sends internal logic
nications status, encoded in a digital message, from one relay to the other. Eliminates

the need for some communications hardware.

MMS Manufacturing Messaging Specification, a data exchange protocol used by
UCA.

MOD Motor-operated disconnect.

Model Model of device (or component of a device) including the data, control access,
and other features in UCA protocol.
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Motor Running Time-NOT Operator

Motor Running Time

MOV

Negation Operator

Negative-Sequence

Negative-Sequence
Current Supervision
Pickup

Negative-Sequence
Directional Element

Negative-Sequence
Impedance

Negative-Sequence
Overcurrent Elements

Negative-Sequence
Voltage-Polarized
Directional Element
NEMA

Neutral Impedance

No Current/Residual
Current Circuit Breaker

Failure Protection Logic

Nondirectional Start

Nonhomogeneous/System

Nonvolatile Memory

NOT Operator

SEL-421 Relay

The circuit breaker motor running time. Depending on your particular circuit
breaker, you can use the motor running time to monitor the charge time of the
circuit breaker springs or the running time of the compressor motor.

Metal-oxide varistor.

A SELoGIC control equation math operator that changes the sign of the
argument. The argument of the negation operation is multiplied by —1.

A configuration of three-phase currents and voltages. The cutrests ahd
voltages have equal magnitude and a phase displacement 0f§l202gand have
clockwise phase rotation with current and voltage maxif@thatioccur
differently from that for positive-sequence configuration Af positive-sequence
maxima occur as ABC, negative-sequence maxima‘@ecurias’ACB.

An element allowed to operate only when a negativéssequence current exceeds
a threshold.

An element that provides directivity by the sigt, plus or minus, of the
measured negative-sequence impedanee.

Impedance of a device or cifeuit'that results in current flow with a balanced
negative-sequence set of voltage Seurces.

Elements that operate by4cemparing a negative-sequence calculation of the
three-phase secondarygdnputsiwith negative-sequence overcurrent setting
thresholds. The relay asgertSithese elements when a relay negative-sequence
calculation exeeeds, negative-sequence current setting thresholds.

These dirgctional elements are 32QG and 32Q. 32QG supervises the ground
distance elementstand residual directional overcurrent elements; 32Q
supervisesithe phase distance elements.

National Electrical Manufacturers’ Association.

An ‘impedance from neutral to ground on a device such as a generator or
trafisformer.

LCaogic for detecting and initiating circuit breaker failure protection with a logic
tfansition, or when a weak source drives the fault or a high-resistance ground
fault occurs.

A blocking signal provided by nondirectional overcurrent elements to a
remote terminal used in DCB communications-assisted tripping schemes. The
nondirectional start elements start sending the block signal.

A power system with a large angle difference (>5° difference) for the
impedance angles of the local source, the protected line, and the remote
source.

Relay memory that persists over time to maintain the contained data even
when the relay is deenergized.

A logical operator that produces the inverse value.
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OR Operator-Pole Discrepancy

OR Operator Logical OR. A Boolean SELOGIC control equation operator that compares two
Boolean values and yields either a logical 1 if either compared Boolean value
is logical 1 or a logical 0 if both compared Boolean values are logical 0.

OSI Open Systems Interconnect. A model for describing communications
protocols. Also an ISO suite of protocols designed to this model.

Out-of-Step Blocking Blocks the operation of phase distance elements during power swings.

Out-of-Step Tripping Trips the circuit breaker(s) during power swings.

Override Values Test values you enter in Fast Meter, DNP, and communi€ationsieard database
storage.
Parentheses Operator Math operator. Use paired parentheses to control the éxecution of operations

in a SELOGIC control equation.
PC Personal computer.

Peak Demand Metering Maximum demand and a time stamp for phasgycurrents, negative-sequence
and zero-sequence currents, and powers. The/SEL-421 stores peak demand
values and the date and time these ogcutred to nonvolatile storage once per
day, overwriting the previously*sterediyvalue if the new value is larger. Should
the relay lose control power, thetelay restores the peak demand information
saved at 23:50 hours on theiprevious’day.

Phase Distance Element A mho distance element the'telay uses to detect phase-to-phase and three-
phase faults at a set geach aleng a transmission line.

Phase Overcurrent Elements thaf'operate by*comparing the phase current applied to the
Element secondary cutrenfinputs with the phase overcurrent setting. The relay asserts
these elements when any combination of the phase currents exceeds phase
current setting thresholds.

Phase Rotation The sequefice of voltage or current phasors in a multiphase electrical system.
In an ABE "phase rotation system, the B-phase voltage lags the A-phase
yoltage by 120°, and the C-phase voltage lags B-phase voltage by 120°. In an
ACB phase rotation system, the C-phase voltage lags the A-phase voltage by
120°,"and the B-phase voltage lags the C-phase voltage by 120°.

Phase Selection Ability of the relay to determine the faulted phase or phases.

Pickup_Time The time measured from the application of an input signal until the output
signal asserts. You can set the time, as in the case of a logic variable timer, or
the pickup time can be a result of the characteristics of an element algorithm,
as in the case of an overcurrent element pickup time.

Pinout The definition or assignment of each electrical connection at an interface.
Typically refers to a cable, connector, or jumper.

Polarizing Memory A circuit that provides a polarizing source for a period after the polarizing
quantity has changed or gone to zero.

Pole Discrepancy A difference in the open/closed status of circuit breaker poles. The relay
continuously monitors the status of each circuit breaker pole to detect open or
close conditions among the three poles.
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Pole-Open Logic-RAM

Pole-Open Logic

Pole Scatter
Port Settings

Positive-Sequence

Positive-Sequence
Current Restraint
Factor, a2

Positive-Sequence
Current Supervision
Pickup

Positive-Sequence
Impedance

POTT (Permissive
Overreaching
Transfer Trip)

Power Factor

PPS

Protection and
Automation Separation
Protection Settings Group

Protection-Disabled State

PT

PTR
Quadrilateral
Characteristic
Qualifier Code

R_TRIG

RAM

SEL-421 Relay

Logic that determines the conditions that the relay uses to indicate an open
circuit breaker pole.

Deviation in operating time between pairs of circuit breaker poles.
Communications port settings such as Data Bits, Speed, and Stop Bits.

A configuration of three-phase currents and voltages. The currents and
voltages have equal magnitude and a phase displacement of 120°. With
conventional rotation in the counter-clockwise directiongthe peositive-
sequence current and voltage maxima occur in ABC order:

This factor compensates for highly unbalanced systems with many
untransposed lines and helps prevent misoperation during,current transformer
saturation. The a2 factor is the ratio of the magnitude ofynegative-sequence
current to the magnitude of positive-sequence currént (12/11).

An element that operates only when a posifive-sequence current exceeds a
threshold.

Impedance of a device or circuit tharesults in current flow with a balanced
positive-sequence set of voltage Sources.

A communications-assistedlifie protection scheme. At least two overreaching
protective relays must reéeive a permissive signal from the other terminal(s)
before all relays trip andyisolate the protected line.

The cosine of thietangle by which phase current lags or leads phase voltage in
an ac electri¢al cireunit. Power factor equals 1.0 for power flowing to a pure
resistive lpad:

Pulse persecondyfrom a GPS receiver. Previous SEL-421 relays had a TIME
1k PPSfinput:

Segregatign of protection and automation processing and settings.

Individual scheme settings for as many as six different schemes (or instances).

Suispension of relay protection element and trip/close logic processing and
deenergization of all control outputs.

Potential transformer. Also referred to as a voltage transformer or VT.
Potential transformer ratio.

A distance relay characteristic on an R-X diagram consisting of a directional
measurement, reactance measurement, and two resistive measurements.

Specifies type of range for DNP3 objects. With the help of qualifier codes,
DNP master devices can compose the shortest, most concise messages.

Rising-edge trigger. Boolean SELOGIC control equation operator that triggers
an operation upon logic detection of a rising edge.

Random Access Memory. Volatile memory where the relay stores
intermediate calculation results, Relay Word bits, and other data.
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Reactance Reach-SCADA

Reactance Reach The reach of a distance element in the reactive (X) direction in the R-X planeO

Real Power Power that produces actual work. The portion of apparent power that is re
not imaginary.

Reclose The act of automatically closing breaker contacts after a protective relay trip
has opened the circuit breaker contacts and interrupted current through the
breaker.

Relay Word Bit A single relay element or logic result. A Relay Word bitgcan %her
logical 1 or logical 0. Logical 1 represents a true logic con\ ked up
element, or asserted control input or control output. Logi€al O répresents a
false logic condition, dropped out element, or deasserted ol input or
control output. Use Relay Word bits in SELOGIC control'eguations.
Remapping The process of selecting data from the default Q)nﬁguring new
indices to form a smaller data set optimized application.

Remote Bit A Relay Word bit with a state that is co e serial port commands,
including the CONTROL command, ast Operate command, DNP
binary output operation, or a UC ration.

T

Report Settings Event report and Sequential order settings.

Residual Current The sum of the measured
current is very small or

currents. In normal, balanced operation, this

Residual Directional A residual overcurre% allowed to operate in only the forward or

Overcurrent Element reverse directi
Residual Overcurren tion that operates at conditions exceeding a threshold of
Overcurrent Protection system unbalan Ip=14 + 1+ Ip).
Resistance Blinder An operate ary in the resistive direction of a ground quadrilateral

distance’e t.
Resistive Reach & Th@f a distance element in the resistive (R) direction in the R-X plane.
Retri @equent act of attempting to open the contacts of a circuit breaker after
K failure of an initial attempt to open these contacts.
Reverse Fa@ A fault operation behind a relay terminal.

Risi Transition from logical 0 to logical 1, or the beginning of an operation.
\ Root-mean-square. This is the effective value of the current and voltage
measured by the relay, accounting for the fundamental frequency and higher-
order harmonics in the signal.
Rolling Demand A sliding time-window arithmetic average in demand metering.
Y RTD Resistance Temperature Detector
RTU Remote Terminal Unit.
RXD Received data.

SCADA Supervisory control and data acquisition.

Date Code 20080110 SEL-421 Relay



GL.18 | Glossary
SCD File-Single-Pole Trip

SCD File

SCL

Self-Description

Self-Test

SELoOGIC
Expression Builder

SELoOGIC Math Variables
SELOGIC

Control Equation
Sequencing Timers

Sequential Events
Recorder

SER

Series-Compensated Line

Settle/Settling Time

Shot Counter

Shunt Admittance

Shunt Capacitance

Shunt Current

SIN Operator

Single-Pole Trip

SEL-421 Relay

IEC 61850 Substation Configuration Description file. XML file that contains
information on all IEDs within a substation, communications configuration
data, and a substation description.

IEC 61850 Substation Configuration Language. An XML-based configuration
language that supports the exchange of database configuration data among
different software tools that can be from different manufacturers. There are
four types of SCL files used within IEC 61850: CID, ICD, SCD, and SSD.

A feature of GOMSEFE in the UCA2 protocol. A masterdevices€an request a
description of all of the GOMSFE models and data within the IED"

A function that verifies the correct operation of a critical deviee subsystem
and indicates detection of an out-of-tolerance condition. h¢’SEL-421 has
self-tests that validate the relay power supply, microprogessor, memory, and
other critical systems.

A rules-based editor within the ACSELERATOR,QuickSet software program for
programming SELOGIC control equations:

Math calculation result storage locations.

A relay setting that allows you,téwentrol a relay function (such as a control
output) using a logical combination of relay element outputs and fixed logic
outputs.

Timers designed for sequencing automated operations.

A relay functionfthat stores'a record of the date and time of each assertion and
deassertion @f every Relay Word bit in a list that you set in the relay. SER
provides a usefulfway to determine the order and timing of events of a relay
operation.

Sequential Events Recorder or the relay serial port command to request a
report.of the latest 1000 sequential events.

A power line on which the addition of series capacitance compensates for
exeessive inductive line impedance.

Time required for an input signal to result in an unvarying output signal within
afspecified range.

A counter that records the number of times a recloser attempts to close a
circuit breaker.

The admittance resulting from the presence of a device in parallel across other
devices or apparatus that diverts some current away from these devices or
apparatus.

The capacitance between a network connection and any existing ground.

The current that a parallel-connected high-resistance or high-impedance
device diverts away from devices or apparatus.

Operator in math SELOGIC control equations that provides the sine function.

A circuit breaker trip operation that occurs when one pole of the three poles of
a circuit breaker opens independently of the other poles.
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SIR

SOTF
(Switch-Onto-Fault
Protection Logic)
Source Impedance

SQRT Operator

SSD File

Stable Power Swing

Status Failure

Status Warning

Strong Password

Subnet Mask

Subsidence Current

Synch Reference

Synchronism Check

Synchronized Phasox

Telnet

Terminal

Emulation Software

Thermal Demand
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Glossary
SIR-Thermal Demand

Source-to-line impedance ratio.

Logic that provides tripping if a circuit breaker closes into a zero voltage
bolted fault, such as would happen if protective grounds remained on the line
following maintenance.

The impedance of an energy source at the input terminals of a device or
network.

Math SELOGIC control equation operator that provides squaresoot.

IEC 61850 System Specification Description file. XMLsfile thatdescribes the
single-line diagram of the substation and the required logical odes.

A change in the electrical angle between power systemss A control action can
return the angular separation between systems to 1ess than the critical angle.

A severe out-of-tolerance internal operatingieondition. The relay issues a
status failure message and enters a protection-disabled state.

Out-of-tolerance internal operatingeonditions that do not compromise relay
protection, yet are beyond expectedilimits. The relay issues a status warning
message and continues to operates

A mix of valid password charactersin a six-character combination that does
not spell common wordsdn any pertion of the password. Valid password

characters are numbersguppes- and lower-case alphabetic characters, “.
(period), and “-” (hyphen):

The subnet miask divides‘the local node IP address into two parts, a network
number and amode address on that network. A subnet mask is four bytes of
informatiomand i§expressed in the same format as an IP address.

See CTSubsidence current.

A phasor th&relay uses as a polarizing quantity for synchronism check
caleulations.

Verifieation by the relay that system components operate within a preset
frequency difference and within a preset phase angle displacement between
voltages.

A phasor calculated from data samples using an absolute time signal as the
reference for the sampling process. The phasors from remote sites have a
defined common phase relationship. Also known as Synchrophasor.

An Internet protocol for exchanging terminal data that connects a computer to
a network server and allows control of that server and communication with
other servers on the network.

Software such as Microsoft® HyperTerminal® or ProComm Plus® that can be
used to send and receive ASCII text messages and files via a computer serial
port.

Thermal demand is a continuous exponentially increasing or decreasing
accumulation of metered quantities; used in demand metering.

SEL-421 Relay
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Thermal Withstand Capability-Unconditional Tripping

Thermal
Withstand Capability

Three-Phase Fault

Three-Pole Trip

Time Delay on Pickup

Time Dial

Time-Delayed Tripping

Time Error

Time-Overcurrent
Element

Time Quality

Torque Control

Total Clearing Time

Tower Footing Resistance

Transformer Impedance

Tree Resistance

TVE

TXD

UCA2

Unbalanced Fault

Unbuffered Report

Unconditional Tripping
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The capability of equipment to withstand a predetermined temperature value
for a specified time.

A fault involving all three phases of a three-phase power system.

A circuit breaker operation that occurs when the circuit breaker opens all three
poles at the same time.

The time interval between initiation of a signal at one point anddetection of
the same signal at another point.

A control that governs the time scale of the time-overcusfent characteristic of
a relay. Use the time-dial setting to vary relay operating time.

Tripping that occurs after expiration of a pre-determined, time.

A measurement of how much time an ac powered,clock would be ahead or
behind a reference clock, as determined fromysystem frequency
measurements.

An element that operates accordiigito anfinverse relationship between input
current and time, with higher curreng causing faster relay operation.

An indication from a GPS clockiseceiver that specifies the maximum error in
the time information. Definedyin IEBE C37.118.

A method of using one relaypelement to supervise the operation of another.

The time intervalfrom the beginning of a fault condition to final interruption
of the circuit4

The resistance between true ground and the grounding system of a tower.

The resistiveyand Teactive parameters of a transformer looking in to the
transformer primary or secondary windings. Use industry accepted open-
cirg@iit-and‘short-circuit tests to determine these transformer equivalent circuit
parameters.

Resistance resulting from a tree in contact with a power line.

Total Vector Error. A measurement of accuracy for phasor quantities that
combines magnitude and angle errors into one quantity. Defined in IEEE
C37.118.

Transmitted data.

Utility Communications Architecture. A network-independent protocol suite
that serves as an interface for individual intelligent electronic devices.

All faults that do not include all three phases of a system.

IEC 61850 IEDs can issue immediate unbuffered reports of internal events
(caused by trigger options data-change, quality-change, and data-update) on a
“best efforts” basis. If no association exists, or if the transport data flow is not
fast enough to support it, events may be lost.

Protection element tripping that occurs apart from conditions such as those
involving communication, switch-onto-fault logic, etc.
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Unstable Power Swing

Untransposed Line

User ST

VA, VB, VC

VAB, VBC, VCA

VG

Virtual

Terminal Connection
Volatile Storage

VT

Warm Start

Weak Infeed Logic

Wye

XML

Zero:Sequence

Zevo-Sequence
Compensation Factor

ZerosSequence Impedance

Zero-Sequence
Mutual Coupling
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Unstable Power Swing-Zero-Sequence Mutual Coupling

A change in the electrical angle between power systems for which a control
action cannot return the angular separation between systems to an angle less
than the critical angle.

A transmission line with phase conductors that are not regularly transposed:
The result is an imbalance in the mutual impedances between phases.

Region in GOOSE for user-specified applications.

Measured A-phase-to-neutral, B-phase-to-neutral, and G-phase<fo-neutral
voltages.

Measured or calculated phase-to-phase voltages.

Residual voltage calculated from the sum of the three*phase-to-neutral
voltages, if connected.

A mechanism that uses a virtual serial port fo\provide the equivalent functions
of a dedicated serial port and a terminal,

A storage device that cannot retaindata following removal of relay power.
Voltage transformer. Also reféfred to‘as a potential transformer or PT.
The reset of a running systemywitheut removing and restoring power.

Logic that permits rapid tripping for internal faults when a line terminal has
insufficient fault curgént topoperate protective elements.

A phase-to-neutralconneetion of circuit elements, particularly voltage
transformerSier 1oads. To form a wye connection using transformers, connect
the nonpolarity side of each of three voltage transformer secondaries in
common (thenieutral), and take phase to neutral voltages from each of the
remainifdg thitee [€ads. When properly phased, these leads represent the A-
phase-, B-phase-, and C-phase-to-neutral voltages. This connection is
frequently called ‘four-wire wye,” alluding to the three phase leads plus the
neutral lead.

Extensible Markup Language. This specification developed by the W3C
(World Wide Web Consortium) is a pared-down version of SGML designed
especially for web documents. It allows designers to create their own
customized tags, enabling the definition, transmission, validation, and
interpretation of data among applications and organizations.

A configuration of three-phase currents and voltages with currents and
voltages that occur simultaneously, are always in phase, and have equal
magnitude 31y =1 + I + Ip).

A factor based on the zero-sequence and positive-sequence impedance of a
line that modifies a ground distance element to have the same reach as a phase
distance element.

Impedance of a device or circuit resulting in current flow when a single
voltage source is applied to all phases.

Zero-sequence current in an unbalanced circuit in close proximity to a second
circuit induces voltage into the second circuit. When not controlled by

SEL-421 Relay
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Zero-Sequence Overcurrent Element-Zone Time Delay

Zero-Sequence
Overcurrent Element

Zero-Sequence
Voltage-Polarized
Directional Element

Z-Number

Zone Time Delay
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protection system design and relay settings, this situation can cause improper
operation of relays in both systems.

Overcurrent protection that operates at conditions exceeding a threshold
system unbalance.

An element that provides directionality by the sign, plus or minus, of the
measured zero-sequence impedance. ¢
C

That portion of the relay FID string that identifies the pro @ERATOR
QuickSet software relay driver version and HMI drive ion‘When creating
or editing relay settings files.

Time delay associated with the forward or reverse step'distance and zone

protection. Q
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Symbols
*, largest current A.3.16, A.3.20
>, trigger row A.3.16, A.3.20

A
Acceptance Testing U.6.2

See also Testing
ACCESS Command U.4.10, R.9.2
Access Control
for FTP R.4.10
See also TCP/IP
Access Levels U.4.9-U.4.11, R.4.13
1,B,P, A, O,2levels U4.10
communications ports U.4.10
front panel U.4.10
Accuracy
energy metering A.2.40
instantaneous metering A.2.32

maximum/minimum metering
A2.34

synchrophasor (PMU) U.1.20

ACSELERATOR Architect Software
R.8.12

ACSELERATOR QuickSet Software
U.1.4, U.3.1-U.3.25, A.7.7
communications setup U.3.5-U.3.6
FTP U3.5
serial U.3.5
Telnet U.3.6
terminal U.3.6
COMTRADE U.3.19-U.3.
control window U.3.25
database manager U.

device overvie

expression builder U.3.17-U.3.18
harmonic analysis U.3.22
M1 U32%
MI phasors screen U.3.25
tion U.3.3-U.3.4
tering U.3.25

Relay Editor U.3.14
relay part number U.3.15
setting the relay U.3.12-U.3.16
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summary event screen U.3.23
system requirements U.3.3
Alarm
dc battery system monitor A.2.26
HALARM U.6.40
relay output U.2.45
SALARM U.2.46
ALARM BitR.4.14
Alarm Points U.5.7-U.5.9, R.10.47

creating, application example U.5.8

in display points U.5.11, !
in SELOGIC control e n
R.3.14

Alias Settings U.4.27
Analog Quantities

list sorted alphabeti R.B.
R.B.9
list sorted by f@. 0-

es R.4.10
d ASCII files R.4.10

ands R.5.5, R.9.1-R.9.59
See Commands

atic Restoration

L 2
\ See Substation Automatic

Restoration

Automessages U.6.40, A.6.7, R.5.9
See also SEL Binary Protocols
Auto-Reclose R.2.1-R.2.42

application example A.1.136—
A.1.139, A.1.140-A.1.150

external recloser R.2.11, R.2.28
logic diagrams R.2.29-R.2.42
one circuit breaker R.2.6-R.2.11

single- and three-pole reclose
R.2.8

application example
A.1.140-A.1.146

single-pole reclose R.2.6-R.2.7
three-pole reclose R.2.7-R.2.8

application example
A.1.136-A.1.139

trip logic R.2.11
Relay Word bits R.2.50-R.2.51

settings R.2.48 , R.10.32—
R.10.34

states R.

te diagram R.2.5

three-pole auto-reclose R.2.4
two circuit breakers R.2.12—-R.2.28

single- and three-pole reclose
R.2.16

single-pole reclose R.2.12—
R.2.14

three-pole reclose R.2.14-R.2.16
trip logic R.2.27-R.2.28
voltage checks R.2.45-R.2.47

B
Battery Monitor
See DC Battery System Monitor

Best Choice Ground Directional Element
U.1.2

See also Ground Directional
Elements

Boolean Equations R.3.5

See also SELOGIC Control
Equations

Breaker Bit A.6.12

BREAKER Command A.2.18, R.9.2—
R.94

BREAKER CONTROL
front panel U.5.24-U.5.25

Breaker Failure Protection
See Circuit Breaker Failure

Breaker History Report
See Circuit Breaker, history report

Breaker Monitor
See Circuit Breaker, monitor

Breaker Report
See Circuit Breaker, breaker report

c

C37.118
See Synchrophasors, protocols

Cable
See Communications
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CCVT U.1.2

See also CVT Transient Detection
CEVENT Command A.3.24—-A.3.28,
R.9.5-R.9.8

See also Event Report
CHISTORY Command A.3.33, R.9.8—
R.9.9

See also Event History

Circuit Breaker
auxiliary contacts (52A)

application example U.4.72—
U.4.76

breaker report A.2.19
Compressed ASCII CBR A.2.21
contact wear curve A.2.6—A.2.7
choose midpoint A.2.6
creating A.2.6
2t A.2.7

maximum interrupted current
limit A.2.7

mechanical circuit breaker
service life A.2.6

contact wear monitor A.2.3—-A.2.10
loading maintenance data A.2.4
preload contact wear A.2.7

history report A.2.20

maintenance curve A.2.5

monitor A.2.2-A.2.21

application example A.1.4,
A.1.22, A.1.55-A.1.56,
A.1.89, A2.4-A2.17

electrical operating time A.2.12
application example A.2.13

enabling A.2.3

external trip initiation A.2.8

inactivity time A.2.17 /'S
application example A.2.17

application example
A.1.160-A.1.168

failure to interrupt load current
R.1.129-R.1.130

flashover R.1.130-R.1.131
logic diagrams R.1.134-R.1.135
no current/residual current R.1.129
application example A.1.158
retrip
single-pole R.1.127-R.1.128
three-pole R.1.126
subsidence current R.1.125
types R.1.125
Circuit Breaker Jumper U.2.22
See also Jumpers
Circuit Breaker Monitor
See Circuit Breaker, monitor
Cleaning U.4.2
Close
CLOSE n Command R.9.9
manual R.2.43
output U.4.67-U.4.70

Commands R.9.1-R.9.59
ACCESS R.9.2

ASCII R.9.1-R.9.5

BREAKER A.2
CBREAKER
CEVE
R.
C A.3.32-A.3.33, R9.8—
R.
.9
O 0-R.9.11
S .3.35-A.3.36, R.9.13—
.14

ATUS U.6.42, R.9.14

KA interrupt monitor A.2.10 \ CSUMMARY A.330-A.3.31,
R.9.14-R.9.16

Circuit Breaker Failure R.1.125-R.1.135

application example A.1.155—
A.1.160, A.1.160-A.1.168

failure to interrupt fault current
151-A.1.155

Scheme 1 R.1.125-R.1.126

application example
A.1.155-A.1.160

Scheme 2 R.1.126-R.1.128

1 Relay

mechanical operating tim
A2.10

EVENT A.3.12-A.3.14, R.9.17-
R.9.20

FILE R.9.21
HELP R.9.22

HISTORY A.3.32, A.3.33, R.9.22—
R.9.23

ID R.9.23

METER A.2.28, R.9.27-R.9.32
OPEN n R.9.33

PASSWORD R.9.33-R.9.34
PULSE U.6.6, R.9.36

QUIT R.9.36

SER U.4.59, A.3.34-A.3.35,
R.9.36-R.9.38

SET R.9.38-R.9.43
SHOW R.9.43

STATUS U.6.40-U.6.41, R.9.47—
R.9.48

SUMMARY A.3.30, R.9.48-R.9.49

Commissioni St

Communi

TARGET U.6.6, R.9.49-R.9.50
TEC R.1.19-R.1.20, R.9.51
TEST DB U.6.6, R.9.51-R.9.5
TEST DNP U.6.7, R.9.52-R.9.53
TEST FM U.6.7, R.9.53-R.9.5
TIME Q U.4.81-U.4.82, R.9.55
TRIGGER U.4.46, A.3.5, R.9£6
VERSION R.9.56-R.9.57

Commissionin

procedure 4.

.6.2-U.6.3
See alsofTes

tio
ACSEL OR QuickSet software

rial U.3.5

Telnet U.3.6

terminal U.3.6

SCII commands

See ASCII Commands
cable U.2.49,U4.7, R4.4
DNP3

See DNP3
EIA-232 R4.3-R4.4

hardware flow control R.5.2

pin functions R.4.3
EIA-485 R.4.5, R.5.24
IEC 61850

See IEC 61850
interfaces U.2.13, R.4.2
LMD

See Distributed Port Switch
MIRRORED BITS communications

See MIRRORED BITS
Communications

protocol R.4.2

serial U.2.49-U.2.50, R.4.3-R.4.4
application example U.4.7-U.4.8

transparent mode R.9.12, R.9.35

virtual serial ports R.5.4

Communications Card A.7.2

application example A.7.8-A.7.11
database R.4.20

Ethernet A.7.5, R.4.6

Ethernet Card R.4.6

Ethernet card A.6.4

SEL-2702 A.7.5

settings R.4.6

Communications Processor A.6.2

application example A.6.6

Communications-Assisted Tripping
R.1.97-R.1.114

See also DCB; DCUB; POTT
DCB R.1.98-R.1.101
DCUB R.1.110-R.1.114
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POTT R.1.102-R.1.108

Compressed ASCII R.5.6

See also ASCII Commands
COMTRADE A.3.8-A.3.11, A4.6

See also Event

.CFG file A.3.9-A.3.10

.DAT file A.3.11

.HDR file A.3.9
Configuration

serial number label U.4.2-U.4.3
Connection U.2.34-U.2.50

1k PPS (obsolete) U.2.12, U.2.48,
U.4.78

ac/dc diagram U.2.53-U.2.55, 77—
U.2.56

alarm output U.2.45

battery monitors U.2.43

close output U.2.46
communications ports U.2.49
Connectorized U.2.44

control inputs U.2.44

control outputs U.2.45

grounding U.2.39

IRIG-B U.2.12,U.2.47, U.4.77
power U.2.40, U.4.4

screw terminal connectors U.2.38
secondary circuits U.2.43-U.2.44
serial port U.2.49

terminal blocks U.2.43

test connections U.6.10-U.6.14
trip output U.2.46

wire insulation U.2.34

wire size U.2.39, U4.4

Connectorized U.2.3, U.2.44

SEL-WA0421 U.2.3, U.2.44 ™

breaker auxiliary contacts (52A)
application example

ACSELERATOR QuickSet
software U.4.72-U.4.76

terminal U.4.71-U.4.72
common U.2.6, U.2.7
connecting U.2.44
debounce U.2.6, U.2.7, U.4.70
direct coupled U.2.6, U.2.16
dropout factor, GINDF U.2.6

1/0, Main Board A and Main Board
BU.2.12

independent U.2.6, U.2.7

INT1, INT2, INT4, INTS, INT6,
INT7, and INT8 U.2.15

optoisolated U.2.7, U.2.16
pickup adjust U.2.6, U.4.70
range U.2.6, U.2.7
recommended settings U.2.6
sample rate U.2.7, U.2.8
time
COMTRADE report
event report A.3.22
Control Outputs U.2.8-U.2.11;,U.2.
U.2.45-U.2.46

application example
A.1.80, A.1.11

close outputs Ul4. 0

4,A.1.41,

fast high-current
1g) U.2.10-U.2.11

U.2.10

o 2.8,U0.29,U0.2.12,
.16

CU.28,U.2.12,U.2.16

diagram U.2.9

wiring harness U.2.3, U.2.44
hybrid (high-current interrupting)
Connectors U.2.2-U.2.3 U.2.9
Connectorized U.2.3 \

screw terminal connectors

terminal blocks U.2.2 b
Contact Card

See SEL Contact Cai
Contact Inputs @

See Contrel'Inp

See Control

Contact Wear Curve

See Circuit Breaker, contact wear
curve

Contaet, Wear Monitor

ircuit Breaker, contact wear
onitor

ontrast, LCD U.5.14

trol Inputs U.2.6, U.2.15, U.2.44
ac voltages U.2.7

Date Code 20080110

ratings U.2.9

1/0, Main Board A and Main Board
BU.2.11,U.2.16

INT1, INT2, INT4, INTS, INT6,
INT7, and INT8 U.2.16

local bit control

application example U.4.64—
U4.67

main board U.2.11
MOV U.2.8
pulsing
application example
front panel U.4.62-U.4.64
terminal U.4.61-U.4.62
sample rate U.2.8
standard U.2.8-U.2.9
diagram U.2.9
ratings U.1.14

IN.3

trip outputs U.4.67-U.4.70

Counters
See SELogcIC Control Equation

Coupling Capacitor Voltage Transformer
See CCVT

Cross-Country Faults R.1.104

See also POTT ¢
CSER Command A.3, A.3.36,
R.9.13-R.9.14

See also S equ Events

Recorde;
CST Command
and A.3.30—
.16

oltage Source Selection
—R.1.15

lication example A.1.3-A.1.4,
A.1.21-A.1.22, A.1.55, A.1.88

connections R.1.3

ESS := 1 (single circuit breaker)
R.1.5,R.1.9-R.1.10

ESS := 2 (single circuit breaker)
R.1.5,R.1.10-R.1.11

ESS := 3 (double circuit breaker)
R.1.5,R.1.11

ESS :=4 (double circuit breaker)
R.1.5,R.1.12

ESS := N (single circuit breaker)
R.1.5,R.1.9

ESS:=Y R.1.5-R.1.6, R.1.13—
R.1.15

current polarizing source
R.1.14-R.1.15

voltage source switching R.1.7—
R.1.8
CVT Transient Detection A.1.5, A.1.23,
A.1.57, A.1.90, R.1.46-R.1.47
logic diagram R.1.46

D

Data

filtered data A.3.2

high-resolution raw data A.3.2
Database

See ACSELERATOR QuickSet

Software; Communications Card

Date

See Ethernet Card Commands
DC Battery System Monitor U.1.3,
A2.22-A.2.27

ac ripple, definition A.2.22

ac ripple, measuring A.2.24

alarm A.2.26

application example A.2.23—-A.2.26

dc ground detection A.2.25

equalize mode voltage level A.2.23

float high voltage level A.2.23

SEL-421 Relay



IN.4

float low voltage level A.2.23
metering A.2.26
open-circuit voltage level A.2.23
reset metering A.2.27
thresholds, warn and fail A.2.23
trip/close voltage level A.2.23
Vdcl A.2.22
Vdc2 A.2.22

DCB R.1.98-R.1.101
application example A.1.75-A.1.78

blocking signal extension R.1.99—
R.1.100

coordination timers R.1.98-R.1.99
logic diagram R.1.101
starting elements R.1.99
stopping elements R.1.100

DCUB R.1.110-R.1.114
logic diagrams R.1.113—R.1.114
loss-of-guard, LOG R.1.110

permissive trip blocking, UBB
R.1.110

POTT scheme similarities R.1.110

three-terminal lines R.1.110—
R.1.111

timers R.1.111
debounce
See Control Inputs

Demand Metering A.2.35-A.2.39

See also Meter

reset A.2.39
DFDT R.1.17
DIAGNOSTICS.TXT R.4.10
Dimensions U.2.33

rack units, defined U.2.2

Directional Comparison Blocking L 4

See DCB

Directional Comparison Unblocki
See DCUB K

Directional Control R.1.45
See also Ground Direction
Elements; Phase and,

Sequence Directio ts
ts
irectio lements;
ive-Sequence
eme;

See Overcurrent Elements
Display r's
e LCD, Front Panel

oints U.5.7-U.5.13
eating, application examples
5.12-U.5.13
deleting, application example
U.4.25-U.4.27

Directional Elem

1 Relay

Distance Elements

See Mho Ground Distance
Elements; Quadrilateral Ground
Distance Elements

Distributed Port Switch R.4.2, R.5.24
DNP3 A.6.3, A.7.3-A.7.4, R.6.1-R.6.34
access method R.6.4, R.6.6
application example R.6.30—R.6.34
conformance testing R.6.5
Device Profile document R.6.13
event data R.6.4
objects R.6.2, R.6.14-R.6.18
polling
See DNP3, access method
settings R.6.9
testing R.6.12
User’s Group R.6.2

E

Earthing

See Grounding

EIA-232

See Communications

EIA-485 \
See Communication

Energy Metering A.2 .
See also Meter
accurac
ESS,
t and Voltage Source
on

S
thernet U.1.4
X e also Communications Card

rnet Card

See Communications Card
Ethernet Card Commands R.4.12—
R.4.20

2ACCESS R4.14
ACCESS R.4.14

DATE R4.14

DNPMAP R.4.15

HELP R.4.18

ID R.4.18

MEMORY R.4.18

PING R4.19

QUIT R4.14, R.4.19
STATUS R.4.19

summary R.4.12

syntax R.4.12

TIME R.4.19

Ethernet Card Settings
FTP R4.9

Telnet R.4.11

EVE Command A.3.12-A.3.14, R.9.17
R.9.20

See also Event

Event
data capture initiate A.3.4—-A.3.5
data capture time A.3.6
duration A.3.6—-A.3.7
effective samplegate

L 4

ACSELERATOR QuickSet
software U.4.46—-U.4.48

length, LER A.3.6
refault, PRE A.3.6
storage capability A.3.7
TRIP initiate A.3.4
Event History A.3.31-A.3.33
See also Event

ACSELERATOR QuickSet software
U.3.19, A.3.33

blank row A.3.32

CHISTORY command A.3.33,
R.9.8-R.9.9

contents A.3.31
event types A.3.32

HIS command A.3.32, R.9.22—
R.9.23

retrieving history U.3.19, U.4.48—
U.4.50

application example

ACSELERATOR QuickSet
software U.4.48-U.4.49

terminal U.4.49
terminal A.3.32, A.3.33
Event Report U.1.3, A.3.12-A.3.28
See also Event
*, largest current A.3.16, A.3.20
>, trigger row A.3.16, A.3.20
analog section A.3.14-A.3.20

Compressed ASCII CEVENT
A.3.24-A3.28

application example A.3.25—
A3.28

currents and voltages A.3.15
digital section A.3.20-A.3.22
label header A.3.21-A.3.22

reading, application example
A322

selecting elements A.3.22
header A.3.14
phasor calculation
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application example A.3.16—
A3.20

retrieving event data U.3.20
application example

ACSELERATOR QuickSet
software U.4.51-U.4.53

high-resolution
(COMTRADE) U.3.20,
U.4.50,0.4.53

terminal U.4.54
settings section A.3.23
summary section A.3.23
terminal A.3.28
trigger U.4.46
Event Summary A.3.28—-A.3.31
See also Event

ACSELERATOR QuickSet software
A.3.30

contents A.3.29

CSUMMARY command A.3.30—
A.3.31,R.9.14-R.9.16

event types A.3.29

SUM command A.3.30, R.9.48—
R.9.49

terminal A.3.30

Expression Builder U.3.17, A.4.3

See also ACSELERATOR QuickSet
Software

F

Factory Assistance U.6.47
Fast Message

See SEL Binary Protocols
Fast Meter

See SEL Binary Protocols

Fast Operate /'S

See SEL Binary Protocols

Fast SER
See SEL Binary Protocols

FAULT
metering suspend A.2.35

Fault Locator U.1.3, R.1.2 .
Fault Type Identification 10

R.1.30
Fiber Optic R.
FIDS
See Fault dentification
Selection
File

See FTP; FILE Command

FIL mmand R.9.21
ation example U.4.50, U.4.59

re Version
of Ethernet card R.4.18

Date Code 20080110

Frequency Estimation R.1.17

Front Panel
access level U.5.14
alarm points U.5.7-U.5.9
automatic messages U.5.36-U.5.37

display points U.5.10-U.5.13,
R.10.46

labels U.5.38, U.5.44
layout U.5.2-U.5.3
LCD U.5.2,U5.3
contrast U.5.14
pushbuttons U.5.3-U.5.4, U.5.43-7?
ROTATING DISPLAY U.5.6, U.5.7
screen scrolling U.5.5-U.5.7
serial port U.5.3

set relay, application example
U.5.29-U.5.30

setting screen types U.5.31
targets U.5.2

Front-Panel Menus U.5.14-U.5.35
BREAKER MONITOR U.5.21
DISPLAY TEST U.5.34
EDIT ACTIVE GRO
EVENTS U.5.19-U.5.
LOCAL CONTRO

BREAKER CONT U.5.24
OUTPUT TEST, S5.28
MAIN

MET —U.5.19

RELA ENTS U.5.22—
TUS U.5.33
ESS LEVEL U.5.35
20-U.5.21

OW U.5.29-U.5.33

ATE/TIME U.5.32
\ VIEW CONFIGURATION U.5.33

KFTP A.6.3,A.7.5
SEL-2702 R.4.6

Fuse U.2.41-U.2.43
replacement U.2.42-U.2.43
size U.2.41

G

GOOSE
See IEC 61850

GPS Receiver
See Time Synchronization
Ground Directional Elements R.1.31—
R.1.42
321, zero-sequence current polarized
R.1.31
32QG, negative-sequence polarized
R.1.31
32V, zero-sequence voltage
polarized R.1.31

IN.5

application example A.1.11,
A.1.35-A.1.36, A.1.69-A.1.74,
A.1.105-A.1.107

automatic settings calculation

R.1.32
Best Choice Ground Directional
logic R.1.37
logic flow chart R.1.37 @

calculations A.1. R.1.40-R.1.42

logic diagrams
R.1.39
ORDER

Ground Distanc nts

Distance
adrilateral Ground

ACSELERATOR QuickSet software
U4.6

terminal U.4.6
High-Speed Elements
mho ground distance R.1.57
mho phase distance R.1.66
HIRIG U.4.77, A4.2
HIS Command A.3.32, R.9.22-R.9.23
See also Event History
History Report
circuit breaker A.2.3

See also Circuit Breaker, history
report

event A.3.31

1/0
See Input/Output

12t
application example A.2.7
fault current arcing time A.2.3

ID Command R.9.23
codes R.9.23
sample response R.9.23

IEC 61850 A.7.6, R.4.2, R.8.1-R.8.38
ACSELERATOR Architect R.8.12
ACSI Conformance R.8.34-R.8.38
GOOSE R.8.4
Logical Nodes R.8.13-R.8.27
Object Models R.8.3
Reports R.8.5
SCL files R.8.5
Settings R.8.12

Input Processing A.3.2
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Input/Output
communications card U.2.19
See also Communications Card
INTI U.2.14-U.2.18
INT2 U.2.14-U.2.18
INT4 U.2.14-U.2.18
INTS U.2.14-U.2.18
INT6 U.2.14-U.2.18
INT7 U.2.14-U.2.18
INTS U.2.14-U.2.18
interface board inputs U.2.15

interface board installation U.2.16—
U.2.18

interface board jumpers U.2.24—
U.2.31

See also Jumpers
interface board outputs U.2.16
jumpers U.2.24

See also Jumpers U.2.24
main board U.2.11

Installation U.2.32-U.2.50
dimensions U.2.33
panel mounting U.2.33
physical location U.2.32
rack mounting U.2.32

Instantaneous Metering A.2.29—A.2.33
See also Meter

Instantaneous Overcurrent Elements
See Overcurrent Elements

Interface Boards INT1, INT2, INT4,

INTS, INT6, INT7, and INT8 U.2.14—
U.2.18

inputs U.2.15
installation U.2.16-U.2.18

outputs U.2.16-U.2.18
L 4

Inverse Time-Overcurrent Elements
See Overcurrent Elements

J

Jumpers U.2.20-U.2.31
interface board,

2.
main board

autoscrolling mode U.5.7
contrast U.5.14

1 Relay

manual-scrolling mode U.5.7
LEDs
front panel U.5.38-U.5.45
labels U.5.38, U.5.44
targets U.5.38-7?
LMD
See Distributed Port Switch
Load Encroachment R.1.49—R.1.50
application example A.1.65-A.1.67
Local Bits U.5.25-U.5.28
See also Local Control
application example U.5.28
delete a local bit U.5.28
enter a local bit U.5.27
names U.5.24, U.5.27
states U.5.26
Local Control U.5.23-U.5.29
See also Breaker Control
application examples U.4.61—
graphic display U.5.26
local bits U.5.25-U.5.28
output testing U.5.28-U.

LOP
See Loss-of-Potenti

Z

ain nce Curve

t
See Circuit Breaker, maintenance

\ curve
IRIG-B U.2.12, U.2.47, U.4.77, Al
See also Time Synchronizatio

Maintenance Data

See also Circuit Breaker, contact
wear monitor

load circuit breaker A.2.4
Maintenance Testing U.6.3-U.6.4

See also Testing
Manual Trip

See Trip Logic
Maximum/Minimum Metering A.2.33—
A.2.35

See also Meter

accuracy A.2.34

reset A.2.34
Menus

See Front-Panel Menus;

ACSELERATOR QuickSet Software

Meter U.1.3, A.2.28—-A.2.41

See also METER command

accuracy A.2.32, A.2.34, A.2.40

current A.2.29

dc battery monitor A.2.26

demand A.2.35-A.2.39
rolling A.2.36—A.2.37
thermal A.2.36

energy A.2.39—-A.2.40

error coefficients A.2.32

frequency A.2.29 ¢

fundamental A.

instantane: 33

maximum/min 2.33-A.2.35
R.7.19, R.9.30

g U.4.37-U.4.45

ACSELERATOR QuickSet
software U.4.41-U.4.44

front panel U.4.44-U.4.45
terminal U.4.37-U.4.41
voltage A.2.29
METER Command R.9.27-R.9.32
See also Meter
automation math variables R.9.28

MIRRORED BITS analog values
R.9.28

Phasor Measurement and Control
Unit R.7.19, R.9.30

protection Math variables R.9.31
RTD temperature R.5.27, R.9.32
synchronism check R.9.31

METER.TXT R.4.10

Metering

See Meter
Mho Ground Distance Elements R.1.57—
R.1.61

application example A.1.7-A.1.8,
A.1.26-A.1.27, A.1.63

high-speed elements R.1.57

logic diagrams R.1.59-R.1.61

zero-sequence compensation R.1.57
Mho Phase Distance Elements R.1.66—
R.1.69

application example A.1.7, A.1.25—
A.1.26, A.1.59-A.1.62, A.1.92—
A.1.93

high-speed elements R.1.66

logic diagrams R.1.67-R.1.69
MIRRORED BITS Communications U.1.4,
R.4.2, R.5.17-R.5.23

Pulsar modem R.5.20

virtual terminal R.9.35
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MOD (Motor Operated Disconnect)
AS52,A54

Modbus Plus A.6.3
Modbus RTU A.6.3
Monitor, Circuit Breaker

See Circuit Breaker, monitor
MOV

control outputs U.2.8
Multidrop Network A.6.5

o

OOSB

See Out-of-Step
OOST

See Out-of-Step

OPEN n Command R.9.33
Open Phase Detection Logic R.1.23
Operator Control LEDs U.5.43-7?
See also LEDs
factory defaults U.5.44-U.5.45

Operator Control Pushbuttons U.5.43—77

Oscillography U.1.3, U.4.46-U.4.53,
A3.8-A3.11

See also Event

COMTRADE A.3.8

event report A.3.8, A.3.11

retrieving high-resolution
COMTRADE U.3.20-U.3.21,
U.4.50-U.4.54

application example

ACSELERATOR QuickSet
software U.4.51-U.4.53

terminal U.4.50-U.4.51
Out-of-Step R.1.51-R.1.55
blinders A.1.119, A.1.124, A.1.130¢
blocking, OOSB U.1.3, R.1.51

A.1.128

setting rules A.1.122, A.1.131,
R.1.52

single pole R.1.52

R.3.4, R.10.38 ¥

rent Elements R.1.73-R.1.93

application example A.1.10-A.1.11,
A.1.34-A.1.35, A.1.67-A.1.69,
A.1.102-A.1.105

Date Code 20080110

application example A.1.117— QIZ
logic diagrams R.1.54—R.1.5 \

definite-time
negative-sequence R.1.74,
R.1.75, R.1.79
phase R.1.73, R.1.75, R.1.77

residual ground R.1.74, R.1.76,
R.1.78

direction R.1.73
instantaneous

negative-sequence A.1.102—
A.1.103,R.1.74, R.1.75,
R.1.79

phase A.1.10, A.1.34, A.1.67,
A.1.102,R.1.73-R.1.75,
R.1.77

residual ground A.1.67-A.1.68,
R.1.74-R.1.76, R.1.78

inverse time A.1.10-A.1.11,
A.1.34-A.1.35, R.1.80-R.1.93

curves R.1.83-R.1.92
equations R.1.82

selectable operating quanti
A.1.34-A.1.35, A.1.68—
A.1.69, A.1.104-A.
R.1.80-R.1.93

logic diagrams R.1.77
R.1.93

selectable operating
A.1.10-A.1.11,

defaults U.4.9-U.4.10

changing, application example
U4.11-U.4.12

front-panel screen U.5.14
jumper U.2.22
See also Jumpers
unauthorized U.4.11
Passwords R.4.13

PC Software

See ACSELERATOR QuickSet
Software

Permissive Overreaching Transfer Trip
See POTT

Phase and Negative-Sequence

Directional Elements R.1.43-R.1.44
32P, phase R.1.43

32Q, negative-sequence voltage
polarized R.1.31, R.1.43

logic diagrams R.1.43

rd U.1.4, U4.9-U4.10, U4.11-

IN.7

ZLOAD effect R.1.43
Phase Distance Elements
See Mho Phase Distance Elem

Phase Instantaneous Definite-Time
Overcurrent Elements

See Overcurrent Elements

Phasors
calculate from event report

application 3.16-
A3.
hand calculatio od A.3.16—
A.3.20
polar ca ethod A.3.20
Plug-In Bo! 14-U.2.19

t/Output
ations card U.2.19
e boards U.2.14-U.2.18

S Iso I

hasor measurement unit R.7.1
ee also Synchrophasors
e-Open Logic R.1.24
application example A.1.12, A.1.36,
A.1.74, A.1.107
POTT R.1.102-R.1.108

application example A.1.36—-A.1.38,
A.1.107-A.1.109

cross-country faults R.1.104

application example A.1.42—
A.1.45

current reversal guard A.1.37,
A.1.108, R.1.103

echo A.1.37, A.1.108, R.1.103
logic diagrams R.1.106—R.1.108
three-terminal lines R.1.104
weak infeed A.1.38, A.1.109,
R.1.104
Power Flow
analysis A.4.8—-A.4.10
power flow convention A.2.30
Power Supply
connections U.2.40, U.4.4
types U.4.4
voltage ranges U.2.41, U4.4
PPS U.2.12,U0.4.78
See also Time Synchronization
1k PPS (obsolete) U.2.12, U.4.79
Protection and Automation Separation
R.3.3
See also SELoOGIC Control
Equations
Pulsar Modem
See MIRRORED BITS
Communications
PULSE Command U.6.6, R.9.36
application example
front panel U.4.62-U.4.64
terminal U.4.61-U.4.62
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include TESTPUL in ER A.3.5
no event data A.3.4
Pushbuttons

front panel U.5.3
labels U.5.44
LEDs

See Operator Control LEDs
navigation U.5.4
operator control U.5.43-7?
programming U.5.44

Q
Quadrilateral Ground Distance Elements
R.1.62-R.1.65

application example A.1.27-A.1.31,
A.1.93-A.1.97

logic diagrams R.1.63-R.1.65
polarization R.1.62

application example A.1.28—
A.1.31, A.1.95-A.1.96

Z1ANG R.1.62
zero-sequence compensation R.1.62

QUIT Command R.9.36

R

Rack Mount U.2.32-U.2.33
dimensions U.2.33

Rear Panel
alert symbols U.2.38

layout U.2.5, U.2.34-U.2.36, 27—
U.2.37

template U.2.5

Recloser
See Auto-Reclose

RELAY TRIP EVENT

front panel U.5.36 L 4

Relay Word Bits

R.3.14
list sorted alphabetically R/A.2

listed by row, sorted b
R.A.22-R.A.77
Remote Bit A.6.1 \

See also ACSELERATOR QuickSet
Software

control .indow
tery monitor metering A.2.27
nd metering A.2.39
ergy metering A.2.40

imum/minimum metering
A2.34

targets U.5.39-U.5.40

1 Relay

Rolling Demand Metering A.2.36—
A2.37

See also Demand Metering

S

Schweitzer Engineering Laboratories
contact information U.6.47

Screw Terminal Connectors U.2.38—
U.2.39, U.2.40

keying U.2.39

receptacle keying U.2.40

removal and insertion U.2.38

tightening torque U.2.38
Scrolling

See Front Panel, screen scrolling
Secondary Connections U.2.5-U.2.6,
U.2.43-U.2.44

ac/dc connection diagrams U.2.53

levels U.2.5
Security

access levels R.4.13

passwords R.4.13

SEL Binary Protocols R.4.2, R.

&
Synchrophasors

models U.1.5

options U.1.5
SEL-421 Versions U.1.8
SEL-5030 ACSELERATOR QuickSet
Software

See ACSELERATOR QuickSet
Software

in display points U.5.11, R.10.46 \“421 Relay
in SELOGIC control equations features U.11-U.1.4

Selectable Operating Quantity Time
Overcurrent Elements

See Overcurrent Elements,
selectable operating quantity
Self-Tests U.4.13, U.6.40-U.6.42
See also Testing; Troubleshooting
SELogcIc Control Equations U.1.3
analog quantities R.3.14
automation R.3.8, R.10.37

Boolean equations R.3.5, R.3.6,
R.3.27-R.3.31

capacity R.3.13

comments R.3.7, R.3.37
conditioning timers R.3.19
convert R.3.39

counters R.3.24

fixed result R.3.5

free-form R.3.5

LVALUE R.3.6

math equations . 7,

7115
ction|R.3.8, R.10.36
d bits R.3.14
ing timers R.3.22

bstation automatic restoration
5.8-A5.11

time synchronization A.4.3—-A.4.4
variables R.3.15

Sequential Events Recorder
See SER (Sequential Events
Recorder)
SER (Sequential Events Recorder)
U.1.3,U0.4.54, A.3.34-A.3.37

ACSELERATOR QuickSet software
A.3.35

automatic deletion A.3.36—-A.3.37
chattering elements A.3.36
contents A.3.34

CSER command A.3.35—-A.3.36,
R.9.13-R.9.14

file download U.4.59

front-panel alarm points U.5.7—
U.5.9, A.3.36, R.10.47

SER command U.4.59, A.3.34—
A.3.35, R.9.36-R.9.38

set points and aliases U.4.55—
U.4.59, A.3.36

application example

ACSELERATOR QuickSet
software U.4.55-U.4.57

terminal U.4.58-U.4.59
terminal A.3.34
view SER report
application example

ACSELERATOR QuickSet
software U.4.57-U.4.58

front panel U.5.20-U.5.21
terminal U.4.59

SER Command R.9.36-R.9.38

Serial Number Label U.4.2-U.4.3

Serial Port R.4.3
See also Communications
cable
See Communications
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EIA-232
See Communications
EIA-485
See Communications
front panel U.5.3
jumper U.2.23-U.2.24
See also Jumpers
Series-Compensated Line R.1.48
ground directional element R.1.33
Setting U.4.17-U.4.36, R.9.38-R.9.43
See also Commands, SET
See also Commands, SHO

ACSELERATOR QuickSet software
U.3.12-U.3.16

application example U.4.29—
U.4.32

application example A.1.3—A.1.18,
A.1.21-A.1.51, A.1.55-A.1.85,
A.1.88-A.1.116

ASCII commands U.4.18
class U.4.17, U4.18
date U.5.32, R.9.16

from front panel U.4.32-U.4.36,
U.5.29-U.5.33

application example U.4.32—
U.4.34,U0.4.34-U.4.36

instance U.4.17-U.4.20
SER U .4.55

See also SER (Sequential Events
Recorder)

structure U.4.18
terminal U.4.20-U.4.27

application example U.4.20—
U.4.22,0.4.23-U.4.25,
U.4.25-U.4.27

TERSE U.4.22

text-edit mode U.4.22-U.4.27 04

K\logic diagram R.1.96

time U.5.32, R.9.55
Setting Groups

multiple setting R.3.10

nonvolatile R.3.11

Settings

data access R.4.9-R.
SIR A.1.5, A.1.23, 5@
SOTF \

See Swit¢h-On| aul,
da

Source to Line Ratio

See SIR
Specifications U.1.14-U.1.20
Star Network Tépology A.6.2, A.6.4

State Estimation A.4.11

easurement A.4.11

DC Battery System Monitor
See DC Battery System Monitor

tus U.6.40
check relay status U.4.13-U.4.16

Date Code 20080110

application example

ACSELERATOR QuickSet
software U.4.13-U.4.15

front panel U.4.15
terminal U.4.13
CST command U.6.42, R.9.14
STATUS command R.9.47-R.9.48
Status Failure U.6.40, U.6.41
front panel U.5.37
Status Warning U.6.40, U.6.41
front panel U.5.36
Subsidence Current R.1.125
See also Circuit Breaker Failure
Substation Automatic Restoration
A.5.1-A.5.16
philosophy A.5.3—-A.5.5

SELOGIC control equations A.5.8—
A5.11

settings A.5.6—A.5.12
timing diagram A.5.3
Substation Automation R.3.3
See also SELOGIC Cont
Equations
SUM Command A.3.30,
See also Event Sum:

Switch-Onto-Fault U,

onitor, CLSMON
h.65, A.1.102, R.1.94

.1.101, R.1.94

single pole A.1.33, R.1.95

trip A.1.8—-A.1.9, A.1.33, A.1.64,
A.1.101

validation R.1.94

Synchronism Check R.2.52-R.2.69
alternate source 2 R.2.67-R.2.69
angle checks R.2.61

application example A.1.146—
A.1.150

block synchronism check R.2.60
circuit breaker closing R.2.56
enable logic R.2.60

healthy voltage window R.2.59—
R.2.60

input angle compensation R.2.57—
R.2.59

input voltage magnitude
compensation R.2.57-R.2.59

no slip R.2.62-R.2.63

IN.9

PT connections R.2.57
Relay Word bits R.2.55-R.2.56
settings R.2.54-R.2.55

single-phase voltage inputs R.2.53—
R.2.54

slip, no compensate R.2.63-R.2.65
slip, with compensate R.2.65—
R.2.67
Synchrophasors R.7.
Fast Oper
MET PM Co
protocol
C37.

.19

el e R.7.27
its R.7.16

me-Synchronized
urements

1L-3306 R.7.2

setting example R.7.23
settings R.7.7, R.7.28
Time-Synchronized Metering

A.2.40

Wo
C

System Integration A.6.2

T
TARGET Command U.6.6, R.9.49—
R.9.50
Targets U.5.38-7?
front panel U.5.2
instantaneous/time O/C U.5.41
operational U.5.39
phases/ground U.5.41
recloser status U.5.41
regions U.5.38
reset U.5.39-U.5.40
trip type U.5.40
zone activated U.5.40
TCP/IP
FTP
access control R.4.10
anonymous user R.4.11
downloading settings R.4.10

Ethernet card related settings
R.4.9-R.4.10

file structure R.4.9-R.4.10

security R.4.13

simultaneous users R.4.9
Telnet

Ethernet card related settings
R.4.11

security R.4.13

transmission control characters
R.4.12

user interface access R.4.11

SEL-421 Relay
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Telnet A.7.6

TEST DB Command U.6.6, R.6.44,
R.9.51-R.9.52

TEST DNP Command U.6.7, R.9.52—
R.9.53

TEST FM Command U.6.7, R.9.53—
R.9.55

Testing U.6.2-U.6.39
acceptance testing U.6.2
ASCII commands U.6.6, U.6.7
commissioning testing U.6.2-U.6.3
directional elements U.6.29-U.6.35

application example U.6.31—
U.6.35

distance elements U.6.35-U.6.39

application example U.6.37—
U.6.39

element tests U.6.26-U.6.39

features U.6.5

low-level test interface U.6.7-U.6.9

maintenance testing U.6.3-U.6.4

methods U.6.15-U.6.25
application example

control outputs U.6.19—
U.6.21

front panel U.6.18

SER U.6.21-U.6.25

targets, LCD U.6.16-U.6.18
targets, LED U.6.18, U.6.19

targets, terminal U.6.15—
U.6.16

overcurrent elements U.6.26—-U.6.29

application example U.6.27—
U.6.29

self-tests U.6.40-U.6.42
test connections U.6.10-U.6.14
Thermal Demand Metering A.2.36

See also Demand Metering

Time U.4.77-U.4.84

See also Synchrophasors
high-accuracy U.4.77-U.4.
application example U.4.

U.4.81,U.4.82
Relay Word bi 4.

See also
connecting U.4:
IRIG-B U.2.12

TIME Q Comn@ld U.4.81-U.4.82,
R.9.

chronization U.4.77

GPSR.7.2
IRIG-B U4.77, A6.2, A.6.5
SEL-2407 R.7.2

-421 Relay

Timeout

front panel U.5.3

serial port R.5.9
Time-Overcurrent Curves R.1.83—
R.1.92

See also Overcurrent Elements
Time-Overcurrent Elements

See Overcurrent Elements
Timers

See SELoGIC Control Equations
Time-Synchronized Measurements
A4.1-A4.11

See also Synchrophasors

power flow analysis A.4.8—A.4.10

state estimation A.4.11

time trigger A.4.2—-A.4.6

application example A.4.2—A.4.6

Trigger
data capture A.3.4
event A.3.4
PMU R.7.14
TRIGGER Command R

Trip
output U.2.46, U.4.6

7
Relay Word bit, TRI 3.4
Trip Bus

ee-pole tripping A.1.14, A.1.80,
A.1.111, R.1.115

K trip equations A.1.12-A.1.13,

A.1.39, A.1.78-A.1.79, A.1.109,
R.1.116

DTA, DTB, DTC R.1.116
TR R.1.116
TRCOMM R.1.116
TRSOTF R.1.116

trip Relay Word bits R.1.118

trip timers A.1.13-A.1.14, A.1.41,
A.1.79, A.1.110,R.1.117

TDURI1D and TDUR3D R.1.117

TOPD R.1.117
trip unlatch options A.1.13, A.1.39,

A.1.79, A.1.110, R.1.116-R.1.117

TULO A.1.13, A.1.40, A.1.79,
A.1.110,R.1.116

ULTR A.1.13, A.1.39, A.1.79,
A.1.110,R.1.117

Troubleshooting U.6.43-U.6.46

U

UCA2R.8.3
GOOSE R.8.4
User Interface
Ethernet card command entry

R.4.12 L 4
Telnet access R.
\")
VERSION C .56-R.9.57
driver numb, 10

firmware n U.641
release ers R.9.56
sal response R.9.57

ual'Devices R.4.10
1 File Interface R.5.13—-R.5.16

e Checks
auto-reclose R.2.44

w
Wire
grounding size U.2.39
insulation U.2.34
power connection size U.2.41, U.4.4

Z
Zero-Sequence Current Compensation
R.1.57,R.1.62
application example A.1.8, A.1.31-
A.1.32, A.1.63-A.1.64, A.1.97—
A.1.99
Zone Time Delay R.1.70-R.1.72
common timing R.1.70

application example A.1.8,
A.1.32, A.1.64, A.1.100

independent timing R.1.70
logic diagram R.1.72

Zone/Level Direction A.1.105
application example A.1.35, A.1.69
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SEL-421 Relay Commands?: b (Sheet 1 of 2)

Command Description *
-

2ACCESS Go to Access Level 2 (complete relay monitoring and control)

AACCESS Go to Access Level A (automation control)

ACCESS Go to Access Level 1 (monitor relay)

BACCESS Go to Access Level B (monitor relay and control circuit breakers)

BNAME ASCII names of all relay status bits (Fast Meter)

BREAKER n Display the circuit breaker report and breaker history; preload and reset breakef monitor data (n =1 is
BK1; n=2is BK2)

CASCII Generate the Compressed ASCII response configuration message

CBREAKER BREAKER command for the Compressed ASCII response

CEVENT EVENT command for the Compressed ASCII response

CHISTORY HISTORY command for the Compressed ASCLifresponse

CLOSE n Close the circuit breaker (n = 1 is BK1; n = 2jis BK2)

COMM ¢ Display relay-to-relay MIRRORED BITS communications data (¢ = A is channel A; ¢ = B is channel B;
¢ =M is either enabled single channel)

CONTROL nn Set, clear, or pulse an internal remote bif (yis thedremote bit number from 01-32)

COPY mn Copy settings between instancesgmthe'Safme class (m and n are instance numbers; for example: m = 1 is
Group 1; n =2 is Group 2)

CSER SER command for the Compressed ASCII response

CSTATUS STATUS command for the Compressed ASCII response

CSUMMARY SUMMARY commandgor the,Compressed ASCII response

DATE Display and set the date

DNAME X ASCII names of all relay‘digital I/O (Fast Meter)

DNP Access or modifypsertalport DNP3 settings (similar to SHOW D and SET D)

EVENT Display and‘acknowledge event reports

FILE Transfer data between the relay and external software

GROUP Display thélactive group number or select the active group

HELP DPisplaysavailable commands or command help at each access level

HISTORY View event summaries/histories; clear event data

ID Display the firmware id, user id, device code, part number, and configuration information

LOOPBACK Connect MIRRORED BITS data from transmit to receive on the same port

MAP 1 Analyze the communications card database

METER Display metering data and internal relay operating variables

OACCESS Go to Access Level O (output control)

OPEN n Open the circuit breaker (n = 1 is BK1; n =2 is BK2)

PACECESS Go to Access Level P (protection control)

PASSWORD Display or change relay passwords

PORT Connect to a remote relay via MIRRORED BITS virtual terminal (for port number p = 1-3, and F), or the
Ethernet card (port p = 5)

Date Code 20080110
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SEL-421 Relay Commands? b (Sheet 2 of 2)

Command Description

PULSE OUTnnn Pulse a relay control output (OUT#nnn is a control output number)

QUIT Reduce access level to Access Level 0 (exit relay control)

SER View Sequential Events Recorder reports

SET¢ Enter relay settings

SHOW¢ Display relay settings

SNS Display Sequential Events Recorder settings name strings (Fast SER)
STATUS Report or clear relay status and SELOGIC control equation errors
SUMMARY View summary event reports

TARGET Display relay elements for a row in the Relay Word table

TEC Display time-error estimate; display or modify time-error correction yalue.
TEST DB Display or place values in the communications card database (usefal for Ethérnet protocol read tests)
TEST DNP Display or place values in the serial port DNP3 object map

TEST FM Display or place values in metering database (Fast Meten)

TIME Display and set the internal clock

TRIGGER Initiate a data capture and record an event report

VERSION Display the relay hardware and software configurations

VIEW 1 View data from the communications card database

a See Section 9: ASCII Command Reference in the Reference Manual.
b For help on a specific command, type HELP [command] <Enter> at an ASCH tefminal communicating with the relay.
¢ See the table below for SET/SHOW options.

SET/SHOW Command Options

Option Setting Type Description

[S]n Group Settings 1-6 Particular application settings

A n? Automation Logig,Black 1-10 Automation SELOGIC control equations

D DNP3 Direct Network Protocol remapping (serial port only)
F Front Papel Front-panel HMI settings

G Glebal 1=6 Relay-wide settings

Ln Protection Logic Group 1-6 Protection SELOGIC control equations

M Breaket!Monitor Circuit breaker monitor settings

(6} Outputs Output SELOGIC control equations

Pn Port 1-3,F, 5 Communications port settings

R Report Event report and SER settings

T Alias Alias names for analog quantities and Relay Word bits

a The SEL-421-1 andithe SEL-421-2 have only one instance of automation logic settings.

SEL-421 Relay Date Code 20080110
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