SEL

SEL-421 Relay

Protection and
Automation System

Instruction Manual

User's Guide

20111215

'SCHWEITZER ENGINEERING LABORATORIES, INC.



© 2001-2011 by Schweitzer Engineering Laboratories, Inc. All rights reserved.

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

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

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

This product is covered by the standard SEL 10-year warranty. For warranty details, visit www.selinc.com or contact your customer service
representative. PM421-01

SEL-421 Relay User's Guide Date Code 20111215



Table of Contents

Table Of CONEENES............ e i
LISt OF TADIES ..ccoo oo vii
LISE OF FIQUIS ........o.ooceee e ssssssssssssssees Xxi
PIEIACE ...t XXXi

User’s Guide
Section 1: Introduction and Specifications

FFEAEUIES.....ce ettt st e bt b e e he e b £ ekt e bt e Rt e eE e e ae e e Rt et e eRe e Re e e Rt e Re e bt eRe et e eReenneeneenneeneas u.l1.2
[ KoTo (= ESY= o To @ o 1 Ko oSSR u.15
SEL-421 Versions and SUPPOIEd FEALUIES............cciveiieeieeeeieste e s ettt sre e s ae st eneene s e eneenes u.17
y N o] o] 1o 4 o 01 SRS u.1.8
01 1 1= 1o 1SR U.1.13
Section 2: Installation
Shared Configuration AFTOULES. ..o u.21
L L0 To gl =T o USSR u.2.12
00T 0 USRS TR uU.2.18
REIQY PlBCEIMENT ...ttt ettt e bt se e e e s e e se et e s e eseebesaeebesbeseeesesenseneeneeneans U.2.30
L600]010 1 ol 1o FHE PSPPSRSO P PSR PRTO U.2.31
AC/DC CONNECLION DIBOIAIMIS......ccviiieiieeieesie it sie et et e e sreesae e sae e e saesbessaesteeaeesaesaeessesneestesseentesseensenns U.2.50
Section 3: PC Software
Installing the COMPULET SOFIWEIE. .......c.ciuiiriiiriiieete bbbt u.3.2
COMIMUNICALIONS SELUPD.....c vttt ettt ettt b ettt b et b et bbbt b st bbb b ea et nnne u.34
Settings Database Management aNd DIIVEIS. ..ot et U.3.6
Create and Manage RElAY SELlINGS........cieirieirieiriee ettt u.39
EXPrESSION BUITTEY .....c.oviiieice ettt bbbt u.3.14
ANBIYZE EVENS. ...ttt ettt b bt e et bbbt b e s e b e bt b et b et eb e ne bt e b e b e b e e uU.3.16
HMI MELEr @aNd CONLIOL ..ottt n e u.3z21
Section 4: Basic Relay Operations
INSPECHING ANEW REIGY ...ttt bbbt b et u4.1
Connecting and APPIYING POWES ..ottt sttt sttt e u.4.3
EstabliShing COMMUNICELION........c.iiiitiieiiieiiietereeiene bbbt a e b b u.4.4
Changing the Default PaSSWOITS. ........co.o ittt st ss e e s nesbe e e neeneeneeneas u.4.6
CheCKing REIGY SEBLUS........coveueieeirtiiirieist ettt bbbttt b et bt u.4.10
Making SImple SEttingS ChaNQES...........coiiiiiiteirieert ettt u.4.13
Examining Metering QUENTITIES .........oouiieirireeiestere ettt st ettt b et se e e b e eneens U.4.33
Reading Oscillograms, Event RePOItS, and SER............coiiiiiiienene et u.4.42
Operating the Relay INPUES @NA OULPULS .......ooveueriiriiiieiene sttt U.4.56
Configuring High-AccuraCy TimMEKEEDING ......ccveiveiieierieeiesteeseeeteeeesseeseessessaessesseessesseessesseessesseessessesssess u4.71
Readying the Relay for Field APPliCaLION..........ccviiiieie et u.4.79
Section 5: Front-Panel Operations
FFONE-PANEI LBYOUL ........eieeeieiieeeie ettt ettt st e st et e be e b e s b seeeeebeseeee e s eneeneeneebennees u.b.2
Front-Panel MENUS @N0 SCIEEMNS.........oiiieieereeteete et e e te st te e e e se e e ese s e sseseesaeseeseeneenseneeneeneans U.5.13
Front-Panel AUtOMELIC IMESSAQES. .......ceiueirieieiteeite et eeeeteestesteeeesaeseestesseebesseesesseesesseessesseensesseensessenneanes u.5.34
Operation and Target LEDS........ccuiiiiiicecee sttt sttt st e st ae st e st e ereensesseennesreensesrennnens U.5.36
Front-Panel Operator Control PUSHDUIIONS ............ccoiiiiiii et U.5.40

Date Code 20111215 SEL-421 Relay



ii | Table of Contents

Section 6: Testing and Troubleshooting

TESHING PhITOSOPNY ..ttt b et b bbbttt b et b et e b e e ebe e u.6.1
TeSting FEALUIES @N0 TOOIS .....cviiiuieiteiete sttt b bbbt e bt e et a bt bene b ne b e e ebe e u.64
REEY TESE CONMECTIONS.......eeeieiteiirteesieri ettt bbbt bbbttt a et b u.6.8
TESE IMEENOUS ...ttt bbb st b et bbb b et e bkt b b ettt b e s et U.6.13
Checking REGY OPEIGLION .......c.eiriiieiiieieieei ettt et b et b ettt b et b et u.6.24
REIAY SEIf-TESES. ... vttt ettt etttk et b b bRt e e b bt e bt e s e kb et e bt e bt e bt U.6.38
RS o YA I L0100 = T To T oo RS U.6.42
FFACLOIY ASSISLANCE. .....cve ettt ettt ettt e ettt h bt bt s b e b e e s e e e e s e bt e Rt e heeb e s beseese et see et e b enseneeneenennis U.6.45
Appendix A: Firmware and Manual Versions
FITITIWEAI . ...ttt b b bt bt e b e se b1 e eb s e e bt e ekt e e e st e b e st e bkt e b eb e et e st ee st et e b eneas UA.l
INSEFUCHTON IMTANUEL. ...ttt bttt b ettt U.A11

Applications Handbook
Section 1: Protection Application Examples

OVEBIVIBIV ..ttt b et etttk ek he bt e b e be £ H e E e £ e AE e e e R e e R e e Re e Rt eb £ eb e eE e eb et et e e entesbeseeneebeebennenben A.l1l
230 kV Overhead Transmission LiNg EXAMPIE.......ccucveieiieiineiesieseeseeseeseeeetestesse e e saesaesessesassessessessessens A.1l2
500 kV Parallel Transmission Lines With Mutual Coupling EXample.........ccceveveenevievineseseeeeeeees A.1.18
345 kV Tapped Overhead Transmission Ling EXaMPIE........ccvveveverieriereceeeeece s A.151
EHV Parallel 230 kV Underground Cables EXamPIE ........c.cvreiririnieiniiecre s A.1.84
Out-of-Step Logic Application EXAMPIES........ccciiriiesiee e A.1.115
AULO-RECIOSE EXBMPIE......eieeiereeie ettt ettt b e ettt A.1.133
Auto-Reclose and Synchronism Check EXAMPIE.........oci it A.1.137
Circuit Breaker Failure Application EXAMPIES ... A.1.147
Section 2: Monitoring and Metering
O o BTNl 2T (== (= Y, o a1 (o OSSOSO A21
Station DC Battery SyStemM MONITON . ......cvecveieeeieistes e ste e e ere e e s esae e esaesesse e ssessessesaeseessesessenns A.2.21
L= (< ] o PO A.2.26
Section 3: Analyzing Data
[ 7= B 00\ o A.3.2
Triggering Data Captures and EVENt REPOIS.......cc.cciciiiieieie ettt saesre s A.34
Duration of Data Captures and EVENt REPOIMS .........cceeiiiieieiieiiceese sttt sre e e A.35
L0 ox |1 oo =" ] 0| S A.3.7
Event Reports, Event Summaries, and EVENt HiStOMES..........ccccveeieiereeieieee e A.3.11
SER (Sequential EVENES RECOTTUET)......ccuiiiieeiceiesiestes e st se e ettt e e se e s s tessesaesaeneenenneens A.3.34
Section 4: Time-Synchronized Measurements
Relay Configuration for High-Accuracy TiImeKEEDING ........coverereriererieiereee et A4l
FFAUIT ANBIYSIS.. .ottt ettt b et b e s e e be et se e e e m e e e e meeReeReeReeaeebeebese e s enseneeneeneesenrees A.4.6
POWET FIOW ANBIYSIS. ... .icieieeiee sttt ettt st st e e s te e e st e e st e e ae e s e eseesesaeesaesbeestenteensesneenneaneannan A.47
State EStimation VerifiCaiON ..ottt e b et b et nne A.49
Section 5: Substation Automatic Restoration
230 kV Tapped Transmission Line Application EXamMpPIe.........c.coovriiiiiiinicieneeee e A5.2
Section 6: SEL Communications Processor Applications
SEL COMIMUNICALIONS PrOCESSOIS. ... ecuviuteueeuerieeterteriesieatesieseessesseseeseeseeseseeseesessessessessessessensessessensessssessessens A.6.1
SEL Communications Processor and Relay ArchiteCture...........cooveveiiiiece e A.6.3
SEL CommuniCations ProceSSOr EXAMPIE........cuciiiiiieieieseseseeseeseesaeseeeeresse e stes e saessesessesaessessesensensens A.6.5

SEL-421 Relay Date Code 20111215



Table of Contents | iii

Section 7: Direct Network Communication

Direct NetWOork COMMUNICAION ........oiviiieie e ectie et eeteecte et e srte st e saee s ebeesseesabessasesaseesbessnbeessessnsesssessnseenrens A7.1
SENTA NEEWOTKING . .ttt bbbt b bbbt bbbt s e et en e b e A.7.2
[ 1= 1S O o RO A.7.4
Direct NEtWOrKing EXAMPIE. .......ciiiiieiiei ettt bbbt A.7.7

Reference Manual
Section 1: Protection Functions

Current and VOItage SOUICE SEIECHION.......c..cveieeeirees ettt seere s s e s resresteseesreneeneenes R.1.2
[ =0 100y YA =i = o T TRSRTR R.1.15
TIME-EITON Cal CUIBLION. ....c.viuieeiiiei ettt b e b et b et n et st n e e ne s R.1.16
L= 10 o= 1 o oSSR R.1.18
OpPEN Phase DELECTTION LOGIC .....vueveeirieierieiisieisiei sttt sttt ss ettt se e bt se et e e ene bt st nnes R.1.20
POIE OPEN LOGIC ..ttt ettt sttt ettt sttt b et b e bbb e b etk se e b s e ek e s e ek e e e b e st eneseesesbenenaenens R.1.20
L OSS-Of-POENTIAI LOGIC .....c.vevieete ettt sttt b e ettt ne bbb R.1.23
Fault Type ldentification SElECON LOGIC .....c.coviiiiiiirieiiicieieiee ettt R.1.27
Ground DireCtional BIEMENL............coiieeeiee ettt sttt st e e e ne s e eseenessessesaeseenseneas R.1.27
Phase and Negative-Sequence Directional EIEMENtS..........ccooiiiiiiiine e R.1.38
(DT C= e Yo=Y SRS R.1.39
CVT TranSIiENt DELECTION. .....c.eiueeiieieetieterie ettt ettt b b et e s eese e e eneeseenesbesbenbesnenneneas R.1.40
Series-Compensation LiNE LOGIC ....cuvciiiiiee ettt sae sttt et reen e s neesnesneensesreensenreens R.1.41
[>T B ot o o a0 1= | A 0o oSS R.1.42
L@ W1t o S (o J o o R.1.43
Mho Ground DisStanCe EIEMENES .......cccoiiieirieiese e sttt sbenea R.1.49
Quadrilateral Ground DistanCe EIEBMENTS.........cocviiiiieeececcee ettt ettt et sae e sbeebesreens R.1.54
MO Phase DiStanCe ElEMENTS ........c.ciieirieiieireee ettt sttt st sttt st e e s e b R.1.58
ZONE TIME DAY ...ttt bbbt b et bbbt b bbb bbbt bbb b e s e R.1.61
Instantaneous Line OVErcurrent EIEMENES..........c.cvierirerereeieieieeeeetes st see e e e e ne e sneseeseeseens R.1.64
Inverse-Time OVErCUITeNt EIEMENLES.......ciioiieeeieesese et sre st seenaeneesesn e e seeneens R.1.70
SWItCH-ONEO-FAUIT LOGIC.....c.evieetiietireeesiee ettt en e nne e R.1.84
Communications-AsSiSted TrHPPING LOGIC.....c.ciueuireirieirieirieesieese et R.1.87
Directional Comparison BIOCKING SCNEME.........cciiiiiiiiieiiieieterete sttt R.1.88
Permissive Overreaching Transfer Tripping SChEME........cco it R.1.91
Directional Comparison Unblocking SChEME LOGIC......ccveiviriirieieieeeniere et R.1.100
LI 21 e o Lo USSR R.1.105
Circuit Breaker Failure PrOtECLION. ... s R.1.115
Section 2: Auto-Reclosing and Synchronism Check
F T 110 (= e 015 1 o o TR R.2.2
One-Circuit-Breaker AULO-RECIOSING.........coiiiiieieitice ettt sttt sttt ere e teeseesreeneesnesneesreas R.2.4
TWO-Circuit-Breaker AULO-RECIOSING ....ccvcviiriciieicie ettt e e sre e sae e e s tessa e besreeneesrenneas R.2.10
AULO-RECIOSE LOGIC DIBGIAIMS.....cviiiieiieieeitectteite et ete et te e st e et esa et e e seesreeaeesaeseesreansesseensesreennennas R.2.27
MANUAl CIOSING ...teveitiiteiteitesteietee et ete s e et et et e st e st e beseesaesseseeseeseeseasesseaseabestessesseneesseneensesensessessensensesensnnens R.2.41
Voltage Checks for Auto-Reclosing and Manual ClOSING.......ccccovvviiienieiiesese e sre e R.2.44
Settings and Relay Word Bits for Auto-Reclosing and Manual CloSINgG .......ccovevverierienicieieeiesesese e R.2.46
SYNCAIONISM CHECK ...ttt ettt bbbttt st sa et ne et et ne s et st ne e R.2.50
Section 3: SELocIc Control Equation Programming
SELOGIC CoNtrol EQUALTION HISLOMY .....ociiie ettt ettt st ena et enneeneesneeneeseean R.3.1
Separation of Protection and AUtOMELION ATEBS..........ccceiieeiieeeeee e ertesee e se e e e e re e sseaseesreaneesreas R.3.2
SELoGIC Control Equation ProgramMming ........cc.eeceeeeereseeieesesieeseeseesesseeseeseessesssssessssssessssssessssssesssessens R.3.4
SEL oGIC Control Equation SEttiNg STUCLUIE ......cc.evereeeceei ettt snesnenaenes R.3.6
MUILIPIE SEHING GIOUDS ... veveveeieesieseesieseetesestestas e stessessesseseeseesessessessessestesaessessesseseesensessessessensessessansenennen R.3.8
SELOGIC Control EQUatiON CaPACILY ......vierererierieeeesesesteseseeseesseseeseeeesessessessessessesssssesessessessessessessenses R.3.11
SELOGIC Control EQUation ETEMENLS........cccoiiiieiieiissesieest ettt R.3.12

Date Code 20111215 SEL-421 Relay



iv | Table of Contents

SELOGIC CoNntrol EQUaLioN OPEIELOIS.........ccveiviereeiieeeseeseesteseestesseetesseessesseessesssesseessssesssessesssessesssessenns R.3.25

EffeCtiVe PrOgramMing.......cc.oiieieciice sttt sttt e e e ae e sre e e e s aeeneesbeentesteennanteennenas R.3.34

SEL-311 QN0 SEL-351 SEIES USEIS....cccviiieieiteeiieeeitee ittt esteestesestesssessaesssasssessssessssesssssssessssssssessssesssesssseesns R.3.36
Section 4: Communications Interfaces

COMMUNICALIONS INMEEITACES ... eeee ittt ettt ee s st e e et e s s be e e s beeeseabe s s sabeessbeessseesssssnesssbeessssenssanns R.4.1

SENTAl COMMUNICALTION ......eiiiteie ittt ettt e et e s et e e e esteessaaeessabessebesssaseessbeeesassessasesesssbessassesesbenessaseessnsenssanes R.4.2

COMMUNICAEIONS CAI......oeieeiiieeie ettt e e e e e et et e seaeessebeessseessseeesbbeesaasessssseessssessasbesssabenesssseessnsenssares R.4.4

Section 5: SEL Communications Protocols

Serial Port HardWare PrOtOCOL .........c.oiiriirereirisereccrere st R5.1
SOFtWare ProtOCOl SEIECHIONS.......eeiiiieiiiteiiite sttt b ettt e b e eb b R.5.2
Protocol Active When Setting PROTO 1= SEL ..ottt ettt s srene s R.5.3
RN U= I F N a1 = = oS R.5.11
SEL MIRRORED BITS COMMUNICALIONS.......cvetiietiieetiieetiseetesiete st snese s ss s s s s snesessesesnesesnesennes R.5.15
SEL Distributed Port Switch ProtoCOl (LIMD) ......eiuiiuiiieieieeee et R.5.21
SEL-2600A RTD MOUUIE OPEIGHON. .......eiuieeieeeieieieeieee et ste et esee ettt seeseesbeseeseeneeneeseesessessesnesseeas R.5.23
Section 6: DNP3 Communications
INtrOAUCEION 1O DINP3 ...ttt n et n s R.6.1
DINPSB N TNE SEL-A21.......o oottt et st te e e e et e se e e e neeneeseeseetesbeseessenseseensenseneenen R.6.5
DINP3 DOCUMENTALTION ...e.vevieeienieieetietieieetee st stee e seeseesessesseesessessesaesseseeseeneeneeseeseesessessessessensessessensenens R.6.12
APPLTCALTON EXBMPIE ...ttt bbbt et bbb bbbt R.6.27
DINP LAN/MVAN ..ottt ket b e b se s s et £ b e b e Rt £ s e e b b et e e b ket e et et ebe e ne st ebenas R.6.32
DNP LAN/WAN INThE SEL-421 ...ttt ettt et R.6.32
DNP LAN/WAN DOCUMENTALTON ......ceueetietirieseisteieseeeesestesiesteste e seeseeseeessessessesseseessesseseesessessessessessessessens R.6.41
DNP LAN/WAN ApPplicCation EXAMPIE........cciriiieieiirisieiceneses ettt R.6.49
Section 7: Synchrophasors
gL 0o 1 ') PSSR R.7.1
SYNCHIrOPNESOr IMEBSUINEITIENL ...ttt ettt bbb bbb bbbt s bbbt b s eb et n e ee R.7.6
SettingS fOr SYNCAMOPNESOIS.......c.civiiiee bbbt R.7.9
Synchrophasor Rel@y WOId BitS...........coiiiiiiiiiiciiesese ettt en e R.7.19
Synchrophasor ANalOg QUENTITIES...........cireuiririiietie ettt bbb R.7.20
View Synchrophasors by Using the MET PM COMMENG...........ccoooiiiininenenennesesesesie e R.7.24
C37.118 Synchrophasor ProtOCOL ..........cueeririrtiriesiesie ettt sttt ebe b e seenean R.7.25
SEL Fast Message Synchrophasor ProtOCOL ............coeiiiiieieieeeciirese st R.7.31
Synchrophasor Protocols and SEL Fast Operate COmMMAaNGS.........cccevrereriererierienieeeeeesiesese e R.7.37
Section 8: IEC 61850 Communications
FFBILUIES......ceee ettt ekttt b e e h e e bt e sh bt e b e b e e oAb e e R e e ehb e e he e e aR e e R e e nh e e e R e e beeanre e neennneea R.8.1
INErOAUCEION TO TEC BL850.........cueteiitereete ettt sttt sttt b ettt b e ettt et R.8.2
[EC 61850 OPEIBLION. .....cueuieeeteseresisiettsesesestetesesestesesesesessebe e st sssseseseseseebebaseseseesebesesessebesene st ssebabe e sesbebanensanas R.8.3
[EC 61850 CONFIGUIBLION ...ttt ettt bbbttt bt e bbb R.8.12
LOGICEI INOOES. ...ttt bbbt b et b et b e e b et b e b e b e b e b b R.8.16
Protocol Implementation Conformance Statement: SEL-400 SerieS DeVICES ........ccoeeeererenieneniereeeeeens R.8.31
ACSI] CoNfOrmMENCE SEALEMENTS........cvirieerieere sttt sttt r et bbb n s R.8.37

Section 9: ASCIl Command Reference

DesCription Of COMMANGS.......c.civiuiiiiirieiiit ettt b ettt se bt e bbbt e bt sb et b e b ene e R.9.2

Section 10: Settings

SEL-421 Relay

F N = ST 111 010 1TSS R.10.3
(€10 o IS 1 0SSR R.10.4
Breaker MONITOr SEHINGS ....oovviieiiiiieieieie sttt sae st et e e e e e e esestesaessesteseeseenenneesenneens R.10.11
LT 0T T8 11 1 TP R.10.14
Protection Free-Form SELOGIC CONtrol EQUALIONS .........cciviiririerereieene e stese e saesae e saeessessesse e see s R.10.34
Automation Free-Form SELOGIC CONrol EQUALTONS...........curieiririiieiiee e R.10.35
OULPUL SEEEINGS ...+ eve ettt ettt sttt st et s eb e st b s e eb s e b e se e b e seeb e s e ek e reeb e s e ek e seebeseebeseesesbeneeeeseebeneebeneas R.10.35

Date Code 20111215



Table of Contents | v

L L g Tc S o S R.10.37
LS 10 RS U 10 1SS R.10.44
0TS 1] 0 R.10.46
DINP3 SEttiNgS—SErTal POIT ......oeeiiieeieieeiisieie ettt sttt st ee e R.10.50
Appendix A: Relay Word Bits
F N 1o 0o (oSSR RA.1
L0 TV S TSRS R.A.22
Appendix B: Analog Quantities
Quantities Listed AIPhEDELICAITY ..o RB.1
Quantities Listed DY FUNCLION .........ciiiiieiieese et et R.B.8
Glossary
Index

SEL-421 Relay Command Summary

Date Code 20111215 SEL-421 Relay



This page intentionally left blank



List of Tables

User's Guide

Table 1.1 Application HighliIGhtS.......ccviiiiseerceeeeeses e et e e u.1.11
Table2.1 Recommended Control Input PickUp SEtINGS ......cooeiiiriirereeeeeeee e u.25
Table2.2 Required Settings for Use with AC Control SIgnalS.........coeveereiinniennencesee e u.2.7
Table2.3 1/0 Interface Boards CONtrol INPULS..........cureirieiieirieesese e u.2.14
Table2.4 1/0 Interface Boards CONtrol OQULPULS ............cerieiriiirieeseesieesieee e uU.2.15
Table 2.5 MaiN BOBID JUMPEL'S ...ttt bbbt bbbt u.2.20
Table 2.6 Main Board Jumpers—IMPL, IMP2, and IMP3.........ccooiiiiiesee e u.2.21
Table 2.7 17O BOBIT JUMIPEIS ...ttt ettt sttt e b e sb e et b e b e et ens u.2.28
Table 2.8 Jumper Positions for Breaker OPEN/CLOSE INdiCation..........cccuvererenenenereeeneneniens uU.2.29
Table 2.9 Jumper POSItioNS fOr ArC SUPPIESSION ......ceverterieieieeeeeiesteriesiesresteseeseeste e see e esessesesnens uU.2.29
Table 2.10 Front-Panel LED OPLiON ......c.cciiiieieie e ete et e e s esae st esae e essesseesesneeeas U.2.29
Table2.11 Fuse Requirements for the SEL-421 POWEr SUPPIY ...cvvereerieieeie e U.2.39
Table 3.1 System Requirements for ACSELERATOR QUICKSEL ........ccevveveerienece e u.3.2
Table 3.2 ACSELERATOR QuickSet HMI Tree View FUNCHIONS........ccoceveieirenesese e u.3.22
Table4.1 Power SUPPIY VOITage INPULS .......oeiieiiieete i u.4.3
Table 4.2 General Serial POrt SELINGS ......o.oiviviiriiirieeseese et u.4.6
Table 4.3 SEL-421 ACCESS LEVEIS. ...ttt sttt ae e u.4.7
Table 4.4 Access Level Commands and PaSSWOITS........c.ciueieiriiinieeneseseseseise e u.4.7
Table 4.5 Settings Classes and INSIANCES ..o u.4.15
Table 4.6 ACHIONS 8t SEttiNgS PrOMPLS ..ottt u.4.16
Table4.7 Actions at Text-Edit Mode PrOmPLS.........cooeirirerisese e u.4.19
Table 4.8 Control INPUES TN the SEL-421 .......coiiiiieeeeeee e U.4.65
Table 4.9 SEL-421 TiMeKeepiNg MOES.......c.coouriririerieie ettt sttt u4.71
Table 4.10 Date/Time Last UPdate SOUICES........cccuieeiierieieetietesees e eeesse e sie e seesae e esesseennesneennes U.4.76
Table4.11 Communications Port Commands That Clear Relay BUFfers...........cccocevvecevvciese e, U.4.80
Table 5.1 Front-Panel Inactivity Time-Out SELLING.......ccvevveiiiieeie e u.b4
Table 5.2 Metering Screens ENable SEINGS. .......vevierererereeeeeise s see e s eseeseeeesesseeseens u.5.5
Table 5.3 SER POINE SEINGS ... evveveereeririesiestesiesieseeeesessesesresieseessesseseeseesessessessessessessssssssesessessessensenes u.5.8
Table5.4 Display Point SettingS—B0O0l€aN..........ccoeieirirere e U.5.11
Table5.5 Display POINt SEttingS—ANSI0Q ........eerueirieirieirieiriee e u.5.11
Table 5.6 Display Point Settings—Boolean and Analog EXamples ... ub.11
Table5.7 Front-Panel Pushbutton Functions While Viewing SER Events...........ccccocvvvneoeneenn, U.5.20
Table5.8 Local Bit CONIOl SELLINGS. ... ..cviueerieetiieiiisieisiee e U.5.26
Table 5.9 LOCE Bit SELOGIC ...c.cveceieiririeieteesesisieset s sese et eb et s b ebese s U.5.26
Table 5.10 Settings Available From the Front Panel ..o U.5.28
Table5.11 Front-Panel Target LEDS.........ccuciieiiiiiisisesi e see e e se e sae st sae e esensesannes U.5.37
Table 5.12 TIME Target LED Trigger Elements—Factory Defaults..........ccoovvvvevenieneneseeieeseenens U.5.38
Table 5.13 Operator Control Pushbuttons and LEDs—Factory Defaults........cccccvovvvevnerieseciccnnenn uU.5.41
Table 6.1 ACCEPLANCE TESHING +.vvevevereeierteeri sttt b et u.6.2
Table 6.2 COMMISSIONING TESHING ... cveuerverertesertes ettt sb ettt bbb s ebe et eebeseebe e u.6.2
Table 6.3 MaiNTENANCE TESHING ...veveieieeiiriei et bbb u.6.3
Table 6.4 UUT Database Entries for SEL-5401 Relay Test System Software—5 A Relay .............. u.6.7
Table 6.5 UUT Database Entries for SEL-5401 Relay Test System Software—1 A Relay .............. uU.6.8
Table 6.6 Phase Instantaneous OVErcurrent PICKUD ..o uU.6.14
Table 6.7 Selectable Operating Quantity Time-Overcurrent Element (51S1) Default Settings ...... u.6.21
Table 6.8 Negative-Sequence Directional Element Settings AUTO Calculations...........ccccoeeeuene. U.6.32
Table 6.9 TroubleshOoOtiNg ProCEAUIES. ........ccuceieieieeeie ettt s uU.6.42
TableA.1 Firmware ReVISION HISLOIY ........ocuiiiiieciese ettt st sneen UA.1l
Table A.2 Ethernet Card Firmware ReViSION HiStOrY .........cccoveieiieieese e UA9

Date Code 20111215 SEL-421 Relay



viii | List of Tables

Table A.3
TableA.4
Table A5

Compatible SEL-421 and Ethernet Card Firmware VErSIONS ..........ccccvceeveveeceseeseennens U.A.10
ACSELERATOR Architect CID File Compatibility ........ccccoeviviieieiiereseece e U.A.10
Instruction Manual ReVISION HISIOMY .......ovviiiieiereieieese st UA.1l1

Applications Handbook

SEL-421 Relay

Table 1.1
Table 1.2
Table 1.3
Table 1.4
Table 1.5
Table 1.6
Table1.7
Table 1.8
Table1.9
Table1.10
Table1.11
Table1.12
Table 1.13
Table 1.14
Table 1.15
Table 1.16
Table 1.17
Table 1.18
Table 1.19
Table 1.20
Table 1.21
Table 1.22
Table 1.23
Table 1.24
Table 1.25
Table 1.26

Table 1.27

Table 1.28

Table 1.29
Table 1.30
Table 1.31
Table 1.32
Table 1.33
Table 1.34
Table 1.35
Table 1.36
Table 1.37
Table 1.38
Table 1.39
Table 1.40
Table 1.41
Table 1.42
Table 1.43
Table 1.44
Table2.1

Table2.2

Table2.3

Table2.4

Table 2.5

System Data—230 kV Overhead TransSmiSSION LiNE .......ccccevevieiiiieie e A.l2
SecoNdary IMPEANCES.........coi ettt esre e e sreeraesreenesreeneens A.13
LOP ENADIE OPLIONS......c..ccuieiiciieiice ettt sttt ere et esae e e sne s e sne e e e teensesreeneenes A.16
Options for Enabling POle-Open LOGIC......uivieiiieresierieieseeseeesiese e sesee e ssesesesseesannes A.112
Setting TULO Unlatch Trip OPtiONS......ccceievierieriereeeeeseseestesiesaeseeesresessesne e sesnsesennes A.1.13
Settings for 230 kV Overhead TX EXamMpPIe .....ccooeieveieiececeeeee e A.114
System Data—500 kV Parallel Overhead Transmission LiNES.........cooovvereneriniecnienennnne A.1.19
SeCondary IMPEAENCES..........cceiiiirie e e A.1.19
LOP ENGDIE OPLIONS......cuiuiieiiiiiirieesteesie ettt bbb A.1.24
Tilt Resulting From NONNOMOGENEILY .......c.civeuiriiiriiieie ettt A.1.29
Options for Enabling Pole-Open LOGIC. .......cuieircirieinee ettt A.1.35
TriP UNIEECH OPLIONS. ....c.cvieiiteiiitiisteisieei et A.1.39
Settings for 500 KV Parallel TX EXamMPIe......ccccoiiiieiiieieieeeeeeese e A.1.45
System Data—345 kV Tapped Overhead TransmissSion Line...........ccooevererenieieseneneenn A.1.52
SeCONdArY IMPEUANCES.......c.eiiiiiiteeie ettt ettt b et sb e e eens A.1.53
LOP ENADIE OPLIONS......c..ccieiieeieie e sieseestesae ettt e e re e saeesae e esaeste s eseennesneennas A.1.58
Loca Zone 2 Fault Impedance MeasUremMENtS ..........cccccveeereieesiesieseeie e A.1.59
Apparent Impedance Measurement for Remote Faults...........cccoveeeieccicecce e A.1.60
Options for Enabling POle-Open LOGIC.....c.uiviirireresiesiesieseeieees e sesee e seesnesaesesesneesennes A.174
Setting TULO Unlatch Trip OPtiONS......ccceierierieriereeeeese et se e seeseeses e ssesre e snessessenes A.1.78
Settings for 345 kV Tapped TX EXAMPIE....ccccv e A.1.79
System Data—230 kV Parallel Underground Cables.........ccoveiieeneniieineneceee A.1.85
SeCoNdary IMPEAENCES. .........ccooeiiieirieee et e A.1.85
LOP ENGDIE OPLIONS......cuiuiieiiriiiirieiirieesie sttt A.1.90
Tilt Resulting From NONNOMOGENEILY .......covveviriiiiieieie ettt A.1.95

XAG Measurement for Remote AG Fault
(k01 = 0.374 £—39.2°, sheath and ground return path) ...........ccoeoreiineineicneicnenee A.1.97

XAG Measurement for Remote AG Fault
(k01 = 0.385 £/—46.7°, sheath return path) .........ccccceeieniennisees e A.1.97

XAG Measurement for Remote AG Fault
(k0 =6.105 £44.5°, ground return Path) ..........cccveeiiieie e A.1.98
Options for Enabling POIe-Open LOGQIC.....c..ccveiiiieie e ceere et s A.1.106
Setting TULO UnlatCh THP OPLiONS......ccviieiiieiesie et st see e A.1.109
Settings for 230 kV Parallel Cables EXample.......ccoooveivieevi e A.1.110
Positive-Sequence Impedances (SECONTANY) ......ccccvverererererereeeeese e A.1.115
Automatically Calculated/Hidden SEttingS........ccevrerereereeiriesesesie e seese e seeseeeesee e A.1.125
Relay Configuration (GrOUP) .......coueeeeresiesiesieseeeeesessestes e seessesseessessessessesaesssnsessssenns A.1.125
Out-of-Step TripPING/BIOCKING .....c.civiiiriiiriiiries e A.1.126
Automatically Calculated/Hidden SEttingS........coeerrereinei e A.1.132
Relay Configuration (GrOUPD) ........cererereririetirieiiniere et ese s A.1132
Out-of-Step TripPING/BIOCKING .....c.viviiiriiiriiiriese e A.1132
Settings for AULO-RECIOSE EXBMPIE ..o A.1.136
Settings for Auto-Reclose and Synchronism Check Example.........ccooeeveincinicnene. A.1.145
SECONAArY QUANTITIES. ......eeueeeeie ettt e e A.1.152
Settings for Circuit Breaker Failure EXample L ..o A.1.156
SECONAANY QUANTITIES. ......eeueeeeieeeeeie ettt et ae b e e es A.1.158
Settings for Circuit Breaker Failure EXample 2.........coov e A.1.164
Circuit Breaker Monitor Configuration............cuvieieniieneieeeeene e A.2.2
Circuit Breaker Maintenance Information—EXample........cccoceieiinine e e A24
Contact Wear Monitor Settings—Circuit Breaker 1 .........ccoecveieeieieeiecieese e e e A.25
Circuit Breaker Monitor Initiate SELOGIC Control EQUations..........ccccveveeveeveeseiieesiennens A.2.7
Circuit Breaker Monitor Close SELOGIC Control EQUations...........ccceeveveeeeevieiesieesienieens A.29
Date Code 20111215



List of Tables | ix

Table 2.6 BRE COMMENG ...ttt et A.2.17
Table 2.7 DC Monitor Settings and Relay Word Bit Alarms.........ccccvveeee e A.2.22
Table 2.8 Example DC Battery Voltage Conditions..........cccccueveereereriesieeeseseseeseese e seeseeseeeeseesenees A.2.23
Table 2.9 Example DC Battery Monitor Settings—125 Vdc for Vdcl and 48 Vdc for Vdc2......... A.2.23
Table 2.10 Example DC Battery Monitor Settings—AC Ripple Voltages...........cocoevvvvvveeeiecnennne, A.2.24
Table2.11 Example DC Battery Monitor Settings—Ground Detection Factor (EGADVS:=Y) ....A.2.25
Table 2.12 MET COMMANG......cceierieierieieieeeese e stese e sees e seeseesee e see e esessesseasessesseseessessessensensesenses A.2.27
Table 2.13 I nstantaneous Metering Quantities—Voltages, Currents, FrequenCy ........ccoccceveereeenenn A.2.28
Table2.14 Instantaneous Metering QUaNtitieS—POWEN'S ..o A.2.29
Table 2.15 Instantaneous Metering Accuracy—\Voltages, Currents, and Frequency ...........cc.coeeeeee. A.2.30
Table 2.16 Instantaneous Metering ACCUraCY—POWES ..ot e A.2.30
Table 2.17 Maximum/Minimum M etering Quantities—\Voltages, Currents, Frequency,

BN POWEN'S ...ttt ettt sttt s e e et et ae bt e be et e et e beseese e e eneeneeneenennis A.2.31
Table 2.18 Demand and Peak Demand Metering Quantities—(LINE) .......ccocociiiiiiinininiiieeeee, A.2.33
Table 2.19 Rolling Demand CalCUlBLIONS ........cc.ccveriieeieieeesees ettt e e snee e A.2.34
Table 2.20 Demand MELering SEiNGS......cc.veveiiiiere e aeenesne e A.2.36
Table2.21 Energy Metering QUantitieS—(LINE).......cccooveieiiiececee e A.2.38
Table 3.1 S 010 ST x]SR A.3.6
Table 3.2 Event Report Nonvolatile Storage Capability ..........ccovvieiereicieieeece e A.3.7
Table 3.3 EVE COMMAN ...ttt A.3.13
Table 3.4 EVE Command EX8MPIES........ouiiiiiiiriiriereeeee e s A.3.14
Table 3.5 Event Report Metered Analog QUaNTItIES.........coueiriiirieirereeee e A.3.15
Table 3.6 EVENE TYPES ..ttt e A.3.29
Table 3.7 (0 1Y @011 01 7= o o OSSR A.3.30
Table 3.8 [ 1S @] 0101017= 1 o SR A.3.32
Table 3.9 SER COMMEBNGS .....cueinieeeeiieieeet ettt sttt te st steste e see s enseneeneeneesessesnesneneenes A.3.35
Table4.1 SEL-421 Voltage and Current MeasUremMeNt...........coeeverereeieeeeeresesiesie e A.AT
Table 5.1 GlODEI SEELINGS ...ttt et b b e se e e e e n e A.5.6
Table 5.2 Breaker MONItOr SEEINGS .....ooveoveieieeeieer st st sbe b A.5.6
Table 5.3 GIOUD SEELINGS. ..o cuveiteeiesieeite st et te e e st et e s e e e st e ste s re e tesse e tesse e teeseenseeseesseeseesneennesrenneens A.5.6
Table5.4 Protection Free-Form SELOGIC CONtrol EQUALTONS..........covrveirienirieeneenee e A58
Table5.5 CONLION TNPUES. ...t bbbt bbbttt A.5.12
Table 5.6 Control Outputs (SELOGIC Control EQUALIONS) ........cceererierierienieisesesesesie e A5.12
Table 6.1 SEL Communications Processors Protocol Interfaces.........oooeveieiine e A.6.3
Table 6.2 SEL Communications Processors Port 1 SEttiNgS.........coerereeoeeerieresee e A.6.5
Table 6.3 SEL Communications Processor Data Collection AUtOMESSAGES.......ccvevevreeveeieeieesiennnens A.6.6
Table 6.4 SEL Communications Processor Port 1 Automatic Messaging Settings..........ccocveevveveenee. A.6.6
Table 6.5 SEL Communications Processor Port 1 Region Map ........coeeeeereienine e A.6.7
Table 6.6 SEL Communications Processor METER Region Map .........ccccoeininiiinieneneeencnenne A.6.7
Table 6.7 SEL Communications Processor TARGET REJION.........ccccevevieieeieeeeise e seeseeeeesessennens A.6.9
Table 7.1 DNP3 Serial FEaUre SUMMEIY .....ccccveuieriiieitestesesiesieiesaeseee e ssessesressesaesaessesesessessessessesns A.7.2
Table 7.2 Ethernet ConNECtioN OPLIONS........ccvicieiiiieseee e ene s A74
Table7.3 Ethernet DNP3 FEAtUre SUMMEY .....c.cceiiieieieieie ettt sttt st s A.75
Table 7.4 SEL-421 PORT 5 Direct Networking SEttingS ......c.coeererrieinienieieesesesie et A.7.8

Reference Manual

Table 1.1 Available Current Source Selection Settings CombinNations..........cccoeveeveievieriesiesieseseereenens R.1.4
Table 1.2 Available Current Source Selection Settings Combinations

When ESS:= Y, NUMBK 1= L ..o et R.14
Table 1.3 Available Current Source Selection Settings Combinations

WheN ESS:= Y, NUMBK 1= 2 .ottt s R.1.5
Table1.4 Available Voltage Source-Selection Setting CombiNations ..........ccvvrrerreneinneneee R.1.7
Table 1.5 ESS := N, Current and Voltage Source SEl€CHiON..........ccverririeineeneese e R.1.8
Table 1.6 ESS := 1, Current and Voltage Source SElECtION .........cccverririeinieesiee e R.1.9
Table1.7 ESS := 2, Current and Voltage Source SEleCtion ...........coeveiereinieniniereene e R.1.10
Table1.8 ESS := 3, Current and Voltage Source SEleCtion ..........coeveiereicieninieneese e R.1.11
Table 1.9 ESS := 4, Current and Voltage Source SEleCtion ..........coeieienereienineseere e R.1.12

Date Code 20111215 SEL-421 Relay



x | List of Tables

SEL-421 Relay

Table 1.10
Table1.11
Table 1.12
Table 1.13
Table 1.14
Table1.15
Table1.16
Table1.17
Table1.18
Table1.19
Table 1.20
Table 1.21
Table 1.22
Table 1.23
Table 1.24
Table 1.25
Table 1.26
Table 1.27
Table 1.28
Table 1.29
Table 1.30
Table1.31
Table 1.32
Table 1.33
Table 1.34
Table 1.35
Table 1.36
Table 1.37
Table 1.38
Table 1.39
Table 1.40
Table 1.41
Table 1.42
Table 1.43
Table 1.44
Table 1.45
Table 1.46
Table 1.47
Table 1.48
Table 1.49
Table 1.50
Table 1.51
Table 1.52
Table 1.53
Table 1.54
Table 1.55
Table 1.56
Table 1.57
Table 1.58
Table 1.59
Table 1.60
Table 1.61
Table 1.62
Table 1.63
Table 1.64
Table 1.65
Table 1.66
Table 1.67

S SR A =T o 1= o [ 1SS R.1.13
ESS:=Y, Current PolariZing SOUICE .......ccciiiieiieeiesieeiesteeeesteeee e ees e esae e aesseensesneens R.1.14
FrequeNCy ESIMELiON........coucieeeieeseetes et e et ste st e seee e e e e eseesessensesnens R.1.15
Frequency EStimation OULPULS.........ccveiiirieesieseseeieseeseeeesessessesresse e seessessesassessessessessens R.1.15
Time-Error Calculation Inputs and OQULPULS........cc.coueeeeeiiene e seesie s e s R.1.17
Fault Location Triggering ElEMENTS..........ccuvririeiriieieiniee s R.1.18
= 0| L Y] = TSRS R.1.19
Fault LOCATION SEIINGS.....c.eiveeerieeirieiireeese et R.1.19
Fault Location Relay WOrd Bit .........coooiiiiiiiiieecee s R.1.19
Open Phase Detection Relay WOrd BitS.........ccccoeiiiiiinnei e R.1.20
POIE OPEN LOGIC SELLINGS. ... vttt sttt R.1.20
EPO Setting SEIECHIONS. ... .c.coeiuieiirieeieetese ettt e sae b e e R.1.21
Pole Open Logic Relay WOrd BitS........ccccoieeiierininenesiesiesie e e R.1.21
LOP LOGIC SEING. ... veeeeeeeeeieeteeiesieetesie st se e e e sbeseesaesbeseeseeseeeeeeseeneesessesseseens R.1.24
LOP LOgiC Relay WOIA BitS ......ccuviieiiiiciei ettt eee et snae s e R.1.24
FIDS REGY WO BItS......ciiieiirieiiiieiirieisieisieiesiesesee sttt senseseseenessenas R.1.27
Directional Elements Supervising Ground Elements............cccccveveveieevevesce s R.1.27
Ground Directional Element SEttINGS .....ccoveveeeieieise s R.1.28
Ground Directional Element Settings AUTO Calculations..........ccceeevveieenieeeeeseseseeen, R.1.28
Ground Directional Element ENaDIES..........coviiririeiineesese e R.1.30
Ground Directional Element Relay WOrd BitS..........ccoeoiniineineineseeeesese e R.1.32
Reference Table for Figure 1.21, Figure 1.22, and Figure 1.23.........ccoooovienienencnecnnns R.1.36
Vector Definitions for Equation 1.1 through Equation 1.11..........cccveivierninenenieenieens R.1.36
Phase and Negative-Sequence Directional Elements Relay Word Bits ..........ccceeeeeieeee R.1.38
Z0NE DIreCtionNal SELINGS. ......cueiveierieiereeiesie ettt e R.1.40
CVT Transient Detection LOQiC SEttiNG.......coeiririririinieiiieieeeeis e R.1.40
CVT Transient Detection Logic Relay WOrd Bit .........ccooeeieininiinineneseceeceeeiee, R.1.40
Series-Compensation Line Logic Relay SEttings........ccoveririnenereinneneseese e R.1.41
Load-Encroachment LogiC Rel@y SEttiNgS.......cccouaererererieieneeieeerese e s eenens R.1.43
L oad-Encroachment Logic Relay WOrd BitS.........ccccoevieiinicicecec e R.1.43
(©10)5F Moo ol 2 < o VA = ] o R.1.45
OOS Logic Relay WOId BilS......ccciiieieciee ettt sttt R.1.46
Mho Ground Distance Element SEttiNGS.......ccoovverereieeieeise e seseeeee e R.1.50
Mho Ground Distance Elements Relay WOrd BitS........cccccveveiviieneneie e R.1.50
Quadrilateral Ground Distance Element SEtiNgS ........ccvvvvvereriereereeieeseseses e see e R.1.54
Quadrilateral Ground Distance Elements Relay Word Bits...........ccocoveneieieinncncniene. R.1.55
Mho Phase Distance Element SEttiNgS........coovvveiiiieiiee e R.1.58
Mho Phase Distance Elements Relay WOrd BitS...........ccceeveeiiieieve e R.1.58
Z0NE DElAY SELINGS ....cveiviiieciieieee ettt e et re e s re et e e naesreennenneenes R.1.62
Zone Time Delay Relay WOId BItS........cccviiiieieiceeise e et R.1.62
Phase Overcurrent Element SEINGS.......cvcveerieierieeieseee e sesee e R.1.64
Negative-Sequence Overcurrent Element SEttingsS........ccooevvevevinieniesesiesesese e seesee e R.1.65
Residual Ground Overcurrent Element SEttiNgS........covoverinninninsenree s R.1.65
Phase Instantaneous/Definite-Time Line Overcurrent Relay Word BitS..........coccoveeeeene. R.1.66
Negative-Sequence | nstantaneous/Definite-Time Line Overcurrent Relay Word Bits.....R.1.66
Residual Ground Instantaneous/Definite-Time Line Overcurrent Relay Word Bits......... R.1.66
Selectable Current QUANTITIES. .......ooviieieeeee et R.1.71
Selectable Inverse-Time OVErcurrent SEHNGS. ......covvv e R.1.71
Selectable Inverse-Time Overcurrent Relay Word BitS ........ccoocoeeeieneicieieeenescse e R.1.72
Equations Associated With U.S. CUIVES ..o e R.1.73
Equations Associated With TEC CUINVES..........cooiiiieeenene e e R.1.73
SOTF SELUINGS ...v.vevevereeteeeteeete sttt se e se e se s e e e besesbesebeseste e sbenesbenesbe e esenees R.1.85
SOTF Relay WO BitS......c.cciiiiieie ettt sneenen R.1.85
ECOMM SELUNG ...veveeeveieeriiieiisieiiseeesiee sttt ebe e s s e b seeseseesestesessesesenessenessenas R.1.87
DCB SELINGS. ... teueetereetereeteseeteseeteseeteseeteseete st eteseeteseetesaebe st ebeseebeseeseseebesaebeseebesenbeseeneseenenens R.1.90
DCB Relay WOId BilS.......ccuciieieiiniiistisesesesesieseeeeesssesteste e sressesaeseesesesssssssessessessens R.1.90
O T I IS < 1 1o SRS R.1.94
POTT ReEl@y WOI BitS ....c.ciuciirieiirieiiieeerieenieenieese ettt R.1.95

Date Code 20111215



List of Tables | xi

Table 1.68 DCUB SEIINGS. ..veueetereeteieetesietesiete st see st seste et see st e tesestesesbe st sse e sbe e sbeneebenessesensenens R.1.101
Table 1.69 DCUB Rel@y WOId BitS........ciiieiieeiirieie ettt sne e R.1.102
Table 1.70 Additional Settingsfor Single Pole Tripping (SPT) ....cccvieeisese e R.1.105
Table 1.71 Setting TULO Unlatch Trip OPtiONS......cceieivirieriereeieesieeresteseseessesseseeseesessessessessesseseens R.1.107
Table 1.72 TP LOGIC SEIINGS...cueiiiiectiitesesieieee ettt ettt s e neenenaesnesreenas R.1.108
Table 1.73 Trip LOgiC ReElAy WO BitS......cceoiiieirieinieie ettt R.1.109
Table1.74 Circuit Breaker Failure Protection LOgiC SEttiNgS .......ccvveererererinenseisiesesesese e R.1.122
Table 1.75 Circuit Breaker Failure Relay WOrd BitS ..o R.1.122
Table2.1 Auto-Reclose Logical Statesfor Circuit Breaker L. R.2.4
Table2.2 One-Circuit-Breaker Three-Pole Reclosing Initial Settings..........cocoeeveniennennenesenenee R.2.8
Table2.3 One-Circuit-Breaker Single-Pole Reclose [nitial SEttings.........coeovveereienieienieineeseeee R.2.8
Table2.4 One Circuit Breaker Modes Of OpEration ............coeeeeeienenieiieieeeeesese e e R.2.9
Table 2.5 Dynamic Leader/FOllOWEr SEEHINGS. ......coouiiririieriee ettt enea R.2.17
Table 2.6 Leader/FOllOWEr SEIECHION .....c..oiviiieieieieeee ettt enen R.2.18
Table 2.7 Example One: Reset and 79CY 3 SEAES......ccveveeieeeeiesiesie et R.2.18
Table 2.8 Example ONe: LOCKOUL SEALE.........ccvieeieieeriecie ettt et sneens R.2.19
Table 2.9 Example One: Reset State After Reclaim Time......ccooveieiiciicicecece e R.2.19
Table 2.10 Leader/FOlOWEr SEIECHION .......cuiieeeeiiiere et R.2.20
Table 2.11 Example TWO: [Nitial RESEL SEALE.....c.vcveeeiciie e snens R.2.20
Table 2.12 Example TWO: FiNal RESEL SLALE ......cvcveiieriecieeieiseses sttt snesnesnens R.2.20
Table2.13 Leader/FOllOWEr SEIECHION .....ocveeieereseceeeeee ettt see e se e enesrenrennens R.2.21
Table2.14 Example Three! RESEL SEAE .......cvvveireeireet s R.2.21
Table 2.15 Example Three: Three-Pole Cycle State........ccviiriiieiieecee e R.2.21
Table 2.16 Example Three: Lockout State, BKL ........cciiiiieirieirieireeenieeseeesieesie s R.2.22
Table 2.17 Leader/FOllOWEr SEIECHION .....c..oiveieieeieeeee e sre e enens R.2.22
Table 2.18 Two Circuit Breakers: Circuit Breaker BK1 Out of SErvice........ooovevieieneneieeieeeeeee R.2.23
Table 2.19 Two-Circuit-Breaker Three-Pole Reclose Initial Settings........ccccoeeeeerereneneneieeesenene R.2.24
Table 2.20 Two-Circuit-Breaker Single-Pole Reclose [nitial Settings.........cocoeeeerenenenie e e R.2.24
Table 2.21 Circuit Breaker BK1 M0odes Of OPeration .........c.coeoeeererenienieneneeieeesese e R.2.25
Table 2.22 Circuit Breaker BK2 Modes 0f OpPEration ..........cccceveieerinieneseese s esee s e eee e R.2.25
Table 2.23 Trip LOQiC ENADIE OPLIONS......c.eceeieieecie ettt et R.2.26
Table 2.24 AULO-RECIOSE LOGIC SELLINGS ..viiveeiiieecie ettt st sne s R.2.46
Table 2.25 Auto-Reclose Logic Relay WOrd BitS.......c.coveiiiiiniieieieseces e s R.2.48
Table 2.26 Synchronism-Check Relay WOrd BitS.........ccoeievieiieiieieese et seeseaeeeeenens R.2.54
Table3.1 Advanced SEL-421 SELoGIC Control Equation FEALUES..........cooeerveenieinieireee e R.3.1
Table 3.2 SEL-421 SELocGIc Control Equation Programming SUMMENY ........cccceeeveeveeveesesseesieeeenns R.3.2

Table 3.3 Definitions for Active Setting Group Indication Relay Word Bits SG1 Through SG6 ......R.3.9
Table 3.4 Definitions for Active Setting Group Switching SELocGIc Control Equation

SettingS SSL THroUQgh SSB........ocviie e et re e e R.3.9
Table 3.5 Summary of SELOoGIC Control Equation EIEmMENtS .........ccccvevvevercieesesesese e R.3.12
Table 3.6 First Execution Bit Operation 0N POWEr-UP ......cc.coviiiiiinniescseeeeee e seessesaeseeseesens R.3.13
Table 3.7 First Execution Bit Operation on Automation Settings Change.........cccceevevvvievesese v R.3.13
Table 3.8 First Execution Bit Operation on Protection Settings Change, Group Switch,

a0 IS o U o = = o o R.3.13
Table 3.9 SELoGIc Control Equation Variable QUaNtItieS ..........ccoeireineineiineesesees e R.3.13
Table 3.10 SEL ocic Control Equation Math Variable Quantities..........ccccooeoreneiinene e R.3.14
Table3.11 LatCh Bit QUANTITIES ......veeee ittt ettt ettt s eae e sae s e e snesreestesneens R.3.15
Table 3.12 LatCh Bit PalraMeterS. ... ....coueoeeeeeieieieetceie ettt sttt e et nesaesaesreenens R.3.15
Table 3.13 Conditioning TiMer QUANTITIES. .......ccueiieierieiese ettt e sre e sreas R.3.17
Table 3.14 Conditioning TIMEr ParaMELEr'S ........cieiiieiieecece sttt et sreaneas R.3.17
Table 3.15 Sequencing TIMEr QUANTITTES ........oiuiieieeeee et R.3.21
Table 3.16 SequENCING TIMEN ParaMELErS. ......ccivieieieere et s se ettt sr e se e e eneenens R.3.21
Table 3.17 COUNEEr QUANEITIES. .. .ecvveiteceeecteiee sttt ettt e ete et et e e e st e st e sresbeesbesraesbeebeesbeebeensesraensesreeseesrens R.3.23
Table 3.18 COUNEES ParAMELES .....cviuieieieieeiriesteest ettt sttt ne bt be e s R.3.23
Table3.19 Operator Precedence from Highest t0 LOWESE .......ccoovieririeniienseeee e R.3.25
Table 3.20 B0O0I€aN OPErator SUMMIBIY .......cueiveririeririetireeieseeiesee st esee st se s seeneseenes R.3.26
Table3.21 Parentheses Operation in Boolean EQUELION ...........ccveirrieininniseseeeeee s R.3.26
Table 3.22 NOT Operator Truth TaDIE......ccoieieeet s R.3.27

Date Code 20111215 SEL-421 Relay



Xii | List of Tables

SEL-421 Relay

Table 3.23
Table3.24
Table 3.25
Table 3.26
Table 3.27
Table 3.28

Table 3.29
Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5
Table 4.6
Table 4.7
Table 4.8
Table 4.9
Table4.10
Table4.11
Table 4.12
Table 4.13
Table4.14
Table 4.15
Table 4.16
Table 4.17
Table 4.18
Table 4.19
Table 4.20
Table 4.21
Table 4.22
Table 4.23
Table 4.24
Table 4.25
Table 4.26
Table 4.27
Table5.1
Table5.2
Table 5.3
Table5.4
Table 5.5
Table 5.6
Table 5.7

Table 5.8

Table5.9

Table 5.10
Table5.11
Table 5.12
Table 5.13
Table5.14
Table 5.15
Table 5.16
Table 5.17
Table 5.18
Table 5.19
Table 5.20
Table5.21

AND Operator Truth TaDIE ......ccceiiee e R.3.27
OR Operator Truth TabIE.......ccuiiiee e R.3.27
COMPAriSON OPEFBLIONS. .....cuvereereereeriresestesesteseeseeeeseeeesestestessessessessessessesensessessessessessenses R.3.29
Math OPErator SUMMIY .....cceceeveieriesieieieseeeeseeeseesese e sre e saessesseseseeseseesessessessessessens R.3.29
Math Error EXAMPIES .....cvceeeceieieise sttt e st ste st snesse st saennenaeneennnsens R.3.30

SEL-311 Series Relays and SEL-421 SELoGIc Control Equation Programming
FFBILUIES ...ttt ettt s it e et sb et e b e b s n e ne e e s R.3.36
SEL-311 Series Relays and SEL-421 SELocIc Control Equation Boolean Operators....R.3.36
SEL-421 Communi CatioNS ProtOCOIS. .......cceererieieriere et see e e see e R.4.1
EIA-232 PiN ASSIGNMIENES. ... .oiviitiiteeeieeeeeeeteetes ettt see e eesee e s e e e ssessesseseesseseeseenseneas R.4.3
Ethernet Card Network Configuration SEItiNGS ..o R.4.5
DEFRTR Address Setting EXAMPIES.........cccoceiieiieiicece ettt s R.4.6
IP Network Address ReSOIULION SELLINGS........ccveiiiieieceeeceee e R.4.7
BaSIC Fil@ SEIUCIUNE ...ttt ettt s sb e s e e R.4.8
Ethernet Card FTP SEttiNGS......cciiiieieiiesisi e e e sre e nee s R.4.9
Ethernet Card TElINEt SEttINGS.......cceiiiiiieereeie e eneas R.4.10
CONEIOl CRAIBCEEIS... ..ttt bbb e ettt es e b e b saesrenas R.4.11
Ethernet Card Command SUMMEIY .......cceirueirieirineneesieeseee e R.4.11
Ethernet Card ACCESS LEVEIS........oov ittt et nnen R.4.11
Access Level User Names and PasswWordS .........coceveereernenne e R.4.12
DATE COMMEBNG ..ottt eesessessessessestesaessesseseesesneeneeeeseesessessessens R.4.13
HELP Command OPtioNS...........curiirieirieirieesieiseesesse s ssenas R.4.16
ID Command Internal Parameters Displayed.........coveereircinieineeeececee s R.4.16
PING ComMmMEaNd OPLiONS .......ccueriiiiiieiiieieeieeee ettt see e e e s sae e seessesaeseeens R.4.17
TIHME COMMEBNG ...ttt ettt b e b besee e e e e e e e eneeneseees R.4.18
Communications Card Databhase REJIONS........cc.ooeieiririreeeree e R.4.19
SEL -421 Communications Card Database Structure—LOCAL Region........c..ccccceevuenen. R.4.19
SEL -421 Communications Card Database Structure—METER Region..........ccccoeeenee. R.4.20
SEL -421 Communications Card Database Structure—DEMAND Region...........ccc........ R.4.21
SEL-421 Communications Card Database Structure—TARGET Region.........cccccvvevenee. R.4.22
SEL-421 Communications Card Database Structure—HISTORY Region ..........cccceeeee.. R.4.23
SEL -421 Communications Card Database Structure—BREAKER Region..................... R.4.23
SEL-421 Communications Card Database Structure—STATUS RegioN ........ccccvvrereeneee R.4.24
SEL-421 Communications Card Database Structure—ANALOGS Region.................... R.4.25
SEL-421 Communications Card Database Structure—STATE RegioN.......cccocevvvvreriennn R.4.25
Hardware HandShaking .........c..oeeiiiriiicesee e e R.5.1
Supported Serial COMMAN SELS........cvieiiiire e e R.5.2
Selected ASCI CONrol CharaCterS........ooveeeeeeeeeese ettt ns R.5.4
Compressed ASCIH COMMENGS ......cveeriieiiereisieeee st R.5.5
Fast Commands and RespoNSe DESCIPLIONS.......c..ciuirererieierienee et neenens R.5.9
Fast Operate CoOmMmMENG TYPES .....ooveviiiieieieieeseses sttt sn e snenes R.5.9

Fast Message Command Function Codes Used With Fast SER (A546 M essage)
and Relay ReSPONSE DESCITPLIONS. ....c.ccuiieiiieiiirieeete ettt R.5.10
Commands in Recommended Sequence for Automatic Configuration ...........cccccceeeenee. R.5.10
VITtUBl FITE SETUCLUE.......eeeeeeeee ettt R.5.11
SEttingS DIFCLONY FlES... ..ot R.5.13
REPORTS DIF€COrY FilES ..ottt R.5.13
EVENTS Directory Files (for event 10001)..........ccoeuremrieerieirieiesiesesieeseeesseesseseseseeeas R.5.14
(OF N D ST oo (1= ox (0] VST R.5.14
MIRRORED BITS COMMUNICatiONS FEALUIES.........ooueuieirieieeiisie et R.5.15
General Port Settings Used With MIRRORED BITS Communications..........ccccvevveevveueenne. R.5.19
MIRRORED BITS Communications Protocol SEttiNgS.......cccceverveveereveseenieneereseseseseeseens R.5.20
MIRRORED BITS Communications Message Transmission Period.........cccoovvevvereriereenen R.5.21
MIRRORED BITS Communications ID Settings for Three-Terminal Application.............. R.5.21
SEL-2885 Initialization String [MODE PREFIX ADDR:SPEED] ......ccceovvverveirereeneene. R.5.22
RTD SEAEUS BITS....eiiueieeeiesierieieieieee st stestesaesteseeseeseeneeneeneeneesessessessens R.5.23
MET T Command StatUS IMESSAgES. ......ccueerreertirietereeieieiesesieie s seenes R.5.24
Date Code 20111215



List of Tables | xiii

Table 6.1 DNP3 Implementation LEVEIS........cov ettt s R.6.2
Table 6.2 Selected DNP3 FUNCEON COUES.......coveuiieiireeie ittt R.6.3
Table 6.3 DNP ACCESS MEINOUS.......ccuiiiireiiisireiee sttt R.6.4
Table 6.4 DNP ACCESS MEINOUS.......ccutriereiiisieieice st R.6.5
Table 6.5 SEL-421 Event BUFfer CaPACITY ......c.vvurereiiriieieieresiereise st R.6.7
Table 6.6 SEL-421 Port DNP ProtoCOl SEHINGS .....c.evveierieierieierieisiee et R.6.9
Table 6.7 SEL-421 DNP M@aD SEINGS ...eveveiiriiirieiriesiesiees et R.6.10
Table 6.8 SEL-421 DNP3 DeVICE PrOfil€ ..c.eoveeeeeeeee s R.6.12
Table 6.9 SEL-421 DNP OBJECE LISt eititiieeeieieieseeeee ettt ene e see e R.6.13
Table 6.10 SEL-421 DNP3 Default Data Map.......c.coeoeeeeieeeieeesie et es e see e R.6.17
Table6.11 SEL-421 Object 1, 2 Relay Word Bit M@pping ........cccoeerueerieieniennieseseseseseseseee e R.6.21
Table 6.12 Object 1, 2 Indices 1600—1615 Front-Panel Targets........ccoooverereriereeiieiesieeenesese e R.6.23
Table 6.13 Object 30, 32, Index 176 Upper Byte—Event CalSe..........ccoerereererenenenesiene e R.6.24
Table 6.14 Object 30, 132, Index 176 Lower Byte—Fault TYPe......ccoeiereeeirerenesese e R.6.24
Table 6.15 SEL-421 Object 12 Trip/Close Pair OPeration ..........ccceveveeresieseseeseseeseeseeseeseesee s R.6.25
Table 6.16 SEL-421 Object 12 Code Selection Operation ..........c.coceieeeseeieseeieseese e e see e R.6.26
Table6.17 DNP3 Application Example DataMap..........cccoceieeieiieiiesie et ens R.6.27
Table 6.18 SEL-421 Port 3 EXaMPIE SEiNGS......c.crveerieiriiiriirieieisesie st R.6.30
Table 6.19 DNP LAN/WAN ACCESS MELNOUS ........ocueeeeeieiieieieese e e R.6.33
Table 6.20 SEL-421 Ethernet Port DNP3 ProtoCol SEttiNgS.......ccovevrieirieirieeseesieesieesies e R.6.35
Table 6.21 SEL-421 DNP LAN/WAN M@ SEHINGS. ....ccvrverererireririeieresiresieesesesissesesesieseesesessssesesesens R.6.38
Table 6.22 SEL-421 Binary Output CPIA VAIUES..........ccoiiiiriiieiieciesees e R.6.40
Table 6.23 SEL-421 DNP LAN/WAN DeViCe Profil€.......cceirireiiisrsee e R.6.41
Table 6.24 SEL-421 DNP3 OBJECE LiSt....cueiieieiiririeieiiiesisieicie sttt R.6.42
Table 6.25 SEL-421 DNP LAN/WAN Object 12 Control Point Operation...........cooeeeeerereseeenenennas R.6.48
Table 6.26 DNP LAN/WAN Application Example Custom Data Map ........ccccoeveeereneneieneenieneeen R.6.50
Table 6.27 DNP LAN/WAN Application Example Protocol Settings........cccccvvveveveiieene e R.6.50
Table 6.28 DNP LAN/WAN Application Example Binary Input Map.........cccoeveeeveiieneseeseseenn R.6.52
Table 6.29 DNP LAN/WAN Application Example Binary Output Map..........ccceevveeveieeiiesesieniens R.6.52
Table 6.30 DNP LAN/WAN Application Example Analog INpUt Map........cccceeereereeenenieneseeneseeenns R.6.52
Table 6.31 DNP LAN/WAN Application Example Analog OUtPUt Map .....cc.cevevereeenerieseereereeneeenns R.6.53
Table 7.1 PMU Settings in the SEL-421 for C37.118 Protocol in Global Setting..........cccceevevvereenns R.7.10
Table7.2 Time and Date ManaQEMENL ..........coeeriruirieie sttt sttt b e R.7.11
Table7.3 SEL-421 Seria Port Settings for Synchrophasors..........cocoenenneineincseeseeseee R.7.11
Table 7.4 SEL-421 Ethernet Port Settings for Synchrophasors..........cooeeeneiieincnnescne R.7.12
Table 7.5 Synchrophasor Order in Data Stream (Voltages and CUrrents).........coeeeeeeeeeeeseseneeneenens R.7.14
Table 7.6 User-Defined Analog Values Selected by the NUMANA Setting ........ccoveveeineeiniecnnenns R.7.16
Table7.7 User-Defined Digital Status Words Selected by the NUMDSW Setting .........occovveeeneene. R.7.17
Table7.8 PM Trigger Reason Bits—IEEE C37.118 ASSIGNMENES......ccervrirriineeiriniiseeiesieeseeieseens R.7.17
Table 7.9 Synchrophasor Trigger Relay WOrd BitS .........oocoeiriniiiieeeeeeeeses e R.7.19
Table 7.10 Time Synchronization Relay WOrd BitS...........cccouriririninenenieeie e R.7.19
Table 7.11 Synchrophasor Client StAUS BiItS.........cccieiiiiiriereieieene s R.7.19
Table 7.12 Remote Synchrophasor Data BitS ...........cccvcereirieirieinieeseeeee e R.7.20
Table 7.13 Synchrophasor ANalog QUENTITIES.........c.creirieirieiiieireee s R.7.20
Table7.14 Synchrophasor Aligned Analog QUENTITIES. .........ouiiririririreeeee e R.7.22
Table 7.15 Size of aC37.118 SynchrophaSor MESSAJE .......cvrueuerieerieerieesieesie st R.7.26
Table 7.16 Serial Port Bandwidth for Synchrophasors (in BYteS) ........ccoeeveineincinsineceeseeens R.7.27
Table 7.17 Example Synchrophasor Global SEttingS..........couveereireerneree e R.7.29
Table 7.18 Example Synchrophasor Protection Free-Form Logic Settings..........coovvereveeieeieneniennens R.7.30
Table 7.19 Example Synchrophasor POrt SEHINGS........coerereieirrerese e e R.7.30
Table 7.20 Fast Message Command Function Codes for Synchrophasor Fast Write..........ccccccvee. R.7.31
Table7.21 PMU Settings in the SEL-421 for SEL Fast Message Protocol, in Global Settings......... R.7.32
Table 7.22 SEL Fast Message Voltage and Current Selections Based on PHDATAV and

PHDATAL .ttt s bbbt e b e eb e R.7.33
Table 7.23 SEL Fast Message Voltage and Current Synchrophasor SOUFCES .........ccevvereeeeerereesennens R.7.33
Table 7.24 SEL Fast Message Current Channel ¢ Definition ...........ccccvvevvvevececiecinese e R.7.34
Table 7.25 Synchrophasor Voltage and Current Settings Conversion From Previous SEL-421

FIrMWEIE VEISION ...ttt et ste e ene e e e e e e e neenennensennens R.7.34

Date Code 20111215 SEL-421 Relay



xiv | List of Tables

SEL-421 Relay

Table 7.26

Table 7.27
Table 7.28
Table 8.1
Table 8.2
Table 8.3
Table 8.4
Table 8.5
Table 8.6
Table 8.7
Table 8.8
Table 8.9
Table 8.10
Table 8.11
Table 8.12
Table 8.13
Table 8.14
Table 8.15
Table 8.16
Table 8.17
Table 8.18
Table 8.19
Table 8.20
Table 8.21
Table 8.22
Table 8.23
Table 8.24
Table 8.25
Table 8.26
Table 8.27
Table9.1
Table 9.2
Table 9.3
Table 9.4
Table 9.5
Table 9.6
Table 9.7
Table 9.8
Table 9.9
Table 9.10
Table9.11
Table 9.12
Table 9.13
Table 9.14
Table 9.15
Table9.16
Table9.17
Table 9.18
Table 9.19
Table 9.20
Table 9.21
Table 9.22
Table 9.23
Table 9.24
Table 9.25
Table 9.26
Table 9.27

Synchrophasor Current Source Settings Conversion From Previous SEL-421

FITMWAIE VEISION ...ttt ettt st e st e e et e e s sae e e e ebe s e sbeessabeessanbeesanes R.7.34
Size of an SEL Fast Message Synchrophasor MESSAQE.........cvveveereeeeresesieseesiesseseeseesens R.7.35
Serial Port Bandwidth for Synchrophasors (in BYIES) .......ccccvvevereeicecise e sesieseseeeenens R.7.35
IEC 61850 DOCUMENT SEL.....eeeivviiiiieitieeitiesreeeee e s sreesste s sresssee st e s sresssaessbessaeessessbessreeesbessans R.8.2
Example |EC 61850 Descriptor COMPONENES........oueviviririeirieisiesieeseee e R.8.4
SEL-421 LOQICa DEVICES .....ovcvieeiirieiirieisieeseese ettt R.8.4
Buffered Report Control BIOCK Client ACCESS.........uouviiriiririieinieesiee e R.8.6
Unbuffered Report Control BIOck Client ACCESS........o.uiiiiirieirieeniee e R.8.7
[EC 61850 SELUINGS. .. .cveuereuerteneerereeseeeteseeseseese e ss e essese s sb e b e b e b e b ss bbb neenennenas R.8.12
|CD LOQiCal NOUES SUMIMEIY ......ouviviietiietiietisiesesee st R.8.14
Logical Device: PRO (PrOtECLION)......c..eiuerieeeeeiinieseeiesiesie st sre e e R.8.16
Logical Device: MET (MEEITNG)......coeririeiireiiesiee et eneas R.8.20
Logical Device: CON (ReMOLE CONLION).....cccurereriirieriesiesiesie et e R.8.21
Logical Device: ANN (ANNUNCILION) .....ccuvieerieieeieieesiesieeteeseeste e esssseeseeseeeesseeneesseens R.8.22
PICSfor A-Profile SUPPOIT .......eoeee ettt st R.8.31
PICSfor T-Profile SUPPOI ........ooeee et s sne e R.8.31
MMS Service Supported CONfOMMANCE ......cceiueeeeerieise et sa e e s R.8.31
Y X R = 11 (< O == T R.8.34
AlternateA ccessSel ection Conformance StatEMENT .........c.cccevvveeeeecee e R.8.34
VariableAccessSpecification Conformance Statement ..........ccoeovveereiereeneeiensieseeseeeens R.8.34
VariableSpecification Conformance StatemMeNt..........ccooeeveereieneienreree e R.8.35
Read ConformanCe SEALEMENT.........cveeieeeeieeeeee et eere e et e e st e s e e e seaeessebeessssseesereeessreeeas R.8.35
GetVariableA ccessAttributes Conformance StatemMeNt.........ccvveveeeeeiveeceecre e R.8.35
DefineNamedVariableList Conformance StatemMeNnt ........ccoecvvveeeeeeeeiie et R.8.35
GetNamedVariablelListAttributes Conformance Statement ..........ccceeeveeeveeceeecreecveeevee e, R.8.36
DeleteNamedVariablelist Conformance SEatEMENT..........eeeevereeveeeeeee e R.8.36
GOOSE CONfOIMMBINCE. ......veeiteeirieetee et eeteeeeeetessreeeaeestesstesssessesessessbesssbesssesssseessesseseses R.8.36
ACSI Basic Conformance SLALEMENL ..........cocveeieeiieieerieeieeeireesreeeseeesbessreessessesssressressreens R.8.37
ACS| Models ConformanCe SEALEMENT .........eeiveeeeeeeieeeeeee et eeee e eee e e st e e eere e s sreeesereeesanes R.8.37
ACS| Services ConformanCe StAEEMENT. .......ceiivieeerieeieeeseeeeeereeseresssreesseeeeserreessreesanes R.8.38
2AC COMIMEABING......eeiiteee e eeee s ee e et e e et e e seeessateessesseessbeeesasseesaseessaseessaseessassessareeesasreesans R.9.2
F AN AN O )1 2111171 o TR R.9.2
ACC COMMEBNG ...ttt e e et e e et e e e st e e s et ee e sbeesssaeeesssbesssssasssabeessssenesanresssanns R.9.2
BAC COMIMANG ...ttt ettt e et e e et e s st e e e be e s sseessabtessnbesesaseessabeeesseessanns R.9.2
BINA COMMEANG.......ooiiiitiii ittt e et te e s e e e st e e s esbe s s sseessabeessesbessssseesssbesessenssanns R.9.2
S = 00 10]107= (o [P R.9.3
BRE N C and BRE N R COMMANGS........c.cooiiiieietii ettt seeee s saee st saee s sveesssreeesanes R.9.3
BRE C A and BRE R A COMMANGS.......ccoiiuieeeiiiecieieseeieesttee e aee s stee s s sbee s seaaesssvaeessnbeesnns R.9.3
S = T B0 10112 F= 1 (o R.9.3
S =l T G0 011 27= 0o [ R.9.4
(@7 AN IR Oo 1 0111710 [F SRR R.9.4
(07N X @01 401 7= o [ R.9.4
(1] = 0070114 7=" 1 o R.9.4
CBR TERSE COMMANG......ccoiiiieiiitie i e iteecee s steeae e saesssteessesssbesssessssessaesssaeessessssesssessases R.9.5
CEV COMMANG ...ttt ettt s e e e et et e s eateessa e e sssbeeseaeessseesssteeesaseessesenesaarenesns R.9.5
CEV ACK COMMEABING......tiiiieeiieiiteieeetee ettt see e s s et essetaessaeessstesssasseesasseesssreessssesssareessssenesns R.9.5
CEV C COMMANG......eeeiiitiiiieeie e eeee et e e et e e seeesseteeesesseessaaeessseessasssssassesssseeesasresssseesasressans R.9.6
CEV L COMMEANG.... ittt ettt e et st tee s ste e e sssbesseaassssaaeesssbeesseseessbenesasbenesns R.9.6
CEV LYYY COMMANG......coitiiiiiiiiiiiiet ittt R.9.6
CEV N COMMENG ...ttt ee et e et s e e e s bt e e st e e s saeeessabeessasnsssneeessseneins R.9.7
CEV NSET COMIMANG ......oiiieiiieiieetiecee et st ete s stee s e e s s esseaessaessstesssesssbesssasssesssbessseesreess R.9.7
CEV NSUM COMMEBNG.... oottt ieieetie e eetes s ee s st e s essteesaessaeessressaaesssesssessssnsssenas R.9.7
CEV SX COMMEANG.....ooiiiiie ettt ettt et e s st e e s st e e e saeassbeeessbeesseseessssanesebeneans R.9.7
CEV TERSE COMIMAN.......ccoiiiiiiitiicii ittt ee et s tsstessbessaessresssbe s sbassnesssbessnessareess R.9.8
CEV Command OpPLion GIOUPS .......ecueeierieeeeareesteseesseseessesseesseseessesseessessssssessssssessesssssnes R.9.8
(O 1G0T 211 07= 0o [ R.9.9
CHI TERSE COMIMANG......ccoiiiiuiiietieiieiteeseeeeesstesseesstesssessseesbessstesssessstesssssssessbessessseess R.9.9

Date Code 20111215



List of Tables | xv

Table 9.28 CLOSE N COMMEANG......ctiiiiiiiiiteie ettt eeeee e see s st ee s esbae s s sbeessssbeesssaessssaeessbesssssesssbenssasbesesns R.9.9
Table 9.29 (O I Oa 110121710 TR R.9.10
Table 9.30 COM c Cand COM CR COMMANG ......ccueeiieieiiecteectie ettt e s ses s seeenbe s sressseeesreas R.9.11
Table 9.31 COM C L COMMANG......ciiiuiiitieitiiiiteeeee et e eeesee s steeseesstesssessaessbesssaesssessabesssessresenbesssessnss R.9.11
Table 9.32 COM RTC C COMMANG.......coriiiriiiriiiiiiteeeeesteesteeeaeestesssaesaessresssessbesssbessbessressbesssessnss R.9.12
Table 9.33 COM RTCcCand COM RTC CR COMMANG .......coecueiiireeesiee et seeee s sreee e e seveessreens R.9.12
Table 9.34 CON NN COMIMBNG......eeiitiie et et e et e et e e et e s st e s seb et e sereeesaseessseessrsseesereeesssseesasseessasees R.9.12
Table 9.35 COPY COMIMABNG......uuiiiietiieeeeieee et e et e s ettt e seea e e s s eessbeessseesseseesssseessasseessssessreessaseeesanees R.9.13
Table 9.36 CSE COMMEANG. ...t e ettt et e e st e e et e e e sae e e s saeeesesbeeserseessabensssseeesansessssenas R.9.14
Table 9.37 CSE TERSE COMMEANG.....ccuiiiiieie ettt st e e et e s st e s s e e s sbe e s ssnessanenas R.9.14
Table 9.38 CST COMMEANG. ...t ee et e e e e s st e e et e e e saeeeseaeeessteessaseessabensssseessassessssenas R.9.15
Table 9.39 CSU COMMANG ...ttt ettt e st e e et e s s e e s ebe e s s st e e s eabeessabenssbeeesanresssnenas R.9.15
Table 9.40 CEV ACK COMMANG........eeiiieieitei it see s teeeae s et e s saesaessessaessresssbesssessaesessessasnenes R.9.16
Table 9.41 CSU MB COMMANG ...ttt sae e st e e e st e s seaesaessressaasssessasesssesssesssbesssnssans R.9.16
Table 9.42 CSU N COMMEANG......oiitiiiitiiitieitee et ees ettt e eesaes st e e eseesstessbessaessbessseesbessabsssbessbesssbessressanas R.9.16
Table 9.43 CSU TERSE COMMANG ......couiiiiiiictiecee ettt ste st sessae s sbessbessbessatessbessaeeeans R.9.16
Table 9.44 [ I 0] 1211 1= (o R R.9.17
Table 9.45 1NN F AN O3 02 7= o R R.9.17
Table 9.46 (]I = @0 o1 4= o R.9.17
Table 9.47 [V SO0 7= o R.9.18
Table 9.48 EVE A COMMANG......cciiiiiietie ettt eeeete s eaee e st esseseeeseeeesssaeesassessssssessaseessasseeserseessareesas R.9.18
Table 9.49 EVE ACK COMMEABNG .....oiiiiiiieieee et eetie s sree e st e e st e seseeesssaeessssesssasessesessssssessasseesssseesas R.9.18
Table 9.50 EVE C COMMEBNG......ciiiiiiietie et e sttt e eate s eraee e st esseseeeseteeesateeesassesssseessbesssssesssarseesseeesns R.9.19
Table 9.51 EVE D COMMENG......ciiitiiiitie ittt eee et e e et e s e e e s s ta e e s esbesssaanessbeessseasserenessabeeeas R.9.19
Table 9.52 EVE L COMMANG ..ottt eeetee e eee st e et e e s eaaee s saaeeseatesssaeessesaessessessssanessreeeas R.9.19
Table 9.53 EVE LYYY COMMEANG ...ttt R.9.19
Table 9.54 EVE N COMMEBNG.......oiiiiiiiiieie ettt s et s s e e st e s saeesseessbessseesbessaeesnessrenan R.9.20
Table 9.55 EVE NSET COMMANG .....ooiviiiieiii et eee st stee st st e s s aesatessaesssesssbessaesessessaessneeesrenas R.9.20
Table 9.56 EVE NSUM COMMENG.........oiiiiiitiiie st ieees st seeste s stesseaesavessessssessaesssessressasssssessaenas R.9.20
Table 9.57 VA S Ore 11 17= 1o [ R.9.20
Table 9.58 EVE Command OPtion GrOUPS.........ccueeeerireeeesieseesieseessesseessesseesessseeesssesssessessesssessennes R.9.21
Table 9.59 EVE Command EXAMPIES.........ccouiiieiiceeee ettt e e nne e R.9.21
Table 9.60 [ o T = o R.9.22
Table 9.61 (€72 (@181 = o] 11114 7= 1 (o F R.9.22
Table 9.62 [ | = I @01 401 7= 0o R.9.23
Table 9.63 HIS COMMEABNG. ...ttt et e e e e e et e e s e e e s ebaeesesbeesenaeessabeessseeeseneeessreeesas R.9.23
Table 9.64 HIS C and HIS R COMMENTS.......coiitiiiieiieieee et e et e s eeeeesteeeseseesssseessbesssssesseseessaresssns R.9.23
Table 9.65 HIS CA and HIS RA COMMANGS.......coiioeieiereeeeeriteseeeeseteeeesteessessesseseessssseesesessssseessssessans R.9.24
Table 9.66 ID COMMEANT ... .eeiiieeee ittt e sttt e e et e s et e eetteeseseeesreeesabaeesassessanseessbeessasseesasseessreesas R.9.24
Table 9.67 TRIG COMMABNG.......eiiiiitiii ittt e et e e e et e e st e e e st e e e sebbesssaeessabeessabesssnnesssseneeas R.9.25
Table 9.68 LOOP COMIMEANG.......eeeiiteiiitie e st e ettt e s eaee s et e e s es e e e steesssbeeesassesssaesssabessssesssaneesssreneans R.9.26
Table 9.69 LOOP DATA COMMABNG.......uiiiiiiieiitiieeeeie e eeee s tee e et e e see e e s staessessesseaesssbeesssssesseseeesseeesas R.9.27
Table 9.70 LOOP R COMIMANT.......ccuiiiiiiiie it ces et ees st s e ste s st eesaesabessaessssessbesssessressassssessaenan R.9.27
Table 9.71 [ A A o311 0= o TR R.9.27
Table 9.72 MAP 1 ReQION COMIMANG......ccoitiriiriiitiierieniee ettt st se e e e e e sesnesbesneenens R.9.28
Table 9.73 Y = I Oo 11 17= Lo 1R R.9.28
Table 9.74 MET AMY COMIMANG .....ooiviiriiitiieeie ettt s s st s s s as st e s sreessae s sbessabessbessaessaressrenan R.9.29
Table 9.75 MET ANA COMMANG ..ottt et s e et e s s eesabessressaaessbessabessbessaessssessrenan R.9.29
Table 9.76 MET BAT COMMANG ...cvviiiiieeiee ittt et e eesste s sressste s stesseesabessaessseeesbesssesssessnsessessnenan R.9.29
Table 9.77 1 I 2 o 41 =T T R.9.30
Table 9.78 1 o I @01 20107 To [ R.9.30
Table 9.79 MET M COMMANG ...ttt e etee st e e st e e st eseeeessaaeesebeeesaaeessaseeesessesssseessarenens R.9.31
Table 9.80 MET PM COMMEABNG.......uiiiiiiieiiieeeeeeeetee e sree e st e e seseeesaeeessraeesassessssasessaseessasseesaseessseesas R.9.31
Table 9.81 1 o 1Y VA 0 21 =T o R.9.32
Table 9.82 MET RMS COMMEANG ...ttt s ettt e et e st e s s e e s eate s e saeassseessaseesseaenessaneeeas R.9.32
Table 9.83 MET RTC COMMEANG ..ottt eeee et e e ettt se e e s eta e e s esteesenaeassabeessseesseneeessrenesas R.9.33
Table 9.84 MET SY N COMMABNG.......ciiitiiiiiee it eeete s e ree s e e e eeeeeseeeeseraeesassessssseessabeesssseessaseesseeesas R.9.33
Table 9.85 MET T COMMANG ...ttt et ee st s e et st e st e et e s saeesaeesaessteesaessaeessessannan R.9.33

Date Code 20111215 SEL-421 Relay



xvi | List of Tables

SEL-421 Relay

Table 9.86

Table 9.87

Table 9.88

Table 9.89

Table 9.90

Table 9.91

Table 9.92

Table 9.93

Table 9.94

Table 9.95

Table 9.96

Table 9.97

Table 9.98

Table 9.99

Table 9.100
Table9.101
Table 9.102
Table 9.103
Table 9.104
Table 9.105
Table 9.106
Table 9.107
Table 9.108
Table 9.109
Table 9.110
Table 9.111
Table9.112
Table9.113
Table9.114
Table9.115
Table9.116
Table9.117
Table 9.118
Table 9.119
Table 9.120
Table 9.121
Table 9.122
Table 9.123
Table 9.124
Table 9.125
Table 9.126
Table 9.127
Table9.128
Table9.129
Table9.130
Table9.131
Table 9.132
Table 9.133
Table 9.134
Table 9.135
Table 9.136
Table 9.137
Table 9.138
Table 9.139
Table 9.140
Table 9.141
Table 9.142
Table 9.143

(@AY O @01 1112=18 o [ R.9.34
(@] = I T 0] 10]12=1 o R.9.34
AN OO0 01 0= o S R.9.35
PAS level new_password COMMANG .........cccevieierienieresieeeese e sresteseeseeseesaesesseesesseseesnens R.9.35
PAS [evel DISABLE COMMANG........cooiiiiiieitieeie e see et sres e saessressressnbessresssaessreas R.9.35
PORT P COMIMENG ...ttt sttt R.9.36
PORT KILL N COMMEBNG .....eiiieeeeeiteie et seeee e ree et e e st eessraeesstesssaasessasseessreesseneessareeens R.9.36
PUL OUTNNN COMMENG ...ttt seeee st e s et sveeesetasesassesssnasassseessassessasnessseeeas R.9.37
QUIT COMMEBING......cuiieietirieeieeiese ettt te e e e eseeseeseeseetesseseenteeeseenseneeneeneeseneas R.9.37
RTC COMMANG...... ittt ettt e et e s e e e s s aa e e e eabesssaaeessbaessseessenenessaeeesas R.9.38
SER COMMAING. ...ttt eeeee e ee et e e e e e s e teee e s st e s s esaesssae e s s seessesseessrssssssbesessenesssenas R.9.38
SER C and SER R COMMEANGS.......cceiitiiiiiiieieee st eeti e sertee s sraeessbesseseessbeesssbeessreesseres R.9.38
SER CA and SER RA COMMANGS.......coccuiieiieeiiiieceiee e etee s stee s e ee s sessesssraasssbessssessssenas R.9.39
SER CV 0r SER RV COMMANGS.......couvieiiiiie ettt s it s ee e s svte s s saen s s R.9.39
Sl B O] 1 011117 R.9.39
SET COMMEANT OVEINVIEW ...ttt ettt sae s s eae e s s s ste s sentes s sabeesssbesssaseessrenas R.9.40
S AN 0] 101 1.2 7=1 o R.9.41
Rl I I @01 0101078 R.9.41
Rl I 001 0110 To [ R.9.41
Rl I T @001 001078 Lo R.9.42
SET L COMMABNG......utiieiitie et eeeee e sttt e e et eseeaeessteesseteessaseeesasseessseessseessreesssseeesasessssnes R.9.42
SET M COMIMABNG. ... ueiiiitieeetet st e st e e et e e eeaeesseteessareeesareeesaseesseseessssssssereeessseeesaressssees R.9.42
S IO 01011 0 7= o [T R.9.42
SET P COMMEANG ...ttt ettt et e s ee s st e e s et s s sase e s s be e s e sseessassesssssassssbesssseeesssenas R.9.43
SET R COMMEANG ...t ettt e et e e et e e sse e e s saeeesssbeessaseessabensssseessasresssaenas R.9.43
SET T COMMEABNG.......uiiiiiiieeetii ettt e et e e e e st e e et e s saeeessaeesssteesessesssabesssseeesassessssenas R.9.43
SET TERSE Command EXAmMPIES..........ooueiieeeeire e e R.9.44
SHO COMMANT OVEINVIEW......oeiiieeeeeiteie ettt st s et e s st e e s estee s sabaesssbeeesesreessneeas R.9.44
SHO A COMMEBN ...ttt st e et e e se e s s bt e s s s stessesseessabaesssbesesasenssasenas R.9.45
Sl (O 2 B o110 7= o R.9.45
Sl (O 2 = O] 1 0110107 R.9.45
Sl (O X T Oa 11010710 R.9.46
ST [ 2 IR @0 2110 Vo [ R.9.46
SHO M COMIMANG......ccuiiiiiiiie ittt ete st eeae e sbe s st e stessbeseaeesbessabeessessreseressnesents R.9.46
ST (@ 0o 11 2= o S R.9.46
SHO P COMMEANG......eoiiiiieeeie ettt eeee e st e e et e st e e s et e e e s teesesaeessasaesseseeesaseeesanenas R.9.47
SHO R COMMEABNG. ... eeiiiieeieeetie et se e et e st e s et eestbeessaeassseessaseessasseesareeesasreesaseeessnns R.9.47
SHO T COMMANG......eeiiiiiieeeeie e et eeee e ettt e s et e s e eessbeesaaeessseesassesssasseesareeesssreesassesessnees R.9.47
SNS COMMEBIN.......eiieeieeeee ettt e e et esea e e s s ee s e beessseessabeessaseessasseesarssesssbeessareesesnees R.9.48
STA COMMEANG .....oiiitiie et e et e e s e e e st e e e e st e e s s aeessabessebesssaasesssbesssesbeesasenessareess R.9.48
STA A COMMANG ...t ettt et e et e e et e e sae e s s e e s esteesseseesssbeessssbeesanseeessannas R.9.48
STA C and STA R COMMEANG........ocoiiuiiiiiie e eeee s etee st e et e s sae e s s ebe e s eereessneeessreeeas R.9.48
NS X 0 111117 2o TR R.9.49
STA SC and STA SR COMMEANG ....c..uveiiiieii ettt s sae e s s sre e s s rbe s seaaeessabeeas R.9.49
SUM COMMEANG.......itiieiiiie et eeee s e e et e e s eee e s s tessesbessssesssbesssssaessassesssabessssbesssassnssssens R.9.49
SUM ACK COMIMANG .......viiiriiiiiicieie st ste s sree e s stessassaessessaessbesssbessbessaesesbessnessases R.9.50
U AN 0 7= Lo R.9.50
B O )00 7= 1o R.9.50
TAR ALL COMIMANG.......ccoiiiiiiitiiiie i see e eteesaesstessseeeaessaessstesssesssbesssesssseesbessnsesnsensns R.9.51
B R R 001 210107 To [ R.9.51
TAR X COMMEANG......oiiitiiiiiiiie ittt e tes st e s s bee st e st essbaeesbessbasssessbessbessbessbbesssessnraeses R.9.51
BN = O O 14 F= 1 o R.9.52
IS B ] 300 a1 4= o R.9.52
TEST DB OFF COMMEANG.....c..oiiiiiieieitieeetee ettt see et ee et sve s st ssaessatessresssesesbessnnesnrenans R.9.53
TEST DNP COMMENG......c.eiiiieieiitiiiectit e eeeee e et s et e s eaee s st e esseseesseteessesseesesssessseesasreessanees R.9.53
TEST DNP COMMENG......c.eiiiieieiiieiectii st ee et s et e s eaee e st eesseseesseseesseseeesesseessseesaeresesanees R.9.54
TEST FIM COMMANG ....ciittieiteeeeeteeeeereteseeeesseteesseseaeseseessssseesasesssseesssessssssssssresssasseesasenes R.9.54
TEST FM DEM COMMEBNG ... oottt eeeesee e eesessteeseesaasssresssesseressaaesesessrenans R.9.55

Date Code 20111215



List of Tables | xvii

Table9.144  TEST FM OFF COMMENG.......c.ccuiiiriiiriiririinesisseiee e et se st nesseessesenes R.9.55
Table9.145  TEST FM PEAK COMMENG ....c.covviriiiriiisiiinesisieie et R.9.56
Table9.146  TIME COMIMANG .....ouiuiiiiiriiisiiisiiei ettt sttt e R.9.56
Table9.147  TIME Q COMMANG.......ciiitiiriiiriirietiietesie ettt sttt et et e et esbe st ne e sees R.9.56
Table9.148  TRI COMMANG......cuiiiriiirieirieirieirieest et b e bt se st s st nees R.9.57
Table 9.149  VER COMMEN ....cuiiieieieeeieieeeetes sttt seeseeseeseeseese st sseseessesteseesesaeseeneesensessessessesseses R.9.57
Table9.150  VIEW 1 COMMANAS—REGION.......cciuiiriiiriiisiiisieeeie sttt R.9.59
Table9.151  VIEW 1 CommandS—REgIStEr ITEM.......ccciiiiirieiiee e R.9.59
Table9.152  VIEW 1 ComMMaNdS—BIit .......ccccoeiiiiiiiie ettt e R.9.60
Table 10.1 Default Alias SEIINGS.......eoviveirieieeee e R.10.4
Table 10.2 Global SEttingS CalEUOIES.......coveuirieiirieii ettt bbbttt e R.10.4
Table 10.3 GeNEral GIODAl SEHINGS ....veuveuerierieeterie ettt et sae e R.10.5
Table10.4 GlODEl BENDIES ...t et R.10.5
Table 10.5 Station DC1 Monitor (and Station DC2 MONITON) ......cceveieerieeeeeenenesese e R.10.5
Table 10.6 (00011 0] 1 0] 11 | S R.10.6
Table 10.7 Main Board Control INPULS .......covvieeicece st e e aneen R.10.6
Table 10.8 Interface Board #1 CONrol INPULS........covieeiiecie ettt s sre e R.10.7
Table 10.9 Interface Board #2 CONrOl INPULS.........cceriereeieieeseeese s ste e se e saeee e esseesessessesnens R.10.7
Table10.10  SettingS Group SEIECHON .....c.ciiieeeecieti ettt sae e e s R.10.8
Table10.11  Data RESEL CONLIOL ......veieirireereieerese ettt R.10.8
Table 10.12  Frequency ESHMALioN. ... ..ottt e R.10.8
Table10.13  Time-Error CalCUIBLION ......cceveeeeeeeee ettt re e e nee e s R.10.9
Table10.14  Current and Voltage SoUrce SEIECHION.........ccoueiriririeirieese e R.10.9
Table10.15  Synchronized Phasor MEasUrEMENT ...........ccurreririiiririeiree et R.10.9
Table10.16  Time and Date ManagemeNnt ..........ccereireireereeeie et R.10.10
Table10.17  Breaker Monitor SettingS CategOrTES .......cuvrvruiririiirieieeerese st R.10.11
Table10.18  Breaker CONfigUIaLioN.........ccooeieirieiie ettt R.10.11
Table 10.19  Breaker L INPULS ....c.cooiiiiiiiiie ettt st be bbb e e e se e st s e neeneenas R.10.12
Table 10.20  Breaker 2 INPULS ......cooiiiiiiiiie ettt sttt bbbt e e e e e ne s e e e eneenas R.10.12
Table 10.21  Breaker 1 Monitor (and Breaker 2 MONITOr) ........cecveeereeeese e sees e R.10.12
Table 10.22  Breaker 1 Contact Wear (and Breaker 2 Contact WEar)..........ccceveeeeverieseeeseeesee s R.10.13
Table 10.23  Breaker 1 Electrical Operating Time (and Breaker 2 Electrical Operating Time)........... R.10.13

Table10.24  Breaker 1 Mechanical Operating Time (and Breaker 2 Mechanical Operating Time) ...R.10.13
Table10.25  Breaker 1 Pole Scatter and Pole Discrepancy (and Breaker 2 Pole Scatter and Pole

(TS =100, R R.10.13
Table10.26  Breaker 1 Inactivity Time Elapsed (and Breaker 2 Inactivity Time Elapsed)................. R.10.13
Table10.27  Breaker 1 Motor Running Time (and Breaker 2 Motor Running Time) ..........ccccvveevene. R.10.14
Table10.28  Breaker 1 Current Interrupted (and Breaker 2 Current Interrupted) .........ccovvevrernnennn R.10.14
Table 10.29  Group SettingS Cat@QOIIES.........ccieiieiieieesieeiesteeee e ete e teseesaesreesae s e e e sre e e s reenseereenns R.10.14
Table10.30  Line CONfiQUIAiON .....ccceereiieeie sttt st et e e eneeneeneeneereneas R.10.15
LI o =T KO e i R = (= = (YA @0 1011 = o) o P R.10.16
Table10.32  Mho Phase Distance Element REECH..........ccooiiiririiineireseee s R.10.16
Table 10.33  SerieS COMPENSALION ......civiuirieiirietiriet ittt et se et b b ne s neens R.10.17
Table10.34  Mho Phase Distance Element TIME DEl@y ........coviiriirininiirisisese s R.10.17
Table10.35  Mho Ground Distance Element REACH...........ccccveieieieeiei e R.10.17
Table10.36  Quad Ground Distance Element REACH............coeiriiieiiereseee s R.10.18
Table 10.37  Zero-Sequence COmMPENSation FACTOT ..........cccviiiiiiriineriisesiee st R.10.19
Table10.38  Ground Distance Element TIME DEl@Y .......ccoveeriiriniiiinereerieeeeeseee s R.10.19
Table10.39  Distance Element Common Time DEl@y ........cccoveiriririiine e R.10.19
Table10.40  SWitCh-ONntO-Fault SChEME .......cco i e R.10.20
Table10.41  Out-of-Step TrippiNg/BIOCKING ......ccveiviiiiiiie e R.10.20
Table10.42  Load ENCrOBCHIMENT. ......cc.coiiiiee ittt R.10.21
Table 10.43  Phase Instantaneous OVercurrent PICKUD ......coovvceereieere e R.10.22
Table 10.44  Phase Definite-Time Overcurrent Time Delay .......ccvcvevveeeveicee v R.10.22
Table10.45  Phase Instantaneous Definite-Time Overcurrent Torque Control .........cccceeeeveveeeeeeeeennn. R.10.22
Table10.46  Residual Ground Instantaneous Overcurrent PiCKUD .........ccoveverevenieieerieseeeee e R.10.22
Table10.47  Residual Ground Definite-Time Overcurrent Time Delay ........covveveveieceeieeeese e R.10.23
Table10.48  Residua Ground Instantaneous Definite-Time Overcurrent Torque Control ................. R.10.23

Date Code 20111215 SEL-421 Relay



xviii | List of Tables

SEL-421 Relay

Table 10.49
Table 10.50
Table 10.51
Table 10.52
Table 10.53
Table 10.54
Table 10.55
Table 10.56
Table 10.57
Table 10.58
Table 10.59
Table 10.60
Table 10.61
Table 10.62
Table 10.63
Table 10.64
Table 10.65
Table 10.66
Table 10.67
Table 10.68
Table 10.69
Table 10.70
Table 10.71
Table 10.72
Table 10.73
Table 10.74
Table 10.75
Table 10.76
Table 10.77
Table 10.78
Table 10.79
Table 10.80
Table 10.81
Table 10.82
Table 10.83
Table 10.84
Table 10.85
Table 10.86
Table 10.87
Table 10.88
Table 10.89
Table 10.90
Table 10.91
Table 10.92
Table 10.93
Table 10.94
Table 10.95
Table 10.96
Table 10.97
Table 10.98
Table 10.99
Table 10.100
Table 10.101
Table 10.102
Table 10.103
Table 10.104
Table 10.105
Table 10.106

Negative-Sequence | nstantaneous Overcurrent PiCkUp..........ccocevvevevecieseeseseeeeeeen R.10.23
Negative-Sequence Definite-Time Overcurrent Time Delay ........ccoevevvevecceececeenee. R.10.24
Negative-Sequence | nstantaneous Definite-Time Overcurrent Torque Contral.............. R.10.24
Selectable Operating Quantity Inverse Time Overcurrent Element 1.........ccccceveveennnene R.10.24
Selectable Operating Quantity Inverse Time Overcurrent Element 2...........cccceeeveeeenene R.10.25
Selectable Operating Quantity Inverse Time Overcurrent Element 3...........cccceeeveeinnnne R.10.25
ZONE/LEVEI DITECION ...vcveeieeeeeiisie sttt s se e seeseete e see e e e e enesnansensnnnens R.10.26
Directional Control EIEMENt .........ccceoeeiieirire s s e R.10.26
POIE OPEN DELECTION. ...ttt eb e sre e R.10.26
POTT THP SChEIME. ...t R.10.27
DCUB TP SCHEME ...t R.10.27
DCB THiP SCHEME ... ittt ettt sttt ene b e e R.10.28
Breaker 1 Failure Logic (and Breaker 2 Faillure LOgIC) .....c.covruereeneenieieeieeeeenesie e R.10.28
Synchronism Check Element REFErENCE. ........ooe it R.10.29
Breaker 1 SynchroniSmM ChECK ...........cviiiciese e R.10.29
Breaker 2 SynchroniSmM ChECK ...........cviiiee e e R.10.30
Recloser and Manual ClOSING .....ccuecvioieiiiiese et R.10.30
Single-Pole RECIOSE SEHINGS.......cviieieise i re e enens R.10.31
Three-Pole RECIOSE SELINGS......coveieeie et sne s R.10.32
VOItAgE EIEMENTS.....ccuiiieie ittt st et sa e ne e e srennas R.10.33
DEMANA MELEITNG. ... ettt sb b e sbe e R.10.33
THID LOGIC ettt sttt b bbbttt R.10.33
Protection Free-Form SELOGIC CoNtrol EQUALTONS..........covvveirreresienenesisieseereeeresesnenens R.10.35
OULPUL SELtINGS CaLEJOIIES. ... .ecuveeie e iee ettt sre et s e e s reeaesreessenre s R.10.35
MEIN BOBI......cuitiie ettt b st b e et e e ebeeb e b e R.10.35
INEEITACE BOAIT 1.t ettt eb e e R.10.36
INEEITACE BOBIT H2......cveiieieiete ettt sttt sttt ettt e sbe e R.10.36
Communications Card OULPULS ........ccueiueiuerieriereerieieeesieee e e sresees e seessesseseeseesessessessessens R.10.36
MIRRORED BITS TranSmit EQUALTONS .........ccerererieieineee e seseseeseesaeseeseeesesse s s e R.10.37
Front-Panel SettingS Cat@gOriES. .....cucireieririerieierieie ettt e eb e et b e ere e sbe e R.10.37
Front Panel SELEINGS ......coetiueirieiriee ettt et R.10.37
Selectable Screens for the Front Panel ..........c.coooeeeiiieienese e R.10.42
Selectable Operator PUSNDULIONS..........co.ciiiirieiieer e R.10.43
Front-Panel EVENt DiSPIay .........coeeiiieiieiesicsteres et R.10.43
B001€an Display POINES.........coieiiiiirieeieeteseeteseet et R.10.43
ANAOG DISPlay POINES.......cciiiiiiieieeeeiese et s R.10.44
Local Control and AlIBSES.......cucoueieirirere e et s e R.10.44
LOCEA Bit SELOGIC ...cuiitiuiiieiieieieie ettt sttt st sae st saesesae e sae st sse e sbenessesensenens R.10.44
RePOrt SEttingSs CalEQOIIES. .....cuveiuiieeeeesieerie s ee sttt ste e s e sre e saeeae e e tesreenreereenes R.10.44
SER Chatter CriterTaL. . cveivetireeiirietirietiieet ettt neens R.10.45
SER POINIS @N0 ALTBSES......coeeeieietiieteieeree ettt R.10.45
Y= gL L= oo 1o O R.10.45
Event Reporting Digital EIEMENtS..........cooiiiiiriireenee e R.10.46
POrt SEttingS CalOQOIES ......cveertereeteerte sttt sttt ettt st eb et b et ebe e ere e R.10.46
01001 IS 1= o o R.10.46
COMMUNICALIONS SELIINGS. ....vcveveeetereetereeiesieere ettt R.10.46
SEL ProtOCOl SEIINGS ....cvevieeiiieetireeteeete ettt R.10.47
DNP3 Serial Port ProtoCOl SELINGS .....c.covevireeieieiereeierieierieie st R.10.47
MIRRORED BITS ProtOCOl SEINGS ......ccoviiieieiieeiesieiecie e R.10.48
RTD ProtoC0ol SELHINGS......cceiveeiierieiicie st este sttt sre st e e sreensesaeeneenes R.10.49
PMU ProtOCOI SEHINGS.....ccveiveeiieieii et sttt st eennesra e ene s R.10.49
DINP3 SettingS CalEJONES. ... .ccueivirieriesiesiesiesteseeeeseeseesessesesrestessessesaesseseessesaesessessessessesns R.10.50
DNP Reference Map SElECHION .....cccveieieieise st re e R.10.50
DNP3 Object Default Map ENADIES ..ot R.10.50
Binary TNPUE IV ...ttt sbe e R.10.50
Binary OULPUL IM@D......c.civeeiieiiiieiesieie ettt ettt sre e R.10.50
COUNLET MBI ...ttt ettt r b et e st b et eeean e bennenneas R.10.51
ANBIOG TNPUL IMIAD ..ttt R.10.51

Date Code 20111215



List of Tables | xix

Table 10.107  ANAOg OULPUL IMBD......ccueiieeeieiieeesieseesie s e steeteste e e re e sseesaesreeneestesnaesteeneeseeneenseenns R.10.51
TableA.1 Alphabetic List of Relay WOrd BitS........cccccveieiiiiece ettt RA.1
Table A.2 Relay Word Bits: Enable and Target LEDS.......ccccoevieieinieiie e R.A.22
Table A.3 Relay Word Bits: DiStance EIE@MENES........cviiierieeeieieiee e R.A.22
TableA.4 Relay Word Bits: Series Compensated Line LOGIC....cuevueveieerereserese e seeeeeseene s R.A.25
TableA.5 Relay Word Bits: Out-0f-Step EIEMENES ..o e R.A.25
Table A.6 Relay Word Bits: Directional EIEMENtS ..o R.A.26
Table A.7 Relay Word Bits: Overcurrent EIEmMENtS...... ..o e R.A.27
Table A.8 Relay Word Bits: Synchronism-Check EIements..........cccoeeviiinnenseneeeeeesieeie R.A.28
Table A9 Relay Word Bits: Reclosing EIEMENES.........cviiiiircee e R.A.29
Table A.10 Relay Word Bits: Miscellaneous EIEMENtS..........cccireiriirinieeseesee e R.A.31
Table A.11 Relay Word Bits: Trip LOGIC EI@MENTS ..o R.A.31
Table A.12 Relay Word Bits: Pilot Tripping EI@MENtS........cccoiirinee e R.A.33
Table A.13 Relay Word Bits: Circuit Breaker 1 Failure...... ..o R.A.34
Table A.14 Relay Word Bits: Circuit Breaker 2 Failure Elements..........cccoccevceeveviece e, R.A.36
Table A.15 Relay Word Bits: Circuit Breaker Status and Open Phase Detector ...........cccccevvievereennen. R.A.37
Table A.16 Relay Word Bits: Circuit Breaker MONITOr .........ccccoieiieieie e R.A.38
Table A.17 Relay WOrd BitS: RTD SELUS.......ccouierristirieseesieieieseeeeesesessessessessessessesesssssssssssssessenses R.A.39
Table A.18 Relay Word Bits: DC SUPPIY MONITON ......c.viiieieieieieises e ese s R.A.40
Table A.19 Relay Word Bits: Metering EIEmMeNtS..........cocvveieiereserieiecie s R.A.40
Table A.20 Relay Word Bits: Open and Close COmMMANG..........coureireririeininesenesessesieesee e R.A.40
TableA.21 Relay WOrd BitS: LOCEAl BilS.......ccuciieirieirieiieiietrie e R.A.41
Table A.22 Relay Word BitS: REMOLE BitS......c.covirieiieiieiieie e R.A.42
Table A.23 Relay Word Bits: Active Protection Settings GroUp .........ccoveveereeneeeneeseesiee e R.A.42
Table A.24 Relay Word BitS: INPUE ETEMENES.......c.ooiiieiieiieeees e R.A.43
Table A.25 Relay Word Bits: Protection Variables............coiiiieesee e R.A.44
Table A.26 Relay Word Bits: ProteCtion LaICNES ........c.oiiieiieieieeeee e R.A.46
Table A.27 Relay Word Bits: Protection Conditioning TIMErS ..o R.A.47
Table A.28 Relay Word Bits: Protection Sequencing TIMENS.......c.oievereereereeneeesiese e R.A.48
Table A.29 Relay Word Bits: ProteCtion COUNLEN'S.........cceiueiieriiceeee e R.A.49
Table A.30 Relay Word Bits: Automation Variabl€S.........ccueceeiiieene e R.A.51
Table A.31 Relay Word Bits: Automation LatChes..........cccovvieciiiieiicee e R.A.57
Table A.32 Relay Word Bits: Automation Sequencing TIMEIS .......coueveeeeeierieseseeseseeseeseeseseesessenees R.A.58
Table A.33 Relay Word Bits: AUtOMation COUNLENS.........coeueierieieineseseseseseesee e seeseeeeseeseesessenses R.A.60
Table A.34 Relay Word Bits: SELoGIc Control Equation Error and Status...........c.ccceevernennienennen. R.A.62
Table A.35 Relay Word Bits: Relay AlarMS.........ccooiie e R.A.63
Table A.36 Relay Word Bits: Time SynchroniZation.............cccovieiicveeie s R.A.63
Table A.37 Relay Word Bits: OULPUL EIEMENES .........ccoiiieieceece e R.A.63
Table A.38 Relay Word Bits: Pushbutton EIEMENtS ..........ccecieiiiiecie e R.A.64
Table A.39 Relay Word Bits: Data RESEL BitS.......cccviviirierierieiceeieseee et se e nes R.A.65
Table A.40 Relay Word Bits: Target LOGIC BitS.......covieiiierieieieeieisese e se st eneeseens R.A.66
Table A.41 Relay Word Bits: MIRRORED BITS .....cciiiieriirieieieesiesesesesesie e seeseesaeseeseesessessessessesses R.A.66
Table A.42 Relay WOrd BitS: TESE BitS.......cciueuirieirieirieiesieesieree et R.A.67
Table A.43 Relay Word Bits: Communications Card Input POINES..........cccoueirriireiineieeseeseeeie R.A.68
Table A.44 Relay Word Bits: Communications Card Output POINES.........cc.covreirriennenieeneeseeiee RA.71
Table A.45 Relay Word Bits: Communications Card Status POINES ..........cccovveireiineeneinieeseeene R.A.72
Table A.46 Relay Word Bits: Fast SER ENable BitS.........cccoeiiiiiiiiencseese e R.A.73
Table A.47 Relay Word Bits: Source Selection ElemMentsS ... R.A.73
Table A.48 Relay Word Bits: High-Speed Distance Elements ... R.A.73
Table A.49 Synchrophasor Trigger SELoGIC Equations/RTC Synchrophasor Status Bits................ R.A.74
Table A.50 Time and Synchronization Control BitS..........ccceveiieiicieieceese e R.A.75
Table A51  TIME-Error CalCUIALION ..ot R.A.76
Table A.52 Pushbuttons, Pushbutton LEDs, and Target LEDsfor new HMI .........cccocevveevevvevecnenne. R.A.77
Table A.53 Relay Word Bits: Local Bit Supervision and StatuS..........ceeveveerieneneseseeseeseeeeseeeesenns R.A.78
Table A.54 RTC ReMOLE Digital SELUS......c.civevireeieieeierieie et s R.A.79
Table A.55 Fast Operate TranSMit BitS........cociieirieirieirieiiee e R.A.80
TableB.1 Analog Quantities Sorted AlphabetiCally ..o R.B.1
TableB.2 Analog Quantities Sorted BY FUNCLION ........ccociiieiiieiiice e R.B.8

Date Code 20111215 SEL-421 Relay



This page intentionally left blank



List of Figures

User's Guide

Figure 1.1 SEL-421 FUNCLIONAl OVEINVIEW ......cueceieeeee ettt seeae et se e e saeseeneesesneens u.1.2
Figure1.2 Protecting a Line Segment With MIRRORED BITS Communications on a Fiber Channel.. U.1.8
Figure1.3 Single Circuit Breaker Configuration (ESS 1= 1).....ccccovieirieiniinieeneieseesieeseeesiesesieeas u.1.9
Figure1.4 Single Circuit Breaker Configuration With Line Breaker CTS (ESS:= 2) ..ccovevvvvriceeneae u.19
Figure1.5 Double Circuit Breaker Configuration (ESS := 3) ..o u.1.9
Figure 1.6 Double Circuit Breaker Configuration With Bus Protection (ESS :=4)........c.cccoeeneneen. U.1.10
Figure1.7 TaPPE LIiNE (ESS 1= Yttt u.1.10
Figure2.1 Horizontal Front-Panel Template (a); Vertical Front-Panel Template (b).......ccccceveeveeenee u.2.3
Figure 2.2 Rear 3U Template, Fixed Terminal Block Analog INPULS..........ccoceiininerieneieeeeeeseniee u.24
Figure 2.3 Rear 3U Template, Connectorized ANalog INPULS ........cceeoeeiiiniii e u.24
Figure2.4 Standard Control OutPUt CONNECLION.........cceiieiecieee et see e e e u.2.8
Figure 2.5 Hybrid Control OULPUL CONNECLION.........cccueiiiiecieeeseee e e e enes u.2.8
Figure 2.6 Fast Hybrid Control Output Connection, INT5 (INT8) .....c.cccveiervieereseere e u.2.9
Figure 2.7 Fast Hybrid Control Output Connection, INTZ ......cc.cceieieee e u.2.9
Figure 2.8 Fast Hybrid Control Output Typical Terminals, INT5 (INT8) ....c..ccccvevrerererreeeeeeeeeeens uU.2.10
Figure 2.9 Precharging Internal Capacitance of Fast Hybrid Output Contacts, INT5 (INTS) .......... uU.2.10
Figure2.10  INTL /O INErface BOArd........ccoviuiriiiiiiieiciiriet s u.2.12
Figure2.11  INT2 /O INErface BOAId. .......c.coviuiririiiiiieirei e u.2.13
Figure2.12  INT3 /O INErface BOAId. .......ccoviuiiiiiiiiiiei e u.2.13
Figure2.13  INTA /O INErfaCe BOAIM. .......ceoviviiiriiiiiieciiiei e u.2.13
Figure2.14  INTS5 /O INErfaCe BOAIM. .......ceoviiiiieiiiiieciieei e u.2.13
Figure2.15  INT6 /O INtErface BOAIM. .......ccoviuiiiriiiciieceiret s u.2.13
Figure2.16  INT7 /O INErfaCe BOAId. .......ccovvuiiiriiiieieceireei e u.2.13
Figure2.17  INT8 /O INterface BOArd.........covieeiieieeieiie sttt ettt u.2.13
Figure2.18  ChassisKey Positionsfor /O Interface BOards............couevereeneienieeneneneesesese e U.2.16
Figure2.19  Magjor Component Locations on the SEL-421 Main Board A (Or B).....cccovevvevievicvennnne. u.2.19
Figure2.20  J18 Header—Password and Breaker JUMPEYS.........coeviviiriiirieninieesieesieesieseseeesie s u.2.20
Figure2.21  Major Component Locations on the SEL-421 INT1 (or INT2) I/O Board............ccco..e... u.2.23
Figure2.22  Major Component Locations on the SEL-421 INT3 1/O Board..........cccvvevrvnrennenineene u.2.24
Figure2.23  Major Component Locations on the SEL-421 INT4 1/O Board.........ccccvvevrvinenencnennnne u.2.25
Figure2.24  Major Component Locations on the SEL-421 INT5 (or INT8) I/O Board...................... U.2.26
Figure2.25  Major Component Locations on the SEL-421 INT6 (or INT7) I/O Board.............c........ u.2.27
Figure2.26  SEL-421 ChassiS DiMENSIONS.......c.ccouiiiiriirierienienie et ssese st see s e seeseesesnesnes u.2.31
Figure2.27  3U Rear Panel, Main BOArd A ..ot u.2.32
Figure2.28  3U Rear Panel, Main Board A, CONNECLONZEd ..........ooeiuirieieeieeeeeeese s u.2.32
Figure2.29  4U Rear Panel, Main Board A, Without Optional 1/0.........ccccviveve i u.2.33
Figure2.30  4U Rear Panel, Main Board A, INT5 /O Interface Board...........ccccooveveveeceveecicsiecnn, U.2.33
Figure2.31  4U Rear Panel, Main Board B, INT8 /O Interface Board..........ccccovveveveeceseeceecieen, U.2.33
Figure2.32  5U Rear Panel, Main Board B, INT3 and INT1 I/O Interface Board ..........ccccceveereennne. u.2.34
Figure2.33  5U Rear Panel, Main Board A, INT4 and INT1 I/O Interface Board ..........ccccceevvveeenenne. u.2.34
Figure2.34  5U Rear Panel, Main Board A, INT6 and INT4 1/O Interface Board ...........ccccevvvevenenne. u.2.35
Figure2.35  5U Rear Panel, Main Board B, INT2 and INT7 /O Interface Board ..........cccccoevveeenenne. u.2.35
Figure2.36  Rear-Panel SYMDOIS........cociiiiiiet e U.2.36
Figure2.37  Screw Terminal ConNECLOr KEYING .......couriririiiriirieininiisiesie s u.2.37
Figure2.38  Rear-Panel Receptacle Keying, SEL-421.........cccocoiiiriineineneeseeeseeseese s u.2.38
Figure2.39  PS30 Power SUPPlY FUSE LOCALON .....c.coviueeeiieeiieciesieteseei et u.241
Figure2.40  Control OULPUL OUTLOB .........ccveririreiirieirieesieieseese st u.244
Figure2.41  SEL-421 to Computer—D-Subminiature 9-Pin CONNECLON ..........ccocerirererienerieeeeeeee u.2.47
Figure2.42  Example Ethernet Panel With Fiber-Optic POrtS...........ccoiiieieiinieee e u.248
Figure2.43  Two 10/100BASE-T Port CONfigUIation..........ccoerereerieirieeieee e eneeas uU.2.49
Figure2.44  100BASE-FX and 10/100BASE-T Port Configuration...........cccevvevueveereesesieesieseesieeseens U.2.49

Date Code 20111215 SEL-421 Relay



xxii | List of Figures

SEL-421 Relay

Figure 2.45
Figure 2.46
Figure 2.47
Figure 2.48

Figure3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11
Figure 3.12
Figure 3.13
Figure3.14
Figure 3.15
Figure 3.16
Figure 3.17
Figure 3.18
Figure 3.19
Figure 3.20
Figure 3.21
Figure 3.22
Figure 3.23
Figure 3.24
Figure 3.25
Figure 3.26
Figure 3.27
Figure4.1
Figure 4.2
Figure 4.3
Figure4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10
Figure4.11
Figure4.12
Figure 4.13
Figure4.14
Figure 4.15
Figure 4.16
Figure 4.17
Figure 4.18
Figure 4.19
Figure 4.20
Figure4.21
Figure 4.22
Figure 4.23
Figure 4.24
Figure 4.25

Two 100BASE-FX Port Configuration ...........ccueieeierieseesieseesee et sree e s eneenes uU.2.49
Typical External AC/DC Connections—Single Circuit Breaker ...........cccoceveevveveeiennnns U.2.51
Typica External AC/DC Connections—Dual Circuit Breaker ..........ccoovevveevereriereeneannns uU.2.52
SEL-421 Example Wiring Diagram Using the Auxiliary { TRIP} /{ CLOSE}

PUSHDULLONS. ...ttt U.2.53
SEL Software License Agreement (SaMPIE) ......coevrerrinneinieieieese e u.3.3
Windows Run Command Lineto Load ACSELERATOR QUICKSEL........ccccvererereeneeeenenne u.33
ACSELERATOR QuickSet Communication Parameters Dialog BOX.........ccccovvevncieninennn u.34
ACSELERATOR QuickSet Network Parameters Dialog BoX: FTP ......cccocoeieieininienciee, u.35
ACSELERATOR QuickSet Network Parameters Dialog Box: Telnet .........occoceveieeneeceeenne. u.35
Database Manager Relay Database in ACSELERATOR QUICKSEL........cccoviiiiiireeicniniein U.3.6
Database Manager Copy/Move in ACSELERATOR QUICKSEL..........ccevvveevesiecerieie e u.3.7
ACSELERATOR QuickSet Driver Information inthe FID String.........ccocvevvveeveneeceeieenen, u.3.8
HMI Driver Version Number inthe HMI WINdOW ..........ccooeiiiiiiniii e u.3.9
Sample Settings in ACSELERATOR QUICKSEL.......cceieierieriereereeeseseseese e seeeeseeseeseesenes U.3.10
Selecting a Settings Driver in ACSELERATOR QUICKSEL.......ccoveeeiersiere e seeeeeeeeneeeenens u.3.11
Opening Relay Settingsin ACSELERATOR QUICKSEL.......coevveiveieiereseese e veeeeeeeeeeeenes u.3.11
Reading Relay Settingsin ACSELERATOR QUICKSEL ........cccviieinieinieesieeeeee e u.3.11
ACSELERATOR QUICkSet Relay EditOr .........ceoiiiiiiiiciricsceee s u.3.12
Retrieving the Relay Part NUMDEN ..o U.3.13
Setting the Relay Part Number in ACSELERATOR QUICKSEL .......ocooiiviiiiiiiicieeeeee, u.3.14
Location of the Expression Builder Option BULLONS.........ccccooereieienieie e U.3.15
The ACSELERATOR QuickSet EXpression BUilder ..o U.3.15
Retrieving Relay EVENt HISLOMY .....ocuiciiice et u.3.16
ACSELERATOR QuickSet Event Waveform WIindow ...........ccccceveeeeniceceeie e u.3.17
Sample EVENnt OSCIHIOGIaM........coiiiiee ettt s U.3.18
Retrieving Event RePOrt WaVEfOrMS.........cveiiiiiiisese et erenes u.3.18
Sample Phasors Event WavefOrm SCrEEN.........cocviiee ettt U.3.18
Sample Harmonic Analysis Event Waveform SCreen ......coooceeceeeceee s uU.3.19
Sample Event Report SUMMErY SCrEEN .......cccviiiriiererene e u.3.20
Sample Event Waveform SettingS SCreeN ... e U.3.20
ACSELERATOR QUICKSEt HMI FEAIUIES .......ceveeeieeirieriisieie ettt u.3.21
SEL-421 Serial NUMDEr LADE ......cooiieeiieieiecieserese et sttt u.4.2
Power Connection Area of the Rear Panel ... u.4.3
PORT F, LCD Display, and Navigation PUShDULIONS...........c.coveiineiineinceeeee e ud4
REPOIM HEBAEN ..ottt e re e s ae e e et e s sa e teeneenes u.4.6
ACCESS LEVE] SITUCTUIE......cuiiiiie ettt ettt b st u.4.7
REIGY SEALUS......eeuieieiiieisieisies e ettt bt nesbe et u.4.11
ACSELERATOR QuickSet Port Parameters and Password Entry ..........ccccccveveieeceevnnnns u.4.11
Retrieving Relay Status: ACSELERATOR QUICKSEL.......cceiveieerere e e e seeseeeeeeeeseerenes u.4.12
Checking Relay Status: Front-Panel LCD ........ccccoeveiereriereeie s u.4.13
Relay Settings StrUCLUIE OVEIVIEW ........ccecverierieeeeeese e stesee s seesesres e sse e e saesseneesenses u.4.14
Components Of SET COMMEBNGS.........cvriiririeririenerieese sttt s u.4.16
[Nitial GlODAl SEHINGS......civieieieetieeee e u.4.17
Using Text-Edit Mode Line Editing to Set Display POINtS..........cocooveiieineninecseeee u.4.21
Using Text-Edit Mode Line Editing to Delete aDisplay POINt.........c.ccooeeneinerinencnnens u.4.22
Default Alias SEIINGS. ... ..coveirieiiieiietereere e u.4.23
Using Text-Edit Mode Line Editing t0 Set Ali@SeS.......ccveiriiiirnireeeeeee e u.4.24
Using Text-Edit Mode Line Editing to Set Protection LOGIC........cccvvereieriereieeieeceiene u.4.25
Selecting Global Settingsin ACSELERATOR QUICKSEL.......c.ccoveiriiniiiiirie e u.4.27
ACSELERATOR QuickSet Global SettingS WIindOW .........cccccveieiiieiesieceeseee e u.4.27
Uploading Global Settingsto the SEL-421.........cccccoviieieierieriereeieeese e U.4.28
DATE and TIME Settings: Front-Panel LCD ........cccoceoieiineinecseesee e uU.4.29
SETTINGS MEBNUS ..ottt sttt sttt sttt et e et ne et U.4.32
Setting ESS: TEIMINGL ....c.ooveiieiiee e u.4.33
Setting CTRW and PTRY: TEMMINEL .....c.coeiiiiiieneneenese e u.4.34
Test Connections Using Three Voltage Sources/Three Current SOUFCES..........coveveeeenens u.4.35

Date Code 20111215



List of Figures | xxiii

Figure4.26  Test Connections Using Two Current Sources for Three-Phase Faults and

I B 1= TSRS U.4.36
Figure4.27  Termina Screen MET Metering QUantitieS........oieruereieieeieeeeeseseesresie e seeseeseeaeseenenns u.4.37
Figure4.28  Global Alternate Source Selection Settingsin ACSELERATOR QUiCkSet........cccceveueenenee. U.4.38
Figure4.29  Group 1 Terminal Configuration Settings: ACSELERATOR QUICKSEL..........ccccevverveeenene U.4.39
Figure4.30  HMI Tree View: ACSELERATOR QUICKSEL ......coiueuirieiirieiirieeirieisiee e U.4.39
Figure4.31  Phasor Metering Quantities: ACSELERATOR QuUIckSet HMI ........coovviviniinninnen uU.4.40
Figure4.32  Front-Panel Screensfor METER ...t u.4.41
Figure4.33  ACSELERATOR QUICKSEt HMI Tree VIBW .....cceiuiiiiiiiee e u.4.43
Figure4.34  ACSELERATOR QuickSet HMI Control WINGOW ..........cccoeriieneiiinieieeeeeeeesese e u.4.44
Figure4.35  Event Trigger Prompt: ACSELERATOR QUICKSEL.......cceiuirieiieieirese e u.4.44
Figure4.36  Relay Event History Dialog BOX.....c..coveieiieieiicieceee ettt uU.4.45
Figure4.37  Sample HIS Command Output: TErMiNal ...........ccveeeiiiieii e U.4.46
Figure4.38  EVENTS FOIAEr FIlES ...c.ciiiiiiiiiie ettt u.4.47
Figure4.39  Relay Event History Dialog Box in ACSELERATOR QUICKSEL ........ccccvvevereericieeeeenenn U.4.48
Figure4.40  ACSELERATOR QuickSet Event Waveform WIindow ...........cccceevveeveseneseseseeeeeeeenens U.4.49
Figure4.41  Sample EVent OSCIHOGIamM........cuciiieieieeieeee sttt eneens U.4.49
Figure4.42  Selecting SER Points and Aliases Settings: ACSELERATOR QUICKSEL.........ccoerereerenene U.4.52
Figure4.43  SER Pointsand Aliases Settings: ACSELERATOR QUICKSEL.........cccvvriririniinnieireinins U.4.52
Figure4.44  Uploading Report Settingsto the SEL-421..........coooiiiiiiniieeeseceeeseee s U.4.53
Figure4.45  Retrieving SER Records With ACSELERATOR QUICKSEL.......ccceovreririne e U.4.53
Figure4.46  SER Recordsin the ACSELERATOR QUICKSEt HMI .....ccooviiiiiiiiiiice e u.4.54
Figure4.47  Setting an SER Element: Terminal..........c.cooiiiiiie it U.4.55
Figure4.48  REPOIMS FIlE SITUCIUIE........coieieiee ettt st e s U.4.56
Figure4.49  Terminal Display for PULSE Command ............cccoveieiiiiieni i u.4.57
Figure4.50  Front-Panel Menusfor PUISING OUTL04 .........ooeeiiiieee ettt U.4.58
Figure4.51  PassWOrd ENLIY SCIEEN........ciceiiieiieiesieeeeeese e stesteste e sa s ese e s e ssestesteseessesesesseeseesennes U.4.59
Figure4.52  Using Text-Edit Mode Line Editing to Set Local Bit 3........cccccevevveecvne v U.4.60
Figure4.53  Setting Control Output OUT105: TErMINal ......ccceeerievieieieeee et erenes U.4.61
Figure4.54  Front-Panel LOCAL CONTROL SCIrEENS........ccereuiririirieiirieeirieesiee e essenes U.4.62
Figure4.55  Assigning an Additional Close Output: ACSELERATOR QUICKSEL ........ccovvirvriiririiiininn, uU.4.64
Figure4.56  Uploading Output SettingSto the SEL-421..........coiiiiiiniiieeerereseeseese s U.4.65
Figure4.57  Setting 52AAL: TEIMINEL ....coeiuiiiie et b et ens U.4.67
Figure4.58  Accessing Global Enable Setting EICISin ACSELERATOR QUICKSEL........c.ccevrvreeinnnene, U.4.68
Figure4.59  Control Input Pickup Level Settingsin ACSELERATOR Quickset SEL -5030 Software... U.4.69
Figure4.60  Control Input Pickup and Dropout Delay Settingsin ACSELERATOR QuickSet ............. U.4.69
Figure4.61  Setting BKITYPin ACSELERATOR QUICKSEL .......cccoveviieiiiiceece e u.4.70
Figure4.62  Uploading Globa and Breaker Monitor Settings to the SEL-421 ............cccocevvevevieennene, u.4.71
Figure4.63  TIME BNC Connector, NEW haraWare...........ccccveieeeiieiiesecieeeeteesie e s u.4.74
Figure4.64  TIME BNC Connectors, 0ld hardWare............ccceeveeeisieniesiesieseesieieseseseseessesseseesessesneses u.4.74
FIQUre 4.65  REIOMT SHCKEN ....cviviiiiie ettt et re et et a e eneenennes u.4.74
Figure4.66  Confirming the High-Accuracy Timekeeping Relay Word BitS.........ccccevcvvvveviececvenenne, u.4.74
Figure4.67  Resultsof the TIME Q COMMENG.........coiiiriiiirieisieeee et u.4.75
Figure4.68  Programming a PSV in ACSELERATOR QUICKSEL .......cceouruiiriiiiriiirieisieesieesieeseeneens U.4.78
Figure4.69  Setting OUT108 in ACSELERATOR QUICKSEL .......ccrueuiriiiriiireeisieeseeenie e U.4.78
Figure 5.1 SEL-421 Front Panel (8 pushbutton MOGE)...........eiirereieieeeee e ub.2
Figure 5.2 SEL-421 Front Panel (12 pushbutton MOdEl).........coeeereieiiecreeeeee e ub.2
Figure5.3 LCD Display and Navigation PUShBULIONS ............cccoiiiiiiiiicccceces u5b3
Figure5.4 RELAY ELEMENTS Highlighted in MAIN MENU ......ccoooiiiiiiiniieceeeeee e us4
Figure5.5 Sample ROTATING DISPLAY ..ottt st sttt st sesbe et seeteseeseseas U.5.6
Figure 5.6 Sample Alarm POINES SCIEEN.......couiieieiere ettt r e e u.b.7
Figure 5.7 Deasserted Alarm POIN...........cocieieeeisi ettt se e e e e eseeseeneens u.59
Figure 5.8 Clear Alarm Point ConfirmMation SCIrEEN .........ccvevieieriierereee sttt u.b.9
Figure 5.9 NO ALarm POINES SCIEEN......ccvicieiieie sttt e e re e e sre s e tessaenaesseensenneenes u.b.9
Figure5.10  Alarm POINtS Data L 0SS SCrEEN.......ciriiuiiieiietiieie ettt u.59
Figure5.11  Sample Display POINIS SCrEEN.........cvi ittt U.5.10
Figure5.12  Fast Meter Display Points Sample SCreeN ........ccccvvvverereeeeeeeee e U.5.13
Figure5.13  CONrast AGJUSIMENT. ........ouiiiiiieeiieieerieer et u.5.14

Date Code 20111215 SEL-421 Relay



xxiv | List of Figures

SEL-421 Relay

Figure5.14
Figure5.15
Figure 5.16
Figure 5.17
Figure 5.18
Figure5.19
Figure5.20
Figure5.21
Figure5.22
Figure5.23
Figure5.24
Figure 5.25
Figure 5.26
Figure 5.27
Figure 5.28
Figure 5.29
Figure 5.30
Figure5.31
Figure 5.32
Figure 5.33
Figure5.34
Figure5.35
Figure 5.36
Figure 5.37
Figure5.38
Figure5.39
Figure 5.40
Figure 5.41

Figure 5.42
Figure 5.43
Figure5.44
Figure 5.45
Figure 6.1
Figure 6.2
Figure 6.3

Figure6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9
Figure 6.10
Figure6.11
Figure 6.12
Figure 6.13
Figure 6.14
Figure 6.15
Figure 6.16
Figure6.17
Figure 6.18

Figure 6.19
Figure 6.20
Figure 6.21
Figure 6.22
Figure 6.23

ENter PaSSWOIT SCrEEN .......c.iiiiiiieieecee ettt ettt e u.5.14
[NValid PaSSWOIT SCrEEN. ... ..c.eiuiieiieieeeeet ettt bbb e U.5.15
MAIN MENU Lottt st U.5.15
METER MENU SCIEENS .......eiitiiieiiieiiieiesie ettt ettt sttt U.5.16
METER SUBMENU ..ottt ettt et U.5.16
RMS, FUND, and DEMAND MEtering SCreENS........coveiereereeeseresieseesieseeseesieeeneeseesennes u.5.17
ENERGY, MAX/MIN, and SYNCH CHECK Metering SCreens........oceveveeeeesesnsennens U.5.18
EVENT SUMMARY SCIEENS.....cctiiiieeieeiteestee et esteesete et e staeessaesseesnteessaesnseesseasnneeseesnes U.5.19
SER BEVENES SCIEEN......c.eeiii ettt ettt et s ae et ebesneesbeeneenaesneennas u.5.19
NO SER EVENTS SCIEEN.......eitiiiiitieee sttt et s e e b sbe e e u.5.20
BREAKER MONITOR REPOIM SCrEENS ......cueiriireriieieiine sttt s erenns U521
RELAY ELEMENTS SCrEEN .....cutieiiieiisieiirieies sttt sttt u5b.21
ELEMENT SEARCH SCIEEN.....c.cciiiiiiiiirisie ettt ettt U.5.22
LOCAL CONTROL INitial MENU......ciiieirieiieiiieisiee et U.5.23
BREAKER CONTROL SCIEENS......cceirieririetirieiisiesesiesesieesiesesiesesseessesessenessessssesessessssens U.5.24
LOCAL CONTROL EXample MENUS.........ccouiruirieirieeseesiees et U.5.25
Local Bit SUPEIVISION LOGIC ...ccveeveerieiieieeie e eie e ste et e st ee et snaesbe s enesneennas u.5.27
OUTPUT TESTING SCIEEN.....c.civiiiiieieeiese sttt sttt sttt et U.5.28
SET/SHOW SCIEENS.......ciieeisieiesieisteie sttt sttt sttt sttt sttt U.5.29
Sample SettingS INPUL SCIEENS........cveieiie ettt st e e erenns U.5.30
Changing the ACTIVE GROUP.........cccooiiiirieireee sttt U.5.31
DATE/TIME SCIHBEN ....ectietiectectee ettt sttt ettt et e s te e e besaeesbesaeesbeeasenbeennenas U531
Edit DATE and Edit TIME SCrEENS ......ooeeieiiecee ettt ettt s U.5.32
REIEY STATUS SCIEENS......ccuiitiieiiieteree ettt ettt e U.5.32
VIEW CONFIGURATION Sample SCIrEENS.......cceiuereeeeeeeeeeeeiesie e ste e seeseeseeseeseeneenens U.5.33
DISPLAY TEST SCIEENS .....uveetieiietieesieesteesteeseeeteesaeeaeestaeassaesseesseesseessseestessnseenseessns U.b.34
RESET ACCESS LEVEL SCIEEN ...c.civiivieiieieesieese et ub.34
Sample Status Warning, Alarm Point Assertion, and Trip EVENT SUMMARY

SCIEENS. ..tttk ettt et be et s ae e b e a e bt e ae e e b e e R e e bt e ae e eReeae e eRe e e nheeRe e benarenbeene e U.5.35
Sample Status Warning in the LCD MeSSa0E AT€a.........c.cccveeeierieesesiesieseeseeeeesee e U.5.35
Factory Default Front-Panel Target Areas (16 or 24 LEDS) .......ccceevveececeeceeseece e, U.5.36
Operator Control Pushbuttons and LEDs (8 or 12 Pushbuttons) ...........ccceeevveeeneseenen. U.5.40
Factory Default Operator Control PUSHDULTONS..........ccccouriivcineie e U.5.43
LOW-LeVEl TSt INTEITACE.......ciiveeieeiire e e u.6.7
Test Connections Using Three Voltage and Three Current SOUrCeS........ccoovevveveereeeenenne U.6.9
Test Connections Using Two Current Sources for Phase-to-Phase, Phase-to-Ground,

and TWOo-Phase-to-Ground FaUItS.........cc.cueviirinierieeesese e ene U.6.10
Test Connections Using Two Current Sources for Three-Phase Faults .........ccccoeevveenene u.6.11
Test Connections Using a Single Current Source for a Phase-to-Ground Fault .............. U.6.12
Test Connections Using a Single Current Source for a Phase-to-Phase Fault ................ U.6.13
Sample Targets Display onaSerial TErminal ........ccoeoeeeniiennennesere e u.6.14
Viewing Relay Word Bits From the Front-Panel LCD .........cccccoviieiniiininescenens U.6.16
Setting Pushbutton LED Response: ACSELERATOR QUICKSEL ........cccoevvieririeiniecrieee u.6.17
Uploading Front-Panel Settings to the SEL-421..........cooiiiiiinieeeeeeese e U.6.18
Setting Main Board Outputs: ACSELERATOR QUICKSEL .......cccoveiiieinieeieireesieesieeee U.6.19
Uploading Output Settingsto the SEL-421..........cooieee e U.6.20
Checking the 51S1 Overcurrent Element: ACSELERATOR QUICKSEL ......coovrviieieeeniene. U.6.22
Setting SER Points and Aliases: ACSELERATOR QUICKSEL .........cceoeiiniriniincieeeeeiee U.6.22
Uploading Group 1 and Report Settingsto SEL-421.........ccccoeeeieeveieee e U.6.23
HMI Tree View: ACSELERATOR QUICKSEL ........ccveiiieiicie et u.6.24
SER Report: ACSELERATOR QUICKSEt HMI.......cvveiei e u.6.24
Negative-Sequence | nstantaneous Overcurrent Element Settings: ACSELERATOR

QUICKSEL ...ttt ettt n bbbt U.6.27
Uploading Group 1 Settingsto the SEL-421 ........c.cocoeieieieeece e U.6.27
ELEMENT SEARGCH SCrEEN......ccei ettt sttt saeesne e sreasnne e anes U.6.28
RELAY ELEMENTS Screen Containing Element 50Q1 ..........ccovireiineiineenieeseeee U.6.28
Group 1 Relay Configuration Settings: ACSELERATOR QUICKSEL.........cccvrvreereereeeenenne U.6.30
Breaker 1 Breaker Monitor Settings: ACSELERATOR QUICKSEL .........ccoevvvriiicieiceeiee, U.6.31

Date Code 20111215



List of Figures | xxv

Figure6.24  Group 1 Line Configuration Settings: ACSELERATOR QUICKSEL..........ccccvevervneeriecnene, U.6.32
Figure6.25  Directiona Settings. ACSELERATOR QUICKSEL.........cccoveieiiiiiere e U.6.32
Figure6.26  Uploading Group 1 and Breaker Monitor Settings to the SEL-421..........ccccoeeevvveevennnne. U.6.33
Figure6.27 RELAY ELEMENTSLCD Screen Containing Elements F32Q and R32Q.................... U.6.33
Figure 6.28  Finding Phase-to-Phase Test QUaNtities.........cccccvierierieieieeieeeee e U.6.36
Figure6.29  Phase Distance Elements Settings: ACSELERATOR QUICKSEL ........ccceeviviireiciciiciicne, uU.6.37
Figure6.30 RELAY ELEMENTSLCD Screen Containing Element MBC2..........cocooviviinniinene, U.6.38
Figure6.31  Relay Status: ACSELERATOR QUICKSEL HMI......cooiiiiiiiiiriiiriccsee s U.6.40
Figure6.32  Relay Status From a STATUS A Command on a Terminal ..........cccceeeeevereeneecneeeneenen, U.6.40
Figure 6.33  Compressed ASCI StAtUS MESSAE.......cvevreeeeierieriestes e reee e see st st see e eeesessesneseeseas u.6.41
Figure6.34  Compressed ASCIlI CST Command on aTerminal ..........cccoveireinieiniinesneeseenens u.6.41

Applications Handbook

Figure1.1 230 kV Overhead TranSmiSSION LiNE.........ccoieiiriiriiiree ettt et sr e A.1l2
Figure 1.2 Circuit Breaker Arrangement af SEaHON S.........coeiiiereeieieeee e A.l4
Figure1.3 500 kV Parallel Overhead TransSmiSSioN LINES.........ccooeieieinireeesiese e A.1.18
Figure1.4 Circuit Breaker-and-a-Half Arrangement: Station S, Line L .......ccccoeovvinneinenncieneens A.121
Figure 1.5 Quadrilateral Ground Distance Element Reactive Reach Setting ..........ccovcvevveiveiecnenen. A.1.26
Figure 1.6 Definition of HOmMogeneous NEtWOTK ...........ccccviiiiieiiciese e A.1.28
Figure 1.7 Tilt in Apparent Fault Impedance Resulting From Nonhomogeneity .........c.ccoceeieneeneee. A.1.29
Figure 1.8 NOoNhomMogeneous ANGIE SELLING......cceieierieieere et reens A.1.30
Figure 1.9 Current Distribution During Cross-Country Fault ..........ccccoveveeiiieciecice e A.142
Figure1.10  Simplified POTT Scheme KEY /KEY 3 LOGIC....cccvcoeiieierieeesie e sie e sie e A.143
Figure1.11 345KV Tapped Overhead TransmiSSION LiNe.......cccociviiireirieiieenieseeseeseeseeniens A.1.52
Figure1.12  Circuit Breaker Arrangement af Station S.........c.oceovirrininenneeseeseeseseseese s A.155
Figure1.13  Reverse Zone 3 COOrdiNatiON.........cceceveireieieseseseeseeeseeseesesesessessesseseessessessssssssssennes A.1.60
Figure 1.14  ImMPedance DIgIam ........coccireuireirieiinieiesiet ettt A.1.61
Figure1.15  Load-EncroaChment FUNCLION...........ooiiiiiiieiiieieseieses e A.1.65
Figure1.16 345KV Tapped Line Negative-Sequence NEtWOTK ..........ccoeceirrinninnceeseeseiens A.1.70
Figure1.17  345KkV Tapped Line Zero-Sequence NEtWOIK ...........ooeveeeieeieiene e A.172
Figure1.18  DC Schematic for DCB Trip SChEME .......oouiiiiieie e A.177
Figure1.19 230 kV Parallel Underground Cables...........coiiereriieiiiie e A.1.84
Figure1.20  Circuit Breaker Arrangement at Station S, Cable 1 .........cccoevveieeiceeve e A.1.87
Figure1.21  Quadrilateral Ground Distance Element Reactive Reach Setting..........ccccceeceveeveiveenee, A.1.92
Figure1.22  Circuit to Determine Network HOMOQGENEIY .........ccccueevicieiiiceece e A.1.94
Figure1.23  Apparent Fault Impedance Resulting From Nonhomogeneity ........cccovvevvevevereereeeerennns A.1.94
Figure1.24  Nonhomogeneous ANGIE SELtING........cccivieiereieriee et eens A.1.95
Figure1.25  External Ground FaUlt...........ccooeiicieiiicicise sttt A.1.99
Figure1.26  Negative-Sequence Fault Current Distribution-External Ground Fault ......................... A.1.101
Figure1.27  Reverse Unbalanced Fault on Cable Circuit (Shunt Admittance).........ccovevveerieennnes A.1.105
Figure 1.28 500 KV POWEN SYSEEM .....cviuiieiirieiireeie sttt sttt st en A.1.115
Figure1.29  OOS Characteristic Settings Parameters........cocovvevererereeeeesesesese e seenes A.1.117
Figure1.30  Calculating SEtting RIRT ......c.ooveiiiiiiiiiieiiectceet ettt A.1.119
Figure1.31  Swing Trajectory to Determine the OSBD Setting .........cccveereeririeerieenieireee e A.1.120
FIgure 1.32  INNEI BIINGEIS.... .ottt sttt se e b A.1.123
Figure 1.33  OST CharaCleriStiCS. .. ..eoueueeuererieeterie st sees ettt st e se e st eresaeseesee e seeenean A.1.127
Figure1.34 230 KV EXample POWEr SYSEIM .....c.oiiiiieieieeee ettt A.1.133
Figure1.35  Circuit Breaker Arrangement at Station S..........oooieiriiiine e A.1134
Figure 1.36  POLENLIAl SOUICES........cciviivieiicte ettt sttt re e e e e s re e be e e e sreennennas A.1.135
Figure 1.37 500 KV POWES SYSEEIM ......ciiiiiieiiiirietcie ittt A.1.137
Figure1.38  Partial Circuit Breaker-and-a-Half Arrangement at Station S, Line1.......ccccccveveneee. A.1.139
Figure 1.39  POLENtial SOUICES.......ccceiieiriiiesiictesiesiestete e ste e st te e saesa e e e e e e eseesestesaesresteneesnennnnens A.1.142
Figure1.40  Scheme 1 All Faults and Scheme 2 Multiphase Fault Timing Diagram.........cc.cccceeveea. A.1.150
Figure1.41  Scheme 2 Single-Phase Fault Timing Diagram.........cccceievevievierieieee e A.1.151
Figure1.42 230 kV Power System for Circuit Breaker Failure Scheme 1.........cccooveeovvvnccenenenn. A.1.151
Figure1.43  Timing Diagram for Setting BFPUL—SCheme L.........cccoovirrennenenereeseeseeesieeeas A.1.153
Figure1.44  Circuit Breaker Failure Trip and Circuit Breaker Trip DC Connections...........c.cccc...... A.1.156

Date Code 20111215 SEL-421 Relay



xxvi | List of Figures

SEL-421 Relay

Figure 1.45
Figure 1.46
Figure 1.47
Figure 1.48
Figure 1.49
Figure2.1
Figure2.2
Figure2.3
Figure2.4
Figure2.5
Figure 2.6
Figure 2.7
Figure 2.8
Figure 2.9
Figure 2.10
Figure2.11
Figure 2.12
Figure 2.13
Figure 2.14
Figure 2.15
Figure2.16
Figure2.17
Figure2.18
Figure2.19
Figure3.1
Figure 3.2
Figure 3.3
Figure3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11
Figure 3.12
Figure 3.13
Figure3.14
Figure 3.15
Figure 3.16
Figure 3.17
Figure 3.18
Figure 3.19
Figure4.1
Figure 4.2
Figure4.3
Figure4.4
Figure4.5
Figure 4.6
Figure 4.7
Figure5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure5.5
Figure 5.6
Figure 6.1
Figure 6.2

500 kV Power System for Circuit Breaker Failure Scheme 2............cccoovvvecvveciv e, A.1.158
Fault Current Distribution Through Faulted Line at Station S...........cccceeeevvvevevieciennenns A.1.159
Timing Diagram for Setting BFPUL—SChemE 2.........cccccvvevieeeieie e A.1.160
Timing Sequences for Circuit Breaker Failure Protection Scheme 2.........ccccceeveveeene A.1.161
Circuit Breaker BK1 DC Connections (TWO Trip COilS) ...c.ccevvvrereieseniceeseeeeeenns A.1.164
SEL-421 Intelligent Circuit Breaker MONITOK ..........coevieirieineneeieesie et A.2.2
Circuit Breaker Maintenance Curve (Manufacturer’'s Data) ...........ccceveereeneeneeniecneenes A.2.4
Circuit Breaker Contact Wear Curve With SEL-421 SEttingS .......ccovveveeenreneerneneiennns A.25
Trip Bus Sensing With Relay 1NpUt INLOB ........cccoveiiiiieiiiiricceeesees s A.2.8
Mechanical Operating Time for Circuit Breaker 1 A-Phase..........cccvevneineinecnecnes A.2.10
Electrical Operating Time for Circuit Breaker 1 A-Phase.........cccoeovveiieieneieneeseee A211
Timing lllustration for Pole SCAter @ TrP .....coeiererierieieeeeeeere e e A.2.13
Pole DisCrepancy MEBSUIEMENL ..........ccuciuriririre sttt eee bbb e e neenes A.2.15
BreaKer REPOIT ......cc.oiiieiiteeie ettt ettt st sb e e et e s ene e eneens A.2.18
Breaker HiStOry REPOIT .......ocvvciieiecee sttt ettt e e e sne e A.2.19
Circuit Breaker Preload Daf..........ovveereienneiscesrese et A.2.19
Typical Station DC Battery SYStEM......ccccuicieiecee et nne A.2.21
Ground Detection FaCtOor ATEES.........ccvuiieuiirreiireires et A.2.24
Battery Metering: TerMINGl ........ccceerueieeieieise s see et sre st e srenen A.2.25
Complex POWEr (P/Q) PlanE .......cuvvieieceiereeeese ettt s ese e snesrenen A.2.29
Typical Current MeaSUNNG ACCUIBEY ......coveuereeririeierieiirieiesieieseeesiee s essesesse s ssssenes A.2.31
Thermal Demand MELENNG .......cooirieriieiee et A.2.34
ROIING DEMANA MELEITNG ..ottt A.2.35
Demand Current LOGIiC OULPULS.........eerreerieirieirieierieesie et A.2.36
SEL-421 INPUL PrOCESSING.....c.eeveeetereetereete sttt sttt eb s eb e b et e b e b seebeseebe e A.3.3
Data Capture/EVent REPOI TIMES......c.cieiriiririeneeie sttt A.3.6
Sample SEL-421 OSCHIOQIAM. ......ciuiiiriiieieeeeeese et sb et A.3.8
Sample COMTRADE .HDR Header File ..o A.39
COMTRADE .CFG Configuration Fil@ Data..........c.ccccurerereeneeeniene e A.3.10
Analog Section of the EVENt REPOIT.........cceiieieeiciceee e s A.3.15
Event Report Current Column Dataand RM S Current Magnitude............ccccovevevieenennen. A.3.18
Event Report Current Column Dataand RMS Current Angle........cccovveveveeveneecieseenn, A.3.19
Digital Section of the EVENt REPOI ........ccccviiieieiereeseee et A.3.21
Sample Digital Portion of the Event REPOM...........cccoeieeerereeieeeee e A.3.22
Summary Section of the EVENt REPOM .........cccceieiieecisie ettt A.3.23
Settings Section of the EVENt REPOIT..........cccoiiiiiiiireenee e A.3.24
Sample Compressed ASCIH EVENE REPOI ........cvvveirieiiei e A.3.25
Sample Event SUMMEarY REPOIT ........coveirierreiseese e A.3.28
Sample Compressed ASCH SUMMEIY ....ccoveiieiieeiee e s A.3.31
SAMPIE BVENE HISLOIY ...ttt A.3.31
Sample Compressed ASCI HiStory REPOI........c..ciriiriiineenee et A.3.33
SAMPIE SER REPOIT.......ccvieitiieteeetesete ettt bbb A.3.34
Sample Compressed ASCI SER REPOM .....ccoiiiiiriiisie e A.3.36
High-Accuracy Timekeeping CONNECLIONS .........coiiiriririnereee e A.4.2
Setting PMV 64 with the Expression Builder Dialog BOX..........cccoeerenieniinncscnecienens A.44
Selecting Trip Logic and ER Trigger SettingSin ACSELERATOR.......ccovvrvirerenreriecnieienens A.45
Uploading Group Settingsto the SEL-421 ... A.45
230 KV Transmission LiNE SYSEEM ......c.ccuiiiiiiieie e A.46
500 KV Three BUS POWEr SYSIEM.......cceiieiicieie ettt st A.47
POWEN FIOW SOIULION ...ttt e A.4.9
230 kV Tapped Overhead TranSmiSSioN LiNE........cooeveieierieeenise e A.5.2
Automatic Restoration Timing Diagram..........cccceierererereeieeiesiese e se s seeseesseeesaesessesse s A5.3
SEL 421 INPULS ...ttt A55
Protection Free-Form SELOGIC Control EQUatioNS.........cocovereereeieeeseneseseeseseeresneeseenes A5.11
Protection Free-Form SELOGIC Control EQUaLiONS.........ccoveerieirieineiseeseeseesie e A.5.13
Ladder Logic Representation, Protection Free-Form SEL oGic Control Equations......... A.5.15
SEL Communications Processor Star Integration NetWOrkK ..........ccoeveeriiennieneencenens A.6.1
Multitiered SEL Communications Processor ArchiteCture...........ccoeeevevereneneieeeneenenn A.6.2

Date Code 20111215



List of Figures | xxvii

Figure 6.3 Enhancing Multidrop Networks With the SEL Communications Processors.................... A.64
Figure 6.4 Example SEL Relay and SEL Communications Processors Configuration....................... A.6.5
Figure 7.1 DNP3 Multidrop Network TOPOIOQY ....ccvecverrerrerieeeieeeiresesseseseseesteseeseessessessesessessesseens A.7.3
Figure 7.2 DNP3 Star NEtWOrk TOPOIOGY ..evevveeeieeeeeresieseseessesieseeseeeesessessessessessessesssssssessessessessenes A.7.3
Figure 7.3 DNP3 Network with CommuNiCatioNS PrOCESSON .........cvvvieireieiesieseesieseeseeseeseesessessesseens A.7.3
Figure7.4 Example Direct Networking TOPOIOGY .......coeerieierirerinenesenesie s s A.7.7
Figure7.5 Telnet ConNection DialOg BOX .......coiiiiieiriiirieiesieesieenie e A.79
Figure7.6 EXAMPIE FTP SESSION....ctiiitiriiiieiiiete sttt bbb A.7.10
Figure7.7 Partial Contents Of SET_PS.TXT ..ot A.7.11
Figure7.8 EXaMPIE TEINEL SESSION ...ttt bbb A.7.12

Reference Manual

Figure1.1 Current and Voltage Source Connections for the SEL-421 Relay .........cccovenrennennenenn R.1.2
Figure1.2 Main and Alternate Line Current Source ASSIgNMENES .....c.cvvrerrirerierenienneeeeeeseseseees R.1.3
Figure1.3 Combined Currents for Line Current Source ASSIGNMENt ..........ooereereerienienesese e R.1.3
Figure1.4 Breaker Current SoUrce ASSIGNIMENTS .......euvrviiriiirieerieerieese st R.1.3
Figure1.5 ESS :=1, Single Circuit Breaker Configuration ............ccueerieerennennensceeeeseeeseees R.1.8
Figure 1.6 ESS := 2, Single Circuit Breaker Configuration ...........ccccvevvieereseesesieese e R.1.9
Figure 1.7 ESS := 3, Double Circuit Breaker Configuration...........ccocoeveeeerierenenie s R.1.10
Figure 1.8 ESS := 4, Double Circuit Breaker Configuration...........ccoeoeoueererenienie e R.1.11
Figure 1.9 Tapped EHV Overhead TransmiSSioN LiNE........cceeveieieiieieseseseeeeese e R.1.12
Figure 1.10  ESS:= Y, TAPPEA LN ...c.iciecie ettt et sttt enaenneens R.1.13
Figure1.11 ESS:=Y, Single Circuit Breaker With Current Polarizing Source Tapped Power

LI 1 1= PSR R.1.14
Figure1.12  Frequency Estimation for Protection FUNCLIONS...........cccevevereriereseee e see e e eeenens R.1.16
Figure1.13  Sample TEC Command RESPONSE ........cccuierrereriereeriesiereeseeeeessessessesaeseesesssesessessessessessens R.1.17
Figure1.14  Sample TEC N COomMMand RESPONSE ......c.coueuiriieirieirieisteesieie sttt sr e s sbeesneneas R.1.18
Figure1.15  Pole Open LOgiC Diagram........ccoiiirieiirieinienieieseste sttt st saeie s sne e snenens R.1.22
Figure1.16 ~ LOP LOGiC ProCESS OVEIVIEW ......cueiviuirieiiieiisieiesieesieesiee sttt sb et sbe b R.1.24
FIQUIE 1.17  LOP LOGIC .. ueeueeuieueeuieteeteete ettt sttt et e sttt besaesaeebeseeseene e e e e eseeaeebeebeaseeeenbesaeasensaneas R.1.26
Figure1.18  320Q and 32QG Enable LOgiC Diagram ........cccooiiiiirere et sene R.1.31
Figure1.19 32V and 321 Enable LOgiC Diagram .......ccocereeirieirieiinieierieieseee s R.1.31
Figure1.20  Best Choice Ground DireCtional LOGIC........cccueiueirieiieiieeiesieeieesre e sae st esae e e R.1.33
Figure1.21  Negative-Sequence Voltage-Polarized Directional Element LOgIC.........c.ccvvvvereeeriericnnns R.1.34
Figure1.22  Zero-Sequence Voltage-Polarized Directional Element LOQIC ........ccovveererererieeinincnine R.1.34
Figure1.23  Zero-Sequence Current-Polarized Directional Element LOgiC ........cvvvvvveveveecvcecnnennens R.1.35
Figure1.24  Ground Directional Element Output LOGIC Diagram...........ccccevevenerierieriereeiesesesese s R.1.35
Figure1.25  32P, Phase Directional Element LogiC Diagram ..........ccecvevevieseeniesieseesieeiese e see e R.1.39
Figure1.26  32Q, Negative-Sequence Directional Element Logic Diagram ..........cccccevvveeveseeriennnene, R.1.39
Figure1.27  CVT Transient DELECHiON LOGIC .......coviueirieiiieirieie sttt R.1.41
Figure1.28  Load-Encroachment LOgiC DIiagram........cccceereeeeesesesieneseeseeseeesseseseeseeseeseesessessessensens R.1.42
Figure1.29  Load-Encroachment CharaCteriStiCS ......couiiiirerereerieieisie e eeseseesee e see e see e sresnesnens R.1.42
Figure 1.30  OOS CharaCteriStiCS. ....ucuerueuirieiirieiieee sttt ettt b e sb e sn e snenea R.1.44
Figure1.31  OOS Positive-Sequence MEaSUrEMENTS ........coier ettt R.1.47
Figure 1.32  OOS OVEITIAE LOGIC ..c.vcueeeririetirieie ettt sttt sttt s sttt seebenbenea R.1.47
Figure 1.33  OOS LOGIC DIBGIaM....ccueitiiuireititeieieeieierieeteete e seeseeeesee e eseesessesaessesaeseeseaneeeeneesessessessens R.1.48
Figure1.34  Open-Pole OSB UNDIOCK LOGIC. ....c.ciiiirieieieeeeieeee et R.1.49
Figure1.35  Zone 1 Mho Ground Distance Element LOgiC Diagram ..........coceoverenenenenenenesenenieeenene R.1.51
Figure1.36  Zone 2 Mho Ground Distance Element LogiC Diagram .........ccccceeveveeveeviecieneseesee e, R.1.52
Figure1.37  Zones 3, 4, and 5 Mho Ground Distance Element Logic Diagram...........ccccceevevvevvecnnenne. R.1.53
Figure1.38  Zone 1 Quadrilateral Ground Distance Element Logic Diagram..........cccoceveereneneneenennns R.1.55
Figure1.39  Zone 2 Quadrilateral Distance Element LOgiC Diagram ........cccccvevveereseesesieseeseesieseeeenens R.1.56
Figure1.40  Zones 3, 4, and 5 Quadrilateral Ground Distance Element LOGIC ........cccovevvevierierierienins R.1.57
Figure1.41  Zone 1 Mho Phase Distance Element Logic Diagram ........c.ccccveeeeeieeceevesieese e R.1.59
Figure1.42  Zone 2 Mho Phase Distance Element LOgiC Diagram ...........cccoveereernennensenesieneeieens R.1.60
Figure1.43  Zones 3, 4, and 5 Mho Phase Distance Element Logic Diagram..........ccccoeeerevennennieens R.1.61
FIQUIE 1.44  ZONE TIMEN'S ..cueeteeeeetesie st steseeeeesesses e ssestesteseessessesee e eseesessessestesteseeeeneeseeneaseesessesnensessesenns R.1.63

Date Code 20111215 SEL-421 Relay



xxviii | List of Figures

SEL-421 Relay

Figure 1.45
Figure 1.46
Figure 1.47
Figure 1.48
Figure 1.49
Figure 1.50
Figure 1.51
Figure 1.52
Figure 1.53
Figure 1.54
Figure 1.55
Figure 1.56
Figure 1.57
Figure 1.58
Figure 1.59
Figure 1.60
Figure 1.61
Figure 1.62
Figure 1.63
Figure 1.64
Figure 1.65
Figure 1.66
Figure 1.67
Figure 1.68
Figure 1.69
Figure 1.70
Figure1.71
Figure 1.72
Figure 1.73
Figure 1.74
Figure 1.75
Figure 1.76
Figure 1.77
Figure 1.78
Figure 1.79
Figure 1.80
Figure 1.81
Figure2.1

Figure2.2

Figure2.3

Figure2.4

Figure2.5

Figure 2.6

Figure 2.7

Figure 2.8

Figure 2.9

Figure 2.10
Figure 2.11
Figure2.12
Figure 2.13
Figure 2.14
Figure 2.15
Figure 2.16
Figure 2.17
Figure2.18
Figure2.19
Figure2.20
Figure2.21

Phase Instantaneous/Definite-Time Overcurrent Elements............cocveeveenienccenccennenn R.1.68
Residual Ground Instantaneous/Directional Overcurrent Elements.........ccocccovvenecennne, R.1.69
Negative-Sequence I nstantaneous/Directional Overcurrent Elements.........ccocccveevvviennnne R.1.70
U.S. Moderately INVErSE—UL.......cceiiiririsise s ettt s ene s snesnens R.1.74
U.S. INVEISE—UZ ...ttt bbbt R.1.75
U.S VEIY TNVEISE—US.....oe e e R.1.76
U.S. EXIremely INVEIrSE—U4........ooiiiiieiiieit et R.1.77
U.S. Short-Time INVErSE—US ..ot enen R.1.78
IEC Standard INVErSE—ClL......ccoieeieireeeeiese ettt st e e see e saeneeneens R.1.79
TEC VEIY INVEISE—C2.....c.oeiiieieciieeeee sttt et et nn e s R.1.80
[EC EXIremely INVEISE—C3......oooiiieieieeiirieie ettt R.1.81
[EC LONG-TIME INVEISE—CA ...ttt et e R.1.82
IEC Short-TimMe INVErSE—CD ...ttt e e en b snen R.1.83
Selectable Inverse-Time Overcurrent Element Logic Diagram .........c.ccoevereeeeeenicnenienne. R.1.84
S @ 1 I o ool 1o =t o S R.1.86
Required Zone Directional SEiNGS.......c.coiviiiieieiieseeese e s sneens R.1.87
(D10t ol ol 1o | = o ISR R.1.91
Permissive Trip Recelver LOgiC DIiagram .......cccueeeveeriiiesesesesesiesiesesseeeseseesessessesnens R.1.96
POTT LOGIC DIAQIaM.....cveveeeeeerieiesristesesiessesesseeesaesessessessessesaessessessesssssessssessessessessessens R.1.97
POTT Cross-Country LOGIC DIiagraM ......ccccceverierieeeeseseseseseesieeees e ssesre e seesasnaesseneens R.1.98
POTT Scheme Logic (ECOMM := POTT3) With Echo and Weak Infeed.............c........ R.1.99
Permissive Trip Received LOgiC Diagram........c.cceveireirieinieiniesesieesie e sesne e R.1.103
DCUB LOGQIC DIGIIAM ....ecuiieiiieiisieie ettt ettt sne e R.1.104
THIP LOGIC DIAIaIM .. ettt R.1.112
Two Circuit Breakers Trip LOQiC Diagram........ccoeceeueirieinieinieeneesiees e R.1.114
THP A UNIBICH LOGIC ..ttt bbb R.1.115
Trip DUMNG OPEN POIE.......eeeiee e e R.1.115
Scheme 1 LOgiC DIagram......cc.coueerirere ettt be e e R.1.116
Scheme 2 Three-Pole Circuit Breaker Failure Protection LOGIC........c.ccoeveiieieiirienenns R.1.117
Scheme 2 Single-Pole Circuit Breaker Failure Protection LOgIC........cccccovevevevcierieennnnn R.1.118
Current-Supervised Three-Pole REtrip LOGIC ..c..cvveecieieeicece e R.1.118
Current-Supervised Single-Pole Retrip LOGIC.......vcoeiieiereeie e ecee e R.1.119
No Current/Residua Current Circuit Breaker Failure Protection Logic Diagram.......... R.1.119
Circuit Breaker Failure Seal-In LogiC Diagram.........cccceveeeeieeeeesiesesesesesessesaeseeeesens R.1.124
Failure to Interrupt Load Current LOgIiC Diagram........c.ccveeeeeneveseseseeseeseeseeseeseesenseens R.1.124
Flashover Protection LOgiC DIiagraim ........c.cuveierieierieerieesieteresie st seere s seene s R.1.125
Circuit Breaker Failure Trip LOGIC DIiagram........cccvveireireirerieeseeseeseese s R.1.125
Auto-Reclose State Diagram for Circuit Breaker 1 ........ccvevveneieneeneeneeseesieesieeens R.2.4
Multiple Circuit Breaker Arrangement ..........cooveereeieeneeseeese e R.2.15
Multiple Circuit Breaker Arrangement ..o R.2.18
Leader/Follower Selection by Relay INPUL.........couiiiiiiiii s R.2.23
Circuit Breaker Pole-Open LOogiC Diagram..........cccoeirinrenneieeseese e e R.2.27
Line-Open Logic Diagram WhHen E79 =Y ..o R.2.28
Line-Open Logic Diagram WhHhen E79 1= Y L. e R.2.28
Single-Pole RECIOSE ENADIE ... R.2.29
Three-Pole RECIOSE ENADIE .........cciiiiieiice e R.2.29
One Circuit Breaker Single-Pole Cycle State (7TOCY 1) ....ooviieieieerereniee e R.2.30
One Circuit Breaker Three-Pole Cycle State (7T9CY 3) ..oveverereerereneniese e R.2.31
Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79:= Y ..oocevvvvveveenee, R.2.32
Two Circuit Breakers Single-Pole Cycle State (79CY1) When E79:= Y1.....cooveveneee R.2.34
Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 =Y .covevecivcvenee R.2.36
Two Circuit Breakers Three-Pole Cycle State (79CY3) When E79 .= Y1.......cccovvennen. R.2.39
MaNUAl ClOSE LOGIC ...vvveieeieeeieieeeee e e e sae e sa e esessesaestesteseeseenseneeeeseesessesseseens R.2.43
Voltage Check Element APPliCaiONS...........ccoeieieieicici e R.2.45
Voltage CheCk EIEMENt LOGIC. ....cuiueirieerieiirieieriee et seeneneenen R.2.46
Partial Breaker-and-a-Half or Partial Ring-Bus Breaker Arrangement............cocccvvnenene. R.2.51
Voltage Angle Differencein aParalleled System ... R.2.52
Synchronism-Check Voltages for Two Circuit Breakers..........coooeiveineiencineenecnieenes R.2.52

Date Code 20111215



List of Figures | xxix

Figure2.22  SynchronisSm-Check SEINGS ........cccoviiieii i R.2.53
Figure2.23  Synchronism-Check Relay WOrd BitS.........ccccoiiieieiiecieseceec e R.2.54
Figure2.24  Example Synchronism-Check Voltage Connectionsto the SEL-421 .........ccccccvevveivrnnnene R.2.56
Figure2.25  Synchronism-Check Voltage REFEIENCE.......ccccoveieiie i enens R.2.57
Figure2.26  Normalized Synchronism-Check Voltage Sources VS1 and VS2..........ccccvvvvvveiiereenennnns R.2.58
Figure2.27  Healthy Voltage Window and INiCaLiON. ...........ccorieririiniieine e R.2.59
Figure2.28  Synchronism-Check ENaDI@ LOGIC.......ccouiuiririiieiirieienisienesieeete ettt R.2.59
Figure2.29  “No Slip” System Synchronism-Check Element Output RESPONSE.........ccovrererererieeenn. R.2.61
Figure2.30  “Slip—No Compensation” Synchronism-Check Element Output Response ................... R.2.62
Figure2.31  “Slip—With Compensation” Synchronism-Check Element Output Response................. R.2.64
Figure2.32  Alternative Synchronism-Check Source 2 Example and Settings ..........ccoovrenrernenennen R.2.67
Figure 3.1 Protection and AUtOMatioN SEPAraLiON ..........coeieriererieieeeee et enen R.3.3
Figure 3.2 SELoaGIc Control Equation Programming ATFE8S........cceueeueeeerueeeeseeseeseesseeneeseeseesseeseens R.3.7
Figure 3.3 Conditioning Timer With Pickup and No Dropout Timing Diagram..........c.cccceeevveeeviennen. R.3.18
Figure 3.4 Conditioning Timer With Pickup Not Satisfied Timing Diagram..........ccccceevevvierereeninnnns R.3.18
Figure 3.5 Conditioning Timer With Dropout and No Pickup Timing Diagram..........ccccceeevveeerenne. R.3.19
Figure 3.6 Conditioning Timer With Pickup and Dropout Timing Diagram ..........ccccceeeeeveivneseneenne. R.3.19
Figure3.7 Conditioning Timer Timing Diagram for EXample 3.7.......cccccveeineinenne e R.3.20
Figure 3.8 Sequencing Timer TimMiNg DIagraM........cocoieieiriinerieese s R.3.21
Figure 3.9 R_TRIG Timing DIBgIaM .....c.ciuiiiieirieesieesieere sttt R.3.28
Figure3.10  F_TRIG TimMiNg DI@Qram........coooeireuiriiiirieteieete sttt saeie et se e snenennenens R.3.28
Figure4.1 SEL-421 3U Chassis Front-Panel LayOUL ..o R.4.2
Figure 4.2 SEL-421 3U REar-Panel LaYOUL.........cciveiriiiiiieisieienieiesiee ettt R.4.3
Figure4.3 ElA-232 Connector PiIN NUMDBENS .........coiiiie e e R.4.3
Figure4.4 MAP L:METER Command EXamMPIe..........coeriririnirereese e e R.4.26
Figure5.1 SEL-2600A RTD Module and the SEL-421 ... R.5.23
Figure 5.2 MET T Command RESPONSE......cuveeerieeiiitieee st eeesesae e ssae st e e te e e sseeseesseeneesseeneesreeneens R.5.24
Figure 5.3 MET T Command Response for Status Problem............ccovvveieiecn e R.5.24
Figure 6.1 DNP Application Network Diagram.........ccccceeciieeneiieese e see e e R.6.27
Figure 6.2 SEL-421 Example DNP Map SEttiNGS......coeiueriieeeeiresese s ste e seeae s snesneneas R.6.30
Figure 6.3 DNP LAN/WAN Application Example Ethernet NEtWOrK...........ccccvvvverieneveriesieieeieennns R.6.49
Figure 6.4 Add Binary Inputsto SER POINt LiSt......ccceiveieiirinisise e R.6.51
Figure7.1 Real-Time Control APPIICALION. .......o.viiirieirerere e R.7.3
Figure 7.2 Local Relay SELOGIC SEiNGS.....ccuevrviirieiriiisiiieieseeesieie et R.7.3
Figure 7.3 Remote Relay SELOGIC SEINGS .......coiitiriiieieie et R.7.4
Figure7.4 Remote Relay Global SEttiNGS .......ccveviiieie e R.7.4
Figure 7.5 Local Relay Global SEttiNgS.......cccueiieieiiciese e s R.7.5
Figure 7.6 Remote Rel@y POIT SELINGS........cooiiieicice e sne s R.7.5
Figure 7.7 Local Rel@y POrt SELLINGS.......ccoiiieiicieii ettt re e nas R.7.5
Figure 7.8 Example COM RTC Command RESPONSE.......cccviuiiireieriesesieseeseeeeesessessesieseessessesesnsesens R.7.6
Figure 7.9 High Accuracy Clock Controls Reference Signal (60 Hz System)........cccceeeveeveievevienienns R.7.6
Figure7.10  Waveform at Relay Terminals May Have a Phase Shift........cccccceveeceiice e R.7.7
Figure7.11  Correction of Measured Phase ANGIE........coo i R.7.7
Figure7.12  Example Calculation of Real and Imaginary Components of Synchrophasor.................... R.7.8
Figure7.13  Sample MET PM Command RESPONSE.......c.civeuiririeririerieierieiesieiesieie st seeessesessenens R.7.25
Figure 8.1 SEL-421 Predefined REPOITS.........coiiiiiriiirieirieisieese ettt R.8.6
Figure 8.2 SEL-421 DEABSELS. ... .cueiveveieiereste sttt st s e et r et er e n e e n s R.8.8
Figure 8.3 GOOSE QUEIITY ..ttt bbbttt et R.8.9
Figure 9.1 Sample ID Command RESPONSE.......cc.ciiiirerierierieee ettt e sbe e R.9.24
Figure 9.2 Sample ID Command Response from Ethernet Card............cooeoeeenineninene e R.9.25
Figure 9.3 Sample VER Command RESPONSE..........couiieiiriiiere ettt R.9.58
Figure10.1  Changing aDefault Nameto an AliaS........ccocvieeieieeiesicese e R.10.4

Date Code 20111215 SEL-421 Relay



This page intentionally left blank



Manual Overview

Preface

Thismanual providesinformation and instructions for installing and operating
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 and illustrations of
relay uses, you must exercise sound judgment at all times when applying the
SEL-421 in a power system.

SEL-421 Versions and Supported Features on page U.1.7 shows the relay
features supported by versions SEL-421-0, SEL-421-1, SEL-421-2, and
SEL-421-3. Throughout the manual, we provide margin notes next to the text
explaining a feature to specify the availability of that feature in different
versions of the relay.

User's Guide

Date Code 20111215

The SEL-421 Relay Manual consists of three volumes:
» User'sGuide
» Applications Handbook
» Reference Manual

In addition, the SEL-421 Relay Manua contains a comprehensive Index that
encompasses the entire manual. The index appears at the end of each printed
volume. In the electronic version of the manual, the index appears once;
hyperlinks take you to material referenced in the index. Also included isa
glossary that lists and defines technical terms used throughout the manual.

The SEL-421 Relay Manual is a comprehensive work covering all aspects of
relay application and use. Read the sections that pertain to your application to
gain valuable information about using the SEL-421. For example, to learn
about relay protection functions, read the protection sections of this manual
and skim the automation sections, then concentrate on the operation sections
or on the automation sections of this manual as your job needs and
responsibilities dictate. An overview of each manual section and section
topicsfollows.

Preface. Describes manual organization and conventions used to present
information (appears once in the electronic form of the manual;
repeated in each printed volume).

Section 1: Introduction and Specifications. Introduces SEL-421 features;
summarizes relay functions and applications; lists relay specifications,
type tests, and ratings.

Section 2: Installation. Discussesthe ordering configurations and interface
features (control inputs, control outputs, and anal og inputs, for
example); provides information about how to design a new physical
installation and secure the relay in a panel or rack; details how to set
relay board jumpers and make proper rear-panel connections
(including wiring to CTs, PTs, and a GPS receiver); explains basic
connections for the relay communications ports.

SEL-421 Relay
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Section 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.

Appendix A: Firmware and Manual Versions. Liststhe current firmware
versions and details differences between the current and previous
versions.

Section 1: Protection Application Examples. Provides the following
protection schemes with explanations and settings:

» Overhead single 230 kV transmission line

» Overhead parallel 500 kV transmission lines with zero-
sequence mutual coupling

» Overhead tapped 345 kV transmission line

» Parallel 230 kV underground cables
This section also provides separate application examples for out-of -
step blocking and tripping, circuit breaker failure protection, and
automatic reclose and synchronism checking.

Section 2: Monitoring and Metering. Describes how to use the circuit
breaker monitors and the substation dc battery monitors; provides
information on viewing fundamental and rms metering quantities for
voltages and currents, as well as power and energy metering data.

Section 3: Analyzing Data. Explains how to obtain and interpret high-
resolution raw data oscillograms, filtered event reports, event
summaries, history reports, and SER reports; discusses how to enter
SER trigger and alias settings.

Section 4: Time-Synchronized Measurements. Explains synchronized
phasor measurements and estimation of power system states using the
SEL -421 high-accuracy time-stamping capability; presents real-time
load flow/power flow application ideas.

Section 5: Substation Automatic Restoration. Describes an example of
automatic substation restoration; gives areal-world example of the
programming ease and flexibility of free-form expanded SELocIc®
control equations.

Section 6: SEL Communications Processor Applications. Provides
examples of how to use the SEL-421 with the SEL-2032, SEL-2030,
and SEL -2020 Communications Processors for total substation
automation solutions.
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Section 7: Direct Network Communication. Explains how to use DNP3
(seria and LAN/WAN) and other Ethernet protocols such as Telnet,
FTPR, and |EC 61850.

Reference Manual 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 SEL oGIC control equations and how to apply these
equations; discusses expanded SEL oGIC control equation features
such as PL C-style commands, math functions, counters, and
conditioning timers; provides atutorial for converting older format
SEL oGIc control equations to new free-form equations.

Section 4: Communications Interfaces. Explains the physical connection
of the SEL-421 to various communications network topologies.

Section 5: SEL Communications Protocols. Describes the various SEL
software protocols and how to apply these protocols to substation
integration and automation; includes details about SEL ASCII, SEL
Compressed ASCII, SEL Fast Meter, SEL Fast Operate, SEL Fast
SER, and enhanced MIRRORED BITS® communications.

Section 6: DNP3 Communications. Describes the DNP3 communications
protocol and how to apply this protocol to substation integration and
automation; provides a Job Done® example for implementing DNP3in
a substation.

Section 7: Synchrophasors. Describes the Phasor Measurement Unit
(PMU) functions of the SEL-421; provides details on synchrophasor
measurement; describes the |EEE C37.118 synchrophasor protocol
settings; describes the SEL Fast Message synchrophasor protocol
settings.

Section 8: IEC 61850 Communications. Describes the IEC 61850 protocol
and how to apply this protocol to substation automation and
integration. Includes IEC 61850 protocol compliance statements.

Section 9: ASCII Command Reference. Provides an alphabetical listing of
all ASCII commands with examples for each ASCIl command option.

Section 10: Settings. Providesalist of all SEL-421 settings and defaults.
The organization of the settingsis similar to the settings organization
in the relay and in the ACSELERATOR QuickSet software.

Appendix A: Relay Word Bits. Contains asummary of Relay Word bits.
Appendix B: Analog Quantities. Contains asummary of analog quantities.

CD-ROM The CD-ROM contains the SEL-421 Relay Manual in an electronic form that
you can search easily.
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There are three ways to communicate with the SEL-421:

» Using acommand lineinterface in a PC terminal emulation
window.

» Using the front-panel menus and pushbuttons.
» Using ACSELERATOR QuickSet® SEL-5030 Software

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

Example Description

STATUS Commands, command options, and command variables typed at
acommand line interface on a PC.

n Variables determined based on an application (in bold if part of a

SUM n command).

<Enter> Single keystroke on a PC keyboard.

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

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

{CLOSE} Relay front-panel pushbuttons.

ENABLE Relay front- or rear-panel labels.

RELAY RESPONSE
MAIN > METER

Relay front-panel LCD menus and relay responses visible on
the PC screen.
The > character indicates submenus.

u.31 Page numbers include a reference to the volume, section, and
A31 page number.
R31 U stands for User’'s Guide

SELoalc control

A stands for Applications Handbook
R stands for Reference Manual .

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 ACSEL ERATOR QuickSet software program.

Modbus® Registered trademarks of other companies include the registered

trademark symbol with the first occurrence of thetermin a sec-
tion.

Thisinstruction 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 thosein
the current version of your SEL-421.

Margin notes serve two purposesin the SEL-421 Relay Manual. Notes present
valuable or important points about relay features or functions. Use these notes
astipsto 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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Commands You can simplify the task of entering commands by shortening any ASCII
command to the first three characters (upper- or lowercase); for example,
ACCESS becomes ACC.

Always send a carriage return <CR> character, or a carriage return character
followed by aline feed character <CR><L F>, 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 ACCESS
command, type the following:

ACC <Enter>

Numbers This manual displays numbers as decimal values. Hexadecimal numbers
include the letter h appended to the number. Alternatively, the prefix 0X can
also indicate a hexadecimal number. For instance, 11 is the decimal number
eleven, but 11h and 0X11 are hexadecimal representations of the decimal
value seventeen.

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

/A\CAUTION

Indicates a potentially hazardous
situation 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.

/ADANGER

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

COMPARATOR

INPUT FLAG

OR

EXCLUSIVE OR

NOR

AND

AND W/ INVERTED INPUT

NAND

TIME DELAYED PICK UP AND/OR
TIME DELAYED DROP OUT

EDGE TRIGGER TIMER

SET RESET FLIP FLOP

FALLING EDGE

SYMBOL

A—1s

C
B—I-
A
A

C
B
A

C
B
A

C
B

AL B

Logic diagramsin this manual follow the conventions and definitions shown
below.

FUNCTION

Input A is compared to input B. Output C
asserts if A is greater than B.

Input A comes from other logic.

Either input A or input B asserted cause
output C to assert.

If either A or B is asserted, output C is
asserted. If A and B are of the same state,
Cis deasserted.

If neither A nor B asserts, output C asserts.

Input A and input B must assert to
assert output C.

If input A is asserted and input B
is deasserted, output C asserts. Inverter "0"
inverts any input or output on any gate.

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.

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.

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 isignored while the timers
are running.

Input S asserts output Q until input R asserts.
Output Q deasserts or resets when R asserts.

B asserts at the falling edge of input A.
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SEL-421 Cautions, Warnings, and Dangers

and Dangers

Thefollowing hazard statements appear in the body of this manual in English.

See the following table for the English and French trandation of these

statements.

English

French

/\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.

/ACAUTION

There is danger of explosion if the battery is incorrectly replaced.
Replace only with Ray-0-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.

/ACAUTION

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 circuits or
floating grounds. For these applications, SEL provides optional
ground-isolated (optoisolated) contact inputs. In addition, SEL has
published an application advisory on this issue. Contact the factory for
more information.

/\CAUTION

If you are planning to install an INT4 1/0 Interface Board in your relay
(see Table 2.3 and Table 2.4 for board descriptions), first check the
firmware version of the relay—-see Firmware Version Number on

page U.6.39. If the firmware version is R111 or lower, you must first
upgrade the relay firmware to the newest version and verify that the
firmware upgrade was successful before installing the new board.
Failure to install the new firmware first will cause the 1/0 Interface
Board to fail, and it may require factory service. Complete firmware
upgrade instructions are provided when new firmware is ordered.

ACAUTION

Field replacement of 1/0 boards INT1, INT2, INT5, INT6, INT7, or INT8
with INT4 can cause I/0 contact failure. The INT4 board has a pickup
and dropout delay setting range of 0-1cycle. For all other 1/0 boards,
pickup and dropout delay settings (IN201PU-IN224PU, IN201DO-
IN224DO0, IN301PU-IN324PU, and IN301DO-IN324DO0) have a range of
0-5 cycles. Upon replacing any /O board with an INT4 board, manually
confirm reset of pickup and dropout delays to within the expected
range of 0-1cycle.

Date Code 20111215

/\ATTENTION

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

/AATTENTION

Il'y a un danger d'explosion si la pile électrique n'est pas correctement
remplacée. Utiliser exclusivement Ray-0-Vac® No. BR2335 ou un
équivalent recommandé par le fabricant. Se débarrasser des piles
usagées suivant les instructions du fabricant.

AATTENTION

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

/AATTENTION

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 systémes 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.

AATTENTION

Si vous avez l'intention d'installer une Carte d'Interface INT4 1/0 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.6.39]).
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
compléetes de mise a jour sont fournies quand le nouveau logiciel est
commandé.

AATTENTION

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 0 a1cycle.
Pour toutes les autres cartes, I'intervalle de réglage du délai de
montée et retombée (IN201PU-IN224PU, IN201DO- IN224DO, IN301PU-
IN324PU, et IN301DO-IN324DO0) est de 0 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.

SEL-421 Relay
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Preface
SEL-421 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 JI8A 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.

ACAUTION
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 procedures other
than those specified herein, may result in hazardous radiation
exposure.

/AWARNING

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

/AWARNING

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

AWARNING

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

/AWARNING

Do not look into the fiber (laser) ports/connectors.

/AWARNING

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

SEL-421 Relay

AATTENTION

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 l'installation d'un cavalier entre les positions
J18A et J18D.

AATTENTION

Un niveau d'isolation insuffisant peut entrafner une détérioration sous
des conditions anormales et causer des dommages a I'équipement.
Pour les circuits externes, utiliser des conducteurs avec une isolation
suffisante de fagon a éviter les claguages durant les conditions
anormales d'opération.

AATTENTION

Une opération intempestive du relais peut résulter par le branchement
de tensions et courants secondaires non conformes aux spécifications.
Avant de brancher un circuit secondaire, vérifier la tension ou le
courant nominal sur la plaque signalétique a I'arriére.

AATTENTION

Des problémes graves d'alimentation et de terre peuvent survenir sur
les ports de communication de cet appareil si des cables d'origine
autre que SEL sont utilisés. Ne jamais utiliser de cable de modem nul
avec cet équipement.

AATTENTION

Ne pas mettre le relais sous tension avant d'avoir complété ces
procédures et d'avoir regu l'instruction de brancher I'alimentation. Des
dommages 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.

/\AVERTISSEMENT

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.

A\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.

/\AVERTISSEMENT

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

/\AVERTISSEMENT

Ne pas regarder vers I'extrémité d'un cable optique raccordé a une
sortie optique.
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SEL-421 Cautions, Warnings, and Dangers
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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 1laser 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.

/\AVERTISSEMENT

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

/\AVERTISSEMENT

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

A\AVERTISSEMENT

Les composants internes tels que les leds (diodes
électroluminescentes), émetteurs-récepteurs ou émetteurs pour rayon
laser ne peuvent pas étre entretenus par I'usager. Retourner ces
unités a SEL pour toute réparation ou remplacement.

/\DANGER

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

/\DANGER

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

Date Code 20111215
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Section 1
Introduction and Specifications

The SEL-421 Relay is a high-speed transmission line protection relay
featuring single-pole and three-pole tripping and reclosing with synchronism
check, circuit breaker monitoring, circuit breaker failure protection, and
series-compensated line protection logic. The relay features extensive
metering and data recording including high-resol ution data capture and

reporting.

N The SEL-421 features expanded SEL ocIc® control equation programming for
NOTE: Not all features mentioned on easy and flexible implementation of custom protection and control schemes.
this page are available in the SEL-421-1 K . .
and the SEL-421-2. See SEL-421 The relay has separate protection and automation SEL oGIC control equation
Versi%ﬂff?d SUPPO; tetd ,Teatbureft(;]n programming areas with extensive protection programming capability and

age U.l./ Tor more aetalls abou e . . . i .
ﬁif?erent versions of the relay and 1000 Iln_es of automation programmi ng capability. Y_ou can organize
about differences among the automation of SELoGIC control equation programming into 10 blocks of 100
SEL-421-0, SEL-421-1, SEL-421-2, and roaram lines each
SEL-421-3. prog :

The SEL-421 provides extensive communications interfaces from standard
SEL ASCII and enhanced MIRRORED BITS® communications protocols to
Ethernet connectivity with the optional Ethernet card. With the Ethernet card,
you can employ the latest industry communications tools, including Telnet,
FTP, IEC 61850, and DNP3 (serial and LAN/WAN) protocols.

Purchase of an SEL-421 includes the ACSEL ERATOR QuickSet® SEL-5030
Software program. ACSEL ERATOR QuickSet assists you in setting,
controlling, and acquiring data from the relays, both locally and remotely.
ACSEL ERATOR Architect® SEL-5032 Software is included with purchase of
the optional Ethernet card with IEC 61850 protocol support. ACSEL ERATOR
Architect enables you to view and configure |EC 61850 settings viaa GUI
interface, tightly integrated with ACSELERATOR QuickSet.

Synchrophasor measurements are available when a high-accuracy time source
is connected to the relay. The SEL-421 supports the IEEE C37.118, Standard
for Synchrophasors for Power Systems.

A simple and robust hardware design features efficient digital signal
processing. Combined with extensive self-testing, these features provide relay
reliability and enhance relay availability.

This section introduces the SEL-421 and provides information on the
following topics:

» Featureson page U.1.2

» Models and Options on page U.1.5
» Applications on page U.1.8
>

Specifications on page 1.13

Date Code 20111215 User's Guide SEL-421 Relay



U.1.2 | Introduction and Specifications

Features

Features

The SEL-421 contains many protection, automation, and control features.
Figure 1.1 presents asimplified functional overview of the relay.

f SEL‘42] Re|ay + Password Separation of \

Bus Protection and Automation

| ‘L - Expanded SELoGIc® Control
Equations

/ 3

Event Reports and Oscillography

Sequential Events Recorder

Phase &
Ground
Distance

Instantaneoug . .
Overcurrent + Dual Breaker Condition Monitor

Station Battery Monitor

®EEOE

Directional Time-
Line Overcurrent Overcurrent | . pNP3 Serial, Ethernet, and/or
L, @ Out-of-Step @ Single- / IEC 61850 Protocol*
.| , i Three-Pol ) .
m glopcﬁnd/or Reg?gsirfge + High-Accuracy Metering
52 Dual Circuit synchronism |+ MIRRORED BiTs® Communications
3 Breaker Failure Check
Synchrophasors
Thermal .
SEL-2600 Eleerigr?‘[ Fault Locator
" + CCVT Transient Overreach and
1 Load Encroachment Supervision
\ 3 * Remote and Local Control
T Switches
Advanced Local Display

k Bus * Optional Features )

Figure 1.1 SEL-421 Functional Overview

SEL -421 features include the following:
— Superior Protection. Combine five zones of phase distance and ground

NOTE: The SEL-4211 and the ; ; H i
SEL-4212 do not provide series- dlstang:e element_s with directional overcurrent element; Patented
compensated line protection logic. Coupling Capacitor Voltage Transformer (CCVT) transient overreach

logic enhances Zone 1 distance element security. The Best Choice
Ground Directional Element™ optimizes directional element
performance and eliminates many settings. Additional logic prevents
Zone 1 overreach on series-compensated lines.
—_— o High-Speed Tripping. The SEL-421 uses the HSDPS (High-Speed
1 o e pe e peed Directional and Phase Selection) element and high-speed distance

directional elements and high-speed elements for subcycle detection of power system faults.
distance elements.

Reclosing. Incorporate programmable single-pole and three-pole tripping
and reclosing of one and two circuit breakers into an integrated
substation control system. Synchronism and voltage checks from
multiple sources provide complete bay control.

Breaker Failure. The SEL-421 incorporates CT subsidence detection to
produce element dropout in 5/8 cycle. Apply the SEL-421 to supply
three-pole breaker failure for one or two breakers. Included isthe
necessary logic for single-pole and three-pole breaker failure retrip
and initiation of transfer tripping.

SEL-421 Relay User's Guide Date Code 20111215



NOTE: The SEL-421-1 and the
SEL-421-2 have only one 100-line
automation programming block.
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Features

Out-of-Step Blocking and Tripping. Select out-of-step blocking of distance
elements or out-of-step tripping during power swings. The SEL-421
includes multizone elements and logic for detection of an out-of-step
condition.

Switch-Onto-Fault. Relay switch-onto-fault (SOTF) logic permits specific
protection elements to quickly trip after the circuit breaker closes,
protecting maintenance personnel and substation equipment.

Fault Locator. Efficiently dispatch line crews to quickly repair line
problems.

Primary Potential Redundancy. Multiple voltage inputs to the SEL-421
provide primary input redundancy. At loss-of-potential (LOP)
detection, configure the relay to use inputs from an electrically
equivalent source. Protection remains in service without
compromising security.

Dual CT Input. Apply with ring bus, breaker-and-a-half, or other two-
breaker schemes. Combine currents within the relay from two sets of
CTsfor protection functions, but keep them separately available for
monitoring and station integration applications.

Automation. Take advantage of enhanced automation features that include
32 programmable elements for local control, remote control,
protection latching, and automation latching. Local metering on the
large format front-panel Liquid Crystal Display (LCD) eliminates the
need for separate panel meters. Use serial and Ethernet links to
efficiently transmit key information, including metering data,
protection element and control 1/O status, Sequential Events Recorder
(SER) reports, breaker monitor, relay summary event reports, and time
synchronization. Use expanded SELOGIC control equations with math
and comparison functionsin control applications. Incorporate up to
1000 lines of automation logic to speed and improve control actions.

Monitoring. Schedule breaker maintenance when accumulated breaker
duty (independently monitored for each pole of two circuit breakers)
indicates possible excess contact wear. Electrical and mechanical
operating times are recorded for both the last operation and the average
of operations since function reset. Alarm contacts provide notification
of substation battery voltage problems (two independent battery
monitors) even if voltage islow only during trip or close operations.

Comprehensive Metering. View metering information for Line, Circuit
Breaker 1, and Circuit Breaker 2. SEL-421 metering includes
fundamental and rms metering, as well as energy import/export,
demand, and peak demand metering data. Synchrophasor data can be
used for time-synchronized state measurements across the system.

Oscillography and Event Reporting. Record voltages, currents, and
internal logic points at up to 8 kHz sampling rate. Phasor and
harmonic analysis features allow investigation of relay and system
performance.

Sequential Events Recorder (SER). Record the last 1000 entries, including
setting changes, power-ups, and selectable logic el ements.

High-Accuracy Time Stamping. Time-tag binary COMTRADE event
reports with real-time accuracy of better than 10 ps. View system state
information to an accuracy of better than 1/4 of an electrical degree.

User's Guide SEL-421 Relay
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Features

SEL-421 Relay

Digital Relay-to-Relay Communication. Enhanced MIRRORED BITS
communications to monitor internal element conditions between
relays within a station, or between stations, using SEL fiber-optic
transceivers. Send digital, analog, and virtual terminal data over the
same MIRRORED BITs channel.

Ethernet Access. Accessall relay functions with the optional Ethernet
card. Interconnect with automation systems using |EC 61850 or DNP3
LAN/WAN protocols directly or DNP3 through an SEL-2032
Communications Processor. Use file transfer protocol (FTP) for high-
speed data collection.

Increased Security. The SEL-421 divides control and settings into seven
relay access levels; the relay has separate breaker, protection,
automation, and output access levels, among others. Set unique
passwords for each access level.

Rules-Based Settings Editor. Communicate with and set the relay using an
ASCI|I terminal, or use the PC-based ACSELERATOR QuickSet
SEL -5030 Software to configure the SEL-421 and analyze fault
records with relay element response. View real-time phasors.

Settings Reduction. Internal relay programming shows only the settings
for the functions and elements you have enabled.

Thermal Overload Modeling. Use the SEL-421 with the SEL-2600A RTD
Module for dynamic overload protection using SEL oGIc control
equations. For more information, see SEL Application Guide
AG2003-06, Implementation of the SEL-49 Relay Line Thermal
Protection Using the SEL-421 Relay SELoGIC Equations.

Alias Settings. Useasmany as 200 aliasesto rename any digital or analog
quantity in therelay. The aliases are now available for usein
customized programming, making the initial programming and
maintenance much easier.

Auxiliary {TRIP}/{CLOSE} Pushbuttons. The part number indicates whether
the relay has auxiliary {TRIP} and {CLOSE} pushbuttons. These
pushbuttons are shown in Figure 5.2. These features are el ectrically
isolated from the rest of the relay. They function independently from
the relay and do not need relay power.

Part numbers 04210000000KX3AXXXXX, 042 1X000XXX 7 AXXXXX,
042100000000 3B X300k, and 042 1x0000000XxX 7B xxocxx designate
relays with the auxiliary {TRIP} and {CLOSE} pushbuttons.

The lowercase xs in the above part numbers represent fields that
contain other values that are not important in determining the operator
controls of the relay. Refer to the SEL-421 Model Option Table for
complete part number details. These tables are available on the SEL
website or from the factory.
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Models and Options

Models and Options

Consider the following options when ordering and configuring the SEL -421.

» Chassissize

> 3U,4U, and 5U
(U isonerack unit—1.75 inches or 44.45 mm)

» Main board I/O

NOTE: The SEL-421-0 and the ; .
SEL-421-1 do not support Main > MainBoard A:
Board B. Contact inputs: 5 independent and 2 common inputs

(programmabl e pickup threshold);

Contact outputs: 2 standard Form A, 3 standard
Form C, and 3 High-Current Interrupting Form A
outputs

> Main Board B:

Contact inputs: 5 independent and 2 common inputs
(level sensitive and optoisolated);

Contact outputs: 2 standard Form A, 3 standard
Form C, and 3 High-Current Interrupting Form A
outputs

NOTE: The SEL-421-0 and the » Additional /O board (for 4U and 5U chassis)

SEL-421-1 do not support /O boards > |INT1:
INT2, INT3, INT7, and INT8.

Contact inputs: 8 independent inputs (programmable
pickup threshold);

Contact outputs: 13 standard Form A and 2 standard
Form C outputs

> [INT2:

Contact inputs: 8 independent inputs (level sensitive
and optoisolated);

Contact outputs: 13 standard Form A and 2 standard
Form C outputs

> [NTS3:

Contact inputs: 18 common (2 groups of 9) and

6 independent inputs (level sensitive and optoisolated);
Contact outputs: 4 high-current interrupting

Form A outputs

> |NT4:

Contact inputs: 18 common (2 groups of 9) and 6
independent inputs (level sensitive and optoisolated);
Contact outputs: 6 Fast High-Current Interrupting
Form A and 2 standard Form A outputs

> |NTS:

Contact inputs: 8 independent inputs (programmable
pickup threshold);

Contact outputs: 8 Fast High-Current Interrupting Form
A outputs
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Models and Options

SEL-421 Relay

> [NTG6:

Contact inputs: 8 independent inputs (programmable
pickup threshold);

Contact outputs: 13 High-Current Interrupting Form A
and 2 standard Form C outputs

> [NTY7:

Contact inputs: 8 independent inputs (level sensitive
and optoisolated);

Contact outputs: 13 High-Current Interrupting Form A
and 2 standard Form C outputs

> INTS:

Contact inputs: 8 independent inputs (level sensitive
and optoisolated);

Contact outputs: 8 Fast High-Current Interrupting Form
A outputs

Chassis orientation and type

> Horizontal rack mount

> Horizontal panel mount

> Vertical rack mount

> Vertical panel mount
Power supply

> 24/48Vdc

> 48/125 Vdc or 120 Vac

> 125/250 Vdc or 120/230 Vac
Secondary inputs

> 1A nominal or 5A nomina CT inputs.
300 V phase-to-neutral wye configuration PT inputs

Communications card options

> Ethernet card with combinations of 10/100BASE-T and
100BASE-FX media connections on each of two ports

Communications protocols

> Complete group of SEL protocols
(SEL ASCII, SEL Compressed ASCII, SEL Settings
File Transfer, SEL Fast Meter, SEL Fast Operate, SEL
Fast SER, RTDs, Enhanced MIRRORED BITS
Communications), and Synchrophasors (SEL Fast
Message and |EEE C37.118 format).

> Complete group of SEL protocols, Synchrophasors
(SEL Fast Message and |EEE C37.118 format), plus
DNP3

> Complete group of SEL protocols, Synchrophasors
(SEL Fast Message and |EEE C37.118 format), plus
IEC 61850
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» Connector type

Introduction and Specifications | U.1.7
SEL-421 Versions and Supported Features

> Fixed PT and CT terminal block inputs
> Plug-in/plug-out PT and shorting CT Connectorized®

versions

Contact the SEL factory or your local Technical Service Center for particular
part number and ordering information (see Factory Assistance on
page U.6.45). You can also view the latest part number and ordering

information on the SEL website at www.selinc.com.

SEL-421 Versions and Supported Features

SEL-421 Features -0 | -1 | -2 -3
Protection
21G Mho Ground Distance and 21P Mho Phase Distance standard standard standard standard
High-Speed Distance and High-Speed Directional standard standard
50N/G Ground, 50P Phase, and 50Q Negative-Sequence—O/C standard standard standard standard
51N/G Ground, 51P Phase, and 51Q Negative-Sequence Time—O/C standard standard standard standard
67N/G Ground, 67P Phase, and 67Q Neg.-Seg. Directiona—O/C standard standard standard standard
Programmable Analog Math standard standard standard standard
Out-of-Step Trip and Block standard standard standard standard
L oad-Encroachment Supervision standard standard standard standard
Switch-Onto-Fault standard standard standard standard
Single-Pole Trip standard standard standard standard
MIRRORED BITs Communications standard standard standard standard
Zone/Level Timers standard standard standard standard
Pilot Protection Logic standard standard standard standard
Series-Compensated Line Logic standard standard
Instrumentation and Control
79 Automatic Reclosing, Voltage Check on Closing, 25 Synchronism Check standard standard standard standard
Fault Locating standard standard standard standard
SELocic Control Equations standard standard standard standard
Maximum Automation SELoaIc Control Equations 1000 100 100 1000
Substation Battery Monitor standard standard standard standard
Breaker Wear Monitor standard standard standard standard
Event Report (Multicycle Data) and Sequential Events Recorder standard standard standard standard
Instantaneous, RMS, and Demand Meter standard standard standard standard
DNP3 Level 2 Slave standard optional optional optional
Synchrophasors (IEEE C37.118 and SEL -Fast Message)2 standard standard standard standard
Remote Synchrophasor Measurement? standard standard
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Applications

SEL-421 Features -0 -1 -2 -3

Contact Input Option

Main Board A—User-Settable Level-Sensitive Contact Inputs standard standard optiona optiona
Main Board B—Optoisolated L evel-Sensitive Contact I nputs® optional optional
INT1 Interface Board—User-Settable L evel-Sensitive Contact | nputs optional optiona optiona optional
INT2 Interface Board—Optoisolated L evel-Sensitive Contact | nputs® optiona optional
INT3 Interface Board—Optoisolated L evel-Sensitive Contact Inputsd optiona optional
INT4 Interface Board—Optoisolated L evel-Sensitive Contact | nputs® optiona optiona optiona optional
INT5 Interface Board—User-Settable L evel-Sensitive Contact | nputs optional optiona optiona optional
INT6 Interface Board—User-Settable L evel-Sensitive Contact | nputs optional optiona optiona optional
INT7 Interface Board—Optoisolated L evel-Sensitive Contact | nputs® optiona optional
INT8 Interface Board—Optoisolated L evel-Sensitive Contact | nputs® optional optional

Applications

a
b
c
d
e

Firmware versions R102-R112 provide synchrophasors using the SEL Fast Message protocol in the SEL-421-0.
Firmware versions R123 and older do not provide this feature.

Firmware versions R115 and older do not provide support for Main Board B, INT2, INT7, and INT8 interface boards.
Firmware versions R121 and older do not provide support for the INT3 interface board.

Firmware versions R112 and older do not provide support for the INT4 interface board.

SEL-421 Relay

Usethe SEL-421 in avariety of transmission line protection applications. For
information on connecting the relay, see Installation on page U.2.1. See the
Applications Handbook for thorough discussions of protection and automation
applications using the SEL-421.

Thefiguresin this subsection illustrate common relay application
configurations. Figure 1.3, Figure 1.4, Figure 1.5, Figure 1.6, and Figure 1.7
demonstrate relay versatility with Global setting ESS (Current and Voltage
Source Selection). These figures show the power and simplicity of the four
preprogrammed ESS options. For more information on setting ESS, see
Current and Voltage Source Selection on page R.1.2.

The SEL-421 has two sets of three-phase analog current inputs, IW and I X,
and two sets of three-phase analog voltage inputs, VY and VZ. The drawings
that follow use atwo-letter acronym to represent all three phases of arelay
analog input. For example, IW represents AW, IBW, and ICW for A-, B-, and
C-phase current inputs on terminal W, respectively. The drawingslist a
separate phase designator if you need only one or two phases of the analog
input set (VAZ for the A-phase voltage of the VZ input set, for example).

BUST BUS 2
D> >

e
s

SEL42] 1 Relay
L}% Relay . SEL-28XX —{TX/RX
TX/RX

-—SEL-28XX

Figure 1.2 Protecting a Line Segment With MIRRORED BITs Communications
on a Fiber Channel
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E—\TVA

Analog Input
W

vy
VAZ

[1g

W VY
SEL-421 Relay
VA

j\3
Function

CB1 protection, line protection
Line protection
Synchronism check

Figure 1.3 Single Circuit Breaker Configuration (ESS :=1)

BUS

t—

CBI

1

W spi-a21Relay Y

Applications

Analog Input  Function
W CB1 protection, line protection
X CB1 breaker failure
VY Line protection
VAZ Synchronism check
Figure 1.4 Single Circuit Breaker Configuration With Line Breaker CTs
(ESS :=2)
BUST CB1 CB2 BUS 2
- [] ]
R - L
3
2C g_ |
I o™

W IX VAZ VBZ T ;

SEL-421 Relay 3
VY
Analog Input  Function
[W+IX Line Protection
W CB1 protection
IX CB2 protection
VY Line protection
VAZ Synchronism check Circuit Breaker 1
VBZ Synchronism check Circuit Breaker 2

Figure 1.5 Double Circuit Breaker Configuration (ESS := 3)
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BUS1 CBI CB? BUS 2
—_— S
3 3 3
| e 31
1 \ 1
W IX VAZ VBZ ' gg N3
SEL-421 Relay
VY
Analog Input  Function
[W+IX (B2 protection
W Line protection
IX CB1 protection
VY Line protection
VAZ Synchronism check Circuit Breaker 1
VBZ Synchronism check Circuit Breaker 2
Figure 1.6 Double Circuit Breaker Configuration With Bus Protection
(ESS := 4)
Tripping
Direction ) BE
MOD 3
N\
i—I—
i | VY
3 SEL-421 Relay
(HY) VAZ  VBZ
AN
(L)
1
o 1
T CBI CB2 T
1 1
- L | I
Analog Input  Function
W Line protection
VY Line protection
VAZ Synchronism check Circuit Breaker 1
VBZ Synchronism check Circuit Breaker 2
Figure 1.7 Tapped Line (ESS :=Y)
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Application
Highlights

NOTE: The SEL-421-1 and the
SEL-421-2 do not provide high-speed
directional elements and high-speed
distance elements.

NOTE: The SEL-421-1 and the
SEL-421-2 do not provide series-
compensated line protection logic.

Date Code 20111215
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Applications

Apply the SEL-421 in power system protection and control situations.
Table 1.1 lists applications and key features of the relay.

Table 1.1

Application Highlights (Sheet 1 of 2)

Application

Key Features

Single-pole and
three-pole tripping

Multiple-breaker
tripping

Reclosing and
synchronism check

Coupling-Capacitor
Voltage Transformer
(CCVT) transient
detection logic

Long lines

Tapped and
three-terminal lines

Bus-tie or transfer
circuit breakers

Subtransmission lines

Lines with capacitors
Lines with transformers

Short transmission lines

Permissive Overreach-
ing Transfer Tripping
(POTT) schemes

Directional Comparison
Unblocking Tripping
(DCUB) schemes

Permissive Under-
reaching Transfer
Tripping (PUTT)
schemes

High-speed distance elements

Best Choice Ground Directional element

Secure protection during open-pole interval
Pole-discordance logic trips three-pole for excessive
single-pole-open conditions

SPT one; 3PT other

SPT both; 3PT both

Breaker failure protection

2 shots SPT; 4 shots 3PT
L eader/follower breaker arrangements
Two-circuit-breaker universal synchronism check

Detect CCVT transients to provide correct operation of the
direct tripping (Zone 1) distance elements

L oad-encroachment elements prevent unwanted trips on load
Voltage elements detect local bus overvoltages

Sensitive negative-sequence and residual overcurrent elements
provide sensitive backup protection

Five zones

Three zero-sequence compensation factors for more accurate
ground-distance reach on either side of tap

Independent reach settings for phase, ground mho, and ground
quadrilateral elements

Multiple settings groups cover any switching configurations

Multiple setting groups

Match relay settings group to each line substitution
Eliminate current reversing switches

Local or remote operator switches the setting groups

Time-step distance protection

Ground directional overcurrent protection
Torque-controlled time-overcurrent elements
Series-compensated line logic
Negative-sequence overcurrent protection
Directional overcurrent elements and communications-
assisted tripping schemes

Current reversal guard logic

Open breaker echo keying logic
Weak-infeed and zero-infeed logic
Time-step distance backup protection
Includes all POTT logic

All loss-of-channel logic isinside the relay
Time-step distance backup protection

Supported by POTT logic
Time-step distance backup protection

User's Guide
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Table 1.1 Application Highlights (Sheet 2 of 2)

Application

Key Features

Directional Comparison
Blocking Trip (DCB)
schemes

Direct Transfer Trip-
ping (DTT) schemes

SCADA applications

Communications
capability

Customized protection
and automation schemes

Synchrophasors

NOTE: Starting with SEL-421
firmware version R112, synchrophasors
are available in the SEL-421-1.

Current reversal guard logic
Carrier coordinating timers
Carrier send and receive extend logic

Zone 3 latch eliminates the need for offset three-phase
distance elements

Time-step distance backup protection

SEL oGIc control equations program the elements that key
direct tripping

Analog and digital data acquisition for station wide functions

SEL ASCII

Enhanced MIRRORED BITS communications

SEL Fast Meter, SEL Fast Operate, SEL Fast SER
SEL Compressed ASCII

Phasor Measurement Unit (PMU) protocols

RTD

Optional Serial DNP3

Optional protocols: Ethernet, IEC 61850, DNP3 (Ethernet),
FTR Telnet

Separate protection and automation SELoalic control
equation programming areas

Use timers and counters in expanded SEL OGIC control
equations for complete flexibility

The SEL-421 can function as a phasor measurement unit
(PMU) at the same time as it provides best-in-class protective
relay functions.

C37.118 message format allows up to eight current and four
voltage synchronized measurements, up to 60 messages per
second (on a 60 Hz nominal power system). Two choices of
filter response, settable angle correction, and choice of
numeric representation makes the data usable for avariety of
synchrophasor applications.

SEL Fast Operate commands are available on the
synchrophasor communications ports, allowing control actions
initiated by the synchrophasor processor.

SEL Fast Message Synchrophasor format is also available,
with up to four current and four voltage synchronized
measurements.

SEL-421 Relay User's Guide
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Important: Do not use the following specification information to order an SEL-421. Refer to the actual ordering

information sheets.
General

AC Current Inputs (Secondary Circuits)
Note: Current transformers are Measurement Category 11.

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

1250 A for 1 cycle

027VAa5A
251VAa15A

Burden:

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

250 A for 1 cycle

013VAalA
131VAa3A

Burden:

AC Voltage Inputs
300 V. continuous (connect any voltage up to 300 Vac)
600 Vac for 10 seconds

Burden: 0.03 VA at 67V
0.06 VA at 120 V
0.8 VA at 300 V
Power Supply
125/250 Vdc or 120/230 Vac
Range: 85-300 Vdc <35 W or 85-264 Vac
Nominal Frequency: 50/60 Hz
Range: 30-120 Hz
Burden: <120 VA
48/125 Vdc or 120 Vac
Range: 38-140 Vdc <35 W or 85-140 Vac
Nominal Frequency: 50/60 Hz
Range: 30-120 Hz
Burden: <120 VA
24/48 Vdc
Range: 18-60 Vdc
Burden: <3BW
Control Outputs
Standard
Make: 30A
Carry: 6 A continuous carry at 70°C
4 A continuous carry at 85°C
1s Rating: 50 A
MOV Protection
(maximum voltage): 250 Vac/330 Vdc

Pickup/Dropout Time: 6 ms, resistive load
Update Rate: 1/8 cycle
Break Capacity (10000 operations):
48 Vdc 050A L/R=40ms
125Vdc 0.30A L/R=40ms
250 Vdc 0.20A L/R=40ms
Date Code 20111215

Cyclic Capacity (2.5 cycle/second):

48 Vdc 050A L/R=40ms

125Vdc 0.30A L/R=40ms

250 vVdc 0.20A L/R=40ms

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

Hybrid (high current interrupting):

Make: 30A

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

1s Rating: 50A

MOV Protection

(maximum voltage): 330 Vdc

Pickup/Dropout Time: 6 ms, resistive load

Update Rate: 1/8 cycle

Break Capacity (10000 operations):
48 Vdc 100A L/R=40ms
125 Vvdc 100A L/R=40ms
250 Vdc 10.0A L/R=20ms

Cyclic Capacity (4 cyclesin 1 second, followed by 2 minutesidle
for thermal dissipation):

48 Vdc 100A L/R=40ms
125Vdc 100A L/R=40ms
250 Vvdc 100A L/R=20ms

Note: Do not use hybrid control outputs to switch ac control
signals. These outputs are polarity dependent.

Fast Hybrid (high-speed high current interrupting):

Make: 30A

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

1sRating: 50A

MOV Protection

(maximum voltage): 250 Vac/330 Vde

Pickup Time: 10 ps, resistive load
Dropout Time: 8 ms, resistive load
Update Rate: 1/8 cycle
Break Capacity (10000 operations):
48 Vdc 100A L/R=40ms
125 Vvdc 10.0A L/R=40ms
250 Vdc 100A L/R=20ms

Cyclic Capacity (4 cyclesin 1 second, followed by 2 minutesidle
for thermal dissipation):

48 Vdc 100A L/R=40ms

125Vdc 10.0A L/R=40ms

250 Vdc 10.0A L/R=20ms

Note: Per |[EC 60255-23:1994, using the simplified method of
assessment.

Note: Make rating per |EEE C37.90-1989.
Auxiliary Trip/Close Pushbuttons (Select Models Only)
Resistive DC or AC Outputs with Arc Suppression Disabled:

Make: 30A
Carry: 6 A continuous carry
User's Guide
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1sRating: 50A
MOV Protection: 250 Vac/330 Vdc/130 J
Breaking Capacity (1000 operations):

48V 0.50A L/R=40ms
125V 0.30A L/R=40ms
250V 0.20A L/R=40ms

Note: Make per IEEE C37.90-1989.
High Interrupt DC Outputs with Arc Suppression Enabled:
Make: 30A

Carry: 6 A continuous carry
1 sRating: 50 A
MOV Protection: 330Vdc/130J

Breaking Capacity (10000 operations):

48V 10A L/R=40ms

125V 10A L/R=40ms

250V 10A L/R=20ms
Note: Make per IEEE C37.90-1989.

Breaker Open/Closed LEDs:

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

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

Control Inputs

Direct Coupled (for use with dc signals)

Main Board A: 5 inputs with no shared terminals

2 inputs with shared terminals
INTZ1, INT5, and INT6

interface boards: 8 inputs with no shared terminals
Range: 15-265 Vdc, independently adjustable
Accuracy: +5% plus+3 Vdc
Maximum Voltage: 300Vdc
Sampling Rate: 1/16 cycle
Typica Burden: 0.24 W at 125 Vdc
Optoisolated (use with ac or dc signals)
Main Board B: 5 inputs with no shared terminals

2 inputs with shared terminals

INT2, INT7, and INT8

interface boards: 8 inputs with no shared terminals

INT3 and INT4 interface 6 inputs with no shared terminals
board: 18 inputs with shared terminals
(2 groups of 9 inputs with each group
sharing one terminal)

24V standard
48, 110, 125, 220, 250 V level sensitive

Voltage Options:

DC Thresholds

(Dropout thresholds indicate |evel-sensitive option):

24 Vdc: Pickup 15.0-30.0 Vdc rms

48 Vdc: Pickup 38.4-60.0 Vdc;
Dropout <28.8 Vdc

110 Vdc: Pickup 88.0-132.0 Vdc;
Dropout <66.0 Vdc

125Vdc: Pickup 105-150 Vdc;
Dropout <75 Vdc

User's Guide

220 Vdc: Pickup 176-264 Vdc;
Dropout <132 Vdc

250 Vdc: Pickup 200-300 Vdc;
Dropout <150 Vdc

AC Thresholds (Ratings met only when recommended control
input settings are used—see Table 2.2 on page U.2.7.):

24 Vac: Pickup 12.8-30.0 Vac rms
48 Vac: Pickup 32.8-60.0 Vac rms;
Dropout <20.3 Vac rms
110 Vac: Pickup 75.1-132.0 Vac rms;
Dropout <46.6 Vac rms
125 Vac: Pickup 89.6-150.0 Vac rms;
Dropout <53.0 Vac rms
220 Vac: Pickup 150-264 Vac rms;
Dropout <93.2 Vac rms
250 Vac: Pickup 170.6-300 Vac rms;
Dropout <106 Vac rms

Current Drawn: 5mA at nominal voltage

8 mA for 110 V option

Sampling Rate: 1/16 cycle
Frequency and Rotation
System Frequency: 50/60 Hz
Phase Rotation: ABC or ACB
Frequency
Tracking Range: 40-65 Hz
Communications Ports
EIA-232: 1 Front and 3 Rear
Serial Data Speed: 300-57600 bps
Communications Card Slot for optional Ethernet Processor
Fiber Optic (Optional)
Ordering Options:
Mode: Multi Multi
Wavelength (nm): 820 1300
Source: LED LED
Connector type: ST ST
Min. TX Pwr. (dBm): -15.8 -19
Max. TX Pwr. (dBm): 12 -14
RX Sens. (dBm): -34.4 -32
Sys. Gain (dB): 5 13
Time Inputs
IRIG-B Input—Serial Port 1
Input: Demodulated IRIG-B
Nominal Voltage: 5Vdc +10%
Maximum Voltage: 8Vdc
Input Impedance: 333 ohms
Isolation: 500 Vdc
IRIG-B Input—-BNC Connector
Input: Demodulated IRIG-B
Nominal Voltage: 5Vdc +10%
Maximum Voltage: 8Vdc
Input Impedance: 2500 ohms
Date Code 20111215



Operating Temperature

Without Ethernet: —40° to +85°C (—40° to +185°F)

With Ethernet: —40° to +75°C (—40° to +167°F)
Note: LCD contrast impaired for temperatures below —20° and
above +70°C
Humidity

5% to 95% without condensation
Weight (Maximum)

3U Rack Unit: 8.0kg (17.51bs)
4U Rack Unit: 9.8kg (21.51bs)
5U Rack Unit: 11.6 kg (25.5 1bs)

Terminal Connections
Rear Screw-Terminal Tightening Torque, #8 Ring Lug

1.0Nm (9in-Ib)
2.0Nm (18in-lb)

Minimum:
Maximum:

User terminals and stranded copper wire should have a minimum
temperature rating of 105°C. Ring terminals are recommended.

Wire Sizes and Insulation

Wire sizes for grounding (earthing), current, voltage, and contact
connections are dictated by the terminal blocks and expected load
currents. You can use the following table as a guide in selecting

wiresizes:
Connection Tvpe Minimum Maximum
Yp Wire Size Wire Size
Grounding (Earthing) 18 AWG 14 AWG
Connection (0.8 mm?2) (2.5 mm?2)
Current Connection 16 AWG 12 AWG
(1.5 mm?2) (4 mm?2)
Potential (Voltage) 18 AWG 14 AWG
Connection (0.8 mm?2) (2.5 mm?2)
Contact I/10 18 AWG 14 AWG
(0.8 mm?2) (2.5 mm?2)
Other Connection 18 AWG 14 AWG
(0.8 mm?2) (2.5 mm?2)

Use wire with 0.4 mm-thick insulation for high-voltage
connectionsto allow for contact between adjacent wires. If
possible, use 0.4 mm insulated wires for al connections.

Routine Dielectric Strength Tests
(Performed on Each Manufactured Relay)

AC Current Inputs,
optoisolated inputs, and

output contacts: 2500 Vac for 10 s

Power Supply: 3100 Vdc for 10 s
Type Tests
Electromagnetic Compatibility Emissions
Emissions: IEC 60255-25:2000

Electromagnetic Compatibility Immunity

Conducted RF Immunity: 1EC 60255-22-6:2001
Severity Level: 10 Vrms
|EC 61000-4-6:2008
Severity Level: 10 Vrms

Date Code 20111215

Electrostatic Discharge
Immunity:

Fast Transient/Burst
Immunity:

Magnetic Field
Immunity:

Power Supply Immunity:

Radiated Digital Radio
Telephone RF
Immunity:

Radiated Radio
Frequency Immunity:

Surge Immunity:

Surge Withstand
Capability Immunity:

Environmental

Cold:

Damp Heat, Cyclic:

Dry Heat:

Vibration:

User's Guide
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IEC 60255-22-2:2008
Severity Level: 2, 4, 6, 8 kV contact;
2,4,8,15kV ar

IEC 61000-4-2:2008
Severity Level: 2, 4, 6, 8kV contact;
2,4,8,15kV air

|EEE C37.90.3-2001
Severity Level: 2, 4, 8kV contact;
4,8,15kV air

|EC 60255-22-4:2008
Severity Level: CassA: 4kV, 5 kHz;
2kV, 5 kHz on communication ports
IEC 61000-4-4:2011
Severity Level: 4kV, 5 kHz

IEC 61000-4-8:2009

Severity Level: 900 A/m for

3 seconds, 100 A/m for 1 minute
IEC 61000-4-9:2001

Severity Level: 1000 A/m

IEC 60255-11:2008
IEC 61000-4-11:2004
IEC 61000-4-29:2000

ENV 50204:1995
Severity Level: 10 V/m at 900 MHz
and 1.89 GHz

IEC 60255-22-3:2007
Severity Level: 10 V/m

IEC 61000-4-3:2010
Severity Level: 10 V/m

|EEE C37.90.2-2004
Severity Level: 35V/m

IEC 60255-22-5:2008
Severity Level: 1 kV Line-to-Line,
2kV Lineto-Earth

IEC 61000-4-5:2005
Severity Level: 1kV Line-to-Line,
2KkV Line-to-Earth

|EC 60255-22-1:2007
Severity Level: 2.5 kV peak common
mode, 1.0 kV peak differential mode
|EEE C37.90.1-2002
Severity Level: 2.5 kV oscillatory,
4KkV fast transient waveform

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

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

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

|EC 60255-21-1:1988
Severity Level: Class1 Endurance,
Class 2 Response

|EC 60255-21-2:1988
Severity Level: Class 1-Shock
withstand, Bump, and Class 2—Shock
Response

IEC 60255-21-3:1993
Severity Level: Class 2
(Quake Response)

SEL-421 Relay
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Safety

Dielectric Strength: |EC 60255-5:2000
Severity Level: 2500 Vac on contact
inputs, contact outputs, and analog
inputs. 3100 VVdc on power supply.
Type Tested for 1 minute.

| EEE C37.90-2005
Severity Level: 2500 Vac on contact
inputs, contact outputs, and analog
inputs. 3100 VVdc on power supply.
Type Tested for 1 minute.

IEC 60255-5:2000

Severity Level: 0.5 Joule, 5 kV
|EEE C37.90-2005

Severity Level: 0.5 Joule, 5 kV

Impulse:

Safety Agency Certifications

C22.2No. 14
cUL Listed Protective Relay,
Product Category NRGU7
UL 508
UL Listed Protective Relay,
Product Category NRGU

Product Safety:

Certifications

1SO: Relay is designed and manufactured
using ISO 9001:2000 certified quality
program.

Product Safety: IEC 60255-6:1988

Reporting Functions
High-Resolution Data

Rate: 8000 samples/second
4000 samples/second
2000 samples/second
1000 samples/second
Output Format: Binary COMTRADE

Note: Per IEEE Sandard Common Format for Transient Data
Exchange (COMTRADE) for Power Systems, IEEE C37.111—
1999

Event Reports

Storage: 35 quarter-second events or

24 half-second events
Maximum Duration: Record events as long as 5 seconds
Resolution: 8- or 4-samples/cycle

Event Summary

Storage: 100 summaries
Breaker History

Storage: 128 histories
Sequential Events Recorder

Storage: 1000 entries

Trigger Elements: 250 relay elements

Processing Specifications
AC Voltage and Current Inputs

8000 samples per second, 3 dB low-pass analog filter cut-off
frequency of 3000 Hz.

Digital Filtering

Full-cycle cosine and half-cycle Fourier filters after low-pass
analog and digitd filtering.

Protection and Control Processing

8 times per power system cycle

User's Guide

Synchrophasors
Maximum data rate in messages per second

|EEE C37.118 protocol: 60 (nominal 60 Hz system)

50 (nominal 50 Hz system)

20 (nominal 60 Hz system)
10 (nominal 50 Hz system)

SEL Fast Message
protocol:

Control Points

32 remote bits

32 local control bits

32 latch bitsin protection logic
32 latch bits in automation logic

Relay Element Pickup Ranges and Accuracies

Mho Phase Distance Elements

Zones 1-5 Impedance Reach

Setting Range
5 A Model: OFF, 0.05 to 64 Q secondary,
0.01 Q steps
1A Model: OFF, 0.25 to 320 2 secondary,
0.01 Q steps
Sensitivity
5A Model: 0.5 Ap_p secondary
1 A Model: 0.1 Ap_p secondary
(Minimum sensitivity is controlled by
the pickup of the supervising
phase-to-phase overcurrent elements
for each zone.)
Accuracy (Steady State): +3% of setting at line angle for SIR
(source-to-line impedance ratio) < 30
+5% of setting at line angle for
30<SIR<60
Zone 1 Transient <5% of setting plus steady-state
Overreach: accuracy
SEL-421-0 and
SEL-421-3 Maximum
Operating Time:
0.8 cycleat 70% of reachand SIR=1
SEL-421-1 and
SEL-421-2 Maximum
Operating Time:

1.5 cycle at 70% of reach and SIR =1
Mho Ground Distance Elements
Zones 1-5 Impedance Reach

Mho Element Reach

5A Model: OFF, 0.05 to 64 Q secondary,
0.01 Q steps
1A Model: OFF, 0.25 to 320 Q secondary,
0.01 Q steps
Sensitivity
5A Model: 0.5 A secondary
1A Model: 0.1 A secondary
(Minimum sensitivity is controlled by
the pickup of the supervising phase
and residual overcurrent elements for
each zone.)
Accuracy (Steady State): +3% of setting at line angle for SIR
<30
+5% of setting at line angle for
30<SIR<60
Zone 1 Transient <5% of setting plus steady-state
Overreach: accuracy
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SEL-421-0 and
SEL-421-3 Maximum
Operating Time:
0.8 cycleat 70% of reach and SIR=1
SEL-421-1 and
SEL-421-2 Maximum
Operating Time:
15cycleat 70% of reachand SIR=1

Quadrilateral Ground Distance Elements
Zones 1-5 Impedance Reach

Quadrilateral Reactance Reach

5 A Model: OFF, 0.05 to 64 Q secondary,
0.01 Q steps
1A Model: OFF, 0.25 to 320 Q secondary,
0.01 Q steps
Quadrilateral Resistance Reach
5A Model: OFF, 0.05 to 50 Q secondary, 0.01 Q
steps
1A Model: OFF, 0.25 to 250 Q secondary, 0.01 Q
steps
Sensitivity
5A Model: 0.5 A secondary
1A Model: 0.1 A secondary
(Minimum sengitivity is controlled by
the pickup of the supervising phase
and residual overcurrent elements for
each zone.)
Accuracy (Steady State): +3% of setting at line angle for SIR
<30
+5% of setting at line angle for
30<SIR<60
Transient Overreach: <5% of setting plus steady-state

accuracy
Instantaneous/Definite-Time Overcurrent Elements

Phase, Residual Ground, and Negative-Sequence

Pickup Range
5A Model: OFF, 0.25-100.00 A secondary,
0.01 A steps
1A Model: OFF, 0.05-20.00 A secondary,
0.01 A steps
Accuracy (Steady State)
5A Model: +0.05 A plus +3% of setting
1A Model: +0.01 A plus 3% of setting
Transient Overreach: <5% of pickup
Time Delay: 0.000-16000.000 cycles,
0.125 cycle steps
Timer Accuracy: +0.125 cycle plus £0.1% of setting
Maximum
Operating Time: 1.5cycles

Time-Overcurrent Elements

Pickup Range
5A Model: 0.25-16.00 A secondary, 0.01 A steps
1A Model: 0.05-3.20 A secondary, 0.01 A steps
Accuracy (Steady State)
5A Model: +0.05 A plus 3% of setting
1A Moddl: +0.01 A plus 3% of setting
Date Code 20111215
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Time Dial Range
us: 0.50-15.00, 0.01 steps
IEC: 0.05-1.00, 0.01 steps
Curve Timing Accuracy: +1.50 cycles plus +4% of curvetime
(for current between 2 and 30
multiples of pickup)
Reset: 1 power cycle or Electromechanical

Reset Emulation time
Ground Directional Elements
Neg.-Seq. Directional Impedance Threshold (Z2F, Z2R)

5A Model: —641064 Q
1A Model: -320t0 320 Q2
Zero-Seq. Directional Impedance Threshold (ZOF, ZOR)
5A Model: —641t064 Q
1A Model: —-320t0 320 Q2

Supervisory Overcurrent Pickup 50FP, 50RP

5A Model: 0.25t0 5.00 A 310 secondary
0.25t0 5.00 A 312 secondary
1A Model: 0.05to0 1.00 A 310 secondary

0.05to0 1.00 A 312 secondary
Undervoltage and Overvoltage Elements

Pickup Ranges: Phase elements: 1-200 V secondary,

1V steps

Phase-to-Phase

Elements: 1.0-300.0 V secondary, 0.1V steps
Accuracy (Steady State): +1V plus+5% of setting
Transient Overreach: <5% of pickup

Optional RTD Elements
(Models Compatible With SEL-2600A RTD Module)

12 RTD Inputs via SEL-2600 RTD Module and SEL-2800
Fiber-Optic Transceiver

Monitor Ambient or Other Temperatures

PT 100, NI 100, NI 120, and CU 10 RTD-Types Supported, Field
Selectable

Up to 500 m Fiber-Optic Cable to SEL-2600 RTD Module
Breaker Failure Instantaneous Overcurrent

Setting Range
5A Model: 0.50-50.0 A, 0.01 A steps
1A Model: 0.10-10.0 A, 0.01 A steps
Accuracy
5A Model: +0.05 A plus +3% of setting
1A Model: +0.01 A plus +3% of setting

Transient Overreach: <5% of setting
Maximum Pickup Time: 1.5 cycles
Maximum Reset Time: 1 cycle

0-6000 cycles, 0.125 cycle steps
(All but BFIDON, BFISPn)

0-1000 cycles, 0.125 cycle steps
(BFIDON, BFISPn)

0.125 cycle plus £0.1% of setting

Timers Setting Range:

Time Delay Accuracy:

U.1.17
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Synchronism-Check Elements

Slip Frequency
Pickup Range:

Slip Frequency
Pickup Accuracy:

Close Angle Range:
Close Angle Accuracy:

0.005-0.500 Hz, 0.001 Hz steps

+0.0025 Hz plus +2% of setting
3-80°, 1° steps
+3°

Load-Encroachment Detection

Setting Range
5 A Model:
1 A Model:
Forward Load Angle:
Reverse Load Angle:
Accuracy

Impedance
M easurement:

Angle Measurement:

Out-of-Step Elements

0.05-64 Q3 secondary, 0.01 Q steps
0.25-320 Q secondary, 0.01 Q steps
—90° to +90°

+90° to +270°

Blinders (R1) Parallel to the Line Angle

5A Model:

1A Model:

0.05 to 70 Q secondary
—0.05 to =70 Q secondary

0.25 to 350 Q secondary
—0.25 to 350 Q secondary

Blinders (X1) Perpendicular to the Line Angle

5A Model:

1A Model:

Accuracy (Steady State)
5A Model:

1A Model:

Transient Overreach:

0.05 to 96 Q secondary
—0.05 to —96 Q secondary

0.25 to 480 Q secondary
—0.25 to —480 Q secondary

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

+10% of setting plus+0.01 A for
30<SIR<60

+5% of setting plus£0.05 A for SIR
(source to lineimpedance ratio) < 30

+10% of setting plus+0.05 A for
30<SIR<60

<5% of setting plus steady-state
accuracy

Positive-Sequence Overcurrent Supervision

Setting Range
5 A Model:
1A Model:

Accuracy
5A Model:
1A Model:

Transient Overreach:
Timer Specifications

Setting Ranges
Breaker Failure:

Communications-
Assisted Tripping
Schemes:

SEL-421 Relay

1.0-100.0 A, 0.01 A steps
0.2-20.0 A, 0.01 A steps

+3% of setting plus+0.05 A
+3% of setting plus+0.01 A
<5% of setting

0-6000 cycles, 0.125 cycle steps
(All but BFIDON, BFISPn)

0-1000 cycles, 0.125 cycle steps
(BFIDON, BFISPn)

0.000-16000 cycles, 0.125 cycle steps

User's Guide

Out-of-Step Timers
OSBD, OSTD:
UBD:

0.500-8000 cycles, 0.125 cycle steps
0.500-120 cycles, 0.125 cycle steps
0.000-60 cycles, 0.125 cycle steps
1-99999 cycles, 1 cycle steps

Pole Open Timer:
Recloser:
Switch-Onto-Fault

CLOEND, 52AEND:  OFF, 0.000-16000 cycles,

0.125 cycle steps
0.50-16000 cycles, 0.125 cycle steps
Synchronism Check Timers

TCLSBK1, TCLSBK2: 1.00-30.00 cycles, 0.25 cycle steps
0.000-16000 cycles, 0.125 cycle steps

SOTFD:

Zone Time Delay:
Station DC Battery System Monitor Specifications

Operating Range: 0-350 Vdc
Input Sampling Rate: 2kHz
Processing Rate: 1/8 cycle
Maximum
Operating Time: <1.5cycles
Setting Range
DC settings: 15-300 Vdc, 1 Vdc steps
AC ripple setting: 1-300 Vac, 1 Vac steps
Accuracy
Pickup Accuracy: +3% plus+2 Vdc (all elements but
DC1RP and DC2RP)
+10% plus =2 Vac (DC1RP and
DC2RP)

Metering Accuracy

All metering accuracy is at 20°C, and nominal frequency unless
otherwise noted.

Currents
Phase Current Magnitude
5 A Model:
1 A Model:

+0.2% plus 4 mA (2.5-15 A sec)
+0.2% plus+0.8 MA (0.5-3 A sec)
Phase Current Angle

All Models: +0.2° in the current range 0.5 « | o, tO
3.0 Inom
Sequence Currents Magnitude
5A Model: +0.3% plus+4 mA (2.5-15 A sec)
1A Model: +0.3% plus £0.8 mA (0.5-3 A sec)

Sequence Current Angle

All Models: +0.3° in the current range 0.5 * |, tO
3.0 Inom
Voltages

Phase and

Phase-to-Phase Voltage

Magnitude: +0.1% (33.5-200 V| _\)
Phase and

Phase-to-Phase Angle:  +0.05° (33.5-200 V)
Sequence Voltage

Magnitude: +0.15% (33.5-200 V| )
Sequence Voltage Angle: £0.1° (33.5-200 V| )

Frequency (Input 40-65 Hz)

Accuracy: +0.01 Hz

Date Code 20111215



Power and Energy
Real Power, P (MW), Three Phase
At0.1* lnom
Power factor unity: +0.4%

Power factor 0.5 lag,
0.5 lead: +0.7%

At1.0°lpom
Power factor unity: +0.4%
Power factor 0.5 lag,

0.5 lead: +0.4%
Reactive Power, Q (MVAR), Three Phase
At0.1¢lpom
Power factor 0.5 lag,
0.5 lead: +0.5%
At 1.0 lpom
Power factor 0.5 lag,
0.5 lead: +0.4%
Energy (MWh), Three Phase
At0.1* lom

Power factor unity: +0.5%

Power factor 0.5 lag,
0.5 lead: +0.7%

At1.0°lom
Power factor unity: +0.4%

Power factor 0.5 lag,
0.5 lead: +0.4%

Synchrophasors
See Accuracy on page R.7.9 for test exclusions and details.
TVE (total vector error): £1%

Frequency Range: +5 Hz of nominal (50 or 60 Hz)
Voltage Range: 30V-150V
Current Range: (0.1-2) * lnom (Inom=1A or 5A)
Phase Angle Range: —179.99° to 180°

Date Code 20111215
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Section 2
Installation

The first steps in applying the SEL-421 Relay are installing and connecting
the relay. This section describes common installation features and particul ar
installation requirements for the many physical configurations of the
SEL-421. You can order the relay in horizontal and vertical orientations, and
in panel-mount and rack-mount versions. SEL also provides various
expansion 1/O (input/output) interface boards to tailor the relay to your
specific needs.

To install and connect the relay safely and effectively, you must be familiar
with relay configuration features and options and relay jumper configuration.
You should carefully plan relay placement, cable connection, and relay
communication. Consider the following when installing the SEL-421.

» Shared Configuration Attributes on page U.2.1
Plug-In Boards on page U.2.12

Jumpers on page U.2.18

Relay Placement on page U.2.30

Y Y VvYY

Connection on page U.2.31

» AC/DC Connection Diagrams on page U.2.50

It isalso very important to limit access to the SEL -421 settings and control
functions by using passwords. For information on relay access levels and
passwords, see Changing the Default Passwords: Terminal on page U.4.9.

Shared Configuration Attributes

There are common or shared attributes among the many possible
configurations of SEL-421 relays. This section discusses the main shared
features of the relay.

Re|ay Sizes SEL producesthe SEL-421 in horizontal and vertical rack-mount versions and
horizontal and vertical panel-mount versions. Relay sizes correspond to height
in rack units, U, where U is approximately 1.75 inches or 44.45 mm. The
SEL-421 isavailablein 3U, 4U, and 5U sizes.

Front-Panel The horizontal front-panel template shown in Figure 2.1 is the same for all
T lat 3U, 4U, and 5U horizontal versions of the relay. The vertical front-panel
emplates template (shown in Figure 2.1) is the same for al 3U, 4U, and 5U vertical

versions of the relay.

The SEL-421 front panel has three pockets for slide-in labels: one pocket for
the target LED label, and two pockets for the operator control labels.
Figure 2.1 shows the front-panel pocket areas and openings for typical

Date Code 20111215 User's Guide SEL-421 Relay



U.2.2 | Installation
Shared Configuration Attributes

horizontal and vertical relay orientations; dashed lines denote the pocket
areas. Refer to the instructions included in the Configurable Label kit for
information on reconfiguring front-panel LED and pushbutton labels.

Rear Panels Rear panels are identical for the horizontal and the vertical configurations of
therelay. Figure 2.2 is an example of arear panel for a 3U relay with fixed
terminal block analog inputs. Figure 2.3 shows arear panel for a3U relay
with Connectorized® analog inputs. See Rear-Panel Layout on page U.2.32
for representative 3U, 4U, and 5U relay rear panels (large drawings arein
Figure 2.28, Figure 2.29, Figure 2.30, and Figure 2.33).

Connector Types
Screw Terminal Connectors-1/0 and Monitor/Power

Connect to the relay 1/0 and Monitor/Power terminals on the rear panel
through screw terminal connectors. You can remove the entire screw terminal
connector from the back of the relay to disconnect relay 1/0, dc battery
monitor, and power without removing each wire connection. The screw
terminal connectors are keyed (see Figure 2.37), so you can replace the screw
terminal connector on the rear panel only at the location from which you
removed the screw terminal connector. In addition, the receptacle key prevents
you from inverting the screw terminal connector, making removal and
replacement easier.

Secondary Circuit Connectors
Fixed Terminal Blocks

Connect PT and CT inputs to the fixed terminal blocks in the bottom row of
therelay rear panel.

You cannot remove these terminal blocks from the relay rear panel. These
terminals offer a secure high-reliability connection for PT and CT
secondaries.

Connectorized

The Connectorized SEL-421 features receptacles that accept plug-in/plug-out
connectors for terminating PT and CT inputs; this requires ordering awiring
harness (SEL-WA0421) with mating plugs and wire leads. Figure 2.3 shows
the relay 3U chassis with Connectorized CT and PT analog inputs (see
Connectorized on page U.2.42 for more information).

SEL-421 Relay User's Guide Date Code 20111215
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Figure 2.2 Rear 3U Template, Fixed Terminal Block Analog Inputs
(In a vertical-mount relay, the right rear side is at the top.)
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Figure 2.3 Rear 3U Template, Connectorized Analog Inputs
(In a vertical-mount relay, the right rear side is at the top.)

Secondary Circuits The SEL-421 isavery low burden load on the CT secondaries and PT
secondaries. For both the CT and PT inputs, the frequency rangeis 40-65 Hz.

The relay accepts two sets of three-phase currents from power system CT
inputs:

> AW, IBW, and ICW
> |AX,IBX, and ICX

For 5 A relays, the rated nominal input current, |5y, iS5 A. For 1 A relays,
the rated nominal input current, | ,g, iS1A.

Input current for both relay types can range to 20 ¢ | ,5,. The CT burden for
each relay isthe following:

» S5Arelay: 0.27VA @5A and 251 VA @ 15A
» 1Arelay:0.13VA @1A and 1.31 VA @ 3A

See the AC Current Inputs (Secondary Circuits) on page U.1.13 for complete
CT input specifications.

SEL-421 Relay User's Guide Date Code 20111215



Control Inputs

Installation
Shared Configuration Attributes

Therelay also accepts two sets of three-phase, four-wire (wye) potentialsfrom
power system PT or CCVT (coupling-capacitor voltage transformer)
secondaries:

> VAY, VBY, and VCY
» VAZ,VBZ,and VCZ

The nominal line-to-neutral input voltage for the PT inputsis 67 voltswith a
range of 0—300 volts. The PT burden islessthan 0.5 VA at 67 volts, L-N. See
AC \oltage Inputs on page U.1.13 for complete PT input specifications.

Some applications do not use all three phases of a source; for example, voltage
synchronization sources can be single phase. See Section 1. Protection
Application Examplesin the Applications Handbook for examples of
connections to the potential inputs.

See Secondary Circuit Connections on page U.2.41 for information on
connecting power system secondary circuits to these inputs.

Direct Coupled

NOTE: The SEL-421 Main Board A
and the INT1, INT5, and INT6 1/0
interface boards have polarity-
sensitive inputs, and the terminals are
identified with a polarity mark.

Date Code 20111215

The SEL-421 Main Board A inputs, and the inputs on the optional 1/0
interface boards (INTZ1, INT5, or INT6 | /O boards—see Models and Options
on page U.1.5), are direct-coupled, high-impedance control inputs. Use these
inputs for monitoring on/off and logical change-of-state conditions of power
system equipment. These high-isolation control inputs are polarity-sensitive
circuits. You cannot damage these inputs with a reverse polarity connection,
although the relay will not detect input changes with a reverse-polarity input.
For more information on control input specifications, see Control Inputs on
page U.1.14.

Inputs can be independent or common. Independent inputs have two separate
ground-isolated connections to a high-isolation ADC (analog to digital
converter). There are no internal connections among independent inputs.
Common inputs share one input leg in common; al input legs of common
inputs are ground-isolated. Each pair of common inputsisisolated from all
other pairs.

Nominal current draw for these inputsisvery low (4 mA or less) with an input
voltage range of 15 Vdc to 265 Vdc. You can adjust the level at which these
inputs assert (and deassert) and can also debounce the control inputs. See
Global Settings on page R.10.4 for the default settings and more information.

To ensure secure performance of the control inputs, set the control input
pickup level according to the battery voltage level. Table 2.1 lists some of the
common DC voltage levels and appropriate settings.

Table 2.1 Recommended Control Input Pickup Settings (Sheet 1 of 2)

Substation DC Voltage Recommended Settings
Level Pickup: GINPa Dropout: GINDF
24 18 Vdc 85%
48 36 Vdc 85%
110 88 Vdc 80%
125 100 Vdc 80%

u.2.5
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Table 2.1 Recommended Control Input Pickup Settings (Sheet 2 of 2)

Substation DC Voltage Recommended Settings
Level Pickup: GINPa Dropout: GINDF
220 176 Vdc 80%
250 200 Vdc 80%

a Applies to INInnP, IN2nnP, IN3nnP when global setting EICIS := Y.

The control input accuracy is+5 percent of the applied signal plus+3 Vdc.
The maximum voltage input is 300 Vdc, and the relay samples the control
inputs 16 times per cycle. See Raw and Filtered Data on page A.3.2.

Optoisolated

NOTE: The SEL-421 Main Board B
and the INT2, INT3, INT4, INT7, and
INT8 1/0 interface boards have
optoisolated contact inputs that can
be used in either polarity.

NOTE: Only the optoisolated
control inputs can be used to detect
ac control signals. Direct-coupled
control inputs can only be used with
dc control signals.

SEL-421 Relay

The SEL-421 Main Board B inputs, and the inputs on the optional 1/0
interface boards (INT2, INT3, INT4, INT7, or INT8 I/O boards—see Models
and Options on page U.1.5), are fixed pickup threshold, optoisolated, control
inputs. The pickup voltage level is determined for each board at ordering time.

Use these inputs for monitoring change-of-state conditions of power system
equipment. These high-isolation control inputs are ground-isolated circuits
and are not polarity sensitive. In other words, the relay will detect input
changes with voltage applied at either polarity.

Inputs can be independent or common. Independent inputs have two separate
ground-isolated connections, with no internal connections among inputs.
Common inputs share one input leg in common; all input legs of common
inputs are ground isolated. Each group of common inputsisisolated from all
other groups.

Nominal current drawn by these inputsis 8 mA or less with 6 voltage options
covering awide range of voltages, as listed in Control Inputs on page U.1.14.
You can debounce the control input pickup delay and dropout delay separately
for each input, or you can use a single debounce setting that appliesto al the
contact input pickup and dropout times—see Global Settings on page R.10.4.

AC Control Signals

Optoisolated control inputs can be used with ac control signals, within the
ratings shown in Control Inputs on page U.1.14. Specific pickup and dropout
time-delay settings are required to achieve the specified ac thresholds, as
shown in Table 2.2.

It is possible to mix ac and dc control signal detection on the same interface
board with optoisolated contact inputs, provided that the two signal types are
not present on the same set of combined inputs. Use standard debounce time
settings (usually the same value in both the pickup and dropout settings) for
the inputs being used with dc control voltages.

User's Guide Date Code 20111215



Control Outputs

NOTE: EA certified relays do not
have MOV protected standard
output contacts.
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Table 2.2 Required Settings for Use with AC Control Signals?

Relay Recognition Time
Global Settings Description Entryb for AC Control Signal
state change
INnmmPU¢ Pickup Delay | 0.1250 cycles | 0.625 cycles maximum
(assertion)
INnmmDQO¢ Dropout Delay | 1.0000 cycle | 1.1875 cycles maximum
(deassertion)

@

First set Global setting EICIS := Y to gain access to the individual input pickup and dropout
timer settings.

These are the only setting values that SEL recommends for detecting ac control signals.
Other values may result in inconsistent operation.

¢ Where n is 1 for Main Board, 2 for Interface Board 1, and 3 for Interface Board 2; mm is
number of available contact inputs depending on the type of board.

o

The recognition times listed in Table 2.2 are only valid when:

» Theacsignal applied is at the same frequency as the power
system.

» Thesignal iswithin the ac threshold pickup ranges defined in
Optoisolated (use with ac or dc signals) on page U.1.14.

» Thesignal contains no dc offset.

The SEL-421 samples the optoisolated inputs 16 times per cycle—see Raw
and Filtered Data on page A.3.2.

I/0 control outputs from the relay include Standard outputs, Hybrid (high-
current-interrupting) outputs, and Fast Hybrid (fast high-current-interrupting)
outputs. Fast Hybrid outputs are available only on the optional INT4, INT5, or
INT8 I/O interface boards. An MOV (metal-oxide varistor) protects against
excess voltage transients for each contact. Each output isindividually isolated,
except Form C outputs, which share a common connection between the NC
(normally closed) and NO (normally open) contacts.

The relay updates control outputs eight times per cycle. Updating of relay
control outputs does not occur when therelay is disabled. When therelay is
reenabled, the control outputs assume the state that reflects the present
protection processing.

Standard Control Outputs

NOTE: You can use ac or dc circuits

with Standard control outputs.

Date Code 20111215

The Standard control outputs are “dry” Form A contacts rated for tripping
duty. Ratings for Standard outputs are 30 A make, 6 A continuous, and 0.5 A
or less break (depending on circuit voltage). Standard contact outputs have a
maximum voltage rating of 250 Vac/330 Vdc. Maximum break time is6 ms
(milliseconds) with aresistive load. The maximum pickup time for the
Standard control outputsis 6 ms. Figure 2.4 shows arepresentative connection
for aForm A Standard control output on the main board I/O terminals.

User's Guide
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Figure 2.4 Standard Control Output Connection

See Control Outputs on page U.1.13 for complete standard control output
specifications.

Hybrid (High-Current-Interrupting) Control Outputs

/\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.

The Hybrid (high-current-interrupting) control outputs are polarity dependent
and are capable of interrupting high-current, inductive loads. Hybrid control
outputs use an IGBT (Insulated Gate Bipolar Junction Transistor) in parallel
with amechanical contact to interrupt (break) highly inductive dc currents.
The contacts can carry continuous current, while eliminating the need for heat
sinking and providing security against voltage transients.

With any hybrid output, break time varies according to the L/R (circuit
inductive/resistive) ratio. Asthe L/R ratio increases, the time needed to
interrupt the circuit fully increases also. The reason for thisincreased
interruption delay isthat circuit current continues to flow through the output
MOV after the output deasserts, until al of the inductive energy dissipates.
Maximum dropout (break) timeis 6 ms with aresistive load, the same as for
the Standard control outputs. The other ratings of these control outputs are
similar to the Standard control outputs, except that the Hybrid outputs can
break current as great as 10 A. Hybrid contact outputs have a maximum
voltage rating of 330 Vdc.

The maximum pickup time for the Hybrid control outputsis 6 ms. Figure 2.5
shows a representative connection for a Form A Hybrid control output on the
main board /O terminals.

ouTO1

B L

@

02
Figure 2.5 Hybrid Control Output Connection

01

See Section 1 Introduction and Specifications, for complete Hybrid control
output specifications.
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Fast Hybrid (Fast High-Current-Interrupting) Control Outputs

NOTE: You can use ac or dc circuits In addition to the Standard control outputs and the Hybrid control outputs, the

with Fast Hybrid (fast high-current- INT4, INT5, and INT8 I/O interface boards offer Fast Hybrld (fﬂ hlgh-

interrupting) outputs. current-interrupting) control outputs. These control outputs have aresistive
load pickup time of 10 us (microseconds), which is much faster than the 6 ms
pickup time of the Standard and Hybrid control outputs. The Fast Hybrid
control outputs drop out at a maximum time of 8 ms. The maximum voltage
rating is 250 Vac/330 Vdc. See Control Outputs on page U.1.13, for complete
Fast Hybrid control output specifications.

Figure 2.6 shows a representative connection for a Form A Fast Hybrid
control output on the INT5 (INT8) 1/0 interface terminals.

o0
A

o1 02 03

Figure 2.6 Fast Hybrid Control Output Connection, INT5 (INT8)

Figure 2.7 shows a representative connection for a Form A Fast Hybrid
control output on the INT4 1/O interface terminals. The HS marks are included
to indicate that thisis a high-speed control output.

ouTO1
HS

O
D

1
002

Figure 2.7 Fast Hybrid Control Output Connection, INT4

The INT5 (INT8) Fast Hybrid control output uses three terminal positions,
while the INT4 Fast Hybrid usestwo. The third terminal of each INT5 (INT8)
Fast Hybrid control output is connected to precharge resistors that can be used
to mitigate transient inrush current conditions, as explained below. A similar
technique can be used with INT4 board Fast Hybrid control outputs using
external resistors.

Short transient inrush current can flow at the closing of an external switchin
series with open Fast Hybrid contacts. Thistransient will not energize the
circuitsin typical relay-coil control applications (trip coils and close coils),
and standard auxiliary relays will not pick up. However, an extremely
sensitive digital input or light-duty, high-speed auxiliary relay can pick up for
this condition. Thisfalse pick-up transient occurs when the capacitance of the
Fast Hybrid output circuitry charges (creating amomentary short circuit that a
fast, sensitive device sees as a contact closure). A third terminal (03 in

Figure 2.8) provides an internal path for precharging the Fast Hybrid output
circuit capacitance when the circuit is open.
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Main Board 1/0

SEL-421 Relay

MQ MQ

O O
01 02 03

Figure 2.8 Fast Hybrid Control Output Typical Terminals, INT5 (INT8)

Figure 2.9 shows some possible connections for this third terminal that will
eliminate the false pick-up transients when closing an external switch. In
general, you must connect the third terminal to the dc rail (positive or
negative) that is on the same side as the open external switch condition. If an
open switch exists on either side of the output contact, then you can
accommodate only one condition because two open switches (one on each
side of the contact) defeat the precharge circuit.

(*)

Precharge circuit
path internal to Fast
Hybrid control output

Figure 2.9 Precharging Internal Capacitance of Fast Hybrid Output
Contacts, INT5 (INT8)

For wiring convenience, on the INT5 (INT8) 1/O Interface Board, the
precharge resistors shown in Figure 2.8 are built-in to the 1/0O board, and
connected to athird terminal. On the INT4 I/O Interface Board, there are no
built-in precharge resistors, and each Fast Hybrid control output has only two
terminal connections.

The SEL-421 base model isa3U chassiswith 1/0 interface on the main board
(the top board). See Figure 2.27 and Figure 2.28 for representative rear-panel
views of the 3U chassis rear panel. There are two options for the main board
depending on the type of contact inputs. The Main Board A 1/0 interface has
direct coupled contact inputs. The Main Board B 1/O interface has
optoisolated contact inputs.
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Every SEL-421 configuration includes the main board /0 and features these
connections:

» Three Hybrid (high-current-interrupting) Form A outputs
» Two Standard Form A outputs

» Three Standard Form C outputs
>

Seven high-isolation control inputs (five independent and two
with acommon leg)

TIME Inputs The SEL-421 has aregular IRIG timekeeping mode, and a high-accuracy
IRIG (HIRIG) timekeeping mode, as described in Configuring High-Accuracy
Timekeeping on page U.4.71.

The IRIG-B seria dataformat consists of a 1-second frame containing 100
pulses divided into fields. The relay decodes the second, minute, hour, and day
fields and sets the internal time clock upon detecting valid time datain the
IRIG time mode.

There are two IRIG-B inputs on the SEL-421 rear panel, but only oneis
capable of supporting the HIRIG maode. For input specifications, see Time
Inputs on page U.1.14.

IRIG-B Pins of Serial Port 1

ThisIRIG-B input is capable of regular IRIG mode timekeeping only. Timing
accuracy for the IRIG time mode is 500 ps.

IRIG-B BNC Connector

ThisIRIG-B input is capable of both modes of timekeeping. If the connected
timekeeping source is qualified as high-accuracy (see Table 4.9 on

page U.4.71), the relay enters the HIRIG mode, which has atiming accuracy
of 1 us.

If both inputs are connected, the SEL-421 will use the IRIG-B BNC connector
signal if asignal is detected.

SEL-421 Time Inputs Changed

If you are upgrading the firmware in an existing SEL-421 relay, you may need
to remove or reconnect your time-source cables. Beginning with the release of
SEL -421 firmware version R112, the rear-panel TIME inputs have been
changed. Thereisno longer a 1k PPS time input—see 1k PPS Connection Not
Required on page U.4.72 for details.

Battery-Backed Clock If relay input power islost or removed, alithium battery powersthe relay
clock, providing date and time backup. The battery isa 3 V lithium coin céll,
Ray-O-Vac® No. BR2335 or equivalent. If power islost or disconnected, the
battery dischargesto power the clock. At room temperature (25°C), the battery
will operate for approximately 10 years at rated |oad.

When the SEL-421 is operating with power from an external source, the self-
discharge rate of the battery only isvery small. Thus, battery life can extend
well beyond the nominal 10-year period because the battery rarely discharges
after therelay isinstalled. The battery cannot be recharged. Figure 2.19 shows
the clock battery location (at the front of the main board).
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If the relay does not maintain the date and time after power loss, replace the
battery (see Replacing the Lithium Battery on page U.2.46).

The SEL-421 has several communications interfaces you can use to
communicate with other IEDs (intelligent electronic devices) via EIA-232
ports: PORT 1, PORT 2, PORT 3, and PORT F. See Section 4: Communications
Interfaces in the Reference Manual for more information and options for
connecting your relay to the communications interfaces.

An optional communications card provides Ethernet capability for the
SEL-421. A communications card gives the relay access to popular Ethernet
networking standards including TCP/IP, FTP, Telnet, DNP3, and IEC 61850
over local area and wide area networks. The Ethernet card with |EC 61850
support isonly available at purchase as a factory-installed option. For
information on DNP3 applications, see Section 6: DNP3 Communicationsin
the Reference Manual. For more information on IEC 61850 applications, see
Section 8: |EC 61850 Communications in the Reference Manual .

All versions of the SEL-421 a so feature ground, power, and battery monitor
connections. See Connection on page U.2.31 for information on these relay
interface features.

NOTE: The SEL-421-0 and the
SEL-421-1do not support Main Board B
1/0 and INT2, INT3, INT7, and INT8 1/0
interface boards. See SEL-421
Versions and Supported Features on
page U.1.7 for details.

NOTE: Ordering the 4U and 5U relay
with partial or no extra 1/0 allows for
future system expansion and future
use of additional relay features.

I/0 Interface Boards

The SEL-421 is available in many input/output configuration options. The
relay base model isa3U chassiswith Main Board A or Main Board B 1/0 and
screw terminal connector connections (see Figure 2.2). Other ordering options
include versions of the relay in larger enclosures (4U or 5U) with all, partial,
or no extra |/O boardsinstalled.

Plug-in communications cards are also available for the SEL-421. The
optiona Ethernet card allows you to use TCP/IP, FTR, Telnet, DNP3 LAN/
WAN, and |EC 61850 applications on an Ethernet network. This card is only
available at the time of purchase of anew SEL-421 as afactory-installed
option or as afactory-installed conversion to an existing relay.

You can choose among seven input/output interface boards for the 1/0O slots of
the 4U and 5U chassis. These I/0O interface boards are in addition to the main
board 1/0O described in Shared Configuration Attributes on page U.2.1. The
I/O interface boardsare INTL, INT2, INT3, INT4, INT5, INT6, INT7, and
INT8. Figure 2.10. Figure 2.11, Figure 2.12, Figure 2.13, Figure 2.14,
Figure 2.15, Figure 2.16, and Figure 2.17 show the rear screw terminal
connectors associated with these interface boards.

I OUTO1 OUTO02 OUTO3 OUTO4 OUTOS OUTO6 OUTO7 OUTO8
200] b b dh db o db dh dh

OUTO9 OUTIO OUTHT OUTI2 OUTI3  OUTI4 ouUTIS INOT  INO2  INO3  INO4  INO5 INO6  INO7  INO8

+0Oq +0Oq +00 +0On #rOq +00q 40Oy |2°°

db o db b A dEels ofeis +00n
ei0ss

Figure 2.10 INT11/0 Interface Board

SEL-421 Relay
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Figure 2.11 INT2 1/0 Interface Board
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ssssssss

2 2 @ 2 @ @ 2 2 oY
CELEELEEEEL

" 20 2 22 2 24 %5 26 ¥ 28 2 30 ¥ 32

) 2 2 2 2 2 2 @
€200

% 2 0199 e/
LEELELEE

N\
7

08 09 10 n

39 4 43 44 45 46 47 48 B

0 2 B e

Figure 2.14 INT5 1/0 Interface Board
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Figure 2.15 INT6 1/0 Interface Board
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The 1/O interface boards carry jumpers that identify the board location (see
Jumpers on page U.2.18).
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/\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
circuits or floating grounds. For these
applications, SEL provides optional
ground-isolated (optoisolated) contact
inputs. In addition, SEL has published
an application advisory on this issue.
Contact the factory for more
information.

NOTE: The SEL-421-0 and the
SEL-421-1do not support Main Board B
I/0 and INT2, INT3, INT7, and INT8 1/0
interface boards. See SEL-421
Versions and Supported Features on
page U.1.7 for details.

TheINT1, INT5, and INT6 I/O interface boards have eight independent
control inputs. All independent inputs are isolated from other inputs. These
high-isolation control inputs are direct coupled and hence polarity-sensitive.
You cannot damage these inputs with areverse polarity connection; though,
the relay will not detect input changes with areverse-polarity input.

TheINT3 and INT4 1/O interface board has two groups of nine (9) common
contacts (18 total) and six (6) independent control inputs. The INT2, INT7,
and INT8 1/O interface boards have eight independent control inputs. All
independent inputs are isolated from other inputs. These control inputs are
optoisolated and hence are not polarity sensitive, i.e., therelay will detect
input changes with voltage applied at either polarity, or ac signals (when
properly configured, see Optoisolated on page U.2.6).

Table 2.3 isa comparison of the 1/O board input capacities; the table also
shows the 1/O inputs on Main Board A or Main Board B. See Control Inputs
on page U.1.14 for complete control input specifications.

Table 2.3 1/0 Interface Boards Control Inputs

Board Number Independent Contact Pairs Common Contacts

INT12 8
INT2D
INT3P
INT4b
INT52
INT62
INT7P
INT8P
Main Board A2 2
Main Board BP 5 2

Two setsof 9
Two setsof 9

Ul 0 O O O O O

a Main Board A, INT1, INT5, and INT6 control inputs are direct coupled and are polarity
sensitive.

b Main Board B, INT2, INT3, INT4, INT7, and INT8 control inputs are optoisolated and are not
polarity sensitive.

1/0 Interface Board Outputs

NOTE: Form A control outputs
cannot be jumpered to Form B.

SEL-421 Relay

The I/O interface boards vary by the type and amount of output capabilities.
Table 2.4 lists the outputs of the additional 1/O interface boards; the table also
shows the 1/0O outputs on the main board. |nformation about the Standard and
Hybrid (high-current interrupting) control outputsisin Control Outputs on
page U.2.7.
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Table 2.4 1/0 Interface Boards Control Outputs
Standard Fast Hybrid? Hybridb
Board Number Form A Form C Form A Form A
INT1 13 2
INT2 13 2
INT3 4
INT4 2 6
INT5 8
INT6 2 13
INT7 2 13
INT8 8
Main Board A 2 3 3
Main Board B 2 3 3

a High-Speed/High-Current Interrupting.

b High-Current |

nterrupting.

Installing Optional I/0 Interface Boards

/A\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.

Date Code 20111215

Perform the fol
additiona 1/0
Step 1.

Step 2.
Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Ilowing steps to expand the capability of the SEL-421 with
interface boards:

Follow your company standard to remove the relay from
service.

Disconnect power from the SEL-421.

Retain the GND connection, if possible, and ground the
equipment to an ESD mat.

Remove the communi cations cabl e connected to the front-panel
serial port, if applicable.

L oosen the four front-panel screws (they remain attached to the
front panel), and remove the relay front panel.

Remove the 34-pin ribbon cable from the front panel by
pushing the extraction ears away from the connector.

Disconnect the power, the interface board, and the analog input
board cables from the main board.

Confirm proper installation of address jumpers on the interface
board (see Jumpers on page U.2.18).

Confirm drawout tray keying.

Therelay chassis and the drawout trays for the 200-addresses
slot and the 300-addresses slot are keyed (see Figure 2.18).

The keys are two round plug-in/plug-out discs on the bottom of
the drawout tray.

The 200-addresses dlot keys go to the left, and the 300-
addresses dlot keys go to the right (when viewed from the top
and front of the drawout tray).

User's Guide
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/AWARNING

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

/\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

If you are planning to install an INT4
1/0 Interface Board in your relay (see
Table 2.3 and Table 2.4 for board
descriptions), first check the firmware
version of the relay—-see Firmware
Version Number on page U.6.39. If the
firmware version is R111 or lower, you
must first upgrade the relay firmware
to the newest version and verify that
the firmware upgrade was successful
before installing the new board.
Failure to install the new firmware first
will cause the 1/0 Interface Board to
fail, and it may require factory service.
Complete firmware upgrade
instructions are provided when new
firmware is ordered.

A\CAUTION

Field replacement of 1/0 boards INT1,
INT2, INT5, INT6, INT7, or INT8 with
INT4 can cause I/0O contact failure.
The INT4 board has a pickup and
dropout delay setting range of
0-1cycle. For all other 1/0 boards,
pickup and dropout delay settings
(IN201PU-IN224PU, IN201DO-
IN224DO, IN301PU-IN324PU, and
IN301DO-IN324DO0) have a range of
0-5 cycles. Upon replacing any 1/0
board with an INT4 board, manually
confirm reset of pickup and dropout
delays to within the expected range of
0-1cycle.

SEL-421 Relay

Step 10. Move a key on the bottom of the drawout tray to the correct
position by prying the key from the tray and reinserting the key
in the proper position.

Do thisfor both keys.
200-Addresses Keys
300-Addresses Keys
SEL-421 Relay Chassis
(Top View, Top Removed)

Figure 2.18 Chassis Key Positions for 1/0 Interface Boards

Step 11. Install the drawout tray with the I/O interface board, using the
following precautions:

a. Position the drawout tray edges into the left-side and
right-side internally mounted slots.

b. Slidethel/O interface board into the SEL-421 by
pushing the front edge of the board drawout tray.

c. Apply firm pressureto fully seat the 1/O interface
board.

If you encounter resistance, stop, and withdraw the
board.

Inspect the drawout tray edge guide slots for damage.

If you see no damage, take all of the precautions
outlined above and try again to insert the board.

Step 12. If thisisanew I/O interface board installation, remove the
INTERFACE BOARD EXPANSION SLOT self-sticking label from the
rear pandl.

Lift acorner of the label with asharp tool and peel away the
label from the rear panel.

Step 13. Confirm screw terminal connector keying.

SEL supplies three new screw terminal connectors with new
1/O interface boards.

a. Inspect the screw terminal connector receptacles on the
rear of the I/O interface board.

b. Refer to Figure 2.38 for the corresponding key
positions inside the receptacle.

c. If thekeysinsidethe I/O interface board receptacles are
not in the positions indicated in Figure 2.38, grasp the
key edge with long-nosed pliers to remove the key and
reinsert the key in the correct position.

d. Break the webs of the screw terminal connectorsin the
position that matches the receptacle key (see
Figure 2.37).
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Step 14. Attach the screw terminal connector.

a. Mount the screw terminal connectorsto the rear panel
of the SEL-421.

Refer to Figure 2.10 and Figure 2.14 for screw terminal
connector placement.

b. Tighten the screw terminal connector mounting screws
to between 7 in-Ib. and 12 in-Ib. (0.8 Nm to 1.4 Nm).

Step 15. Reinstall the SEL-421 main board, and reconnect the power,
the interface board, and the analog input board cables.

Step 16. Reconnect the cable removed in Sep 6 and reinstall the relay
front-panel cover.

Step 17. Reconnect any serial cables that you removed from the EIA-232
PORTS in the disassembly process.

Step 18. Apply power.

Step 19. Enter Access Level 2 (see Making Smple Settings Changes on
page U.4.13).

Step 20. Issue the STA command and answer Y <Enter> to accept the
new hardware configuration (see STATUS on page R.9.48).

Step 21. Inspect the relay targets to confirm that the relay reads the
added 1/O interface board(s).

You can see the new control inputs in the target listings by
using aterminal, the ACSEL ERATOR QuickSet® SEL-5030
software program, or the front panel.

Step 22. Use a communications terminal to issue the commands TAR
IN201 <Enter> (for the 200-addresses slot) or TAR IN301
<Enter> (for the 300-addresses slot).

Alternatively, from the front panel MATN menu, select RELAY
ELEMENTS, and press the {Down Arrow} pushbutton to go to ROW
101 (for the 200-addresses slot) or ROW 104 (for the 300-
addresses slot).

Step 23. Follow your company standard procedure to return therelay to
service.

Communications Card You can add communications protocols to the SEL-421 by purchasing the
Ethernet card option. Factory-installed in the rear relay PORT 5, the Ethernet
card provides Ethernet portsfor industrial applicationsthat process datatraffic
between the SEL-421 and aLAN (local area network).
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Main Board Jumpers

The SEL-421 contains jumpers that configure the relay for certain operating
modes. The jumpers are located on the main board (the top board) and the 1/0
interface boards (one or two boards located immediately below the main
board).

The jumpers on the main board of the SEL-421 perform these functions:
» Temporary/emergency password disable
» Circuit breaker control enable

» Rear seria port +5 Vdc source enable

Figure 2.19 shows the positions of the main board jumpers. The main board
jumpersarein two locations. The password disable jumper and circuit breaker
control jumper are at the front of the main board. The seria port jumpers are
near the rear-pane seria ports; each serial port jumper isdirectly in front of
the serial port that it controls.

Password and Circuit Breaker Jumpers

/\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 J18A and
J18D.

SEL-421 Relay

You can access the password disable jumper and circuit breaker control
jumper without removing the main board from the relay cabinet. Remove the
SEL-421 front cover to view these jumpers (use appropriate ESD
precautions). The password and circuit breaker jumpers are on jumper header
J18 on the front of the main board, located immediately left of power
connector J17 (see Figure 2.19).

The J18 header is denoted A, B, C, and D from right to left (position A ison
theright). Position B is the password disable jumper; position C is the circuit
breaker control enable jumper. Positions A and D are not used. Figure 2.20
shows the jumper header with the circuit breaker/control jJumper in the ON
position and the password jumper in the OFF position; these are the normal
jumper positions for an in-service relay. Table 2.5 lists the J18 jumper
positions and functions.
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Figure 2.20 J18 Header—Password and Breaker Jumpers

Table 2.5 Main Board Jumpers?@

Jumper Jumper .
a2 Location Position Function
J18A Front OFF For SEL use only
Ji8B Front OFF Enable password protection
(normal and shipped position)
ON Disable password protection
(temporary or emergency only)
Ji8c Front OFF Disable circuit breaker commands (OPEN and
CLOSE) and output PUL SE commands?
(shipped position)
ON Enable circuit breaker commands (OPEN and
CLOSE) and output PUL SE commands?
J18D Front OFF For SEL use only

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

b Also affects the availability of the Fast Operate Breaker Control Messages and the front-
panel LOCAL CONTROL > BREAKER CONTROL, and front-panel LOCAL CONTROL >
QUTPUT TESTING screens.

The password disable jumper, J18B, isfor temporary or emergency
suspension of the relay password protection mechanisms. Under no
circumstance should you install J18B on along-term basis. The SEL-421
ships with password disable jumper J18B OFF (passwords enabled).

For temporary unprotected access to a particular access level, usethe PASn
DISABLE command (n isthe accesslevel: n =1, B, P, A, O, 2). For more
information on this command and setting passwords, see Passwords on
page U.4.9.

The circuit breaker control enable jumper, Jumper J18C, supervises the
CLOSE n command, the OPEN n command, the PUL SE OUTnnn
command, and front-panel local bit control. To use these functions, you must
install jumper J18C.

Therelay checks the status of the circuit breaker control jumper when you
issue CLOSE n, OPEN n, PUL SE OUTnnn, and when you use the front
panel to close or open circuit breakers, control alocal bit, or pulse an output.

The SEL-421 shipswith circuit breaker jumper J18C OFF. For commissioning
and testing of the SEL-421 contact outputs, it may be convenient to set J18C
ON, so that the PUL SE OUT nnn commands can be used to check output
wiring. J18C must also be set ON if SCADA control of the circuit breaker via
Fast Operateisrequired, or if the LOCAL CONTROL > BREAKER CONTROL screens
are going to be used.
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Serial Port Jumpers

Place jumpers on the main board to connect +5 Vdc to Pin 1 of each of the
three rear-panel EIA-232 serial ports. The maximum current available from
thisPin 1 sourceis 0.5 A. The Pin 1 source is useful for powering an external
modem. Table 2.6 describes the IMP1, IMP2, and JMP3 positions. Refer to
Figure 2.19 for the locations of these jumpers. The SEL-421 shipswith IMP1,
JMP2, and IMP3 OFF (no +5 Vdc on Pin 1).

Table 2.6 Main Board Jumpers-JMP1, JMP2, and JMP32

Jumper | oo | Posttion Function

JMP1 Rear OFF Seria PORT 3, Pin 1= not connected
ON Serial PORT 3, Pin1=+5Vdc

JMP2 Rear OFF Serial PORT 2, Pin 1= not connected
ON Serial PORT 2, Pin1=+5Vdc

IMP3 Rear OFF Serial PORT 1, Pin 1 = not connected
ON Seria PORT1, Pin1=+5Vdc

a ON is the jumper shorting both pins of the jumper. Place the jumper over one pin only for OFF.

Changing Serial Port Jumpers

You must remove the main board to access the serial port jumpers. Perform

ADANGER the following steps to change the IMP1, IMP2, and IMP3 jumpersin an

Contact with instrument terminals can SEL-421:

cause electrical shock that can result '

In injury or death. Step 1. Follow your company standard to remove the relay from
service.

AWARNIN,G', _ Step 2. Disconnect power from the SEL-421.

Have only qualified personnel service

this equipment. If you are not . : : :

qualified to service this equipment, Step 3. Retq n the GND connection, if possible, and ground the

you can injure yourself or others, or equipment to an ESD mat.

cause equipment damage. . .
Step 4.  Remove the communications cable connected to the front-panel

serial port, if applicable.

ACAUTION
Equipment components are sensitive Step 5. Remove the rear-panel EIA-232 PORT mating connectors.
to electrostatic discharge (ESD). i i
Undetectable permanent damage Unscrew the keeper screws and disconnect any serial cables
can result if you do not use proper connected to the PORT 1, PORT 2, and PORT 3 rear-panel
ESD procedures. Ground yourself,
your work surface, and this receptacl €s.
equipment before removing any .
cover from this equipment. If your Step 6. Loosen the four front-panel screws (they remain attached to the
facility is not equipped to work with
these components, contact SEL front panel), and remove the relay front panel.
bout returning this device and -
related SEL equipment for service. Step 7. Remove the 34-pin ribbon cable from the front panel by

pushing the extraction ears away from the connector.

Step 8. Disconnect the power, the interface board, and the anal og input
board cables from the main board.

Step 9.  Remove the screw terminal connectors.

a.  Loosen the attachment screws at each end of the 100-
addresses screw terminal connectors.

b. Pull straight back to remove.

Step 10. Carefully pull out the drawout assembly containing the main
board.

Date Code 20111215 User's Guide SEL-421 Relay
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Step 11. Locate the jumper you want to change.

Jumpers IMP1, IMP2, and IMP3 are located at the rear of the
main board, directly in front of PORT 3, PORT 2, and PORT 1,
respectively (see Figure 2.19).

Step 12. Install or remove the jumper as needed (see Table 2.6 for
jumper position descriptions).

Step 13. Reinstall the SEL-421 main board, and reconnect the power,
the interface board, and the analog input board cables.

Step 14. Reconnect the cable removed in Step 7 and reinstall the relay
front-panel cover.

Step 15. Reattach the rear-panel connections.

Step 16. Affix the screw terminal connectors to the appropriate 100-
addresses locations on the rear panel.

Step 17. Reconnect any serial cablesthat you removed from the EIA-232
PORTS in the disassembly process.

Step 18. Follow your company standard procedure to return the relay to
service.

Jumpers on the 1/0 interface boards identify the particular 1/0 board
configuration and I/O board control address. Eight 1/0O interface boards are
available: INTL, INT2, INT3, INT4, INT5, INT6, INT7, and INT8 (see /O
Interface Boards on page U.2.12 for more information on these boards). The
jumpers on these I/O interface boards are at the front of each board, as shown
in Figure 2.21, Figure 2.22, Figure 2.23, Figure 2.24, and Figure 2.25.
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Figure 2.21
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Figure 2.22 Major Component Locations on the SEL-421INT3 1/0 Board
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Figure 2.23 Major Component Locations on the SEL-421INT4 1/0 Board
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Fast Hybrid Control Outputs
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Figure 2.25 Major Component Locations on the SEL-421INT6 (or INT7) 1/0
Board

To confirm the positions of your I/O board jumpers, remove the front panel
and visually inspect the jumper placements. Table 2.7 lists the four jumper
positions for 1/O interface boards. Refer to Figure 2.21, Figure 2.23,
Figure 2.24, and Figure 2.25 for the locations of these jumpers.
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The 1/0O board control address has a hundreds-series prefix attached to the
control inputs and control outputs for that particular 1/0 board chassis slot. A
4U chassis has a 200-addresses slot for inputs IN201, IN202, etc., and outputs
0OUT201, OUT202, etc. A 5U chassis has a 200-addresses slot and a 300-

addresses slot.

The drawout tray on which each 1/0 board is mounted is keyed. See Installing
Optional /O Interface Boards on page U.2.15 for information on the key
positions for the 200-addresses d ot trays and the 300-addresses slot trays.

Table 2.7 1/0 Board Jumpers
'/é’or?t"rfld JMPIA/ JMP1B/ JMP2A/ JMP2B/
JMP49Aa2 JMP49Ba JMP50A2 JMP50Ba
Address
2XX OFF OFF OFF OFF
3XX ON OFF ON OFF

a INT4 1/0 Interface Board jumper numbering.

Changing I/0 Interface Board Jumpers

/\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.

/AWARNING

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

/\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.

SEL-421 Relay

Change the I/O interface board jumpers only when you move the slot position
of an 1/0O board. You must remove the I/O interface boards to access the

jumpers. Perform the following steps to change jumpers on an SEL-421 1/0

interface board:

Step 1.

Follow your company standard to remove the relay from
service.

Step 2. Disconnect power from the SEL-421.

Step 3. Retain the GND connection, if possible, and ground the
equipment to an ESD mat.

Step 4. Remove the communications cable connected to the front-panel
serial port, if applicable.

Step 5. Loosen the four front-panel screws (they remain attached to the
front panel), and remove the relay front panel.

Step 6.  Remove the 34-pin ribbon cable from the front panel by
pushing the extraction ears away from the connector.

Step 7. Disconnect the power, the interface board, and the anal og input
board cables from the main board.

Step 8. Pull out the drawout assembly containing the I/O interface
board.

Step 9. Locate the jumper you want to change.
The I/O interface board jumpers are located near the front of
each /0O board, and near the interface board connector, as
shown for each type of interface board in Figure 2.21 through
Figure 2.25.

Step 10. Install or remove the jumper as needed (see Table 2.7 for
jumper position descriptions).

Step 11. Reinstall the interface board, and reconnect the power, the
interface board, and the anal og input board cables.

Step 12. Reconnect the cable removed in Sep 6 and reinstall the relay
front-panel cover.
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{CLOSE} Pushbutton
and Breaker Status

LED Jumpers (select

models only)
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Jumpers

Step 13. Replace any cables previously removed from seria ports.

Step 14. Follow your company standard procedure to return the relay to
service.

Step 15. At relay power-up, confirm that the relay does not display a
status warning about 1/0O board addresses. For information on
this status warning, see Relay Self-Tests on page U.6.38.

Thejumperslisted in Table 2.8 are used to select the proper control voltage for
breaker open/closed indicating LEDs on the front panel of the relay.

Figure 2.22 shows the jJumper |ocations on the magnetics/auxiliary pushbutton
board. The jumpers come preset from the factory with the voltage range set
the same as the control input voltage, as determined by the part number at
order time.

The voltage setting can be different for each LED. To access these jumpers,
the relay front cover, top cover, main board, and any additional 1/0 board (if
present) must first be removed. See instructions and precautionsin the
subsection Changing Serial Port Jumpers on page U.2.21.

Table 2.8 Jumper Positions for Breaker OPEN/CLOSE Indication

BREAKER OPEN LED BREAKER CLOSED LED
JMP4 JMPS JMP7 JMP3 JMP6 JMP8
24V Installed Installed Installed Installed Installed Installed
48V Installed Installed Not Installed Installed Installed Not Installed
110/125V Installed Not Installed Not Installed Installed Not Installed Not Installed
220/250V Not Installed Not Installed Not Installed Not Installed Not Installed Not Installed

NOTE: With arc suppression enabled,
the corresponding output polarity
marks must be followed when wiring

the control.

Date Code 20111215

Table 2.9 shows how to enable or disable the arc suppression feature of the
{TRIP} and {CLOSE} pushbuttons. If ac control power is used to operate the
breaker, then the corresponding arc suppression jumper must be removed. If
dc control power is used to operate the breaker, then the arc suppression is
strongly recommended to break inductive loads. The arc suppression comes
enabled from the factory. Figure 2.22 shows the jumper locations on the
magnetics/auxiliary pushbutton board.

Table 2.9 Jumper Positions for Arc Suppression

{TRIP} pushbutton {CLOSE} pushbutton
Option
JMP2 JMP1
Arc Suppression Enabled Installed Installed
Arc Suppression Disabled Not Installed Not Installed
Table 2.10 Front-Panel LED Option
JMP11, JMP122 LED Color
BRIDGE Red
Pinsland 3
Pins2and 4
BRIDGE Green
Pins3and 5
Pins4and 6

a JMP11 Open; JMP12 Closed.

User's Guide
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Relay Placement

Relay Placement

Physical Location

Rack Mounting

SEL-421 Relay

Proper placement of the SEL -421 helps make certain that you receive years of
trouble-free power system protection. Use the following guidelines for proper
physical installation of the SEL-421.

You can mount the SEL-421 in a sheltered indoor environment (a building or
an enclosed cabinet) that does not exceed the temperature and humidity
ratings for the relay.

Therelay israted at | nstallation/Overvoltage Category |1 and Pollution Degree
2. Thisrating alows mounting the relay indoors or in an outdoor (extended)
enclosure where the relay is protected against exposure to direct sunlight,
precipitation, and full wind pressure, but neither temperature nor humidity are
controlled.

You can place the relay in extreme temperature and humidity locations. The
temperature range over which the relay operatesis—40° to +185°F (—40° to
+85°C, see Operating Temperature on page U.1.15). The relay operatesin a
humidity range from 5 percent to 95 percent, no condensation, and is rated for
installation at a maximum altitude of 2000 m (6560 feet) above mean sea
level.

When mounting the SEL-421 in arack, use the reversible front flanges to
either semiflush-mount or projection mount the relay.

The semiflush mount gives a small panel protrusion from the relay rack rails
of approximately 1.1in. or 27.9 mm. The projection mount places the front
panel approximately 3.5in. or 88.9 mm in front of the relay rack rails.

See Figure 2.26 for exact mounting dimensions for both the horizontal and
vertical rack-mount relays. Use four screws of the appropriate size for your
rack.

User's Guide Date Code 20111215



Installation | U.2.31
Connection
RACK-MOUNT CHASSIS PANEL-MOUNT CHASSIS
RACK PROJECTION
MOUNT RACK MOUNT
l ond U L ' l ond U L
*6.10
*8.50 (154.9) *8.50
(215.9) TOP (215.9) TOP
l #10-32
P STUD
**352 /
(89.4) T 7
** 912 - [** 112 -
(28.4) (28.4)
, 19.00 , 19.80
| (482.6) | : (502.9) —
' ©) u _L ] :LI
A FRONT B C FRONT SIDE -
l i o_f =o o :;‘
18.31 763
! (465.1) ' - -
| (447.8) 01/4
‘(06.4)
MAIN BOARD| ONE I/0 TWO 1/0 . /1
DIMENSION 176NLY (3U) | BOARD (4U) | BOARD (5U) l / LEGEND
. £33 557 573 D PANEL CUTOUT B . in__
(132.6) (77.0) (221.5) , . (mm)
R 2.25 4.00 5.75 ‘ f
(57.2) (101.6) (146.0)
c 6.65 8.40 10.15 18.31
(168.9) (213.4) (257.8) ) (465.1)
D 5.10 6.85 8.60 *%ADD 0.50 (12.7) FOR PUSHBUTTON OPTION
(129.5) (174.0) (218.4) ADD 1.00 (25.4) FOR PUSHBUTTON WITH GUARD
* ADD 0.30 (7.6) FOR CONNECTORIZED RELAYS ---OPTIONAL PUSHBUTTON i9027f

Figure 2.26 SEL-421 Chassis Dimensions

Panel Mounting

Connection

Place the panel-mount versions of the SEL-421 in a switchboard panel. See
the drawingsin Figure 2.26 for panel cut and drill dimensions (these
dimensions apply to both the horizontal and vertical panel-mount relay
versions). Use the supplied mounting hardware to attach the relay.

/\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.

Date Code 20111215

The SEL-421 is available in many different configurations, depending on the
number and type of control inputs, control outputs, and analog input
termination you specified at ordering. This subsection presents a
representative sample of relay rear-panel configurations and the connections
to these rear panels. Only horizontal chassis are shown; rear panels of vertical
chassis areidentical to horizontal chassis rear panels for each of the 3U, 4U,
and 5U sizes.

When connecting the SEL-421, refer to your company plan for wire routing
and wire management. Be sure to use wire that is appropriate for your
installation with an insulation rating of at least 90°C.
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Rear-Panel Layout

NOTE: The SEL-421-0 and the
SEL-421-1do not support Main Board B
1/0 and INT2, INT3, INT7, and INT8 1/0
interface boards. See SEL-421
Versions and Supported Features on
page U.1.7 for details.

Figure 2.27, Figure 2.28, Figure 2.29, and Figure 2.30, and Figure 2.33 show
some of the available SEL-421 rear panels.

All relay versions have screw terminal connectors for 1/0O, power, and battery
monitor. You can order the relay with fixed terminal blocks for the CT and PT
connections, or you can order SEL Connectorized rear-panel configurations
that feature plug-in/plug-out PT connectors and shorting CT connectors for
relay analog inputs. Figure 2.28 shows the Connectorized 3U horizontal
configuration of the SEL-421. For clarity, the figures do not show a
communications card installed in PORT 5.

The screw terminal connections for the INT1 (or INT2) and the INT6 (or
INT7) I/O interface boards are the same. The INT5 (or INT8) 1/O interface
board has control output terminals grouped in threes, with the fourth terminal
asablank additional separator (terminals4, 8, 12, 16, 20, 24, 28, and 32). The
INT3, INT4 and INT5 (or INT8) 1/O interface boards both contain fast hybrid
control outputs, but use a different terminal layout — see Control Outputs on
page U.2.7 for details.

For more information on the main board control inputs and control outputs,
see Main Board I/0O on page U.2.10. For moreinformation on the 1/O interface
board control inputs and control outputs, see 1/0 Interface Board Jumpers on
page U.2.22.
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Figure 2.32 5U Rear Panel, Main Board B, INT3 and INT11/0 Interface Board
(The INT3 board is the 200-addresses slot; the INT1 board is the 300-addresses slot.)
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Figure 2.35 5U Rear Panel, Main Board B, INT2 and INT7 1/0 Interface Board

Rear-Panel Symbols There are important safety symbols on the rear of the SEL-421 (see
Figure 2.36). Observe proper safety precautions when you connect therelay at
terminals marked by these symbols. In particular, the danger symbol located
on the rear panel corresponds to the following: Contact with instrument
terminals can cause electrical shock that can result ininjury or death. Be
careful to limit access to these terminals.
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GND —
/N\DANGER @ - -
Danger Symbol Grounding DC Input Symbol
(Caution, risk of danger) Terminal
Symbol
Figure 2.36 Rear-Panel Symbols
Screw Terminal Terminate connections to the SEL-421 screw terminal connectors with ring-
C t type crimp lugs. Use a#8 ring lug with a maximum width of 0.360in.
onnectors (9.1 mm). The screws in the rear-panel screw terminal connectors are #3-32

binding head, slotted, nickel-plated brass screws. Tightening torque for the
terminal connector screwsis9in-lb. to 18 in-Ib. (1.0 Nm to 2.0 Nm).

You can remove the screw terminal connectors from the rear of the SEL-421
by unscrewing the screws at each end of the connector block. Perform the
following steps to remove a screw terminal connector:

Step 1. Remove the connector by pulling the connector block straight
out.

Note that the receptacle on therelay circuit board is keyed; you
can insert each screw terminal connector in only one location
on the rear panel.

Step 2. To replace the screw terminal connector, confirm that you have
the correct connector and push the connector firmly onto the
circuit board receptacle.

Step 3. Reattach the two screws at each end of the block.

Changing Screw Terminal Connector Keying

You can rotate a screw terminal connector so that the connector wire dress
position is the reverse of the factory-installed position (for example, wires
entering the relay panel from below instead of from above). In addition, you
can move similar function screw terminal connectors to other locations on the
rear panel. To move these connectors to other locations, you must change the
screw terminal connector keying.

Insertsin the circuit board receptacles key the receptacles for only one screw
terminal connector in one orientation. Each screw terminal connector has a
missing web into which the key fits (see Figure 2.37).

If you want to move a screw terminal connector to another circuit board
receptacle or reverse the connector orientation, you must rearrange the
receptacle keys to match the screw terminal connector block. Use long-nosed
pliers to move the keys.

Figure 2.38 shows the factory default key positions.

SEL-421 Relay User's Guide Date Code 20111215
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Webs Removed for Keying
(Receptacle Keys Fit Here)

N
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Figure 2.37 Screw Terminal Connector Keying

Grou nding Connect the grounding terminal (#Z31) labeled GND on the rear panel to arack
frame ground or main station ground for proper safety and performance.

This protective earthing terminal isin the lower right side of the relay panel
(see Figure 2.27, Figure 2.28, Figure 2.29, and Figure 2.30, and Figure 2.33).
The symbol that indicates the grounding terminal is shown in Figure 2.36.

Use 12-10 AWG (4 mm2—6 mm2) wire less than 6.6 feet (2 m) in length for
this connection. Thisterminal connects directly to theinternal chassis ground
of the SEL-421.
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Figure 2.38 Rear-Panel Receptacle Keying, SEL-421
Power Connections The terminals labeled POWER on the rear panel (#229 and #Z30) must connect

to a power source that matches the power supply characteristics that your
SEL -421 specifies on the rear-panel serial number label. (See Power Supply
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NOTE: The combined voltages
applied to the POWER and MONITOR
terminals must not exceed 600 V (rms

or dc).
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Connection

on page U.1.13, for complete power input specifications.) For the relay
model s that accept dc input, the serial number label specifies dc with the
symbol shown in Figure 2.36.

The POWER terminals are isolated from chassis ground. Use 16-14 AWG

(1.5 mm2-2.1 mm2) size wire to connect to the POWER terminals. Connection
to external power must comply with I[EC 60947-1 and |EC 60947-3 and must
be identified as the disconnect device for the equipment.

Place an external disconnect device, switch/fuse combination, or circuit
breaker in the POWER leads for the SEL-421; this device must interrupt both the
hot (H/+) and neutral (N/-) power leads. The current rating for the power
disconnect circuit breaker or fuse must be 20 A maximum. Be sure to locate
this device within 9.8 feet (3.0 m) of therelay.

Operational power isinternally fused by power supply fuse F1. Table 2.11
lists the SEL-421 power supply fuse requirements. Be sure to use fuses that
comply with |EC 127-2.

You can order the SEL-421 with one of three operational power input ranges
listed in Table 2.11. Each of the three supply voltage ranges represents a
power supply ordering option.

Asnoted in Table 2.11, model numbersfor the relay with these power supplies
begin 04210n (or 04211n), wherenis 2, 4, or 6, to indicate low, middle, and
high voltage input power supplies, respectively.

Note that each power supply range covers two widely used nominal input
voltages. The SEL-421 power supply operates from 30 Hz to 120 Hz when ac
power is used for the POWER input.

Table 2.11 Fuse Requirements for the SEL-421 Power Supply

Nominal
Power
Supply Power Supply Fuse F1 Fuse Description Model
Voltage Range Number
Voltage
Rating
24/48V | 18-60 Vdc T6.3AH250V | 5x20 mm, time-lag, 6.3 A, | 042102
high break capacity, 250 V or
042112
48/125V | 38-140 Vdc or T3.15AH250V | 5x20 mm, time-lag, 3.15A, | 042104
85-140 Vac high break capacity, 250 V or
(30-120 Hz) 042114
125/250V | 85-300 Vdc or T3.15AH250V | 5x20 mm, time-lag, 3.15A, | 042106
85-264 Vac high break capacity, 250 V or
(30-120 Hz) 042116

The SEL-421 accepts dc power input for al three power supply models. The
48/125 Vdc supply also accepts 120 Vac; the 125/250 Vdc supply also accepts
120/240 Vac. When connecting a dc power source, you must connect the
source with the proper polarity, asindicated by the + (terminal #229) and -
(terminal #Z230) symbols on the power terminals. When connecting to an ac
power source, the + terminal #229 is hot (H), and the - terminal #230 is neutral

(N).

Each model of the SEL-421 internal power supply exhibits low power
consumption and awide input voltage tolerance. For more information on the
power supplies, see Power Supply on page U.1.13.

u.2.39
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Power Supply Fuse Replacement
You can replace abad fuse in an SEL-421 power supply, or you can return the

SEL-421 to SEL for fuse replacement. If you decide to replace the fuse,
perform the following steps to replace the power supply fuse:

/\DANGER

Disconnect or de-energize all external

Step 1.

Follow your company standard to remove the relay from
service.

connections before opening this Step 2. Disconnect power from the SEL-421.
device. Contact with hazardous
voltages and currents inside this Step 3.  Remove the relay from the rack or panel.
devicg can cause electrical shock
resulting in injury or death. Step 4. Retain the GND connection, if possible, and ground the
equipment to an ESD mat.
HAWA|RNIN|-?' ) e Step 5. Remove the communications cable connected to the front-panel
aveon ualitie ersonnel service H H H
this _eguigr?]ent. If yguAare npt serial port, if appllcabl e
333"J;‘;d.ﬁj’uiiryvc',iisté‘.?jr“;'ﬁg‘ri”gr Step 6.  Remove the rear-panel EIA-232 PORT mating connectors.
cause equipment damage. i i
Unscrew the keeper screws and disconnect any serial cables
_— connected to the PORT 1, PORT 2, and PORT 3 rear-panel
ACAUTION receptaces.
Equipment components are sensitive .
to electrostatic discharge (ESD). Step 7. Loosen the four front-panel screws (they remain attached to the
Undetectabl td
o Seeu bt f/ gjg@annoi”usea;gg; front panel), and remove the relay front panel.
o e reett Step 8. Remove the 34-pin ribbon cable from the front panel by
equipment before removing any pushing the extraction ears away from the connector.
cover from this equipment. If your
facility is not equipped to work with Step 9. Disconnect the power, the interface board, and the analog input
these components, contact SEL .
about returning this device and board cables from the main board.
related SEL equipment for service. .

Step 10. Remove the screw terminal connectors.

a. Loosen the attachment screws at each end of the
100-addresses, 200-addresses, and 300-addresses screw
terminal connectors.

b. Pull straight back to remove.

Step 11. Remove the top chassis plate by unscrewing seven screws from
the chassis.

Step 12. Pull out the drawout tray containing the main board.

Step 13. Pull out the drawout tray containing the I/O interface board(s).

Step 14. Locate the power supply. Fuse F1 is at the rear of the power
supply circuit board (see Figure 2.39).

Step 15. Examine the power supply for blackened parts or other
damage. If you can see obvious damage, reinstall all boards and
contact SEL to arrange return of the relay for repair.

Step 16. Remove the spent fuse from the fuse clips.

Step 17. Replace the fuse with an exact replacement (see Table 2.11 for
the proper fuse for your power supply).

Step 18. Reinstall the interface board.

Step 19. Reinstall the SEL-421 main board, and reconnect the power,
the interface board, and the analog input board cables.

Step 20. Replace the chassis top on the relay and secure it with seven
SCrews.
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(DC Battery)

NOTE: The combined voltages
applied to the POWER and MONITOR
terminals must not exceed 600 V
(rms or dc).

Secondary Circuit
Connections

/ADANGER

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

Installation
Connection

Step 21. Reconnect the cable removed in Sep 8 and reinstall the relay
front-panel cover.

Step 22. Reattach the rear-panel connections.

Affix the screw terminal connectors to the appropriate 100-
addresses, 200-addresses, and 300-addresses |ocations on the
rear panel.

Step 23. Reconnect any serial cables that you removed from the EIA-232
PORTS in the disassembly process.

Step 24. Follow your company standard procedure to return the relay to
service.

E Bi=ai=a

| %Q Tol
) i @

Figure 2.39 PS30 Power Supply Fuse Location

The SEL-421 monitors two dc battery systems. For information on the battery
monitoring function, see Station DC Battery System Monitor on page A.2.21.

Connect the positive lead of Battery System 1 to Terminal #225 and the
negative lead of Battery System 1 to Terminal #226. (Usually Battery

System 1 is also connected to the rear-panel POWER input terminals.) For
Battery System 2, connect the positive lead to Terminal #227, and the negative
lead to Terminal #228.

The SEL-421 has two sets of three-phase current inputs and two sets of three-
phase voltage inputs. Shared Configuration Attributes on page U.2.1 describes
these inputsin detail. The alert symbol and the word DANGER on the rear panel
indicate that you should use all safety precautions when connecting secondary
circuits to these terminals.

To verify these connections, use SEL-421 metering (see Examining Metering
Quantities on page U.4.33). You can also review metering datain an event
report that results when you issue the TRIGGER command (see Triggering
Data Captures and Event Reports on page A.3.4).

Fixed Terminal Blocks

Date Code 20111215

Connect the secondary circuitsto the Z terminal blocks on therelay rear panel.
Note the polarity dots above the odd-numbered terminals #201, #203, #Z05,
#207, #209, and #Z11 for CT inputs. Similar polarity dots are above the odd-
numbered terminals #213, #215, #Z17, #219, #221, and #Z23 for PT inputs.

User's Guide
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Connectorized

/\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.

Control Circuit
Connections

For the Connectorized SEL-421, order the wiring harness kit, SEL-WA0421.
Thewiring harness contains four prewired connectorsfor therelay current and
voltage inputs.

You can order the wiring harness with various wire sizes and lengths. Contact
your local Technical Service Center or the SEL factory for ordering
information.

Perform the following steps to install the wiring harness:

Step 1. Plug the CT shorting connectorsinto terminals #Z01 through
#206 for the IW inputs, and #Z07 through #Z12 for the IX inputs,
as appropriate.

Odd-numbered terminals are the polarity terminals.

Step 2. Secure the connector to the relay chassis with the two screws
located on each end of the connector.

When you remove the CT shorting connector, pull straight
away from the relay rear panel.

As you remove the connector, internal mechanisms within the
connector separately short each power system current
transformer.

You can install these connectorsin only one orientation.

Step 3.  Plug the PT voltage connectors into terminals #Z13 to #Z18 for
the VY inputs, and #Z19 to #224 for the VZ inputs, as

appropriate.

Odd numbered terminals are the polarity terminals. You can
install these connectors in only one orientation.

You can configure the SEL -421 with many combinations of control inputs and
control outputs. See Main Board /0 on page U.2.10 and I/O Interface Boards
on page U.2.12 for information about 1/O configurations. This subsection
provides detail s about connecting these control inputs and outputs. Refer to
Figure 2.2, Figure 2.10, and Figure 2.14 for representative rear-panel screw
terminal connector locations.

Control Inputs

NOTE: The combined voltages
applied to the INnnn and OUTnnn

terminals must not exceed 600 V (rms

or dc).

SEL-421 Relay

Table 2.3 lists the control inputs avail able with the SEL-421, and notes that
some are Direct-Coupled, and some are Optoisol ated.

Direct-Coupled

Direct-coupled control inputs are polarity sensitive. These inputs use direct-
coupled circuitry, and have terminal markings to indicate polarity: a+ mark
appears for each input. Connect the positive sense of the control input to the +
terminal. Although you cannot damage these inputs with areverse polarity
connection, areverse polarity connection will cause the relay internal A/D
converter to measure the input voltage incorrectly and the relay will no longer
detect input changes (see Control Inputs on page U.2.5).

Note that the Main Board A 1/O control inputs have one set of two inputs that
share acommon input leg. Theseinputs are IN106 and IN107 found on terminals
#A30, #A31, and #A32.

User's Guide Date Code 20111215
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Optoisolated

Optoisolated control inputs are not polarity sensitive. These inputs respond to
voltage of either polarity, and can be used with ac control signals when
properly configured.

Note that the Main Board B 1/O control inputs have one set of two inputs that
share acommon input leg and INT3 and INT4 1/O interface boards have two
sets of nine inputs that share a common leg (see Figure 2.13).

Assigning

To assign the functions of the control inputs, see Operating the Relay Inputs
and Outputs on page U.4.56, or SET G on page R.9.41 for more details. You
can also use ACSELERATOR QuickSet to set and verify operation of the inputs.

Control Outputs

The SEL-421 has three types of outputs:
» Standard outputs (example: main board OUT104)

» Hybrid (high-current-interrupting) outputs (example: main
board OUT101)

» Fast Hybrid (fast high-current-interrupting) outputs (example:
INT4 or INT5 (or INT8) board OUT201, or OUT301)

See Control Outputs on page U.2.7 for more information.

You can connect the Standard outputs and the Fast Hybrid (fast high-current-
interrupting) outputs in either ac or dc circuits. Connect the Hybrid (high-
current-interrupting) outputsto dc circuits only. The screw terminal connector
legends alert you about this requirement by showing polarity marks on the
Hybrid (high-current-interrupting) contacts.

Form A (SPST NO) contacts comprise the mgjority of the control outputs.
Two pairs of Form C (DPST CO) contacts are on the main board, the
INT1 (INT2) I/O interface board, and the INT6 (INT7) I/O interface board.

TheINT4 and INT5 (INT8) 1/0O interface boards feature high-speed operation
capability using Fast Hybrid control outputs. To limit the fal se pickup
indications with digital inputs and light duty high-speed auxiliary relays,
precharging resistors are available on the screw terminal connector for each
pair of control output contacts for INT5 boards. See Fast Hybrid (Fast High-
Current-Interrupting) Control Outputs on page U.2.9 for further information,
and Figure 2.8 and Figure 2.9 for resistor connection details.

Alarm Output

The SEL-421 monitorsinternal processes and hardware in continual self-tests.
If the relay senses an out-of-tolerance condition, the relay declares a Status
Warning or a Status Failure. The relay signals a Status Warning by pulsing the
HALARM Relay Word bit (hardware alarm) to alogical 1 for five seconds.
For a Status Failure, the relay latchesthe HALARM Relay Word bit at

logical 1.

To provide remote alarm status indication, connect the b contact of OUT108
to your control system remote alarm input. Figure 2.40 shows the
configuration of the aand b contacts of control output OUT108.

Date Code 20111215 User's Guide SEL-421 Relay
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Figure 2.40 Control Output OUT108

Program OUT 108 to respond to NOT HALARM by entering the following
SEL oGIc® control equation with a communications terminal, with
ACSELERATOR QuickSet:

0UT108 := NOT HALARM

When the relay is operating normally, the NOT HALARM signdl is at
logical 1 and the b contacts of control output OUT108 are open.

When a status warning condition occurs, the relay pulsesthe NOT HALARM
signal to logical 0 and the b contacts of OUT108 close momentarily to
indicate an alarm condition.

For a statusfailure, the relay disables al control outputs and the OUT108 b
contacts close to trigger an alarm. Also, when relay power is off, the OUT108
b contacts close to generate a power-off alarm. See Relay Self-Tests on

page U.6.38 for information on relay self-tests.

Therelay pulsesthe SALARM Relay Word bit for software programmed
conditions; these conditions include settings changes, access level changes,
and alarming after three unsuccessful password entry attempts.

The SEL-421 aso pulsesthe BADPASS Relay Word bit after three
unsuccessful password entry attempts.

You can add the software alarm SALARM to the alarm output by entering the
following SELoGIC control equation:

0UT108 := NOT (HALARM OR SALARM)

Tripping and Closing Outputs

To assign the control outputs for tripping and closing, see Setting Outputs for
Tripping and Closing on page U.4.62. In addition, you can use the SET O
command (see SET on page R.9.40 for more details). You can also use the
front panel to set and verify operation of the outputs (see Set/Show on

page U.5.28).
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and OPEN/CLOSED
LEDs (select models
only)

AWARNING

SEL-421features such as Hot Line Tag
and Synchronism Check do not
supervise the auxiliary close
pushbutton.

TIME Input
Connections

Installation
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Select relay models feature auxiliary {TRIP} and {CLOSE} pushbuttons and OPEN
and CLOSED LED indicators. These features are electrically isolated from the
rest of the relay. They function independently from the relay and do not need
relay power.

The pushbuttons and L EDs can be hard-wired into a substation trip and close
control circuit and operate the same as a separate installation of external trip/
close switches and LED indicators. Figure 2.48 shows example trip and close
circuit connections for a control scheme configuration with a dc substation
voltage source. The pushbutton switches come set from the factory for dc
operation (arc suppression enabled). To use an ac trip or close potential, the
arc suppression must be disabled for one or both pushbuttons (see Table 2.9).
The voltage operating ranges of the LEDs are selected by jumpers (see

Table 2.8).

Since the trip and close buttons are functionally separate from the relay, a
manual trip or close cannot be distinguished from an external protection or
automation-initiated operation. Unless provisions are made in the control
wiring, the action of the close pushbutton is unsupervised.

IRIG-B Input Connection

NOTE: The position of the IRIG-B
BNC connector changed when
SEL-421 firmware version R112 was
released. See 1k PPS Connection Not
Required on page U.4.72 for details.

Date Code 20111215

The SEL-421 accepts a demodulated IRIG-B signal through two types of rear-
panel connectors. These IRIG-B inputs are through the BNC connector labeled
TIME IRIG-B or through Pin 4 (+) and Pin 6 (-) of the rear-panel 9-pin D-
subminiature connector PORT 1 (see Communications Ports Connections on
page U.2.47 for other DB-9 connector pinouts and additional details).

These inputs accept the dc shift time code generator output (demodul ated)
IRIG-B signal with positive edge on the time mark. For more information on
IRIG-B and the SEL-421, see TIME Inputs on page U.2.11.

The PORT 11RIG-B input circuit connects to a 330 Q resistor in series with an
optocoupler input diode. The optocoupler input diode forward voltage drop is
about 1.5 V. Driver circuits should source approximately 10 mA through the
circuit for the ON state. When you are using the PORT 1 input, ensure that you
connect Pins 4 and 6 with the proper polarity.

Where distance between the SEL -421 and the IRIG-B sending device exceeds
the cable length recommended for conventional EIA-232 metallic conductor
cables, you can use transceivers to provide isolation and to establish
communication to remote locations.

Conventional fiber-optic and tel ephone modems do not support IRIG-B signal
transmission. Use the SEL-2810 transceiver to provide long distance delivery
of the IRIG-B signal to the SEL-421. The SEL-2810 includes a channel for
the IRIG-B time code. These transceivers enable you to synchronize time
precisely from IRIG-B time code generators (such as the SEL-2032
Communications Processor) over a fiber-optic communications link.

Use the IRIG-B BNC connector for synchrophasor and high-accuracy
timekeeping applications—see Configuring High-Accuracy Timekeeping on
page U.4.71. Make the connection using a 50 Q coaxia cable assembly with a
male BNC connector.

User's Guide
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Obsolete TIME Input Connection

Replacing the Lithium
Battery

/ADANGER

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

/AWARNING

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

/\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-0-Vac® no.
BR2335 or equivalent recommended
by manufacturer. Dispose of used
batteries according to the
manufacturer’s instructions.

SEL-421 Relay

Previous SEL-421 relays had a TIME 1k PPS input BNC connector. When relay
firmware version R112 was released, the rear-panel TIME inputs were
reconfigured. If you have upgraded the firmware in a previous SEL-421, see
Using New SEL-421 Firmware in an Existing Relay on page U.4.73 for retrofit

information.

The previous 1k PPS BNC connector is the new IRIG-B connector. The previous
IRIG-B BNC connector is not used. See 1k PPS Connection Not Required on
page U.4.72 for details.

You can replace abad lithium battery in the SEL-421. Perform the following
stepsto replace the lithium battery.

Step 1.  Follow your company standard procedure to remove arelay
from service.

Step 2. Disconnect power from the SEL-421.

Step 3.  Remove the relay from the rack or panel.

Step 4. Retain the GND connection, if possible, and ground the
equipment to an ESD mat.

Step 5.  Remove the communications cable connected to the front-panel
serial port, if applicable.

Step 6.  Remove the rear-panel EIA-232 PORTS mating connectors.

Step 7. Unscrew the keeper screws and disconnect any serial cables
connected to the PORT 1, PORT 2, and PORT 3 rear-panel
receptacles.

Step 8. Loosen the four front-panel screws (they remain attached to the
front panel), and remove the relay front panel.

Step 9. Remove the 34-pin ribbon cable from the front panel by
pushing the extraction ears away from the connector.

Step 10. Disconnect the power, the interface board, and the anal og input
board cables from the main board.

Step 11. Pull out the drawout tray containing the main board.

Step 12. Locate the lithium battery.

The lithium battery is at the front of the main board (see
Figure 2.19).

Step 13. Remove the spent battery from beneath the clip of the battery
holder.

Step 14. Replace the battery with an exact replacement.

Use a3V lithium coin cell, Ray-O-Vac® No. BR2335 or
equivalent. The positive side (+) of the battery faces up.

Step 15. Reinstall the SEL-421 main board, and reconnect the power,
the interface board, and the analog input board cables.

Step 16. Reconnect the cable removed in Sep 9 and reinstall the relay
front-panel cover.

Step 17. Reconnect any serial cables that you removed from the EIA-232
PORTS in the disassembly process.
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Step 18. Set the relay date and time via the communications ports or
front panel (see Making Simple Settings Changes on
page U.4.13).

Step 19. Follow your company standard procedure to return the relay to
service.

Communications The SEL-421 has three rear-panel EIA-232 serial communications ports
t ti labeled PORT 1, PORT 2, and PORT 3 and one front-panel port, PORT F. For
Ports Connections information on serial communications, see Establishing Communication on
page U.4.4, Serial Communication on page R.4.2, and Serial Port Hardware
Protocol on page R5.1.

In addition, the rear panel features a PORT 5 for an optional communications
card. For additional information about communi cations topologies and
standard protocolsthat are available in the SEL-421, see Network Connections
on page U.2.48, Section 6: SEL Communications Processor Applicationsin
the Applications Handbook, Section 7: Direct Network Communication in the
Applications Handbook, Section 6: DNP3 Communicationsin the Reference
Manual, and Section 8: |EC 61850 Communications in the Reference Manual.

Serial Ports

The SEL-421 serial communications ports use EIA-232 standard signal levels
in a D-subminiature 9-pin connector. To establish communication between the
relay and a DTE device (a computer terminal, for example) with a
D-subminiature 9-pin connector, use an SEL Cable C234A (see Making an
EIA-232 Serial Port Connection on page U.4.5).

Figure 2.41 showsthe configuration of SEL Cable C234A that you can usefor
basic ASCII and binary communication with the relay. A properly configured
ASCII terminal, terminal emulation program, or ACSELERATOR QuickSet
along with the C234A cable provide communication with the relay in most
cases. See Section 4: Communications Interfacesin the Reference Manual for
alist of hardware interfaces to the SEL-421.

9-Pin DTE
SEL-421 Relay Device*
Pin Pin Pin Pin
Func.  # 3 Func.
RXD 2 3 TXD
XD 3 2 RXD
GND 5 5 GND
CTS 8 8 CTS
— 7 RTS
— 1 DCD
— 4 DTR
— 6 DSR

*DTE = Data Terminal Equipment (Computer, Terminal, etc.)

Figure 2.41 SEL-421to Computer—D-Subminiature 9-Pin Connector
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Serial Cables

/\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.

Network Connections

SEL-421 Relay

Using an improper cable can cause numerous problems or failure to operate,
S0 you must be sure to specify the proper cable for application of your
SEL-421. Several standard SEL communications cables are available for use
with therelay. See EIA-232 Communications Cables on page R.4.3 for
information on recommended serial cables.

The following list provides additional rules and practices you should follow
for successful communication using EIA-232 serial communications devices
and cables:

» Route communications cables well away from power and
control circuits. Switching spikes and surges in power and
control circuits can cause hoise in the communications circuits
if power and control circuits are not adequately separated from
communications cables.

» Keep thelength of the communications cables as short as
possible to minimize communications circuit interference and
also to minimize the magnitude of hazardous ground potential
differences that can develop during abnormal power system
conditions.

» Ensure that EIA-232 communications cable lengths never
exceed 50 feet, and always use shielded cables for
communications circuit lengths greater than 10 feet.

» Modems provide communication over long distances and give
isolation from ground potential differences that are present
between device locations (examples are the SEL -28X X -series
transceivers).

» Lower data speed communication is less susceptible to
interference and will transmit greater distances over the same
medium than higher data speeds. Use the lowest data speed that
provides an adequate data transfer rate.

The optional Ethernet card for the SEL-421 can use either the connection on
Port A or Port B to operate on anetwork. These ports work together to provide
aprimary and backup interface, as described in Network Port Fail-Over
Operation on page R.4.6. The following list describes the Ethernet card port
options.

» 10/100BASE-T. 10 Mbps or 100 Mbps communications using
CAT 5 cable (category 5 twisted-pair) and an RJ-45 connector

» 100BASE-FX. 100 Mbps communications over multimode
fiber-optic cable using an ST connector

Optional fiber-optic (laser) ports

00 00O
O N/ N ) Y
[tm(?lll'{))(( RX lOggEgEéFX > El_is RX IOSQEJE?FX ™

r— — p— — — — —

OO |

@
|

|

Figure 2.42 Example Ethernet Panel With Fiber-Optic Ports
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Ethernet Card Rear-Panel Layout

Rear-panel layoutsfor the three Ethernet card port configurations are shown in

Figure 2.43-Figure 2.45.
| — el | — el | — el | — el
ACAUTION
Use of controls or adjustments, or O = = = = O

performance of procedures other than

those specified herein, may result in O Q

hazardous radiation exposure.

e— [m/&: e == e : j
AWARNING

Do not look into the fiber (laser) — -_ -_ — -_ e |
ports/connectors. N N .

- Figure 2.43 Two 10/100BASE-T Port Configuration

AWARNING

Do not look into the end of an optical — —_—T —_—T —_—T —

cable connected to an optical output.

/AWARNING O S 8

Do not perform any procedures or O
adjustments that this instruction
manual does not describe. PWR/TX PORT A PORT B A

[ LNK/RX RKTOOBASERC X BOE 10/100BASE-T B J
AWARNING — - — - — - = -
During installation, maintenance, or
testing of the optical ports, use only Figure 2.44 100BASE-FX and 10/100BASE-T Port Configuration

test equipment qualified for Class 1
laser products.

| ISR [ SUNSNNSS— R SRS — R DS —

/AWARNING
O

Incorporated components, such as ,/ \, ,/ \, ,/ \, ,/ \, O
LEDs, transceivers, and laser emitters, N/ N\ W/ \—ZJ

are not user serviceable. Return units Q O
to SEL for repair or replacement.

PWR/TX PORT A @ PORT B A
LNK/RX RX 100BASE-FX TX RX 100BASE-FX TX B
— — — — — — — —

Figure 2.45 Two 100BASE-FX Port Configuration

Twisted-Pair Networks

N%TE: USE Icaudtion vtvith U_TdP cables While Unshielded Twisted Pair (UTP) cables dominate office Ethernet
2dequate immunity to iterference in networks, Shielded Twisted Pair (STP) cables are often used in industrial
electrically noisy environments unless applications. The SEL-421 Ethernet card is compatible with standard UTP
e loyay Srieleing messures are cables for Ethernet networks as well as STP cables for Ethernet networks.

Typically UTP cables are installed in relatively low-noise environments
including offices, homes, and schools. Where noise levels are high, you must
either use STP cable or shield UTP using grounded ferrous raceways such as
steel conduit.

Several types of STP bulk cable and patch cables are available for usein
Ethernet networks. If noise in your environment is severe, you should consider
using fiber-optic cables. We strongly advise against using twisted-pair cables
for segments that leave or enter the control house.

If you use twisted-pair cables, you should use care to isolate these cables from
sources of noise to the maximum extent possible. Do not install twisted-pair
cablesin trenches, raceways, or wireways with unshielded power,
instrumentation, or control cables. Do not install twisted-pair cablesin parallel
with power, instrumentation, or control wiring within panels, rather make
them perpendicular to the other wiring.
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You must use a cable and connector rated as Category 5 (CAT 5) to operate the
twisted-pair interface (10/100BASE-T) at 100 Mbps. Because lower
categories are becoming rare and because you may upgrade a 10 Mbps
network to 100 Mbps, we recommend using all CAT 5 components.

Someindustrial Ethernet network devices use 9-pin connectors for STP
cables. The Ethernet card RJ-45 connectors are grounded so you can ground
the shielded cable using a standard, externally shielded jack with cables
terminating at the Ethernet card.

AC/DC Connection Diagrams

You can apply the SEL-421 in many power system protection schemes.
Figure 2.46 shows one particular application scheme with connections that
represent typical interfacesto therelay for asingle circuit breaker connection.
Figure 2.47 depictstypical connections for adual circuit breaker protection
scheme.
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Figure 2.46 Typical External AC/DC Connections—Single Circuit Breaker
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Figure 2.47 Typical External AC/DC Connections—Dual Circuit Breaker
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+ +
207 Breaker ™ A/ 203 Breaker N A/ 201 Manual Trip i 205

Manual Close open YT Closed O Pushbutton
Pushbutton 71N 204 721N 202 206

208 .

| Local
"""" = s T
Remote Close/ -

Auto-Reclose J_ 52a Remote Trips/
Protection Trips

-y - - - -

To Close
Circuit %

Figure 2.48 SEL-421Example Wiring Diagram Using the Auxiliary {TRIP}/{CLOSE} Pushbuttons
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Section 3
PC Software

This section provides information on the following topics:

» Installing the Computer Software on page U.3.2
Communications Setup on page U.3.4
Settings Database Management and Drivers on page U.3.6
Create and Manage Relay Settings on page U.3.9

Expression Builder on page U.3.14

Y Y VY VYY

Analyze Events on page U.3.16
» HMI Meter and Control on page U.3.21

The SEL-421 Relay includes ACSEL ERATOR QuickSet® SEL -5030 software,
apowerful relay settings, analysis, and measurement tool to aid you in
applying and using the relay. ACSELERATOR QuickSet reduces engineering
costs for relay settings, logic programming, and system analysis.
ACSEL ERATOR QuickSet also makesit easier for you to do the following:
» Create and manage relay settings
> Create settings for one or more SEL-421 relays

> Store and retrieve settings with an IBM-compatible
persona computer (PC)

> Upload and download relay settings files to and from
SEL-421 relays

» Anayze events

> Usetheintegrated waveform and harmonic analysis
tools

» Monitor real-time and relay-stored power system data

> Use the human machine interface (HMI) to view
metering, Relay Word bits, and circuit breaker monitor
data

» Control the relay

> Command relay operation through use of a graphical
user interface (GUI) environment

> Execute relay seria port commands in terminal mode

» Configure the serial port and passwords

SEL provides ACSELERATOR QuickSet for easier, more efficient
configuration of relay settings, metering, and control. ACSELERATOR
QuickSet gives you the advantages of rules-based settings checks, SELoGIC®
control equation Expression Builder, operator control and metering HMI, and
event analysis.
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However, you do not have to use ACSELERATOR QuickSet to configure the
SEL-421; you can continue to use an ASCII terminal or a computer running
terminal emulation software to access all relay settings and metering.

Installing the Computer Software

System Requirements

Installation

Method A

SEL-421 Relay

Load ACSELERATOR QuickSet on an IBM-compatible PC. If you encounter
any difficulties installing ACSELERATOR QuickSet, contact your Technical
Service Center or the SEL factory for assistance. See Factory Assistance on
page U.6.45 for contact information.

To successfully install and use ACSELERATOR QuickSet, your PC must have
the minimum resources listed in Table 3.1.

Table 3.1 System Requirements for ACSELERATOR QuickSet

Item Description

Processor Pentium® class, > 90 MHz

Operating System/RAM | Microsoft® Windows® 98/ME/XP—64 MB RAM
Microsoft Windows 2000—64 MB RAM
Microsoft Windows NT®—32 MB RAM (64 MB recom-

mended)
Hard drive At least 100 MB available storage space
Communications Port One EIA-232 serial port or one Ethernet port
Drives CD-ROM for software installation
Monitor SVGA 800 x 600 pixel resolution or greater (1024 x 768

pixel resolution recommended)

Pointing Device Mouse or other pointing device

You can load ACSEL ERATOR QuickSet automatically if your computer
autorun feature is enabled; thisis Method A.

If autorun is not enabled on your computer, use the Windows Run command
to load ACSELERATOR QuickSet; thisis Method B.

Load ACSELERATOR QuickSet automatically:
Step 1. Turn on your PC and run the Windows operating environment.
Step 2. Close al other applications on your PC.

Step 3. Place the ACSELERATOR QuickSet CD-ROM in the PC
CD-ROM drive.

The setup software runs automatically and the SEL Software
License Agreement appears, asin Figure 3.1.
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u.3.3

f@ AcSELerator software 2.4.2.14 Setup E]
License Agreement
“Y'ou muszt agree with the license agreement below to proceed. \ v
A
PLEASE READ THIS SOFTWARE LICENSE AGREEMENT (“AGREEMENT") kad

CAREFULLY BEFORE INSTALLING SOFTWARE. SCHWEITZER ENGINEERING
LABORATORIES, INC. ORITS AFFILIATE (“SEL") IS WILLING TO LICENSE
SOFTWARE TO YOU AND/OR YOUR COMPANY (“LICENSEE™) ONLY ON THE
CONDITION THAT LICENSEE ACCEPTS THE TERMS OF THIS AGREEMENT. BY
INSTALLING SOFTWARE OR OPENING THE PACKAGE (OR. IF THIS AGREEMENT
1S DISPLAYED ELECTRONICALLY, CLICKING ON THE “I ACCEPT* BUTTON),
LICENSEE AGREES TO THE TERMS OF THIS AGREEMENT. IF LICENSEE DOES
NOT AGREE TO THE TERMS OF THIS AGREEMENT, DO NOT INSTALL
SOFTWARE OR OPEN THE PACKAGE (OR, IF THIS AGREEMENT IS DISPLAYED
ELECTRONICALLY, CLICK ON THE “NO” BUTTON) AND PROMPTLY RETURN
SOFTWARE TO SEL WITHIN TWENTY (20) DAYS OF PURCHASE FOR AFULL =

DTTITWTL AT AN TTATVET TCT DATN TUT TTDAMS AT TUTE ACDTTUTNT SIIATT )

(3) | accept the license agreement
(| do not accept the license agreement

[ < Back " Mext > ] [ Cancel

Figure 3.1 SEL Software License Agreement (Sample)

Method B

L oad ACSEL ERATOR QuickSet with the Windows Run Command:

Step 1. If the Setup program does not start automatically, click Start >
Run to load ACSELERATOR QuickSet.

Step 2. Type the command shown in Figure 3.2, being certain to use
the correct drive letter for the CD-ROM drive in your PC (the
CD-ROM drive in the Figure 3.2 example is drive D:\).

Step 3. The SEL Software License Agreement appears (Figure 3.1).

Run HE

Type the name of a program, folder, or document, and
Windows will open it for you.

Open:  [DASETUPEXE =l
I¥ | Bluri it Separate ermon Space

QK I Cancel | Browse. .. |

Figure 3.2 Windows Run Command Line to Load ACSELERATOR QuickSet
Step 4. Complete the software loading process.

Step 5. Read the Software License Agreement and follow the loading
instructions as these instructions appear on the PC screen.

Sta rting ACSELERATOR You can use the Windows Start menu to open ACSELERATOR QuickSet:

QuickSet Step 1. If you installed ACSELERATOR QuickSet to the Program
Manager group, click Start > Programs.

Step 2. Click SEL Applications > ACSELERATOR QuickSet.

Step 3. If you used a custom program group, click Start and click
ACSEL ERATOR QuickSet in the custom group.

You can also create a shortcut on the Windows Desktop (see your Windows
documentation for instructions on creating a shortcut). Double-click the
shortcut icon to start ACSELERATOR QuickSet from the shortcut.
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Communications Setup

ACSEL ERATOR QuickSet uses the relay communications ports to
communicate with the SEL-421. Configure the ACSELERATOR QuickSet
Communication Parameter s menu settings to communi cate effectively with
therelay.

You can also use abasic terminal emulation window any time you run
ACSELERATOR QuickSet. Use the Communication menu to view and clear a
Connection Log. For a step-by-step procedure using ACSELERATOR
QuickSet to communicate with the relay, see Checking Relay Status:
ACSELERATOR QuickSet on page U.4.11.

Communication Use the Communication Par ameter s dialog box to configure relay
t communications settings. Select the Communication > Parameter sfrom the
Parameters top ACSELERATOR QuickSet toolbar to open this dialog box.

Figure 3.3 shows the ACSEL ERATOR QuickSet Communication Parameters
dialog box.

Communication Parameters E‘

Device Data Speed
|Direct to COM1 j ™ 300 " 4300 ™ 57800

50D @~ BEE  115200

Cf200 O 19200
[ 2400 O 38400

Level One Pazsword [Serial & Telnet) Data Bits Stap Bits Parity
| ***** ] o] + Mone
. ¢ Odd
Level Two Pazsword [Serial & Telnet]
|xxxx L o il " Ewen
RTS/CTS DTR
[T Use Metwork v 0ff  On " 0ff & On
Ok Lancel Help

Figure 3.3 ACSELERATOR QuickSet Communication Parameters Dialog Box

Serial Setup

You can use serial communication viaPORT 1, PORT 2, PORT 3, and PORT F (front
panel). Figure 3.3 shows the default serial port parameters (9600, 8, N, 1).
Enter your relay L evel One and L evel Two passwords in the respective text
boxes. (For complete information on passwords, see Changing the Default
Passwords. Terminal on page U.4.9.)

If you choose a device from the Device text box that is a telephone modem,
enter the dial-up telephone number in the Phone Number text box.

FTP Setup

Click the Use Networ k check box to access the Network Parameters.
Figure 3.4 shows the Networ k Parameters dialog box. For FTP (File
Transfer Protocol) use Telnet Port number 23.
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Network Parameters X
Connection M ame
|F'u||man Substation j
Host IP Address User ID File Transfer Options
[17216112123 248 « ¥R
" Telnet
Telnet Port Mumber Password
Save to Address Book. | Address Book... |
Ok | Lancel |

Figure 3.4 AcCSELERATOR QuickSet Network Parameters Dialog Box: FTP

When you connect to arelay to use FTP, you must specify the accesslevel and
password.

Enter the access level command (ACC, 2AC, for example) inthe User ID text
box and the corresponding access level password in the Passwor d text box to
control the relay at a specific access level (see Changing the Default
Passwords. Terminal on page U.4.9).

Telnet Setup

Click the Telnet option button in the Networ k Parameters dialog box (see
Figure 3.5) to connect to arelay for a Telnet session. The Telnet session uses
the relay passwords in the Communication Parameter s dialog box

(Figure 3.3).

The default Telnet Port Number for accessing therelay isT1IPNUM := 23.
The default Telnet Port Number for communicating directly with aninstalled
Ethernet card isT2PNUM := 1024.

See Section 7: Direct Network Communication in the Applications Handbook
for information on changing the Telnet Port Number.

Network Parameters @

Connection M ame
| Pullman Substation j

Host IP Address
[17216112123 [

File Transfer Options

Telnet Port Mumber

23
Save to Address Book. | Address Book... |
Ok | Lancel

Figure 3.5 ACSELERATOR QuickSet Network Parameters Dialog Box: Telnet

The terminal emulation window is an ASCII interface between you and the
relay. Thisisabasic terminal emulation with no file transfer capabilities.
Many third-party terminal emulation programs are available with file transfer
encoding schemes.

Click Communication > Terminal to start the terminal emulation window.
Another convenient method to start the terminal isto type <Ctrl+T>.
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Terminal Loqqinq When you check th_e Terminal Logging it(_em i_n the Communicatior_1 menu,
ACSELERATOR QuickSet records communications events and errorsin alog.

Click Communication > Connection L og to view the log.

Clear thelog by selecting Communication > Clear Connection L og.

Settings Database Management and Drivers

Database Manaqer ACSELERATOR QuickSet uses arelay database to save relay settings.
ACSELERATOR QuickSet contains sets of al settings files for each relay that
you specify in the Database M anager. See Virtual File Interface on
page R.5.11 for alist of the settings filesin the SEL-421.

Choose appropriate storage backup methods and a secure location for storing
your relay database files. Use the File > Active Database menu to retrieve a
relay database from computer memory.

Relay Database

The default relay databasefile already configured in ACSEL ERATOR QuickSet
isRelay.rdb. This database may contain example settings files for the SEL
products with which you can use ACSELERATOR QuickSet.

Perform the following steps to access and/or modify the database:
Step 1. Open the Database M anager.

Step 2. Click File> Database Manager inthe ACSELERATOR
QuickSet top toolbar.

A dialog box similar to Figure 3.6 appears.

Figure 3.6 Database Manager Relay Database in ACSELERATOR QuickSet
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Step 3. Enter descriptions for the database and for each relay in the
database in the Database Description and Relay Description
dialog boxes.

Typein the Relay Description dialog box special operating
characteristics that describe the relay settings. These can
include the protection scheme settings and communications
settings.

Perform the following steps to create a new collection of relay settings:

Step 1. Highlight one of the relays listed in Relaysin Database and
click Copy.

ACSEL ERATOR QuickSet prompts you to provide a new name.

Step 2. Enter anew description in Relay Description.

Copy/Move Relays Between Databases

You can create multiple relay databases with the Database M anager ; these
databases are useful for grouping similar protection schemes or geographic
areas.

Perform the following steps to copy or move arelay between databases:

Step 1. Select the Copy / M ove Relays Between Databases tab to
access the dialog box shown in Figure 3.7.

Step 2. Click Open B to open arelay database.

Step 3. Select or type afilename and click Open; for example,
Relay2.rdb isthe B relay database in Figure 3.7.

Step 4. Highlight arelay in the Database A list, select Copy or M ove,
and click the > button to create a new relay in Database B.

> Copy creates an identical relay that appears in both
databases.

> Move removes the relay from one database and places
the relay in another database.

Step 5. Reverse this process to copy or move relays from Database B
to Database A.

Figure 3.7 Database Manager Copy/Move in ACSELERATOR QuickSet
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Drivers

SEL-421 Relay

Create a New Database

Perform the following steps to create and copy an existing database of relays
to a new database:

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Select the File > Database M anager to access the Database
Manager dialog box.

Select the Copy / Move Relays Between Databases tab in the
Database M anager dialog box.

ACSEL ERATOR QuickSet opensthe last active database and
assignsit as Database A (see Figure 3.7).

Click the Open B button.
ACSEL ERATOR QuickSet prompts you for afile location.

Type anew database name, click the Open button, and answer
Yes.

The program creates a new empty database.

Load relaysinto the new database asin Copy/Move Relays
Between Databases on page U.3.7.

Relay settings foldersin ACSELERATOR QuickSet are closely associated with
the ACSELERATOR QuickSet relay driver that you used to create the settings.
Therelay settings and the ACSELERATOR QuickSet drivers must match.

Perform the following steps to ensure that the relay settings and
ACSELERATOR QuickSet drivers match:

Step 1.

>
>

Step 2.

Step 3.

Use any of the following methods to view the relay FID
information:

Enter the STATUS command.

Click the Status button in the HMI tree view. See Checking
Relay Status on page U.4.10 for more information on viewing
relay status.

At aterminal (<Ctrl+T> from ACSELERATOR QuickSet), type
ID <Enter>.

View the ACSELERATOR QuickSet settings driver information
at the bottom of the Relay Editor window (see Figure 3.14).

Compare the ACSELERATOR QuickSet driver number and the
relay FID number. The ACSELERATOR QuickSet driver Z-
number and the corresponding part of the relay FID must
match.

The first portion of the Z-number isthe ACSELERATOR
QuickSet settings driver version number (see Figure 3.8).

Relay Settings Version Number 4|_|_|

FID = SEL-421-R101-V0-Z001001-D20020104

I—Ii HMI Version Number

Figure 3.8 ACSELERATOR QuickSet Driver Information in the FID String
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ACSELERATOR QuickSet readsthe latter portion of the Z-number (ZXXX001,
for example) to determine the correct HMI to display when you select the
HMI Meter and Control menu. View the bottom of the HMI window to
check the HMI driver number (see Figure 3.9).

HMI Tree View
2, Device ID: Relay 1 (=)=
Help
@ Device Overview Metering
@ Phasors Demand Peak. Energy Maximum/tinimumn  Breaker 1%Wear  Breaker 2 Wear
© Instantaneous Reset | Reset | Reset | Reset | Reset | Reset |
@ Synchiophaszar
o D d/Peak
=] M:Tw;:mfl:;mum Records
Histary Status SER Mirrared Bits A Minared Bits B Ewent
@ Energy
© Targets Clear | Clear | Clear | Clear | Clear | Trigger |
@ Status
© SER Breaker 1 Breaker 2
© Bresker 1 Monitor Dats CLOSED Close 1 CLOSED Close
© Breaker 2 Monitor Data
® (Control Windon! L oFen — & oren —
Pulse Outputs, Group
Outputs Seconds
ouTIo = = Pulse 7 ﬂ Group
Target. IRIG. Date, Time
Diate Tirne
Target Reset | IRIG Sync ‘ | J | J
Remote Bits
1 2 3 4 5 [ 7 i g 1w 11 12 13 14 15 18
OOOOOOOOOoOoOoOoOoooad
17 16 19 20 21 22 23 24 25 26 27 23 29 i 31 32
J I N Iy |
Dizable Update
SEL-421 005 HMI Driver Driver Version: 2.4.2.14  Driver Date: 10/25/2004 7:29:00 AM

HMI Driver Version Number

Figure 3.9 HMI Driver Version Number in the HMI Window

As SEL develops new drivers, you can update your existing ACSELERATOR
QuickSet software with specific relay drivers for each SEL product that uses
ACSELERATOR QuickSet. Contact your local Technical Service Center or the
SEL factory for the latest ACSELERATOR QuickSet drivers.

Create and Manage Relay Settings

Collected Settings

Date Code 20111215

ACSEL ERATOR QuickSet gives you the ability to create settings for one or
more SEL-421 relays. You can store existing relay settings downloaded from
SEL-421 relays with ACSELERATOR QuickSet, creating alibrary of relay
settings (see Database Manager on page U.3.6). You can then modify and
upload these settings from your settings library to an SEL-421.

ACSELERATOR QuickSet makes setting the relay easy and efficient. For an
example of setting the SEL-421 with ACSELERATOR QuickSet, see Making
Initial Global Settings: ACSELERATOR QuickSet on page U.4.25.

ACSEL ERATOR QuickSet arranges relay settings in easy-to-understand
categories (for an explanation of settings organization, see Making Smple
Settings Changes on page U.4.13). These categories of collected settings help
you quickly set the relay.

User's Guide
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Create and Manage Relay Settings

Figure 3.10 is an example of relay settings categories in the Relay Editor
Settings tree view. (Use the procedures described in Settings Menu on
page U.3.10 to view the tree views in Figure 3.10.)

ACSELERATOR QuickSet shows al of the settings categories in the settings
tree view. When you enable and disable settings categories, the tree view
remains constant, but when you click the tree view to access the settingsin a
disabled category, the disabled settings are dimmed.

For example, select the Group 1 > Set 1 > Relay Configuration branch of the
Settings tree view and choose N for E50Q.

Click the Negative-Sequence O/C branch and observe that the Negative-
Sequence Overcurrent Elements settings are dim.

If you select 1 for E50Q, then only the level 1 overcurrent element settingsare
active and the remainder of the Negative-Sequence Overcurrent Element
settings are dim.

Figure 3.10 illustrates this feature of ACSELERATOR QuickSet.

#- @ Global ~ A
4@ Breaker Monitor Negative-Sequence Instantaneocus Overcurrent
T ? gmfeh ES00 Neg.-Seq. Inst./Def.-Time 0O/C Elements

@ Line Configuration
= Relay Configuration
@ Phase Distance Elements
@ Ground Digtance Elements

N | Select M.1-4
N ive-5 1

0 0 1

Settings Menu

SEL-421 Relay

New

@ Distance Elements Common Time Delz|
@ Switch-Onto-Fault

@ Out-ol-Step Tripping/Blocking

@ Load Encroachment

© Phase Ingt 0/C

© Time Dvercumrent
© Directional

@ Pole Open Detection
@ Trip Schemes

@ Breaker 1 Failure Logic
@ Breaker 2 Failure Logic
@ Swnchionism Check.

SO001P Level 1 Pickup
Range = 0.25 to 100,00, OFF
E7Q1D Level 1 Time Delap

Range = 0.000 to 16000.000

B701TC Lewvel 1 Torgue Control

Negative-5 1 fi]

BO0ZP Lewel 2 Pickup
Range = 0.25 to 100.00, OFF

E70Z0 Lewvel 2 Time Delay

@ Reclosing and Manual Closing
@ Demand Metering

Range = 0.000 to 16000.000
@ TripLogic

@ Pratection Logic 1 ETO2TC Lewvel 2 Torque Control
+- @ Group 2 [

Figure 3.10 Sample Settings in ACSELERATOR QuickSet

The Settings menu on the top ACSELERATOR QuickSet toolbar is the starting
point for all settings entries. The menu items on the Settings menu are New,
Open, and Read. All of these menu items open the Relay Editor (see Relay
Editor on page U.3.11).

Selecting the New menu item creates new relay settings files. ACSELERATOR
QuickSet makes the new settings files from the relay drivers that you specify
in the Settings Editor Selection dialog box (see Figure 3.11).

ACSEL ERATOR QuickSet usesthe Z-number in the relay FID string to create a
particular version of relay settings (see Drivers on page U.3.8).
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Open

Read
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Create and Manage Relay Settings

Settings Editor Selection

Installed Settings Models

First 3 digitz of £ number in FID
Shing

SEL-3515-6 ~
SEL-3515-7

SEL-387-5

SEL-387-6

oo
on2
003
oo4

SEL-387E

Settings Editar Information

Mame: SEL-421 004 Settings Driver
Wersion: 2.4.2.14
Date:  10/25/2004 7:28:54 AM

Example FID String | Ok |

Figure 3.11 Selecting a Settings Driver in ACSELERATOR QuickSet

Lancel |

After selecting the relay model and settings driver, ACSELERATOR QuickSet
presents the Relay Part Number dialog box. Use thisdialog box to configure
the Relay Editor to produce settings for arelay with options determined by
the part number (see Relay Part Number on page U.3.12).

The Open menu item opens an existing relay from the active database folder
(see Figure 3.12). ACSEL ERATOR QuickSet prompts you for afolder
containing relay settingsto load into the Relay Editor.

Open Relay E
Felays

Example SEL-351-5-6-7
Example SEL-3514 003
Example SEL-3515 002
Example SEL-3515 003
Example SEL-421

:Pullmar Substation

Cancel |

Figure 3.12 Opening Relay Settings in ACSELERATOR QuickSet

When you select the Read menu item, ACSELERATOR QuickSet reads the
relay settings from a connected relay. As ACSELERATOR QuickSet reads the
relay, and adialog box similar to Figure 3.13 appears.

ACSEL ERATOR QuickSet uses serial protocols at a serial port or FTP from an
Ethernet port to read settings from SEL devices.

Fieading 18 of 32

Reading File:  SETTINGSASET_P1.TAT

Fieading ...

Figure 3.13 Reading Relay Settings in ACSELERATOR QuickSet

Use the Relay Editor to enter relay settings. Figure 3.14 illustrates the
important features of the editor. These features include the ACSELERATOR
QuickSet settings driver version number (the first three digits of the Z-
number) in the lower |eft corner of the Relay Editor.
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Settings Tree View Settings Dialog Box Text Box
2, 'Settings Editor - P{illman Substation 421 (SEL-421 004 Settings Driver) M=
Eile DOptions 1< > Copy Merge  Compare  Search Impart. Export Hel

= © Global | A

@ General Global Settings General Global Setlings

@ Global Enables

@ Station DC Monitoring General Global Settings

g0 Lontodlnputs SID Stalion Identiies (40 characters)

© Seltings Group Selection

@ Data Fieset Contrel [Station &

@ Frequency Estimation

© TimeEmor Caloulation RID Relay | dentifier (40 characters]

® Curent and Valtage Source Selestion [Relay 1

@ Synchronized Phasor Measurement
4O Breaker Monitor MNUMBK Number of Breakers in Scheme
-0 Group 1 9 &
w2 Group 2
O Group 3 BID1 Breaker 1 Identifier (40 characters]
-0 Group 4 [Breaker 1
#-0 Gioup s
#- @ Group & BIDZ Breaker 2 [dentifier (40 characters)
# - @ Automation Logic ‘
w-© Outpuls
- ® Front Panel NFREQ Mominal System Frequency
#- @ Feport 50 @& B0
# - @ DNP MAF Settings

@ Portl
o P2 PHROT System Phass Rotation
F-0 Part3 v ABC " ACE
#- o PotF
#-o Pots DATE_F Date Format
o+ MDY " TMD " DMY
FAULT Fault Candition Equation
| | i
Dauble Click on Enor Message(s] below to go ta the selting
Emor: Blobal FAULT 23 iz not walid for this setting value

SEL-421 004 Settings Driver  Driver Version: 2.4.3.5  Date: 11/§/2004 4:26:22 PM Part #: 04210415 11X¥HX (Lobal : General Global Settings

Relay Settings

Error Text Region

Driver Version Number Option Button

Figure 3.14 AcCSELERATOR QuickSet Relay Editor

Entering Settings

Relay Part Number

SEL-421 Relay

Click the + marks and the buttons in the Settings Tree View to expand and
select the settings class, instance, and category that you want to change.

Use <Tab> or click in adialog box to edit a setting.

The right-click mouse button performs two special functions when you are
editing settings: Previous Value and Default Value. To restore the previous
value for a setting, right-click the setting and select Previous Value. Right-
click the setting dialog box and select Default Valueif you want to restore the
factory default setting value.

If you enter a setting that is out of range or has an error, ACSELERATOR
QuickSet showsthe error at the bottom of the Relay Editor. Double-click the
error listing to go to the setting to enter avalid input.

The relay part number determines the settings that ACSEL ERATOR QuickSet
displays and the functions that the software controls. When configuring
ACSEL ERATOR QuickSet to control a particular relay, you should confirm that
the ACSELERATOR QuickSet part number matches the relay part number so
that you can access al of the settings you need for your relay.

User's Guide Date Code 20111215
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Configuring the Part Number

Perform the following steps to configure the part number:

Step 1. Select the Settings menu on the ACSELERATOR QuickSet top
toolbar and click New, Open, or Read to start the Relay
Editor (see Settings Menu on page U.3.10).

Step 2. Onceinthe Relay Editor, click the Options menu on the
Relay Editor toolbar (see Figure 3.15).

Step 3. Click Part Number.

Figure 3.15 Retrieving the Relay Part Number

The Relay Part Number dialog box appears, as shownin
Figure 3.16.

Step 4. Usethe arrowsinside the text boxes to match corresponding
portions of the Relay Part Number dialog box to your relay.

User's Guide

SEL-421 Relay



U.3.14 | PC Software
Expression Builder

*, Device Part Number u@w
Part Number: 0421 |(1/4/1/5 X111 XX HX
1= Standard Plus Synchrophasor Measwements 1 | ]
Power Supply
|4 = 48125 de or 120 Vac ~| ]
C tor Type
|1 = Screw Terminal Block, j ]

'

d

L

y Inputs
|5 =300 Phaze - Meutral Mazimum [wye], 5 Amp Phaze ]

Prak
Li

=SEL ASCI, Compressed 45C1, and Settings File Transfer, = ]

Ll | | L

|||||||

1 =30, Standard 110

l'll_
L
-

|H = Horizontal Rack Mount

Ll | | Ledf | L

L

(_"\(_‘\-(_‘\(_"\(_"\T"\ﬂ(_"\(_"\(_"\(_"\(_:

Eth t C. P Protocol ]

|><=N0ne
Ok

Figure 3.16 Setting the Relay Part Number in ACSELERATOR QuickSet

Expression Builder

SEL oGIc control equations are a powerful means for customizing relay
performance. Creating these equations can be difficult because of the large
number of relay elements (Relay Word bits) and analog quantitiesin the relay.

ACSELERATOR QuickSet simplifiesthis process with the Expression Builder,
arules-based editor for programming SEL oGic control equations. The
Expression Builder organizesrelay elements, analog quantities, and

SEL oclIc control equation variables and focuses your equation decision-
making. The Expression Builder checks basic rules and flags mistakesin
SEL oGIc control equation settings.

Access the Settings dialog boxes (see Figure 3.17) in the Relay Editor window show the
. . following (ellipsis) button:
Expression Builder

[ |

Click this button of a SELoGIC equation to use the Expression Builder.
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+- @ Global

+@ Breaker Monitar TTIP L09|c
=@ Group 1
=@ Setl Trip Logic
@ Line Configuration 8 Tl

=@ Relay Configuration

0000000000000 0DO0OD

Phase Distance Elements
Ground Distance Elements
Distance Elements Cammon Tin
Switch-Onto-Fault

Out-of-Step Tripping/Blocking
Load Encroachment

Phase Inst 0/C

Residual Ground Inst 0/C
MNegative-Seq Inst O/C

Tirne Owercurent

Directional

Pole Open Detection

Trip Schemes

Breaker 1 Failure Logic
Breaker 2 Failure Logic
Synchranism Check
Reclosing and Manual Closing
Dramand Metering

Trip Logic:

@ F‘mtect[m Logic 1

|M1P OR Z1G OR M2PT OR Z2GT

TRCOMM Communication Aided Trip

[M2P DR Z2G) AND PLTOZ

TRSOTF Switch-Onto-Fault Trip

|5EIFT OR M2F OR Z2G

DTa Direct Transfer Trip A-Phase

[Ma

DTE Direct Transfer Trip B-Phase

[Ma

DTC Direct Transter Trip C-Phaze

[Ma

BE1MTR Breaker 1 kanual Trip

[oCT OR PEE_PUL

R O O O N N

U.3.15

Figure 3.17 Location of the Expression Builder Option Buttons

The Expression Builder dialog box is organized into two main parts
representing the left side (LVALUE) and right side (RVALUE) of the

SEL oalIc control equation. (The LVALUE isfixed for all settings except
Protection Free-Form SEL 0GIC and Automation Free Form SEL OGIC settings;
see Fixed SELoaGIC Control Equations on page R.3.4.)

Expression Builder
Organization

Figure 3.18 shows the two sides of the Expression Builder, with the

SEL oclIc control equation that you are constructing at the top of the dialog
box. Note the dark vertical line and the equals sign (:=) separating the
equation left and right sides.

Figure 3.18 The ACSELERATOR QuickSet Expression Builder

For Protection Free-Form SELoGIC and Automation Free Form SELOGIC,
select the type of result (LVALUE) for the SELoGIC control equation to use
the Expression Builder. ACSELERATOR QuickSet shows these possibilitiesin
the file box directly underneath the left side of the equation. The program
shows the relay elements for each type of SEL0GIC control equation (Boolean
Variables, Math Variables, etc.).

Using the Expression
Builder

On theright side of the equation (RVALUE), you can select broad categories
of relay elements, analog quantities, counters, timers, latches, Boolean
variables, and math variables. Select a category in the RVALUE tree view, and
the Expression Builder displays all elementsfor that category in the list box
at the bottom right side.
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Directly underneath the right side of the equation, you can choose operations
toinclude in the RVALUE. These operations include basic logic functions,
rising and falling edge triggers, expression compares, and math functions.

For more information on programming SEL OGIC control equations, see
Section 3: SELoaIc Control Equation Programming in the Reference Manual .

Analyze Events

ACSELERATOR QuickSet has integrated analysis tools that help you retrieve
information about protection system operations quickly and easily. Use the

protection system event information that the SEL-421 stores to evaluate the
performance of a protection system.

Event Waveforms The SEL-421 records power system events for all trip situations and for other
operating conditions that you program with SELOGIC control eguations (see
SELoGIc Control Equation ER on page A.3.4).

The relay provides two types of event data captures: high-resolution
oscillography that uses raw sample per second data and event report
oscillography that uses filtered sample per cycle data. See Triggering Data
Captures and Event Reports on page A.3.4 and Generating an Event on
page U.4.42 for information on recording events.

Use ACSEL ERATOR QuickSet to view high resolution and event report
oscillograms, phasor diagrams, harmonic analyses, and settings.

Read History

You can retrieve event files stored in the relay and transfer these files to your
PC. For information on the types of event files and data capture, see
Triggering Data Captures and Event Reports on page A.3.4.

To download event files from the relay, open the ACSEL ERATOR QuickSet
Analysis menu at the top ACSELERATOR QuickSet toolbar and click View
Event History. The Event History dialog box appears (Figure 3.19 is
similar).

7:’1 Event History E]@i

Device: Relay 1 SEL-421-X220%0-Z004005-D20041021

Ewent Histary

10007 . 10/26/2004 154508 7E0 200 355585 TRIG i | Dptions
10000 1040772004 08:17:08.867.800 333355 ER Event type

CEY 4 samples/oyc -

Get Selected Event
Trigger Mew Event
BRefresh Event Historm

Close

Figure 3.19 Retrieving Relay Event History
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Get Event

Perform the following steps to view events:

Step 1. Highlight the event you want to view and click the Get
Selected Event button.

For this exercise, choose Binary COMTRADE in the Event
Type dialog box to select high-resolution oscillography. The
other choices are CEV 4 samples/cyc and CEV 8 samples/cyc,
which correspond to relay event reports of four or eight
samples per cycle, respectively.

Step 2. When downloading is complete, ACSELERATOR QuickSet asks
you to save the file on your PC.

Step 3. Oncethefileis saved, press the Close button, and then select
the Analysis menu and click View Event Files.

Step 4.  Open the oscillography file you just saved. It may be necessary
to change the Files of Type selection to seethe COMTRADE
filesin thefilelist.

Step 5. ACSELERATOR QuickSet displays the Event Waveform dialog
box and the event oscillogram (see Figure 3.20 and

NOTE: If your PC is loaded with

SEL-5601 Analytic Assistant software Figure 3.21).
(purchased separately), ACSELERATOR ) ] ) )
QuickSet® SEL-5030 Software You can see high-accuracy time-stamp information on the event

automatically uses SEL-5601 to

provide event analysis functionality. OSCi HOQram-

Some of the screen captures and . . . .
related information may differ from When viewing the event oscillogram, use keyboard function
the examples shown in this manual. keys to measure the time of oscillogram occurrences. These

function keys and related functions help in event analysis
<F2>: go to trigger

<F3>: Cursor 1

<F4>: Cursor 2

The display shows the time difference between the <F3> and
<F4> cursors.

Step 6. Click the Pref button at the bottom of the oscillogram and
select Time (under Time Units, Starting/Ending Row).

Step 7. Click OK.

Step 8. Click on any point in agraph to observe the Event Timein
microseconds of that data point at the bottom of the

oscillogram.

File Wiew Rotation

COMTRADE File

FID=SEL-421-R1014/0-2001001-0200100315
ﬁ S ample frequency: 2000

Start of data: 29/03/2001,13:40: 23186600

Trigger: 28/03/200113:40:23.186600

| Ready [ 4:25 PM

Figure 3.20 ACSELERATOR QuickSet Event Waveform Window
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NOTE: The Phasors display is
designed for 4 or 8-sample per cycle
event reports. A warning message is
displayed if you are viewing a
COMTRADE file that cannot be
properly represented in the phasor
display.

E% Graph for C:\PROGRA~1\ACSELE~1\TMPEVENT CEV
0.25, 0.96

WAKM) WB(kY) WKV LAGA) 1B

1ACE 1BCE) GG wrimnd v

wm
o
=)
T
AL LRAR NN RN RE]

Digitals

I I I I I I I I
1 2 2 4 5 =} 7 g a 10 11 12 12
Cycles

I
15

Left Drag to Zoom, £ = Unda
F2 or Crl-T = Go to Trigger

Grids: INone - l Style: IEurve - l

Pref | Frint | Qlosel

Figure 3.21 Sample Event Oscillogram

You can also view other event displays:

Step 9.  From the Event Waveform dialog box, select the View menu.

Step 10. Click Phasors, as shown in Figure 3.22, to view a sample-by-

sample phasor display.
A phasor display similar to Figure 3.23 appears.

= Event Waveform E
FBotation

Summary Data...
Graph...

Graph Preferences...
Eh .

Ewvent Report Text...

Reac Harmonic Analysis...
Settings

SEL-421 Relay

Channel  [Mag  [&ngle [Scale [Show [Ref [ =
14[4) 1947 (3286 1 1 0

IE[4) 1945 2094 1 1 0

IC[A) 1933 897 N1 1 0
IG[&) 40 2274 1 0 0
alky)  [1306 00 1 1
VB [kY] 1306 2402 1 1 0
CIKY] 1306 1204 1 1 0
WS1(kY) 1306 08 1 0 0
WS2(kW) 1306 048 1 0 0
MIMEMIKW] 1306 0.2 1 0 0 |=

Select Sequence Elements Phase
’7 * A Phaze B Phaze {~ CPhaze

— Data Selection

KN

[

"Auto Increment

Start | Drelay [ms]: ISDD W

Cycles:

I~ Use Prefault Reference

I~ Show Histary

Frint |

Lloze |

Figure 3.23 Sample Phasors Event Waveform Screen
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ACSELERATOR QuickSet also presents a harmonic analysis of power system
datafor raw data binary COMTRADE event captures.

Step 1. From the Event Waveform View menu, click Harmonic
Analysis.

A window similar to Figure 3.24 appears.

Figure 3.24 Sample Harmonic Analysis Event Waveform Screen

Step 2. On the left side of the Harmonic Analysis screen, choose the
relay voltage and current channels to monitor for harmonic
content.

You can view both a spectral analysis plot and a harmonic
analysis bar chart.

Step 3. Click the arrows of the Data Scroll box or the # Cycles box to
change the data analysis range.

Step 4. Click Summary Data on the Event Waveform View menu to
see event summary information and to confirm that you are
viewing the correct event.

Figure 3.25 shows a sample ACSELERATOR QuickSet Event
Report Summary screen.

User's Guide SEL-421 Relay
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SEL-421 Relay

Summary Data B
Event Report Summary

Event Report Fils: C:\PROGRA™TYWACSELE~15TmpEvent cev

Relay FID: |FID=SEL-42‘I -R10140-2001001-D20010315

Frequency: IBD # Cycles: |15 Samples/Cycle: |4

Event Date/Time: |Thursday, March 146, 2001 23:30:43.026

Miscellaneous: EVENT_MLUM 10007 -
EVENT BCG T j
LOCATION 4817
MFREQ [=11]
SER_MNUM 2001001234
PRIM_\aL YES
CTR_l& 1.0
CTR_IB 1.0 LI

e |[ o |

Figure 3.25 Sample Event Report Summary Screen

Step 5. Click Settings on the Event Wavefor m View menu to view the
relay settings that were active at the time of the event.

Figure 3.26 shows a sample CEV-type event Settings screen.

aSellings from C:\PROGRAM FILESVACSELERATOR \tmprpt. txt [_ (O] %]
Group 1 o
Line Configuration

CTRIT = 400 CTRX = 400 PTRY = 3636 VHOMT = 115

PTRZ = 3636 VHOMZ = 115 Z1MAG = 4.72 Z1ANG = §2.60
ZOMAG = 14.50 ZOANG = 75.70 EFLOC =¥ LL = 100.00
Felay Configuration

EZLP =3 EZ1MG =3 EZ1XG =N ECYT =N

ESERCMP := N ECDTI =N ES0TF =N E00S =N

ELOAT =N ESOP =N ESOG =N Es0Q =N

ES15 =N E3Z = AUTO ECOMM =N EEFL1 =N

EEFLZ =N EZ5EEL =N EZ5EEZ =N E79 =N

EMANCL := N ELOP =N ELEM =N EADVS =N

Mho Phase Distance Element Reach

Z1P 1= 3.78 ZZP = 5.78 Z3P i= 1.87

Figure 3.26 Sample Event Waveform Settings Screen

Open File

Computer-stored data captures are available as COMTRADE files (* .DAT) or
compressed event report files (*.CEV).

Perform the following steps to open thesefiles:

Step 1. Open the ACSELERATOR QuickSet Analysis menu and click
View Event Filesto view the waveformsin an event file stored
on your computer.

The Event Waveform dialog box (similar to Figure 3.20) and
an oscillographic event screen (similar to Figure 3.21) appear.

Step 2. At the Event Waveform dialog box, you can select the
Phasor s display, the Har monic Analysis display, the
Summary Data display, and the Settings display from the
Event Wavefor m window (see Read History on page U.3.16).
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HMI Meter and Control

Use the ACSELERATOR QuickSet HMI feature to view real-time relay
information in a graphical format. Use the virtual relay front panel to read
metering and targets and to operate the relay.

0pen the ACSELERATOR On the HMI menu, click Meter and Control.

QuickSet HMI ACSEL ERATOR QuickSet opensthe HMI window and downloads the interface
data. See the detailed examplesin View Metering: ACSELERATOR QuickSet on
page U.4.37 for step-by-step instructions.

ACSELERATOR QuickSet  You can use ACSEL ERATOR QuickSet to access many types of relay
HMI Features information and relay contrals.
Step 1. Click the HMI menu at the top ACSELERATOR QuickSet

toolbar and then click Meter and Control to access the
ACSEL ERATOR QuickSet HMI.

Figure 3.27 shows the HMI tree view.

Table 3.2 lists the functions in the HMI tree view and a brief
explanation of each function.

In the ACSELERATOR QuickSet HMI, an LED representation
shows that a color is asserted or “on.”

The flashing LED representation in the lower left of each HMI
screen indicates an active data update via the communications
channel.

Step 2. Click the button marked Disable Update to suspend HMI use
of the communications channel.

Device Overview:
Phasors

Instantaneous
Synchrophazor
Demand/Peak

I awimurn M inirnum
Energy

Targets

Statug

SER

Breaker 1 Manitar Data
Breaker 2 Manitar Data
Contral Window

¢CoQ0OQCOOQOCODOQOODOS

Figure 3.27 ACSELERATOR QuickSet HMI Features
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SEL-421 Relay

Table 3.2 ACSELERATOR QuickSet HMI Tree View Functions

Function

Description

Device Overview

Phasors

Instantaneous

Synchrophasors
Demand/Peak

Max/Min

Energy

Targets
Status
SER

Breaker Monitor Data

Control Window

View general metering, selected targets, control input, control
outputs, and the virtual front panel.

A graphical and textual representation of phase and sequence
voltage and current phasors.

A table of instantaneous voltages, currents, powers, frequency,
and dc monitor voltages.

A table showing synchrophasor data, if enabled.

A table showing demand and peak demand values. Reset but-
tons are in this display.

A table showing maximum/minimum metering quantities. A
reset button isin this display.

A table showing energy import/export. A reset buttonisin this
display.

View selected Relay Word bitsin a row/column format.

A list of relay status conditions.

Sequential Events Recorder data listed oldest to newest, top to
bottom. Set the range of SER records with the dialog boxes at
the bottom of the display.

A table showing the latest circuit breaker monitor data.

Metering and records reset buttons, trip and close control, out-
put pulsing, target reset, time and date set, group switch, and
remote bit control.

User's Guide
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Section 4
Basic Relay Operations

The SEL-421 Relay is a powerful tool for power system protection and
control. Understanding basic relay operation principles and methods will help
you usetherelay effectively. This section presents the fundamental knowledge
you need to operate the SEL-421, organized by task. These tasks help you
become familiar with the relay and include the following:

» Inspecting a New Relay on page U.4.1

Connecting and Applying Power on page U.4.3

Establishing Communication on page U.4.4

Changing the Default Passwords on page U.4.6

Checking Relay Satus on page U.4.10

Making Smple Settings Changes on page U.4.13

Examining Metering Quantities on page U.4.33

Reading Oscillograms, Event Reports, and SER on page U.4.42
Operating the Relay Inputs and Outputs on page U.4.56

Y YY VY VY VY VYYVYY

Configuring High-Accuracy Timekeeping on page U.4.71

\

Readying the Relay for Field Application on page U.4.79

Perform these tasks to gain agood understanding of relay operation, be ableto
confirm that the relay is properly connected, and be more effective when using
the relay.

Inspecting a New Relay

The following items are included in your shipment from SEL :

ACAUTION

Do not connect power to the relay » SEL-421 Relay

until you have completed these . . .
procedures and receive instruction to » Printed volume of the entire SEL-421 User’s Guide
apply power. Equipment damage can

result otherwise. » CD-ROM containing the electronic version of the entire

SEL -421 Relay Manual and the Customer Label Templates

» CD-ROM containing the ACSELERATOR QuickSet® SEL-5030
software program

» SEL Contact Card
» Configurable Front-Panel Label Kit

If any item is missing or damaged, please contact your distributor or SEL
immediately.
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Inspecting a New Relay

Initial Inspection

Verify Relay
Configuration

SEL-421 Relay

Cleaning

Perform the following initial inspection when the relay arrives:
Step 1.
Step 2.
Step 3.

Remove the protective wrapping from the SEL-421.
Observe the outside of the front cover and the rear panel.

Check that no significant scratches or dents are evident on any
outer surface.

Step 4. Confirm that all terminal strips on the rear panel are secure.

Perform the following steps and use care when cleaning the SEL-421.:

Step 1. Useamild soap or detergent solution and adamp cloth to clean
therelay chassis.

Be careful cleaning the front and rear panels because a
permanent plastic sheet covers each panel; do not use abrasive
materials, polishing compounds, or harsh chemical solvents
(such as xylene or acetone) on any relay surface.

Step 2. Allow therelay to air dry, or wipe dry with a soft dry cloth.

When you first inspect the relay, confirm that the relay power supply voltage
and nominal ac signal magnitudes are appropriate for your application.
Examine the serial number label on the relay rear panel; Figure 4.1 shows a
sample rear-panel serial number label.

[P/N 04210415X26E5HX Part Number
S/N 0013132004 Serial Number
Power Supply 48/125V=——=
120V~ 50/60Hz | |- Fower Supply Input
35W Specifications
Slot B Logic Input 125V |=—  |/0 Interface Board(s)
Volts AC 300V Wye Logic Input Rating )
Amps AC 5/PH (See Logic Input Ratings, below)
/ Secondary Voltage Input
Secondary Current Input
Figure 4.1 SEL-421 Serial Number Label

Figure 4.1 showsaserial number label for an SEL-421 with additional I/Oina
5U horizontal chassis. Thisexample serial number label isfor a5 A-per-phase
secondary current transformer input relay. For information on CT and PT
inputs, see Secondary Circuits on page U.2.4.

The serial number label does not list power system phase rotation and
frequency ratings, because you can use relay settings to configure these
parameters. The factory defaults are ABC phase rotation and 60 Hz nominal
frequency. See Making Settings Changes: Initial Global Settings on

page U.4.17 for details on setting these parameters.

The power supply specification in Figure 4.1 indicates that thisrelay is
equipped with a power supply that accepts a nominal 48/125 Vdc input. This
power supply also accepts a 120 Vac input. Other power supply options
include nominal 24/48 VVdc and 125/250 Vdc power supplies. The 125/250
Vdc power supply also accepts a 120/230 Vac input. Refer to the serial
number label affixed to the back of your relay to determine the power supply
voltage you should apply to the relay power supply input terminals. Asthis
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label indicates, the voltage source should be capable of providing at |east
35 W. See Power Supply on page U.1.13 for more information on power
supply specifications.

Logic Input Ratings

The serial number label in Figure 4.1 only lists control input voltages for 1/0
Interface Boards that have 24 optoisolated inputs, which is determined at
ordering time. In the sample shown, only Slot B containsan INT4 1/O
Interface board, so only one input rating appears. The other types of control
inputs (Direct Coupled) have settable pickup voltages, and do not appear on
the serial number label. See Control Input Assignment on page U.4.65 for
more information.

Connecting and Applying Power

Date Code 20111215

Connect external power to the SEL-421 to perform the initial checkout and
familiarization proceduresin this section. For complete information on power
connections, see Power Connections on page U.2.38.

Figure 4.2 shows the portion of the relay rear panel where you connect the
power input.

MONITOR POWER
Vdc 1 Vdc 2 ~
+ - + - +

Terminal Z29 Terminal Z30  Terminal Z31
Figure 4.2 Power Connection Area of the Rear Panel

You can order the SEL -421 with one of three power supplies with nominal
operating voltages: 24/48 VVdc, 48/125 Vdc, and 125/250 VVdc. The two higher
voltage supplies, 48/125 Vdc and 125/250 Vdc, use ac input and dc input. The
relay serial number label on the back of the relay lists voltage ranges that
encompass the nominal voltages.

Table 4.1 shows the nominal voltage inputs and power supply voltage ranges
for dc input, and ac inputs if applicable.

Table 4.1 Power Supply Voltage Inputs

vh;:lr:«i;r;allnzﬁt 1235 [0 [REne Afslc;‘—prztoRl::;’e
24/48 V/dc 18-60 VVdc <35 W N/A
48/125 Vdc 38-140 Vdc <35 W 120 Vac <120 VA
125/250 Vde 85-300 Vdc <35 W 120/230 Vac <120 VA
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/ADANGER

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

Observe the following precautions when connecting power to the SEL-421.

Step 1. Always attach a safety ground as the first connection you make
to the SEL-421.

Step 2. Connect the grounding terminal (#Z31) labeled GND on the rear
panel to arack frame ground or main station ground for proper
safety and performance.

Step 3. Use 16 AWG (1.5 mm?) wire (or heavier) to connect to the
POWER terminals, observing the following:

» When you use adc power source, you must connect the source
with the proper polarity, asindicated by the + (Terminal #229)
and - (Terminal #Z230) symbols on the power terminals.

» You can use ac input for the 48/125 Vdc power supply and the
125/250 Vdc power supply.

» Therelay operatesfrom 30 to 120 Hz (nominal 50/60 Hz) when
alternating current supplies the POWER input.

Upon connecting power, you will see information on the front-
panel LCD (liquid crystal display) and the ENABLED LED (light-
emitting diode) will illuminate.

For complete information on the SEL-421 front panel, see
Front-Panel Operations on page U.5.1.

Establishing Communication

SEL-421 Relay

Once you have applied the correct power input successfully, you are ready to
operate the relay. Use the relay front panel and the communications ports to
communicate with the relay.

Front-panel control of relay functions involves use of a menu system that you
access through the LCD and the six navigational pushbuttons shown in
Figure 4.3. For complete instructions on using the front-panel menu system,
see Navigating the Menus on page U.5.4.

Serial Communications Port Title Area Navigation
l Pushbuttons

|

!
@
OO,

LCD Display Main Area > @
Message Area (—————

Figure 4.3 PORT F, LCD Display, and Navigation Pushbuttons

Fast and efficient communication with the relay is available through
communications ports such as PORT F, also shown in Figure 4.3. A design
philosophy for all SEL relaysisthat an ASCII or open terminal isall that you
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need to communicate with the relay. Many off-the-shelf computer programs
provide terminal emulation. These programs are inexpensive and widely
available.

Use the cable connections appropriate for your terminal configuration. See
Section 4: Communications Interfaces in the Reference Manual for more
information on communications ports.

All ASCII commands you send to the relay must terminate with a carriage
return or carriage return/line feed; the terminal emulation program appends
the necessary carriage return when you press <Enter >.

You can truncate commands to the first three characters: EVENT 1 <Enter>
becomes EVE 1 <Enter>. Use upper- and lower-case characters without
distinction, except in passwords, which are case sensitive. For alist of ASCII
commands see Section 9: ASCI Command Reference in the Reference
Manual.

He|p When you are using aterminal, you can access built-in relay help for each
ASCII command. Relay help is access-level sensitive; you see only the ASCII
commands for the present access level when you type HEL P <Enter>. For in-
depth information on a particular ASCIlI command, enter the command name
after typing HEL P. For example, for help on the EVENT ASCII command,
type HELP EVE <Enter>.

When you are using ACSEL ERATOR QuickSet, press <F1> to get help, or
select the Help menu from the ACSELERATOR QuickSet toolbars. The help
information in ACSELERATOR QuickSet gives detailed information and
sample screensin a GUI format.

M aking an EIA-232 The followi ng steps use any popular computer terminal emulation software
Serial Port and SEL serial cablesto connect to the SEL-421.

Connection Use an SEL Cable C234A to connect a 9-pin computer seria port to the

SEL-421. Use an SEL Cable C227A to connect a 25-pin computer serial port
to the relay. See Section 4: Communications Interfaces in the Reference
Manual for further information on serial communications connections. These
and other cables are available from SEL. Contact the factory or your local
distributor for more information.

Step 1. Connect the computer and the SEL -421 using the serial
communications cable.

Use the 9-pin serial port labeled PORT F on the relay front panel.
Step 2. Apply power to both the computer and to the relay.
Step 3. Start the computer terminal emulation program.

Step 4. Set your computer terminal emulation program serial
communications parameters.

The default SEL-421 communications port settings arelisted in
Table 4.2.

Also set the terminal program to emulate either VT100 or
VT52 terminals. These terminal emulations work best with
SEL relays.
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Table 4.2 General Serial Port Settings

Name Description Default
PROTO Protocol (SEL, DNP?, MBA, MBB, RTD, PMU) SEL
SPEED Data speed (300 to 57600, SYNCb) 9600
DATABIT Data bits (7, 8 bits) 8
PARITY Parity (Odd, Even, None) N
STOPBIT Stop bits (1, 2, bits) 1
RTSCTS Enable Hardware Handshaking (Y, N) N

a DNP protocol is an ordering option.
b SYNC setting only available when PROTO := MBA or MBB.

Step 5. To check the communications link, press <Enter> to confirm
that you can communicate with the relay.

You will seethe Access Level 0= prompt at the left side of your
computer screen (column 1).

If you do not see the prompt, check the cable connections and
confirm the settings for the default communications parameters
of Table 4.2 in your termina emulation program.

Step 6. Type QUIT <Enter> to view the relay report header.

You will see acomputer screen display similar to Figure 4.4.
(Text that you type is emphasized in bold letters.)

If you see jumbled characters, change the terminal emulation
type in the computer terminal program.

=QUIT <Enter>

Relay 1 Date: 03/15/2001 Time: 00:01:05.209
Station A Serial Number: 2001001234

Figure 4.4 Report Header

When you communicate with the relay at the Access Level 0 = prompt, you
arein security AccessLevel 0. You cannot control relay functions at thislevel.

Higher access levels are password protected and allow increased control over
relay operation. For more information on access levels and password
protection, see Changing the Default Passwords: Terminal on page U.4.9.

Changing the Default Passwords

NOTE: Perform the password-
change steps described in Changing
the Default Passwords: Terminal on
page U.4.9.

Access Levels

SEL-421 Relay

It is extremely important that you change the factory default passwords
programmed in the SEL-421. Setting unique passwords for the relay access
levelsincreases the security of your substation and the power system.

This subsection begins with information on the access level/password system
in the SEL-421 and includes an example of changing the default passwords.

Access levels control whether you can perform different operations within the
SEL-421. These security levelsarelabeled 0, 1, B, P, A, O, 2, and C.
Figure 4.5 presents an overview of the general access level structurein the

relay.
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Changing the Default Passwords

( ) CAL

u.4.7

ocess ACC m XAC Access Level x (from 2AC only) ACCesS
Level 0 Level 1 (Note: Use XAC to switch Level C
Y, QUIT "y, ACC between any of the access XAC \

levels x, where x = B,PA,0,2)
\

J

Quit

ACC

QUIT
Figure 4.5 Access Level Structure

Access Level 0 isthe least secure and most limited access level, and Access
Level 2 isthe most secure level at which you have total relay functionality.
(Access Level Cisreserved for SEL factory operations. Only go to Access
Level C to changethe Level C password or under the direction of an SEL
employee.) For example, from Access Level 1, you can view settings but you
cannot change settings.

Table 4.3 lists access levels and operator functions for the SEL-421.

Table 4.3 SEL-421 Access Levels

Access Level Prompt Allowed Operations
0 = Loginto Access Level 1; some test diagnostics.
1 => View data and status information.
B => Access Level 1 functions plus breaker control and data.
P pP=> Access Level B functions plus protection settings.
A A=> Access Level B functions plus automation settings.
o O=> Access Level B functions plus output settings.
2 =>> Perform all relay access level functions.
C ==>> SEL calibration-specific functions. For alist of com-
mands available, contact SEL.

The SEL-421 performs command interpretation and execution according to
your validated access level. Each access level has a password that the relay
must verify before you can control the relay at that level. Table 4.4 lists the
access level commands with corresponding passwords.

Table 4.4 Access Level Commands and Passwords

Access Level Command Factory Default Password

0 QUIT (None)

1 ACCESS OTTER

B BACCESS EDITH

P PACCESS AMPERE

A AACCESS VOLTA

¢} OACCESS WATT

2 2ACCESS TAIL

C CAL Sel-1

User's Guide
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Communications Ports Access Levels

/AWARNING

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

Entrance to the higher security levelsis sequential. You must first enter a
correct password to move from Access Level 0to Access Level 1.

To enter AccessLevelsB, P, A, O, and 2, you must enter a correct password
from Access Level 1. For example, to go to the O (Output) Access Level from
Access Level 1, type OAC <Enter>. Atthe Password: ? prompt, type your
Access Level O password.

To enter Access Level C, you must enter a correct password from Access
Level 2.

Usetherelay QUIT command from any access level to return therelay to
Access Level 0. To reestablish control at a previous access level from Access
Level 1, you must use the access level commands and passwordsto log into
that previous access level.

When a connection with the SEL -421 times out, the relay reduces the access
level to Access Level O for that communications port connection.

The MAXACC port setting can be used to limit the maximum access level
permitted on a port. This can be useful to restrict what remote users can do.

Front-Panel Access Levels

The lowest access level for the front panel is Access Level 1. To enter Access
LevelsB, P, A, O, and 2, you must enter a correct password from Access
Level 1.

Thefront-panel LCD displays apassword prompt when you attempt to control
therelay at any access level higher than Access Level 1. (For more
information on entering passwords from the front panel, see Password on
page U.5.14.)

The front-panel MATN MENU item RESET ACCESS LEVEL returnsthe relay to
Access Level 1. In addition, when the front-panel inactivity timer times out
(indicated by the ROTATING DISPLAY onthe front-panel LCD), therelay
returns the front-panel access level to AccessLevel 1.

ACCESS Command

NOTE: You can shorten relay
commands to the first three letters of
the full command. See Section 9:
ASCII Command Reference in the
Reference Manual for more
information.

Enter the ACCESS (ACC) command to change to Access Level 1. Passwords
are case sensitive; you must enter a password exactly as set.

If you enter the password correctly, the SEL-421 movesto AccessLevel 1 and
the Access Level 1 => prompt appears. If you are at a higher accesslevel (B,
P, A, O, and 2), you can reduce the access level to Access Level 1 by entering
the ACC command. The relay performs no password validation to reduce the
present access level.

Higher Access Level Commands

SEL-421 Relay

Enter the commands in Table 4.4 to enter access levels above Access Level 1.
For example, enter the 2ACCESS (2AC) command to change to Access
Level 2.
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/AWARNING

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

Basic Relay Operations
Changing the Default Passwords

If you are presently at AccessLevel 1, B, P, A, or O, typing 2AC <Enter>
causes the SEL-421 to prompt you to type the Access Level 2 password. If the
present level is Access Level 0, the SEL-421 responds with Invalid Access
Level. The relay asserts alarm Relay Word bit SALARM when entering
AccessLevel B, P, A, O, and 2 from alower access level.

If you are unable to enter the correct password after the third failed attempt,
the SEL-421 asserts the BADPASS and SALARM Relay Word bits for one
second and displays on a communications terminal screen the following error
message;

WARNING: ACCESS BY UNAUTHORIZED PERSONS STRICTLY PROHIBITED

In addition, you cannot make further access level entry attempts for 30
seconds. The relay terminates the communications connection after the third
failed attempt when you use Ethernet via an Ethernet card, DNP3 (Distributed
Network Protocol Version 3.0), and MIRRORED BITS® communications virtual
terminal mode. For more information on these protocols, see Section 5: SEL
Communications Protocols in the Reference Manual and Section 6: DNP3
Communications in the Reference Manual.

If your connection to the SEL-421 has an inactivity time-out (inthe SET P
port settings), the SEL-421 automatically closes the communications
connection and changes to Access Level 0 when the time-out occurs.

Valid passwords are character sequences of as many as twelve characters.
Valid password characters are any printable ASCII character. HMI password
entry is limited to upper- and lower-case letters, numbers, underscore, and
period, so you must limit your password to these characters if you need to do
privileged operations from the front panel. Passwords are case sensitive.

It isimportant that you change all of the passwords from their default values.
Thiswill protect you from unauthorized access.

Use strong passwords. Strong passwords contain amix of the valid password
characters in a combination that does not spell common words in any portion
of the password.

Changing the Default Passwords: Terminal

NOTE: Passwords are case sensitive;

you must enter passwords exactly as
set.

Date Code 20111215

Step 1. Confirm that the relay is operating (see Connecting and
Applying Power on page U.4.3).

Step 2. Establish communication with the SEL-421 (see Making an
ElIA-232 Serial Port Connection on page U.4.5 to learn how to
use aterminal to communicate with the relay).

Step 3. Enter AccessLevel C (level 2 is sufficient except when
changing the level C password).

a. Using acommunications terminal, type ACC <Enter>.

b. Typethe AccessLevel 1 password OTTER and press
<Enter>.

You will seethe Access Level 1 => prompt.
Type 2AC <Enter>.

At the password prompt, type TAIL <Enter>.
Type CAL <Enter>.

At the password prompt, type Sel-1 <Enter>.
You will seethe Access Level C ==>> prompt.

- o a0

u.4.9
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Step 4. To set anew password for Access Level 2, type the following:
PAS 2 nE2Pw- <Enter>
(nE2Pw- becomes the new strong password.)

The relay will return the word Set and the Access
Level 2 =>> prompt.

Step 5. Set new passwords for each access level.

In asimilar manner as the previous step, create new strong
passwords for each access level.

Step 6.  Commit these passwords to memory, permanently record your
new passwords, and store this permanent record in a secure
location.

To eliminate password verification for an access level, enter DISABLE in
place of the new password. This action will disable the password of that level;
therefore, the relay does not check for a password upon entering that access
level.

Using DISABLE is not recommended. Always set a unique, strong password
intherelay for each accesslevel. Failure to do this can severely jeopardize the
security of your substation and the power system.

After you enter a new password, the relay pulses the Relay Word bit
SALARM for one second and responds Set. The relay responds with the
message Password Disabled if you used the DI SABL E parameter.

If you forget a password, or encounter difficulty changing the default
passwords in Changing the Default Passwords: Terminal on page U.4.9, you
can temporarily disable password verification. See Jumpers on page U.2.18
for information on the password disable jumper J18B.

Checking Relay Status

Checking Relay
Status: Terminal

SEL-421 Relay

With continual self-testing, the SEL-421 monitorstheinternal operation of al
circuitsto verify optimal performance of relay functions. If aninterna circuit,
protection algorithm, or automation a gorithm enters an out-of-tolerance
operating range, the relay reports a status warning. In the unlikely event that
aninternal failure occurs, the relay reports a status failure. For more
information on relay status, see Relay Self-Tests on page U.6.38.

You can check relay status through a communications port by using a
terminal, terminal emulation computer program, or ACSELERATOR QuickSet.
In addition, you can use the relay front panel to view status information.

The procedure in the following steps assumes that you have successfully
established communication with the relay (see Making an EIA-232 Serial Port
Connection on page U.4.5). In addition, you must be familiar with relay
access levels and passwords (see Changing the Default Passwords: Terminal
on page U.4.9 to change the default access level passwords).

Step 1. Enter AccessLevel 1.
a. Using acommunications terminal, type ACC <Enter>.
b. Typethe AccessLevel 1 password and press <Enter >.
You will seethe Access Level 1 => prompt.
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Step 2. Type STA <Enter>. Therelay returns a status terminal screen
similar to that in Figure 4.6.

=>STA <Enter>

Relay 1 Date: 03/15/2001 Time:07:02:50.776
Station A Serial Number: 000101234
FID=SEL-421-R101-V0-2001001-D20010315 CID=0x9aed

Failures

No Failures

Warnings
No Warnings

SELogic Relay Programming Environment Errors
No Errors

Relay Enabled
=>

Figure 4.6 Relay Status
Step 3. Type STA A <Enter> toview al relay status entries.
For more information on relay status report items, see STATUS

on page R.9.48.
Checking Re|ay You can use ACSEL ERATOR QuickSet to check relay status. Usethe HM I >
. Meter Control menu to view status conditions.

Status: ACSELERATOR

QuickSet The procedure in the following steps assumes that you have successfully
established communication with the relay (see Making an EIA-232 Serial Port
Connection on page U.4.5). In addition, you must be familiar with relay
access levels and passwords (see Changing the Default Passwords: Terminal
on page U.4.9 to change the default access level passwords). You should also
be familiar with ACSELERATOR QuickSet (see Section 3: PC Software).

Step 1.  Configure the communications port.
a.  Start ACSELERATOR QuickSet.
NOTE: The DTR parameter has no b. On thetop toolbar, click Communication >
S munications with the Communication Parameters.

You will seethe Communication Parameter s dialog
box similar to Figure 4.7.

L& rication Parameters
Device Data Speed
|Direct to COM1 | 300 4800 " 57600
" 00 f+ 9E00 " 115200
" 1200 " 13200
[ o200 O 33400
Level One Password [Serial & Telnet) Data Bits Stop Bits Parity
| xxxxx e - & None
Level Two Pazsword [Serial & Telnet] " Odd

|xxxx L ol " Even

RTS/CTS DTR

I~ Use Metwork & aff ¢ On " 0ff & On
Ok | Lancel | Help |

Figure 4.7 AcCSELERATOR QuickSet Port Parameters and Password Entry

c. Select the Data Speed, Data Bits, Stop Bits, Parity,
and RTS/CT S that match the relay settings.

The defaults are 9600, 8, 1, None, and Off,
respectively.
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Checking Relay
Status: Front Panel

SEL-421 Relay

Step 2.

Step 3.

Step 4.

d. Click OK to update the ACSELERATOR QuickSet
communications parameters and connect to the relay.

e. Confirm that the Communications Status bar at the
bottom of the ACSEL ERATOR QuickSet window says
Connected.

Confirm that you have loaded the correct passwordsin
ACSELERATOR QuickSet.

a. Enter your Access Level 1 password in the Level One
Passwor d text box, and your Access Level 2 password
in the L evel Two Password text box.

b. Click OK to accept changes and close the dialog box.

Click Meter and Controal in the top toolbar HMI menu to start
the ACSELERATOR QuickSet operator interface.

Click the Status button of the HMI tree view (see Figure 4.8).

ACSEL ERATOR QuickSet displaysthe relay status with a
display similar to that in Figure 4.6.

Device Overview
Phasors
Instantaneous
Synchrophazor
Demand/Peak

I awimurn M inirnum
Energy

Targets

Breaker 1 Manitar Data
Breaker 2 Manitar Data
Contral Window

CoQ0C®QCOCODOQOODOD

Figure 4.8 Retrieving Relay Status: ACSELERATOR QuickSet

Use the front-panel display and navigation pushbuttons to check SEL-421
status. See Section 5: Front-Panel Operations for information on using the
relay front panel.

Step 1.

Apply power to the relay, and note that the LCD shows a
sequence of screens called the ROTATING DISPLAY.

(If you do not operate the front panel for a certain period, the
relay will enter front-panel time-out mode and you will see the
sequential screens of the ROTATING DISPLAY.)

Step 2. Pressthe {ENT} pushbutton to display the MAIN MENU of
Figure 4.9.
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VAL N MENU
VETER
EVENTS

BREAKER MONI TOR
RELAY ELENMENTS

LOCAL CONTROL

SET/ SHOW

[RELAY STATUS ]
VI EW CONFI GURATT ON

DI SPLAY TEST

RESET ACCESS LEVEL

(@)

RELAY STATUS

SEL-421-R101- VO-
Z001001- D20010315

S/ N=2001001234

RELAY ENABLED
NO WARNI NGS

(b)
Figure 4.9 Checking Relay Status: Front-Panel LCD
Step 3. View the relay status:

a. Pressthe {Up Arrow} and {Down Arrow} navigation
pushbuttons to highlight the RELAY STATUS action item
(see Figure 4.9).

b. Pressthe {ENT} pushbutton.

You will seethe RELAY STATUS screen (the second
screen of Figure 4.9).

Step 4. Pressthe {ESC} key to return to the MAIN MENU.
Step 5. Press{ESC} again to return to the ROTATING DISPLAY.

For more information on the front-panel screen presentations and theitemsin
the STATUS screens, see Relay Status on page U.5.32.

Making Simple Settings Changes

Date Code 20111215

The SEL-421 settings structure makes setting the relay easy and efficient.
Settings are grouped logically, and you do not see relay elements that are not
used in your selected protection scheme.

For example, if you select only three levels of a particular type of overcurrent
protection, the corresponding Level 4 overcurrent element settings do not
appear on the communications terminal screen. Hiding unused elements and
settings that you have not enabled greatly simplifies the task of setting the
SEL-421.

ACSEL ERATOR QuickSet uses a similar method to focus your attention on the
active settings. Unused relay elements and inactive settings are dimmed
(grayed) in the ACSELERATOR QuickSet menus. See Section 3: PC Software
for more information on ACSELERATOR QuickSet.
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Making Simple Settings Changes

Settings Structure

SEL-421 Relay

The SEL-421 settings structure assigns each relay setting to a specific location
based on the setting type. A top-down organization allocates relay settings

into these layers:
» Class
> Instance
» Category
» Setting

Examine Figure 4.10 to understand the settings structure in the SEL-421. The
top layer of the settings structure contains classes and instances. Classis the

primary sort level; al classes have at |east oneinstance, and some classes have
multiple instances. Settings classes and related instances for the SEL-421 are

listed in Table 4.5.
Class GIqbaI Grqup s
Settings Settings
Instance Group 1 Group2 | eee
Category General Line Config. Line Config.
et T T
[ome ][ cmc ]
[ PRy [ PRY |
: :
Category | Enables Relay Config. | | Relay Config.
et (er [ e ]
[ eame ][ eams ]
[ eaxc  J[ eanc |
H H H
Cat Mho Phase Mho Phase
ategory | DCTHon Dist. Dist.
Setting e [ zp ]
[ e [ ]
[ Setting | [ Setting |
H H H

Figure 4.10 Relay Settings Structure Overview
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Table 4.5 Settings Classes and Instances

Basic Relay Operations
Making Simple Settings Changes

N . ASCII Access
Class Description Instance Description Command Level
Global Relay-wide applications Global SET G PA,O2
settings
Group Individual scheme settings Group 1 Group 1 settings SET1,SETS1 |R2
Group 6 Group 6 settings SET 6, SET S6
Breaker Circuit breaker monitoring Breaker SETM P2
Monitor settings Monitor
Port Communications port settings | PORTF Front-panel port SETPF PA,O,2
PORT 1 PORT 1 settings SETP1
PORT 3 PORT 3 settings SETP3
PORT 5 Communications card SET P5
settings
Report Event report and SER2 settings | Report SETR PA,O,2
Front Panel Front-panel HMI settings Front Panel SET F PA,O 2
Protection Protection-related SELoGIC Group 1 Group 1 protection SETL1 P2
SELocIc® control equations SELoaIc control equations
control . . .
equations . . .
Group 6 Group 6 protection SETL6
SEL oGlIc control equations
Automation Automation-related SELoGIC Block 1P Block 1 automation SETA1 A, 2
SELoaIC control equations SELoaIc control equations
control . . .
equations . . .
Block 10 Block 10 automation SET A 10
SEL oGlIc control equations
DNP Direct Network Protocol data | DNP SETD P A O 2
remapping
Output Relay control output Output SET O 0,2
SELoclic settings and MIRRORED BITS
control communication transmit
equations equations
Alias Set aliases Analog SETT PA,O2
or digital
quantities

a8 SER is the Sequential Events Recorder; see SER (Sequential Events Recorder) on page A.3.34.
b The SEL-421-1 and SEL-421-2 have only one block of automation SELocIc control equations.

Date Code 20111215

Note that some settings classes have only one instance and you do not specify
the instance designator when accessing these classes. An exampleisthe
Global settings class. You can view or modify Global settings with a
communications terminal by entering SET G as shown inthe ASCI|
Command column of Table 4.5. Therelay presents the Global settings
categories at the SET G command; no instance numbers follow SET G.
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Settings: Terminal

SEL-421 Relay

Conversely, the Port settings command has five instances (PORT F, PORT 1,
PORT 2, PORT 3, and PORT 5). To accessthe PORT 1 settings, type SET P 1
<Enter>. If you do not specify which port to set, the relay defaults to the
active port (the port you are presently using).

The Group settings can have the optional one-letter acronym S attached to the
command; you can enter SET 1 or SET S1 for Group 1 settings, SET 2 or
SET S2for Group 2 settings, etc. If you do not specify which group to set, the
relay defaults to the present active group. If Group 6 is the active group, and
you type SET <Enter >, for example, you will see the settings prompts for the
Group 6 settings.

When you change settings (with any SET command) from aterminal, the
relay shows the setting category, prompt, present value, and action prompt.

Figure 4.11 shows two settings examples: multiple-line settings (SID and
RID) and an in-line setting (NUMBK) for relay Global settings from Access
Level P (protection). The relay prompts you for input by presenting an action
prompt. You have many options for navigating the settings at the ? action
prompt.

Table 4.6 lists the operations possible from a settings action prompt.

=>>SET G <Enter>

Global

General Global Settings ———— Category

Station Identifier (40 characters) — ——— Prompt

SID := "Station A" Present Value

? <Enter> Action Prompt )
Relay Identifier (40 characters) Present Action
RID := "Relay 1" Prompt Value Prompt
? <Enter> / /
Number of Breakers in Scheme (1,2) NUMBK =1 ? <Enter>

Figure 4.1 Components of SET Commands

Table 4.6 Actions at Settings Prompts

Action Relay Response
<Enter> Accept setting and move to the next setting; if at the last setting, exit
Settings.

[value] <Enter> | Enter the given value and move to the next setting if valid; if at the
last setting, exit settings.

N <Enter> Move to the previous setting; if at the top of settings, stay at the
present setting.

<<Enter> Move to the top of the previous settings category; if at the top of set-
tings, stay at the present setting.

> <Enter> Move to the top of the next settings category; if in the last category,
exit settings.

END <Enter> Go to the end of the present settings session. Prepare to exit settings
viatheSave settings (Y,N) ? prompt.

<Ctrl+X> Abort the editing session without saving changes.

When you exit settings entry from the SET commands, the relay responds,
Save settings (Y,N) 2.If youanswer Y <Enter>, the relay writes the new
settings to nonvolatile storage. If you answer N <Enter>, the relay discards
any settings changes you have made.
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Making Settings Changes: Initial Global Settings

You must configure the SEL-421 for specific conditions found in the power
system where you are connecting the relay. In particular, you must set the
nominal frequency and phase rotation.

The procedure in the following steps assumes that you have successfully
established communication with the relay; see Making an EIA-232 Serial Port
Connection on page U.4.5 for a step-by-step procedure. In addition, you must
be familiar with relay access levels and passwords. See Changing the Default
Passwords. Terminal on page U.4.9 to change the default access level
passwords.

This example jumps to a Global setting that is not at the beginning of the
Global settingslist. Thus, you enter SET G, the setting name, and <Enter>.
To start at the beginning of the Global settings, simply type SET G <Enter>
without a settings name.

Step 1. Prepareto control the relay at AccessLevel 2.
a Using acommunications terminal, type ACC <Enter>.
b. Typethe AccessLevel 1 password and press <Enter>.
You will seethe Access Level 2 => prompt.
c. Typethe 2AC <Enter> command.
Type the correct password to go to Access Level 2.
You will seethe Access Level 2 =>> prompt.
Step 2. Type SET G NFREQ <Enter> (this sets the nominal system

frequency using the NFREQ setting, which has options of 50
Hz and 60 HZz).

Therelay responds with aterminal screen display similar to the
beginning of Figure 4.12.

=>>SET G NFREQ <Enter>
Global

General Global Settings

Nominal System Frequency (50,60 Hz) NFREQ = 60 ? <Enter>
System Phase Rotation (ABC,ACB) PHROT := ABC ? <Enter>
Date Format (MDY,YMD,DMY) DATE_F = MDY ? YMD <Enter>

Fault Condition Equation (SELogic Equation)
FAULT := 50P1 OR 51S1 OR M2P OR Z2G OR M3P OR Z3G
?  END <Enter>

Save settings (Y,N) ? Y<Enter>

Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 4.12 Initial Global Settings

Step 3. Accept the default settings.

a. For a60 Hz system, simply press <Enter > to accept the
NFREQ existing value of 60 (Hz).

Therelay presentsthe next setting, which isthe PHROT
(phase rotation) setting.

b. Type <Enter> to accept the ABC phase rotation
default.
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Step 4. Set the date format:

The SEL-421 reports dates in three formats. MDY, YMD, and
DMY (where M = month, D = date, and Y = year).

a

For this procedure type YM D <Enter>.

At each setting in turn, the relay presents the settings
prompt, name, present value, and action prompt.

Note that SELoGIC control equation settings, such as
FAULT in Figure 4.12, appear on multiple lines.

If you make a mistake or want to go backward through
the settings, type the” character (on most computer
keyboards, thisis a shifted numera 6) and <Enter>.

Refer to Table 4.6 for this and other navigational aids.

Step 5. End the settings session.

a

C.

The TERSE Option

Type END <Enter> at the FAULT action prompt.

(The FAULT SELoGIC control eguation remains
unchanged.)

The relay next scrolls areadback of all the Global
settings, eventually displaying the following prompt:

Save settings (Y,N) ? prompt

(InFigure 4.12, avertical ellipsis represents the relay
information during readback.)

Examine the settings readback to verify your new
settings.

Answer Y <Enter> to save your new settings.

You can avoid viewing the entire class settings summary the relay displays
when you type END <Enter> midway through a settings class or instance.

On slow data speed links, waiting for the complete settings readback can clog
your automation control system or take too much of your time for afew
settings changes. Eliminate the settings readback by appending TERSE to the

SET command.

Text-Edit Mode Line Editing

Some SEL-421 settings present multiple input lines to your terminal; you use
basic line text editing commands to construct the setting. For display, therelay
references each line of the setting by line number, not by the setting name. See
Making Text-Edit Mode Settings Changes on page U.4.19 for an example of a

text-edit mode setting.

While in the text-edit mode, you see a prompt consisting of the line number
and the present setting for that line. You can keep the setting, enter a new
setting, or delete the setting. Table 4.7 lists the commands for text-edit mode.

User's Guide
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Table 4.7 Actions at Text-Edit Mode Prompts

Action Relay Response

<Enter> Accept the setting and move to the next line; if at the last line
or at ablank line, exit settings.

>n <Enter> Moveto line n. If thisis beyond the end of the list, moveto a
blank line following the last line.

N <Enter> Moveto the previous line; if at thefirst line, stay at the
present line.

< <Enter> Moveto thefirst line.

> <Enter> Moveto ablank line following the last line.

LIST <Enter> List all settings and return to the present action prompt.

DELETE [n] <Enter> | Delete the present line and subsequent lines for atotal of n
lines; n=1if not provided. Lines after deletion shift upward
by the number of lines deleted.

INSERT <Enter> Insert ablank line at the present location; the present line and
subsequent lines shift downward.

END <Enter> Go to the end of the present settings session. Prepare to exit
settings via the “ Save settings (Y,N) ?” prompt.

<Ctrl+X> Abort editing session without saving changes.

Use commas to separate the items in a text-edit mode setting when you are
entering multipleitems per line. After you enter each line, therelay checksthe
validity of the setting. If the entered setting isinvalid, the relay responds with
an error message and prompts you again for the setting.

Making Text-Edit Mode Settings Changes

The procedure in the following steps familiarizes you with basic text-edit
mode line editing. You set Display Point 1 through Display Point 3 to show
the status of Circuit Breaker 1, Circuit Breaker 2, and the operational state (on
or off) of the transformer cooling fans near the circuit breaker bay where you
have installed the SEL-421. See Display Points on page U.5.10 for
information on programming display points.

For this example, use inputs IN101, IN102, and IN105. You can use other
inputs for your particular application. See Control Inputs on page U.2.5 for
more information on control inputs.

This procedure assumes that you have successfully established
communication with the relay (see Making an EIA-232 Serial Port
Connection on page U.4.5) In addition, you must be familiar with relay access
levels and passwords (see Changing the Default Passwords: Terminal on
page U.4.9) to change the default access level passwords.

Step 1. Prepareto control the relay at AccessLevel 2.
a.  Using acommunications terminal, type ACC <Enter>.
b. Typethe AccessLevel 1 password and press <Enter >.
You will seethe AccessLevel 1 => prompt.
c. Typethe 2AC <Enter> command.
Type the correct password to go to Access Level 2.
You will seethe Access Level 2 =>> prompt.
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NOTE: Use quotation marks when
entering alias strings that contain
spaces or punctuation marks, as

shown in the IN105 example, Step 6.

SEL-421 Relay

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Access the display point settings.

a. Type SET F <Enter> to modify the front-panel
settings.

b. Advance through the front-panel settings (repeatedly
type > and then <Enter>) until you reach the Display
Points and Aliases category.

Figure 4.13 shows arepresentative terminal screen. The
relay displays thefirst line that you can edit. For the
case of display points, the line number is the display
point number.

AttheLine 1 settings ? prompt, type the following to create
Display Point 1:

IN101,CB1,CLOSED,OPEN <Enter>

Therelay verifiesthat thisisavalid entry, then responds with
the next line prompt 2: followed by the settings ? prompt (see
Figure 4.14).

At theLine 2 settings ? prompt, type the following to create
Display Point 2:

IN102,CB2,CLOSED,OPEN <Enter>

The relay verifies that thisis avalid entry, then responds with
the next line prompt 3: followed by the settings ? prompt (see
Figure 4.14).

At the Display Points and Aliases prompt, use the text-edit
mode line editing commands to list the active display points.
Type the following:

LIST <Enter>.

After showing the active display points, the relay returnsto
line 3: followed by the settings ? prompt.

Type the following to create Display Point 3:
IN105,“5 MVA XFMR Fans’ ,ON,OFF <Enter>

The relay verifies that thisis avalid entry, then responds with
the next line prompt 4 : followed by the settings ? prompt (see
Figure 4.13).

Type END <Enter> to end the editing session.

Therelay scrolls areadback of al the Front-Panel settings,
eventually displaying the Save settings (Y,N) ? prompt. (A
vertica ellipsisin Figure 4.13 represents the readback.)

At the end of the readback information, just before the Save
settings (Y,N) ? prompt, you can verify the new display
point information.

Answer Y <Enter> to save the new settings.
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Display Points and Aliases
(Boolean) : RWB Name, “Alias”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”

1:
? IN101,CB1,CLOSED,OPEN <Enter>
2:

? IN102,CB2,CLOSED,OPEN <Enter>
3:

? LIST <Enter>

1: IN101,"CB1","CLOSED™,"OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S

IN105,"5 MVA XFMR Fans",0N,OFF <Enter>

o B W

END <Enter>

Display Points and Aliases
(Boolean) : RWB Name, “Alias”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”

1: IN101,"CB1","CLOSED™,"OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S
3: IN105,"5 MVA XFMR Fans","ON","OFF",S

Save settings (Y,N) ? Y<Enter>

Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 4.13 Using Text-Edit Mode Line Editing to Set Display Points

This procedure proposes connecting the transformer bank fan sensor to relay
input IN105. Inthe SET G (GLOBAL) command, verify that the assertion
level (setting IN105P) and the debounce time (setting IN105PU and
IN105DO) are correct for your fan-running sensor. To access separate input
parameters, you must first enable independent control input settings with
setting EICIS. To change the input conditioning, enter these settings:

EICIS:= Y Independent Control Input Settings (Y, N)

IN105P := 80 Input IN105 Pickup Level (15-265 Vdc)

IN105PU := 0.3750 Input IN105 Pickup Delay (0.0000-5 cyc)
IN105D0 := 0.3750 Input IN105 Dropout Delay (0.0000-5 cyc)

Use the appropriate interface hardware to connect the fan-running sensor to
IN105. Choose any relay input that conforms to your requirements. See
Control Inputs on page U.2.5 for more information on SEL-421 control
inputs.

Deleting a Display Point

This example shows how you can delete a previoudly used display point. In
the SET F command, at the Display Points and Aliases prompt, use the text-
edit mode line editing commands to set and delete the display points. This
procedure shows two previously programmed display points that indicate on
the front-panel LCD the status of Circuit Breaker 1 and Circuit Breaker 2.
Relay control inputs IN101 and IN102 are the Relay Word bits for the Circuit
Breaker 1 and Circuit Breaker 2 display points, respectively (see Making Text-
Edit Mode Settings Changes on page U.4.19). You can use other inputs for
your particular application. See Control Inputs on page U.2.5 for more
information on control inputs.
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The procedure in the following steps assumes that you have successfully
established communication with the relay (see Making an EIA-232 Serial Port
Connection on page U.4.5). In addition, you must be familiar with relay
access levels and passwords (see Changing the Default Passwords: Terminal
on page U.4.9).
Step 1. Prepareto control the relay at AccessLevel 2.
a Using acommunications terminal, type ACC <Enter>.
b. Typethe Access Level 1 password and press <Enter>.
You will seethe AccessLevel 1 => prompt.
c. Typethe 2AC <Enter> command.
d. Typethe correct password to go to Access Level 2.
You will seethe Access Level 2 =>> prompt.

Step 2. Access the Display Points and Aliases prompt.
a. Enter the SET F command.

b. Advance through the front-panel settings (repeatedly
type > and then <Enter>) until you reach the Display
Points and Aliases category.

Figure 4.14 shows a representative terminal screen.
The relay displays thefirst line that you can edit. For
display points, the line number is the display point
number.

Display Points and Aliases
(Boolean) : RWB Name, “Alias”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog Quantity Name, “User Text and Formatting”, “Text Size”

1: IN101,"CB1","CLOSED","OPEN",S
?  LIST <Enter>

1: IN101,"CB1","CLOSED","OPEN",S
2: IN102,"CB2","CLOSED","OPEN",S
3: IN105,"5 MVA XFMR Fans","ON","OFF",S

1: IN101,"CB1","CLOSED","OPEN",S

?  <Enter>

2: IN102,"CB2","CLOSED","OPEN",S

?  DELETE <Enter>

2: IN105,"5 MVA XFMR Fans","ON","OFF",S
?  LIST <Enter>

1: IN101,"CB1","CLOSED™,"OPEN",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S

2: IN105,"5 MVA XFMR Fans","ON","OFF",S
?  END <Enter>

Display Points and Aliases
(Boolean) : RWB Name, “Alias”, “Set String”, “Clear String”, “Text Size”
(Analog) : Analog quantity Name, “User Text and Formatting”, “Text Size”

1: IN101,"CB1","CLOSED","OPEN",S
2: IN105,"5 MVA XFMR Fans","ON","OFF",S

Save settings (Y,N) ? Y<Enter>

Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 4.14 Using Text-Edit Mode Line Editing to Delete a Display Point

Step 3. List the present display points.

a.  TypelLIST <Enter> at the Control Pointsand Aliases
prompt.
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b. After showing the active display points, the relay
returnsto line 1: followed by the settings ? prompt.

Step 4. Type <Enter> once to proceed to the line 2 present value and
settings 2 prompt.

Step 5. Type DELETE <Enter> to delete Display Point 2.
Step 6. Type LIST <Enter> to examine the remaining display points.

Former Display Point 2 is eliminated, and Display Point 3
moves up to position 2.

Therelay returnsto line 2: followed by the settings ? prompt.
Step 7. Type END <Enter> to end the settings process.

Therelay next scrollsareadback of al the Front-Panel settings,
eventualy displayingthe Save settings (Y,N) 2 prompt. (In
Figure 4.14, avertical elipsisrepresentsthis scrolling
readback.)

At the end of the readback information, just before the Save
settings (Y,N) ? prompt, you can verify the new display
point information.

Step 8. Answer Y <Enter> to save your new settings.

Alias Settings Rename, or assign up to 200 alias names to any Relay Word bit or analog
guantity in the relay. Thisis very useful when programming using SEL oGIc®
control equations or analyzing SER and event report data. Assigning alias
namesis also atext-edit type entry, with the same syntax as the display point
entries.

Usethe SHO T command to view the default settings, as shown in
Figure 4.15.

=>>SHO T <Enter>
Alias

Relay Aliases

(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _1)
1: EN,"RLY_EN"

=>>

Figure 4.15 Default Alias Settings

Making Text-Edit Mode Alias Changes

Assign the alias name THETA to math variable PMV01 and the alias TAN to
math variable PMV 02. These variables are then used in cal culating the tangent
of theta, using their alias names in the equation.

Step 1. Prepareto control therelay at Access Level 2.
a. Type ACC <Enter> at acommunications terminal.
b. Typethe AccessLevel 1 password and press <Enter >.
You will seethe=> prompt.
c. Type?2AC <Enter>.
d. Typethe correct password to go to Access Level 2.
You will seethe=>> prompt.
Step 2. Type SET T <Enter> to access the alias settings.

Figure 4.16 shows a representative computer terminal screen.
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Step 3. Type > <Enter> for the relay to display the first line that you
can edit.

Step 4. TypePMVO1,THETA <Enter> at theLine 2 ? settings prompt
to set the dias for PMVOL.

Therelay verifiesthat thisisavalid entry, then responds with
the next line prompt 3: followed by the ? settings prompt.

Step 5. Type PMV02,TAN <Enter> at the Line 3 ? settings prompt to
set the alias for PMV02.

Therelay verifiesthat thisisavalid entry, then responds with
the next line prompt 4 : followed by the ? settings prompt.

Step 6. Type END <Enter> to end the settings session.

Therelay scrolls areadback of al the front-panel settings,
eventually displayingthe Save settings (Y, N) ? prompt. At
the end of the readback information, just before the Save
settings (Y, N) ? prompt, you can verify the new display
point information.

Step 7. TypeY <Enter> to save the new settings.

=>>SET T <Enter>
Alias

Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _1)

: EN,"RLY_EN"
<Enter>

1

?

2:

?  PMVO1,THETA <Enter>
3:

?  PMVO2,TAN <Enter>
4:

?  END <Enter>
Alias

Relay Aliases
(RW Bit or Analog Qty. 7 Character Alias [0-9 A-Z _1)

1: EN,"RLY_EN"
2: PMVOL,"THETA"
3: PMVO2,"TAN"

Save settings (Y,N) ?Y<Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 4.16 Using Text-Edit Mode Line Editing to Set Aliases

Use the alias names, instead of the Relay Word bits, in SELoGIc control
equation programming. Figure 4.17 shows an example of an aliasused in
protection logic programming.
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=>>SET L <Enter>
Protection 1

1: PLT02S := PB2_PUL AND NOT PLTO02 #COMM SCHEME ENABLED
? > <Enter>

9:

?  THETA:=I01FA <Enter>

10:

?  TAN:=SIN(THETA)/COS(THETA) <Enter>

11:

?  END <Enter>

Protection 1

Save settings (Y,N) ?Y<Enter>
Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 4.17 Using Text-Edit Mode Line Editing to Set Protection Logic

Settings: ACSELERATOR You can use ACSELERATOR QuickSet to develop settings for the SEL-421
. offline. ACSELERATOR QuickSet automatically checks interrelated settings
Qu ickSet and alerts you to out-of-range settings. Upload the off-line ACSELERATOR
QuickSet settings to the relay via the communications ports. See Checking
Relay Status. ACSELERATOR QuickSet on page U.4.11 for an introductory
tutorial on using ACSELERATOR QuickSet.

You can also use ACSELERATOR QuickSet asaterminal programto interactin
real time with the relay. For an introduction to ACSEL ERATOR QuickSet and
all of features of this software, see Section 3: PC Software.

Making Initial Global Settings: ACSELERATOR QuickSet

ACSELERATOR QuickSet makes setting the relay an easy task. The purpose of
the procedure in the following stepsis to familiarize you with reading,
modifying, and sending settings with ACSELERATOR QuickSet.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords. Terminal on page U.4.9 to change the
default access level passwords). You should also be familiar with

ACSEL ERATOR QuickSet; see Section 3: PC Software and Checking Relay
Satus: ACSELERATOR QuickSet on page U.4.11.

Step 1.  Configure the communications port.
a Start ACSELERATOR QuickSet.

b. On thetop toolbar, open the Communication menu,
and then click Communication Parameters.

You will seethe Communication Parameters dialog
box similar to Figure 4.7.

c. Select the Data Speed, Data Bits, Stop Bits, Parity,
and RTS/CT S that match the relay settings.

The defaults are 9600, 8, 1, None, and Off,
respectively.

d. Click OK to update the ACSELERATOR QuickSet
communications parameters.

Date Code 20111215 User's Guide SEL-421 Relay



U.4.26 | Basic Relay Operations
Making Simple Settings Changes

Step 2.

Step 3.

Step 4.

Step 5.

SEL-421 Relay User's Guide

g.

Type <Ctrl+T> to open the ACSELERATOR QuickSet
terminal window.

Type <Enter > to see whether the communications link
is active between ACSELERATOR QuickSet and the
relay.

You will seethe Access Level 0= prompt in the
terminal window.

Exit the terminal window.

Confirm the correct ACSELERATOR QuickSet passwords.

a

C.

Reopen the Communication menu and click Port
Parameters.

Enter your Access Level 1 password in the Level One
Passwor d text box, and your Access Level 2 password
in the Level Two Password text box.

Click OK to accept changes and close the dialog box.

On the Settings menu, click Read to read the present
configuration in the SEL-421.

Therelay sends al configuration and settings data to
ACSEL ERATOR QuickSet.

Select Global settings.

a

Click the plus mark (+) next to the Global branch of the
|eft-hand ACSEL ERATOR QuickSet tree structure shown
in Figure 4.18.

Click Global Settingg/Enables.

You will seethe Global Settings/Enableswindow with
General Global Settings and Global Enables (see
Figure 4.19).

Change settings.

a

Click the button for the correct option for NFREQ and
PHROT to specify your system frequency and phase
rotation.

When you tab or click to the next field, the relay
validates the new setting.

The right-click mouse button performs two special
functions when you are editing settings: Previous
Value and Default Value.

Right-click in the setting dialog box and select
PreviousValueif you want to revert to the setting value
before you made a change.

Right-click in the setting dialog box and select Default
Value if you want to restore the factory default setting
value.
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Global Enables

Station DC Monitaring

Contral Inputs

Settings Group Selection

[Data Reset Contral

Frequency E stimation

Time-Ermror Calculation

Current and Yoltage Source Selection
Synchronized Phazor Measurement
Breaker Monitor

Group 1

Group 2

Group 3
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Figure 4.18 Selecting Global Settings in ACSELERATOR QuickSet

General Global Settings

General Global Settings

SID Station |dentifier [40 characters]
|Stati0n A

RID Relay |dentifier [40 characters]
|F|elay 1

NUMEK Mumber of Breakers in Scheme
o1 2

BID Breaker 1 Identifier [40 characters]
|Breaker1

BIDZ Breaker 2 |dentifier [40 characters]

MFREQ Maominal System Frequency
" 80 + B0

PHROT System Phaze Fotatiorn
v ABC " ACB

DATE_F Date Format
v MDY " YMD " DMY

FAULT Fault Condition E quation
|50F'1 OR 5151 OR M2P OR Z2G OR M3P OR Z3G J

Figure 4.19 ACSELERATOR QuickSet Global Settings Window

Step 6. Save the new settings in ACSELERATOR QuickSet.
a. Onthe Relay Editor File menu, click Save.
b. Specify aRelay Name.
c. Click OK.

Step 7. Upload the new settings to the SEL-421.
a. Onthe File menu, click Send.

ACSELERATOR QuickSet prompts you for the settings
class or instance you want to send to the relay, as shown
in thefirst dialog box of Figure 4.20.

b. Click the check box for Global.
Click OK.

ACSELERATOR QuickSet responds with the second
dialog box of Figure 4.20.
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NOTE: The Relay Editor dialog boxes
shown in Figure 4.20 are for the
SEL-421. The SEL-421-1 and SEL-421-2
dialog boxes do not contain
Automation 2 through Automation 10
setting instances.

Settings: Front Panel

If you see no error message, the new settings are loaded
in the relay.

Transfer Status

Wiriting 1 of 2
0 bytes Sent

Sending File:  SETTINGSASET_G1.TxT

Figure 4.20 Uploading Global Settings to the SEL-421

You can use the relay front panel to enter some of the relay settings. The

SEL -421 presents the settings in order from classto instance (if applicable) to
category to the particular setting, in amanner similar to setting the relay using
aterminal.

Use the LCD and the adjacent navigation pushbuttons to enter each character
of the setting in sequence. This can be alaborious process for some settings
(e.g., long SELoGIC control equations). However, if you need to make a quick
correction or have no faster means to make settings, settings functions are
available at the front panel. For more information on making settings changes
from the front panel, see Set/Show on page U.5.28.

Entering DATE and TIME from the Front Panel

SEL-421 Relay

The purpose of the procedure in the following stepsis to familiarize you with
entering data from the SEL-421 front panel. Refer to Connecting and
Applying Power on page U.4.3 before performing this example.

Step 1. Prepare to use the front panel by applying power to the relay.

Note that the relay front-panel display shows a sequence of
LCD screens called the ROTATING DISPLAY. (If you do not
operate the front panel for a certain period, the relay will enter
front-panel time-out mode and you will see the sequential
screens of the ROTATING DISPLAY.)

Step 2. Pressthe {ENT} pushbutton to display the MATN MENU Of
Figure 4.21.

Step 3. View the settings screens.

a. Pressthe {Up Arrow} and {Down Arrow} navigation
pushbuttons to highlight the SET/SHOW action item (see
Figure 4.21).

b. Pressthe {ENT} pushbutton.

You will seethe SET/SHOW submenu (the second screen
in Figure 4.21).
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Step 4. View the date/time screen.

a.  Pressthe {Up Arrow} and {Down Arrow} navigation
pushbuttons to highlight the DATE/TIME action item
(Figure 4.21, second screen).

b. Pressthe {ENT} pushbutton.

The relay next displaysthe DATE/TIME submenu (the
third screen of Figure 4.21).

VAL N MENU
VETER
EVENTS
BREAKER MONI TOR
RELAY ELEMENTS
LOCAL CONTROL
ET)
RELAY STATUS
VI EW CONFI GURATI ON
DI SPLAY TEST
RESET ACCESS LEVEL

(@)

SET/ SHOW

ACTIVE GROUP = 1

SELCECT A CLASS
(b)

DATE/ Tl ME

DATE

15 1
(MM DD YYYY)
TI ME 00: 01: 23

LAST UPDATE
SOURCE: NONV CLK

PRESS ¢ TO EDI T _DATE _
(©

DATE _(MVI DDY YYYY)

03/ 15/ 2001

()
Figure 4.21 DATE and TIME Settings: Front-Panel LCD

Step 5. Set the date.
a. Pressthe {ENT} pushbutton.

Therelay shows the last screen of Figure 4.21, the DATE
edit screen.

b. Usethe{Up Arrow} and {Down Arrow} navigation
pushbuttons to increase and decrease the date position
numbers.

Step to the next or previous position by using the {Left
Arrow} and {Right Arrow} pushbuttons.
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c.  When finished adjusting the new date, press {ENT}.

The relay returns the display to the DATE/TIME
submenu. Note that the relay reportsthe TIME SOURCE
asFP DATE (front-panel date).

Step 6. Press{ESC} repeatedly to normalize the front-panel display.

Changing a Relay Setting From the Front Panel

The purpose of the procedure in the following steps is to provide additional
practice at entering relay settings from the front panel. In this example, you
changethe PORT F front-panel communications port settings.

Step 1. View the MAIN MENU.

a. If you have been using the front panel (asin the
previous example), press the {ESC} key repeatedly until
you seethe MATN MENU.

b. If therelay isdisplayingthe ROTATING DISPLAY, press
the {ENT} pushbutton to display the MAIN MENU.

The first screen of Figure 4.22 showsthe MATN MENU at
the beginning of the front-panel settings process.
Step 2. View the settings screens.

a. Pressthe {Up Arrow} and {Down Arrow} navigation
pushbuttons to highlight the SET/SHOW action item (see
Figure 4.22).

b. Pressthe {ENT} pushbutton. You will seethe SET/SHOW
submenu (the second screen in Figure 4.22).
Step 3. Select PORT F.
a. Highlight PORT and press the {ENT} pushbutton.

The relay displays the PORT instances (the third screen
of Figure 4.22).

b. Choose the port you want to configure by using the {Up
Arrow} and {Down Arrow} navigation pushbuttons to
move the screen arrow.

For this example, select PORT F and press {ENT}.

Step 4. View the Communications Settings category screen.

a. Therelay shows the fourth screen of Figure 4.22, the
PORT F category screen. Use the {Up Arrow} and {Down
Arrow} navigation pushbuttons to select the settings
category.

b. For this example, highlight Communications Settings
and press {ENT}.

The relay displays the fifth screen of Figure 4.22, the
Communi cations Settings screen.
Step 5.  Change settings.
a Highlight the SPEED setting.
b. Press{ENT}.

(The relay possibly requires a password here; see
Passwords on page U.4.9 and Section 5: Front-Panel
Operations.)
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The LCD displaysthe SPEED selection submenu that has
al the possible choices for serial data speeds.

The highlight in the sixth screen of Figure 4.22
indicates the default setting of 9600 (bps).

c. Usethe {Up Arrow} and {Down Arrow} navigation
pushbuttons to select a different speed.

d. Onceyou have selected a data speed, press the {ENT}

pushbutton.
NOTE: Once you have changed Step 6. End the settings session.
communications parameters, you . . .
must Chta”g‘? the cotrresp_on:iinq a. Therelay returns to the previous category settings list
parameters in your termina H
emulation program to communicate screen. Press {ESC} to return to the_categorl €s screen
with the relay via a communications whereyou seethe Save Settings item at the bottom of
port. the screen.

b. Usethe{Up Arrow} and {Down Arrow} pushbuttonsto
highlight Save Settings and press{ENT}.

c. Highlight YES, and then press {ENT}.

Therelay validates the setting and returnsto the PORT
screen (the third screen of Figure 4.22).

Step 7. Press{ESC} repeatedly to return to the MAIN MENU.
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SEL-421 Relay

MAIN MENU

METER

EVENTS

BREAKER MONI TOR
RELAY ELEMENTS
LOCAL CONTROL

[SET7 SHOW

RELAY STATUS
VI EW CONFI GURATI ON
DI SPLAY TEST
RESET ACCESS LEVEL

(@

SET/ SHOW
[PORT
GLOBAL
GROUP
ACTIVE GROUP = 1
DATE/ TI ME
ELECT A CLA
(b)
Por t
1
2
- |3
[E

ELECT AN | NSTAl

Port F

Prot ocol Sel ecti on

Conmmuni cations Setti
SEL Protocol Setting
Save Settings

>

Rl se—
SELECT A CATEGORY

(d)

Conmuni cations Setti a
SPEED : =9600
DATABI T : =8
PARITY : =N
STOPBIT : =1
RTSCTS : =N
SELECT A SETTI NG v
(e)
SPEED -
Data Speed (300 to 5
300
600
1200
2400
4800
[9600
19200
38400
57600

Figure 4.22 SETTINGS Menus
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Examining Metering Quantities

The SEL-421 features high-accuracy power system metering. You can view
fundamental and rms quantities by using a communications terminal,
ACSELERATOR QuickSet, or the front panel. For more information on

SEL -421 metering, see Metering on page A.2.26.

View Metering: The procedure in the following steps shows how to use a terminal or terminal
. emulation computer program to view power system metering. In this example,
Terminal you connect specific voltages and currentsfor a5 A, 60 Hz relay. Scale these

quantities appropriately for your particular relay. For more information on
testing the relay and making test connections, see Section 6: Testing and
Troubleshooting.

NOTE: If the relay is in service, This example assumes that you have successfully established communication

disable any output circuits (such as with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
trip and close) to g;gg 2 sed In addition, you must be familiar with relay access levels and passwords (see
by test signals. g Changing the Default Passwords: Terminal on page U.4.9 to change the

default access level passwords).

Step 1. Prepareto control therelay at Access Level 2.
a Using acommunications terminal, type ACC <Enter>.
b. Typethe AccessLevel 1 password and press <Enter >.
You will seethe AccessLevel 1 => prompt.
c. Typethe 2AC <Enter> command.
Type the correct password to go to Access Level 2.
You will seethe Access Level 2 =>> prompt.

Step 2. Set the relay to anominal operation mode.

a. Useaterminal to perform theinitial global settings
relay setup in Making Settings Changes: Initial Global
Settings on page U.4.17.

b. Settherelay for 60-Hz operation, ABC phase rotation.

Step 3. Set the relay for a basic voltage and current configuration (see
Figure 4.23). Use theterminal to set global settings ESS := 1.

a. TypeSET G ESSTERSE <Enter>.

b. Typel<Enter> if the ESS settingisnot 1.

c. Type END <Enter> to finish this settings session.
d. Answer Y <Enter> to the save settings prompt.

=>>SET G ESS TERSE <Enter>
Global

Current and Voltage Source Selection

Current and Voltage Source Selection (Y,N,1,2,3,4) ESS =N ? 1<Enter>
Line Current Source (IW,COMB) LINEI := IW  ? END<Enter>

Save settings (Y,N) ? Y<Enter>

Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 4.23 Setting ESS: Terminal
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Step 4. Set CT and PT ratios. Use the terminal to confirm that Group 1
setting CTRW := 200 (the current transformer W-input ratio),
and PTRY := 2000 (the potential transformer Y-input ratio).

a
b.
C.

e.

Type SET CTRW TERSE <Enter>.
If the CTRW setting is not 200, type 200 <Enter>.

Proceed as shown in Figure 4.24 to PTRY and change
PTRY to 2000, if needed.

Type END <Enter> to finish this settings session.
Answer Y <Enter> to the save settings prompt.

=>>SET CTRW TERSE <Enter>
Group 1

Line Configuration

Current Transformer Ratio - Input W (1-50000) CTRW := 1000 ? 200 <Enter>
Current Transformer Ratio - Input X (1-50000) CTRX := 1000 ? <Enter>
Potential Transformer Ratio - Input Y (1-10000) PTRY := 2000 ? END <Enter>

Save settings (Y,N) ? Y<Enter>
Saving Settings, Please Wait...........

Settings Saved
=>>

Figure 4.24 Setting CTRW and PTRY: Terminal

Step 5. Turn therelay power off.

Step 6. Connect analog inputs.

a

User's Guide

If three voltage sources and three current sources are
available, connect the sourcesto the relay as shownin
Figure 4.25.

If three voltage sources and two current sources are
available, use the connection diagram of Figure 4.26.

Apply 67 V per phase (line-to-neutral) in ABC phase
rotation.

Apply 2.0 A per phase, in phase with the applied phase
voltages.
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Three-Phase
Voltage and Current

Test Sources
OVA
oN
Os
1A
| .| W . |cwl ©
o) o)
Z01 702 703 704 705 706
F oVB
oN
& 8- O‘
IB
o VAY o VBY o VCY °
o) o]
73 24 75 e i1 118
Relay Rear-Panel Analog
Voltage and Current Inputs ove
oN
Oe
IC
0

Figure 4.25 Test Connections Using Three Voltage Sources/Three Current
Sources
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Three-Phase

Voltage and Current

Test Sources

OVA

ON

Oe
IA

J) Icw
20N A

204 705 706

O

oVB

ON

. VAY(L o VBYl . VCYl
[e] O

i3 714 115

26 21 118

Relay Rear-Panel Analog
Voltage and Current Inputs

Step 7. Turntherelay power on.

Step 8. View metering.
Type ACC <Enter>tolog-into relay Access Level 1.
Type your password and press <Enter>.

a
b.
C.

User's Guide

Type MET <Enter>.

Oe
IB

oVC

ON

Oe
IC

Figure 4.26 Test Connections Using Two Current Sources for Three-Phase
Faults and METER Test

Therelay displaysthe fundamental frequency (50 Hz or
60 Hz) metering information in amanner similar to that

in Figure 4.27.
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=>>MET <Enter>

Relay 1 Date: 02/26/2004 Time: 01:35:05.221
Station A Serial Number: 0000000000
Phase Currents
1A 1B IC
I MAG (A) 398.882  399.041 398.784
I ANG (DEG) -1.18  -120.97 119.21
Phase Voltages Phase-Phase Voltages
VA VB Ve VAB VBC VCA
V MAG (kV) 133.994  133.986  133.953 231.903  231.815  232.450
V ANG (DEG) -0.17 -120.02 120.18 29.91 -89.92 150.01
Sequence Currents (A) Sequence Voltages (kV)
11 312 310 V1 3v2 3V0
MAG 398.901 2.159 2.588 133.977 0.692 0.713
ANG (DEG) -0.98 -62.68 -115.80 0.00 -53.25  -120.79
A B C 3p
P (MW) 53.44 53.46 53.41 160.31
Q (MVAR) 0.95 0.89 0.91 2.75
S (MVA) 53.45 53.47 53.42 160.33
POWER FACTOR 1.00 1.00 1.00 1.00
LAG LAG LAG LAG
FREQ (Hz) 60.00 VDC1(V) 125.00  vDC2(V) 48.00
=>>

Figure 4.27 Terminal Screen MET Metering Quantities

The metering quantities of View Metering: Terminal on page U.4.33 are the
fundamental line quantities. Other variants of the MET command give
different relay metering quantities. For example, you can see the line rms
(harmonics-included) quantities by issuing the MET RM S command. See
Metering on page A.2.26 and METER on page R.9.28 for more information on
the MET command.

Use the procedures in the following steps to examine the SEL-421 metering
with the ACSELERATOR QuickSet HMI.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords: Terminal on page U.4.9 to change the
default access level passwords). You should also be familiar with
ACSELERATOR QuickSet (see Checking Relay Satus. ACSELERATOR QuickSet
on page U.4.11 and Section 3: PC Software).

Step 1. Configure the communications port.
a. Start ACSELERATOR QuickSet.

b. On thetop toolbar, open the Communication menu,
and then click Port Parameters.

You will seethe Port Parameter s dialog box similar to
Figure4.7.

c. Select the Data Speed, Data Bits, Stop Bits, Parity,
and RTS/CT S that match the relay settings. The
defaults are 9600, 8, 1, None, Off, respectively.

d. Click OK to update the ACSELERATOR QuickSet
communications parameters.

e. Confirm that the Communications Status bar at the
bottom of the ACSELERATOR QuickSet window says
Connected.

User's Guide
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Step 2. Confirm the correct ACSELERATOR QuickSet passwords.

a. Reopen the Communication menu and click Port
Parameters.

b. Enter your Access Level 1 password in the Level One
Password text box, and your Access Level 2 password
in the Level Two Password text box.

¢. Click OK to accept changes and close the dialog box.

Step 3. Set the relay to anominal operation mode. Perform the initial
global settings relay setup of Making Initial Global Settings:
ACSELERATOR QuickSet on page U.4.25 to set therelay for
60-Hz operation, ABC phase rotation.

Step 4. Set abasic voltage and current configuration.

a. Inthe ACSELERATOR QuickSet Settingstree view,
double-click the Global entry of the Settings tree view
to expand the Global branch (see Figure 4.28).

b. Click the Current and Voltage Source Selection
branch.

You will seethe Current and Voltage Source
Selection dialog box of Figure 4.28.

c. Click the down button to select 1 for ESS Current and
Voltage Source Selection.

=@ Global

© General Blobal Setiings Current and Voltage Source Selection
@ Global Enabl
o oD Mfmmng ESS Curenl and Volage Saurce Selection
4O Control nputs T<] SelectY,N. 1,2
& Settings Group Selection : Selocti
© DataReset Contral cet=cton
© Frequency E timation LINEI Line Curert Source
© Time-Error Caloulation T =] Selectiw
@ Curent and Yoltage Source Selsction
© Synchrorizsd Phasor Messursment ALINEI Altemate Line Curert Source
+ @ Breaker Monitar ’m Salact: [, NA
+.© Group1
& E'D“DE ALT| Aternale Cunent Source
©.® Group
¥ © Groupd [ =
%@ Gioup 5 BK1) Breaker 1 Cunent Source
+.© Groupb :
%@ Automation Logic ! | e O
@ Output:
T . FrontPanel BK2! Breaker 2 Cunent Source
#-© Report Select: X, COMB, NA
+ @ DNP MAP Settings .
2. Potl IPOL Polarizing Cunent
@ Pot2 [ w | Select 184, 1B, 10, NA
+- @ Part3
5.® Potf ALINEY Alemate Line Yoliage Source
+.© Pots A +| Select V2, NA
ALTY Alternate Voltage Source

Figure 4.28 Global Alternate Source Selection Settings in ACSELERATOR
QuickSet

Step 5. Set PT and CT ratios.

a. Inthe ACSELERATOR QuickSet Settingstree view,
click the + mark next to Group 1 to expand this branch
(see Figure 4.29).

b. Click the plus (+) mark next to Set 1.
Click Line Configuration.

You will seethel ine Configuration window similar to
Figure 4.29.
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d. Confirm that setting CTRW Current Transfor mer
Ratio - Input W is 200, and the PTRY Potential
Transformer Ratio - Input Y is 2000.

e. Savethe settings and send the Group 1 settingsif you
change the settings (see Sep 6 and Sep 7).

Glaobal
Breaker Monitor

+
-0 @ @

+- @ Relay Configuration
@ Protection Logic 1
Group 2

Group 3

Group 4

Group 5

Group B

Automation Logic
Outputs

Front Panel

Feport

DMP MAP Settings
Communications Ports

R e e e e R e O e S e R e e e
0000000 OO0

Line Configuration
Line Configuration Settings
CTRW Current Transformer B atio - Input '
200 Fange =1 ta BO000
CTRX Current Tranzsformer B atio - Input 5
200 Fange =1 ta BO000
FTRY Potential Transformer Fatio - lnput '
2000 Fange =1 to 10000
WHOMY PT Mominal VYoltage [L-L] - Input &'
115 Flange = B0 to 300
FTRZ Potential Transformer Fatio - lnput 2
2000 Fange =1 to 10000
WHMOMZ PT Mominal Yoltage [L-L] - Input 2
115 Flange = B0 to 300
Z1MAG Pos.-Seq. Line Impedance Magnitude
7.80 Fange = 0.05 to 255.00
Z14MG Pos.-Seq. Line Impedance Angle
24.00 Fange = 5.00 to 90.00
Z0MAG Zero-Seq. Line Impedance Magnitude
24.80 Range = 0.05 to 255.00
Z0AMG Zero-Seq,. Line Impedance Angle
81.50 Fange = 5.00 to 90.00
EFLOC Fault Location
W | Select: v, N
LL Line Length
100.00 Range = 0.10 to 533.00

Figure 4.29 Group 1 Terminal Configuration Settings: ACSELERATOR QuickSet

Step 6. Start the ACSELERATOR QuickSet operator interface.

Step 7. Inthetop toolbar HMI menu, click Meter and Control.

Step 8. Click the Phasor s button of the HMI tree view (see
Figure 4.30) to view phasors.

ACSELERATOR QuickSet displays fundamental line metering
guantities with adisplay similar to Figure 4.31. (The test setup
is adjusted for an approximately 30-degree lagging current.)

Co0Q0O0CODOQOCODOOODOD

Instantaneaus
Synchrophazor
Demand/Peak

I awimurn M inirnum
Energy

Targets

Statug

SER

Breaker 1 Manitar Data
Breaker 2 Manitar Data
Contral Window

Figure 4.30 HMI Tree View: ACSELERATOR QuickSet
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Phase Components Sequence Components

?‘

ot
x]

HE

V=

IA=
1B =
IC=

2

310

slslzlal=]=]

VB

39932A £ -3057° 1= 39932A 2 -3049°
399.53 A £ -150.07° 2= 462A £ 15576
39914 A £ 897" 30= 473AZ -44.84°

VA=133814kV £  0.00° VI=133813kV 2 015°

VB =

133813kV £ -119.84° 3V2= 0.608kV £ -62.09°

VC=133814kV £ 120.30° 3V0= 0.607kV.£ -I17.68°

FREQ =59.99 Hz P = 137919 MW

Figure 4.31
Step 9.

Q = 81.705 MVar

Phasor Metering Quantities: ACSELERATOR QuickSet HMI

Click the I nstantaneous button of the HMI tree view to see
metering information similar to the terminal display of
Figure 4.27. Click the Synchrophasors, Demand/Peak,
Maximum/Minimum, or Energy buttons in the HMI tree view
to see more types of metering, with displays similar to the
termina commandsMET PM, MET D, MET M, and

MET E, respectively.

View Metering: Front You can use the front-panel display and navigation pushbuttons to view the
metering quantities of the SEL-421 (see Meter on page U.5.15 for more

Panel information on viewing metering on the relay front panel). The screensin this
procedure are for one circuit breaker, and this example assumes that you have
not enabled the demand metering and synchronism check features.

Step 1.

Step 2.

Step 3.

Step 4.

Prepare to use the front panel by applying power to the relay.

Note that the LCD shows a sequence of screens called the
ROTATING DISPLAY. (If you do not operate the front panel for a
certain period, the relay will enter front-panel time-out mode
and you will see the sequential screens of the ROTATING
DISPLAY.)

Press the {ENT} pushbutton to display the MATN MENU at the top
of Figure 4.32.

View the metering selection screen.

a Highlight the METER action item (see the first screen of
Figure 4.32).

b. Pressthe {ENT} pushbutton.
The relay displays the METER submenu (the second
screen in Figure 4.32).
View the metering screens.

a. Pressthe {Up Arrow} and {Down Arrow} navigation
pushbuttonsto highlight the FUNDAMENTAL METER action
item (see Figure 4.32, middle screen).

b. Pressthe {ENT} pushbutton.
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Therelay displaysthe first FUNDAMENTAL METER Screen
(the third screen of Figure 4.32).

c. Usethe {Up Arrow} and {Down Arrow} navigation
pushbuttons to move among the fundamental line
guantities metering screens.

Step 5. Press the {ESC} pushbutton repeatedly to return to the MAIN

MENU.
MAI N VENU METER MENU METER SUBMVENU
oS ! RVE METER TRE
EVENTS
BREAKER MONI TOR EHE%Y NE/?ER TER BREAKER 1
RELAY ELENENTS —» | ENERCY | -
LOCAL CONTROL
SET/ SHOW

RELAY STATUS
VI EW CONFI GURATI ON
DI SPLAY TEST
RESET ACCESS LEVEL

|

FUND LI NE_NETER
VOLTAGE (KV)

»

VA = XXXX. X +XXX]
VB = XXXX.X +XXX’
VC = XXXX.X +XXX

CURRENT ( A)
I

A = XXXX. X +XXX'
IB = XXXX.X +XXX°
I C = XXXX.X +XXX°
FREQ = 60.00 Hz
VDCl = xxx.Xx V
VDC2 = xxx.x V ]
A
Y
FUND LI NE METER .
VOLTAGE (kV)
VAB = XXXX.X +XXX°
VBC = XXXX.X +XXX°
VCA = XXXX.X +XxX° I

Figure 4.32 Front-Panel Screens for METER
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Reading Oscillograms, Event Reports, and SER

The SEL-421 has great capabilities for storing and reporting power system
events. These include high-resolution oscillography with sampling as high as
8 kHz, event reports that encompass important variables in the power system,
and the SER that reports changing power system conditions and relay
operating states.

You can view oscillograms taken from high-resolution raw data or from
filtered event report data. Each type of presentation gives you a unique view of
the power system. High-resolution oscillograms are useful for viewing system
transients and dc artifacts outside the relay filter system; event report
oscillograms give you a picture of the quantities that the relay used in the
protection algorithms.

The examples listed in this subsection give step-by-step proceduresto
acquaint you with these features. Section 3: Analyzing Data in the
Applications Handbook gives a complete discussion of these relay features.

Generating an Event To view high-resolution raw data oscillograms and event reports, you must
generate arelay event. High-resolution oscillography and event reports use the
same event triggering methods. The relay uses three sources to initiate a data
capture: Relay Word bit TRIP asserts, SEL 0GIC control equation ER (event
report trigger), and the TRI command. (Factory default setup no longer
includes the PUL command as an event report trigger. You can add the PUL
command by entering the Relay Word bit TESTPUL in the ER SELOGIC
control equation; see Test Commands on page U.6.5.)

Triggering an Event

You can use an event trigger to initiate capturing power system data. The
procedure in the following steps shows how to use the ACSEL ERATOR
QuickSet HMI to generate the TRI command, which triggers an event
capture. In this example, the relay uses default parameters to record the event.
These parameters are at a sampling rate (SRATE) of 2000 samples per second
(2kHz), apretrigger or prefault recording length (PRE) of 0.1 seconds, and an
event report length (LER) of 0.5 seconds. See Duration of Data Captures and
Event Reports on page A.3.5 for complete information on changing these
default settings to match your application.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords: Terminal on page U.4.9 to change the
default access level passwords). You should a'so be familiar with
ACSELERATOR QuickSet (see Checking Relay Satus. ACSELERATOR QuickSet
on page U.4.11 and Section 3: PC Software). In addition, you should perform
View Metering: Terminal on page U.4.33 to connect secondary test voltages
and currents, and to set the relay to meter these quantities correctly.

Step 1.  Connect voltage and current sources to the relay secondary
voltage and secondary current inputs (use the connections of
View Metering: Terminal on page U.4.33 and Figure 4.25 or
Figure 4.26).
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Step 2. Apply power to the relay and establish communication.
a. Start ACSELERATOR QuickSet.

b. On thetop toolbar, open the Communication menu,
and click Port Parameters.

You will seethe Port Parameter s dialog box similar to
Figure4.7.

c. Select the Data Speed, Data Bits, Stop Bits, Parity,
and RTS/CT S that match the relay settings. The
defaults are 9600, 8, 1, None, Off, respectively.

d. Click OK to update the ACSELERATOR QuickSet
communications parameters.

e. Confirm that the Communications Status bar at the
bottom of the ACSELERATOR QuickSet window says
Connected.

Step 3.  Confirm the correct ACSELERATOR QuickSet software
passwords.

a. Reopen the Communication menu and click Port
Parameters.

b. Enter your Access Level 1 password inthe Level One
Passwor d text box, and your Access Level 2 password
in the Level Two Password text box.

c. Click OK to accept changes and close the dialog box.
- Step 4. Inthetop toolbar HMI menu, click M eter and Control to start

NOTE: The Trigger New Event button the ACSELERATOR QuickSet operator interface.

in the Event History dialog box may

also be used. See Figure 4.36. Step 5. Click the Control Window button of the HMI tree view (see
Figure 4.33).

ACSELERATOR QuickSet displays the Control Window
similar to that in Figure 4.34.

Device Overview
Phasors

Instantaneous
Synchrophazor
Demand/Peak

I awimurn M inirnum
Energy

Targets

Statug

SER

Breaker 1 Manitar Data
B aor Data

0000 OQCDOQOODOD

Figure 4.33 ACSELERATOR QuickSet HMI Tree View

Date Code 20111215 User's Guide SEL-421 Relay



U.4.44 | Basic Relay Operations

Reading Oscillograms, Event Reports, and SER

Reading the Event
History

bMatar
Metering

Demand Peak Energy M aximumtdinimum  Breaker 1'Wear  Breaker 2 'Wear
Reset | Reset | Reset | Reset | Reset | Reset |
rRecords
History STA SER Mirrored Bits A Mirrored Bits B Ewent
Clear | Clear | Clear | Clear | Clear | Trigger |
rBreaker 1 rBreaker 2
[] CLOSED Cloze [] CLOSED Cloze
[ CFEM Trip [ CFEM Trip

rPulse Outputs, Group
Outputs Seconds

[ouTion I = Pulse | |1_ﬂ Group |

rTarget. IRIG, Date. Time

Cate Time

Target Reset | IRIG Sync | I J I J
rRemote Bits
1 2 3 4 5 [ 7 8 9 m o112 13 14 15 16

N O N Iy Iy
17 16 19 20 21 22 23 24 25 26 27 28 29 30 31 32

N O N Iy Iy

Figure 4.34 ACSELERATOR QuickSet HMI Control Window
Step 6. Trigger an Event.
a. Click the Event Trigger box to trigger an event.

ACSELERATOR QuickSet displays aprompt in adialog
box similar to that in Figure 4.35.

b. Click Yesto trigger an event.

1 AcSELerator [ ]

@ Trigger an event?

Figure 4.35 Event Trigger Prompt: ACSELERATOR QuickSet

The SEL-421 has two convenient methods for checking whether you
successfully captured power system data. You can view the event history data
with ACSEL ERATOR QuickSet, or you can examine internal relay file folders
for the recorded data.

Reading the Event History: ACSELERATOR QuickSet

SEL-421 Relay

The procedure in the following steps shows how to use the ACSELERATOR
QuickSet HMI to gather relay event history information. See Event History on
page A.3.31 for more information on event history.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords. Terminal on page U.4.9 to change the
default access level passwords). You should also be familiar with

ACSEL ERATOR QuickSet (see Checking Relay Status: ACSELERATOR QuickSet
on page U.4.11 and Section 3: PC Software).
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Step 1.  Configure the communications port.
a. Start ACSELERATOR QuickSet.

b. On thetop toolbar, open the Communication menu,
and then click Port Parameters.

You will seethe Port Parameter s dialog box similar to
Figure4.7.

c. Select the Data Speed, Data Bits, Stop Bits, Parity,
and RTS/CT S that match the relay settings. The
defaults are 9600, 8, 1, None, Off, respectively.

d. Click OK to update the ACSELERATOR QuickSet
communications parameters.

e. Confirm that the Communications Status bar at the
bottom of the ACSELERATOR QuickSet window says
Connected.

Step 2. Confirm that you have loaded the correct passwords in
ACSELERATOR QuickSet.

a. Enter your Access Level 1 password in the Level One
Passwor d text box, and your Access Level 2 password
in the Level Two Password text box.

b. Click OK to accept changes and close the dialog box.

Step 3. To view the event history report, open the ACSELERATOR
QuickSet Analysis menu and click View Event History.

You will seethe Event History dialog box similar to that in

Figure 4.36.
55 Event History E]@
Device: Relay 1 SEL-421
Event Hiztary
100071 10/26/2004 15:45:08, /60,200 $3$$3.$3 TRIG | ~Options
10000 10/07/2004 08:17:02.881.800 $$$3 .43 ER Event type
CEY 4 samples/cyc -

Get Selected Event
Trigger Mew Event
Befresh Event Histary

Lloze

Figure 4.36 Relay Event History Dialog Box

Reading the Event History: Terminal

The procedure in the following steps shows how to use the SEL-421 file
structure to confirm that you captured power system datawith an event trigger.
This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords. Terminal on page U.4.9 to change the
default access level passwords).
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Step 1. Prepare to monitor therelay at Access Level 1.

a Using acommunications terminal, type ACC <Enter>.
b. Typethe Access Level 1 password and press <Enter>.
You will seethe Access Level 1 => prompt.

Step 2. Type HIS <Enter> to examine the event history

You will see ascreen display similar to Figure 4.37.

=>HIS <Enter>

Relay 1 Date: 10/27/2004 Time: 10:22:23.895
Station A Serial Number: 0000000000

# DATE TIME EVENT LOCAT  CURR GRP TARGETS

10001 10/26/2004 15:45:08.760 TRIG $$$$.$$ 638 1

10000 10/07/2004 08:17:08.881 ER $$$$.9$ 01

-

Figure 4.37 Sample HIS Command Output: Terminal

For more information on the event history, see Event History on page A.3.31.

Viewing High-
Resolution
Oscillograms

Once you have successfully generated an event, you can view high-resolution
oscillograms and event report oscillograms about this event. When gathered
from afield-installed relay, thisinformation helps you assess power system
operating conditions. In addition, when you first install the relay, this

reporting information helps you confirm that you have connected the relay

correctly.

The SEL-421 outputs high-resolution oscillography data in the binary
COMTRADE file format (IEEE/ANS standard C37.111-1999). File transfer
is the only mechanism for retrieving high-resolution COMTRADE data from

therelay.

The SEL-5601 Analytic Assistant is a program you can use to view
COMTRADE data. Many third-party software suppliers can provide you with
programs to display and manipulate COMTRADE files.

Retrieving High-Resolution COMTRADE Data: Terminal

Therelay recorded the event triggered in Triggering an Event on page U.4.42.
The procedure in the following steps shows you how to retrieve the high-
resolution raw oscillography data for this event.

Perform the steps listed in Triggering an Event on page U.4.42 before
executing the instructions in this example. For this procedure, you must use a
communications terminal emulation computer program capable of file
transfers (this function is not available in ACSELERATOR QuickSet).

If you need help finding aterminal emulation program, contact the SEL
factory or your local Technical Service Center.

SEL-421 Relay

Step 1. Prepare to monitor therelay at Access Level 1.

a.  Using acommunications terminal, type ACC <Enter>.
b. Typethe Access Level 1 password and press <Enter>.
You will seethe AccessLevel 1 => prompt.
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Step 2. TypeFILE DIR EVENT S<Enter > to view the contents of the
SEL-421 eventsfile directory.

Therelay listsfile names for recently recorded eventsin a
manner similar to that shown in Figure 4.38.

The relay shows three high-resolution oscillography files with
the file extensions .HDR, .CFG, and .DAT for each event.

This procedure uses HR_10001 as the number of the event that
you recently triggered; use the event number corresponding to
your triggered event.

=>>FILE DIR EVENTS <Enter>

C4_10000.TXT
C4_10001.7XT
€8_10000.TXT
C8_10001.TXT
CHISTORY.TXT
E4_10000.TXT
E4_10001.TXT
E8_10000.TXT
E8_10001.TXT
HISTORY.TXT
HR_10000.CFG
HR_10000.DAT
HR_10000.HDR
HR_10001.CFG
HR_10001.DAT
HR_10001.HDR
=>>

10/07/2004 08:17:08
10/26/2004 15:45:08
10/07/2004 08:17:08
10/26/2004 15:45:08

10/07/2004 08:17:08
10/26/2004 15:45:08
10/07/2004 08:17:08
10/26/2004 15:45:08

10/07/2004 08:17:08
10/07/2004 08:17:08
10/07/2004 08:17:08
10/26/2004 15:45:08
10/26/2004 15:45:08
10/26/2004 15:45:08

00D DD DDDDOODDD DO DD

Figure 4.38 EVENTS Folder Files

Step 3. TypeFILE READ EVENTSHR_10001.* <Enter> to ready
therelay to transfer the HR_10001.HDR, HR_10001.CFG, and
HR_10001.DAT filesto your computer.

Step 4. Download the files. Perform the steps necessary for your
termina emulation program to receive afile.

Typicaly, these are the file transfer steps:
> Specify the destination file location in your computer
file storage system and file name.
> Select the transfer type as Y-Modem (if this transfer
typeis not already enabled).
> Click Receive.

You will usually see a confirmation message when the file
transfer is complete.

When these files have transferred successfully, you have the
entire COMTRADE file for the high-resolution raw data

capture.

Step 5. Usethe SEL-5601 Analytic Assistant, ACSELERATOR
QuickSet, or other COMTRADE-capable programs to play
back high-resolution raw data oscillograms of the high-
resolution raw data capture files you just transferred.

Retrieving High Resolution COMTRADE Data: ACSELERATOR QuickSet

The procedure in the following steps shows how to use ACSELERATOR
QuickSet to view the event that you triggered in Triggering an Event on
page U.4.42. You can use this procedure to view other events stored in the
SEL-421.
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SEL-421 Relay

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords. Terminal on page U.4.9 to change the
default access level passwords). You should also be familiar with

ACSEL ERATOR QuickSet (see Checking Relay Status: ACSELERATOR QuickSet
on page U.4.11 and Section 3: PC Software).

Step 1.  Configure the communications port.
a Start ACSELERATOR QuickSet.

b. On thetop toolbar, open the Communication menu,
and then click Port Parameters.

You will seethe Port Parameter s dialog box similar to
Figure4.7.

c. Select the Data Speed, Data Bits, Stop Bits, Parity,
and RTS/CT S that match the relay settings. The
defaults are 9600, 8, 1, None, Off, respectively.

d. Click OK to update the ACSELERATOR QuickSet
communications parameters.

e. Confirm that the Communications Status bar at the
bottom of the ACSEL ERATOR QuickSet window says
Connected.

Step 2. Confirm the correct ACSELERATOR QuickSet passwords.

a. Reopen the Communication menu and click Port
Parameters.

b. Enter your Access Level 1 password inthe Level One
Passwor d text box, and your Access Level 2 password
in the Level Two Password text box.

c. Click OK to accept changes and close the dialog box.

Step 3.  Open the ACSELERATOR QuickSet Analysis menu and click
View Event History to view the Event History.

You will seethe Event History dialog box similar to that
shown in Figure 4.39.

55 Event History E]@

Device: Relay 1 SEL-421

Ewent Hiztary

10001 10/26/2004 15:45:08. 760,200 $3$5.3% TRIG Options
10000 104072004 08:17:08.851.800 $3$5 33 ER Event type

Get Selected Event
Trigger Mew Event
Befresh Event Histary

Lloze

Figure 4.39 Relay Event History Dialog Box in ACSELERATOR QuickSet
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Step 4. Get the event.

a.  Select Binary COMTRADE in the Event Type dialog
box.

b. Highlight the event you want to view and click the Get
Selected Event button.

c. After getting the event ACSEL ERATOR QuickSet
prompts you to save the event file (.DAT) in adirectory.

d. Click Analysis> View Event Files and select the saved
event file (.DAT).

e. PressOpen.

ACSELERATOR QuickSet then presents the window
similar to that in Figure 4.40 and the sample event
oscillogram of Figure 4.41.

Figure 4.40 ACSELERATOR QuickSet Event Waveform Window

k¢ Graph for C:\HR_10001.DAT (==

8.659, 195.594 — e ——— e S e e E——— e e ==
200

 BURRARRARY i

B i

'
N
g

“ S ' A

-500 A

500 -T-

IAK IBX ICHAW IBW |CWAZVBZVCZVAY VBY VY

-500 |

270 875 .20 .85 2.90 2.95 5.00 5.05 5.10 9.15
Event Time (Sec) 15:45

Left Drag to Zoom, £ = Undo . - .
E? ar r'h%'r = Brm i Tireraren Grids: |N0ne v| Style: |Line - Pref | FErint | Cloze

Figure 4.41 Sample Event Oscillogram

You can also examine a phasors display, an event harmonic analysis display,
and the event summary from the Event Waveform View menu. See Analyze
Events on page U.3.16 and Section 3: Analyzing Data in the Applications
Handbook for more information.

Viewing Event Report Examine relay event reports to inspect the operating quantities the SEL-421
used at each triggered event. Unlike the raw data samples/second high-
Data resolution oscillography files, these reports contain the filtered samples/cycle
data the relay uses to make protection decisions. Event reports are useful for
determining why the relay operated for a particular set of power system
conditions. For more information on event reports, see Event Report on
page A.3.12.

Date Code 20111215 User's Guide SEL-421 Relay



U.4.50 | Basic Relay Operations

Reading Oscillograms, Event Reports, and SER

Retrieving Event Report Data Files: Terminal

Viewing SER Records

SEL-421 Relay

Therelay recorded the event triggered in Triggering an Event on page U.4.42.
The procedure in the following steps shows you how to retrieve the event
report datafiles for this event. Perform the steps listed in Triggering an Event
on page U.4.42 before executing the instructions in this example. For this
procedure, you must use aterminal program capable of Y modem protocal file

transfer.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Prepare to monitor the relay at Access Level 1.
a.  Using acommunications terminal, type ACC <Enter>.
b. Typethe Access Level 1 password and press <Enter>.
You will seethe AccessLevel 1 => prompt.

Type FILE DIR EVENTS <Enter> to view the eventsfile
directory.

Therelay lists file names for recently recorded eventsin a
manner similar to that shown in Figure 4.38.

In the figure, the relay shows two event report files:
E4 10001.TXT and E8_10001.TXT, and two Compressed
ASCII event report files: C4_10001.TXT and C8_10001.TXT.

Type FILE READ EVENTS C8_10001.TXT <Enter>to
transfer the Compressed ASCII event report file to your
compulter.

Download the file. Perform the steps necessary for your
terminal emulation program to receive afile.
Typicaly, these are the file transfer steps:

> Specify the destination file location in your computer
file storage system and file name.

> Select the transfer type as Y-M odem (if not already
enabled).

> Click Receive.

You will usually see a confirmation message when thefile
transfer is complete.

When this file has transferred successfully, use the SEL-5601
Analytic Assistant to play back the event report oscillograms of
the 8-samples/cycle event report file you just transferred.

Use the ASCII command CEVENT to retrieve event report filesin
Compressed ASCII format. See SEL Compressed ASCII Commands on
page R.5.4 and CEVENT on page R.9.5 for more information.

Therelay SER recordsrelay operating changes and relay element states. In
response to an element change of state, the SER logs the element, the element
state, and atime stamp. Program the relay elements that the relay storesin the
SER records, thus capturing significant system events such as an input/output
change of state, element pickup/dropout, recloser state changes, etc.

The SEL-421 stores the latest 1000 entries to a nonvolatile record. Use the
relay communications ports or ACSELERATOR QuickSet to view the SER
records. For more information on the SER, see Section 3: Analyzing Data in
the Applications Handbook.
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The latest 200 SER events are viewable from the front panel. For more
information, see Section 5: Front-Panel Operations.

Setting the SER and Examining an SER Record: ACSELERATOR QuickSet

The procedure in the following steps shows you how to use ACSELERATOR
QuickSet to program relay elementsinto the SER. Also, use these procedures
to review SER records with ACSELERATOR QuickSet.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords. Terminal on page U.4.9 to change the
default access level passwords). You should also be familiar with

ACSEL ERATOR QuickSet (see Section 3: PC Software).

Step 1.  Configure the communications port.
a.  Start ACSELERATOR QuickSet.

b. On thetop toolbar, open the Communication menu,
and then click Port Parameters.

You will seethe Port Parameter s dialog box similar to
Figure4.7.

c. Select the Data Speed, Data Bits, Stop Bits, Parity,
and RTS/CT S that match the relay settings. The
defaults are 9600, 8, 1, None, Off, respectively.

d. Click OK to update the ACSEL ERATOR QuickSet
communications parameters.

e. Confirm that the Communications Status bar at the
bottom of the ACSEL ERATOR QuickSet window says
Connected.

Step 2. Confirm the correct ACSELERATOR QuickSet passwords.

a.  Reopen the Communication menu and click Port
Parameters.

b. Enter your Access Level 1 password in the Level One
Passwor d text box, and your Access Level 2 password
in the Level Two Password text box.

c. Click OK to accept changes and close the dialog box.

Step 3. Download the present configuration in the SEL-421 by clicking
Settings > Read.

Therelay sends al configuration and settings data to
ACSELERATOR QuickSet.

Step 4. Click the Report branch of the ACSELERATOR QuickSet
Settings tree view structure (see Figure 4.42) to view the SER
settings entry screen.

You will seethe SER Points and Aliases window similar to
Figure 4.43.
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Figure 4.42 Selecting SER Points and Aliases Settings: ACSELERATOR
QuickSet
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Figure 4.43 SER Points and Aliases Settings: ACSELERATOR QuickSet
Step 5. Enter SER trigger settings.

a. For this example, open the entry form by clicking the
| button beside the SITM 1 SER Pointsand Aliases,
Point 1 entry field. We will set this SER point to report
the operation of the Target Reset pushbutton.

b. Click the --| button beside the Relay Word Bit entry
field.

c. Select Target Logic Bits, and then double-click on
TRGTR to copy the TRGTR name into the Relay
Word Bit field. This also copies TRGTR to the Alias
Name field.

SEL-421 Relay

@ - o o

User's Guide

Type Target Reset PB in the Reporting Name field.
Type TEST inthe Set State Namefield.

Type OFF in the Clear State Namefield.

Click OK.
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NOTE: The Relay Editor dialog boxes
shown in Figure 4.44 are for the
SEL-421. The SEL-421-1 and SEL-421-2
dialog boxes do not contain
Automation 2 through Automation 10
setting instances.
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Step 6. Click File> Saveto save the new settingsin ACSELERATOR
QuickSet.

Step 7. Upload the new settings to the SEL-421.
a. Click File> Send.

ACSELERATOR QuickSet prompts you for the settings
class you want to send to the relay, as shown in thefirst
dialog box of Figure 4.44.

Click the Report check box.
Click OK.

ACSELERATOR QuickSet responds with the second
dialog box of Figure 4.44.

If you see no error message, the new settings are loaded
in the relay.

Settings Group/Class Sel...

Transfer Status

Select Groups/Clazzes to Send

I Autamation 10
I~ Output
I Frant Panel

| Automation 3 ~

I~ Parts [

wiiting 1 of 1
Sending File:  SETTINGSYSET_R1.TAT

&l o

0 bytes Sent

Ok
Cancel

Figure 4.44 Uploading Report Settings to the SEL-421

Step 8. Press and release the front-panel {TARGET RESET} pushbutton to
generate an SER record.

Step 9. View the SER report.

a
b.

Start the ACSELERATOR QuickSet operator interface.

In the top toolbar HMI menu, click M eter and
Contraol.

Click the SER button of the HMI tree view (see
Figure 4.45).

ACSELERATOR QuickSet displaysthe SER recordswith
adisplay similar to Figure 4.46.

Device Overview
Phasors
Instantaneous
Synchrophazor
Demand/Peak

I awimurn M inirnum
Energy

Targets

Breaker 1 Manitar D ata
Breaker 2 Manitar Data
Contral Window

Co0@DOQCOCDOOODOD

Figure 4.45 Retrieving SER Records With ACSELERATOR QuickSet
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Relay 1 Date: 0371572001 Time: 05:09:05.486
Station 4 Serial Number: 2001001234
FID=5EL-421-R101-¥0-Z001001-D20010315
# DATE TIME ELEMENT STATE
5 0371572001 07:30:52.861 Power-up Group 1
4 0371572001 07:30:52.861 Relay Enabled
3 0371572001 07:31:24.293 Settings changed Class R 1
Z 0371572001 05:09:02.770 TARGET FESET FPE TEST
1 0371572001 05:09:03.791 TARGET FESET FPE OFF
SER[30 10 | Update SER

Figure 4.46 SER Records in the ACSELERATOR QuickSet HMI

Therelay lists the SER records in chronological order from top to bottom as
shown in Figure 4.46. In addition, the relay numbers each record with the
most recent record as number 1; new events are usually more important for
determining the effects of recently occurring power system events.

For each application of power to the relay, the SER reports a“ Power-up”
indication and the active settings group (Group 1 in Figure 4.46). A properly
operating relay immediately goes to the enabled state, an event that causes the
SER to report another SER record. The SER reports the TARGET RESET button
when you first press the pushbutton. When you rel ease the pushbutton, the
SER records the pushbutton release. For more information on the Sequential
Events Recorder, see SER (Sequential Events Recorder) on page A.3.34.

Setting the SER and Examining the SER Record: Terminal

The procedure in the following steps shows how to use aterminal connected
to an SEL-421 communications port to set an element in the SER. Use text
edit mode line editing to enter the SER settings (see Text-Edit Mode Line
Editing on page U.4.18). Also included is a procedure for viewing the SER
report with aterminal. For more information on the SER, see SER (Sequential
Events Recorder) on page A.3.34.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords: Terminal on page U.4.9 to change the
default access level passwords).

Step 1. Prepareto control the relay at AccessLevel 2.
a. Using acommunications terminal, type ACC <Enter>.
b. Typethe AccessLevel 1 password and press <Enter>.
You will seethe AccessLevel 1 => prompt.
c. Typethe 2AC <Enter> command.
d. Typethe correct password to go to Access Level 2.
You will seethe Access Level 2 =>> prompt.
Step 2. Enter SER trigger data.

a. Type SET R TERSE <Enter> to access the Report
settings (see Figure 4.47).

b. Type <Enter>to move past the SER Chatter Criteria
Setting.
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c. Atthe SER Pointsand Aliases prompt line, type the
following:

TRGTR,"TARGET RESET PB”,TEST,OFF,N
<Enter>.

At the next line, type END <Enter>.

d. Therelay prompts you to save the new setting; type Y
<Enter>.

=>>SET R TERSE <Enter>

Report
SER Chatter Criteria
Automatic Removal of Chattering SER Points (Y,N) ESERDEL := N ? <Enter>

SER Points
(Relay Word Bit, Reporting Name, Set State Name, Clear State Name, HMI Alarm)

1:

? TRGTR,"“TARGET RESET PB",TEST,0FF
2:

? END <Enter>

Save settings (Y,N) ?Y<Enter>

Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 4.47 Setting an SER Element: Terminal

Step 3. Press and release the front-panel {TARGET RESET} pushbutton to
generate an SER record.

Step 4. Type SER <Enter> (at the Access Level 1 prompt or higher) to
view the SER report.

Therelay presents a screen similar to the SER display of
Figure 4.46.

Downloading an SER Report File

The procedure in the following steps shows you how to retrieve the SER
report stored in therelay as afile. For this procedure, you must use aterminal
emulation program with file transfer capability. For more information on the
SER, see SER (Sequential Events Recorder) on page A.3.34.

Step 1. Prepare to monitor therelay at Access Level 1.
a.  Using acommunications terminal, type ACC <Enter>.
b. Typethe AccessLevel 1 password and press <Enter >.
You will seethe AccessLevel 1 => prompt.

Step 2. TypeFILE DIR REPORT S <Enter> to view the eventsfile
directory.

The terminal lists the file names for standard reports as shown
in Figure 4.48.

Step 3. Prepare the relay to download the SER report.
a TypeFILE READ REPORTSSER.TXT <Enter>.

b. If you want the Compressed ASCI| file, type the
following:

FILE READ REPORTS CSER.TXT <Enter>
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=>FILE DIR REPORTS <Enter>

BRE_1.TXT
BRE_2.TXT
BRE_S1.TXT
BRE_S2.TXT
CBRE.TXT
CHISTORY.TXT
CSER.TXT
HISTORY.TXT
SER.TXT

=>

DD DPWD OO D

Figure 4.48 Reports File Structure

Step 4. Download the SER report. Perform the steps necessary for your
terminal emulation program to receive afile.

Typically, these are the file transfer steps:

NOTE: Transferring SER files (or CSER i inati ; i i

files) with the FILE READ REPORTS SER.TXT = SpeCIfy the destination flle location in your computer
command, performs an SERCV command as file Storage Sygem and file name.

part of the transfer. SER CV clears the SER .

information from the present port. With > Select the transfer type as'Y-Modem ('f not al ready
the SER information cleared, there is no enabl ed)

data available for subsequent SER or CSER

transfers from the same port. > Click Receive.

You will usually see a confirmation message when the file
transfer is complete.

Step 5. When the SER.TXT file has transferred successfully, use a
word-processing program to view the contents of the file.

You will see the SER recordsin aformat similar to Figure 4.46.

The CSER.TXT file viewed with aword-processing program is
similar to the example in CSER, SER (Sequential Events
Recorder), in CSER on page A.3.35.

Operating the Relay Inputs and Outputs

The SEL-421 gives you great ability to perform control actions at bay and
substation locations via the relay control outputs. The control outputs close
and open circuit breakers, switch disconnects, and operate auxiliary station
equipment such asfansand lights. The relay reads datafrom the power system
and interfaces with external signals (contact closures and data) through the
control inputs. This subsection is an introduction to operating the SEL-421
control outputs and control inputs. For more information on connecting and
applying the control outputs and control inputs, see Section 2: Installation.

Control Output The SEL-421 features Standard, Hybrid (High-Current Interrupting), and Fast
Hybrid (Fast High-Current Interrupting) control outputs that you can use to
control circuit breakers and other devices in an equipment bay or substation
control house. See Control Outputs on page U.2.7 for more information on
control outputs.

Pulsing a Control Output: Terminal
When first connecting the relay, or at any time that you want to test relay

control outputs, perform the following procedure. The procedurein the
following steps shows how to use a communications terminal to pulse the

SEL-421 Relay User's Guide Date Code 20111215



Basic Relay Operations | U.4.57
Operating the Relay Inputs and Outputs

control output contacts. Perform the steps in this example to become familiar
with relay control and serial communication. For more information on the
PUL SE command, see PULSE on page R.9.37.

This example assumes that you have successfully established communication
with the relay; see Making an EIA-232 Serial Port Connection on page U.4.5
for a step-by-step procedure. In addition, you must be familiar with relay
access levels and passwords (see Changing the Default Passwords: Terminal
on page U.4.9 to change the default access level passwords).

NOTE: To PULSE an output, the Step 1. Prepare to control the relay at Access Level B.
circuit breaker control enable jumper, . o .
J18C, must be installed on the main a.  Using acommunications terminal, type ACC <Enter>.

board.
b. Typethe Access Level 1 password and press <Enter>.

You will seethe AccessLevel 1 => prompt.

c. Typethe BAC <Enter> command.

d. Typethe correct password to go to Access Level B.
You will seethe Access Level 1 => prompt.

Step 2. Attach an indicating device (chmmeter with a beep sounder or
atest set) to the terminals for control output OUT104.

This output is a Standard control output and is not polarity
sensitive.

For more information on connecting control outputs, see
Control Outputs on page U.2.7.

Step 3. Perform the pulse operation.
a. Type PULSE OUT104 <Enter>.

Therelay confirms your request to pulse an output with
aprompt such as that shown in Figure 4.49.

b. TypeY <Enter> at the prompt.

You will see or hear theindicating device turn on for a
second and then turn off.

==>PULSE OUT104 <Enter>

Pulse contact OUT104 for 1 seconds(Y/N) ? Y <Enter>
=>

Figure 4.49 Terminal Display for PULSE Command

You can also pulse an output for longer than the default 1-second period. If
you enter a number after the PUL SE command, that number specifies the
duration in seconds for the pulse. For example, if you enter PUL SE

OUT 104 3 <Enter>, the relay pulses OUT104 for 3 seconds.
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Pulsing a Control Output: Front Panel

The procedure in the following steps shows you how to use the front-panel
display and navigation pushbuttons to check for proper operation of the
SEL -421 control outputs. See Section 5: Front-Panel Operations for
information on using the relay front panel.

Step 1. Attach an indicating device (an ohmmeter with a beep sounder
or atest set) to the terminals for control output 0UT104.

This output is a Standard control output and is not polarity
sensitive.
For more information on connecting control outputs, see
Control Outputs on page U.2.7.

Step 2. View the front-panel display.

After applying power to the relay, note that the LCD shows a
seguence of screens called the ROTATING DISPLAY.

(Also, if you do not operate the front panel for a certain period,
the relay will enter front-panel time-out mode and you will see
the sequential screens of the ROTATING DISPLAY.)

Step 3. Pressthe {ENT} pushbutton to view the MAIN MENU, similar to
that at the top of Figure 4.50.

MAILN MENU
VETER

EVENTS

BREAKER MONI TOR
RELAY ELEMENTS

SET/ SHOW

RELAY STATUS

VI EW CONFI GURATI ON
DI SPLAY TEST

RESET ACCESS LEVEL

LOCAL CONTROL

- - BREAKER CONTRCL- -
5 WA XFMR Fans

OUTPUT TESTI NG

aQur1o1
QuT102
» |OUT103
[QJT104
QUT105
QuUT106
Qur1o7
QuT108
PULSE OUTPUT?
«NO [YESp

14

4

Figure 4.50 Front-Panel Menus for Pulsing OUT104

Step 4. View theloca control screen.

a. Pressthe {Up Arrow} and {Down Arrow} navigation
pushbuttonsto highlight the LOCAL CONTROL action item
(see Figure 4.50).
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b. Pressthe {ENT} pushbutton.
You will seethe LOCAL CONTROL submenu (the middle
screen in Figure 4.50).
Step 5. View the output testing screen.

a. Pressthe {Up Arrow} and {Down Arrow} navigation
pushbuttons to highlight the - -0UTPUT TESTING--
action item (see Figure 4.50, middle screen).

b. Pressthe {ENT} pushbutton.

The relay next displaysthe 0UTPUT TESTING submenu
(the last screen of Figure 4.50).

Step 6.  Command the relay to pulse the control output.

a.  Pressthe {Up Arrow} and {Down Arrow} navigation
pushbuttons to highlight ouT104 (see Figure 4.50, last
screen).

b. Pressthe {Right Arrow} navigation pushbutton to
highlight YES under PULSE OUTPUT?

c. Pressthe {ENT} pushbutton.

The relay detects your request for afunction at an
access level for which you do not yet have
authorization. Whenever this condition occurs, therelay
displays the password access screen of Figure 4.51.

PASSWORD REQUIRED

=l
OUXTSNIUGLW
ToOKQ =0 NXO

m
-

NN ST H-O
WL S=HhXTVI

E G
M 6]
uvw
cde
Kk m
s tu
0 2
89 _
BACKS

F
N
Vv
d
1
t
1
9
CK

>RSI 0Q <O =

Q

ACKSPACE

Figure 4.51 Password Entry Screen
Step 7. Input a password and pul se the output.
a Enter avalid AccessLevel B, P, A, O, or 2 password.

(The front panel is always at AccessLevel 1, so you do
not enter the Access Level 1 password.)

Enter avalid password by using the navigation
pushbuttons to select, in sequence, the alphanumeric
characters that correspond to your password.

b. Pressthe {ENT} pushbutton at each password character.

(If you make a mistake, highlight the BACKSPACE option
and press {ENT} to reenter a character or characters.)

c. After entering all password characters, press the {Up
Arrow} or {Down Arrow} pushbuttonsto highlight ACCEPT,
and press {ENT}.

The relay pulses the output, and you will see the
indicating device turn on for a second and then turn off.

User's Guide SEL-421 Relay



U.4.60 | Basic Relay Operations
Operating the Relay Inputs and Outputs

Controlling a Relay Control Output With a Local Bit: Terminal

SEL-421 Relay

In this example, you set Local Bit 3 to start the transformer cooling fans near
the breaker bay where you have installed the SEL-421. Thus, you can use the
L CD screen and navigation pushbuttons to toggle relay Local Bit 3 to control
the state of the cooling fans. Relay Word bit LB_SP03 provides supervision
for local hit 3. Relay Word bit LB_SP03 must be asserted for successful Local
Bit 3 operations. For more information on loca bits, see LOCAL CONTROL
BITSon page U.5.24.

The procedure in the following steps proposes connecting the transformer
bank fan control to relay output 0UT105. You can choose any relay output that
conforms to your requirements. See Control Outputs on page U.2.7 for more
information on SEL-421 control outputs.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords. Terminal on page U.4.9 to change the
default access level passwords).

Step 1. Prepareto control therelay at AccessLevel 2.
a. Using acommunications terminal, type ACC <Enter>.
b. Typethe Access Level 1 password and press <Enter>.
You will seethe AccessLevel 1 => prompt.
c. Typethe 2AC <Enter> command.
Type the correct password to go to Access Level 2.
You will seethe Access Level 1 =>> prompt.

Step 2. Accessthelocal control settings.
a. Type SET F <Enter> command.

b. Repeatedly type > and then <Enter> to advance
through the front-panel settings until you reach the
Display Points and Aliases category.

c. Press<Enter> to accessthe Control Pointsand
Aliases Category.

Figure 4.52 shows a representative terminal screen.

Control Points and Aliases
(Local Bit, Alias Name, Alias for Set State, Alias for Clear State,
Pulse Enable)
1:
? LIST <Enter>

1:
? LB03,"5 MVA XFMR Fans",ON,OFF,N <Enter>
2:

? END <Enter>

Control Points and Aliases
(Local Bit, Alias Name, Alias for Set State, Alias for Clear State,
Pulse Enable)

1: LB03,"5 MVA XMFR Fans™,"ON","OFF",N

Save settings (Y,N) ? Y<Enter>

Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 4.52 Using Text-Edit Mode Line Editing to Set Local Bit 3
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NOTE: Use quotation marks when Step 3. TypeLIST <Enter> at the Local Control and Aliases prompt

entering alias strings that contain to list the active control points.
spaces or punctuation marks, as . . i
shown in the LBO3 example, Step 4. This example assumes that you are using no local bits, so the

relay returnsyou to line 1: followed by the settings ? prompt.

Step 4. TypelLB03,"5MVA XFMR Fans’ ,ON,OFF,N <Enter> at the
line 1 prompt:

1: LB03,"5 MVA XFMR Fans’ ,ON,OFF,N <Enter>

Therelay checksthat thisisavalid entry and responds with the
next line prompt 2: followed by the settings ? prompt.

Step 5.  End the settings session.
a TypeEND <Enter>.

Therelay scrolls areadback of al the front-panel
settings, eventually displaying the Save settings
(Y,N) 2 prompt. (In Figure 4.52 avertical ellipsis
represents the readback.)

At the end of the readback information, just before the
Save settings (Y,N) ? prompt, you can seethe new
local bit information.

b. Answer Y <Enter> to save your new settings.
Step 6. Set OUT105 to respond to Local Bit 3.
a. Type SET O OUT105 <Enter> (see Figure 4.53).
b. Atthe? prompt, type LBO3 <Enter>.
c. Atthenext ? prompt, type END <Enter>.
d. When prompted to save settings, answer Y <Enter>.

=>>SET 0 OUT105 <Enter>
Output

Main Board

0UT105 :== NA
? LBO3 <Enter>

0UT106 := NA

? END <Enter>
Output

Main Board

0UT101 := 3PT AND NOT PLTO04

0UT102 := 3PT AND NOT PLTO04

0UT103 := BK1 CL AND NOT PLTO04

0UT104 := KEY AND PLT02 AND NOT PLTO04
0UT105 := LBO3

0UT106 := NA

0UT107 := PLTO4

0UT108 := NOT (HALARM OR SALARM)

Save settings (Y,N) ? Y<Enter>

Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 4.53 Setting Control Output OUT105: Terminal

Step 7. Test the connection and programming.

a. Usethe appropriate interface hardware to connect the
fan control start circuit to OUT105.

b. Attherelay front-panel MAIN MENU, select LOCAL
CONTROL and pressthe {ENT} pushbutton (see
Figure 4.54).
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c. Select 5 MVA XFMR Fans onthe LOCAL CONTROL screen
asshown in Figure 4.54.

Press {ENT} to see the last screen of Figure 4.54.
Highlight 1 oN and press {ENT}.

The graphical local control handle moves to the
1 position. At thistime, the transformer fans will begin
running.

MAIN MENU

EVENTS

BREAKER MONITOR

RELAY ELEMENTS

[LOCAL CONTROL ]
SET/SHOW

RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

LOCAL CONTROL
--BREAKER CONTROL--
5 MVA XFMR Fans
--OUTPUT TESTING--

5 MVA XFMR Fans
L AN

0

1[ON
0 OFF

Figure 4.54 Front-Panel LOCAL CONTROL Screens

Settmg OUtpUtS for To actuate power system circuit breakers, you must configure the SEL-421
.. d Closi control outputs to operate the trip bus and close bus. The relay usesinternal
Trlpplng and C 0sing logic and SELoGIC control equations to activate the control outputs.
Trip Output Signals

The SEL-421 is capable of single-pole tripping and three-pole tripping. There
are many Relay Word bits (e.g., TPA1, TPA2, RTA1, and 3PT) that you can
program to drive control outputs to trip circuit breakers. See Section 1:
Protection Functions in the Reference Manual for complete information on
tripping equations and settings. For target illumination at tripping, see
Section 5: Front-Panel Operations.

Close Qutput Signals

The SEL-421 features an automatic recloser for single circuit breaker and two
circuit breaker applications. The relay provides as many as two single-pole
and four three-pole reclose shots. See Section 2: Auto-Reclosing and
Synchronism Check in the Reference Manual for more information.
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Close the circuit breakers using Relay Word bits BK1CLS and BK2CL S for
Circuit Breaker 1 and Circuit Breaker 2, respectively.

Assigning Control Outputs for Tripping and Closing

The procedure in the following steps shows a method for setting the relay to
operate the trip bus and the close bus at atypical substation. Relay factory
defaults assign control outputs OUT101 and OUT102 to the trip bus and
OUT103 to the close bus for athree-pole tripping circuit breaker. This
procedure assigns an additional close output at OUT106.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords. Terminal on page U.4.9 to change the
default access level passwords). You should also be familiar with
ACSEL ERATOR QuickSet (see Section 3: PC Software).

Step 1.  Configure the communications port.

a. Start ACSELERATOR QuickSet.

b. On thetop toolbar, open the Communication menu,
and then click Port Parameters.

You will seethe Port Parameter s dialog box similar to
Figure4.7.

c. Select the Data Speed, Data Bits, Stop Bits, Parity,
and RTS/CT S that match the relay settings. The
defaults are 9600, 8, 1, None, Off, respectively.

d. Click OK to update the ACSEL ERATOR QuickSet
communications parameters.

e. Confirm that the Communications Status bar at the
bottom of the ACSEL ERATOR QuickSet window says
Connected.

Step 2. Confirm the correct ACSELERATOR QuickSet passwords.

a.  Reopen the Communication menu and click Port
Parameters.

b. Enter your Access Level 1 password in the Level One
Passwor d text box, and your Access Level 2 password
in the Level Two Password text box.

c. Click OK to accept changes and close the dialog box.
Step 3. Click Settings > Read.

Therelay sends al configuration and settings data to
ACSELERATOR QuickSet.

Step 4. Accessthe Main Board output settings.
a. Expand the Outputs branch of the Settings tree view.
b. Click Main Board (see Figure 4.55).
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+-0 Global -
+-2  Breaker Monitor Main Board OUlPUts
= Group 1
F- Group 2 Main Board Outputs
- @ Group 3 OUTA01 Main Board Dutput DUT101
+-@ Group 4
=-© Groups |[3F‘T OR TPAT]AND NOT PLT04 #THREE POLE TRIP J
=0 Group b OUT102 Main Board Output OUT102
+- @ Automation Logic
=@ Outputs |[3PT OR TPaT]AND NOT PLTO4 BTHREE POLE TRIP J
® Main Board
o Interface Board Dutputs OUT103 Main Board Output OUT103
@ Communication Card Dutputs |BKT CL AWD NOT PLTO4 #BREAKER CLOSE COMMAND J
@ Mirmored Bits Transmit Equatio
#-@ Front Panel OUT104 Main Board Cutput OUT104
#- @ Repot |KEY AND PLTOZ AMND NOT PLTO4 HKEY T J
+-@ DNP M&P Seftings
+- @ Communications Ports OUT105 Main Board Output OUT105
e r
QUT10E b ain Board Output OUT 106
|EKT CLAND HOT PLTO4 #BREAKER CLOSE COMMAND| J
OUT107 Main Board Output OUT107
|PLTD4 HRELAY TEST MODE J
OUT108 Main Board Output OUT108
|NDT [SALARM OR HALARM] J

Figure 4.55 Assigning an Additional Close Output: ACSELERATOR QuickSet

Step 5. Assign acontrol output for the close bus.

a

Inthe Main Board Outputsdialog box, click the
OUT 106 text box and type the following:

BK1CL AND NOT PLT04 #BREAKER CLOSE
COMMAND

(The # indicates that a comment follows.)
Click or tab to another text box.

ACSELERATOR QuickSet checks that your entry is
valid.

Step 6. Click File > Save to save the new settings in ACSELERATOR
QuickSet.

Step 7. Upload the new settings to the SEL-421.

SEL-421 Relay

a

User's Guide

Click File> Send.

ACSELERATOR QuickSet prompts you for the settings
class or instance you want to send to the relay.

Click the check box for Outputs as shown in the first
dialog box of Figure 4.56.

Click OK.

ACSEL ERATOR QuickSet responds with the second
dialog box of Figure 4.56.

If you see no error message, the new settings are loaded
in therelay.
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NOTE: The Relay Editor dialog boxes

shown in Figure 4.56 are for the Settings]ClassiSelect [X]
E‘EIT_“ZbL ThedSEL'étZH atnd SEL-421-2 Select Classes to Send
ialog boxes do not contain -
Automation 2 through Automation 10 }—ﬁﬂ{ﬁﬂ:{:ﬁﬂ? 2 EI EI
setting instances. [ Automation 8
[ Automnation 9
FAutomation 10
v
™ Front Panel oK
F Feport 4'
Part 1
E 2 o _cned |

wiriting 1 of 1

Sending File:  SETTINGSASET_01.TRT

Sending zettings...

Figure 4.56 Uploading Output Settings to the SEL-421

The SEL-421 relay has control inputs on the main board (IN101-IN107), and
on one or two optional 1/O interface boards (IN201-N2xx, IN301-IN3xx), if
S0 equipped. See Control Inputs on page U.2.5 for detailed information.

Control Input
Assignment

There are two types of input circuitry: Direct Coupled and Optoisolated.
Table 4.8 lists the main differences between the two types of control inputs.

Table 4.8 Control Inputs in the SEL-421

Direct-Coupled Optoisolated

Pickup characteristics: Pickup voltage can be
selected viaGlobal settings.
Can have different pickup

voltages on each input.

Pickup voltageis
determined by hardware:
one of six voltage levels
determined at time of
factory order. All pickup
voltages are the same on
each 1/O interface board.

Date Code 20111215

Polarity-sensitive:

Where found:-

Yes (will not respond to
reverse polarity signals). A
+ polarity mark is printed
over the positive terminals.

» SEL-421 MainBoard A
(IN101-IN107)

» INTL, INT5, and INT6
1/0 Interface Boards
(IN201-1N208; IN301—
IN308)

No (will respond to signals
of either polarity). No
polarity mark. AC signal
detection is possible@

» SEL-421 Main Board B
(IN101-IN107)

» INT2,INT7,and INT8
1/O Interface Boards
(IN201-IN208; IN301—
IN308)

» INT4 /O Interface
Board
(IN201-1N224:
IN301-IN324)

a With appropriate debounce settings—see Table 2.4.

The default value for Global setting EICIS (Enable Independent Control Input
Settings) is N, which hides al individual control input settings, and only
presents some overall settings that will apply to all control inputs. Set
EICIS:=Y to gain full accessto theindividual control input settings. For
information on the Global settings related to control inputs, see Table 9.3 on
page R.9.2, and Table 9.5 on page R.9.2 through Table 9.10 on page R.9.4.

User's Guide

The following exercises use Direct-Coupled control inputs on Main Board A.
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Setting a Control Input: Circuit Breaker Auxiliary Contacts (52A): Terminal

Thisis astep-by-step procedure to configure a control input that reflects the
state of the circuit breaker auxiliary (52A) NO (normally open) contact. A
common relay input is from circuit breaker auxiliary contacts; the relay
monitors the 52A contacts to detect the closed/open status of the circuit
breaker. Perform the following steps to connect three-pole circuit breaker
auxiliary contacts to the SEL-421. This exampleisfor a 125 Vdc system; the
open state of the auxiliary contactsis 0 Vdc (circuit breaker open), and the
closed state of the auxiliary contacts is approximately 125 Vdc (circuit
breaker closed). The voltage drop in the connecting wires from the auxiliary
contacts through the station battery to the relay gives a slightly lower voltage
than the station battery at the relay control input terminals. Make the control
input pickup, dropout, and debounce timer settings as explained in Control
Inputs on page U.2.5.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords: Terminal on page U.4.9 to change the
default access level passwords).

Step 1. Prepareto control therelay at Access Level 2.
a. Using acommunications terminal, type ACC <Enter>.
b. Typethe AccessLevel 1 password and press <Enter >.
You will seethe => action prompt.
c. Typethe 2AC <Enter> command.
d. Typethe correct password to go to Access Level 2.
You will seethe Access Level 2 =>> prompt.

Step 2. Configuretherelay to read the circuit breaker auxiliary contact.
a TypeSET M <Enter> (see Figure 4.57).
These settings are the breaker monitor settings.

b. Type <Enter> to bypass the Breaker 1 Monitoring
enable, and <Enter > again to bypass the Breaker 2
Monitoring enable (NUMBK := 2 in this example).

c. Atthe BK1TY P setting, type 3 <Enter> for athree-
pole circuit breaker for this particular example.

(Use the setting BK1TY P appropriate for your circuit
breaker(s).)

d. Atthe BK2TY P setting, type 3 <Enter> for athree-
pole circuit breaker for this example.

Therelay displays the 52AA1 SEL oGIc control
eguation action prompt.

e. TypelN101 <Enter> at the ? prompt to specify input
IN101 as the control input that represents the close/
open state of Circuit Breaker 1.

The relay next displays the 52AA2 SELoGIC control
equation action prompt.

f. TypeIN102 <Enter> at the ? prompt to specify input
IN102 as the control input that represents the close/
open state of Circuit Breaker 2.
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Step 3.  End the settings process. The relay next scrolls areadback of
al the Global settings, eventually displaying the Save
settings (Y,N) ? prompt.

a. Inthereadback information, just before the Save
settings (Y,N) 2 prompt, confirm the new control
input information.

b. Answer Y <Enter> to save your new settings.

=>>SET M <Enter>
Breaker Monitor

Breaker Configuration

Breaker 1 Monitoring (Y,N) EBIMON := N ? <Enter>
Breaker 2 Monitoring (Y,N) EB2MON := N ? <Enter>
Breaker 1 Trip Type (Single Pole=1,Three Pole=3) BKITYP := 1 ? 3<Enter>
Breaker 2 Trip Type (Single Pole=1,Three Pole=3) BK2TYP = 1 ? 3<Enter>

Breaker 1 Inputs

N/0 Contact Input -BK1 (SELogic Equation)
52AA1 := NA
?  IN101<Enter>

Breaker 2 Inputs

A-Phase N/0 Contact Input -BK2 (SELogic Equation)
52AA2 := NA

?  IN102 <Enter>

Breaker Monitor

Breaker Configuration

EBIMON := N EB2MON := N BK1TYP :=3 BK2TYP :=3
Breaker 1 Inputs

52AA1 := IN101

Breaker 2 Inputs

52AA2 := IN102

Save settings (Y,N) ? Y<Enter>

Saving Settings, Please Wait...........
Settings Saved

=>>

Figure 4.57 Setting 52AA1: Terminal

Setting a Control Input for Circuit Breaker Auxiliary Contacts (52A):
ACSELERATOR QuickSet

The procedure in the following steps shows how to program the SEL-421
control input IN101 to read the state of circuit breaker auxiliary contacts. This
example uses a single three-pol e tripping breaker. M odify the procedure listed
here for your application.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords. Terminal on page U.4.9 to change the
default access level passwords). You should also be familiar with

ACSEL ERATOR QuickSet (see Section 3: PC Software).

Step 1.  Configure the communications port.
a Start ACSELERATOR QuickSet.

b. On thetop toolbar, open the Communication menu,
and then click Port Parameters.

You will seethe Port Parameter s dialog box similar to
Figure4.7.
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c. Select the Data Speed, Data Bits, Stop Bits, Parity,
and RTS/CT S that match the relay settings. The
defaults are 9600, 8, 1, None, Off, respectively.

d. Click OK to update the ACSELERATOR QuickSet
communications parameters.

e. Confirm that the Communications Status bar at the
bottom of the ACSELERATOR QuickSet window says
Connected.

Step 2.  Confirm the correct ACSELERATOR QuickSet passwords.

a. Reopen the Communication menu and click Port
Parameters.

b. Enter your Access Level 1 password inthe Level One
Passwor d text box, and your Access Level 2 password
in the L evel Two Password text box.

c. Click OK to accept changes and close the dialog box.
Step 3. On the Settings menu, click Read.

Therelay sends al configuration and settings data to
ACSELERATOR QuickSet.

Step 4. Accessthe Control I nputs settings.

a.  Click the + mark next to the Global branch of the
Settingstree view.

b. Click the + mark next to the Control I nputs branch of
the Settingstree view, and click the Control Inputs
branch (see Figure 4.58).

Step 5. Set EICIS Independent Control Input Settingsto Y.

= © Global

© General Global Settings Control Inputs

© Stetion DT Monitering )
L@ Gl et FICIS Indeperkn Contol gt Saligs

%O Main Board Y I Selet 7.

 © Inteiface Bosrd # 1

B O Intetface Board 2, (Bt s (e

© Satings Goup Selection GINF Input Pickup Level fvek]

© DataReset Control
© Frequency Estimation
© TimeEnor Caleulation

Fange = 15to 265

GINDF Input Drop Dut Level (% of pickup level)
@ Cunent and Valtage Source Selection @ Renge=10t100

@ Synchionized Phasor Measuemsnt
@ Breaker Monitor
#- O Groupl
#© Group2

#- @ Group 3 INZXD Int Board # 1 Debounce Time
¥ © Goup4

#- O Group 5 Range = 0.0000 ta 50000

© Grouph
* oup INE4D It Board # 2 Debounce Tire
@ Automation Logic

#- @ Outputs Range = 0.0000 ta 50000

# @ Front Panel

Figure 4.58 Accessing Global Enable Setting EICIS in ACSELERATOR
QuickSet

INTEXD Mainboard Debounce Time
Range = 0.0000 to 50000

Step 6. Access the Control I nputs settings.

a. Expand the Main Board branch by clicking the +
button next to Main Board.

b. Click Mainboard Pickup Levels. You will see the
input window similar to that in Figure 4.59.

c. Click Mainboard Pickup and Dropout Delays. You
will see the input window similar to that in Figure 4.60.
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=@ Global

@ General Global Settings

@ Station DC Monitoring

@ Control Inputs

=@ Main Board
® Mainboard Pickup Levels
@ Mainboard Pickup and Dropout Delays

@ Interface Board #1

@ Interface Board # 2,

Settings Group Selection

[Data Reset Contral

Frequency E stimation

Time-Ermror Calculation

Current and Yoltage Source Selection

Synchronized Phazor Measurement

Breaker Monitor

Group 1

Group 2

Group 3

Group 4

Group 5

Group B

Automation Logic

Outputs

Front Panel

Feport

Fart F

Q000D 0 EE

Mainboard Pickup Levels

IN101-107P

IM101F Input IM107 Pickup Lewvel

k5 Range = 15 to 265
IM102P Input IM102 Pickup Level

a5 Fange = 15to 265
IM103F Input IM103 Pickup Lewvel

a5 Fange = 15to 265
IM104F Input IM104 Pickup Lewvel

a5 Fange = 15to 265
IM105F Input IM105 Pickup Level

a5 Fange = 15to 265
IM10EF Input IM106 Pickup Lewvel

a5 Fange = 15to 265

IM107F Input IM107 Pickup Lewvel

a5 Fange = 15to 265

Figure 4.59 Control Input Pickup Level Settings in ACSELERATOR Quickset SEL-5030 Software
Step 7. Set the control input IN101 pickup threshold.

For this example, a 125 Vdc station battery is providing the
control voltage. Referring to Table 2.1 on page U.2.5, the
appropriate pickup voltage settingsis 100 Vdc. Click the
mouse cursor (or press <Tab>) to highlight IN101P Main

Board Input 101 Assertion Level.

a. Delete the present setting by pressing <Delete>.
b. Type 100, and then click or <Tab> to another value.
The relay checks the new value and entersthe value in

the ACSELERATOR QuickSet database.

I e e e e e e S R e e e

Co0Q0O0OODDOQCOCDOOOO

=@ Global

@ General Global Settings

@ Station DC Monitoring

@ Control Inputs

=@ Main Board
@ Mainboard Pickup Levels
® tainboard Pickup and Dropout Delays

@ Interface Board #1

@ Interface Board # 2,

Settings Group Selection

[Data Reset Contral

Frequency E stimation

Time-Ermror Calculation

Current and Yoltage Source Selection

Synchronized Phazor Measurement

Breaker Monitor

Group 1

Group 2

Group 3

Group 4

Group 5

Group B

Automation Logic

Outputs

Front Panel

Feport

Fart F

Q000D 0 EE

Mainboard Pickup and Dropout Delays

IN101-107PU and IN101-107D0

IM101PU Input IM101 Pickup Delay

01250 Range = 0.0000 ta 5.0000
IM102PU Input IM102 Pickup Delay

01250 Range = 0.0000 ta 5.0000
IM103PU Input IM103 Pickup Delay

01250 Range = 0.0000 ta 5.0000
IM104PU Input IM104 Pickup Delay

01250 Range = 0.0000 ta 5.0000
IM105PU Input IM105 Pickup Delay

01250 Range = 0.0000 ta 5.0000
IM10EPU Input IM106 Pickup Delay

01250 Range = 0.0000 ta 5.0000

IM107PU Input IM107 Pickup Delay

01250 Range = 0.0000 ta 5.0000

IN101D0 Input IM101 Dropout Delay
01250 Range = 0.0000 ta 5.0000
IN10200 Input IM102 Dropout Delay
01250 Range = 0.0000 ta 5.0000
IM10300 Input IM103 Dropout Delay
01250 Range = 0.0000 ta 5.0000
IM10400 Input IM104 Dropout D elay
01250 Range = 0.0000 ta 5.0000
IM10500 Input IM105 Dropout Delay
01250 Range = 0.0000 ta 5.0000
IN10ED0 Input IM106 Dropout Delay
01250 Range = 0.0000 ta 5.0000

IN10700 Input IM107 Dropout Delay

01250 Range = 0.0000 ta 5.0000

Figure 4.60 Control Input Pickup and Dropout Delay Settings in ACSELERATOR QuickSet
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Step 8. Set the control input IN101 debounce time.

For this example, assume that the auxiliary contacts are slow
and noisy; you must provide aslightly longer debounce time
for these contacts.

a. Double-click the mouse cursor (or press <Tab>) to
highlight IN101PU Input IN101 pickup delay.

b. Delete the present setting by pressing <Delete>.
Type 0.25 <Enter>.

d. Similarly changethe IN101DO Input IN101 Dropout
Delay to 0.25.

The relay checks the new value and entersthe value in
the ACSELERATOR QuickSet database.
Step 9. Configurethe relay to read the circuit breaker auxiliary contact.

a. Expand the Breaker Monitor branch of the Settings
tree view by clicking the + button (see Figure 4.61).

b. Inthetreeview, click Breaker 1 to select circuit
breaker monitor settings for Circuit Breaker 1.

c. AttheBK1TYP setting, click 3 for the three-pole
circuit breaker of this particular example.

(Use the setting BK1TY P appropriate for your circuit
breaker(s).)

d. Setthe52AA1 SELoGIC control equation by clickingin
the text box labeled N/O Contact I nput -BK 1.

e. TypelN101, and then click or <Tab> to another field to
specify input IN101 as the control input that represents
the close/open state of Circuit Breaker 1.

Breaker Monitor

EB‘IMDN Breaker 1 Monltonng—‘
EB2MDN Breaker 2 Monltonng—‘

L Breaker 2
Group 1
Group 2
Group 3
Group 4
Group 5

Group 6 "BK‘I TP BK1 Trip Type [Single Pole=1, Three Pole=: 3)—‘

@3

Automation Logic
Outputs

Front Panel

Feport

DMP Map Settings
Communications Ports

3

BK2TYP Bk.2 Trip Type [Single Pole=1, Three Pole= 3)—‘

000000000000

Figure 4.61 Setting BKITYP in ACSELERATOR QuickSet

Step 10. Click File > Save to save the new settingsin ACSELERATOR
QuickSet.
Step 11. Upload the new settings to the SEL-421.
a. Click File> Send.

ACSELERATOR QuickSet prompts you for the settings
class or instance you want to send to the relay

b. Click the Global check box and the Breaker Monitor
check box, as shown in the first dialog box of
Figure 4.62.

c. Click OK.
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NOTE: The Relay Editor dialog boxes
shown in Figure 4.62 are for the
SEL-421. The SEL-421-1 and SEL-421-2
dialog boxes do not contain
Automation 2 through Automation 10
setting instances.

Basic Relay Operations
Configuring High-Accuracy Timekeeping

d. ACSELERATOR QuickSet responds with the second
dialog box of Figure 4.62.

If you see no error message, the new settings are loaded
in therelay.

Settings Class Select E

Group 1
[ Group 2
[ Group 2
[ Group 4
[ Group &
[ Group B
[ Automnation 1
||: Automation 2

Hor ke mbiman D

LI Cancel |

wiriting 1 of 1

Sending File:  SETTINGSASET_G1.TRT

Sending zettings...

Figure 4.62 Uploading Global and Breaker Monitor Settings to the SEL-421

Configuring High-Accuracy Timekeeping

IRIG-B

NOTE: The SEL-2407 Satellite
Synchronized Clock meets both the
SEL-421 accuracy and IEEE C37.118
requirements for a high-accuracy time
source.

Date Code 20111215

The SEL-421 features high-accuracy timekeeping when supplied with an
IRIG-B signal. When the supplied clock signal is sufficiently accurate, the
SEL -421 can act as a Phasor Measurement Unit (PMU) and transmit
synchrophasor data representative of the power system at fixed time periodsto
an external data processor. The relay can aso record COMTRADE event
report data using the high-accuracy time stamp. See Synchrophasors on

page R.7.1, Oscillography on page A.3.7, and Time-Synchronized
Measurements on page A.4.1 for detail s on these applications.

The SEL-421 has two input connectors that accept IRIG-B (Inter-Range
Instrumentation Group-B) demodul ated time-code format: the IRIG-B pins of
Seria Port 1, and the IRIG-B BNC connector—see TIME Input Connections
on page U.2.45.

The IRIG-B BNC connector can be used for high-accuracy timekeeping
purposes, with up to 1 ps accuracy with an appropriate time source. Either
input can be used for general-purpose timekeeping, and the relay will have up
to 500 ps accuracy. See Table 4.9 for SEL-421 timekeeping mode details.

Table 4.9 SEL-421 Timekeeping Modes (Sheet 1 of 2)

u.4.mn

HIRIG (or High-
Item Internal Clock IRIG Accuracy IRIG)
Best accuracy Depends on last 500 ps (whentime | 1 s (whentime
(condition) method of setting, source jitter isless | sourcejitter isless
or synchronization2 | than 3 ms) than 500 ns, and
time-error isless
than 1 ps)b
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NOTE: If the time-code signal
connected to the BNC connector
degrades in quality, the SEL-421 will
not switch-over to the IRIG-B pins of
serial port 1. The SEL-421 will only
switch to Serial Port 1if the signal on
the BNC connector completely fails
(e.g. the cable is un-plugged).

1k PPS Connection
Not Required

Table 4.9 SEL-421 Timekeeping Modes (Sheet 2 of 2)

HIRIG (or High-
Item Internal Clock IRIG Accuracy IRIG)
IRIG-B Connection | None BNC connector BNC connector
Required (preferred), or Serial
Port 1
Relay Word bits TIRIG = logical 0 TIRIG = logical 1 TIRIG = logical 1
TSOK =logical 0 TSOK =logical 0 TSOK =logical 1

a8 The SEL-421internal clock can be synchronized via DNP3, Ethernet card, SEL-2030
Communications Processor, or MIRRORED BITS communications.

b The time source must include the IEEE C37.118 IRIG-B control bit assignments to provide the
Time Error estimate for the clock.

Only one IRIG-B time source can be used by the SEL-421, and the signal
connected to the IRIG-B BNC connector (shown in Figure 4.64) takes priority
over the Serial Port 1 IRIG-B pins. If asignal is detected on the IRIG-B BNC
input, the IRIG-B pins of Serial Port 1 will be ignored.

The SEL-421 determines the suitability of the IRIG-B signal connected to the
BNC connector for high-accuracy timekeeping by applying two tests:

» Measuring whether the jitter between positive-transitions
(rising edges) of the clock signal islessthan 500 ns.

» Decoding the time-error information contained in the IRIG-B
control field and determining that Analog Quantity TQUAL is
less than 106 seconds (1 ps).

The SEL-421 will assert Relay Word bit TSOK only when these two tests are
met, indicating HIRIG mode. The TQUAL Analog Quantity can be viewed
with the MET PM command, and is shown beside the |abel

Time Quality  Maximum time synchronization error:.SeeFigure7.13
on page R.7.25 for asample.

The IRIG-B control field is defined in the IEEE C37.118 standard. The
SEL -421 places the raw time quality information in Relay Word bits
TQUALL, TQUAL2, TQUALA4, and TQUALS8; and the decoded maximum
clock error in Analog Quantity TQUAL, in seconds.

If the clock signal is determined to be of low quality, with more than 500 ns of
jitter, the SEL-421 will not assert the TIRIG Relay Word bit.

SEL-421 Relays Changed

SEL-421 Relay

Previous versions of the SEL-421 Relay required a 1k PPS clock signal in
addition to the IRIG-B signal to alow HIRIG mode (high-accuracy IRIG
timekeeping). The previous SEL-421 hardware included two BNC connectors
for timekeeping: 1k PPS and IRIG-B (see Figure 4.64). On newer SEL-421
relays, thereis only one BNC connector, IRIG-B, as shown in Figure 4.63.

Starting with SEL-421 firmware version R112, HIRIG mode is available if a
sufficiently accurate IRIG-B time source is connected to the IRIG-B BNC
connector (see Table 4.9). A 1k PPS time source cannot be used.

User's Guide Date Code 20111215
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Firmware version R112 redefines the meaning of the BNC connectors on the
rear panel of the SEL-421. Pay close attention to the following instructions if
you are upgrading your SEL-421 firmware.

Using New SEL-421 Firmware in an Existing Relay

In new SEL-421 relays, the IRIG-B BNC connector isin the same location as
the 1k PPS BNC connector on previous relays. If you upgrade a previously
installed SEL-421 relay to firmware version R112 or later, you will be
provided with aretrofit kit that includes a new rear-panel label for the TIME
inputs (see Figure 4.65). Follow the instructions included in the firmware
upgrade package, and be sure to remove any 1k PPS time source cables that
were previously connected.

Additionaly, if the IRIG-B signal was previously supplied to the SEL-421 via
Serial Port 1, and HIRIG mode operation is desired, connect the IRIG-B
source to the IRIG-B BNC connector instead.

Time and Date
Management Settings
Not Required
SEL-421 Relays Changed

Previous firmware versions (R111 and earlier) of the SEL-421 relay provided
Global Settings ETPPS and ETIRIG to enable or disable the 1k PPS and
IRIG-B time sources. Beginning in firmware version R112, these settings are
no longer part of Global Settings, because there isno 1k PPS input connector.
Relay Word bit TPPS has also been removed from the relay.

Connecting The procedure in the following steps assumes that you have a modern high-

. accuracy GPS receiver with aBNC connector output for an IRIG-B signal.
H |qh-Accuracy Use a communications terminal to send commands and receive data from the
Timekeeping relay (see Making an EIA-232 Serial Port Connection on page U.4.5).

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords. Terminal on page U.4.9 to change the
default access level passwords).

Step 1. Confirm that the relay is operating (see Connecting and
Applying Power on page U.4.3).
Step 2. Prepareto control the relay at AccessLevel 2.
a. Using acommunications terminal, type ACC <Enter>.
b. Typethe AccessLevel 1 password and press <Enter>.
You will seethe AccessLevel 1 => prompt.

Step 3. Connect the cable.

NOTE: Consult the specific GPS
Clock (IRIG-B time source) instruction

manual for the IRIG-B cable Attach the IRIG-B signal with a BNC-to-BNC coaxial jumper
requirements, tertminationtr?fifﬁor cable from the GPS receiver IRIG-B output to the SEL-421
requirements, antenna installation, A

and clock configuration details TIME IRIG-B BNC connector (see Figure 4.63).
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TIME
IRIG-B

Figure 4.63 TIME BNC Connector, new hardware

TIME
1k PPS IRIG-B

Figure 4.64 TIME BNC Connectors, old hardware

TIME
IRIG-B

O O

Figure 4.65 Retrofit Sticker

Step 4. Confirm/Enable automatic detection of high-accuracy
timekeeping.

a Wait at least 20 seconds for the SEL-421 to acquire the
clock signal, and then, at a communications terminal,
type TAR TIRIG <Enter>

The relay will return one row from the Relay Word, as
shown in Figure 4.66. Only the state of the TIRIG and
TSOK Relay Word bits are discussed in the
troubleshooting steps bel ow. The other Relay Word bits
of interest to this discussion are TUPDH, which
indicates that the SEL-421 internal clock is presently
being updated by the HIRIG source, and TSYNCA,
which acts as an alarm bit that asserts when the
SEL-421 is not synchronized to either an internal or an
external source. TSYNCA will only assert briefly when
the HIRIG time source is connected or disconnected.

=>TARTIRIG <Enter>

* TIRIG  TUPDH  TSYNCA TSOK PMDOK FREQOK
0 1 1 0 1 1 0

I o *
v

Figure 4.66 Confirming the High-Accuracy Timekeeping Relay Word Bits
b. TheTIRIG and TSOK Relay Word bits should be

asserted (logical 1), indicating that therelay isin the
High-Accuracy IRIG timekeeping mode (HIRIG).

If TSOK is not asserted, but TIRIG is asserted, the relay isin
regular IRIG timekeeping mode. Hereisalist of possible
reasons for not entering HIRIG mode:
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NOTE: If the firmware in an already
installed SEL-421is upgraded to
version R112 or later, and the
previous IRIG-B BNC cable is not
moved to the new location (see
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The IRIG-B clock does not use the |IEEE C37.118
Control Bit assignments, or the IRIG-B signal is not of
sufficient accuracy.

The termination resistor, required by some IRIG clocks,
is not installed.

If the time-source clock isreporting that itstime error is
greater than 1 s.

The IRIG-B clock source is connected via Serial Port 1
instead of the IRIG-B BNC connector.

The IRIG-B clock source is connected to the unlabeled
BNC connector on older relay hardware (the previous
location of the IRIG-B BNC connector).

U.4.75

Figure 4.63), the SEL-421 cannot
enter High-Accuracy mode.

If neither TSOK nor TIRIG are asserted, therelay isnotin an
IRIG time-source mode. Hereisalist of possible reasons for
not entering IRIG mode:

> ThelRIG-B clock signal isnot of sufficient accuracy or
isimproperly configured.

> Thetermination resistor, required by some IRIG clocks,
isnot installed.

> Thetime source clock is not connected to an antenna.

> AnIRIG-B clock sourceis connected both to serial port
1 and the unlabeled BNC connector on older relay
hardware (the previous location of the IRIG-B BNC
connector).

> A 1k PPScableis till connected to the relay.

Step 5. Type TIME Q <Enter> to confirm that the relay is operating
in the high-accuracy IRIG (HIRIG) mode.

Therelay displays information similar to Figure 4.67.

NOTE: If the firmware in an already
installed SEL-421is upgraded to
version R112 or later, and the
previous 1k PPS BNC cable is not
removed (see Figure 4.63), the
SEL-421 cannot use the IRIG time

inputs.
The Time Source will be HIRIG, indicating that the relay
internal clock islocked to the high-accuracy IRIG input signal.
=>TIME Q <Enter>
Relay 1 Date: 10/06/2004 Time: 15:44:30.840
Station A Serial Number: 0000000000
Time Source: HIRIG
Last Update Source: HIRIG
IRIG Time Mark Period: 1000.000000 ms
Internal Clock Period: 24.999995 ns
=>
Figure 4.67 Results of the TIME Q Command
TIME Q Descriptions The TIME Q command provides details about relay timekeeping (see

Figure 4.67). The SEL-421 internal clock isinitialy calibrated at the SEL
factory. An external IRIG source is required to eliminate clock drift. For high-
accuracy timekeeping functions such as synchrophasor measurement, the
connected clock must support |EEE C37.118—Annex F, IRIG-B Control Bit
assignments. The Time Source field provides the present high-accuracy timing
input source; entries for thisline are HIRIG and OTHER. The Last Update
Source reports the source from which the relay referenced the last time value
measurement. Entriesfor thisline can be high-priority or low-priority sources.
Table 4.10 lists the possible Last Update Source values for the SEL-421.

NOTE: When EPMU := Y, the relay
year is updated automatically from
the connected clock IEEE C37.118-
Annex F, IRIG-B Control Bit
information.
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Table 4.10 Date/Time Last Update Sources

Time Input Source Priorit Time Source Front Panel
Mode (QQQQQ) y Editing?
HIRIG High Time/date from the high-accuracy | No
IRIG-B input.
IRIG High Time/date from the IRIG-B format | No
time base signal
COMM CARD Low Time/date signal from the commu- | Date and Time
nications card
DNP Low Time/date from the DNP commu- | Date and Time
nications port
MIRRORED BITS | Low Time/date from the MIRRORED BIT | Date and Time
port
ASCII TIME Low Time from therelay seria ports Time only
ASCII DATE Low Date from therelay serial ports Date only
NONV CLK Low Time/date from the nonvolatile Date and Time
memory clock
FRONT PANEL Low Time from the front-panel TIME Timeonly
TIME entry screen
FRONT PANEL Low Time from the front-panel DATE Date only
DATE entry screen

TheIRIG Time Mark Period value indicates the instantaneous period in which
the relay measures the time-source inputs. The relay displays the time mark
periods showing the present time precision derived from the applied
time-source signals.

The TIME Q command is also helpful for troubleshooting IRIG problems. If
the IRIG Time Mark Period value changes significantly between successive
TIME Q commands, there may be too much noise in the signal for the relay
timekeeping function.

Adaptive Internal Clock Period Adjustment

The Internal Clock Period isthe internal relay timekeeping period. The relay
adjusts this master internal clock when you apply HIRIG mode timekeeping,
adapting the internal relay clock for your installation temperature conditions.
If you lose the HIRIG timing lock, the relay internal clock operates at this
precisely adapted clock period until HIRIG mode is restored. Time tags for
event reports during aloss of HIRIG mode timekeeping remain very accurate.
L ower accuracy time sources do not adaptively adjust the internal relay clock
period.

The purpose of the procedure in the following stepsisto show one method for
deriving the TIME Q Time Source information from Relay Word bits TSOK
and TIRIG. The TSOK Relay Word bit isat logical 1 when therelay isin
HIRIG time mode. For this application example, use aPSV (Protection

SEL ocIc Variable) to monitor time keeping status.

Monitoring
High-Accuracy Time
Source Status

PSV 01 asserts when the relay is synchronized to the HIRIG source. A
departure from this condition asserts the relay alarm output (OUT108 for this
application example).
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This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords. Terminal on page U.4.9 to change the
default access level passwords). Also, you should be familiar with

ACSEL ERATOR QuickSet (see Section 3: PC Software).

Step 1.  Configure the communications port.
a Start ACSELERATOR QuickSet.

b. On thetop toolbar, open the Communication menu,
and then click Port Parameters.

You will seethe Port Parameter s dialog box similar to
Figure4.7.

c. Select the Data Speed, Data Bits, Stop Bits, Parity,
and RTS/CT S that match the relay settings.

The defaults are 9600, 8, 1, None, and Off,
respectively.

d. Click OK to update the ACSEL ERATOR QuickSet
communications parameters.

e. Confirm that the Communications Status bar at the
bottom of the ACSELERATOR QuickSet window says
Connected.

Step 2. Confirm the correct ACSELERATOR QuickSet passwords.

a. Reopen the Communication menu and click Port
Parameters.

b. Enter your Access Level 1 password in the Level One
Password text box, and your Access Level 2 password
in the Level Two Password text box.

¢. Click OK to accept changes and close the dialog box.

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

Therelay sends al configuration and settings data to
ACSELERATOR QuickSet.

Step 4. Access the protection free-form SEL0OGIC settings.
a. Click the + mark next to Group 1inthe Settingstree
view.
b. Click the Protection L ogic 1 settings (see Figure 4.68).

Step 5. Enter the two lines of SELOGIC control equation programming
in the Protection Free-Form L ogic Settings shownin
Figure 4.68.

Comments begin with the # character (see Fixed SELoGIC
Control Equations on page R.3.4).
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® Protection Logic 1
Group 2

Group 3

Group 4

Group 5
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Automation Logic
Outputs

Front Panel

Feport

DMP MAP Settings
Part 1

Pratection SELogic Row 008
|F'LTDBF| :=PBE_PUL AND PLTOG
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P51 = TSOK|

Pratection SELogic Row 011

Pratection SELogic Row 072
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Figure 4.68 Programming a PSV in ACSELERATOR QuickSet

Step 6.  Configure a control output to alarm aloss of HIRIG mode.

a

In the Settings tree view, double-click Outputs and
then click Main Board (see Figure 4.69).

Inthe OUT 108 Main Boar d Outputstext box, enter
the OR NOT PSV01 condition to the preexisting
OUT108 := NOT (SALARM OR HALARM) equation,
as shown in Figure 4.609.
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@ Mirrored Bits Transt
Front Panel

Feport

DMP MAP Settings
Communications Ports

Main Board Outputs

Main Board Dutputs

OUTI107 kain Board Output OUT101
|[3PT OR TPA1]AMD NOT PLTO4 #THREE POLE TRIP

OUT102 Main Board Output OUT102
|[3PT OR TPA1]AMD NOT PLTO4 #THREE POLE TRIP

OUT103 Main Board Output OUT103
|BK‘IELAND MOT PLTO4 #BREAKER CLOSE COMMAND

OUT104 Main Board Output OLUT104
|KEY AND PLTOZ2 AND MOT PLTO4 #KEY T

OUT105 Main Board Output OUT105
[Ma

OUT106 kain Board Output OUT 106
[Ma

OUTA07 Main Board Output OUT107
|F'LTD4 HREL&Y TEST MODE

OUT108 Main Board Output OUT108
|NDT [SALARM OF HALARM OR MOT PSYO1)

R TR (R TR R R T

Figure 4.69 Setting OUT108 in ACSELERATOR QuickSet

Step 7. Click File > Save to save the new settings in ACSELERATOR
QuickSet.

Step 8. Upload the new settings to the SEL-421.

a

User's Guide

Click File> Send.

ACSELERATOR QuickSet prompts you for the settings
class or instance you want to send to the relay.

Click the check box for Group 1 check box and the
Output check box, as shown in the first dialog box of
Figure 4.56.

Click OK.

ACSELERATOR QuickSet responds with a display
similar to the second dialog box of Figure 4.56.

Date Code 20111215



Basic Relay Operations | U.4.79
Readying the Relay for Field Application

If you see no error message, the new settings are loaded
in the relay.

To confirm that you have prepared an out-of synchronization/loss of HIRIG
mode alarm, disconnect the IRIG-B input. The relay alarm will activate.

Readying the Relay for Field Application

Before applying the SEL-421 in your power system, set the relay for your
particular field application. Be sure to modify the relay factory default settings
for your power system conditions to enable relay features to help you protect
and control your system.

This procedureis a guide to help you ready the relay for field application. If
you are unfamiliar with the steps in this procedure, see the many relay usage
examples presented in this section. This is a suggested procedure; modify the
procedure as necessary to conform to your standard company practices.

Step 1.  Open the appropriate low-voltage breaker(s) and remove fuses
to verify removal of control power and ac signals from the
SEL-421.

Step 2. Isolate the relay TRIP control output.

Step 3. Perform point-to-point continuity checks on the circuits
associated with the SEL-421 to verify the accuracy and
correctness of the ac and dc connections.

Step 4. Apply power to the relay (see Connecting and Applying Power
on page U.4.3).

The green ENABLED LED on the front panel will illuminate.

Step 5. Usean SEL Cable C234A to connect a serial terminal to the
relay.

Step 6. Start the terminal (usually a PC with terminal emulation
software).

Step 7. Establish communication with the relay at Access Level 0.

Step 8. Proceed to Access Level 2 (see Changing the Default
Passwords on page U.4.6).

Step 9.  Change the default passwords (see Changing the Default
Passwords on page U.4.6).

Step 10. Set the DATE and TIME (see Making Smple Settings Changes
on page U.4.13).

Step 11. Usetest sources to verify relay ac connections (see Examining
Metering Quantities on page U.4.33).

Step 12. Verify control input connections (see Operating the Relay
Inputs and Outputs on page U.4.56 and Control Inputs on
page U.2.5).

Step 13. Verify control output connections (see Operating the Relay
Inputs and Outputs on page U.4.56 and Control Outputs on
page U.2.7).

Step 14. Perform protection element tests (see Checking Relay
Operation on page U.6.24).
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Step 15. Set the relay (see Making Smple Settings Changes on
page U.4.13, Section 1: Protection Application Examplesin the
Applications Handbook, and Section 1: Protection Functionsin
the Reference Manual).

Step 16. Connect the relay for tripping/closing duty (see AC/DC
Connection Diagrams on page U.2.50).

Step 17. From Access Level 2, use acommunications terminal to issue
the commands to clear the relay data buffers (listed in
Table 4.11).

Table 4.11 Communications Port Commands That Clear Relay Buffers

Communications Port Command Task Performed
MET RD Reset demand meter data
MET RP Reset peak demand meter data
MET RE Reset energy meter data
MET RM Reset maximum/minimum meter data
HISCA Reset event report and history buffers
SER CA Reset Sequential Events Recorder data

Step 18. Connect the secondary voltage and current inputs (see User’s
Guide Section 2: Installation).

Step 19. Usethe MET command or the ACSELERATOR QuickSet HMI
to view relay metering to confirm secondary connections (see
Examining Metering Quantities on page U.4.33).
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Section 5
Front-Panel Operations

The SEL-421 Relay front panel makes power system data collection and

system control quick and efficient. Using the front panel, you can analyze

power system operating information, view and change relay settings, and

perform relay control functions. The relay features a straightforward menu-
driven control structure presented on the front-panel liquid crystal display

(LCD). Front-panel targets and other LED indicators give a quick look at
SEL-421 operation status. You can perform often-used control actions rapidly

by using the large direct-action pushbuttons. All of these features help you

operate the relay from the front panel and include:

>
>
>
>

Reading metering
Inspecting targets
Accessing settings

Controlling relay operations

This section includes the following:

>

Y Y VYY

Front-Panel Layout on page U.5.2

Front-Panel Menus and Screens on page U.5.13
Front-Panel Automatic Messages on page U.5.34
Operation and Target LEDs on page U.5.36

Front-Panel Operator Control Pushbuttons on page U.5.40

User's Guide
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Front-Panel Layout

SEL-421 Relay

The front panel for the horizontal 3U (3 rack unit) SEL-421 configuration is
shown in Figure 5.1 (other configurations are similar).

Liquid Crystal ) i
Display (LCD) Operation Direct-Action
EIA-232  and Navigation and Trip Pushbuttons
Serial Port  Pushbuttons Target LEDs  and Indicators
(] Y Y )
o o@Do - Qe SEL-421 o
® @®® S o
@ B &
o o= o, o
- O zonea O 79 Lockout

Figure 5.1 SEL-421Front Panel (8 pushbutton model)

The front panel for the horizontal 5U (5-rack unit) SEL-421 configured with
auxiliary {TRIP}/{CLOSE} pushbuttonsis shown in Figure 5.2.

o@Eo SEL-421 | 0 vu g BREAER
o — C o
O cLosen
O oPEN
© @ o - ®
Qb ol
o
& o= ~
o
o ~ TRIP
. O]
o| ® ® o

i4087a

Figure 5.2 SEL-421 Front Panel (12 pushbutton model)

A 128 x 128 pixel LCD (liquid crystal display) shows relay operating data
including event summaries, metering, settings, and relay self-test information.

Six navigation pushbuttons adjacent to the LCD window control the relay
menus and information screens. Sequentialy rotating display screensrelate
important power system metering parameters; you can easily change this
ROTATING DISPLAY to suit your particular on-site monitoring needs. Use a
simple and efficient menu structure to operate the relay from the front panel.
With these menus you can quickly access SEL-421 metering, control, and
settings.

Front-panel LEDs (light emitting diodes) indicate the relay operating status.
You can confirm that the SEL-421 is operational by viewing the ENABLED
LED. Therelay illuminatesthe TRIP LED target to indicate a tripping incident.
Therelay isfactory programmed for particular relay elementsto illuminate
the other target LEDs. You can program these target L EDs to show the results
of the most recent relay trip event. The asserted and deasserted colors for the
LEDs are programmable.
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Select SEL-421 models feature auxiliary {TRIP}/{CLOSE} pushbuttons. These
pushbuttons are electrically isolated from the rest of the relay. See Auxiliary
{TRIP} {CLOSE} Pushbutton and Breaker Satus LED Jumpers (select models
only) on page U.2.29 for more information about this feature.

The SEL-421 front panel features large operator control pushbutton switches
with annunciator LEDs that facilitate local control. Factory default settings
associate specific relay functions with these direct-action pushbuttons and
LEDs. Using SELoGIc® control equations or front-panel settings PBn_HMI,
you can readily change the default direct-action pushbutton functions and
LED indicationsto fit your specific control and operational needs. Change the
pushbutton and pushbutton LED labels with the slide-in labels adjacent to the
pushbuttons. The asserted and deasserted colors for the LEDs are
programmable.

The SEL-421 front panel includes an EIA-232 serial port (labeled PORT F) for
connecting acommunicationstermina or using the ACSEL ERATOR QuickSet®
SEL -5030 software program. Use the common EIA-232 open ASCI|
communications protocol to communicate with the relay via front-panel

PORT F. Other communi cations protocol s available with the front-panel port are
MIRRORED BITS® communications, and DNP3. For more information on
communications protocols and PORT F, see Communications Ports Connections
on page U.2.47 and Serial Communication on page R.4.2.

Front-Panel LCD The LCD isthe prominent feature of the SEL-421 front panel. Figure 5.3
shows the areas contained in the LCD:

» Titlearea

» Mainarea

» Message area
» Scroll bars

The scroll bars are present only when a display has multiple screens.

Navigation
Pushbuttons

Title Area *

Main Area @ @

Scroll Bars @ S
Message Area

Figure 5.3 LCD Display and Navigation Pushbuttons

Front-Panel Inactivity Time Out

An LCD backlight illuminates the screen when you press any front-panel
pushbutton. This backlight extinguishes after a front-panel inactivity time out.
You can control the duration of the time out with relay setting FP_TO, listed in
Table 5.1.
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Navigating the Menus

SEL-421 Relay

To set FP_TO, usethe SET F (set front panel) settings from any
communications port or use the Front Panel branch of the ACSELERATOR
QuickSet Settingstree view. The maximum backlight timeis one hour. Obtain
this 60-minute maximum backlight time by setting FP_TO to 60 or to OFF.
When the front-panel times out, the relay displays an automatic ROTATING
DISPLAY, described later in this section under Screen Scrolling on page U.5.5.

Table 5.1 Front-Panel Inactivity Time-Out Setting

Name Description Range Default

FP_TO Front-panel display time-out OFF, 1-60 minutes | 15 minutes

The SEL-421 front panel presents a menu system for accessing metering,
settings, and control functions. Use the LCD and the six pushbuttons adjacent
to the display (see Figure 5.3) to navigate these front-panel menus.

The navigation pushbutton names and functions are the following:
» {ESC}—Escape pushbutton
» {ENT}—Enter pushbutton

> {Left Arrow}, {Right Arrow}, {Up Arrow}, and {Down Arrow}—
Navigation pushbuttons

Menus show lists of itemsthat display information or control the relay. A
rectangular box around an action or choice indicates the menu item you have
selected. This rectangular box is the menu item highlight.

Figure 5.4 shows an example of the highlighted item RELAY ELEMENTS inthe
MAIN MENU. When you highlight a menu item, pressing the {ENT} pushbutton
selects the highlighted item.

MAIN MENU

METER

EVENTS

BREAKER MONITOR

LOCAL CONTROL
SET/SHOW

RELAY STATUS

VIEW CONFIGURATION
DISPLAY TEST

RESET ACCESS LEVEL

Figure 5.4 RELAY ELEMENTS Highlighted in MAIN MENU

The {Up Arrow} pushbutton and {Down Arrow} pushbutton scroll the highlight
box to the previous or next menu selection, respectively. When there is more
than one screen of menu items, pressing {Up Arrow} while at the first menu
item causes the display to show the previous set of full-screen menu items,
with the last menu item highlighted. Pressing {Down Arrow} while at the bottom
menu item causes the display to show the next set of full-screen menu items,
with the first menu item highlighted.

Pressing the {ESC} pushbutton reverts the LCD display to the previous screen.
Pressing {ESC} repeatedly returns you to the MAIN MENU. If a status warning,
alarm condition, or event condition is active (not acknowledged or reset), the
relay displaysthe full-screen status warning, alarm screen, or trip event screen
in place of the MATN MENU.
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Screen ScroIIinq The SEL—421_has two screen scrolling mod_es: autoscrolling mode and
manual-scrolling mode. After front-panel time out, the LCD presents each of
the display screens in this sequence:

» Any active (filled) alarm points screens
» Any active (filled) display points screens
» Enabled metering screens

Therelay displays enabled metering screens in the order listed in Table 5.2.
(see Figure 5.19 for samples of the metering screens.) This sequence
comprisesthe ROTATING DISPLAY.

Table 5.2 Metering Screens Enable Settings

Name Description Range Default
RMS V RMS Line Voltage Screen Y,N N
RMS | RMS Line Current Screen2 Y, N Y
RMS VPP RMS Line Voltage Phase-to-Phase Screen Y,N N
RMS W RMS Active Power Screen Y, N N
FUNDVAR Fundamental Reactive Power Screen Y,N N
RMS VA RMS Apparent Power Screen Y, N N

NOTE: The initial dlsplay can RMS PF RMS POWEI’ FaCtOI’ &:reen Y N N

present only the RMS_I line current — !

screen. This can occur when you have RMS BK1 RMS Breaker 1 Currents Screen Y N N

not enabled any of the metering - '

screens, alarm points, and display RMS BK2 | RMS Breaker 2 Currents Screen Y,N N

points. -
STA_BAT Station Battery Screen Y, N N
FUND_VI Fundamental Voltage and Current Screen? Y,N Y
FUNDSEQ Fundamental Sequence Quantities Screen Y, N N
FUND_BK Fundamental Breaker Currents Screen Y, N N

a The default displays are RMS_l and FUND_VI.

Use the front-panel settings (the SET F command from a communications
port or the Front Panel settingsin ACSELERATOR QuickSet) to access the
metering screen enables. Entering aY (Yes) for a metering screen enable
setting causes the corresponding metering screen to appear in the ROTATING
DISPLAY. Entering an N (No) hides the metering screen from presentation in
the ROTATING DISPLAY. Figure 5.5 shows asample ROTATING DISPLAY
consisting of an example alarm points screen, an example display points
screen, and the two factory-default metering screens, RMS | and FUND_VI
(the screen valuesin Figure 5.5 are representative values).
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PR

ROTATING DISPLAY
*Circuit BK1 SF6 Gas

Press « for menu

Y

ROTATING DISPLAY

Circuit Breaker 1
--Closed--

Circuit BK1 SF6 Gas
--Alarm--

Circuit Breaker 2
PH= 119.6 A pri

SF6 ALARM

Press « for menu

Y

ROTATING DISPLAY
Line Current (A) RMS

= 119.6
= 119.7 I
ic= 119.5

rreg = 60 .00 w2

Press ¢ for menu

Y

ROTATING DISPLAY )
Line Quantities FUND

Voltage (kV)
VA = 130.4 + 6°

VB = 130.3  -114°

VC = 130.5 -126°
Current (A)

IA = 119.6 35°

IB = 119.7 -95°

IC = 119.5 155°
FREQ = 60.00 Hz

Press ¢ for menu

]

Figure 5.5 Sample ROTATING DISPLAY

The active alarm points are the first set of screens displayed in the ROTATING
DISPLAY (see Alarm Points on page U.5.7). Each alarm points screen shows as
many as 11 alarm conditions. The SEL-421 can present a maximum of 6 alarm
points screens.

The active display points are the second set of screensin the ROTATING
DISPLAY (see Display Points on page U.5.10). Each display points screen
shows as many as 11 enabled display points. (With 96 display points, the
SEL -421 can present a maximum of 9 display points screens.) If adisplay
point does not have text to display, the screen space for that display point is
maintained.
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Autoscrolling Mode

Autoscrolling mode shows each screen for a user-settable period of time.
Front-panel setting SCROLD defines the period of time each screen is shown.
When you first apply power to the relay, the LCD shows the autoscrolling
ROTATING DISPLAY. With SCROLD := OFF the screen remains on the first
screen in the rotating display order, automatic rotation of additional screensis
disabled.

The autoscrolling ROTATING DISPLAY also appears after a front-panel
inactivity time out (see Front-Panel Inactivity Time Out on page U.5.3). The
relay retrieves data prior to displaying each new screen. The relay does not
update screen information during the display interval. At any time during
autoscrolling mode, pressing {ENT} takes you to the MATN MENU. Pressing any
of the four navigation pushbuttons switches the display to manual-scrolling
mode.

Manual-Scrolling Mode

In the manual-scrolling mode you can use the directional navigation arrow
pushbuttons to select the next or previous screen. Pressing the {Down Arrow} or
{Right Arrow} pushbuttons switches the display to the next screen; pressing the
{Up Arrow} or {Left Arrow} pushbuttons switches the display to the previous
screen.

In manual-scrolling mode, the display shows arrows at the top and bottom of
the vertical scroll bar. The screen arrows indicate that you can navigate
between the different screens at will. The relay retrieves data prior to
displaying each new screen. Unlike the autoscrolling mode, the relay
continues to update screen information while you view it in the manual-
scrolling mode. To return to autoscrolling mode, press {ESC} or wait for a
front-panel time out.

Alarm Points You can display messages on the SEL-421 front-panel LCD that indicate
alarm conditions in the power system. The relay uses alarm pointsto place
these messages on the LCD.

Figure 5.6 shows a sample alarm points screen. Therelay is capable of
displaying up to 66 alarm points. The relay automatically displays new aarm
points while in manual-scrolling mode and in autoscrolling mode. While you
navigate the HMI menu structure, the relay does not automatically display the
alarm points. Instead, ALARM EVENT displaysin the footer. When you escape
the HMI menu structure, the relay will display the alarm points screen.

ALARM POINTS
*Circuit BK1 SF6 Gas

Press « to acknldge

Figure 5.6 Sample Alarm Points Screen

The alarm point setting is an element of the SER settings. To enable an alarm
point, enable the HMI alarm parameter of the SER Point Settingslisted in
Table 5.3. The format for entering the SER point datais the following comma-
delimited string:
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Relay Word Bit, Reporting Name, Set State Name, Clear State Name,
HMI Alarm

Names can contain any valid ASCII character. Enclose the name within
double quotation marks. See Example 5.1 for particular information on the
format for entering SER point data.

Table 5.3 SER Point Settings

Description Range

Relay Word Bit Any valid relay element

Reporting Name 20-character maximum ASCI| string
Set State Name (logical 1) 20-character maximum ASCI| string
Clear State Name (logical 0) 20-character maximum ASCI| string
HMI Alarm Y,N

If you enter a Relay Word bit that does not match avalid relay element, the
relay displays: Unknown relay word reference. If you enter an aliasor name
that istoo long, therelay displays: Alias Tabel too long.

The relay displays alarm pointsin a similar fashion as the SER. Up to 19
characters of the given alias are displayed, with a character reserved for the
“* " The asterisk denotesif the element is asserted. Initially, an alarm point
must be asserted in order to be displayed; after the corresponding element
deasserts, the asterisk isremoved, but the aliasis not. Therelay displaysalarm
points in reverse chronological order, just asin the SER, with the most
recently asserted alarm displayed on the top. Deasserted alarms may be
removed from the display with user acknowledgement, as shown in

Example 5.1.

EXAMPLE 5.1 Creating an Alarm Point

Alarm points screens provide operator feedback about the status of
system conditions. An alarm points screen contains 11 alarm points;
this example demonstrates a method to set the alarm point message
that is shown in Figure 5.6. This example is based on the Relay Word
bit IN101 asserting when circuit breaker 1is in an alarm condition.

In the Report settings (SETR), enter the following after the SER Points
line 1 prompt:
1: IN101,"Circuit BK1 SF6 Gas","Alarm","Normal","Y"

The circuit breaker alarm condition is indicated by the set state,
“Alarm,"” and the circuit breaker normal condition is indicated by the
clear state “Normal.” The HMI Alarm parameter is set to “Y" in order
to enable alarm points screen display of this element.

While in the scrolling mode, the assertion of IN101 will cause
Figure 5.6 to automatically display. Upon the deassertion of IN101, the
asterisk will disappear, as in Figure 5.7.
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ALARM POINTS
Circuit BK1 SF6 Gas

Press « to acknldge

Figure 5.7 Deasserted Alarm Point

Pressing the {ENT} pushbutton will allow the user to acknowledge and
clear deasserted alarms. Before clearing, you will be prompted to
confirm that this is the intended action, as shown in Figure 5.8.

ALARM POINTS
Circuit BK1 SF6 Gas

Are you sure you
want” to clear

inactive alarms?
Press ¢ to clear

Press « to acknldge

Figure 5.8 Clear Alarm Point Confirmation Screen

In the case that all alarms are deasserted, pressing the {ENT}
pushbutton will allow the user to acknowledge and clear all alarms.
After clearing, you will see a screen showing the results of the action,
as depicted in Figure 5.9.

ALARM POINTS
NO ALARM POINTS
EXIST.

Figure 5.9 No Alarm Points Screen

Alarm points are not updated for a particular element if it has been
deleted from the SER due to chatter criteria (see Automatic Deletion
and Reinsertion on page A.3.36). Upon reinsertion, the element state
will be updated on the alarm point display. If the relay enters a period
of SER data loss, the status of alarm points cannot be determined.
The screen shown in Figure 5.10 will appear until you exit the data
loss condition, at which point the alarm point elements will be polled
and displayed if asserted. Subsequent alarm point assertions will be
displayed above the data loss message.

ALARM PO NTS
##SER DATA LOSSH#

Press « to acknl dge

Figure 5.10 Alarm Points Data Loss Screen
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You can display messages on the SEL-421 front-panel LCD that indicate
conditions in the power system. The relay uses display points to place these
messages on the LCD.

Figure 5.11 shows a sample display points screen. Display points can show
the status of Relay Word bits or display the value of analog quantities. The
relay has 96 possible display points; Table 5.4 and Table 5.5 list the display
points settings. The relay updates the display points data once per second if
you are viewing the display pointsin manual-scrolling mode; in autoscrolling
mode the relay updates the display points information each time the screen
appearsinthe ROTATING DISPLAY sequence.

DISPLAY POINTS

Circuit Breaker 1
--Closed--

Circuit BK1 SF6 Gas
--Alarm--

Circuit Breaker 2
A PH= 119.6 A pri

SF6 ALARM

Al Se—

Figure 5.1 Sample Display Points Screen

To enable adisplay point, enter the display point settingslisted in Table 5.4 or
Table 5.5. All display points occupy one, and only one, line on the display at
all times. The height of the line is determined by the “ Text Size” setting
parameter. Display points of single-line height span one screen in total width.
Display points of double-line height span two screensin total width. You can
use multiple display pointsto simulate multiple lines.

Use the following syntax to display the given Relay Word bit exactly as seen
in the navigational menu (name and value).

DPxx := Name

Use the following syntax to display the given Relay Word bit as seen in the
navigationa menu, replacing the name of the value with the given aias string.
The text size determinesiif the display will bein single font or double font. If
the text size is empty, the display will bein single font.

DPxx := Name, “Alias"”, “Text Size"

Use the following syntax to display the given Relay Word bit with the given
adlias. If the Relay Word bit is asserted (logical 1), the LCD displays the set
string in the place of the value. If the Relay Word bit is deasserted (logical 0),
the LCD displaysthe clear string in the place of the value. One or all of Alias,
Set String, or Clear String can be empty. If Aliasis empty, then the LCD
displays only the Set or Clear Strings. If either Set String or Clear String is
empty, then an empty lineis displayed when the bit matches that state. The
text size determines if the display will bein single font or double font. If the
text size is empty, the display will bein single font.

DPxx := Name, “Alias"”, “Set String"”, “Clear String", “Text Size"

Use the following syntax to display the given anal og quantity with the given
text and formatting. Formatting must be in the form { Width.Decimal,Scale}
with the value of Name, scaled by “ Scale,” formatted with total width “Width”
and “Decimal” decimal places. The width value includes the decimal point
and sign character, if applicable. The “ Scale” valueis optiona; if omitted, the
scale factor is processed as 1. If the numeric valueis smaller than thefield size
requested, the field is padded with spaces to the left of the number. If the
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numeric value will not fit within the field width given, “$” characters are
displayed. Thetext size determinesif the display will be in single font or
double font. If the text size is empty, the display will be in single font.

DPxx := Name, “Text1 {Width.Decimal,Scale} Text2", ““Text Size"

Table 5.4 Display Point Settings—Boolean

Description

Range

Relay Word Bit Name
Alias

Set String

Clear String

Text Size

Reference Manual, Appendix A: Relay Word Bits

ASCII string
ASCII string
ASCII string
S,D

Table 5.5 Display Point Se

ttings—Analog

Description

Range

Analog Quantity Name
User Text and Formatting

Text Size

Reference Manual, Appendix B: Analog Quantities

ASCII string
S D

Table 5.6 Display Point Settings—Boolean and Analog Examples

Example Display Point Setting Value

Example Display

12345678901234567890
IN101 IN101=1

IN101=0
MWHAIN,*“{7.2}" 1234.56
50P1,0vercurrent,, Overcurrent=1

PSVv01,Control,On,Off

PSV02,Breaker, Tripped,

50P1,,,Overcurrent

MWHAIN,“A Ph Import={7.2}”
MWHAIN,“A Ph Import={7.3}”
MWHAIN,“A Ph Imp {4} MWh"

PAD,“{7.2}"
PAD,"A Ph Dem Pwr={4.1}"
ICD,"C Demand={5}”

ICD,"“C Demand={4.2,0.001} kA”

MWHAOQUT,“A Phase Out={
MWHAOUT,“A Phase Out={
1,“Fixed Text”

0, Fixed Text”

1,

0,

3, 1000}”
3, 1000} kWh

Overcurrent=0

Control=0n
Control=0ff

Breaker=Tripped
Empty Line

Empty Line
Overcurrent

A Ph Import=1234.56
A Ph Import=$$$.$$$
A Ph Imp 1234MWh
1234.56

A Ph Dem Pwr=1234.5
C Demand= 1230

C Demand=1.23 kA

A Phase Qut=1234

A Phase Qut=$$$ kWh
Fixed Text

Fixed Text

Empty Line

Empty Line

Display Point is hidden
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If you enter a Relay Word hit or analog quantity that does not match avalid
relay element, therelay displays Invalid element. If you enter adisplay
point that exceeds the allowable length, the relay displays. Too many
characters. If you enter an invalid scale factor, invalid width, too many
parameters, or omit necessary quotation marks or brackets, the relay displays
an error message. If a display point was used previously and you want to
remove the display point, you can delete the display point. In the Front Panel
settings (SET F), at the Display Points and Aliases prompt, use the text-edit
mode line editing commands to set the display points (see Text-Edit Mode
Line Editing on page U.4.18 for information on text-edit mode line editing).
To delete Display Point 1, type DELETE <Enter> at the Front Panel settings
Line 1 prompt.

EXAMPLE 5.2 Creating a Display Point

Display points screens provide operator feedback about the readiness
of equipment connected to the SEL-421. A display points screen
contains 11 display points; this example demonstrates a method to set
the display point messages that are shown in Figure 5.11. The SEL-421
in this example has an additional I/0 interface board.

This example is based on a three-pole circuit breaker, with breaker
input settings entered as shown in Setting a Control Input for Circuit
Breaker Auxiliary Contacts (52A): ACSELERATOR QuickSet on

page U.4.67. The Relay Word bit 52AA1 will assert when Circuit
Breaker 1is in the closed position.

IN109 will assert when Circuit Breaker 1is in an alarm condition.
B2IAFIM is the filtered instantaneous magnitude for the A-Phase
current through Circuit Breaker 2.

In the Front Panel settings (SET F), enter the following after the
Display Points and Aliases line 1 prompt:

1. 1,"Circuit Breaker 1"

52AA1,," --Closed--"," --Open--"'
0

0,"Circuit BK1 SF6 Gas"

IN109,,"” --Alarm--"," --Normal--""
1

1,"Circuit Breaker 2"

B2IAFIM,” A PH={6.1,1} A pri"
IN109,,”SF6 ALARM", D

o o = oy gk w Y

Fixed text is set by assigning an alias to a “1" or “0.” Blank lines are
set by assigning a blank alias to a “1" or “0." The circuit breaker
closed condition is indicated by the set state, “ --Closed--" where
leading spaces are added to center the set state message. Add a clear
state named “ --Open--" to show that the circuit breaker is open. The
circuit breaker alarm condition is indicated by the set state,

" --Alarm--" where leading spaces are added to center the set state
message. Add a clear state named " --Normal--" to show that the
circuit breaker is not in alarm. User text “ A PH="and “A pri" allows
for customized display of the Circuit Breaker 2 A-Phase current,
which has been formatted to display numerically as XXXX.X. Double
font display is used to give greater visibility to the SF6 Alarm. A
horizontal scroll appears while in manual-scrolling mode regardless of
whether or not the display point label width requires two full screens
to display.
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EXAMPLE 5.3 Monitoring Test Modes With Display Points

This example uses the Relay Word bit TESTFM (Fast Meter test
running) to activate a front-panel display point that alerts an on-site
operator that the relay is in Fast Meter test mode.

In the Front Panel settings (SETF), enter the following after the line 10
prompt:

10: TESTFM,,"“FAST METER TEST!I!"

The LCD displays the screen shown in Figure 5.12 as a part of the
ROTATING DISPLAY if the Fast Meter test is running. (Instruct the
operator to view the relay front panel for messages or warnings as
the last item on a “Leaving the Substation” checklist.)

Again, this display point application example does not require a clear
state, so the clear state is blank. If the Fast Meter test is not running
and no other display points are active, the relay shows a blank screen
in the ROTATING DISPLAY.

ROTATING DISPLAY

FAST METER TESTI!II!

Press ¢ for menu

Figure 5.12 Fast Meter Display Points Sample Screen

Front-Panel Menus and Screens

Support Screens

Date Code 20111215

Operate the SEL-421 front panel through a sequence of menus that you view
on the front-panel display. The MAIN MENU isthe introductory menu for other
front-panel menus (see Figure 5.4). These additional menus allow you on-site
access to metering, control, and settings for configuring the SEL-421 to your
specific application needs. Use the following menus and screens to set the
relay, perform local control actions, and read metering:

» Support Screens
> Contrast
>  Password

» MAIN MENU

METER

EVENTS

BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW

RELAY STATUS

VIEW CONFIGURATION
DISPLAY TEST

RESET ACCESS LEVEL

Y

YYVYVYYVVYYVYY

Therelay displays special screens over the top of the menu or screen that you
are using to control therelay or view data. These screens are the contrast
adjustment screen and the PASSWORD REQUIRED screen.

User's Guide SEL-421 Relay
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Contrast

Password

/AWARNING

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

SEL-421 Relay

You can adjust the LCD screen contrast to suit your viewing angle and
lighting conditions. To change screen contrast, press and hold the {ESC}
pushbutton for one second. The relay displays a contrast adjustment box
superimposed over the display.

Figure 5.13 shows the contrast adjustment box with the MAIN MENU screenin
the background. Pressing the {Right Arrow} pushbutton increases the contrast.
Pressing the {Left Arrow} pushbutton decreases the screen contrast. When
finished adjusting the screen contrast, press the {ENT} pushbutton.

MAIN MENU

METER
EVENTS

«Adjust Contrast»

ress ¢ wnen aone

RELAY STATUS
VIEW CONFIGURATION
DISPLAY TEST
RESET ACCESS LEVEL

Figure 5.13 Contrast Adjustment

The SEL-421 uses passwords to control access to settings and control menus.
Therelay has six access-level passwords. See Changing the Default
Passwords on page U.4.6 for more information on access levels and setting
passwords. The SEL-421 front panel isat Access Level 1 upon initial power-
up and after front-panel time out.

Password validation occurs only when you request amenu function that isat a
higher access level than the presently authorized level. At this point, the relay
displays a password entry screen, shown in Figure 5.14. This screen has a
blank password field and an area containing a phabetic, numeric, and special
password characters with a movable highlight box.

Password Required /P@SSWOFd
[} -— | Field
[ABCDEFGH
I1JKLMNOP
QRSTUVWX
YZabcdefF
ghijklImn
opgrstuv
wxyz01l23
456789 _— .

ACCEPT BACKSPACE

Figure 5.14 Enter Password Screen

Enter the password by pressing the navigation pushbuttons to move the
highlight box through the alphanumeric field. When at the desired character,
press {ENT}. The relay enters the selected character in the password field and
moves the dark box cursor one space to the right. You can backspace at any
time by highlighting the BACKSPACE character and then pressing {ENT}. When
finished, enter the password by highlighting the ACCEPT option and then
pressing {ENT}.

If you entered avalid password for an access level greater than or equal to the
required access level, the relay authorizes front-panel accessto the
combination of access levels (new level and all lower levels) for which the
password is valid. The relay replaces the password screen with the menu
screen that was active before the password validation routine. When you enter
AccessLevelsB, P, A, O, and 2, the Relay Word bit SALARM pulses for one
second.
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If you did not enter avalid password, the relay displaysthe error screen shown
in Figure 5.15. Entering a valid password for an access level below the
required access level also causesthe relay to generate the error screen. In both
password failure cases, the relay does not change the front-panel access level
(it does not reset to Access Level 1 if at ahigher accesslevel). Therelay
displaysthe PASSWORD INVALID screen for five seconds. If you do not want to
wait for the relay to remove the message, press any of the six navigational
pushbuttons during the five-second error message to return to the previous
screen in which you were working.

Password Invalid

The Password Entered
Is Not Sufficient for
The Required Access
Level .

Figure 5.15 Invalid Password Screen

TheMAIN MENU isthe starting point for al other front-panel menus. The relay
MAIN MENU isshown in Figure 5.16. When the front-panel LCD isin the
ROTATING DISPLAY, pressthe {ENT} pushbutton to show the MAIN MENU.

AIN MENU

ETER

EVENTS

BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW

RELAY STATUS

VIEW CONFIGURATION
DISPLAY TEST

RESET ACCESS LEVEL

Figure 5.16 MAIN MENU

The SEL-421 displays metering screens on the LCD. Highlight METER on the
MAIN MENU screen to select these screens. The METER MENU, shownin

Figure 5.17, allows you to choose the following metering screens
corresponding to the relay metering modes:

RMS METER

FUNDAMENTAL METER

DEMAND METER (if enabled)
ENERGY METER
MAX/MIN

SYNCHRONISM CHECK (if enabled)

Y YYY VYY
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NOTE: Global settings ESS (Enable
Source Selection) and NUMBK
(Number of Circuit Breakers) affect
how the SEL-421 determines the line
current and the voltage source for
protection functions (directional

elements, load encroachment, out-of-
step logic, distance element, and loss-

of-potential).

SEL-421 Relay

METER MENU METER MENU
FUNDAMENTAL METER FUNDAMENTAL METER
DEMAND METER ENERGY METER
ENERGY METER MAX/MIN

MAX/MIN

SYNCHRONISM CHECK

Demand Meter Enabled No Synchronism Check
(EDEM := ROL or No Demand Metering
EDEM := THM) (E25BK1:= N)
Synchronism Check Enabled (E25BK2 := N)
(E25BK1:= Y or (EDEM := OFF)
E25BK2 = Y)

Figure 5.17 METER MENU Screens

Combinations of relay Global settings ESS and NUMBK give you metering
datafor Line, Circuit Breaker 1, and Circuit Breaker 2 when you view RMS
METER, FUNDAMENTAL METER, and MAX/MIN metering screens. Therelay shows
the METER SUBMENU of Figure 5.18 so you can choose the line or circuit
breaker data that you want to display.

For example, if you have two sources feeding a transmission line through two
circuit breakers and you set ESS := 3, NUMBK := 2, then the SEL-421
measures BREAKER 1 currents, BREAKER 2 currents, and combined (Circuit
Breakers 1 and 2) currentsfor LINE. Therelay displaysthe METER SUBMENU
screen when you make this settings configuration.

Other combinations of settings ESS and NUMBK do not require separate
circuit breaker metering screens; for these configurations, the relay does not
present the METER SUBMENU screen. See Current and Voltage Source Selection
on page R.1.2 and Global Settings on page R.10.4 for information on
configuring global settings ESS, NUMBK, LINEI, BK1l, and BK2l.

METER SUBMENU
[CINE

BREAKER 1
BREAKER 2

Figure 5.18 METER SUBMENU

The relay presents the meter screensin the order shown in each column of
Figure 5.19 and Figure 5.20. Once you have selected the type of metering data
to display (RMS METER, FUNDAMENTAL METER, DEMAND METER, ENERGY METER,
MAX/MIN, Or SYNCHRONISM CHECK), you can scroll through the particular
display column by pressing the {Down Arrow} pushbutton. Return to a
previously viewed screen in each column by pressing the {Up Arrow}
pushbutton. Press {ESC} to revert the LCD screen to the METER SUBMENU and
METER MENU screens.

The metering screens show reset optionsfor the MAX/MIN, ENERGY METER, PEAK
DEMAND METER, and DEMAND METER metering quantities at the end of each
screen column. Use the {Left Arrow} and {Right Arrow} pushbuttons to select a
NO or YES response to the reset prompt, and then press {ENT} to reset the
metering quantity.
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LINE METERING

RMS LINE METER a FUND LINE METER - DEMAND METER a
VOLTAGE (kV) VOLTAGE (kV) CURRENTS (A)
VA = X XXX.X VA = X XXX.X +Xxx° IA PEAK = XXX XXX.X
VB = X XXX.X VB = X XXX.X +xXxx° DEM = XXX XXX.X
VC = X XXX.X VC = X XXX.X +xxx° IB PEAK = XXX XXX.X
CURRENT (A) CURRENT (A) DEM = XXX XXX.X
= X XXX.X = X XXX.X +Xxx° IC PEAK = XXX XXX.X
IB = X XXX.X IB = X XXX.X +Xxx° DEM = XXX XXX.X
IC = X XXX.X IC = X XXX.X +Xxx° 312 PEAK = XXX XXX.X
FREQ = 60.00 Hz FREQ = 60.00 Hz DEM = XXX XXX.X
VDC1 = xxx.x V VDC1 = xxx.x V 310 PEAK = XXX XXX.X
VDC2 = xxX.X V VDC2 = xxX.X V DEM = XXX XXX.X
RMS LINE METER a FUND LINE METER P DEMAND METER a
VOLTAGE (kV) VOLTAGE (kV) POWER (MW)
VAB = X XXX.X VAB = X XXX.X +xXxx° A PEAK = XXX XXX.X
VBC = X XXX.X VBC = X XXX.X +XXX° DEM = XXX XXX.X
VCA = X XXX.X VCA = X XXX.X +XXX° B PEAK = XXX XXX.X
DEM = XXX XXX.X
C PEAK = XXX XXX.X
DEM = XXX XXX.X
3P PEAK = XXX XXX.X
DEM = XXX XXX.X
RMS LINE METER a FUND LINE METER o DEMAND METER a
ACTIVE POWER (MW) SEQUENCE 1 (A) POWER (MVA)
A = -XX XXX.X XXX . X +xxx A PEAK = XXX XXX.X
B = -XX XXX.X 3I2 = x XXX X XXX DEM = XXX XXX.X
C = -XX XXX.X 310 = X XXX.X +XXX° B PEAK = XXX XXX.X
3P = -XX XXX.X DEM = XXX XXX.X
REACTIVE (MVAR) SEQUENCE kVv) C PEAK = XXX XXX.X
A = -XX XXX.X = XXX . X XXX DEM = XXX XXX.X
B = -XX XXX.X 3V2 = x XXX X XXX 3P PEAK = XXX XXX.X
C = -XX XXX.X 3V0 = X XXX.X +XXX° DEM = XXX XXX.X
3P = -XX XXX.X
v v v
RMS LINE METER a FUND LINE METER A DEMAND METER a
APPARENT POWER (MVA) ACTIVE POWER (MW)
A = XX XXX.X = XX XXX.X
B = XX XXX.X B = =XX XXX.X
C = XX XXX.X C = -XX XXX.X
3P = XX XXX.X 3P = -XX XXX.X LAST PEAK DEMAND
POWER FACTOR REACTIVE (MVAR) RESET:
A = x.xx LAG A = —XX XXX.X MM/DD/YYYY HH:MM:SS
B = Xx.xx LAG B = -XX XXX.X
C = X.xx LAG C = -XX XXX.X RESET PEAK NOW?
3P = Xx.xX LAG I 3P = —XX XXX.X «NO YES»
v - v

FUND LINE METER

DEMAND METER

>

APPARENT POWER (MVA)

A = XX XXX.XX

B = XX XXX.XX

C = XX XXX.XX
3P = XX XXX.XX
POWER FACTOR

A = X.xx LEAD

B = X.xx LEAD

C = X.xx LEAD
3P = Xx.xx LEAD

LAST DEMAND RESET:
MM/DD/YYYY HH:MM:SS

RESET DEMAND NOW?
«NO YES»

4

4

BREAKER METERING

RMS BREAKER n METER

FUND BREAKER n METER

CURRENTS (A)

TA = X XXX.X
IB = X XXX.X
IC = X XXX.X

CURRENTS (A)

TA = X XXX.XX +XXX°
IB = X XXX.XX +XXx°
IC = X XXX.XX +xxx°

=1or 2, representing Circuit
Breaker 1 or Circuit Breaker 2,
respectively.

Figure 5.19 RMS, FUND, and DEMAND Metering Screens
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Events
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LINE METERING

ENERGY METER a MAX/MIN LINE a SYNCH CHECK
ENERGY IN (MWh) CURRENTS (A) VPM =  XXX.XXX V
A = XX XXX.XX IA MAX = XX XXX.X BREAKER 1
B = XX XXX.XX MIN = XX XXX.X NVSIM = XXX.Xxx V
C = XX XXX.XX IB MAX = XX XXX.X ANGLE1 = +XXX.XXX °
3P = XX XXX.XX MIN = XX XXX.X SLIP1 = XX . XXX Hz
IC MAX = XX XXX.X BREAKER 2
ENERSYXQlengz) MIN = XX XXX.X NVS2M = XXX.XXX y
B = XX XXX.XX I1 MAX = XX XXX.X ANGLE2 = +XXX.XXX
C = X XXX.XX 312 MAX = XX XXX.X SLIP2 = XX . XXX Hz
_ N 310 MAX = XX XXX.X
3P = XX XXX.XX
ENERGY METER a MAX/MIN LINE a

ENERGY TOTAL (MWh)

A = XX XXX.XX
B = XX XXX.XX
C = XX XXX.XX
3P = XX XXX.XX

LAST ENERGY RESET:
MM/DD/YYYY HH:MM:SS

RESET ENERGY NOW?
«NO] YES»H

ACTIVE POWER (MW)
3P MAX = XX XXX.X
MIN = XX XXX.X

REACTIVE (MVAR)

3P MAX = XX XXX.X
MIN = XX XXX.X

APPARENT POWER (MVA)

3P MAX = XX XXX.X
MIN = XX XXX.X

4

MAX/MIN LINE a

FREQUENCY (Hz)
MAX = XX.XX
MIN = XX.XX

LAST MAX/MIN RESET:
MM/ZDD/YYYY HH:MM:SS

RESET MAX/MIN NOW?
«NO YES»

BREAKER METERING

n=1or 2, representing Circuit
Breaker 1 or Circuit Breaker 2,

respectively.

MAX/MIN BREAKER n a

CURRENTS (A)

IA MAX = XX XXX.X
MIN = XX XXX.X
IB MAX = XX XXX.X
MIN = XX XXX.X
IC MAX = XX XXX.X
MIN = XX XXX.X

4

MAX/MIN BREAKER n a

LAST MAX/MIN RESET:
MM/DD/YYYY HH:MM:SS

RESET MAX/MIN NOW?
«Ng YES»

v

Figure 5.20 ENERGY, MAX/MIN, and SYNCH CHECK Metering Screens

The SEL-421 front panel features summary event reporting, which simplifies
post-fault analysis. These summary event reportsinclude all trip events, event
and data capture triggering (viathe ER SEL oGIc control equation), and
manual triggers. The relay displays event reports based on the Relay Word bit
elementsin the ER (event report trigger) SELOGIC control equation. See Event
Report on page A.3.12 for more information on event reports.

The front-panel event buffer sizeis 100 summaries. The relay numbers
summary eventsin order from 10000 through 42767 and displays the most
recent summaries on the LCD.

User's Guide
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You can view summary event reports from the relay front-panel display by
selecting EVENTS from the MAIN MENU. Figure 5.21 shows sample EVENT
SUMMARY screens for a phase-to-phase-to-ground fault. Use the {Right Arrow}
and {Left Arrow} pushbuttons to show each of the summary screens for the
event. Event reports can also be viewed via a front-panel automatic message
(Front-Panel Automatic Messages on page U.5.34) or programmable front-
panel operator control pushbutton (Front-Panel Operator Control Pushbuttons
on page U.5.40).

The horizontal scroll bar indicates that you can view other event 10002
screens. Use the {Up Arrow} and {Down Arrow} pushbuttons to move among the
eventsin the summary buffer. Press {ESC} to return to the MATN MENU.

EVENT SUMMARY 10002 a | |EVENT SUMMARY 10002 a | |EVENT SUMMARY 10002 a
03/15/2001 GROUP 1 TARGETS: FAULT QUANTITIES
00:00:05.387 COMM (KV/A)
ZONE 2 VA = 131 0.7:
EVENT BCG T'I PHASE B I VB = 113 -123.4 I
LOCATION: 48.47 PHASE C VC = 113 124.7°
FREQ: 60.00 GROUND
SHOT: 1P=0 3P=1 50 1A = 200 -0.5°
BK1 OPEN IB = 2478 172.3°
BK2 CLOSED IC = 2480 6.7°
IG = 212 -11.3°
(I L | |« T U | | — |
Figure 5.21 EVENT SUMMARY Screens
SER The Sequential Events Recorder records state changes of user-programmable

Relay Word bits. State changes are time-tagged for future analysis of relay
operations during an event. See SER (Sequential Events Recorder) on

page A.3.34 for more information on SER events. To view SER events from
the front panel, select EVENTS from the MAIN MENU and SER Events from the
Events Menu asshown in Figure 5.22. SER events are also viewable using
programmable front-panel operator-control pushbuttons; see Front-Panel
Operations on page U.5.1.

Figure 5.22 illustratesthe SER Events display screen. Datareported in this
screen for each event are the SER number, SER Point Alias Name, Asserted or
Deasserted state, and the Date and Time of the event. Wheninthe SER Events
screen, three SER records are displayed. Using the navigation pushbuttons,
the most recent 200 SER events are viewable on the front-panel display. The
topmost event is the most recent event and the bottommost event is the oldest.
The upper right of the screen displays the number of the SER events currently
being viewed. If anew event occurs while viewing the SER events, the display
does not update with the new event automatically. To include the new SER
event in the display, exit the SER screen by pressing {ESC} and re-enter the SER
Events screen by pressing {ENT} with the SER Events selection highlighted.
Thisrebuildsthe SER Events display and contains the latest SER events
triggered.

SER _Events 001-003 o
Local

Disabled

02/16/06 11:11:01.993

Local
Enabled
02/16/06 10:11:19.090

IN101
Asserted
02/16/06 03:22:01.988

i

Figure 5.22 SER Events Screen

If no SER events are available, Figure 5.23 is displayed.
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Breaker Monitor

SEL-421 Relay

SER Events

No SER Events
Available

Figure 5.23 No SER Events Screen

While viewing the SER events, front-panel pushbuttons provide navigation
and control functions asindicated in Table 5.7.

Table 5.7 Front-Panel Pushbutton Functions While Viewing SER Events

Pushbutton Description

{Up Arrow}, Navigates one screen at atime up or down. Each screen contains

{Down Arrow} three SER events. Accelerated scrolling is obtained when the push-
button remains pressed (see accelerated scrolling behavior below).

{Left Arrow}, Navigates between SER events to alow adjacent SER eventsto be

{Right Arrow} displayed on one screen. For example, if events 1, 2, and 3 are dis-

played, press the {Right Arrow} once to display events 2, 3, and 4 in
the same screen. No accelerated scrolling is provided with the {Left
Arrow} and {Right Arrow} pushbuttons.

{ESC} Returns to the Events Menu
{ENT} Does nothing

Hold down either the {Up Arrow} or {Down Arrow} to achieve accelerated
scrolling. Holding down the {Up Arrow} or {Down Arrow} navigates one screen at
atime for the first five screens, and then increases to five screens at atime if
the button remains pressed. Accelerated scrolling stops at the newest or ol dest
SER event record available, depending on the direction of the scrolling.

When the upper limit of the SER eventsisreached, press the {Down Arrow} one
more time and the report will wrap around to display the screen containing the
first SER event. Similarly, when the lower limit of the SER eventsis reached,
press the {Up Arrow} one more time and the report will wrap around to display
the screen containing the last SER event.

The SEL-421 features an advanced circuit breaker monitor. Select BREAKER
MONITOR screens from the MAIN MENU to view circuit breaker monitor alarm
data on the front-panel display.

Figure 5.24 shows sample breaker monitor display screens. The BKR n ALARM
COUNTER screen displays the number of times the circuit breaker exceeded
certain alarm thresholds (see Circuit Breaker Monitor on page A.2.1).

If you have two circuit breakers and have set NUMBK := 2, thealarm
submenu in Figure 5.24 appears first. Use the navigation pushbuttons to
chooseeither Circuit Breaker 10rCircuit Breaker 2.Press{ENT}toview
the selected circuit breaker monitor information. An example of the Circuit
Breaker 1 ALARM COUNTER screen for asingle-pole tripping circuit breaker is
shown on the right side of Figure 5.24.
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[BK? ALARM SUBMENU

EAKER 1
EAKER 2

A

BKR 1 ALARM COUNTER
ALARM COUNT
MECH. OP. TIME 0
ELEC. OP. TIME
-1BKR INACTIVITY
POLE SCATTER
POLE DISCREPANCY
MOTOR RUNTIME
CURRENT
INTERRUPTED

LAST RESET:
03/15/2001 00:01:00

[l elolelele]

Figure 5.24 BREAKER MONITOR Report Screens

Re|ay Elements You can view the RELAY ELEMENTS screen to check the state of the Relay Word

. bitsin the SEL-421. The relay has two unique manual-scrolling features for
(ReIay Word BItS) viewing these elements:

» Accelerated navigation
» Search

These Relay Word bit scrolling features make sel ecting elements from among
the many relay targets easy and efficient. Figure 5.25 shows an example of the
RELAY ELEMENTS screen. If an alias exists for an element, the aliasnameis
displayed instead of the element name. The asterisk (*) in Figure 5.25
indicates that this Relay Word bit position is reserved for future use.

RELAY ELEMENTS al
ROW 28 ROW 29
* *
»] *
5182T =0 *
5182 =0 =*
* *

51S1T =0 51S3T =0
5181 =0 5183 =0

[SEARCH]
Press ¢ to search v

Figure 5.25 RELAY ELEMENTS Screen

When you move item by item through the Relay Word bit table, pressing the
{Up Arrow} or {Down Arrow} pushbuttons shows each previous or next screen in
turn.

Accelerated navigation occurs when you press and hold the {Up Arrow} or
{Down Arrow} pushbuttons. Holding the {Up Arrow} or {Down Arrow} pushbuttons
repeats the regular pushbutton action at 2 rows every second for the first 10
rows. Continue pressing the {Up Arrow} or {Down Arrow} pushbutton to cause the
relay screen scrolling to accelerate to 20 rows per second. When you are
scrolling up in accelerated scrolling, scrolling will stop at the first relay
elements screen. When you are scrolling down, scrolling will stop at the last
screen.
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Local Control

SEL-421 Relay

ELEMENT SEARCH Element
- - Name
Field
|§| B C D E F
H I J K L
M N O P % R
S T U V X
Y z 01 2 3
4 5 6 7 8 9
ACCEPT  BACKSPACE

Figure 5.26 ELEMENT SEARCH Screen

Search mode alows you to find a specific relay target element quickly.
Figure 5.26 shows the menu screen that the relay displays when you select the
SEARCH option of the RELAY ELEMENTS initial menu.

When you first enter this search menu, the block cursor is at the beginning of
the element name field and the highlight box in the alphanumeric field is
around the letter A. Use the navigation pushbuttons to move through the
alphanumeric characters. If the highlight is on one of the characters, pressing
{ENT} enters the character at the block cursor location in the element name
field. Next, the block cursor moves automatically to the character placeholder
to theright. If the block cursor was already at the first character position on
the left, the block cursor remains at the end of the name field. To backspace
the cursor in the element name field, move the highlight to BACKSPACE and
press {ENT}. When you have finished entering an element name, move the
highlight to ACCEPT and press {ENT}. At any time, pressing {ESC} returns the
display tothe RELAY ELEMENTS screen.

If the highlight is on ACCEPT, the relay finds the matching relay element when
you press {ENT}. Therelay first searches for alias names, seeking an exact
match. If the relay does not find an exact alias name match, it searches for an
exact primitive name match. If there is no exact primitive name match, the
relay initiatesapartial alias name string search, followed by a partia primitive
name string search. If the relay finds no match, the screen displays an error
message and staysinthe ELEMENT SEARCH screen. If the relay finds a match,
the screen displays the element row containing the matching element.

The SEL-421 provides great flexibility in power system control through the
LOCAL CONTROL menus. You can use the front-panel LOCAL CONTROL menusto
perform these relay functions:

» Trip and close circuit breakers (password required)

» Assert, deassert, and pulse relay control outputs to command
station control actions

» Test relay outputs (password required)

Inthefirst LOCAL CONTROL submenu of Figure 5.27, you can choose BREAKER
CONTROL, LOCAL BITS CONTROL, Or QUTPUT TESTING. You must install the
circuit breaker control enable jumper to enable circuit breaker control and
output testing capability (see Operating the Relay Inputs and Outputs on
page U.4.56 and Password and Circuit Breaker Jumpers on page U.2.18). The
submenu will not display the - -BREAKER CONTROL - - option and the - -0UTPUT
TESTING- - option if the breaker jumper is not installed. (The relay checksthe
status of the breaker jumper whenever you activate the front-panel settingsand
at power-up.) If the breaker jumper is not installed, and there are no local bits
enabled, the relay displays an information message when you attempt to enter
LOCAL CONTROL and the screen returnsto the MAIN MENU after a short delay.
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Local bit names that you have programmed (see Example 5.4) appear in the
local control bit names field between - -BREAKER CONTROL-- and --0UTPUT
TESTING--, asshown in Figure 5.27. Use the {Up Arrow} and {Down Arrow}
pushbuttonsto highlight thelocal control action you want to perform. Pressing
{ENT} takes you to the specific LOCAL CONTROL screen.

LOCAL CONTROL
F=BREAKER CONTROL--_|
Enable Bus Switching
North Bus MOD

South Bus MOD

Bus Tie Interlock
Alternate Settings 3
--OUTPUT TESTING--

Figure 5.27 LOCAL CONTROL Initial Menu

BREAKER CONTROL

The BREAKER CONTROL option presents a circuit breaker selection submenu if
NUMBK := 2. Use the navigation pushbuttons and {ENT} to select the circuit
breaker you want to control.

Figure 5.28 shows the BREAKER CONTROL submenu and sample circuit breaker
control screensfor BREAKER 1. Use the {Up Arrow} and {Down Arrow}
pushbuttons to highlight the TRIP BREAKER 1 Or CLOSE BREAKER 1 control
actions.

When you highlight the trip option and press {ENT}, the relay displaysthe
confirmation message 0PEN COMMAND 1SSUED and trips Circuit Breaker 1. The
BREAKER 1 STATUS changesto OPEN.

When you highlight the close option and press {ENT}, the relay displays the
confirmation message CLOSE COMMAND ISSUED and closes Circuit Breaker 1.
The BREAKER 1 STATUS changesto CLOSED.
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LOCAL CONTROL
--BREAKER CONTROL--

Enable Bus Switching
North Bus MOD
South Bus MOD

Bus Tie Interlock

Alternate Settings 3
--OUTPUT TESTING--

BREAKER CONTROL

BREAKER 1
BREAKER 2

SELECT A BREAKER
BREAKER 1

* CLOSED

BREAKER 1 STATUS

[TRTP_BREAKER 1
CLOSE BREAKER 1

BREAKER 1

flj OPEN

BREAKER 1 STATUS

TRIP BREAKER 1
[CLOSE BREAKER T ]

PRESS € TO ACTIVATE
Figure 5.28 BREAKER CONTROL Screens

LOCAL CONTROL BITS

Therelay provides 32 local control bits with SELoGIc control equation
supervision. These local hits replace substation control handles to perform
switching functions such as bus transfer switching. The SEL-421 savesthe
states of the local bitsin nonvolatile memory and restoresthe local bit states at

relay power-up.

[‘B?l,fgn?fﬁﬁi?#';j o tings Local control bit supervision is available through a SELoGIc control equation

satisfy the local bit supervision logic provided in the Front Panel settings (LB_SPnn). For local bit operations to

e (ocalbit operations can take take place, the corresponding LB_SPnn must be asserted. Table 5.9 defines
the local bit SELOGIC settings available in the Front Panel settings class.
Figure 5.30 illustrates the logic that supervises all local bit operations (Set,
Clear, Pulse).

[\IBOEFE;Z: The dféaulthSttgans f<|atr The SELoGIC control equation local bit status (LB_DPnn) is provided to

nn are nn. e defrau H H H H

seftings cause the local bit switch to return the status of a dev! ce that is being controlled by.the qual bit. The

move to the corresponding state of LB_DPnn Relay Word bit drives the state of the graphical switch on the

{he local it (asserted =1, display, i.e., with LB_DPnn deasserted, the switch points to 0.

easserted = 0)
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Any unused local control bits default to the clear (logical 0) state. Also, any
reconfigured local bit retains the existing bit state after you change the bit
setting. Deleting alocal bit setsthat bit to the clear (logical 0) state.

In the top part of Figure 5.29, the custom labeled functions are those
controlled by local control bit operation.

» Enable Bus Switching
North BusMOD
South bus MOD

Bus Tie Interlock
Alternate Settings 3

Y Y VvYYy

In addition, Figure 5.29 gives an example of a custom-labeled function, Bus
TieInterlock. The LCD shows a graphic representation of a substation control
handle. The LB_DPnn SELOGIC control equation determines the state of the
switch position on the LCD. If the LB_DPnn Relay Word bit is deasserted, the
graphic control handle pointsto O; if the LB_DPnn Relay Word bit is asserted,
the switch pointsto 1.

You can program names or aliases for the local bit clear and set states; these
appear next to logical 0 and logical 1, respectively, in the lower portion of the
sample Bus Tie Interlock screens of Figure 5.29. Use the {Up Arrow} and
{Down Arrow} pushbuttons to highlight the set (1) or clear (0) control actions.
Highlighting the set option (shown in Figure 5.29 asClosed (0K to TIE))
and pressing {ENT} changes the local control bit and performs the required
control action. If the LB_DPnn Relay Word bit asserts, the graphical switch
movesto 1 to indicate the asserted local bit status.

LOCAL CONTROL

--BREAKER CONTROL--
Enable Bus Switching

North Bus MOD
South Bus MOD
[Bus Tie Interlock ]

Alternate Settings 3
--OUTPUT TESTING--

BUS TIE INTERLOCK
17,
1[Closed (OK to TIE) |

0 Open (No TIE)

0

PRESS « TO ACTIVATE
BUS TIE INTERLOCK

AN
1[Closed (OK to TIE) |
0 Open (No TIE)

0

Figure 5.29 LOCAL CONTROL Example Menus
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To enable alocal bit, enter the local bit settingsin Table 5.8 (n = 1-32). The
format for entering the local bit datais the comma-delimited string:

local bit,control function name,alias for the set state,alias for the clear
state,pulse enable

Names or aliases can contain any printable ASCII character except double
guotation marks. Use double quotation marksto enclose the name or aias. See
Example 5.4 for particular information on enabling alocal control hit.

Table 5.8 Local Bit Control Settings?

Description Range Default
Loca Bitn 1-32 1
Local Bit n Name 20-character maximum ASCI| string (blank)
Local Bit n Set Alias (1 state) 20-character maximum ASCI| string (blank)
Local Bit n Clear Alias (0 state) 20-character maximum ASCI| string (blank)
Pulse Loca Bitn Y, N N
an=1-32

The pulse state enable setting at the end of the setting string is optional. If
your application requires a pulsed or momentary output, you can activate an
output pulse by setting the option at the end of the local bit command string to
v (for Yes). The default for the pulse stateis N (for No); if you do not specify v,
the local bit defaults at N and gives a continuous set or clear switch level.

If you enter an invalid setting, the relay displays an error message prompting
you to correct your input. If you do not enter avalid local bit number, the relay
displaysA 1ocal bit element must be entered. If you enter alocal bit
number and that local bit isalready in use, therelay displays The Tocal bit
element is already in use.Likewise, if you do not enter valid local bit
name, set alias, and clear alias, therelay returns an error message. If an diasis
too long, therelay displays Too many characters.

Table 5.9 Local Bit SELocIc2

Description Range Default
Local Bit Supervision n SEL ogic Equation, NA 1
Local Bit Status Display n | SELogic Equation, NA LBn

a n =1-32, only available if the corresponding local bit is defined.

Local Bit Supervision SEL0GIC control equation provides supervision of
Local Bit Set, Clear, and Pulse operations

Local Bit Status Display SELoGIc control equation returns the status of the
local bit switch state.
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Set ———
LB_SPn*
Clear Logic to Set,
Clear, or
*—
Pulse LBn
— LBn
Pulse }

*SELocic Control Equation

Figure 5.30 Local Bit Supervision Logic

EXAMPLE 5.4 Enabling Local Bit Control

This application example demonstrates a method to create one of the
control points in the LOCAL CONTROL screens of Figure 5.29 to
control the interlock on a power bus tie circuit breaker. Perform the
following actions to create a local control bit:

» Eliminate previous usage of the local bit and condition the
state of the local bit

» Set the local bit
» Assign the local bit to a relay output

If you are using a previously used local bit, delete all references to the
local bit from the SELoGIC control equations already programmed in
the relay. A good safety practice would be to disconnect any relay
output that was programmed to that local bit.

To change the local bit state, select the bit and set it to the state you
want. In addition, you can delete the local bit, which changes the state
of this local bit to logical O when you save the settings. To delete, use
the front-panel settings. When using a communications port and
terminal, use the text-edit mode line setting editing commands at the
Local Bits and Aliases prompt to go to the line that lists Local Bit 9.
(See Text-Edit Mode Line Editing on page U.4.18 for information on
text-edit mode line editing.) To delete Local Bit 9, type DELETE <Enter>
after the line that displays Local Bit 9 information. For example, if a
previously programmed Local Bit 9 appears in the SETF line
numbered listings on Line 1, then typing DELETE <Enter> at Line 1
deletes Local Bit 9.

Next, set the local bit. In the Front Panel settings (SET F), enter the
following:

1. LB09,"”Bus Tie Interlock”,"Closed (OK to TIE)",”Open (No TIE)",N

This sets Local Bit 9 to “Bus Tie Interlock” with the set state as
“Closed (OK to TIE)" and the clear state as “Open (No TIE)."”

Assign the local bit to a relay output. In the Output settings (SET 0),
set the SELoGIC control equation, OUT201, to respond to Local Bit 9.

0UT201:= LBO9

Use the appropriate interface hardware to connect the circuit breaker
interlock to OUT201.

OUTPUT TESTING

NOTE: The circuit breaker control
enable jumper J18C must be installed
to perform output testing (see Main
Board Jumpers on page U.2.18).

Date Code 20111215

You can check for proper operation of the SEL-421 control outputs by using
the OUTPUT TESTING submenu of the LOCAL CONTROL menu. A menu screen
similar to Figure 5.31 displays alist of the control outputs available in your
relay configuration. For more information on output testing, see Control
Output on page U.4.56.
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Set/Show

NOTE: You cannot use the front-
panel SET/SHOW menus to change
front-panel settings. To change front-
panel settings, use a communications
port interface and the SET F command
or use the ACSELERATOR QuickSet
Front Panel settings.

SEL-421 Relay

[OUTPUT TESTING a

[OUT101
0ouT102
0ouUT103
ouT104
0oUT105
0ouUT106
ouT107
0ouUT108
PULSE OUTPUT?
«NO [YESh
PRESS ¢ TO PULSE hd

Figure 5.31 OUTPUT TESTING Screen

You can usethe SET/SHOW menusto examine or modify SEL-421 port settings,
global settings, active group settings, and date/time. From the front panel you
can change only the settings classes and settings listed in Table 5.10.

Table 5.10 Settings Available From the Front Panel

Class/Setting Description

PORT Relay communications port settings
GLOBAL Global relay settings

GROUP Relay group settings

ACTIVE GROUP Active settings group number 1-6
DATE/TIME Date and time settings

Figure 5.32 shows how to enter the setting CTRW (Terminal W CT ratio)
from the front panel. At the MATN MENU, select the SET/SHOW item and press
{ENT}. The LCD screen displaysthe SET/SHOW screen of Figure 5.32. Use the
navigation pushbuttons to select the relay settings class (PORT, GROUP, and
GLOBAL) or to changethe ACTIVE GROUP or the DATE/TIME. Select the GROUP
class.

Next, select the particular instance of the settings class. For the PORT settings
class, theinstances are PORT 1, PORT 2, PORT 3, PORT F, and PORT 5. For the
GROUP class, the instances are the numbered groups from 1 through 6 and M,
the breaker monitor (see the GROUP screen in Figure 5.32). The class GLOBAL,
the setting ACTIVE GROUP = n (where nisanumber from 1 to 6), and the
settings for DATE/TIME have no settings instance screens. In the GROUP screen,
move the highlight box to 3 and press {ENT}.

Proceed to selecting the settings category. The GROUP submenu in Figure 5.32
isan example of settings Group 3 categories. Once you have highlighted the
settings category, pressing {ENT} causes the relay to display the particular
settings in that category. The LINE CONFIGURATION screen in Figure 5.32
shows the settings that you can set in the line configuration settings category.

To edit or examine a setting, use the {Up Arrow} and {Down Arrow} pushbuttons
to highlight that setting, then press {ENT}. The relay displays a settings entry
screen with the existing setting value (seethe SET CTRW screenin Figure 5.32).
If the prompt for the selected setting does not fit on the ling, the relay scrolls
the setting prompt across the screen.

Enter the setting name using a method similar to the method described in
Relay Elements (Relay Word Bits) on page U.5.21. Place charactersin the
element name field (with the block cursor) using the navigation pushbuttons.

If the data you entered is valid (within settings range checks), the front-panel
display returns to the settings category screen that shows each setting and
corresponding present value (seethe LINE CONFIGURATION screen of
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Figure 5.32). If the data you entered are invalid, the relay displays an error
message screen, then returns to the particular settings entry screen so you can
attempt avalid settings entry (see the CTRW screen of Figure 5.32).

When finished entering the new settings data, press {ESC}. The relay prompts
youwithasSave Settings screen. Using the navigation pushbuttons, answer
YES to make the settings change(s), or N0 to abort the settings change(s).

SET/SHOW
PORT
GLOBAL
GROUP
ACTIVE GROUP = 3
DATE/TIME
SELECT A CLASS
[GROUP
W
1
2
3 <--—-ACTIVE
4
5
6
SELECT AN _INSTANCE

GROUP 3 a

1ne Confirguration
ReTay Configuration
Mho Phase Distance E
Mho Phase Distance E
Mho Ground Distance
Zero-Sequence Compen
Ground Distance Elem
Switch-Onto-Fault Sc
Load Encroachment
Phase Instantaneous

[l e— |
SELECT A CATEGORY A
A

TINE CONFIGURATION .
CTRW == 200
PTRY := 2000
VNOMY := 115
PTRZ := 2000
UNOMZ := 115
ZINAG ‘= 7.80
Z1IANG = 84.00
ZOMAG = 24.00
ZOANG = 81.50
SELECT A SETTING

CTRW
CURRENT TRANSFORMER
?

=

CO=00m
<vVwOO
=OoXxmI
XDorm

1
6 7
A B
G H
M N
ST
Y Z
ACC

CCEPT BACKSPACE

Figure 5.32 SET/SHOW Screens
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The SEL-421 displays different settings entry screens depending on the
settings type. For the CTRW setting in Figure 5.32, the relay requires basic
alphanumeric input. Other settings can have other data input requirements.
The front-panel settings input data types are the following:

» Basic aphanumeric
» Character or string or SELoGIC control equations
» Setting options

For alphanumeric settings, the relay presents the character or string input
screen. Some settings have specific options; use the setting options screens to
select these options. Figure 5.33 shows examples of the settings input screens.

CTRW RID 51510 .
CURRENT TRANSFORMER Relay ldentifier (40 51S1 Op. Qty. (lAn,I
? | 1AL

012345 ABCDEFGHIJ 1BL

6789 -. KLMNOPQRST 1CL

ABCDEF UVWXYZO0123 IMAXL

GHIJKL 456789-.() 1L

MNOPQR N&g* _+ - )5 * 312L

STUVWX <>,{3}L1

Y Z ACCEPT  BACKSPACE 1A1

ACCEPT  BACKSPACE 1B1

Basic Alphanumeric Character or String or Setting Options
SELOGIC control equations

Figure 5.33 Sample Settings Input Screens

ACTIVE GROUP

Perform the following steps to change the active setting group:

Step 1. Select the ACTIVE GROUP option of the SET/SHOW submenu
screen (shown in Figure 5.32) to change the settings group.

The relay performs a password validation test at this point to
confirm that you have Breaker Access Level authorization or
above.

Step 2. If accessisalowed, and al the results of SELoGIC control
equations SS1-SS6 are not logical 1 (asserted), then the relay
displaysthe EDIT ACTIVE GROUP screenin Figure 5.34.

The relay shows the active group and underlines the group
number after NEW GROUP =.

Step 3. Usethe {Up Arrow} and {Down Arrow} pushbuttons to increase or
decrease the NEW GROUP number.

Step 4.  Once you have selected the new active group, press {ENT} to
change the relay settings to this new settings group.
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SET/SHOW

PORT

GLOBAL

GROUP

[ACTIVE GROUP = 3
DATE/TIME

EDIT ACTIVE GROUP

ACTIVE GROUP = 3
NEW GROUP = 3

Figure 5.34 Changing the ACTIVE GROUP

DATE/TIME

Another submenu item of the SET/SHOW first screen (Figure 5.32) isthe DATE/
TIME screen shown in Figure 5.35. The SEL-421 generates date and time
information internally, or you can use external high-accuracy time modeswith
time sources such as a GPS recelver.

Figure 5.35 isthe relay date/time screen when a high accuracy sourceisin
use. Possible time sources, qqqqq, are listed in Table 4.10. If you use a high-
accuracy time source, edits are disabled, the DATE/TIME display does not show
the highlight, and the screen does not show the help message on the bottom
line.

DATE/TIME

DATE 0371572001
(MM/DD/YYYY)

TIME 00:00:00
LAST UPDATE
SOURCE: qqqqq

CANNOT EDIT DATE OR
TIME DUE TO A HIGH
PRIORITY TIME SOURCE

PRESS «TO EDIT DATE

Figure 5.35 DATE/TIME Screen

When operating from a non-high-accuracy time source, you can use the front-
panel DATE and TIME entry screensto set the date and time.

Figure 5.36 shows an example of these edit screens. Use the {Left Arrow} and
{Right Arrow} navigation pushbuttons to move the underscore cursor; use the
{Up Arrow} and {Down Arrow} navigation pushbuttonsto increment or decrement
each date and time digit as appropriate to set the date and time. For a
description of the LAST UPDATE SOURCE field, see Configuring High-Accuracy
Timekeeping on page U.4.71.
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DATE (MM/DD/YYYY) TIME

03/15/2001 00:00:00

Figure 5.36 Edit DATE and Edit TIME Screens

To enable a high-accuracy external time source, connect an IRIG-B clock to
the relay. For adiscussion of the IRIG timing modes in the SEL-421 see
Configuring High-Accuracy Timekeeping on page U.4.71. See TIME Input
Connections on page U.2.45 for more information on connecting time source
inputs.

The SEL-421 performs continuous hardware and software self-checking. If
any vital system in the relay approaches a failure condition, the relay issuesa
status warning. If the relay detects afailure, the relay displays the status
failure RELAY STATUS screen immediately onthe LCD.

Relay Status

For both warning and failure conditions, the relay shows the error message for
the system or function that caused the warning or failure condition. You can
accessthe RELAY STATUS screenviathe MAIN MENU. The RELAY STATUS screen
shows the firmware identification number (FID), serial number, whether the
relay is enabled, and any status warnings.

Figure 5.37 shows examples of anormal RELAY STATUS screen, a status
warning RELAY STATUS screen, and a status failure RELAY STATUS screen. For
more information on status warning and status failure messages, see Relay
Self-Tests on page U.6.38.

RELAY STATUS RELAY STATUS RELAY STATUS

SEL-421-R101-VO-
Z001001-D20010315

S/N=2001001234

RELAY ENABLED
NO FAILURES OR
WARNINGS

SEL-421-R101-VO-
Z001001-D20010315

S/N=2001001234

RELAY ENABLED
TEMPERATURE WARNING

SEL-421-R101-VO-
7001001-D20010315

S/N=2001001234

RELAY DISABLED
MASTER OFFSET FAILED

Normal

Status Warning

Status Failure

Figure 5.37 Relay STATUS Screens

You can use the front panel to view detailed information about the
configuration of the firmware and hardware components in the SEL-421
Relay. IntheMAIN MENU, highlight the VIEW CONFIGURATION option by using
the navigation pushbuttons. The relay presents five screensin the order shown
in Figure 5.38. Use the navigation pushbuttons to scroll through these screens.
When finished viewing these screens, press {ESC} to return to the MAIN MENU.

View Configuration
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CONFIGURATION INFO a4
FID=SEL-421-R101-VO-
Z001001-D20010315

PART NUMBER:
04210615X22XXHX

S/N=200101234

SELBOOT:
BFID=SLBT-421-
R101-V0-2001001-
D20010315
CHECKSUM: D97F

CONFIGURATION INFO a4

RD:
CODE FLASH: 4 MB
DATA FLASH: 8 MB

RAN- B
EEPROM: 33 KB I
ANALOG INPUTS:
W: CURRENTS:

<
o,

: VOLTAGE:
Z: VOLTAGE:

CONFIGURATION INFO 4

FIBER PORT:
NOT INSTALLED

INTERFACE BOARDS :
BOARD 8 INPUTS

15
BOARD 2:NOT.
INSTALLED I

EXTENDED_FEATURES:
DNP ACTIVE

CONFIGURATION INFO a4
COMMUNICATIONS CARD:

v

CONFIGURATION INFO
IE THE CONEIGURATION
1S_NOT _WHAT YOU
EXPECTED, CONTACT

SEL FOR ASSISTANCE.

v

Figure 5.38 VIEW CONFIGURATION Sample Screens

DispIay Test You can usethe DISPLAY TEST option of the MAIN MENU to confirm operation
of all of the LCD pixels. The LCD screen alternates the on/off state of the
display pixels once every time you press {ENT}. Figure 5.39 shows the
resulting two screens. The DISPLAY TEST option aso illuminatesall of the
front-panel LEDs. To exit the test mode, press {ESC}.

Date Code 20111215 User's Guide SEL-421 Relay



U.5.34 | Front-Panel Operations
Front-Panel Automatic Messages

NOTE: The LCD DISPLAY TEST does

NOT reset the front-panel LED targets.

Reset Access Level

DISPLAY TEST DISPLAY TEST

All LEDs should All LEDs should
be lit. be lit.

Figure 5.39 DISPLAY TEST Screens

The SEL-421 uses various passwords to control access to front-panel
functions. Asyou progress through these menus, the relay detects the existing
password level and prompts you for valid passwords before allowing you
access to levels greater than Access Level 1 (see Password on page U.5.14 in
this section). When you want to return the front-panel to the lowest access
level (AccessLevel 1), highlight RESET ACCESS LEVEL itemontheMAIN MENU.
Pressing {ENT} momentarily displays the screen of Figure 5.40 and places the
front panel at AccessLevel 1.

The relay automatically resets the access level to Access Level 1 upon front-
panel timeout (setting FP_TO is not set to OFF). Use thisfeature to reduce the
front-panel access level before the timeout occurs.

RESET ACCESS LEVEL

Front panel access
level reset.

Figure 5.40 RESET ACCESS LEVEL Screen

Front-Panel Automatic Messages

SEL-421 Relay

The SEL-421 automatically displays alert messages. Any message generated
due to an alert condition takes precedence over the normal ROTATING DISPLAY
and the MATN MENU. Alert conditions include these significant events:

» Alarm Point assertions

» Event reports and trips (user defined)
» Statuswarnings

» Statusfailures

In order to display event reports automatically from the ROTATING DISPLAY,
you must set front-panel setting DISP_ER to Y. Front-panel setting TY PE_ER
allows the user to define which types of event reports will be automatically
displayed from the normal ROTATING DISPLAY; ALL will display al event
types described in Table 3.6 on page A.3.29 and TRIP will display only the
event types that include the assertion of the TRIP Relay Word bit.
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For alarm point assertions, qualified event reports (including trip events), and
status warnings, the relay displays the corresponding full-screen automatic
message, only if the front-panel display isin the time-out or standby condition
(the relay is scrolling through the default display points/enabled metering
screens of the ROTATING DISPLAY or isdisplaying the MAIN MENU). When a
status warning, alarm, or event is triggered, the relay full-screen presentation
is similar to the screens of Figure 5.41.

RELAY STATUS ALARM POINTS EVENT SUMMARY 10002 4
SEL-421-R101-VO- *Ci A 03/15/01 GROUP 1
2001001-D20010315 Circuit BK1 SF6 Gas 00-00-05.387

EVENT: BCG T
S/N=0001001234 LOCATION: 48.47
RELAY ENABLED FREQ: 60.00

SHOT: 1P=0 3P=1
TEMPERATURE WARNING BRI OPEN

BK2 CLOSED

0l e—

Press «to acknldge hd

Figure 5.41 Sample Status Warning, Alarm Point Assertion, and Trip EVENT SUMMARY Screens
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If you are on site using the SEL -421 front panel in menus and screens other
than the MATN MENU and a status warning occurs, alarm point asserts, or an
event report triggers, the relay shows automatic messages at the bottom of the
active screen in the message area.

For example, the message area ShowS RELAY STATUS WARNING for astatus
warning. Figure 5.42 is an example of a status warning notification that
appearsin the message areaof a LOCAL CONTROL (local bit) screen. If an alarm
point asserts while you are using a front-panel screen, the message area
notification reads:. ALARM EVENT. If atrip event occurs while you are using a
front-panel screen, the message area notification reads RELAY EVENT. When
you repeatedly press {ESC} (asif returning to the MAIN MENU) during this
warning or trip alert situation, the relay displays the corresponding full-screen
automatic message concerning the warning or trip in place of the MATN MENU.
If the front-panel display isat the MATN MENU and a status warning occurs, the
full-screen warning replacesthe MATN MENU. After you view the warning,
alarm, or trip screen, pressing {ESC} returnsthe LCD to the MATN MENU.

BUS TIE INTERLOCK

AN
1[Closed (OK to TIE) |
0 Open (No TIE)

0

RELAY STATUS WARNING
Figure 5.42 Sample Status Warning in the LCD Message Area

For a statusfailure, the relay immediately displays the full-screen status al ert
regardless of the present front-panel operating state. The relay displays no
further LCD screens until the status failure clears. Should an unlikely status
failure event occur, contact your local Technical Service Center or an SEL
factory representative (see Factory Assistance on page U.6.45).
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Operation and Target LEDs

Operation and Target LEDs

SEL-421 Relay

The SEL-421 gives you at-a-glance confirmation of relay conditionsvia
operation and target LEDs. These LEDs are located in the middle of the relay
front panel. The SEL-421 provides either 16 or 24 LEDs depending on
ordering option.

You can reprogram all of these indicators except the ENABLED and TRIP LEDs
to reflect other operating conditions than the factory default programming
described in this subsection. Settings Tn_LED are SEL0GIC control equations
that, when asserted during arelay trip event, light the corresponding LED.
Parameter n is anumber from 1 through 24 that indicates each LED. LED
positions are described in parenthesis next to each LED in Figure 5.43.

Program settings TNLEDL :=Y to latch the LEDs during trip events; when
you set TnLEDL := N, the trip latch supervision has no effect and the LED
follows the state of the Tn_LED SEL oGIc control equation. The relay reports
these targetsin event reports; set the alias name listed in the report (up to eight
characters) with settings TNLEDA.. The asserted and deasserted colors for the
LED are determined with settings TnLEDC. Options include red, green,
amber, or off.

After setting the target LEDs, issue the TAR R command to reset the target
LEDs. For a concise listing of the default programming on the front-panel
LEDs, see Front-Panel Settings on page R.10.37.

Use the dide-in labels to mark the LEDs with custom names. Included on the
SEL -421 Product Literature CD are Customer Label Templatesto print labels
for the dlide-in label carrier.

@ ENABLED @ ENABLED
@ TRIP @ TRIP
® INST () ® PHASE A (9)

@ INST (1) @® 50 (13
® TIME 2 ® PHASE B (10)

@® TIME (2 ® 51(14)
® COMM 3) ® PHASE C (1)

@ COMM (3) @ 79 RESET (15
® SOTF (4) ® GROUND (12)

@ SOTF (4) @ 79 LOCKOUT (16)
® ZONE1 (5 ® 50 (3)

@® ZONE1 (5 @ 79 CYCLE (1)
® ZONE 2 (6) ® 51 (14)

@ ZONE 2 (6) @ 25 SYNCH (18)
® ZONE3 (1) ® 79 RESET (15

@ ZONE 3 (7) @ BKR CLOSE (19)
® ZONE 4 (8) @ 79 LOCKOUT (16)

@ ZONE 4 (8) @ BKR FAIL (20)

@® PHASEA ) | @ 0SB (@)

@ PHASE B (10) @ LOP (22

@ PHASEC () | @ PMCUOK (23)

@ GROUND (2 | @ IRIGLOCK (4)

Figure 5.43 Factory Default Front-Panel Target Areas (16 or 24 LEDs)

Figure 5.43 shows the arrangement of the operation and target LEDs region
into several areas as described in Table 5.11.
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Table 5.11 Front-Panel Target LEDs

Label Function
ENABLED, TRIP Operational
INST, TIME, COMM, SOTF Trip Type
ZONE 1, ZONE 2, ZONE 3, ZONE 4 Zone Activated
PHASE A, PHASE B, PHASE C, GROUND Phase(s) or Ground
50, 51 Instantaneous and Time-Delayed Overcurrent
79 RESET, 79 LOCKOUT, 79 CYCLEa Recloser Status
25 SYNCHa, BKR CLOSE®a BKR FAIL?, Miscellaneous Status
0SBa, LOPa
PMCU OKa, IRIG LOCKED2 Synchrophasor Status

a Only available in 24 LED models..

0perati0na| The ENABLED LED indicatesthat the relay is active. Trip eventsilluminate the
TRIP LED. The prominent location of the TRIP LED in the top target area helps
you recognize atrip event quickly. Program settingsEN_LEDcand TR_LEDc
to determine the color of the respective LED. Optionsinclude red or green.

TARGET RESET and Lamp Test

For atrip event, the relay latches the trip-involved target LEDs (except for the
ENABLED LED and the Recloser Status area LEDS). Press the {TARGET RESET}
pushbutton to reset the latched target LEDs. When anew trip event occurs and
you have not reset the previously latched trip targets, the relay clearsthe
latched targets and displays the new trip targets.

Pressing the {TARGET RESET} pushbutton illuminates all the LEDs. Upon
releasing the {TARGET RESET} pushbutton, two possible trip situations can exist:
the conditions that caused the relay to trip have cleared or the trip conditions
remain present at the relay inputs. If the trip conditions have cleared, the
latched target LEDs turn off. If the trip event conditions remain, the relay re-
illuminates the corresponding target LEDs. The {TARGET RESET} pushbutton
also removes the trip automatic message displayed on the LCD menu screens
if the trip conditions have cleared.

Lamp Test Function With TARGET RESET

The {TARGET RESET} pushbutton also provides afront-panel lamp test. Pressing
{TARGET RESET} illuminates all the front-panel LEDs, and these LEDs remain
illuminated for aslong as you press {TARGET RESET}. The target LEDs return to
anormal operational state after you release the {TARGET RESET} pushbutton.

Lamp Test Function With LCD DISPLAY TEST Menu

The LCD menus provide afront-panel DISPLAY TEST mode. This menu-
activated lamp test, from the DISPLAY TEST menu, does not reset the target
LEDs (see Display Test on page U.5.33).

Other Target Reset Options

You can reset the target LEDswith the ASCII command TAR R; see TARGET
on page R.9.50 for more information.
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Trip Type

Zone Activated

SEL-421 Relay

The TAR R command and the {TARGET RESET} pushbutton also control the
TRGTR Relay Word bit, which can be used for other functions, as shownin
Figure 1.81 on page R.1.125. TRGTR isthe factory default setting for the
unlatch trip SELoGIC control equation, ULTR, in group settings. See

Table 1.72 on page R.1.108.

You can reset the targets from the ACSEL ERATOR QuickSet Control branch of
the HMI tree view. Programming specific conditions in the SEL oGlIc control
equation RSTTRGT is another method to reset the relay targets. Access
RSTTRGT intherelay Global settings (Data Reset Control); to use
RSTTRGT, you must enable data reset control with global setting

EDRSTC =Y.

The SEL-421 indicates essential information about the most recent relay trip
event with the LEDs of the Trip Type area. These trip types are INST, TIME,
COMM, and SOTF. For information on setting the corresponding trip logic, see
Trip Logic on page R.1.105.

The INST target LED illuminates, indicating operation of the SEL-421
instantaneous elements. This LED lightsif elements M 1P (the Zone 1 mho
phase distance element) or Z1G (the Zone 1 mho ground distance element)
pick up and the relay has not illuminated the COMM or SOTF targets.

The TIME target LED indicates that atimed relay element caused arelay trip.
Table 5.12 lists the elements that activate the TIME LED in the factory default
settings.

Table 5.12 TIME Target LED Trigger Elements—Factory Defaults

Mho Quadrilateral
M2PT Z2GT
M3PT Z3GT
M4PT ZAGT
M5PT Z5GT

The COMM LED illuminates, indicating that tripping resulted from a
communications-assisted trip. Therelay lights the COMM target when thereisa
relay tripping condition and the Relay Word bit COMPRM (communications-
assisted trip permission) asserts.

The SOTF target LED indicates that the switch-onto-fault protection logic
operated. Therelay illuminates the SOTF target when thereisarelay tripping
condition and the Relay Word bit SOTFT (switch-onto-fault trip) asserts.

The zone activated area target indicators are the ZONE 1, ZONE 2, ZONE 3, and
ZONE 4 LEDs. These targets illuminate when the corresponding zone distance
elements pick up and there is arelay tripping condition.

In factory default programming, the lowest zone LED has priority; only the
LED corresponding to the closest protection zone latches for distance element
pickups.

The ZONE 1 target illuminates if either the M1P or Z1G distance elements
operated or if the high-speed Zone 1 elements operated.

The ZONE 2 target illuminatesif either the M2P or Z2G distance elements
operated or if the high-speed Zone 2 elements operated and the similar
elementsin Zone 1 did not operate.
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The ZONE 3 target illuminates if either the M3P or Z3G distance elements
operated or if the high-speed Zone 3 elements operated and the similar
elementsin Zone 1 and Zone 2 did not operate.

The ZONE 4 target illuminatesiif either the M4P or Z4G distance elements
operated and the similar elementsin Zone 1, Zone 2, and Zone 3 did not
operate.

Phase(s) or Ground The phase(s) or ground targets illuminate according to the SEL-421 special
targeting logic. Thislogic accurately classifies which phase, phases, and/or
ground were involved in atrip event.

The PHASE A target LED lights for faults on the power system A-phase.
Single-phase-to-ground faults from A-phase to ground illuminate both the
PHASE A and GROUND targets. A phase-to-phase fault between A-phase and
B-phase illuminates the PHASE A target and the PHASE B target.

Therelay displays faults involving other phase combinations similarly. If the
phase-to-phase fault includes ground, the relay also lights the GROUND target.
Therelay lights the PHASE A, PHASE B, and PHASE C target LEDS for a three-

phase fault.
Instantaneous and The 50 target LED indicates that an instantaneous overcurrent element picked
o d up. These elements are the nondirectional 50Pn phase overcurrent elements,
Time DEIaye 50Qn negative-sequence overcurrent elements, and the 50Gn ground
Overcurrent overcurrent elements, where n isthe overcurrent level; n=1, 2, 3, and 4.

The 51 target LED illuminates if atime-overcurrent element has timed out.
Therelay lightsthis LED if any of the selectable operating quantity inverse-
time overcurrent elements 51S1T, 51S2T, and 51S3T assert.

Recloser Status The 79 RESET, 79 LOCKOUT, and 79 CYCLE target L EDs show the operating status
of the SEL-421 reclosing function.

The 79 RESET LED indicates that the relay recloser isin the reset or ready-to-
reclose state for Circuit Breaker 1 (Relay Word bit BK1RS is asserted).

The 79 LOCKOUT target illuminates when the relay has completed the reclose
attempts unsuccessfully (a drive-to-lockout condition), or when other
programmed lockout conditions exist.

The 79 CYCLE target illuminates when the relay the relay isin the auto-reclose
cycle state for Circuit Breaker 1.

Miscellaneous Status The 25 SYNCH, BKR CLOSE, BKR FAIL, 0SB, and LOP target LEDs illuminate in the
SEL -421 for miscellaneous status conditions.

The 25 SYNCH LED illuminates when the relay detects that the Circuit
Breaker 1 voltages are within Synchronism Angle 1 (Relay Word bit
25A1BK1 is asserted). See Synchronism Check on page R.2.50 for complete
details.

The BKR CLOSE LED illuminates when the relay detects a breaker close
command for Circuit Breaker 1 (Relay Word bit BK1CL is asserted).

The BKR FAIL LED illuminates when the relay detects a breaker failure trip for
Circuit Breaker 1 (Relay Word bit BFTRIPL is asserted). See Circuit Breaker
Failure Trip Logic on page R.1.121 for complete details.
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The 0SB LED illuminates when the relay detects an out-of-step condition
(Relay Word hit OSB is asserted). See Out-of-Step Logic on page R.1.43 for
complete details.

The LOP LED illuminates when the relay detects aloss-of-potential condition
(Relay Word bit LOP is asserted). See Loss-of-Potential Logic on page R.1.23
for complete details.

Synchrophasor Status The PMCU OK target LED illuminates when the relay is enabled for
synchrophasor measurement (Relay Word bits TSOK and PMDOK are
asserted). See Synchrophasor Relay Word Bits on page R.7.19 for complete
details.

The IRIG LOCKED target LED illuminates when the relay detects
synchronization to an external clock with less than 500 ns of jitter (Relay
Word bit TIRIG is asserted). See IRIG-B on page U.4.71 for complete details.

Front-Panel Operator Control Pushbuttons

The SEL-421 front panel features large operator control pushbuttons coupled
with amber annunciator LEDs for local control. Figure 5.44 shows thisregion
of therelay front panel with factory default configurable front-panel label text.
The SEL-421 provides either 8 or 12 pushbuttons depending on ordering
option.

Annunciator LED

Operator
Control

Pushbutton O sPT O MANUAL
ENABLED CLOSE
ENABLED
O comm O RECLOSE
SCHEME ENABLED
ENABLED
O ALT O BREAKER
SETTINGS CLOSED
O RELAY BREAKER
TEST OPEN
MODE

SPT
ENABLED

]@o -
O comMMm O AUX 2
SCHEME
ENABLED

ALT
SETTINGS

O AUX 3

|
|
Qo)
@o AUX 4 ]
Q]
Q)

RELAY
TEST
MODE

O AUX 5

QOAQAQAQ

ENABLED

O RECLOSE
ENABLED

Figure 5.44 Operator Control Pushbuttons and LEDs (8 or 12 Pushbuttons)

O AUX 6

O MANUAL
CLOSE

Factory default programming associates specific relay functionswith the eight
pushbuttons and LEDs, as listed in Table 5.13. For a concise listing of the
default programming for the front-panel pushbuttons and LEDs, see Front-
Panel Settings on page R.10.37.
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Table 5.13 Operator Control Pushbuttons and LEDs-Factory Defaults

Label Function

SPT ENABLED Enable single-pole tripping

COMM SCHEME ENABLED Enable communications scheme

ALT SETTINGS Switch between setting group 1 and setting group 22,
The LED isilluminated when group 1 is not the active
setting group.

RELAY TEST MODE Enter test mode

MANUAL CLOSE ENABLED Enable manual closing

RECLOSE ENABLED Enable automatic reclosing

AUX nb Auxiliary

BREAKER CLOSED¢ Close Circuit Breaker 1

BREAKER OPENC¢ Open Circuit Breaker 1

a With factory settings, the {ALT SETTINGS} pushbutton must be pressed and held for three
seconds before the SEL-421 will change setting groups.

b Available on 12-pushbutton models; n is the number of AUX buttons available depending on
ordering option.

¢ Not available on model with auxiliary {TRIP/CLOSE} pushbuttons.

Press the operator control pushbuttons momentarily to toggle on and off the
functions listed adjacent to each L ED/pushbutton combination. The CLOSE and
TRIP pushbuttons momentarily assert the close and trip relay outputs after a
short delay.

The operator control pushbuttons and LEDs are programmable. Figure 5.45
describes the factory defaults for the operator controls.

There are two ways to program the operator control pushbuttons. Thefirst is
through front-panel settings PBn_HMI|. These settings allow any of the
operator control pushbuttons to be programmed to display a particular HMI
screen category. The HMI screen categories available are Alarm Points,
Display Points, and Event Summaries, and SER. Front-panel setting
NUM_ER allows the user to define the number of event summariesthat are
displayed viathe operator control pushbutton; it has no effect on the event
summaries automatically displayed or the event summaries available through
the main menu. Each HMI screen category can be assigned to asingle
pushbutton. Attempting to program more than one pushbutton to asingle HMI
screen category will result in an error. After assigning a pushbutton to an HMI
screen category, pressing the pushbutton will jump to the first available HMI
screen in that particular category. If more than one screen is available, a
navigation scroll bar will be displayed. Pressing the navigation arrows will
scroll through the available screens. Subsequent pressing of the operator
control pushbutton will advance through the available screens, behaving the
same as the {Right Arrow} or the {Down Arrow} pushbutton. Pressing the {ESC}
pushbutton will return the user to the ROTATING DISPLAY. The second way to
program the operator control pushbutton is through SELoGIc control
equations, using the pushbutton output as a programming el ement.

Using SEL oGIc control equations, you can readily change the default LED
functions. Use the slide-in labels to mark the pushbuttons and pushbutton
LEDs with custom names to reflect any programming changes that you make.
The labels are keyed; you can insert each Operator Control Label in only one
position on the front of the relay. Included on the SEL-421 Relay Product
Literature CD are word processor templates for printing slide-in labels. See
the instructions included in the Configurable Labdl kit for more information
on changing the dide-in labels.
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The SEL-421 hastwo types of outputs for each of the front-panel pushbuttons.
Relay Word bits represent the pushbutton presses. One set of Relay Word bits
follows the pushbutton and another set pulses for one processing interval
when the button is pressed. Relay Word bits PB1 through PB12 are the
“follow” outputs of operator control pushbuttons. Relay Word bits PB1_PUL
through PB12PUL are the pulsed outputs.

Annunciator LEDs for each operator control pushbutton are PB1_LED
through PB12LED. The factory defaults programmed for these LEDs are
protection latches (PLTO1, for example), settings groups, Relay Word bits
(NOT SG1), and the status of the circuit breaker auxiliary contacts (52AA1).
The asserted and deasserted colors for the LED are determined with settings
PBNCOL. Options include red, green, amber, or off.

You can change the LED indications to fit your specific control and
operational requirements. This programmability allows great flexibility and
provides operator confidence and safety, especially in indicating the status of
functions that are controlled both locally and remotely.
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Front-Panel Operations

U.5.43

Front-Panel Operator Control Pushbuttons

Description

Press this operator control pushbutton to enable/disable single-pole tripping. The
corresponding LED illuminates to indicate the SPT ENABLED state.

Press this operator control pushbutton to enable/disable communications-assisted tripping.
The corresponding LED illuminates to indicate the COMM SCHEME ENABLED state.

Press this operator control pushbutton for three seconds to switch the active setting group
between the main setting group (Setting Group 1) and the alternate setting group (Setting
Group 2). The corresponding LED illuminates to indicate the ALT SETTINGS state.

Press this operator control pushbutton to enable/disable the relay test mode. The
corresponding LED illuminates to indicate the RELAY TEST MODE state.

Press this operator control pushbutton to enable/disable local front-panel circuit breaker
closing using the CLOSE pushbutton. The corresponding LED illuminates to indicate the
MANUAL CLOSE ENABLED state.

Press this operator control pushbutton to enable/disable the automatic recloser. The
corresponding LED illuminates to indicate the RECLOSE ENABLED state.

Press this operator control pushbutton to enable/disable user-programmed auxiliary control.

Program the corresponding LED to indicate the required state.
NOTE: This operator control does not perform any function with the factory settings.

® BREAKER ) Press this operator control pushbutton to close Circuit Breaker 1. The corresponding

CLOSED

[

BREAKER CLOSED LED illuminates indicating that Circuit Breaker 1is closed. The MANUAL
CLOSE ENABLED function above enables and disables the CLOSE pushbutton.

e BREAKER Press this operator control pushbutton to trip Circuit Breaker 1. The corresponding BREAKER

OPEN

[

#BREAKER OPEN

OPEN LED illuminates, indicating that Circuit Breaker 1is open.

Figure 5.45 Factory Default Operator Control Pushbuttons
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Section 6
Testing and Troubleshooting

This section contains guidelines for determining and establishing test routines
for the SEL-421 Relay. Follow the standard practices of your company in
choosing testing philosophies, methods, and tools. The relay incorporates self-
tests to help you diagnose potential difficulties should these occur. The
subsection Relay Troubleshooting on page U.6.42 contains a quick-reference
table for common relay operation problems.

Topics, tests, and troubleshooting procedures presented in this section include
the following:

» Testing Philosophy on page U.6.1

Testing Features and Tools on page U.6.4
Relay Test Connections on page U.6.8
Test Methods on page U.6.13

Checking Relay Operation on page U.6.24
Relay Self-Tests on page U.6.38

Relay Troubleshooting on page U.6.42

YY VY VY YVYYy

» Factory Assistance on page U.6.45

The SEL-421 isfactory calibrated; this section contains no calibration
information. If you suspect that the relay is out of calibration, contact your
Technical Service Center or the SEL factory.

Testing Philosophy

Protective relay testing generally consists of three categories: acceptance
testing, commissioning testing, and maintenance testing. The categories differ
in testing complexity and according to when these activities take place in the
life of therelay.

Each testing category includes particular details asto when to perform the test,
thetesting goals at that time, and the relay functions that you need to test. This
information is a guide to testing the SEL-421; be sure to follow the practices
of your company for relay testing.

Acceptance Testinq SEL performs detailed acceptance testing on all new relay models and
versions. We are certain that your SEL-421 meets published specifications.
Even so, you can perform acceptance testing on anew relay model to become
familiar with the relay operating theory and settings; this familiarity helpsyou
apply the relay accurately and correctly. A summary of acceptance testing
guidelinesis presented in Table 6.1.
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Maintenance Testing
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Table 6.1 Acceptance Testing

Details Description

Time Test when qualifying arelay model for use on the utility system.

Goals a) Confirm that the relay meets published critical performance specifications
such as operating speed and element accuracy.

b) Confirm that the relay meets the requirements of the intended application.
) Gain familiarity with relay settings and capabilities.

Test Test al protection elements and logic functions critical to your intended
application.

SEL performs a complete functional check and calibration of each SEL-421
before shipment so that your relay operates correctly and accurately. You
should perform commissioning tests to verify proper connection of the relay
to the power system and all auxiliary equipment. Check control signal inputs
and outputs. Check breaker auxiliary inputs, SCADA control inputs, and
monitoring outputs. Use an ac connection test to verify that the relay current
and voltage inputs are the proper magnitude and phase rotation.

Brief fault tests confirm that the relay settings and protection scheme logic are
correct. You do not need to test every relay element, timer, and function in
these tests.

At commissioning, use the relay METER command to verify the ac current
and voltage magnitude and phase rotation (see Examining Metering
Quantities on page U.4.33).

Use the PUL command to pulse relay control output operation. Use the TAR
command to view relay targets and verify that control inputs are operational .
Use TEST FM, TEST DNP, and TEST DB to check SCADA interfaces. (See
TEST DB on page R.9.52 for information on these relay commands.)

Table 6.2 lists guidelines for commissioning testing. For further discussion of
these tests, see Checking Relay Operation on page U.6.24.

Table 6.2 Commissioning Testing

Details Description

Time Test when installing a new protection system.

Goals a) Validate all system ac and dc connections.

b) Confirm that the relay functions as intended using your settings.
¢) Check that all auxiliary equipment operates as intended.

d) Check SCADA interface.

Tests Test all connected/monitored inputs and outputs, and the polarity and phase
rotation of ac connections. Make simple checks of protection elements. Test
communications interfaces.

The SEL-421 uses extensive self-testing routines and features detailed
metering and event reporting functions. These features reduce your
dependence on routine maintenance testing. When you want to perform
mai ntenance testing, follow the recommendationsin Table 6.3.
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Table 6.3 Maintenance Testing

Details | Description

Time Test at scheduled intervals or when thereis an indication of aproblem with the
relay or power system.

Goals a) Confirm that the relay is measuring ac quantities accurately.
b) Check that scheme logic and protection elements function correctly.
c) Verify that auxiliary equipment functions correctly.

Tests Test all relay features/power system components that did not operate during
an actual fault within the past maintenance interval.

You can use the SEL -421 reporting features as maintenance tools. Periodically
compare therelay METER command output to other meter readingson aline
to verify that the relay measures currents and voltages correctly and
accurately. Use the circuit breaker monitor, for example, to detect slow
breaker auxiliary contact operations and increasing or varying breaker pole
operating times. For details on these features, see Circuit Breaker Monitor on
page A.2.1.

Each occurrence of afault tests the protection system and relay application.
Review relay event reportsin detail after each fault to determine the areas
needing your attention. Use the event report current, voltage, and relay
element data to determine that the relay protection elements and
communications channels operate properly. Inspect event report input and
output data to determine whether the relay asserts outputs at the correct times
and whether auxiliary equipment operates properly.

At each maintenance interval, the only itemsto be tested are those that have
not operated (viafault conditions and otherwise) during the maintenance
interval. The basis for this testing philosophy is simple: you do not need to
perform further maintenance testing for a correctly set and connected relay
that measures the power system properly and for which no relay self-test has
failed.

The SEL-421 is based on microprocessor technology; the relay internal
processing characteristics do not change over time. For example, if time-
overcurrent element operating times change, these changes occur because of
alterations to relay settings and/or differencesin the signals applied to the
relay. You do not need to verify relay element operating characteristicsasa
part of maintenance checks.

SEL recommends that you limit maintenance tests on SEL relays according to
the guidelines listed in Table 6.3. You will spend less time checking relay
operations that function correctly. You can use the time you save to analyze
event data and thoroughly test systems needing more attention.
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Test Features
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Metering

The SEL-421 provides the following features to assist you during relay
testing:

Metering
High-resolution oscillography

Event reports

Y Y VYY

Event summary reports
» SER (Sequential Events Recorder) reports

Certain relay commands are useful in confirming relay operation. The
following commands, for example, aid you in testing the relay:

>» TAR

PUL
TEST DB
TEST FM
TEST DNP

Y Y VYYy

In addition, the SEL-421 incorporates alow-level test interface where you can
interrupt the connection between the relay input transformers and the input
processing module. Usethe low-level test interface to apply reduced-scale test
guantities from the SEL -4000 Relay Test System; you do not need to use large
power amplifiersto perform relay testing.

The metering data show the ac currents and voltages (magnitude and phase
angle) connected to the relay in primary values. In addition, metering shows
many other quantities including the power system frequency (FREQ) and the
voltage input to the station dc battery monitors (Vdcl and Vdc2). Compare
these quantities against quantities from other devices of known accuracy. The
metering data are available at the serial ports, from the ACSELERATOR
QuickSet® SEL -5030 software HMI, and at the front-panel LCD METER menu.
See MET on page R.9.28, Meter on page U.5.15, HMI Meter and Control on
page U.3.21, and Examining Metering Quantities on page U.4.33 for more
information.

High-Resolution Oscillography

NOTE: Control Inputs are sampled
16 times per cycle, and the raw binary
data (prior to debounce timer
conditioning) is available in high-
resolution oscillography—see

Figure 3.1 on page A.3.3. The
COMTRADE data labels for raw
control input data are IN101-IN107,
and optionally IN201-IN2nn, IN301-
IN3nn, where nn = 01-08 or 01-24.

The SEL-421 takes an unfiltered data snapshot of the power system at each
event trigger or trip. The relay samples power system data at high sample rates
from 1 kHz to 8 kHz. You can use the SEL-5601 Analytic Assistant or other
COMTRADE viewing program to export and view these raw datain a binary
COMTRADE file format. Use high-resolution oscillography to capture fast
power system transients or to examine low frequency anomalies in the power
system. See Raw Data Oscillography on page A.3.8 for more information.
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Event Reports

Therelay aso generates a filtered-quantities event report in response to faults
or disturbances. Each event report contains information on current and

g%TmESgg:tg§llg‘pa“;j are sampled voltage, relay element states, control inputs, and control outputs. If you are
conditioned by a debounce timer. The unsure of the relay response or your test method, the event report provides you
getsi‘rir'fgz% Ef'cay{}’;";rg | Dits are ubdated with information on the operating quantities that the relay used at the event
standard event report files-see trigger. The relay provides oscillographic displays of the filtered event report

Figure 3.10on page A.3.3.
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data, which give you avisua tool for testing relay operating quantities. You
can use the seria ports and ACSELERATOR QuickSet to view event reports.
See Event Reports, Event Summaries, and Event Histories on page A.3.11 for
a complete discussion of event reports.

Event Summary Reports

Therelay generates an event summary for each event report; use these event
summaries to quickly verify proper relay operation. With event summaries,
you can quickly compare the reported fault current and voltage magnitudes
and angles against the reported fault location and fault type. If you question
the relay response or your test method, you can obtain the full event report and
the high-resol ution oscillographic report for amore detailed analysis. See
Event Summary on page A.3.28 for more information on the event summary.

SER Reports

Therelay provides an SER report that time tags changes in relay elements,
control inputs, and control outputs. Use the SER for convenient verification of
the pickup and dropout of any relay element. For acomplete discussion of the
SER, see SER (Sequential Events Recorder) on page A.3.34.

Test Commands
TAR Command

Usethe TAR command to view the state of relay control inputs, relay outputs,
and relay elementsindividually during atest. You can see relay targets at the
seria ports, and from the front-panel LCD (see TARGET on page R.9.50 and
Operation and Target LEDs on page U.5.36).

PUL Command

Usethe PUL command to test the control output circuits. The specified output
closesif open, or opensif closed. You can use the PUL command at the serid
ports, in the ACSELERATOR QuickSet HMI, and from the front-panel LCD
(see PULSE on page R.9.37, HMI Meter and Control on page U.3.21, and
Operation and Target LEDs on page U.5.36).

TEST DB Command

Use the TEST DB command for testing the communications card relay
database. The TEST DB command can be used to override any value in the
relay database. Since the relay database provides data to the Ethernet card
interfaces, the TEST DB command can also be used to test the data read
operations of the DNP3 LAN/ WAN or |EC 61850 protocols on an installed
Ethernet card. Usethe M AP 1 command and the VIEW 1 command to inspect
the relay database (see MAP on page R.9.27). You must be familiar with the
relay database structure to use the TEST DB command effectively; see
Communications Card Database on page R.4.18 for more information.

U.6.5
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TEST DNP Command

Use the TEST DNP command to test the serial DNP3 interface. Values you
enter in the DNP3 map are override values. Use the TEST DNP command to
write override valuesin the serial DNP3 map. The TEST DNP command does
not affect data on the DNP3 LAN/WAN interface. For more information on
serial DNP3 and the SEL-421, see DNP3 Communications on page R.6.1.

TEST FM Command

Usethe TEST FM command to override normal Fast Meter quantities for
testing purposes. You can only override “reported” Fast Meter values (per-
phase voltages and currents). You cannot directly test Fast Meter values that
the relay derives from the reported values (power, sequence components, and
so on). For more information on Fast Meter and the SEL-421, see SEL
Communications Protocols on page R.5.1.

Low-Level Test The SEL-421 has alow-level test interface between the calibrated input
Interf modul e and the processing module. You can check the relay in two ways: by
nterrace using secondary injection testing, or by applying low-magnitude ac voltage

signalsto the low-level test interface.

Connection
_—_— Thetop circuit board is the relay main board and the bottom circuit board is
ACAU“ON N the input module board. At the right side of the relay main board (the top
Faulpment components are sensitive board) is the processing module. The input to the processing moduleis
o electrostatic discharge (ESD). . X .
Undetectable permanent damage multipin connector J20, the analog or low-level test interface connection.
can reuslt if you do not use proper Receptacle J20 is on the right side of the main board; for alocating diagram,
ESD procedures. Ground yourself, '
your work surface, and this see F|gure 2.19.
equipment before removing any
cover from this equipment. If your Figure 6.1 shows the low-level interface connections. Note the nominal
e ot eeL voltage levels, current levels, and scaling factors listed in Figure 6.1 that you
about returning this device and can apply to the relay. Never apply voltage signals greater than 6.6 Vp-p
related SEL equipment for service. sinusoidal signal (2.33 Vrms) to the low-level test interface.

To use the low-level test interface, perform the following steps:
Step 1. Remove any cables connected to serial ports on the front panel.

Step 2. Loosen the four front-panel screws (they remain attached to the
front panel), and remove the relay front panel.

Step 3.  Remove the 34-pin ribbon cable from the front panel by
pushing the extraction ears away from the connector.

Step 4. Remove the ribbon cable from the main board J20 receptacle.
Step 5. Substitute atest cable with the signals specified in Figure 6.1.

Step 6.  Reconnect the cables removed in Sep 4 and replace the relay
front-panel cover.

Step 7. Replace any cables previously connected to serial ports on the
front panel.

SEL-421 Relay User's Guide Date Code 20111215
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SEL-421 Relay
Low-Level Test Interface

u.6.7

+5V B2C B2D BIC BID VCZ VBZ VAZ VCY VBY VAY ICX [IBX IAX ICW [BW IAW

0 0 0 0 0 0 0O 0 0 0 0 0 O O O O

0 o o

o

© 0 0 0 0 0 0 0 0 0 0 ©
+5Y -5V -5V SDA SCL GND GND GND GND GND GND GND GND GND GND GND GND

Input Module Output (J3): 66.6 mV At Nominal Current (1A or 5 A).

446 mV at Nominal Voltage (67 V).

Processing Module Input (J20): 6.6 Vp-p Maximum.
U.S. Patent 5,479,315.

Figure 6.1 Low-Level Test Interface

Main Board Processing Module Tests

Use signals from the SEL-4000 Low-L evel Relay Test System to test the relay
processing module. Apply appropriate signalsto the low-level test interface
J20 from the SEL -4000 Relay Test System (see Figure 6.1). These signals
simulate power system conditions, taking into account PT ratio and CT ratio
scaling. Use relay metering to determine whether the applied test voltages and

currents produce correct relay operating quantities.

The UUT Database entries for the SEL-421 in the SEL-5401 Relay Test

System Software are shown in Table 6.4 and Table 6.5.

Table 6.4 UUT Database Entries for SEL-5401 Relay Test System Software—

5 A Relay
Label Scale Factor Unit
1 IAW 75 A
2 IBW 75 A
3 ICW 75 A
4 IAX 75 A
5 IBX 75 A
6 ICX 75 A
7 VAY 150 \
8 VBY 150 \Y
9 VCY 150 \
10 VAZ 150 \%
11 VBZ 150 \Y
12 vCz 150 \
User's Guide SEL-421 Relay
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Table 6.5 UUT Database Entries for SEL-5401 Relay Test System Software-

1 A Relay
Label Scale Factor Unit

1 IAW 15 A
2 IBW 15 A
3 ICW 15 A
4 IAX 15 A
5 IBX 15 A
6 ICX 15 A
7 VAY 150 %
8 VBY 150 \%
9 VCY 150 v
10 VAZ 150 \%
11 VBZ 150 %
12 vVCz 150 %

Relay Test Connections

y Test C t
NOTE: The procedures specified in The SEL-421 isaflexible tool that you can use to implement many protection

this subsection are for initial relay
testing only. Follow your company

and control schemes. Although you can connect the relay to the power system

policy for connecting the relay to the in many ways, connecting basic bench test sources helps you model and
power system. understand more complex relay field connection schemes.
Test Setup

Test Source Connections

For each relay element test, you must apply ac voltage and current signals to
the relay. The text and figures in this subsection describe the test source
connections you need for relay protection element checks. You can use these
connections to test protective elements and simulate all fault types.

Connections for Three Voltage Sources and Three Current Sources

Figure 6.2 shows the connections to use when you have three voltage sources

and three current sources available.

SEL-421 Relay User's Guide
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Relay Test Connections

Three-Phase
Voltage and Current
Test Sources

OVA

oN

Oe

IA
L .| W . |cwl ©
O O

01 702 703 704 705 706
F oVB

oN

P, & O .
| dwrl e 'B
o] VAY o/ VBY o VCY %
o o
a3 14 75 Zle 11 718

Relay Rear-Panel Analog
Voltage and Current Inputs

oVC

oN

Oe
IC

Figure 6.2 Test Connections Using Three Voltage and Three Current Sources

Connections for Three Voltage Sources and Two Current Sources

Figure 6.3 and Figure 6.4 show connections to use when you have three
voltage sources and two current sources. You can use the connections shown
in Figure 6.3 to simulate phase-to-phase, phase-to-ground, and two-phase-to-
ground faults. Use the connections shown in Figure 6.4 to simulate three-
phase faults.
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Three-Phase
Voltage and Current
Test Sources

OVA

ON

Os

1A

| .| W . lcw ©
o) o) o} o
Z01 702 703 704 705 706

F OVB

ON

& 8- O‘

IB

o| VAY o/ VBY o VCY °

o) o]
13 4 75 e 1T 718
Relay Rear-Panel Secondary

Voltage and Current Inputs ove

ON

Oe

IC

o

Figure 6.3 Test Connections Using Two Current Sources for Phase-to-Phase,
Phase-to-Ground, and Two-Phase-to-Ground Faults
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Three-Phase
Voltage and Current
Test Sources

OVA
ON
Os
1A
O
| 1aw W 1BW J) Icw
° N 20N °
Z01 702 703 704 705 706
oVB
ON
8- 8- O‘
1B
o VAY o VBY o VCY ©
o) o
213 714 715 76 1 718
Relay Rear-Panel Analog
Voltage and Current Inputs ove
ON
Oe
IC
o

Figure 6.4 Test Connections Using Two Current Sources for Three-Phase
Faults

Connections for Three Voltage Sources and One Current Source

Figure 6.5 and Figure 6.6 show connections to use when you have three
voltage sources and a single current source. You can use the connections
shown in Figure 6.5 to simulate phase-to-ground faults. Use the connections
shown in Figure 6.6 to simulate phase-to-phase faults.
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Three-Phase
Voltage and Current
Test Sources

OVA

oN

Ose

1A

L . IBW . low ©
o) o) o) o o) o
01 702 703 7204 705 706

F oVB

ON

8- o O'

IB

o| VAY o VBY o VCY o

o) o]
13 214 75 e 21T 718
Relay Rear-Panel Secondary

Voltage and Current Inputs ove

ON

Oe

IC

o

Figure 6.5 Test Connections Using a Single Current Source for a
Phase-to-Ground Fault
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Three-Phase
Voltage and Current
Test Sources

OVA

ON

Oe

IA

I J| 1B L cw ©

o o

Z01 702 703 704\ 205 /7106

!» oVB

| o

8- o O'

IB

o| VAY o VBY o VCY o)

o o
713 14 715 76 11 718
Relay Rear-Panel Secondary

Voltage and Current Inputs ove

ON

Qe

IC

O

Figure 6.6 Test Connections Using a Single Current Source for a
Phase-to-Phase Fault

Testing With Targets

Date Code 20111215

Use the following methods to conveniently test the pickup and dropout of
relay elements and other relay functions:

» Target indications (element pickup/dropout)
» Control output closures
» SER reports

Thetests and proceduresin the following subsections are for 5 A relays. Scale
values appropriately for 1 A relays.

Once you have completed atest, return the relay settings that you modified for
the test to default or operational values.

Use the communications port TAR command or the front panel to display the
state of relay elements, control inputs, and control outputs. Viewing a change
inrelay element (Relay Word bit) statusis a good way to verify the pickup
settings you have entered for protection elements.

User's Guide SEL-421 Relay
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SEL-421 Relay

Testing and Troubleshooting

View Relay Elements With a Serial Terminal

The procedure in the following steps shows you how to view a change in state
for the 50P1 Phase Instantaneous Overcurrent element from a
communications port. Use the factory defaults for the pickup level (see

Table 6.6). For more information on the 50P elements, see Instantaneous Line
Overcurrent Elements on page R.1.64.

Table 6.6 Phase Instantaneous Overcurrent Pickup

Setting Description Default (5A)

50P1P Level 1 Pickup (OFF, 0.25-100 amps secondary) 10.00

For this procedure, you must have a serial terminal or computer with terminal
emulation software and a variable current source for relay testing.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords on page U.4.6 to change the default access
level passwords and enter higher relay access levels).

Step 1. Type ACC <Enter> at acommunications terminal.
Step 2. Typethe Access Level 1 password and press <Enter>.
You will seethe Access Level 1 => prompt.

Step 3. Connect atest source to the relay.

a. Set the current output of atest source to zero output
level.

b. Connect asingle-phase current output of the test source
to the IAW analog input (see Figure 6.5 and Section 2:
Installation).

Step 4. Type TAR 50P1 <Enter > to view theinitial element status.

Therelay returns atarget terminal screen similar to Figure 6.7.

=>TAR 50P1 <Enter>
50P1 50P2 50P3 50P4 67P1 67P2 67P3 67P4

0 0 0 0 0 0 0 0
=>

Figure 6.7 Sample Targets Display on a Serial Terminal
Step 5. View the element status change.

a. Type TAR 50P1 1000 <Enter> (this command causes
the relay to repeat the TAR 50P1 command 1000
times).

b. Increase the current source to produce a current
magnitude greater than 10.00 A secondary in therelay.

You will seethe 50P1 element status change to 1 when
the input current exceeds the 50P1P setting threshold.

c. Type<Ctrl+X> to stop the relay from presenting the
target display before completion of the 1000 target
repeats.
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View Relay Elements With the Front-Panel LCD

You can use the front-panel display and navigation pushbuttons to check
Relay Word bit elements. See Section 5: Front-Panel Operations for more
information on using the relay front panel.

This procedure uses the 50P1 Phase I nstantaneous Overcurrent element. Use
the factory defaults for the pickup level (Table 6.6). For more information on
the 50P elements, see I nstantaneous Line Overcurrent Elements on

page R.1.64.

Step 1. Display the MAIN MENU.

Step 1. If therelay LCD isinthe ROTATING DISPLAY, pressthe {ENT}
pushbutton to display the MATN MENU similar to that in
Figure 6.8.

Step 2. Pressthe {Down Arrow} navigation pushbutton to highlight the
RELAY ELEMENTS actionitem (seethefirst screen of Figure 6.8).

Step 3. Pressthe {ENT} pushbutton.

You will seeaRELAY ELEMENTS screen (the second screen of
Figure 6.8).
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MAIN MENU

METER

EVENTS

BREAKER MONITOR
RELAY ELEMENTS
LOCAL CONTROL
SET/SHOW

RELAY STATUS

VIEW CONFIGURATION
DISPLAY TEST

RESET ACCESS LEVEL

RELAY ELEMENTS a
ROW O ROW 1 H

Y

|

o

=

-

m

B

al
|

o

0 3
RIPLED=0 TLED 2 =0
FEMNENEA TLED 1 =0

PRESS ¢ to_search v

ELEMENT SEARCH

n

A<=
UON—HZIw
OoCO=0
NRP<TWO
oN=Oo XM
©wxxorT

ACCEPT BACKSPACE

RELAY ELEMENTS N
ROW 22 ROW 23
32GR =0 67P4 =0
326F =0 67P3 =0
R3206 =0 67P2 =0
F3206 =0 67P1 =0
R32V =0 50P4 =0
F32V =0 50P3 =0
R321 =0 50P2 =0
F32I =0 50P1 =0
[SEARCH]

PRESS ¢ to_search A

Figure 6.8 Viewing Relay Word Bits From the Front-Panel LCD

Step 4. Display the 50P1 Relay Word bit on the front-panel LCD
screen.

a  Press{ENT} to gotothe ELEMENT SEARCH submenu of
Figure 6.8.

b. Usethe navigation keysto highlight 5 and then press
{ENT} to enter the character 5 in the text input field.

c. Enter the O, P, and 1 characters in the same manner.
Highlight ACCEPT and press {ENT}.

Therelay displaysthe LCD screen containing the 50P1
element, as shown in the last screen of Figure 6.8.

Step 5. Connect atest source to therelay.

a  Set the current output of atest source to zero output
level.

b. Connect asingle-phase current output of the test source
to the IAW analog input (see Figure 6.5 and Secondary
Circuits on page U.2.4).
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Step 6. View thetarget status change.

a Increasethe current source to produce a current
magnitude greater than 10.00 A secondary in the relay.

b. Observe the 50P1 target on the front-panel display.

You will seethe 50P1 element status change to 1 when
the input current exceeds the 50P1P setting threshold.

Step 7. Press{ESC} to return to the MATN MENU.

View Relay Elements With a Front-Panel LED

The procedure in the following steps shows you how to use afront-panel LED
to view a change-in-state for the 50P1 Phase | nstantaneous Overcurrent
element. Usethe factory defaults for the pickup level (see Table 6.6). For more
information on the 50P elements, see | nstantaneous Line Overcurrent
Elements on page R.1.64.

In this example, use ACSEL ERATOR QuickSet to configure therelay. You must
have a computer that is communicating with the SEL-421 and running the
ACSEL ERATOR QuickSet (see Making Settings Changes: Initial Global
Settings on page U.4.17). In addition, you need a variable current source
suitable for relay testing.

Step 1.  Prepare to control the relay with ACSELERATOR QuickSet by
establishing communication, checking passwords, and reading
relay settings (see Making Settings Changes: Initial Global
Settings on page U.4.17).

Step 2. Set apushbutton LED SEL oGlIc control equation.

a. Expand the Front Panel branch of the Settingstree
view and click Pushbuttons (see Figure 6.9).

ACSELERATOR QuickSet displays the Pushbuttons
dialog box similar to Figure 6.9.

b. ClickinthePB4 L ED text box and type 50P1.
c. Tabor click to any other text box.
ACSELERATOR QuickSet checks the validity of the

setting.
% © Global
O Breaker Monitar Pushbuttons
@ Group 1
@ Group 2 Pushbutton LEDs
- @ Group 3 PB1_LED Pushbutton LED 1 [SELogic)
oo Groupd
-0 Group s [PLTM #GROUND ENABLED =
© Giroup &
* RS PB2_LED Pushbutton LED 2 (SELodic)
@ Automation Lagic
o Dutputs |PLTO2 HRECLOSE ENABLED =
@ Front Panel
@ Fuohbtons PB3_LED Pushbutton LED 3 (SELagic)
© Target LEDs |0 REMOTE ENABLED J
© Selectable Sereens
© Selectable Dperatar Pushbuttons PB4_LED Pushbutton LED 4 (SELogic)
© Event Display [NOT 557 4ALT SETTINGS =
© Display Paints and Aliases
© Local Control PBS_LED Pushbutton LED 5 (SELagic)
#-© Report [NOT PLTO4 BHOT LINE TAG =
# @ Fotf
# @ Fortl PBE_LED Pushbutton LED B (SELagic)
woo Foil
0 HAUR
# @ Forl ! =]
#-0 Port§ . PB7_LED Pushbutton LED 7 [SELogic)
@ DNPMAP Setings [524CL1 BBREAKER CLOSED =
PB8_LED Pushbutton LED 8 (SELagic)
[NOT 524011 HEREAKER DPEN =

Figure 6.9 Setting Pushbutton LED Response: ACSELERATOR QuickSet

Step 3. Click File > Save to save the new settings in ACSELERATOR
QuickSet.
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NOTE: The Relay Editor dialog boxes
shown in Figure 6.10 are for the
SEL-421. The SEL-421-1 and SEL-421-2
dialog boxes do not contain
Automation 2 through Automation 10
setting instances.

Testing With Control
Outputs

Step 4. Upload the new settings to the SEL-421.
a. Click File> Send.

ACSELERATOR QuickSet prompts you for the settings
class you want to send to the relay, as shown in the
Group Select dialog box of Figure 6.10.

b. Click the check box for Front Panel.
Click OK.

The relay responds with the Transfer Status dialog
box of Figure 6.10.

If you see no error message, the new settings are loaded

in therelay.
Group Select E
Select Groups to Send
[ Autornation & ;I
I i
Automation 10
™ Output I Szl “wiriting 1 of 1
d |
™ Report
[ Port1 ok | Sending File:  SETTIMGSASET_F1.TAT
[ Port 2
™ Part3 Sending settings...
[~ PotF - Cancel |

Figure 6.10 Uploading Front-Panel Settings to the SEL-421
Step 5. Connect atest sourceto the relay.

a. Set the current output of atest source to zero output
level.

b. Connect asingle-phase current output of the test source
to the IAW analog input (see Figure 6.5 and Secondary
Circuits on page U.2.4).

Step 6. View thetarget status change.

a Increase the current source to produce a current
magnitude greater than 10.00 A secondary in the relay.

b. Observethe LED next to the RELAY TEST MODE
pushbutton (PB4) on the SEL-421 front panel.

You will seethe LED light when the input current
exceeds the 50P1P setting threshold.

You can set the relay to operate a control output to test a single element. Set
the SELoaGIC control equation for a particular output (OUT101 through
OUT108, for example) to respond to the Relay Word bit for the element under
test. See Operating the Relay Inputs and Outputs on page U.4.56 for
configuring control inputs and control outputs. Appendix A: Relay Word Bits
in the Reference Manual lists the names of the relay element logic outputs.

Testing the 50P1 Element With a Control Output

SEL-421 Relay

This procedure shows how to set control output OUT105 to test the 50P1
Phase | nstantaneous Overcurrent element. Use the factory defaults for the
pickup level (see Table 6.6). For more information on the 50P elements, see
Instantaneous Line Overcurrent Elements on page R.1.64.

For this test, you must have a computer with ACSELERATOR QuickSet for the
SEL-421, avariable current source for relay testing, and a control output
closure indicating device such as atest set or aVOM (volt ohmmeter).
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In this example, use ACSELERATOR QuickSet to configure the relay. You must
have a computer that is communicating with the SEL-421 and running
ACSEL ERATOR QuickSet (see Making Settings Changes: Initial Global
Settings on page U.4.17).

Step 1. Prepareto control the relay with ACSELERATOR QuickSet by
establishing communication, checking passwords, and reading
relay settings (see Making Settings Changes: Initial Global
Settings on page U.4.17).

Step 1. Click theOutputs>Main Board branch of the ACSELERATOR
QuickSet Settingstree structure to view output settings (shown
in Figure 6.11).

The Main Board Outputs dialog box appears.

QUT107 Main Board Output OUT107
|PLTD4 HRELAY TEST MODE

QUT108 Main Board Output OUT108
|NDT [SALARM OR HalaRM DR NOT PSYOT)

#-2 Global .
+-  Breaker Monitor Main Board 0“Itp"‘|ts
+-@ Group 1
+- 0 Group 2 Main Board Outputs
: g g:z:"i DUT10 Main Bosrd Output DUT101
) Emus 5 |[3PT OR TPAT]AND MOT PLT04 BTHREE POLE TRIP J
3-@ ok OUT102 Main Board Dutput OUT102
+- @ Automation Logic
=@ Dutputs |[3PT OR TPAT]AND MOT PLTO4 HTHREE POLE TRIP J
® Main Board .
© Interface Board Outputs QUT103 Main Board Output OUT103
@ Communication Card Dutputs |BK1 CL AND NOT PLTO4 #EREAKER CLOSE COMMAND J
@ Mirrared Bits Transmit Equations
+-© Front Panel QUT104 Main Board Output OUT 104
+-O Report |KEY AND PLTOZ AND NOT PLTO4 HKEY T J
+- @ DNP MAP Seftings
+- @ Patl OUT108 Main Board Output OUT105
+- @ Poit 2 E0P1
+-@ Port 3 | | J
+ -0 PortF OUT106 Main Board Output OUT 106
+-2 Pots |N A J
-
-

Figure 6.11 Setting Main Board Outputs: ACSELERATOR QuickSet

Step 2. Set OUT105 to respond to the 50P1 element pickup.

a. Movethecursor to the OUT105 Main Board Output105
(SELoaIC) text box and double-click the left (regular)
mouse button.

Delete the NA default setting.

Type 50P1.

Press <Tab> or click in any other text box.

Therelay checksthe validity of the setting you entered.

Aninvalid setting (you could have mistyped the
element name) causes the OUT105 text box to turn red.

If the setting is valid, the text box displays the new
setting on a white background.

® o0 T

Step 3. Click File > Save to save the new settings in ACSELERATOR
QuickSet.

Step 4. Upload the new settings to the SEL-421.
a. Click File> Send.

ACSELERATOR QuickSet prompts you for the settings
class you want to send to the relay, as shown in the
Group Select dialog box in Figure 6.12.

b. Click the Output check box.
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NOTE: The Relay Editor dialog boxes
shown in Figure 6.12 are for the
SEL-421. The SEL-421-1 and SEL-421-2
dialog boxes do not contain
Automation 2 through Automation 10
setting instances.

Testing With SER

c. Click OK.

The relay responds with the Transfer Status dialog
box in Figure 6.12.

If you see no error message, the new settings are loaded

in the relay.
Settings Class Select E
Select Clazses to Send
Fawnsne | @] |0
[ Automation 7 _I —I —I
[ Automation 8 wiriting 1 of 1
[ Autornation 9 |
[ Autornation 10
[ Qutout Sending File:  SETTINGSASET_O1.TXT
[ Front Panel 0k |
[ Report Sending settings...
[ Port1
E 2 ol _cwed |

Figure 6.12 Uploading Output Settings to the SEL-421

Step 5.  Connect an indicating device to OUT105 on therelay rear
panel.

A VOM multi-tester on alow resistance scale can indicate an
OUT105 control output closure.

Step 6.  Connect atest source to the relay.

a.  Set the current output of atest source to zero output
level.

b. Connect asingle-phase current output of the test source
to the IAW analog input (see Figure 6.5 and Secondary
Circuits on page U.2.4).

Step 7. Increase the current source to produce a current magnitude
greater than 10.00 A secondary in the relay (to test the
element).

When the 50P1 element picks up, the relay changes the 50P1
Relay Word bit to logical 1 and closes the output contacts of
control output OUT105.

Theindicating device operates.

You can set the relay to generate areport from the SER to test relay elements;
include the element that you want to test in the SER Points and Aliaseslist.
Set aliases for the element name, set state, and clear state in the SEL-421 SER
to simplify reading the SER report. See SER (Sequential Events Recorder) on
page A.3.34 for complete information on the SER.

Testing the 51S1 Element Using the SER

SEL-421 Relay

The SER gives exact time data for testing time-overcurrent element timeouts.
Subtract the 51S1T assertion time from the 51S1 assertion time to check the
operation time for this element. Use the factory defaults for the operating
quantity, pickup level, curve, time dial, and electromechanical reset

(Table 6.7).

The procedure in the following steps shows how to set the SER trigger liststo
capture the selectabl e operating quantity time-overcurrent element 51S1
operating times. The procedure also shows how to set the torque control
supervision for the 51S1 element.
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Table 6.7 Selectable Operating Quantity Time-Overcurrent Element (51S1)
Default Settings

Setting Description Default 5A
51S10 51S1 Operating Quantity (IAn, IBn, ICn, IMAXn, I1L, 310L

312L, 310L, 3101, 3102)a
51S1P 51S1 Overcurrent Pickup (0.25-16 amps, secondary) 0.75
51S1C 5151 Inv-Time Overcurrent Curve (U1-U5, C1-C5) u3
51S1TD 5151 Inv-Time Overcurrent Time Dial (0.50-15.0) 1.00
51S1RS 51S1 Inv-Time Overcurrent EM Reset (Y, N) N
51S1TC 5151 Torque Control (SELoGIC control equation) 32GF

a nisL,1, and 2 for Line, Circuit Breaker 1, and Circuit Breaker 2, respectively.

Therelay uses Equation 6.1 and Equation 6.2 to determine the operating time
for the 51S1 element. For a current input 50 percent greater than the default
pickup, the test value, Itggr is:

M« (51S1P)

15+ (0.75A)
1.125 A Equation 6.1

ITEST

where M isthe pickup multiple and 51S1P is the element pickup value (see
Table 6.7).

The operating time (t,) for atime dial (TD) equal to 1 for the U3 (Very
Inverse) Curveis.

D [0.0963 + 3_-;‘*3_)

M —
1-0.0963+.¥_
152-1

3.2 seconds Equation 6.2

~—+
1

For more information on the 51S el ements, see Inverse-Time Overcurrent
Elements on page R.1.70.

In this example, use ACSEL ERATOR QuickSet to configure therelay. You must
have a computer that is communicating with the SEL-421 and running the
ACSEL ERATOR QuickSet (see Making Settings Changes: Initial Global
Settings on page U.4.17). You also need a variable current source for relay
testing.

Step 1. Prepare to control the relay with ACSELERATOR QuickSet by
establishing communication, checking passwords, and reading
relay settings (see Making Settings Changes: Initial Global
Settings on page U.4.17).

Step 2. Set the selectable operating quantity time-overcurrent element
for test operation.

a. Openthe Group 1> Relay Configuration > Time
Overcurrent branch of the Settings tree view (see
Figure 6.13).

b. IntheTimeOvercurrent dialog box, check that setting
51S10 Operating Quantity isat 310L.
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c. Check the remaining element configurations against
Table 6.7.

> Set torque control 51S1TC to 1 to constantly operate
the 51S1 element

> Typelinthetext box for 51S1TC.

> For more information on using ACSELERATOR
QuickSet to change settings, see Making Initial Global
Settings: ACSELERATOR QuickSet on page U.4.25.)

# - Global

#-0 Breaker Monitor Time Overcurrent
=@ G 1
e ES15 Selectable Irverse-Time 0/C Elements
=@ Setl
@ Line Configuration 1 ~| Select: N, 1-3

= © Relay Configuration

© Phase Distance Elements Ei=lUecim eyl

© Ground Distance Elements 51510 5151 Operating Quaniity

© Distance Elements Common Time Delay T =
© SwitchOnto-Faul

©  Out-of-Step Tripping/Blocking 5151P 5151 04T Pickup

© Load Encioachment 07 Aenge-0255160

© Phase Inst0/C

© Residual Ground It 0/C
© MegativeSeq Inst 0/C

5151C 5151 Inv-Time 0/C Curve

® Time Overcunent u3 ~ | Select: U1, U2, U3, U4, U5, C1,C2, C3,C4, C5

© Directiznal S1517D 5157 Inv-Time 0/C Time Disl S151AS 5157 Inv-Time D/C EM Reset
© Pole Open Detection

@ Tiip Schemes 1.00 Range = 0.50 to 15.00 N -| Select Y. N

© Breaker 1 Faiure Logic

@ Breaker 2 Faiure Logic H151TC 5151 Tomque Control

& Synchronism Check 1 =]
© Reclosing and Manual Clasing
© Demand Mateiing Time Overcurrent 2
© Tiplogic ) )
o Proseion Loge 1 5152015152 Operating Quaniiy
%O Group? [ =l

Figure 6.13 Checking the 51S1 Overcurrent Element: ACSELERATOR QuickSet
Step 3. View the SER settings.

a. Click the + mark next to the Report branch of the
ACSELERATOR QuickSet Settings tree view structure
shown in Figure 6.14.

b. Click onthe SER Points and Aliases branch.

The SER Pointsand Aliases dialog box appears (see
Figure 6.14).

Global N "
Breaker Maritor SER Points and Aliases
Group 1
Group 2 SER Points and Aliases

Graup 3 SITM1 SER Points and Aliases, Point 1
Gioup 4

Gioup 5 [ =
Group & ) SITM2 SER Points and Aliases, Paint 2

Automation Logic
Culputs [6751."BROUND 0/C/ 1 LINE 16151 TIMEOUT"."5151 DROPOUT" N |
Front Panel

Report

© SER Chatter Cileri
@ SER Points and 4l
© Event Reporting _
& Event Reporting Di | | [5157 [GROUND O/C/TLINE  [5151 TIMEOUT 5151 DROPOLT [ =~
PortF
Port 1
Fon 2 3 Cancel
Port 3

Port & SITME SER Points and Aliases, Point &

U E

20000 0COOQODOD

Relay wiord Bit Reporting M arme Set State Name Clear State Name HHMI Alarm

B R
200000

DNP MAP Settings | J

Figure 6.14 Setting SER Points and Aliases: ACSELERATOR QuickSet
Step 4. Enter SER element names and aliases.

a. Locate SITM1 SER Pointsand Aliases, Point 1 entry
field, and then click the | button beside the entry box.

b. Click the -] button beside the Relay Word bit entry
field.

c. Select Overcurrent Element Bits.

d. Double-click on 51S1T to copy the nameinto the Relay
Word Bit field.
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NOTE: The Relay Editor dialog boxes
shown in Figure 6.15 are for the
SEL-421. The SEL-421-1 SEL-421-2
dialog boxes do not contain
Automation 2 through Automation 10
setting instances.
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Group Select E

Select Groups to Send

@

Testing and Troubleshooting
Test Methods

Type GROUND O/C 1 LINE 1inthe AliasName
field.

Type 51S1 TIMEOUT inthe Set Aliasfield.

Type 51S1 DROPOUT inthe Clear Aliasfield.
Click on the OK button.

Repeat Steps Sep a—Sep h for SITM 2 SER Points
and Aliases, Point 2, with setting values 5151,
GROUND O/C 1LINE 1, 51S1 PICKED UP, 51S1

RESET. Figure 6.14 shows the entry field for SITM2
just before pressing the OK button.

You can enter as many as 250 relay elementsin the SER Points
and Aliaseslist (see SER (Sequential Events Recorder) on
page A.3.34).

Click

File > Save to save the new settingsin ACSELERATOR

QuickSet.
Step 6. Upload the new settings to the SEL-421.

a
b.

[ Automation 7
Automation 8
[ Autornation 9
[ Autornation 10
™ Output
[ Frort Panel
|k B =t
[ Port1
[ Port 2
[ Port 3
™ PortF

|

|

||

Click File> Send.

ACSELERATOR QuickSet prompts you for the settings
class you want to send to the relay, as shown in the
Group Select dialog box of Figure 6.15.

Click the check box for Group 1 and for Report.
Click OK.

ACSELERATOR QuickSet responds with a Transfer
Status dialog box asin Figure 6.15.

If you see no error message, the new settings are loaded
in therelay.

wiriting 1 of 1

Sending File:  SETTINGSASET_R1.THT

I~ Select Al

ok |
Cancel |

Sending zettings...

Figure 6.15 Uploading Group 1 and Report Settings to SEL-421

Step 7. Connect atest source to the relay.

a

b.

Set the current output of atest source to zero output
level.

Connect a single-phase current output of the test source
to the IAW analog input (see Figure 6.5 and Secondary
Circuits on page U.2.4).

Step 8. Test the element.

a

Increase the current source to produce a current
magnitude of 1.125 A secondary in the relay.

Keep the current source at this level past the expected
element timeout (longer than 3.2 seconds).

Return the current source to zero after the element time
out.

User's Guide
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Step 9. Select the HMI menu (top toolbar) and then click M eter and
Control to start the ACSELERATOR QuickSet HMI interface.

Step 10. View the SER report.
Step 11. Click the SER button of the HMI tree view (see Figure 6.16).

ACSEL ERATOR QuickSet displaysthe SER report similar to
Figure 6.17.

The time difference between SER entries 51S1 PICKED UP
and 51S1 TIMOUT is approximately 3.2 seconds.

Device Overview
Phasors

Instantaneous
Synchrophazor
Demand/Peak

I awimurn M inirnum
Energy

Targets

Statug

Breaker 1 Manitar Data
Breaker 2 Manitar Data
Contral Window

000 @000 OQOOOQD

Figure 6.16 HMI Tree View: ACSELERATOR QuickSet

SEL-421 Relay

SER

Relay 1 Date: 0371572001 Time: 00:32:29.718

Station A4 Serial Number: 0001001234

# DATE TIME ELEMENT STATE

G 03/15/2001 00:00:00.004 Power-up Group 1

5 03/15/2001 00:00:00.222 Relay Enabled

4 03/15/2001 00:30:00.021 GROUND ©/C 1 LINE 1 5131 PICKED UP

3 03/15/2001 0Q0:30:03.221 GROUND ©/C 1 LINE 1 5131 TIMEQUT

Z 0371572001 00:32:00.114 GROUND ©fC 1 LINE 1 5151 RESET

1 03/15/2001 00:32:00.114 GROUND ©/C 1 LINE 1 5131 DROPOUT
SER[30 10 | Update SER

Figure 6.17 SER Report: ACSELERATOR QuickSet HMI

Checking Relay Operation

The SEL-421 comes to you with all functions fully checked and calibrated so
that the relay operates correctly and accurately. You can perform tests on the
relay to verify proper relay operation, but you do not need to test every relay
element, timer, and function in this evaluation. The following checks are
valuable for confirming proper SEL-421 connections and operation:

» AC connection check (metering)
» Commissioning tests

» Functional tests
>

Element verification
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An ac connection check uses relay metering to verify that the relay current and
voltage inputs are the proper magnitude and phase rotation (see Examining
Metering Quantities on page U.4.33).

Commissioning tests help you verify that you have properly connected the
relay to the power system and all auxiliary equipment. These tests confirm
proper connection of control inputs and control outputs aswell (see Operating
the Relay Inputs and Outputs on page U.4.56).

Brief functional tests and element verification confirm correct internal relay

processing.
Selected Element This subsection discusses tests of the following relay elements:
Tests » Overcurrent element: negative-sequence instantaneous, 50Q1

» Directional element: negative-sequence portion, F32Q/R32Q,
of the phase directional element, F32P/R32P

» Distance element: phase-to-phase mho element, MBC2, of
Zone 2 mho distance element M2P

Testing Overcurrent Overcurrent elements operate by detecting power system sequence quantities
E| em ents and asserting when these quantities exceed a preset threshold.

Apply current to the analog current inputs and compare relay operation to the
element pickup settingsto test the instantaneous and definite-time overcurrent
elements. Be sure to apply the test current to the proper input set (IW or 1X),
according to the Global Current and Voltage Source Selection settings (ESS
and ALINEI, for example) to accept the input. See Current and \Voltage
Source Selection on page R.1.2 for more information.

Phase Overcurrent Elements

The SEL-421 phase overcurrent elements compare the phase current applied
to the secondary current inputs with the phase overcurrent element pickup
setting. Therelay asserts the phase overcurrent el ements when any of thethree
phase currents exceeds the corresponding element pickup setting.

Negative-Sequence Overcurrent Elements

The SEL-421 negative-sequence overcurrent elements compare a negative-
sequence calculation of the three-phase secondary inputs with the
corresponding negative-sequence overcurrent element pickup setting. The
relay makes this negative-sequence cal culation (assuming ABC rotation):

31, = A-phase + B-phase (shifted by —120°) + C-phase (shifted by 120°)

The relay asserts negative-sequence overcurrent elements when the 3I,
calculation exceeds the corresponding negative-sequence current pickup
setting. If balanced currents are applied to the relay, therelay reads 31, ~ 0
(load conditions) and does not pick up the negative-sequence overcurrent
elements.

For testing, apply current to a single phase of the relay, causing the negative-
sequence overcurrent elementsto operate. For example, assume 1 A of current
on A-phase and zero current input on the B-phase and C-phase:

3l,=1A + 0 (shifted —120°) + 0 (shifted 120°) = 1 A (asimulated ground
fault condition)
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Ground Overcurrent Elements

The SEL-421 ground overcurrent elements compare a residua ground
calculation of the three-phase inputs with the residual overcurrent setting. The
relay makes thisresidual current calculation:

3l = A-phase + B-phase + C-phase

The relay asserts ground overcurrent elements when the 3l calculation
exceeds the ground current element pickup setting. If balanced currents are
applied to the relay, the relay reads 3l = 0 (load conditions) because the
currents cancel in the calculation; the relay does not pick up the ground
overcurrent elements.

For testing, apply current to a single phase of the relay, causing the residual
overcurrent elements to operate. For example, assume 1 A of current on
A-phase and zero current input on B-phase and C-phase;

3lg=1A +0+0=1A (asimulated ground fault condition)

Checking the Negative-Sequence Instantaneous Overcurrent Element,
50Q1

Nt(h)TE: Ats vtqu Delrform ttms test, . The procedure in the following steps tests the 50Q1 negative-sequence
This causes the relay to assert other overcurrent element. Use asimilar procedure to test other overcurrent
targets and possibly close control elements.

outputs. Be sure to isolate the relay
from the power system to avoid
unexpected system effects.

This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords on page U.4.6 to change the default access
level passwords and enter higher relay access levels). You should be familiar
with ACSEL ERATOR QuickSet (see Section 3: PC Software).

Step 1. Configure the relay.

a. Start ACSELERATOR QuickSet and read the present
configuration in the SEL-421.

b. Click Settings > Read.

Therelay sends all settings and configuration data to
ACSELERATOR QuickSet.

¢. Expand the Group 1 settings and click the
Negative-Seq I nst O/C button of the Settingstreeview
as shown in Figure 6.18.

You will seethe Negative Sequence | nstantaneous
Overcurrent dialog box similar to Figure 6.18.

d. Click thearrow in the Instantaneous and Definite
Time Overcurrent Element Levels E50Q dialog box
and select 1.

e. For thistest, set the 50Q1P level to 1.00 and 67Q1TC
to 1.
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NOTE: The Relay Editor dialog boxes
shown in Figure 6.19 are for the
SEL-421. The SEL-421-1 SEL-421-2
dialog boxes do not contain
Automation 2 through Automation 10
setting instances.
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@ Line Configuration

=-© Felay Configuiation

@ Phase Distance Elements

@ Ground Distance Elements

@ Distance Elements Comman Time Delay
© SuitchOrto Faul

© Dut-ofStep Tripping/Blocking

© Load Encioachment

@ Phase Inst D/C

@ Residual Grourd Inst 02

1

*-© Glabal .
%o Breaker Moritar Negative-Sequence Instantaneous Overcurrent
= Gi 1

e E500 Neg.-Seq. Inst /DietTime 0/C Elemnents

v | Select M. 1-4

Negat
0
5007P Level 1 Fickup

1.00 FRange = 0.25 to 100.00, OFF

E7Q1D Level 1 Time Delay
0.000 Range = 0.000 to 16000.000

B7E1TC Level 1 Torque Control

® MegativeSeqlnst 0/C

© Time Overcunent fi =
© Direstional -
@ Pole Open Detection Heg 2
“ g”D i“:";ej L S002P Level 2 Pickup
© Breaker 1 Failre Logic _
© Brasker 2 Faiure Logic Range = 0.25 to 100.00, OFF
© Synchorism Check 57020 Level 2 Time Delay
© Reclosing and Manusl Closing
© Demand Metering Range = 0,000t 16000.000
© TipLogic
© Piolection Logic 1 6702TC Level 2 Torgue Cantrol
#-® Gioup2 [ =

Figure 6.18 Negative-Sequence Instantaneous Overcurrent Element
Settings: ACSELERATOR QuickSet

Step 2.  Upload the new setting to the SEL-421.
a. Click File> Send.

Settings Class Select

Select Clazses to Send

ACSELERATOR QuickSet prompts you for the settings
class you want to send to the relay, as shown in the
Group Select dialog box in Figure 6.19.

Click the check box for Group 1.
Click OK.

The relay responds with the Transfer Status dialog
box similar to Figure 6.19.

If you see no error message, the new settings are loaded
in the relay.

et 3 =l o
[ Ereaker Monitor —I —I B

|k Giroup 1 “wiriting 1 of 1

[ Group 2 |

[ Group 2 -

[ Group 4 Sending File:  SETTINGSAVSET_S1.TAT

[ Group 5 oK, | ) :

[ Group 6 Sending zettings...

[ Automnation 1

[ Automnation 2
I—

s b mbiman D

Figure 6.19

LI Cancel |

Uploading Group 1 Settings to the SEL-421

Step 3. Display the 50Q1 Relay Word hit on the front-panel LCD
screen.

a.  Accessthe front-panel LCD MAIN MENU.

b. Highlight RELAY ELEMENTS and press {ENT}.

C. Press{ENT} to go tothe ELEMENT SEARCH submenu of
Figure 6.20.

d. Usethe navigation keysto highlight 5 and then press
{ENT} to enter charactersin the text input field.

e. Enterthe0, Q, and 1 charactersin turn.

f. Highlight ACCEPT and press {ENT}.
The relay displays the screen containing the 50Q1
element, as shown in Figure 6.21.
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ELEMENT SEARCH
[
AIBCDEF
GHI JKL
MNOPQR
STUVWX
YZ0123
456789
;CCEPT BACKSPACE
Figure 6.20 ELEMENT SEARCH Screen
RELAY ELEMENTS a
ROW 26 ROW 27
6704 =0 * =
6703 =0 * =0
6702 =0 * =0
6701 =0 * =
5004 =0 6704T =0
5003 =0 6703T =0
50%2 =0 67§2T =0
5001 =0 67Q1T =0
PRESS ¢ to search A
Figure 6.21 RELAY ELEMENTS Screen Containing Element 50Q1
Step 4. Connect atest source to therelay.
a. Set the current output of atest source to zero output
level.
b. Connect asingle-phase current output of the test source
to the IAW analog input (see Figure 6.5 and Secondary
Circuits on page U.2.4).
Step 5. Increase the current source to produce a current magnitude
greater than 1.00 A secondary in the relay.
You will seethat the 50Q1 element state changes on the LCD
screen from 50Q1 = 0to 50Q1 = 1.
Negative-sequence The SEL-421 features a phase directional element (represented by Relay Word
irecti LEl t bits F32P/R32P) to supervise the phase distance elements and to control phase
Directional Elemen directional elements. The negative-sequence directional element, F32Q/R32Q,
for Phase Faults isapart of the phase directional element, F32P/R32P. Whenever the negative-

sequence directional element asserts, the phase directional element asserts.

Therelay also contains aground directional element, F32G/R32G, for
directional control of the ground distance elements and ground overcurrent
elements. For more information on directional elements, see Ground
Directional Element on page R.1.27, and Section 1. Protection Application
Examplesin the Applications Handbook.

The SEL-421 calculates the negative-sequence impedance Z2 from the
magnitudes and angles of the negative-sequence voltage and current. Table 6.3
defines this function (the ‘c’ in Z2c indicates “ calculated”).

Re[V,* (1/Z1ANG* 1,)*]

Z2c =
2
12]

I * COS(LV,—ZLZ1IANG - ZI,)
| 2| Equation 6.3
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where:
V5= the negative-sequence voltage
I, = the negative-sequence current
Z1ANG = the positive-sequence line impedance angle
Re = therea part of the term in brackets, for example,
(Re[A +]B] =A)
* = the complex conjugate of the expression in parentheses,
(A+]B)* =(A-jB)

Theresult of Equation 6.3 is an impedance magnitude that varies with the
magnitude and angle of the applied current. Normally, aforward fault results
in anegative Z2c relay calculation.

Test Current

Solve Equation 6.3 to find the test current values that you need to apply to the
relay to test the element. For the negative sequence current |, the result is

|| | = |_\/_2J.
2 Z2¢c Equation 6.4

when:

Ly = LN, ZLZ1IANG Equation 6.5

Multiply the quantities in Equation 6.4 by three to obtain 3l,, the negative-
seguence current that the relay processes. With afixed applied negative-
sequence voltage V,, the relay negative sequence voltageis 3V,. Set

Z2c¢ = Z2F to find the test current magnitude at the point where the impedance
calculation equal s the forward fault impedance threshold. Equation 6.4
becomes:

lrest| = 314 = Z5¢ Z2F Equation 6.6

when:

Llyggt = 431, = £3V,—-ZZ1ANG Equation 6.7

For areverse fault impedance threshold, where Z2c = Z2R, Equation 6.4
becomes:
brest] = o1 = 332 = 222
TEST 217 72¢  7Z2R Equation 6.8

when the angle calculation is the same as Equation 6.7.

For more information on the directional elements, see Ground Directional
Element on page R.1.27 and Quadrilateral Ground Distance Elements on
page R.1.54. For settings and application information, see Section 1:
Protection Application Examples in the Applications Handbook.
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Checking the Negative-Sequence Directional Element (Phase Faults)

NOTE: As you perform this test,
other protection elements can assert.
This causes the relay to assert other
targets and possibly close control
outputs. Be sure to isolate the relay
from the power system to avoid
unexpected system effects.

Thistest confirms operation of the F32Q and the R32Q negative-sequence
directional elements. Thistest procedureisfor a5 A relay; scale values
appropriately for al A relay.

This example assumes that you have successfully established communication

with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords on page U.4.6 to change the default access
level passwords and enter higher relay access levels). You should be familiar
with ACSEL ERATOR QuickSet (see Section 3: PC Software).

Step 1. Configuretherelay.

a

Open ACSELERATOR QuickSet and read the present
configuration in the SEL-421.

Click Settings > Read.

Therelay sends all settings and configuration data to
ACSELERATOR QuickSet.

Expand the Group 1 settings and click the Relay
Configuration branch of the Settings tree view as
shown in Figure 6.22.

Disable supervisory elements.
Confirm that ELOP issetto N.

In asimilar sequence, click on the + button to expand
the Relay Configuration tree view, click on L oad
Encroachment, and confirm that EL OAD is set to N.

It
+ O Global

+- & Breaker Monitar

= @ Group 1
oo Setl

@ Line Configuiation
% @ Relay Configuration
© Prolection Logic 1

#- © Group 2
#- O Group 3
O Groupd
% O Goup5
+-O Goup 6

*- © Autamation Logic

Relay Configuration

Fielap Configuration Settings
ECHT Transient Detection

H | Gelect: ¥, N
ELOP Loss-ofPotential

il | Select . VLN

EADYS Advanced Settings

N T Select N

Figure 6.22 Group 1 Relay Configuration Settings: ACSELERATOR QuickSet

SEL-421 Relay

f.

g.

User's Guide

Defeat the pole-open logic.

Click the + button next to Breaker Monitor to expand
the Breaker Monitor branch of the Settings tree view
(see Figure 6.23).

Click Breaker 1.
You will seethe Breaker 1 dialog box similar to
Figure 6.23.

Enter 1 in the text boxes for 52AA1 A-Phase N/O
Contact Input -BK 1, 52AB1 B-Phase N/O Contact
Input -BK 1, and 52AC1 C-Phase N/O Contact
Input -BK 1.

The text boxesin Figure 6.23 appear if Breaker
Monitor setting BK1TYP := 1.

If BKITYP :=3, enter 1in the 52AA1 N/O Contact
Input -BK 1 text box (the other circuit breaker input
boxes are dimmed.)

Date Code 20111215



Testing and Troubleshooting | U.6.31
Checking Relay Operation

# @ Global -
=@ Breaker Monitar Breaker 1 —
® Bresker1
s EBTMON Breaker 1 Monitoring
+-© Group 1 o * N
# @ Group 2
+ O Group 2 Breaker 1 Configuration
# @ Group 4 BEATYP BK1 Trip Type (Single Pole=1, Thiee Pole=3]
+.O Gioups s
«| Select: 1,3
# @ Group B 1 EHEEE Tl
+ @ Automation Logic
# @ Outputs Breaker 1 Inputs
* 7 Front Panel 520441 #-Phase N/D Contact Input - BK. (SE Logic Equation]
# @ FReport |1 J
+ @ DNP MAF Settings
2-@ Pot 524B1 B-Phase N/D Contact Input -BK1 (5ELagic Equation)
# -0 Part2
#0 Port3 |1 J
g8 Pt E2ACY C-Phisse /D Contact Input BK1 (SELogic Equation)
i -
Breaker 1 Monitor
BM1TRPA Brkr Manitor A-Phase Trip - BK1 [SELogic Equation]

Figure 6.23 Breaker 1 Breaker Monitor Settings: ACSELERATOR QuickSet

Step 2. Set test valuesin the relay.

a. Expand the Group 1 settings as shown in Figure 6.24
and select the Line Configuration button.

You will seethe Line Configuration dialog box of
Figure 6.24.

b. Confirm the default settings of ZIMAG at 7.80 and
Z1ANG at 84.00.

c. Click the + mark next to the Relay Configuration
branch to expand that Settings branch.

d. Select the Directional button.

You will seethe Directional dialog box similar to
Figure 6.25.

e. Confirm the following settings: E32isAUTO,
ORDER isQ, 50FPis0.60, 50RP is0.40, Z2F is 3.90,
Z2R is4.00,a2is0.10, and k2is0.2.

The dialog box is dim since there are no settingsto
change.

Therelay calculates these numeric settings
automatically because E32 isset to AUTO.

f. If you need to change these settings, set E32to Y.
Table 6.8 shows the calculations.

See Ground Directional Element on page R.1.27 for
details on these relay calculations.
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Glaobal
Breaker Monitor

Line Configuration

- @ Relay Configuration
@ Protection Logic 1

- @ Group 2

- @ Group 3

- @ Group 4

- @ Group 5

- @ Group B

[ @ Automation Logic

[ @ Outputs

- @ Front Panel

- @ Report

- @ Communications Ports

Line Configuration

Line Configuration Settings
CTRW Current Transformer R atio - Input '

200 Flange =1 - 50000
CTRX Current Transformer B atio - Input 5
200 Flange =1 - 50000

FTRY Potential Transformer Fatio - lnput '
Fange =1 - 10000
WHMOMY PT Mominal Yoltage [L-L] - Input %'
Fiange = B0 - 300

T

FTRZ Potential Transformer Fatio - lnput 2
Fange =1 - 10000
WHMOMZ PT Mominal Yoltage [L-L] - Input £
Fiange = B0 - 300

A

Z1MAG Pos.-Seq. Line Impedance Magnitude [ohms, sec]
Fange = 0.05 - 265.00

Z14MG Pos.-Seq. Line Impedance Angle [deg)

Fiange = 5.00 - 50.00

o -
= [==]
b= =
=

Z0MAG Zero-Seq. Line Impedance Magnitude [ohms, sec)
Fange = 0.05 - 265.00

Z04MG Zero-Seq. Line Impedance Angle [deg)

Fiange = 5.00 - 50.00

[
=
[==]
=

=
wn
=

Figure 6.24 Group 1 Line Configuration Settings: ACSELERATOR QuickSet

+- @ Global
+- @ Breaker Monitor
-l @ Group1
SR
© Line Canfiguration
=]+ @ Relap Configuration
@ Phase Distance Elements
@ Ground Distance Elements
@ Distance Elements Common Time Delay
@ Switch-Onto-F ault
@ Out-of-Step Tripping/Blocking
@ Load Encroachment
@ Phase Inst 0/C
@ Residual Ground Inst 0/C
@ Negative-Seqlnst 0/C
@ Time Overcurent
@ Directional
@ Pole Open Detection
@ Trip Schemes
@ Breaker 1 Failure Logic
@ Breaker 2 Failure Lagic
@ Synchionism Check
@ Reclosing and Manual Closing
© Demand Metering
@ Trip Logic
@ Protection Logic 1
4@ Group 2
+-© Group3
+- @ Group 4
4@ Group B
4@ Group B
+|- @ Automation Logic
+- @ Outputs
+- @ Front Panel
+l-© Report
#- @ DMP MAP Settings
+-O Portl
+- @ Port2
+- @ Port 3
#- @ PotF

Directional

Zone/Level Direction
DIR3 Zone/Level 3 Directional Control
] +| Select: F.R
DIR4 Zone/Level 4 Directional Control
Select: F.R

DIRS Zone/Level 5 Directional Contral

Select: F. R

E32 Directional Control
AUTO «| Select: ¥, AUTO
Directional Control/Element Settings
ORDER Ground Dir. Element Priarity (combing 0.5.11
¥ Select: 0., |. any Combination of G.% and |

BOFP Farward Dir Overcurrent Pickup

Range = 0.25 to 5.00

BORP Reverse Dir Dvercunent Pickup
Range = 0.25 to 5.00

Z2F Forward Dir Z2 Threshald

Range = -64.00 ta 54.00
Z2R Reverse Dir Z2 Threshold

Range = -64.00 ta 54.00
a2 Pos.-Seq. Restraint Factor, 12411

Range = 0.02 to 0.50

k2 Zero-Seq. Restraint Factor, 1240
Range = 0.10ta 1.20

Figure 6.25 Directional Settings: ACSELERATOR QuickSet

Table 6.8 Negative-Sequence Directional Element Settings AUTO

Calculations
Setting Calculation
50FP 0.12 * lom
50RP 0.08 * I ,om
Z2F 0.5+« ZIMAG
Z2R Z2F +1/ (2 lhom)
a2 0.1
k2 0.2
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Step 3. Upload the new settings to the SEL-421.
a. Click File> Send.

ACSELERATOR QuickSet prompts you for the settings
class you want to send to the relay, as shown in the
Group Select dialog box in Figure 6.26.

b. Click the check box for Group 1 and for Breaker
Monitor.

c. Click OK.

d. ACSELERATOR QuickSet responds with a Transfer
Status dialog box asin Figure 6.26.

If you see no error message, the new settings are loaded
in the relay.

NOTE: The Relay Editor dialog boxes

Shown n Figure 5,26 are for the
§E||‘-42b1' The dSEL'AtZH ?E_L-421-2 Select Groups/Classes to Send
1alog boxes ao not contain
) . Giba - T

Automation 2 through Automation 10 I; B,gaﬁe, WMaritor EI EI fronsfestans

setting instances. | Giroup 1 “wiriting 1 of 1
™ Group 2 |
[ Group 2
[ Group 4 Sending File:  SETTINGSYSET_S1.TwT
™ Group 5 0K, |
[ GroupE Sending settings...
— Autamation 1
- fuiomatin 2 x| Cored |

Figure 6.26 Uploading Group 1 and Breaker Monitor Settings to the SEL-421

Step 4. Display the F32Q and R32Q Relay Word bits on the front-
panel LCD screen.

a.  Accessthe front-panel LCD MAIN MENU.
b. Highlight RELAY ELEMENTS and press {ENT}.

You will seeaRELAY ELEMENTS screen with SEARCH
highlighted at the bottom of the screen.

C. Press{ENT}to gotothe ELEMENT SEARCH submenu of
Figure 6.20.

d. Enter charactersin the text input field using the
navigation keys.

e. Highlight F and press {ENT} to enter the F character.
f. Enter the 3, 2, and Q charactersin like manner.
g. Highlight ACCEPT and press {ENT}.

The relay displays the screen containing the F32Q and
R32Q elements, as shown in Figure 6.27.

RELAY ELEMENTS N
ROW 20 ROW 21 |
32SPOR =0 32IE =0

&1 3

20F =0 320E =0
R3 =0 50GR =0
F32 =0 50GF =0
R32 =0 500QR =0

PRESS ¢ to_search v

Figure 6.27 RELAY ELEMENTS LCD Screen Containing Elements F32Q and
R32Q
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Distance Elements

SEL-421 Relay

Step 5. Calculate impedance thresholds.

a For thistest, apply an A-phase voltage of V, =3V, =
18.0 £180° V secondary.

b. Use Equation 6.8 to find the current that is equal to the
reverse impedance threshold Z2R:

ap = 3Ve| 18021800V
'rest| = [314
TEST 27 Z2R 4.00

= 450 A

Step 6. Use Equation 6.6 to find the current that is equal to the forward
impedance threshold Z2F:

_ g o 13Val _ |1802180°V) _
['restl = 312 = Zre = 300 O2A

Step 7. Use Equation 6.7 to determine the applied current angle (£
lEST):

Aigst = £3l, = £3V,— /Z1ANG = 180°—84° = 96°

Step 8. Apply atest current to confirm operation of R32Q and F32Q.

a.  Connect asingle current test source as shown in
Figure 6.5.

b. Apply an A-phase voltage of V, = 18.0 £180° V
secondary.

C. Setthecurrent sourcefor |5 =0.0 £ 96° A.

Slowly increase the magnitude of | to apply the source
test current.

e. Observethe RELAY ELEMENT LCD screen.

Relay Word bit R32Q assertswhen [I4] = 0.4 A,
indicating that the relay negative-sequence current is
greater than the 50RP pickup threshold.

R32Q deassertswhen |l 5| = 4.5 A, indicating that the
relay negative-sequence calculation Z2c is now less
than the Z2 reverse threshold Z2R (see Reverse
Threshold on page R.1.37 and Forward Threshold on
page R.1.36.)

f. Continueto increase the current source while you
observethe RELAY ELEMENT LCD screen.

Relay Word bit F32Q assertswhen | 5| = 4.62 A,
indicating that the relay negative-sequence calculation
Z2c islessthan the Z2 forward threshold Z2F.

Apply voltages and currents to the relay analog inputs that simulate fault and
load conditions to test distance elements. The relay supervises distance
elements so that these elements operate under the appropriate conditions. Be
sure to satisfy all the element supervisory conditions before testing arelay
element. For supervisory conditionsfor a particular element, see Mho Ground
Distance Elements on page R.1.49.

User's Guide Date Code 20111215



Testing and Troubleshooting | U.6.35
Checking Relay Operation

Phase-to-Phase Distance Element MBC2

The SEL-421 contains mho phase distance el ements among the many
protection elementsin the relay. The relay has phase distance elementsto
detect phase-to-phase faults, phase-to-phase-to-ground faults, and three-phase
faults. The SEL-421 has five independent zones of mho phase distance
protection; each zone consists of phase-to-phase elements that the relay
combines to produce a particular zone output.

For example, the OR combination of MAB2, MBC2, and MCA2 produces the
M2P Zone 2 mho phase element. For more information on the mho phase
elements and other distance elements, see Section 1: Protection Functionsin
the Reference Manual and Section 1: Protection Application Examplesin the
Applications Handbook.

Test Current and Voltage for a Phase-to-Phase Fault

To find the test current for a phase-to-phase fault, consider Equation 6.9 for a
B-phase to C-phase fault:

ltest = g = ¢ Equation 6.9

The B-phase to C-phase current vector, Igg, is:

lgc=lg=lc=1g*(lg) =215 = 2*l1esT  Equation 6.10

Choose a convenient test source current magnitude, |ltgst| = 2.5 A; then
lgcl =2 ltestI =S A.
Find the magnitude of the test source voltage |V tgstl:

e Z2P

\Vrest| = [Vad = |led| * 1Zec| = |'sc
. 72P

2° ||TEST Equation 6.11
whererelay setting Z2P (Zone 2 Reach) substitutesfor the B-phase to C-phase
impedance Zg. For setting Z2P of 9.36 Q, the test voltage magnitude |V g
is:

\Vrest| = 2° |lresr| * Z2P
2¢25+936=46.8V Equation 6.12
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907,

Va

VBC

-90°

Figure 6.28 Finding Phase-to-Phase Test Quantities

Oneway to create a Vg phasor is to equate |V g| and [V ¢| and determine the
appropriate angles to make an equilateral triangle as shown in Figure 6.28.

Subtract 30 degrees (angle B1) from 180 degrees to obtain the angle for test
source V¢ phasor. V¢ = 46.8 £150° V.

Similarly, add 30 degrees (angle f3,) to —180 degrees to obtain test source Vg
phasor; Vg = 46.8 £—150° V.

Test voltage V5 can be the nominal value, V, = 67 £0° V.

Thus, the resulting phase-to-phase voltage is Vg = 46.8 £—90° V, referenced
to the V, phasor at 0 degrees.

The relay measures phase distance element maximum reach when the faulted
phase-to-phase current lags the faulted phase-to-phase voltage by the distance
element maximum torque angle. In the SEL-421, the phase distance element
maximum torque angleis setting Z1IANG. Current | g should lag voltage Vg
by Z1ANG.

Inthisexample, ZIANG is 84.0 degrees. From Equation 6.9, theangleof 15 is
the angle of ItgsT, and the angle of | is 180 degrees from the angle of I1gsr.
The test source current for I is the following:

25/(-90° -Z1ANG)A
2.5/(-90° —-84°)A
2.5/-174°A Equation 6.13

g

And the test source current for I is the following:

lc = g = —(25£-174°A) = 25/6°A  Equation 6.14

Checking the MBC2 Portion of the M2P Phase Distance Element

Nt(h)TEi Ats you Delrform tthis test, . The following procedure describes how to test the B-phase to C-phase
This causes the relay to assert other distance element MBC2. Although thistest refers directly to the Zone 2 phase

targets and possibly close control distance element, you can apply this procedure to any other forward-reaching
outputs. Be sure to isolate the relay _ :

from the power system o avoid phase-to-phase distance element zone.

unexpected system effects.

SEL-421 Relay User's Guide Date Code 20111215
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This example assumes that you have successfully established communication
with therelay (see Making an EIA-232 Serial Port Connection on page U.4.5).
In addition, you must be familiar with relay access levels and passwords (see
Changing the Default Passwords on page U.4.6 to change the default access
level passwords and enter higher relay access levels). You should be familiar
with ACSEL ERATOR QuickSet (see Section 3: PC Software).

Step 1. Configure the relay.

Perform the procedure listed under Step 1 in Checking the
Negative-Sequence Directional Element (Phase Faults) on
page U.6.30.

Step 2. Set test valuesin the relay.

Perform the procedure listed under Step 2 in Checking the
Negative-Sequence Directional Element (Phase Faults) on
page U.6.30.

Step 3. Set the phase distance element reach.

a  Select the Phase Distance button of the ACSELERATOR
QuickSet Settings tree view.

You will see the Phase Distance Elements dialog box
similar to Figure 6.29.

b. Confirm the settingsof E2IP at 2, Z1P at 6.24 and Z2P

© © Globa .
f © Breaker Monitor Phase Distance Elements
Tt gmfeb E21P Mho Phase Distance Zones
@ Line Configuation 2 | Select: N 15
e H:‘ash:a:gwa“m Mho Phase Distance Element Reach
& Gioun ents 21P Zone 1 Reach
© Distance Elenerts Conmon TieDely || [g24  Rarge = 005106400, OFF
© SwitchDnto-Faul
© DutofStep Tripping/Blocking 29P Zone 2 Reach
8 :;:ad EF°‘[°;?S“"‘ EE3 Fiange = 0.05 to £4.00. OFF
sssss
® zes\dua\ E;mulnd \nos; EIIE 23 Zone 3 Feah
@ Megative-Seqlnst
o Fiange = 0105 to 64,00, OFF
© Diectonsl 24P Zons 4 Reach
@ Pale Open Detection
& Tip Sebames Range = 0.05 to 64,00, OFF
© Breaker 1 Falure Logic
© Bresker 2 Falute Logic EolyZonelbiijoact)
& Symchionism Check Range = 0.05 10 B4.00, OFF

Figure 6.29 Phase Distance Elements Settings: ACSELERATOR QuickSet
Step 4. Upload the new settings to the SEL-421.
a. Click File> Send.

b. ACSELERATOR QuickSet prompts you for the settings
class you want to send to the relay, as shown in the
Group Select dialog box of Figure 6.26.

c. Click the check box for Group 1.
Click OK.

ACSELERATOR QuickSet responds with a dialog box
similar to the second dialog box of Figure 6.26.

If you see no error message, the new settings are loaded
in therelay.

Step 5. Display the MBC2 Relay Word bit on the front-panel LCD
screen.

a. Accessthe front-panel LCD MAIN MENU.
b. Highlight RELAY ELEMENTS and press {ENT}.
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You will seeaRELAY ELEMENTS screen with SEARCH
highlighted at the bottom of the screen.

Press {ENT} to go to the ELEMENT SEARCH submenu of
Figure 6.20.

Usethe navigation keysto highlight M and press{ENT} to
enter character in the text input field.

Enter the B, ¢, and 2 charactersin like manner.
Highlight ACCEPT and press {ENT}.

Therelay displays the LCD screen containing the
MBC2 element, as shown in Figure 6.30.

RELAY ELEMENTS .
ROW 8 ROW O -
MCA2 =0 MCA4 =0
MBC2Z2 =0 MBC4 =0
WAB2 =0 WAB4 =0
MCAL =0 MCA3 =0
MBCL =0 MBC3 =0
MABL =0 MAB3 =0
EARCH
PRESS & to_search v

Figure 6.30 RELAY ELEMENTS LCD Screen Containing Element MBC2

Step 6. Set the magnitudes and angles of the test signals for a B-phase-
to-C-phase fault.

a. Connect thetest sources (with power off) to therelay, as

C.

in Figure 6.6.
This connection is a B-phase-to-C-phase fault where
IA ~0and IB :—lc.

Adjust the voltage sources to provide the following test
voltages: Vp =67V £0°, Vg =46.8V £-150°, and
Ve =46.8V £150°.

Set the current source for Ig = 0.0 A £-174°.

Step 7. Apply the sourcesto confirm operation of MBC2.
a.  Apply the source test current by slowly increasing the

b.

Relay Self-Tests

magnitude of |5
Observethe RELAY ELEMENT LCD screen.

Relay Word bit MBC2 assertswhen |Ig| > 2.5 A,
indicating that the relay impedance calculation is less
than the Z2P reach setting.

The SEL-421 continuously runs many self-tests to detect out-of-tolerance
conditions. These tests run at the same time as relay protection and
automation logic, but do not degrade SEL-421 performance.

Status Warning and
Status Failure

The relay reports out-of-tol erance conditions as a status warning or a status
failure. For conditions that do not compromise relay protection, yet are
beyond expected limits, the relay issues a status warning and continues to

operate. A severe out-of-tolerance condition causes the relay to declare a
status failure and enter a protection-disabled state. During a protection-

User's Guide
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disabled state, the relay suspends protection element processing and trip/close
logic processing and deenergizes all control outputs. When disabled, the
ENABLED front-panel LED is not illuminated.

Therelay signals a status warning by pulsing the HALARM Relay Word bit
(hardware alarm) to logical 1 for five seconds. For a Status Failure, the relay
latchesthe HALARM Relay Word bit at logical 1. SEL-421 relayswill restart
on certain diagnostic failures. When this occurs, the relay will log a
Diagnostic Restart inthe SER, and the HALARM Relay Word bit will
assert for five seconds. See Appendix A: Firmware and Manual \Versions for
affected firmware revisions. To provide remote status indication, connect theb
contact of OUT108 to your control system remote alarm input and program
the output SEL oGIC control equation to respond to NOT (SALARM OR
HALARM). See Alarm Output on page U.2.43 on connecting this alarm
output for the SEL-421.

If you repeatedly receive status warnings, check the relay operating conditions
as soon as possible. Take preventive action early during the development of
potential problemsto avoid system failures. For any status failure, contact
your Technical Service Center or the SEL factory immediately (see Factory
Assistance on page U.6.45).

The relay generates an automatic status report at the serial ports for a self-test
status failureif you set Port setting AUTO :=Y. The relay issues a status
message with aformat identical to the STATUS command output (see Status),
except that the power supply information from the STA A responseis
included after the SEL 0GIC control equation error messages.

Therelay also displays status warning and status failure automatic messages
on the front-panel LCD. Use the serial port STATUS and CSTATUS
commands, the ACSELERATOR QuickSet HMI Status button, and the front-
panel RELAY STATUS menu to display status warnings and status failures. See
STATUS on page R.9.48, Checking Relay Status on page U.4.10, and Relay
Satus on page U.5.32 for more information on automatic status notifications
and on viewing relay status.

Status

Figure 6.31 is asample STATUS screen from the Status option of the
ACSELERATOR QuickSet HMI > Meter and Control tree view (the terminal
STATUS report issimilar). Figure 6.32 isthe STATUS A report showing all
statusinformation on a terminal.

Firmware Version Number

At the top of each status report the relay displays the present firmware version
number that identifies the software program that controlsrelay functions. The
firmware version is the four-place designator immediately following the relay
model number (thefirst charactersin the firmware identification string). The
first character in the four-place firmware version number is R (representing
Release).

For example, in Figure 6.31 and Figure 6.32, the firmware version number is
R101. SEL numbers subsequent firmware rel eases sequentially; the next
revision following R101 is R102. See Appendix A: Firmware and Manual
\ersions for firmware version information.
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Figure 6.31

SEL-421 Relay

23.7 degrees Celsius
Communication Interfaces

Active High Accuracy Time Synchronization Source:
IRIG-B Source PRESENT

SELogic Relay Programming Environment Errors
No Errors

Relay Enabled
=>>

IRIG-B

Status
Relay 1 Date: 03/15/2001 Time: 09:11:54.451
Station A Serial Number: Z001001234
FID=8EL-4Z1-R101-v0-2001001-DZ0010315 CID=0x5d7Z
Failures
Mo Failures
Warnings
No Warnings
SELogic Relay Programming Envirormment Errors
No Errors
Relay Enabled
Relay Status: ACSELERATOR QuickSet HMI
=>>STA A <Enter>
Relay 1 Date: 03/15/2001 Time: 04:48:49.938
Station A Serial Number: 2001001234
FID=SEL-421-R101-V0-Z001001-D20010315 CID=0x4572
Failures
No Failures
Warnings
No Warnings
Channel Offsets (mV) W=Warn F=Fail
CH1 CH2 CH3 CH4 CH5 CH6 CH7 CH8 CH9 CH10 CH11 CH12 MOF
0 0 0 0 0 0 0 0 0 0 0 0 0
Power Supply Voltages (V) W=Warn F=Fail
3.3V_PS 5V_PS N5V_PS 15V_PS  NI5V_PS
3.28 4.91 -4.93  14.70 -14.79
Temperature

Figure 6.32 Relay Status From a STATUS A Command on a Terminal
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CSTATUS

The relay also reports status information in the Compressed ASCII format
when you issue the CST command. The Compressed ASCII status messageis
shown in Figure 6.33:

"RID","SID","FID","yyyy",

"relay_name","station_name","FID=SEL-XXX-X-RXXX-VX-ZXXXXXX-DXXXXXXXX","yyyy"
“MONTH™ , "DAY" , "YEAR" , "HOUR" , "MIN", "SEC", "MSEC" , "yyyy"
(Month), (Day),(Year), (Hour), (Min),(Sec), (MSec),"yyyy"

"CPU_RAM","CPU_Prog","SELBOOT","CPU_Settings","DSP_RAM","DSP","DSP_Chksum","DSP_TIME
OUT","CPU_CARD_RAM","CPU_DSP_RAM","FRONT_PANEL","CAL_BOARDA","CAL_BOARDB","Comm_
Card_Change","Comm_Card","Comm_Card_Code","QUART","Analog_Conv","I0_1","I0_2","I
0.3","10_4", "yyyy"

(0k or F),(0k or F),(0k or F),(0k or F),(0k or F),(0k or F),(0k or F),(0k or F),(0k
or F),(0k or F),(0Ok or W or F),(0k or W or F),(0k or W or F),(0k or W), (0k or
W), (ccrdh), (Ok or F),(0k or F),(0k or F),(0k or F),(0k or F),(0k or F),"yyyy"

"AtoD_Offset","Master_Offset","3.3V_PS","5V_PS","N5V_PS","15V_PS","N15V_PS","Temp_St
atus","Temp","FPGA","ADC_FPGA","yyyy"

(0k or W),(0k or W or F),(0k or W or F),(0k or Wor F),(0k or W or F),(0Ok or W or
F),(Ok or W or F),(0k or W or F),(Temp value),(0k or Fail),(0k or Fail),"yyyy"

"Fast_Fiber_Port","MBA","MBB","Active_Time_Source","SELogic_Math","FM_Test","CCrd_Te
st","DNP_Test","Event_Playback_Mode","Relay_Status","Port_F_Transp","Port_1_Tran
sp","Port_2_Transp"”,"Port_3_Transp"”,"Port_4_Transp","Port_5_Transp","yyyy"

(Ok_or_F),(Inac or Ok or F),(Inac or Ok or F),(HIRIG or IRIG or “ “), (Ok or F),
(Enabled or Disabled),(Enabled or Disabled),(Enabled or Disabled),(Enabled or
Disabled), (Enabled or Disabled),(F, 0 - 5),(F, 0 - 5),(F, 0 - 5),(F, 0 - 5),(F, 0
- 5),(F, 0 - 5),"yyyy"

Figure 6.33 Compressed ASCII Status Message

Definitions for the items and fields in the Compressed ASCII configuration
arelisted below:

> yyyy isthe checksum
x istext inthe FID (Firmware ID) string
ccrd is the communications card hex code

(description) istext that the relay supplies

Y Y VY Y

(Ok or W or F) is normal, warning, or failure, respectively

Figure 6.34 is a sample Compressed ASCI| status message.

=>CST <Enter>

“RID","SID","FID","03e2"

"Relay 1","Station A","SEL-421-R101-V0-Z001001-D20010315","0e06"
"MONTH","DAY","YEAR","HOUR","MIN","SEC","MSEC","0ACA"
3,15,2001,13,2,26,938,"0437"
"CPU_RAM","CPU_Prog","SELBOOT","CPU_Settings","DSP_RAM","DSP","DSP_Chksum","DSP_
TIMEOUT","CPU_CARD_RAM","CPU_DSP_RAM","FRONT_PANEL","CAL_BOARD","Comm_Card","Com
m_Card_Code","QUART","Analog_Conv","I0_1","I0_2","3B86"
"ok","0k","0k","0k","0k","0k","0k",""0k","0k","0k","0k","0k",,,"0k","0k","0k", "0k
", "12F8"
"AtoD_Offset","Master_Offset","3.3V_PS","5V_PS","N5V_PS","15V_PS","N15V_PS","Tem
p_Status","Temp","FPGA","ADC_FPGA","20C0"
"ok","0k","0k","0Ok","0k","0k","0k","0k",24.8,"0k","0k","0CIC"
"Fast_Fiber_Port","MBA","MBB","Active_Time_Source","SELogic_Math","FM_Test","CCr
d_Test","DNP_Test","Relay_Status","Port_F_Transp","Port_1_Transp"”,"Port_2_Transp
","Port_3_Transp","Port_5_Transp","4029"

"Not_Installed","Inac","Inac"," ","0k","Disabled","Disabled","Disabled","Enabled"
L0, o, o, 0", 0", "yyyy”

=>

Figure 6.34 Compressed ASCII CST Command on a Terminal
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Relay Troubleshooting

Inspection Procedure

Troubleshooting
Procedures

SEL-421 Relay

Complete the following inspection procedure before disturbing the system.
After you finish the inspection, proceed to Troubleshooting Procedures.

Step 1. Confirm that the power ison. Do not turn the relay off.

Step 2. Measure and record the control power voltage at the relay
POWER terminals marked + and - on the rear-panel terminal

strip.

Step 3. Measure and record the voltages at all control inputs.

Step 4. Measure and record the state of all control outputs.

Step 5. Inspect the serial communications ports cabling to be sure that
a communications device is connected to at |east one

communications port.

Troubleshooting procedures for common problems are listed in Table 6.9. The
table lists each symptom, possible causes, and corresponding diagnoses/
solutions. Related SEL-421 commands are listed in bold capitals. See
Section 9: ASCII Command Reference in the Reference Manual for details on
SEL-421 commands and Section 10: Settings in the Reference Manual for

details on relay settings.

Table 6.9 Troubleshooting Procedures (Sheet 1 of 3)

Possible Cause

Diagnosis/Solution

Dark Front Panel

Power is off.

Input power is not present.

Blown power supply fuse.

Poor contrast adjustment.

Status Failure Notice on Front Panel

Self-test failure.

Alarm Output Asserts
Power is off.

Blown power supply fuse.

Power supply failure.

Main board or interface board failure.

User's Guide

Verify that substation battery power is
operationd.

Verify that power is present at the rear-
panel terminal strip.

Replace the fuse (see Power Supply Fuse
Replacement on page U.2.40).

Press and hold {ESC} for two seconds. Press
{Up Arrow} and {Down Arrow} pushbuttons to
adjust contrast.

Contact the SEL factory or your Technical
Service Center.

The OUT108 relay control output b con-
tactswill be closed if you programmed
NOT HALARM to OUT108 (see Alarm
Output on page U.2.43).

Restore power.

Replace the fuse (see Power Supply Fuse
Replacement on page U.2.40).

LCD displays STATUS FAILURE screen.
Contact the SEL factory or your Technical
Service Center.

LCD displays STATUS FAILURE screen.
Contact the SEL factory or your Technical
Service Center.

Date Code 20111215



NOTE: If Port setting

PROTO := PMU, that serial port will
not respond to ASCIl commands.
Additionally, a PROTO := PMU port
will not respond to any messages
when Global setting EPMU := N.

Date Code 20111215
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Relay Troubleshooting

Table 6.9 Troubleshooting Procedures (Sheet 2 of 3)

Possible Cause

Diagnosis/Solution

Other self-test failure.

System Does Not Respond to Commands

No communication.

Communications deviceis not connected to
the system.

Incorrect data speed (baud rate) or other
communications parameters.

Incorrect communications cables.

Communications cabling error.

Handshake line conflict; system is attempt-
ing to transmit information, but cannot do
0.

System isin the X OFF state, halting com-
munications.

Terminal Displays Meaningless Character:

Data speed (baud rate) is set incorrectly.

Terminal emulation is not optimal.

System Does Not Respond to Faults
Relay is set improperly.

Improper test settings.
PT or CT connection wiring error.

Input voltages and currents phasing, and
rotation errors.

The analog input (flat multipin ribbon)
cable between the input module board and
the main board is loose or defective.

Check the relay self-test status.

LCD displays STATUS FAILURE screen.
Contact the SEL factory or your Technical
Service Center.

Confirm cable connections and types. If
correct, type <Ctrl+X> <Enter>. This
resets the terminal program.

Connect a communications device.

Configure your terminal port parameters to
the particular relay port settings. Use the
front panel to check port settings (see Set/
Show on page U.5.28).

Use SEL communications cables, or cables
you build according to SEL specifications
(see Communications Ports Connectionson
page U.2.47).

Check cable connections.

Check communications cabling. Use SEL
communications cables, or cablesyou build
according to SEL specifications (see Com-
munications Ports Connections on

page U.2.47).

Type <Ctrl+Q> to put the system in the
XON state.

Check the terminal parameters configura-
tion (see Communications Ports Connec-
tions on page U.2.47).

Try other terminal types, including VT-100
and VT-52 terminal emulations.

Review therelay settings (see Section 1:
Protection Application Examplesin the
Applications Handbook).

Restore operating settings.
Confirm PT and CT wiring.

Userelay metering. Usethe TRI event trig-
ger command and examine the generated
event report (see Examining Metering
Quantities on page U.4.33).

Reseat both ends of the analog input cable,
observing proper ESD precautions (see
Installing Optional I/O Interface Boards on
page U.2.15).

Take preventive action as directed by relay
Status Warning and Status Failure informa-
tion (see Relay Self-Tests on page U.6.38
and Checking Relay Status on

User's Guide

page U.4.10).
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Testing and Troubleshooting
Relay Troubleshooting

SEL-421 Relay

Table 6.9 Troubleshooting Procedures (Sheet 3 of 3)

Possible Cause

Diagnosis/Solution

Tripping Output Relay Remains Closed Following a Fault

Aucxiliary contact control inputs are
improperly wired.

Control output relay contacts have burned
closed.

1/0O interface board failure.

Power Supply Voltage Status Warning

Power supply voltage(s) are out-of-toler-
ance.

A/D converter failure.

Power Supply Voltage Status Failure
Power supply voltage(s) are

out-of -tolerance.

A/D converter failure.

A/D OFFSET WARN Status Warning

L oose ribbon cable between the input mod-
ule board and the main board.

A/D converter drift.

Master offset drift.

Time/Date Errors

External IRIG time source error.

1k PPS cable still connected.

IRIG-B connected to incorrect BNC input.

A low-priority time source error.

Lithium clock battery failure.

Check circuit breaker auxiliary contacts
wiring.

Remove relay power. Remove the control
output connection. Check continuity; a
contactswill be open and b contactswill be
closed. Contact the SEL factory or your
Technical Service Center if continuity
checksfail.

LCD displays STATUS FAILURE screen.
Contact the SEL factory or your Technical
Service Center.

Log the Status Warning. If repeated warn-
ings occur, take preventive action.

LCD displays STATUS FAILURE screen.
Contact the SEL factory or your Technical
Service Center.

LCD displays STATUS FAILURE screen.
Contact the SEL factory or your Technical
Service Center.

LCD displays STATUS FAILURE screen.
Contact the SEL factory or your Technical
Service Center.

Reseat both ends of the analog input cable.

Log the Status Warning. If repeated warn-
ings occur, contact the SEL factory or your
Technical Service Center.

LCD displays STATUS FAILURE screen.
Contact the SEL factory or your Technical
Service Center.

Check IRIG-B time source or cables.
Check TIME Q command or HMI SET/
SHOW | Date/Time screen

Remove 1k PPS cable (see Configuring
High-Accuracy Timekeeping on
page U.4.71)

Ensure that the correct BNC connector is
being used. See Figure 4.63 on
page U.4.74.

Check last update source (TIME Q com-
mand or HMI SET/SHOW | Date/Time
screen). See Table 4.9 on page U.4.71.

Verify that the battery has failed before
replacing the battery—it should last for 10
yearsif therelay is energized. See Battery-
Backed Clock on page U.2.11.

User's Guide
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Factory Assistance

Factory Assistance

We appreciate your interest in SEL products and services. If you have any
guestions or comments, please contact us at:

Schweitzer Engineering Laboratories, Inc.
2350 NE Hopkins Court

Pullman, WA 99163-5603 USA

Phone: +1.509.332.1890

Fax: +1.509.332.7990

Internet: www.selinc.com

E-mail: info@selinc.com

Date Code 20111215 User's Guide SEL-421 Relay
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Appendix A

Firmware and Manual Versions

Firmware

Determining the To find the firmware revision number in your relay, view the status report

. .. using the serial port STATUS command. The status report displays the Firm-
Firmware Version in ware |dentification (FID) label:
YOUI' Relay FID=SEL-421-RXXX-V X-ZXXXXXX-DXXXXXXXX, Or

FID=SEL -421-X-RXXX-V X-ZXXXXXX-DXXXXXXXX

You can also view the FID label from the front panel. From the ROTATING

DISPLAY front-panel screen, pressthe {ENT} pushbutton to advanceto the MATN
MENU screen. Use the {Down Arrow} pushbutton to highlight the RELAY STATUS
option, and press the {ENT} pushbutton. The FID label displays on the screen:

SEL-421-RXXX-V X-ZXXXXXX-DXXXXXXXX, Or
SEL -421-X-RXXX-V X-ZXXXXXX-DXXXXXXXX

In the FID label, the firmware revision number follows the R and the release
date follows the D.

For example,
FID=SEL-421-R115-V0-Z006005-D20051107
isfirmware revision number 115, release date November 7, 2005.

Table A.1 lists the firmware versions, a description of modifications, and the
instruction manual date code that corresponds to firmware versions. The most
recent firmware version islisted first.

Table A.1 Firmware Revision History (Sheet 1 of 8)

Manual

Firmware Identification (FID) Number | Summary of Revisions Date Code

SEL-421-2-R130-V0-Z015011-D20111004 | » Ethernet card firmware (see Table A.2) and manual update only 20111215
SEL-421-3-R130-V0-Z015011-D20111004 (see Table A5).

SEL-421-2-R130-VV0-2015011-D20111004 | » Improved reclosing function so recloser goesto lockout if circuit | 20111004
SEL-421-3-R130-V0-Z015011-D20111004 breaker does not open after areclose initiate.

» Added CCOK hit to indicate Ethernet card is alive.
» Added rea-time watchdog to quickly detect Ethernet card
failures.
SEL-421-2-R129-VV0-2012011-D20100803 | » Ethernet card update only (see Table A.2). 20101109
SEL-421-3-R129-V0-2012011-D20100803
SEL-421-2-R129-VV0-2012011-D20100803 | » Corrected DNP SER point initialization issue when using the 20100803
SEL-421-3-R129-V0-Z012011-D20100803 Extended DNP Map.

» Corrected issue with the DNP3 Cold Restart operation.

Date Code 20111215 User's Guide SEL-421 Relay



U.A.2 | Firmware and Manual Versions

Firmware
Table A.1 Firmware Revision History (Sheet 2 of 8)
. e . .. Manual
Firmware Identification (FID) Number | Summary of Revisions Date Code
SEL-421-2-R128-V0-Z012011-D20090428 | » Manual update only (see Table A.5). 20090715
SEL-421-3-R128-V0-Z012011-D20090428
SEL-421-2-R128-VV0-2012011-D20090428 | » Manual update only (see Table A.5). 20090529
SEL-421-3-R128-VV0-2012011-D20090428
SEL-421-2-R128-VV0-2012011-D20090428 Imprqved accuracy of fault locator when used with a fast breaker 20090428
SEL -421-3-R128-V0-Z012011-D20090428 by using only full-cycle data
Improved loss-of-potential handling during the transition of a
breaker from opened to closed.
» Corrected handling of DNP fault summary records when
EVELOCK =0.
SEL-421-2-R127-V0-Z012011-D20090218 | » Added EPORT port setting so user can disable ports. 20090218
SEL-421-3-R127-V0-72012011-D20090218 | » Added MAXACC port setting so user can restrict maximum
privileges on a port.
» Extended password length from 6 to 12 characters.
» Ethernet card firmware (see Table A.2) and manual update (see
Table A5).
SEL-421-2-R125-V0-2011011-D20090105 | Applies to firmware version R125 only. 20090105
SEL-421-3-R125-V0-2011011-D20090105 | » Maodified LOP logic to include negative-sequence check when
breaker is closed.
SEL -421-R204-V 0-Z007007-D20090105 > Added ability to act as client for up to two remote synchrophasor
units. Time align collected data with local datato permit control
SEL-421-1-R204-V 0-Z007007-D20090105 operations using this data
Applies to firmware version R125 and R204.
» Security correction (see www.selinc.com/privacy.htm for details).
» Corrected possible bad timestamps in synchrophasor messages
after relay enable.
» Corrected issue that could cause Fast SER to stop.
SEL-421-2-R123-VV0-2010010-D20070223 | » Ethernet card firmware (see Table A.2) and manual update only 20081022
SEL -421-3-R123-V0-Z010010-D20070223 (see Table A.5).
SEL-421-R201-V0-Z007007-D20070220
SEL -421-1-R201-V0-Z007007-D20070220
SEL-421-2-R123-V0-Z010010-D20070223 | » Ethernet card firmware (see Table A.2) and manual update only 20080917
SEL-421-3-R123-V0-2010010-D20070223 (see Table A.5).
SEL-421-R201-V0-Z007007-D20070220
SEL-421-1-R201-V0-Z007007-D20070220
SEL-421-2-R123-V0-Z010010-D20070223 | » Ethernet card firmware (see Table A.2) and manual update only 20080110
SEL-421-3-R123-V0-2010010-D20070223 (see Table A5).
SEL-421-R201-V0-Z007007-D20070220
SEL-421-1-R201-V0-Z007007-D20070220
SEL -421-2-R123-V0-Z010010-D20070223 | » Ethernet card firmware (see Table A.2) and manual update only 20070914
SEL -421-3-R123-V0-Z010010-D20070223 (see Table A5).
SEL-421-2-R123-V0-Z010010-D20070223 | » Manual update only (see Table A.5). 20070717
SEL -421-3-R123-V0-Z2010010-D20070223
SEL -421-R201-V0-Z007007-D20070220
SEL -421-1-R201-V0-Z007007-D20070220
SEL-421 Relay User's Guide Date Code 20111215




Table A.1

Firmware and Manual Versions

Firmware Revision History (Sheet 3 of 8)

U.A3

Firmware

Firmware Identification (FID) Number

Summary of Revisions

Manual
Date Code

SEL -421-2-R123-V0-2010010-D20070223
SEL -421-3-R123-V0-2010010-D20070223

Y Y Y VYY

Added support for synchrophasors over Ethernet.

Added TLED_17 through TLED_24 and PB9_LED through
PB12_LED to the Fast Message response.

Corrected intermittent pickup of RTDCOMF bit when connected
to an SEL-2600.

Expanded diagnostics coverage to include additional failure
modes that will result in arelay restart.

Modified frequency and rate-of-change of frequency (DFDT)
measurements in the synchrophasor data packet. These quantities
are now calculated using synchrophasor data.

» Added anew global setting (IRIGC) that selectsif the IRIG signal

uses the C37.118 control hits.

» Added Ethernet card information in the | D command.

20070223

SEL-421-R201-V0-Z007007-D20070220
SEL-421-1-R201-V0-2007007-D20070220

Made enhancements to diagnostics. Expanded coverage to
include additional failure modes that will result in arelay restart.

20070223

SEL-421-2-R122-V 0-2009009-D20061215
SEL-421-3-R122-V 0-2009009-D20061215

Note: This firmware version was not production released. See R123
above.

>

Y YYYYY VY

\/

Added support for expanded HMI features: auxiliary {TRIP}/
{CLOSE} pushbuttons, 12 operator control pushbuttons, 24 target
LEDs, double-height display points, and tri-colored LEDs.

Added Alias Settings class.

Added new DNP setting MAPSEL and implemented extended
binary input map.

Implemented DNP single-event mode.

Increased number of SELoaIc conditional timers from 16 to 32.
Decreased LOP latching delay from 60 cyclesto 15 cycles.
Added Fast Message commands to read database regions.
Added 3101 and 3102 to Selectable Operating Quantity Inverse-
Time Overcurrent Elements (51S).

Restrained DNP power factor binary inputs from updating if
voltage falls below 10 percent of nominal or Open Phase
Detection Logic asserts.

Modified HMI password entry so that characters are not echoed
to the screen.

20061215

SEL -421-2-R121-V0-Z008008-D20060814
SEL -421-3-R121-V0-Z008008-D20060814

SEL -421-R200-V0-Z007007-D20060814
SEL -421-1-R200-V0-Z007007-D20060814

Modified diagnostic failure mode management. Certain
diagnostic test errors will result in arelay restart. Relay will log
Diagnostic Restart inthe SERIif thisevent occurs.

20060814

SEL -421-2-R120-V0-2008008-D20060808
SEL -421-3-R120-V0-2008008-D20060808

Note: This version was not released from
the factory.

Fixed incorrect metering condition following a pulse of the
Alternate Voltage Source (ALTV) or Alternate Current Source
(ALTI) SELOGIC equations.

Enhanced rms metering to properly measure analog quantities
with greater than 50% harmonic content.

20060808

SEL-421-2-R119-V0-Z2008008-D20060710
SEL -421-3-R119-V0-Z2008008-D20060710

Date Code 20111215

Improvement to automatic removal of chattering SER points
where the status of the chattering element is reported after itis
reinserted in the SER record.

Improvement to dropout time of breaker failure overcurrent fault
detector under extreme subsidence current conditions.

User's Guide
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U.A.4 | Firmware and Manual Versions
Firmware

Table A.1

Firmware Revision History (Sheet 4 of 8)

Firmware Identification (FID) Number

Summary of Revisions

Manual
Date Code

SEL -421-2-R118-V 0-2008008-D20060630
SEL -421-3-R118-V 0-2008008-D20060630

Note: Firmware version R118 and newer are not applicable to the
SEL-421 and SEL-421-1.

>

>

Corrected |G magnitude and angle calculations in the CEV
summary report.

Added IEC 61850 support for the optional Ethernet card.

20060703

SEL-421-R117-V0-Z007007-D20060413
SEL-421-1-R117-V0-2007007-D20060413

SEL-421-2-R117-V0-2007007-D20060413
SEL-421-3-R117-V0-2007007-D20060413

Note: Thisfirmware version requires the use of R109 or later firmware
on any installed SEL-2701 Ethernet Card.

>

Improved accuracy of time-tagged DNP LAN/WAN binary
inputs.

20060413

SEL -421-R116-V0-Z007007-D20060126
SEL -421-1-R116-V0-2007007-D20060126

SEL -421-2-R116-V0-2007007-D20060126
SEL -421-3-R116-V0-2007007-D20060126

Manual update only (see Table A.5).

20060302

SEL-421 Relay

SEL -421-R116-V0-Z007007-D20060126
SEL -421-1-R116-V0-2007007-D20060126

SEL -421-2-R116-V0-2007007-D20060126
SEL -421-3-R116-V0-2007007-D20060126

Y YY Y YY Y Y

\/

\

Yy Y Y Y Y

Added support for Main Board B and interface boards INT2,
INT7, and INT8 which are optoisolated versions of Main Board A
and interface boards INTZ1, INT5, and INT6.

Updated to the rel eased (non-draft) version of C37.118 |EEE
Synchrophasor Standard.

Added support for SEL-421-2 and SEL-421-3.

Updated to the released (non-draft) version of C37.118 IEEE
Synchrophasor Standard.

Added aarm points and SER settings parameter HM| Alarm in
order to enable automatic HM| display of alarm points.

Added analog display points.

Expanded to 96 display points and changed format to display ona
singleline.

Changed Global setting class for contact inputs to support Main
Board A and Main Board B and interface boards INT1, INT2,
INT4, INT5, INT6, INT7, and INT8.

Added setting SCROLD for changing the ROTATING DISPLAY
update rate.

Added settings PB1_HMI through PB8_HM I for assigning alarm
point, display point, or event summary screens to the selectable
operator pushbuttons.

Added settings DISP_ER and TY PE_ER for enabling and
configuring automatic HM| display of event summary screens.
Added setting NUM_ER to specify the number of event summary
screens viewed through the operator pushbutton.

Added 15 messages per second option for Global setting
MRATE.

Corrected the voltage check element logic which isusing
incorrect input voltages.

Improved performance of phase directional element logic.
Corrected transition from ROTATING DISPLAY to manual mode
when using navigational arrows.

20060126

User's Guide Date Code 20111215



Firmware and Manual Versions | U.A.5
Firmware

Table A.1 Firmware Revision History (Sheet 5 of 8)

Firmware Identification (FID) Number

Summary of Revisions

Manual
Date Code

SEL -421-R115-V0-Z006006-D20051107
SEL -421-1-R115-V 0-2006006-D20051107

Note: Thisfirmware version requires the use of R108 or later firmware
on any installed SEL-2701 Ethernet card.

>

Y Y Y Y

Added DNP3 LAN/WAN support when using the SEL-2701
Ethernet Card.

The STATUS A command will now include information on how
many Telnet sessions are active.

Added second file transfer session to allow access to SEL-2701
settings files (SET_DNPN.TXT) viaFTPR.

Fixed the Trip Unlatch logic to ignore 52AA2 logic when
NUMBK =1.

SET_DNPN.TXT filesfrom the SEL-2701 are now availablein
the relay file system and can be accessed via FTP or the ASCII
FIL E command.

» Added time-stamped SER data from the relay into TARGET

\

region of the SEL-2701 DNP3 database.

Fixed IRIG/HIRIG time synchronization problem to properly
lock onto the incoming time signal after ayear rollover.
Enhanced the LOP logic to accommodate a corner case scenario.
If SPO bit is set to three-pole tripping and 52AAn status shows
breaker is open, even thoughiit is closed (due to removing dc or
settings mistake) and phase current is below the open pole
detection then LOP will assert.

Enhanced the PORT 5 command to allow transparent access to
the SEL-2701 user interface from the host relay.

20051107

SEL -421-R114-V0-Z005005-D20050805
SEL -421-1-R114-V 0-2005005-D20050805

YY Y Y YY Y YY VY Y

Adjusted processing to make synchrophasor analog quantities
contemporaneous with streamed synchrophasor data.

Improved POTT logic to speed up tripping in WIF applications
(ELOP:=Y1).

Added independent two-breaker reclosing (E79 := Y 1).

Added single- and three-pole open interval supervision condition
logic (SPOISC, SPOISD, 3POISC, 3POISD).

Corrected issue where momentary setting of L OP can slow down
tripping in WIF applications (ELOP =Y 1).

Expanded front-panel target rows from 255 to 323.

Removed scaling from floating point phasor magnitudes per
|EEE C37.118.

Adjusted Second-of-Century (SOC) to Universal-Time-
Coordination (UTC) rather than local time.

Corrected issue where incoming IRIG/HIRIG dataisignored for
two minutes after ayear rollover.

Provided autoscaling of voltage magnitudes on front-panel HMI.

Corrected issue where daylight savingstime (DST) or UTC offset
(TUTC) assertion could corrupt SOC value.

20050805

SEL -421-R113-V0-Z004005-D20050119
SEL-421-1-R113-V0-2004005-D20050119

Date Code 20111215

\/

Improvements for manufacturability. This firmware includes all
of the enhancements listed under R112, below.

User's Guide
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U.A.6 | Firmware and Manual Versions
Firmware

Table A.1 Firmware Revision History (Sheet 6 of 8)

Manual

Firmware Identification (FID) Number | Summary of Revisions Date Code

SEL-421-R112-V0-Z004005-D20041217 Note: This firmware version was not production released. See R113, 20041217

SEL-421-1-R112-V0-Z004005-D20041217 | above.

» Added support for IEEE C37.118, Standard for Synchrophasors
for Power Systems.

» Added Synchrophasor support to the SEL-421-1.

» Added PMU (Phasor Measurement Unit) to the seria port
settings protocol (PROTO) options for dedicated synchrophasor
communications.

» Removed port settings PMADDR and PMDATA. Similar

functionality is now provided through Global settings,

Synchrophasor category.

Changed the TIME input processing to provide high-accuracy

timekeeping with a GPS-synchronized IRIG-B signal applied to

the IRIG-B BNC connector.

Removed 1k PPS BNC input.

Renamed high-accuracy timekeeping mode HIRIG (previously

called PPS mode).

Added timekeeping-related analog quantities for time quality

(TQUAL) and UTC Offset (TUTC).

Added Synchrophasor data to the analog quantities available for

usein SELOGIC®.

Added arate-of-change-of -frequency cal culation analog quantity,

DFDT.

Added time-error calculation logic, and analog quantities TE and

TECORR.

Added TEC (Time-Error Calculation) command for viewing the

time-error, or pre-loading a correction value.

Added support for INT4 /O Interface Board with 24 optoi sol ated

control inputs and 8 control outputs.

Added Relay Word bits for Synchrophasor (PMU) Triggers, Time

and Synchronization Control, Time-Error Calculation, and INT4

1/0O Interface board support.

Changed Global settings class to support new Synchrophasor

settings, Time-Error Calculation settings, and settings for INT4 I/

O Interface Board support.

Removed Time and Date Management settings from Global

settings class.

Added SER CV and SER RV commands for clearing viewed

SER data.

Added analog quantities CTRW, CTRX, PTRY, PTRZ, based on

the active group settings of the same name.

Reduced minimum allowable pickup settings for the inverse-time

overcurrent elementsto 0.05 ¢ Inom-

Modified auto-reclose logic for two circuit breaker, three-pole

cycle state to include a check for enable conditions E3PR1 and

E3PR2 to properly handle reclose supervision after multi-phase

faults.

Corrected error in logic for breaker monitor mechanical operating

time alarm that may have caused incorrect BIMSOAL operation.

Error introduced in firmware revision R110.

Improved faulted phase identification logic performance for

isolated zero-sequence source conditions.

Corrected port settings class handling of leading spacesin

MIRRORED BITS® analog settings MBANARN.

Reduced healthy voltage qualifying time from 15 to 6 cyclesin

25ENBK 1 and 25ENBK2 synchronism check enable logic.

Corrected uncompensated synch check element logic for

25A1BK 1, which may have caused incorrect assertion under test

conditions.

Y Y Y Y Y Y Y Y VY Y VY VY VY Yy Yy

\/

Y Y VY VY

SEL-421 Relay User's Guide Date Code 20111215



Firmware and Manual Versions | U.A.7
Firmware

Table A.1 Firmware Revision History (Sheet 7 of 8)

Firmware Identification (FID) Number

Summary of Revisions

Manual
Date Code

>

>

Corrected issue where a conflict in DNP processing and
communications could suspend all relay communications.
Corrected issue where incorrect scaling of stored values could
cause an erroneous drift in metered quantities.

Corrected issue where incorrect scaling of stored values could
cause an erroneous drift in the metered slip frequency for
synchronism check.

Added Security Enhancements when used with the SEL-2701
Ethernet Processor.

SEL -421-R111-V0-Z003004-D20040602
SEL-421-1-R111-V 0-2003004-D20040602

\

Corrected issue where turning off power may cause a low-set
(less than 50% of |yop) S0G or 67G element to inadvertently
operate.

Corrected issue where the dc battery monitor may report incorrect
valuesfor Vdc.

20040602

SEL -421-R110-V0-Z003004-D20030918
SEL -421-1-R110-V0-2003004-D20030918

Y Y YYY YYVYV Y

vy

Added fast message protocol compatibility with the SEL-2600
RTD Module.

Improved distance elements.

Improved out-of-step logic.

Increased free-form protection SELOGIC capacity from 100 lines
to 250 lines.

Improved cross-country fault detection.

Added high-speed distance elements to the Relay Word.
Improved relay security features, including the addition of the
BADPASS Relay Word bit.

Increased number of SELoaIc math variables displayed from 16
toall.

Addressed condition in which if IRIG-B time source is used and
the date rolls over from December 31st to January 1st, the year
may not increment.

Corrected file command error message.

Fixed condition where the SEL-421 does not send the fast
message power-up bit in the status byte of the first message.
Fixed condition in R109 where afile read of events or
compressed history using the no modem option may cause the
relay to become non-responsive.

Fixed condition where significant communications traffic, i.e.,
MIRRORED BITs at 38400 baud with an SEL-2701 Ethernet card
installed, may cause delaysin servicing of low-priority
background tasks.

20030918

SEL -421-R109-V 0-Z002003-D20030409
SEL -421-1-R109-V 0-2002003-D20030409

Fixed condition where inverse-time overcurrent protection does
not operate for multiples of pickup setting greater than 50 when
U1, U2, U3, U5, C1, or C5 characteristic is selected.

20030409

SEL -421-R108-V 0-Z002003-D20021216
SEL -421-1-R108-V 0-2002003-D20021216

Fixed condition where protection and automation latch elements
may not restore to previous set state after 1oss of power.

20021216

SEL -421-R107-V0-Z002003-D20020918
SEL -421-1-R107-V 0-2002003-D20020918

Date Code 20111215

vy

Modified handling of RTS signal with DNP protocol to properly
act as a transmit enable with anon-zero PREDLY setting.

Enabled MIRRORED BITS communications loopback function.

Added enable condition to pole open logic so that single-pole
open (SPO) indication does not operate for three-pole trip
applications.

User's Guide
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Table A.1 Firmware Revision History (Sheet 8 of 8)

Firmware Identification (FID) Number

Summary of Revisions

Manual
Date Code

SEL -421-R106-V 0-Z002003-D20020819
SEL -421-1-R106-V 0-2002003-D20020819

>

Y YVY Y

Corrected issue that causes front-panel display and serial port to
simultaneously lock up during settings save/rotating display
change.

Corrected OFF value for phase-to-phase, phase-to-ground, and
ground quadrilateral distance zones.

Corrected KEY 1 and KEY 3 pulse during relay warm start.
Paused unsolicited Sequence of Events message during afile
transfer.

Corrected the default value for the Ground Detection Factor for
DC Monitor 1.

20020819

SEL -421-R105-V0-Z002003-D20020621
SEL -421-1-R105-V 0-2002003-D20020621

\/

Updated values stored in the meter region of the communications
card database to be stored in volts rather than kilovolts.
Updated values stored in the meter region of the communications
card database to be stored in volts rather than kilovolts.

20020621

SEL -421-R104-V 0-Z002002-D20020528
SEL -421-1-R104-V 0-2002002-D20020528

» Corrected issue with update of Object 1 status for Object 2 default

map indices over 800.
Increased DNP event buffer for Object Type 2 to 1024 from 512.

20020528

SEL -421-R103-V0-Z002002-D20020417
SEL -421-1-R103-V0-2002002-D20020417

Manual update only (see Table A.5).

20020501

SEL -421-R103-V0-Z002002-D20020417
SEL -421-1-R103-V0-2002002-D20020417

Using a serid port for interleaved data may cause the relay to
disable. This condition occurs when a communi cations processor
isautomatically retrieving data from the relay simultaneously
with aserial port terminal session.

20020417

SEL -421-R102-V0-Z002001-D20020403
SEL -421-1-R102-V0-2002001-D20020403

Added new analog quantities for use in the following SELoGIC
control equations:

Terminal W and X current magnitudes

Terminal Y and Z voltage magnitudes

I nstantaneous sequence quantities

Contact inputs
Initial Release with Synchrophasor Measurement capability to the
SEL-421 (not in the SEL-421-1).

Added VAZ, VBZ, VCZ settings optionsto SYNCP.

Added VAY, VBY, VCY settings optionsto SYNCS1, SYNCS2,
and ASYNCS2.

Added ACOS, ASIN, CEIL, FLOOR, and L OG math functionsto
SEL ocIc® control equations.

Modified CHI output for SEL-2030 compatibility.

20020403

SEL -421-R101-V0-Z001001-D20020104
SEL-421-1-R101-V0-2001001-D20020104

Added 8-cycle lockout for subsequent ALTI or ALTV switches.
Initial SEL-421-1 version.

20020108

SEL -421-R100-V0-Z001001-D20010703

Y YY| Y Y YY Y

Initial SEL-421 version.

20010703

Table A.2 lists the Ethernet card firmware versions, a description of modifica-
tions, and the instruction manual date code that corresponds to firmware ver-
sions. The most recent firmware version is listed first.

SEL-421 Relay
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Table A.2 Ethernet Card Firmware Revision History
Firmware Identification (FID) Number Summary of Revisions Dnaen(l:l:;e
SEL-2702-R113-V0-2002002-D20111215 | » Added support for database referencesin |EC 61850 20111215
SLBT-2701-R103-V0-Z000000-D20080820 configuration files.
SEL-2702-R112-V0-Z2002002-D20110715 | » |mproved port failover performance. 20111004
SLBT-2701-R103-V 0-Z000000-D20080820
SEL-2702-R111-V0-2002002-D20101109 | » Added support for multicast synchrophasors. 20101109
SLBT-2701-R103-V 0-Z000000-D20080820
SEL-2702-R110-V0-Z001001-D20090205 | » |mproved security (see www.selinc.com/privacy.htm for details). | 20090205
SLBT-2701-R103-V 0-Z000000-D20080820
SEL-2702-R109-V0-Z001001-D20081022 Updated | EC 61850 firmwareto streamline MM S processing and | 20081022
SLBT-2701-R103-V 0-Z000000-D20080820 improve TCP/IP connections.
Security correction (see www.selinc.com/privacy.htm for
details).
» Corrected issue that could cause the Ethernet card to fail under
heavy DNP traffic.
SEL-2702-R108-V0-2001001-D20080729 | » Corrected issue that could cause the Ethernet card to fail under | 20080917
SLBT-2701-R103-V0-Z000000-D20080820 heavy DNP traffic.
SEL-2702-R107-V0-Z001001-D20080107 | » Enhanced |IEC 61850 with KEMA certification updates. 20080110
SLBT-2701-R102-V0-Z000000-D20051107 | » Added indication of ICD/CID file parse failure to the SEL-2702
user interface (ID, STA, GOO commands).
SEL-2702-R106-V0-Z2001001-D20070914 » Added additional improvementsto |EC 61850 control operation | 20070914
SLBT-2701-R102-V0-Z000000-D20051107 priorities when using IEC 61850 GOOSE messaging.
» Corrected issue where communications card MAC addressis
deleted when upgrading from SEL-2701 firmware version R105
to an SEL-2702.
SEL -2702-R104-V0-Z2001001-D20070717 Made improvements to | EC61850 control operation priorities 20070717
SLBT-2701-R102-V0-Z000000-D20051107 when using |EC61850 GOOSE messaging.
» Allocated additional memory for read/write of large IEC 61850
messages.
Fixed ability to pulse Breaker and Latch control bits using DNP
LAN/WAN when DNPMAP = AUTO.
SEL-2702-R103-V0-Z001001-D20070223 | » Added support for synchrophasors over Ethernet. 20070223
SLBT-2701-R102-V0-Z000000-D20051107
SEL -2702-R101-V 0-Z000000-D20060808 » Added support for pulse operations on DNP LAN/WAN control | 20060808
SLBT-2701-R102-V0-Z000000-D20051107 points, both paired and unpaired.
» Added ability to sense local operations and update |EC 61850
origination category.
SEL -2702-R100-V0-Z000000-D20060630 | » Initia version. 20060703

SLBT-2701-R102-V0-Z000000-D20051107

The optional Ethernet card (SEL-2701 or SEL-2702) must be paired with a
compatible SEL-421 or SEL-421 version. You may need to upgrade your
SEL -421 firmware to access features in new versions of the Ethernet cards.
Table A.1 includes notes on SEL-421 modifications that support new features
of the Ethernet cards.

To find the firmware revision number in your Ethernet card, first connect to
the SEL-421 with the ACC command. View the FIDs with the VERSION
command. Look for the Ethernet card Firmware Identification (FID) label in
the response under Communications Card:

Date Code 20111215

FID=SEL -270x-RXXX-V X-ZXXXXXX-DXXXXXXXX

User's Guide
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Inthe FID label, the 4 digits after “SEL” indicate which Ethernet card is
instaled. The firmware revision number follows the R and the release date fol -
lowstheD.

For example,
SEL -2701-R108-V0-Z2002001-D20051205

isfor an SEL-2701 Ethernet card, firmware revision number 108, rel ease date
December 5, 2005.

Table A.3 lists current Ethernet card firmware versions with compatible
SEL-421 versions.

Table A.3 Compatible SEL-421 and Ethernet Card Firmware Versions

SEL-421 Firmware Ethernet Card Ethernet Card Firmware
R123 or higher SEL-2702 R103 or higher
R118-R122 SEL-2702 R100-R101

R115-R116; R200 or higher | SEL-2701 R106 or higher

R114 or lower SEL-2701 R105 or lower

Newer SEL-2702 card firmware (R106 and higher) uses a different software
library from lower versions and is unable to process version 001 CID files.
ACSEL ERATOR Architect generates CID files from ICD files so the ICD file
version number and CID file version number are the same. If downloaded to
the Ethernet card, an incompatible CID file will generate file parse errors dur-
ing processing and disable the IEC 61850 protocol.

If you perform an Ethernet card firmware upgrade that spans different file ver-
sion compatibilities, the relay may not be able to process the stored CID file.
See the Ethernet Port Firmware Upgrade Instructions in the SEL-400 Series
Firmware Upgrade Instructions for CID file conversion procedures.

See Table A.4 for compatibilities between ACSEL ERATOR Architect, ICD/CID
file, and Ethernet card firmware versions.

Table A.4 ACSELERATOR Architect CID File Compatibility

ACSELERATOR Architect

SEL-421 Relay

ACSELERATOR Architect
Software Version

ICD/CID File Version

SEL-2702 Card Firmware

All versions Ver 001 R100-R106
R.1.1.69.0 or higher Ver 002 (all) R107 or higher
User's Guide Date Code 20111215
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Instruction Manual

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

Table A5 lists the instruction manual release dates and a description of modi-

fications. The most recent instruction manual revisions are listed at the top.

Table A.5 Instruction Manual Revision History (Sheet 1 of 17)

Revision Date

Summary of Revisions

20111215

User's Guide

Section 2

» Updated Specifications.
Appendix A

» Updated for Ethernet card firmware version R113.
Reference Manual

Section 3

» Updated Table 3.27 Math Error Examples.
Section 6

» Updated Table 6.24 SEL-421 DNP3 Object List.
Section 10

» Updated Table 10.10 Settings Group Selection.

20111004

User's Guide
Appendix A
» Updated for firmware version R130.
» Updated for Ethernet card firmware version R112.
Reference Manual
Section 2
» Added information about reclose cycle operations in under Single-Pole Mode and Three-Pole Mode in One

Circuit Breaker Auto-Reclose Modes.
Section 4

» Added description of Relay bit CCOK actions in Ethernet Card.
Appendix A

» Updated Table A.1: Relay Word Bits: Relay Alarms.

» Updated Table A.35; Relay Word Bits: Relay Alarms.

20101109

User's Guide
Appendix A
» Updated for Ethernet card firmware version R111.

20100803

User's Guide
Appendix A
» Updated for firmware version R129.

20090715

Date Code 20111215

Reference Manual
Section 2

» Added information about reclose cycle operations.

User's Guide
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Table A.5 Instruction Manual Revision History (Sheet 2 of 17)

Revision Date

Summary of Revisions

20090529

User's Guide
Section 1
» Removed reference to 10BASE-FL communications card option.
Section 2
» Removed reference to 10BASE-FL communications card option.
» Removed Figure 2.44: Two 10BASE-FL Port Configuration, Figure 2.45: 100BASE-FX and 10BASE-FL Port
Configuration, and Figure 2.46: 10BASE-FL and 10/100BASE-T Port Configuration.
Applications Handbook
Section 7

» Removed reference to 10BASE-FL communications card option from Table 7.2: Ethernet Connection
Options.

20090428

User's Guide
Appendix A
» Updated for firmware version R128.

20090218

SEL-421 Relay

User's Guide

Section 4

» Updated Changing the Default Passwords to add Access Level C information.

» Updated Figure 4.5: Access Level Sructure.

» Updated Table 4.3: SEL-421 Access Levels and Table 4.4: SEL-421 Access Level Commands and Passwords.
» Updated Communications Ports Access Levels to reflect new Access Level C port settings.
» Updated steps under Passwords.

Appendix A

» Updated for Ethernet card firmware version R110.

» Updated for firmware version R127.

Reference Manual

Section 9

» Modified Password to reflect the extended password length from 6 to 12 characters.
Section 10

» Updated Table 10.93: Protocol Selection.

User's Guide Date Code 20111215



Firmware and Manual Versions | U.A.13
Instruction Manual

Table A.5 Instruction Manual Revision History (Sheet 3 of 17)

Revision Date | Summary of Revisions
20090105 User's Guide
Section 1
» Updated Table 1.1: Application Highlights.
Section 4
» Added description of CAL access level.
Appendix A
» Updated for firmware version R125 (SEL-421-2, -3) and R204 (SEL-421-0, -1).
Reference Manual
Section 7
» Added synchrophasor settings MRTCDLY, RTCRATE, PMUMODE, RTCID.
» Updated Table 7.1: PMU Settings in the SEL-421 for C37.118 Protocol in Global Settings and
Table 7.3: SEL-421 Serial Port Settings for Synchrophasors.
>» Added Table 7.11: Synchrophasor Client Status Bits, Table 7.12: Remote Synchrophasor Data Bits, and
Table 7.14: Synchrophasor Aligned Analog Quantities.
Section 9
» Added CAL,COM RTC,COM RTC cC and COM RTC cR, MET RTC, and RTC commands and
descriptions.
» Modified the PAS command description.
Section 10
» Updated Table 10.15: Synchronized Phasor Measurement.
>» Added Table 10.99: PMU Protocol Settings.
Appendix A
» Updated Table A.1: Alphabetic List of Relay Word Bits and Table A.50: Time and Synchronization Control
Bits.
» Added Table A.55: RTC Remote Digital Satus and Table A.56: Fast Operate Transmit Bits.
Appendix B
» Updated Table B.1: Analog Quantities Sorted Alphabetically and Table B.2: Analog Quantities Sorted by
Function.
20081022 User's Guide
Appendix A
» Updated for Ethernet card firmware version R109 and SELBOOT firmware version R103.
20080917 User's Guide
Appendix A
» Updated for Ethernet card firmware version R108 and SELBOOT firmware version R103.
20080110 User's Guide
Appendix A
» Updated for Ethernet card firmware version R107.
» Added Table A.4: ACSELERATOR Architect CID File Compatibility.
Reference Manual
Section 4
Added descriptions of 1D, STA, and GOO commands | CD/CID file parse failure indication.
Section 8
» Added and edited tables to document new 1CD file versions supported by ACSELERATOR Architect version
R.1.1.69.0.
> Added Table 8.7: ICD Logical Nodes Summary.
> Updated Table 8.8: Logical Device: PRO (Protection) through Table 8.11: Logical Device: ANN (Annunci-
ation).

Date Code 20111215
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Table A.5 Instruction Manual Revision History (Sheet 4 of 17)

Revision Date | Summary of Revisions

20070914 User's Guide
Appendix A
» Updated for Ethernet card firmware version R106.
Reference Manual
Added details and examples to indicate how to get SOE-quality timestamped data over aDNP LAN/WAN connec-
tion in the following sections.
Section 4
» Updated titlesin Table 4.19-Table 4.27.
Section 6
» Updated Table 6.21, Table 6.26, and Table 6.28.
» Added Figure 6.4.

20070717 User's Guide
Section 5
» Added SER section to Front-Panel Menus and Screens.
» Revised Local Control Bitsin Front-Panel Menus and Screens.
Appendix A
» Updated for Ethernet card firmware version R104.
Reference Manual
Section 2
» Updated Figure 2.10, Figure 2.11, Figure 2.12, Figure 2.14, and Figure 2.15.
Section 10
» Added Local Bit SELoGIC table.
Appendix A
>» Added LB_DPO1 through LB_DP32 to Table A.1.
» Added LB_SPO1 through LB_SP32 to Table A.1.
>» Added Relay Word bits: Local Bit Supervision and Status table for rows 284-291 to Table A.53.

20070223 User's Guide
Appendix A
» Updated for firmware version R123 (SEL-421-2, -3) and R201 (SEL-421-0, -1).

Applications Handbook

Section 6

» Added LED and pushbutton statuses from expanded HMI to Table 6.7.
Section 7

» Added synchrophasor to list of available protocols.

Reference Manual
Section 1

>» Added Freguency Estimation Provided by Synchrophasor.
Section 4

» Added the Ethernet card as one of the available communications interfaces for the Phasor M easurement

Protocol.

Section 7

» Added Table 7.2 for the Time and Date Management setting IRIGC.

» Added Table 7.4 Ethernet Port Settings for Synchrophasors.

» Changed FREQ to FREQ_PM (frequency measurement using phasor measurement quantities) in Table 7.9.
» Added synchrophasor protocol availability when EPMIP =Y.

» Revised example logic settingsin Table 7.15.

Section 10

» Added Table 10.16 for the Time and Date Management setting |RIGC.

SEL-421 Relay User's Guide Date Code 20111215
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Table A.5 Instruction Manual Revision History (Sheet 5 of 17)

Revision Date

Summary of Revisions

20061215

Date Code 20111215

Note: This version was not released from the factory. The 20070223 version contains the following changes.
User's Guide
Section 1

» Added Alias Settings and Auxiliary {7TR/IP}/{CLOSE} Pushbuttons to Features.

» Added INT3 to Models and Options.

» Added INT3 to SEL-421 Versions and Supported Features.

» Added INT3 and Auxiliary { TRIP} /{ CLOSE} Pushbuttons to Specifications.

Section 2

Added INT3 to Control Inputs.

Added Figure 2.12.

Added INT3 to Table 2.3 and Table 2.4.
Added INT3 to I/O Interface Board Jumpers.
Added Figure 2.22.

Added Auxiliary {TRIP}/{ CLOSE} Pushbutton and Breaker Status LED Jumpers (select models only) with
Table 2.8, Table 2.9, and Table 2.10.

Updated Figure 2.26 to include optional pushbuttons.
Added Figure 2.32.
Add INT3 to Control Inputs.

Added Auxiliary { TRIP}/{CLOSE} Pushbuttons and OPEN/CLOSED LEDs (select models only) to
Connection.

» Added Figure 2.51.

YYYY YYYVYYY

Section 4
» Added Alias Settings to Table 4.5.
» Edited Figure 4.13 and Figure 4.14 for Display Points Text Size parameter.
» Added Alias Settings.
» Added Figure 4.15, Figure 4.16, and Figure 4.17.

Section 5
Added Figure 5.2.

Updated Front-Panel Layout for HMI changes: expanded pushbuttons, expanded target LEDS, tri-color
LEDs, and auxiliary {TRIP}/{CLOSE} pushbuttons.

Updated Figure 5.5, Figure 5.11, and Example 5.2 to include double-height Display Points.
Updated Display Points and Table 5.4 and Table 5.5 to include Text Size parameter.

Updated Relay Elements (Relay Word Bits) for Alias impact.

Updated Operation and Target LEDs for HMI changes: expanded target LEDs and tri-color LEDs.
Updated Figure 5.43 for expanded target LEDs.

Added Table5.11.

Updated Recloser Satus for expanded target LEDs.

Added Miscellaneous Status and Synchrophasor Status for expanded target LEDs.

Updated Figure 5.44, Table 5.13, and Figure 5.45 for expanded pushbuttons.

YYYYYYYYY YY

Section 6
» Updated Figure 6.8 for Aliasimpact.

Appendix A
» Updated for firmware version R122.

Applications Handbook
Section 1
» Updated 3I10n 51S quantity in the following:
> 230 kV Overhead Transmission Line Example and Table 1.6.
> 500 kV Paralldl Transmission Lines With Mutual Coupling Example and Table 1.13.
> 345 kV Tapped Overhead Transmission Line Example and Table 1.21.
> EHV Parallel 230 kV Underground Cables Example and Table 1.31.

User's Guide
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Table A.5 Instruction Manual Revision History (Sheet 6 of 17)

Revision Date | Summary of Revisions

Section 3
» Added INT3 to Data Processing.
>» Added Alias Names to Event Reports, Event Summaries, and Event Histories.
» Updated Digital Section of the Event Report and Settings Section of the Event Report for Alias impact.
» Updated Figure 3.12 and Figure 3.13 to include Alias settings.

Section 6
» Updated Table 6.3 to include new database region 20 messages.

Reference Manual

Section 1

» Updated Figure 1.17 to decrease L OP |atching delay from 60 cycles to 15 cycles.
» Updated Table 1.56, Table 1.57, and Table 1.58 for 310n 51S quarntity.

» Updated Figure 1.70 to include NUMBK = 2 logic input.

Section 3
» Added Aliasesto Table 3.1.
» Updated Table 3.2 and Table 3.13 to include 32 conditioning timers.
» Added Aliases.
» Added Example 3.10.
» Updated Table 3.28 to include 32 conditioning timers.

Section 5
» Updated Table 5.10 to include Alias settings.

Section 6

Updated Table 6.6 for new settings EVELOCK, MINDIST, and MAXDIST.
Updated Table 6.7 new setting for MAPSEL.

Updated Default Data Map to explain new reference maps.

Updated Table 6.10 to include two reference maps and new index 182.
Added Reading Relay Event Data section.

Corrected Bit valuesin Table 6.14.

Updated Figure 6.2 for new setting MAPSEL.

Updated Table 6.18 for new settings EVELOCK, MINDIST, and MAXDIST.

YYYYYYYY

Section 9
» Added SET T and SHO T commands.
» Updated TAR command to include aliases.

Section 10

Added Alias Settings and Table 10.1 and Figure 10.1.

Updated Table 10.11 for new setting RSTDNPE.

Updated Table 10.52, Table 10.53, and Table 10.54 for 310n 51S quantity.
Updated Table 10.65 for new BK1IMCL default settings.

Updated Table 10.70 for new BKIMTR default settings.

Updated Table 10.79 for HMI changes: tri-color LEDs, expanded pushbuttons, and expanded target LEDs.
Updated Table 10.81 for expanded pushbuttons.

Updated Table 10.83 and Table 10.84 for Text Size parameter.

Updated Table 10.96 for new settings EVELOCK, MINDIST, and MAXDIST.
Added Table 10.101.

YYYYYYYYYY

Appendix A

Updated Table A.1 to increment certain Relay Word bit rows and added Relay Word bits EVELOCK,
PB9_PUL-PB12PUL, PCT17Q-PCT32Q, PB_CLSE, PB_TRIP, RSTDNPE, and TLED_17-TLED_24.
Added PCT17Q-PCT32Q to Table A.27.

Added RSTDNPE to Table A.39.

Added Table A.50.

Added Table A.52.

\/

Yyvy
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Table A.5 Instruction Manual Revision History (Sheet 7 of 17)

Revision Date | Summary of Revisions

Appendix B
» Added PCT17DO-PCT32DO and PCT17PU-PCT32PU to Table B.1 and Table B.2.

20060814 User's Guide
Section 6

» In Satus Warning and Status Failure added information about the relay restarting on certain diagnostic
failures.

Appendix A
» Updated for firmware version R121 (SEL-421-2, -3) and R200 (SEL-421-0, -1).

Applications Handbook
Section 3

» Added diagnostic restart to the list of conditions captured by the SER.

20060808 Note: This version was not released from the factory. The 20060814 version contains the following changes.
User's Guide
Section 2

» Updated Ethernet card rear-panel layouts.

Appendix A
» Updated for firmware revision R120.
» Updated for SEL-2702 firmware version R101.

Reference Manual
Section 6

» Documented additional support for paired control outputs (BO).

Section 8
» Clarified multiple client access for Unbuffered Reports.
» Added Protocol Implementation Conformance Statement (PICS).

20060710 User's Guide
Appendix A
» Updated for firmware revision R119.

20060703 User's Guide

Section 2

» Included network port configurations and safety warnings in Network Connection.
Appendix A

» Updated for firmware revision R118.

Applications Handbook

Section 7

» Revised FTP File Structure description in FTP.
» Specified CID filelocation in FTP.

Reference Manual

Section 4

» Added Ethernet card commands to Ethernet Card Commands.

» Added “keep aive” settings ETCPKA, KAIDLE, KAINTV, and KACNT to Ethernet Network Operation
Settings.

» Revised FTP File Structure description in File Structure.

Section 6
» Increased CCINsfrom 32 to 128 (DNP LAN/WAN map) and adjusted indices as necessary.

Section 8
» Added new |EC 61850 section (replaced the UCA2 section).

Date Code 20111215 User's Guide SEL-421 Relay
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Table A.5 Instruction Manual Revision History (Sheet 8 of 17)

Revision Date

Summary of Revisions

Section 9
» Added information about new I D command response for an Ethernet card with |EC 61850 support.

Appendix A

» Increased CCINsfrom 32 to 128 (Relay Word bits) and adjusted row numbers for those and all subsequent
rows.

Glossary
» Added |IEC 61850 entries.

Miscellaneous

» Removed GOM SFE appendix.

» Removed references to UCA2 and GOMSFE.

» Modified GOOSE references to describe |EC 61850 GOOSE.

20060413

User's Guide
Appendix A
» Updated for firmware version R117.

20060302

User's Guide

Appendix A
» Corrected Z-numbersin Table A.1 for firmware versions R115 and R116.
» Corrected Z-number in Table A.1 for firmware version R116.

20060126

SEL-421 Relay

Preface
>» Moved cautions, warnings, and dangers in English and French from reverse of front cover to the Preface.

User's Guide

Section 1

» Added atable distinguishing the versions of the SEL-421.

» Added information about Main Board A and Main Board B and interface boards INT2, INT7, and INTS.

Section 2

» Corrected Figure 2.5 to remove positive polarity mark.

» Corrected number of Form C outputs for INT6 shown in Table 2.4.

» Adjusted Table 2.5 to add more description on the control enable jumper.

» Added more description of the J18C jumper.

» Added information that BADPASS Relay Word bit pulses after three unsuccessful password entry attemptsin
the Alarm Output subsection.

» Added Main Board B and interface boards INT2, INT7, and INT8.

» Added rear-panel drawings: 4U Rear Panel, Main Board B, INT8 I/O Interface Board; 5U Rear Panel, Main
Board A, INT6 and INT4 1/O Interface Board; 5U Rear Panel, Main Board B, INT2 and INT7 1/O Interface
Board.

Section 3

» Corrected reference to the Settings Editor Selection dialog box.
» Updated Figure 3.16: Setting the Relay Part Number in ACSELERATOR.

Section 4

Corrected Figure 4.1.

Made typographical corrections.

Added footnote to Table 4.2.

Corrected the IRIG-B jitter tolerance level.

Modified Figure 4.41 to reflect new SER setting parameter HMI Alarm.
Modified Figure 4.42 to reflect Report Settings upload.

Modified Figure 4.45 to reflect new SER setting parameter HMI Alarm.

Updated Table 4.8 with the information for Main Board A and Main Board B and interface board INT2,
INT7, and INT8.

Updated Figure 4.57 to reflect changes to Control Inputs settings and added Figure 4.58 to reflect changesto
Main Board Control Inputs settings.

Y YYYYVYYYVYY
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Table A.5 Instruction Manual Revision History (Sheet 9 of 17)

Revision Date

Summary of Revisions

Date Code 20111215

Section 5

Made typographical corrections.

Updated figures throughout to correct Enter pushbutton graphic.

Updated figures throughout to correct footer capitalization errors.

Added aarm points screen to Figure 5.4.

Added Alarm Points.

Modified Display Pointsto allow for analog quantity display points.

Added note clarifying the line current and voltage source for protection functions.
Modified Events to explain event summary access options.

Modified Front-Panel Automatic Messages to include alarm points.

Added alarm points screen to Figure 5.32.

Added application references for TRGTR Relay Word bit and group setting ULTR.

Modified Front-Panel Operator Control Pushbuttons to include alarm points, display points, and event
summary viewing options.

YYYYYYYYYYYY

Section 6

» Madetypographical corrections.

» Modified Figure 6.9 to update for new front-panel settings categories.
» Modified Figure 6.14 to reflect new SER setting parameter HMI Alarm.

Command Summary

» Added footnote explaining that the SEL-421-1 and SEL-421-2 have only one instance of automation logic
settings.

Applications Handbook

Section 1

» Corrected Equation 1.74.

» Clarified when BK1CL ST will assert.

Section 2

» Revised Example 2.3 and Example 2.4.

» Corrected name of Relay Word bit BLITAL to B1BITAL.
» Corrected typographical errors.

» Corrected range for EDEM in Table 2.20.

Section 3
» Corrected typographical errors.
» Modified Setting SER Points and Aliases section to reflect new SER setting parameter HMI Alarm.

» Updated Figure 3.1 to include Main Board A and Main Board B and Interface Boards INT1, INT2, INT4,
INT5, INT6, INT7, and INT8.

» Added IN101 through IN107 analog channelsin Figure 3.5.

Section 4
» Corrected Figure 4.5 and Figure 4.6.

Section 6
» Added note about IRIG-B time signal and high-accuracy IRIG timekeeping.

Reference Manual

Section 1

Corrected Relay Word bit names DSTART to DSTRT and NSTART to NSTRT.

Corrected a cross reference in Table 1.13.

Corrected Figure 1.25.

Corrected Figure 1.26.

Corrected Figure 1.68.

Added the heading Trip Logic Settings and Relay Word Bits, text, and footnotes to Table 1.72.
Corrected Relay Word bit names BTPA to ATPB and CTPA to ATPC in Table 1.73.

YYYYYYY

User's Guide

SEL-421 Relay



U.A.20 | Firmware and Manual Versions

Instruction Manual

Table A.5

Instruction Manual Revision History (Sheet 10 of 17)

Revision Date

Summary of Revisions

Section 2
» Changed title of section to Auto-Reclosing and Synchronism Check.
» Deleted duplicative Figure 2.10: \Voltage Check Elements.
>» Added note about voltage check elements and synchronism check feature.
» Corrected Figure 2.21 and Figure 2.22.

Section 3
» Corrected typographical errors.

Section 4
» Corrected cross references on first page.

Section 5

» Corrected typographical error.
» Updated Table 4.4.

Section 6

» Corrected typographical errors.
» Added information about setting TIMERQ.

Section 7
» Added footnote to Table 7.9.
» Added arow (15 option to the range of MRATE in the Global setting class) to Table 7.11.
» Corrected typographical errors.
» Corrected footnote to Table 7.16.

Section 9
» Corrected typographical errors.
» Corrected Table 9.113.

Section 10
Corrected typographical errors.

Updated Table 10.5, Table 10.6, Table 10.7, and Table 10.8 for the changesin the Control | nputs, Main Board
Control Inputs, Interface Board #1 Control Inputs, and Interface Board #2 Control Inputs settings.

Added 15 option to the range of MRATE setting in Table 10.19.

Added new front-panel settings categories to Table 10.78.

Added new setting SCROLD to Table 10.80.

Added new front-panel settings Table 10.81 and Table 10.82.

Split Display Points and Aliases table into two separate tables, Table 10.81 and Table 10.82, for Boolean and
Analog Display Points.

Added new setting parameter HMI Alarm to Table 10.86.

YYYYY YY

\

Appendix A
» Corrected typographical errors.

Appendix B
» Corrected typographical errors.

20051107

Revised entire manual to include new DNP3 LAN/WAN functionality.

SEL-421 Relay

20050805

General
» Added independent two-breaker reclosing functionality (E79 := Y1).

User's Guide
Section 4
» Added note describing internal clock year value behavior in TIME Q Descriptions.

Appendix A
» Updated Table A.1 with firmware version R114.

User's Guide Date Code 20111215
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Table A.5 Instruction Manual Revision History (Sheet 11 of 17)

Revision Date

Summary of Revisions

Applications Handbook
Section 1
» Added text explaining auto-reclose sequence for both dependent (E79 := Y) and independent (E79 := Y1)
two-breaker reclosing applications.
» Updated E79 entriesin Table 1.6, Table 1.13, Table 1.21, Table 1.31, and Table 1.39.
» Added E79 row to Table 1.40.

Reference Manual
Section 1

» Updated Figure 1 26.

» Updated Figure 1 63 to match firmware change.
» Updated Figure 1 65.

Section 2
Added text explaining two auto-reclose modes available for two-breaker reclosing applications.

Added text explaining single-pole open interval supervision condition (SPOISC) and corresponding timer
(SPOISD) for single-pole two-circuit-breaker auto-reclosing applications.

Added text detailing both dependent (E79 := Y) and independent (E79 := Y 1) three-pole two-circuit-breaker
auto-reclosing applications.

Added text explaining three-pole open interval supervision condition (3POISC) and corresponding timer
(3POISD) for three-pole two-circuit-breaker auto-reclosing applications.

Modified Figure 2 6 title (added “E79 := Y").

Added Figure 2 7 (“Line-Open Logic Diagram When E79 := Y1").
Modified Figure 2 13 title (added “E79 := Y").

Modified Figure 2 15 title (added “E79 := Y").

Updated E79 entriesin Table 2 19 and Table 2 20.

YYYYY Y Y YVYY

Section 10
» Updated E79 entry in Table 10 29.
» Updated Table 10 64 to include new settings SPOISC and SPOISD.
» Updated Table 10 65 to include new settings 3POISC and 3POISD.
Appendix A
» Updated Table A.1 to include new Relay Word Bits SPOISC and 3POISC.
» Updated Table A.2 footnote describing internal clock year value behavior.
» Updated Table A.9 to include new Relay Word Bits SPOISC and 3POISC.
» Updated Table A.50 footnote describing internal clock year value behavior.

20050119 User's Guide
Appendix A
» Updated Table A.1 and Table A.5 with firmware version R113.
20041217 General
» Changed DNP 3.0 to DNP3 throughout manual.
» Added contents list to the start of each section.
» Added Glossary entries for C37.118, Fast Message, |IEEE, RTD, Time Error, Time Quality, and TVE.
» Updated Glossary entry for PPS.
User's Guide
Section 1
» Updated Specifications.
Section 2
» Added INT4 I/O Interface Board information, including instructions for using the optoisolated control inputs
to detect ac control signals.
» Updated rear-panel figures and related text to show new TIME input configuration.
» Removed Front-Panel Labels—the configurable label instructions are now in a separate package included
with therelay.
Date Code 20111215 User's Guide
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Table A.5

Instruction Manual Revision History (Sheet 12 of 17)

Revision Date

Summary of Revisions

SEL-421 Relay

Section 3

» Updated ACSELERATOR SEL-5030 screen captures and related text.
Section 4

Updated ACSEL ERATOR SEL -5030 screen captures and related text.
Updated serial number label in Figure 4 1 and related text.
Added Access Level information to Table 4 5.
Added INT4 1/O Interface Board control inputs information and Figure 4 8.
Updated Configuring High-Accuracy Timekeeping subsection.

YYVYVYY

Section 6
» Updated ACSELERATOR SEL -5030 screen captures and related text.
Appendix A
» Updated Table A.1 and Table A.5 with firmware version R112 and literature changes.

Applications Handbook

Section 2

» Updated Time-Synchronized Metering.
Section 3

» Updated Figure 3.1.

Section 4
» Updated Relay Configuration for High-Accuracy Timekeeping.
» Updated Sate Estimation Verification.

Section 6
» Updated Table 6.7.

Reference Manual
Section 1

» Updated Current and Voltage Source Selection, including new Figure 1.1 through Figure 1.4, and new
Table 1.1 through Table 1.3.

» Updated Freguency Estimation, and added rate-of-change-of-frequency, DFDT, to Table 1.13 and
Figure 1.12.

» Added Time-Error Calculation.
» Updated pickup setting range for Inverse-Time Overcurrent Elementsin Table 1.57.
» Renamed and clarified Trip During Open-Pole Time Delay.

Section 2
» Reorganized subsections.

» Clarifications made to Figure 2.10 and Figure 2.11. Updated Figure 2.15 to reflect changes made to the two
circuit breaker, three-pole auto-reclose logic.

» Added \Voltage Checks for Auto-Reclosing and Manual Closing (in place of previous Voltage Checks
subsection).

» Reduced healthy voltage qualifying time from 15 to 6 cyclesin Figure 2.28.

Section 3

» Added Multiple Setting Groups subsection to describe this feature already in the SEL-421.
Section 4

» Updated Table 4.1 and Figure 4.2.

Section 5
» Updated Table 5.2.
» Added Automatic Messages and Timeout subsections to describe these features already in the SEL-421.
» Removed Fast Message Synchrophasor information—now covered in Section 7.

Section 6

» Updated Table 6.10 to include analog quantity information, and the new TECORR value (Object 40, 41;
Index 1).

» Updated Application Example to show DNP Map settings entry, including custom scaling.

User's Guide Date Code 20111215
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Table A.5 Instruction Manual Revision History (Sheet 13 of 17)

Revision Date

Summary of Revisions

Section 7

» Added new Section 7: Synchrophasors. Includes information on both |EEE C37.118 and SEL Fast Message
synchrophasor protocols.

Section 9
» Updated MET PM command description.
» Added SER CV, SER RV, and TEC commands.

Section 10

» Removed Global settings for Time and Date Management.

» Added Global settings for INT4 /O Interface Board (Table 10.5, Table 10.8, and Table 10.10), Time-Error
Calculation (Table 10.12), and Synchrophasors (Table 10.3 and Table 10.14).

» Updated Group settings 51S1P, 51S2P, 51S3P (Table 10.50 through Table 10.52).
» Added PMU protocol option to Port settings (Table 10.90).
» Removed Port settings PMADDR and PMDATA.

Appendix A

» Updated tables with new Relay Word bits, and new row numbers for Relay Word bits above row 96.
Appendix B

» Reordered tables to match Appendix A (alphabetic list first).

» Added function subheadings to Table B.2.

» Added new analog quantities DFDT, TUTC, TQUAL, TECORR, TE, CTRW, CTRX, PTRY, PTRZ, and 66
synchrophasor measurement quantities.

20040602 User's Guide
Appendix A
» Included information on new firmware R111.
20030918 Introduced new typographic and step instruction conventions in the Preface and applied them throughout the man-

Date Code 20111215

ual.
User's Guide
Section 1

» Added EA Certification statement to Specifications.
Appendix A

» Included information on new firmware R110 and instruction manual changes.
» Added EA Certification statement to Specifications.

Applications Handbook
Section 1

» Modified the application examples to include new information on communications-assisted protection
schemes and out-of-step logic.

Reference Manual
Section 1

» Added information (including new logic diagram figures) about communications-assisted protection
schemes, out-of-step logic, and trip logic.
» Updated Figure 1.65, Figure 1.66, and Figure 1.68.

Section 3
» Changed quantity of free-form protection SELoGIC.

» Updated Table 3.6, Table 3.7, and Table 3.8.
Section 5

» Added new section on using the SEL-2600A RTD module.

User's Guide
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Table A.5 Instruction Manual Revision History (Sheet 14 of 17)

Revision Date | Summary of Revisions

Section 9
» Added OFF to the XC setting range.
Appendix A

» Added new Relay Word bits to support communications-assisted protection schemes, security, and the
SEL-2600 RTD module.
Appendix B

» Added analog quantities to support the SEL-2600A RTD module.

20030409 User's Guide
Section 2

» Maodified al of the installation instructions that include removing and reattaching the front panel to reflect
changes in the front-panel hardware.

» Replaced Figure 2.26 with latest rear-panel diagram.
Appendix A
» Included information on new firmware R109.

20021216 User's Guide

Section 1

» Added Termina Connection information.

» Corrected typographic error.

» Corrected pickup accuracy for Sation DC Battery System Monitor.
Appendix A

» Included information on new firmware R108.

Applications Handbook
Section 1

» Corrected Equation 1.74.
Section 2

» Clarified synchrophasor measurement statement.

Reference Manual

Section 1

» Added NAND gates (SPOA, SPOB, and SPOC) at the DTA, DTB, and DTC SELOGIC Settings inputsin
Figure 1.60, Trip During Pole Open to TPA.

Section 3

» Corrected Example 3.6.

» Change “conditioning” to “sequence” in the sentence before Figure 3.8 and in the caption for Figure 3.8.

» Corrected typographical error.

20020918 User's Guide
Appendix A
» Included information on new firmware R107.
Reference Manual
Section 1
>» Modified Figure 1.9 and Figure 1.63.

20020819 User's Guide

Appendix A

» Included information on new firmware R106.
» Removed “Instruction” from appendix title.

SEL-421 Relay User's Guide Date Code 20111215
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Table A.5 Instruction Manual Revision History (Sheet 15 of 17)

Revision Date

Summary of Revisions

20020621

Removed Manual Change Information section and integrated it into User’s Guide Appendix A: Firmware and

Instruction Manual Versions.

User's Guide

Section 2

» Updated Figure 2.2, Figure 2.3, Figure 2.10, Figure 2.13, Figure 2.21, Figure 2.25, Figure 2.27, and
Figure 2.28.

Appendix A

» Firmware updated.

Reference Manual

Section 6

» Updated Table 6.9.

» Updated Table 6.10.

20020528

User's Guide
Appendix A

» Firmware updated.
Reference Manual
Section 6

» Updated Table 6.5.

20020501

Reference Manual

Section 6

» Updated Table 6.17.

Appendix C

» All UCAZ2 control points were made readable. Default data were set for the UCA2 FAULT model.

20020417

User's Guide
Appendix A
» Firmware updated. Spurious Quart interrupts caused by varying character spacing will cause the relay to
disable. This condition occurs when a communications processor is automatically retrieving data from the
relay simultaneously with a serial port terminal session.

20020403

Date Code 20111215

Initial Release with Synchrophasor Measurement capability to SEL-421.
Added VAZ, VBZ, VCZ settings options to SYNCP.
Added VAY, VBY, VCY settings optionsto SYNCS1, SYNCS2 and ASYNCS2.
Added ACOS, ASIN, CEIL, FLOOR and LOG math functions to SELoGIC control equations.
Added new analog quantities for use in SELoGIC control equations:
> Terminal W and X current magnitudes
> Terminal Y and Z voltage magnitudes
> | nstantaneous sequence quantities
> Contact inputs
» Maodified CHI output for SEL-2030 compatibility.

YYYVYY
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Table A.5 Instruction Manual Revision History (Sheet 16 of 17)

Revision Date | Summary of Revisions

20020108 » SEL-421-1 Relay introduction.

» Configurable front-panel labels.

» | and V Source Selection settings clarifications.
Preface

» Added Notes explanation.

User's Guide

Section 1

» Added description of SEL-421-1 Relay.

» Added Notes to flag the differencesin the SEL-421-1 Relay.

» Added Humidity to Specifications.

» Added SEL-421-1 Relay Maximum Operating Time to Specifications.
» Revised Power and Energy in Specifications.

Section 2

» Added Front-Panel Labels to describe configurable front-panel 1abels.
Section 3

» Added description of ACSELERATOR® SEL-5030 software Analysis function keys F2, F3, and F4.
» Revised Relay Editor settings tree view operation.

Section 4

» Included front-panel label kit in shipped itemsllist.

» Added Notes to flag the differencesin the SEL-421-1 Relay.

» Fixed Figure 4.45 and setting SER example procedure.

» Fixed Figure 4.55 and setting control input/52A example procedure.
Section 5

» Added descriptions of configurable front-panel |abels.
Section 6

» Updated ACSELERATOR software screen captures.

Applications Handbook
Section 1
» Added Notes to flag the differencesin the SEL-421-1 Relay.
>» Corrected control inputs in Auto-Reclose Examples.
» Added explanation for missing setting 3PMRCD (Manua Close Reclaim Time Delay) in Recloser Closing.
Section 2
» Corrected communications equipment battery voltage to 48 Vdc in Figure 2.12.
» Revised text and Table 2.16 for power and energy specifications.
Section 3
» Corrected Compressed ASCII command example in Event File Download procedure.

SEL-421 Relay User's Guide Date Code 20111215
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Table A.5 Instruction Manual Revision History (Sheet 17 of 17)

Revision Date

Summary of Revisions

Reference Manual
Section 1
» Added Notes to flag the differencesin the SEL-421-1 Relay.
» Included more explanation for settings ALTI and ALTV in Current and Voltage Source Selection.
» Corrected setting ORDER text in ORDER.
» Supplemented Series-Compensation Line Logic material.
Section 3
» Added Notes to flag the differencesin the SEL-421-1 Relay.
Section 6
» Updated setting TIMERQ to reflect correct prompt and default (no change in the relay).
Section 9
» Added Notes to flag the differencesin the SEL-421-1 Relay.
Appendix A

» Added Notes to flag the differencesin the SEL-421-1 Relay.
Index

» Added index entries for configurable front-panel labels, SEL-421-1 Relay, and series-compensated line.

20010703

Initial version.

Date Code 20111215
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“a’ Contact

“a’ Output

“b" Contact

“b” Output

“¢” Contact

“c” Output

3U, 4U, 5U

A

ABS Operator

AC Ripple

Acceptance Testing

Access L evel

AccessLevel O

AccessLevel 1

AccessLevel 2

AccessLevel A

Date Code 20111215

Glossary

A breaker auxiliary contact (ANSI Standard Device Number 52A) that closes
when the breaker is closed and opens when the breaker is open.

A relay control output that closes when the output relay asserts.

A breaker auxiliary contact (ANSI Standard Device Number 52B) that opens
when the breaker is closed and closes when the breaker is open.

A relay control output that opens when the output relay asserts.

A breaker auxiliary contact that can be set to serve either asan “a” contact or
asa“b” contact.

An output with both an “a’ output and “b” output sharing a common post.

The designation of the vertical height of adevicein rack units. One rack unit,
U, isapproximately 1.75 inches or 44.45 mm.

Abbreviation for amps or amperes; unit of electrical current flow.

An operator in math SELoaIc® control equations that provides absolute
value.

The peak-to-peak ac component of asignal or waveform. In the station dc
battery system, monitoring ac ripple provides an indication of whether the
substation battery charger has failed.

Testing that confirms that the relay meets published critical performance
specifications and requirements of the intended application. Such testing
involves testing protection elements and logic functions when qualifying a
relay model for use on the utility system.

A relay 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.

The least secure and most limited access level. No password protects this
level. From thislevel, you must enter a password to go to a higher level.

A relay command level you use to monitor (view) relay information. The
default access level for the relay front panel.

The most secure access level where you have total relay functionality and
control of all settingstypes.

A relay command level you useto accessall AccessLevel 1 and Access Level

B (Breaker) functions plus Automation, Alias, Global, Front Panel, Report,
Port, and DNP settings.

SEL-421 Relay
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Access Level B-ANSI Standard Device Numbers

AccessLevel B

AccessLevel O

AccessLevel P

ACSEL ERATOR Architect®
SEL -5032 Software

ACSELERATOR QuickSet®
SEL -5030 Software

ACS|
Active Settings Group

Admittance

Advanced Settings
Analog Quantities

AND Operator

ANSI Standard
Device Numbers

SEL-421 Relay

A relay command level you use for Access Level 1 functions plus circuit
breaker control and data.

A relay command level you useto accessall AccessLevel 1 and Access Level
B (Breaker) functions plus Output, Alias, Global, Front Panel, Report, Port,
and DNP settings.

A relay command level you useto accessall AccessLevel 1 and Access Level
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 Suite that utilizes
the IEC 61850 Substation Configuration Language to configure SEL |EDs.

A Windows®-based program that simplifies settings and provides analysis
support.

Abstract Communications Service I nterface for the |IEC 61850 protocol.
Defines a set of objects, a set of servicesto manipulate and access those
objects, and a base set of datatypes for describing objects.

The settings group that the SEL-421 is presently using from among six
settings groups available in the relay.

Thereciprocal of impedance; I/V.

Settings for customizing protection functions; these settings are hidden unless
you set EADVS:=Y and EGADVS:=Y.

Variables represented by such fluctuating measurable quantities as
temperature, frequency, current, and voltage.

Logical AND. An operator in Boolean SELOGIC control equations that
requires fulfillment of conditions on both sides of the operator before the
equation istrue.

A list of standard numbers used to represent electrical protection and control
relays. The standard device numbers used in this instruction manual include
the following:

21 Distance element

25  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

Date Code 20111215
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Anti-Aliasing Filter-AX-S4 MMS

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 Phase Element

G  Residua/Ground Element

N Neutral/Ground Element

Q  Negative-Sequence (312) Element

Anti-Aliasing Filter A low passfilter that blocks frequencies too high for the given sampling rate
to accurately reproduce.

Apparent Power, S 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 acircuit: S= P +jQ. Thisis power at the fundamental frequency
only; no harmonics are included in this quantity.

Arcing Resistance The resistance in the arc resulting from a power line fault.

ASCII Abbreviation for American Standard Code for Information Interchange.
Defines a standard set of text characters. The SEL-421 uses ASCI| text
characters to communicate using front-panel and rear-panel EIA-232 serial
ports on the relay and through virtual serial ports.

ASCII Terminal A terminal without built-in logic or local processing capability that can only
send and receive information.

Assert To activate. To fulfill the logic or electrical requirements needed to operate a
device. To set alogic condition to the true state (logical 1) of that condition.
To apply aclosed contact to an SEL-421 input. To close anormally open
output contact. To open anormally closed output contact.

AT Modem Command Set The command language standard that Hayes Microcomputer Products, Inc.
Dialing String Standard developed to control auto-dial modems from an ASCII terminal (usually
ElA-232 connected) or a PC (personal computer) containing software
allowing emulation of such aterminal.

Autoconfiguration The ability to determine relay type, model number, metering capability, port
ID, baud rate, passwords, relay elements, and other information that an IED
(an SEL-2020/2030 communications processor) needs to automatically
communicate with relays.

Automatic M essages Messages including status failure and status warning messages that the relay
generates at the seria ports and displays automatically on the front-panel
LCD.
Automatic Reclose Automatic closing of acircuit breaker after abreaker trip by a protective relay.

Automation Variables Variables that you include in automation SELoGic control equations.

Auto-Reclose- A logical condition that drives the auto-reclose function out of service with
Drive-to-L ockout respect to a specific circuit breaker.

Autotransfor mer A transformer with at least two common windings.
AX-AMMS “Accessfor MMS’ isan |EC 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-$4

Date Code 20111215 SEL-421 Relay
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Bandpass Filter-CID

Bandpass Filter

Best Choice Ground
Directional Supervision™
logic

Bit Label
Bit Value

Block Trip Extension

Blocking Signal Extension

Bolted Fault

Boolean L ogic Statements

Breaker Auxiliary Contact

Breaker-and-a-half
Configuration

Buffered Report

C37.118

Category

CCVvT

Checksum

CID

SEL-421 Relay

MM S istheinteractive MM S Object Explorer for browser-like access to
IEC 61850/ UCA2 and MM S device objects.

A filter that passes frequencies within a certain range and blocks all
frequencies outside this range.

An SEL logic that determines the directional element that the relay uses for
ground faults.

The identifier for a particular bit.
Logica Oor logica 1.

Continuing the blocking signal at the receiving relay by delaying the dropout
of Relay Word bit BT.

The blocking signal for the DCB (directional comparison blocking) trip
scheme is extended by atime delay on dropout timer to prevent unwanted
tripping following current reversals.

A fault with essentially zero impedance or resistance between the shorted
conductors.

Statements consisting of variables that behave according to Boolean logic
operators such as AND, NOT, and OR.

An electrical contact associated with a circuit breaker that opens or closesto
indicate the breaker position. A form-a breaker auxiliary contact (ANSI
Standard Device Number 52A) closes when the breaker is closed and opens
when the breaker is open. A form-b breaker auxiliary contact (ANS| Standard
Device Number 52B) opens when the breaker is closed and closes when the
breaker is open.

A switching station arrangement of three circuit breakers per two circuits; the
two circuits share one of the circuit breakers.

IEC 61850 IEDs can issue buffered reports of internal events (caused by
trigger options data-change, quality-change, and data-update). These event
reports can be sent immediately or buffered (to some practical limit) for
transmission, such that values of data are not lost due to transport flow control
constraints or loss of connection. Buffered reporting provides sequence-of -
events (SOE) functionality.

|IEEE C37.118, Standard for Synchrophasors for Power Systems
A collection of similar relay settings.

Coupling-capacitor voltage transformer that uses a capacitive voltage divider
to reduce transmission voltage to alevel safe for metering and relaying
devices. See CVT.

A method for checking the accuracy of data transmission involving
summation of agroup of digits and comparison of this sum to a previously
calculated value.

Checksum identification of the firmware.

Date Code 20111215



CID File

Circuit Breaker
Failure Logic

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

Date Code 20111215

Glossary
CID File-COMTRADE

IEC 61850 Configured IED Description file. XML file that contains the
configuration for a specific IED.

Thislogic within the SEL-421 detects and warns of failure or incomplete
operation of acircuit breaker in clearing afault or in performing atrip or close
sequence.

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.

Thefirst level of therelay settings structure including Global, Group, Breaker
Monitor, Port, Report, Front Panel, DNP settings, Protection SELoGIC control
equations, Automation SEL oGic control equations, and Output SELoGIC
control equations.

Beginning a system from power up without carryover of previous system
activities.

Testing that servesto validate all system ac and dc connections and confirm
that the relay, auxiliary equipment, and SCADA interface all function as
intended with your settings. Perform such testing when installing a new
protection system.

Composite data objects that contain instances of UCA standard data types.

| EC 61850 grouping of data objects that model substation functions. Common
Data Classes include Status information, Measured information, Controllable
status, Controllable analog, Status settings, Analog settings, and Description
information.

Relay control inputs that share a common terminal.

Both ground and phase 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.

Circuit 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, |EEE C37.111-1999.

SEL-421 Relay
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Conditioning Timers-Data Attribute

Conditioning Timers

Contact Input
Contact Output

Coordination Timer

Control Input

Control Output

COS Operator

Counter

Cross-country fault

CT

CT Subsidence Current

CTR

Current
Reversal Guard Logic

Current
Transformer Saturation

CVvT

CVT Transient Blocking

CVT Transient
Detection Logic

Data Attribute

SEL-421 Relay

Timers for conditioning Boolean values. Conditioning timers either stretch
incoming pulses or alow 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.

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 auxiliary
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,
communications-assisted tripping circuits, and SCADA systems.

Operator in math SEL0GIC control equations that provides the cosine
function.

Variable or device such as aregister or storage location that either records or
represents the number of times an event occurs.

A cross-country fault consists of simultaneous separate single phase-to-
ground faults on parallel lines.

Current transformer.

Subsidence current appears as a small exponentialy decaying dc current with
along time constant. This current results from the energy trapped in the CT
magnetizing branch after the circuit breaker opens to clear afault or interrupt
load.

Current transformer ratio.

Under thislogic, the relay does not key the transmitter and ignores reception
of apermissive signal from the remote terminal when areverse-looking
element detects an external fault.

The point of maximum current input to a current transformer; any change of
input beyond the saturation point fails to produce any appreciable changein
output.

Capacitive voltage transformer that uses a capacitive voltage divider to reduce
transmission voltage to alevel safe for metering and relaying devices. See
CCVT.

Logic 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.
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Data Bit

Data Class
Data L abel
Data Object

DC Offset

DCB (Directional
Comparison Blocking)

DCE Devices

DCUB (Directional
Comparison Unblocking)

Deadband

Deassert

Debounce Time

Default Data Map

Delta

Demand M eter

Direct Tripping

Directional Start

Directional Supervision
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Glossary
Data Bit-Directional Supervision

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.
Theidentifier for a particular data item.

In the IEC 61850 protocol, part of alogical 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 signal to a
remote relay; the blocking signal interrupts the tripping circuit of the remote
relay and prevents tripping of the protected line.

Data communication equipment devices (modems).

A communications-assisted tripping scheme with logic added to aPOTT
scheme that allows high-speed tripping of overreaching elements for a brief
time during aloss of channel. The logic then blocks trip permission until the
communications channel guard returns for a set time.

The range of variation an analog quantity can traverse before causing a
response.

To deactivate. To remove the logic or electrical requirements needed to
operate adevice. To clear alogic condition 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. To close a normally closed output contact.

The time that masks the period when relay contacts continue to move after
closing; debounce time covers this indeterminate state.

The default map of objects and indices that the SEL-421 usesin DNP
protocol.

A phase-to-phase series connection of circuit elements, particularly voltage
transformers or loads.

A measuring function that calculates arolling average or thermal average of
instantaneous measurements over time.

Local or remote protection elements provide tripping without any additional
supervision.

A blocking signal provided by reverse reaching elements to aremote terminal
used in DCB communications-assisted tripping schemes. If the fault isinternal
(on the protected line), the directional start elements do not see the fault and
do not send ablocking signal. If the fault is external (not on the protected
line), the directional start elements start sending the block signal.

Therelay uses directional elements to determine whether protective elements
operate based on the direction of afault relative to the relay.

SEL-421 Relay
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Disabling Time Delay-Electrical Operating Time

Disabling Time Delay
Distance
Calculation Smoothness

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

EHV

EIA-232

EIA-485

Electrical Operating Time

SEL-421 Relay

A DCUB scheme timer (UBDURD) that prevents high-speed tripping
following aloss-of-channel condition.

A relay algorithm that determines whether the distance-to-fault calculation
varies significantly or is constant.

The area of a power system where afault 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-devel oped, hardware-independent communications protocol.

The time measured from the removal of an input signal until the output signal
deasserts. You can set thetime, in the case of alogic variable timer, or the
dropout time can be aresult of the characteristics of an element algorithm, as
in the case of an overcurrent element dropout time.

Data terminal equipment (computers, terminals, printers, relays, etc.).

A communications-assisted tripping scheme. A relay at one end of aline
sends atripping signal to the relay at the opposite end of theline.

See ASCII terminal.

A communications-assisted tripping scheme. Detection of a Zone 1 fault at
either end of aline causes tripping of the local circuit breaker as well as
simultaneous transmission of atripping signal to the relay at the opposite end
of the line. The scheme is said to be underreaching because the Zone 1 relays
at both ends of the line reach only 80 percent (typically) of the entire line
length.

The action of alocal relay returning (echoing) the remote terminal permissive
signal to the remote terminal when the local breaker is open or aweak infeed
condition exists.

A time delay that blocks 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 aweak terminal, after satisfaction of specific
conditions, to trip by converting an echoed permissive signal to atrip signal.

Electrically Erasable Programmable Read-Only Memory. Nonvolatile
memory 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 EIA/T1A-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 closeinitiation and an open phase status change.
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Electromechanical Reset

End-Zone Fault

Energy Metering
Equalize Mode

ESD

(Electrostatic Discharge)

Ethernet

Event History

Event Report

Event Summary

EXP Operator

F TRIG

Fail-Safe

Falling Edge

Fast Hybrid Control
Output

Fast M eter

Fast Operate
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Glossary
Electromechanical Reset-Fast Operate

Setting of the relay to match the reset characteristics of an electromechanical
overcurrent relay.

A fault at the farthest end of a zone that arelay isrequired to protect.

Energy metering provides alook at imported power, exported power, and net
usage over time; measured in MWh (megawatt hours).

A procedure where substation batteries are overcharged intentionally for a
preselected timein order to bring all cells to a uniform output.

The sudden transfer of charge between objects at different potentials caused
by direct contact or induced by an electrostatic field.

A network physical and data link layer defined by |EEE 802.2 and IEEE
802.3.

A quick look at recent relay activity that includes a standard report header;
event number, date, time, and type; fault location; maximum fault phase
current; active group at the trigger instant; and targets.

A text-based collection of data stored by the relay in response to atriggering
condition, such as afault or ASCII TRI command. The data show relay
measurements before and after the trigger, in addition to the states of
protection elements, relay inputs, and relay outputs each processing interval.
After an electrical system fault, use event reports to analyze relay and system
performance.

A shortened version of stored event reports. An event summary includesitems
such as event date and time, event type, fault location, time source, recloser
shot counter, prefault and fault voltages, currents, and sequence current, and
MIRRORED BITS® communications channel status (if enabled).

Therelay sends an event report summary (if auto messaging is enabled) to the
relay serial port afew seconds after an event.

Math SELoGIc control equation operator that provides exponentiation.

Falling-edge trigger. Boolean SEL oGIc control equation operator that triggers
an operation upon logic detection of afalling edge.

Refersto an output that is open during normal relay operation and closed
when relay power isremoved or if the relay fails. Configure alarm outputs for
fail-safe operation.

Transition from logical 1 to logical 0.

A control output similar to, but faster than, the hybrid control output. The fast
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.

SEL binary seria port command used to collect metering data with SEL
relays.

SEL binary serial port command used to perform control with SEL relays.

SEL-421 Relay
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Fast Message-GOOSE

Fast M essage
Fault Type
| dentification Selection

FID

Firmware

Flash Memory

Flashover

Float High

Float L ow
Free-Form Logic

Free-Form SELOGIC
Control Equations

FTP

Function

Function Code

Functional Component

Fundamental Frequency

Global Settings

GOMSFE

GOOSE

SEL-421 Relay

SEL binary seria port protocol used for Fast SER, Fast Message
Synchrophasors, and RTD communications.

Logic therelay usesto identify balanced and unbalanced faults (FIDS).

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 asolid dielectric in agas or liquid.
The highest charging voltage supplied by a battery charger.

The lowest charging voltage supplied by a battery charger.

Custom logic creation and execution order.

Free-form relay programming that includes mathematical operations, custom
logic execution order, extended relay customization, and automated operation.

File transfer protocol.

In |EC 61850, task(s) performed by the substation automation system, i.e., by
application functions. Generally, functions exchange data with other
functions. Details are dependent on the functionsinvolved.

Functions are performed by |EDs (physical devices). A function may be split
into parts residing in different IEDs 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 of aUCA GOM SFE brick dedicated to a particular function including
status, control, and descriptive tags.

The component of the measured electrical signal with afrequency equal to the
normal electrical system frequency, usually 50 Hz or 60 Hz. Generally used to
differentiate between the normal system frequency and any harmonic
frequencies present.

General settingsincluding 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 |ED 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.
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GPS

Ground Directional
Element Priority

Ground Distance Element
Ground Fault

L oop mpedance

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

IA,IB,IC

ICD File
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GPS-ICD File

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.

A mho or quadrilateral distance element the relay uses to detect faults
involving ground along atransmission line.

Theimpedance in afault-caused electric circuit connecting two or more points
through ground conduction paths.

Elements that operate by comparing aresidual ground calculation of the three-
phase inputs with the residual overcurrent threshold setting. The relay asserts
ground overcurrent elementswhen arelay residual current calculation exceeds
ground current setting thresholds.

Ground distance protection consisting of afour-sided characteristic on an R-X
diagram.

Fault resistance that can consist of ground path resistance typically in tower
footing resistance and tree resistance.

A timer that determines the minimum time before the relay reinstates
permissive tripping following aloss-of-channel condition in the DCUB
communications-assisted tripping scheme; relay setting GARD1D.

Graphical user interface.
A register address consisting of a numeral with an “h” suffix or a“0x” prefix.

Reporting of 3 kHz low-pass analog filtered data from the power system at
each event trigger or trip at high sample rates of 8000 samples/second, 4000
samples/second, 2000 sampl es/second, and 1000 samples/second.

Human machine interface.

A power system with nearly the same angle (<5 ° difference) for the
impedance angles of the local source, the protected line, and the remote
source.

High voltage. System voltage greater than or equal to 100 kV and less than
230 kV.

Contacts that use an insulated gate bipolar junction transistor (IGBT) in
parallel 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 |[ED
capabilities, including information on logical hode and GOOSE support.

SEL-421 Relay
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IEC 61850-Load Encroachment

|[EC 61850

IED
|IEEE

IG

IGBT

Independent Zone Timing
Infinite Bus

I nput Conditioning

Instance

Instantaneous M eter

IP Address

IRIG-B

Jitter

L/R

Latch Bits
LED

Left-Side Value

Line Impedance

LMD
LN Operator

L oad Encroachment
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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.

Residual current, calculated from the sum of the phase currents. In normal,
balanced operation, this current is very small or zero.

Insulated gate bipolar junction transistor.

The provision of separate zone timers for phase and ground distance elements.
A constant-voltage bus.

The establishment of debounce time and assertion level.

A subdivision of arelay settings class. Group settings have several
subdivisions (Group 1-Group 6), while the Global settings class has one
instance.

Type of meter data presented by the SEL-421 that includes the present values
measured at the relay ac inputs. The word “Instantaneous’ is used to
differentiate these values from the measurements presented by the demand,
thermal, energy, and other meter types.

An identifier for acomputer or device on a TCP/IP network. Networks using
the TCP/IP protocol route messages based on the | P address of the destination.
The format of an |P addressis a 32-bit numeric address written as four
numbers separated by periods. Each number can be zero to 255. For example,
1.160.10.240 could be an I P address.

A time code input that the relay can use to set the internal relay clock.

Time, amplitude, frequency, or phase-related abrupt, spurious variationsin
duration, magnitude, or frequency.

Circuit inductive/resistive ratio.

Nonvolatile storage locations for binary information.
Light-emitting diode. Used asindicators on the relay front panel.
LVALUE. Result storage location of a SELoGIC control equation.

The phasor sum of resistance and reactance in the form of positive-sequence,
negative-sequence, and zero-sequence impedances of the protected line.

SEL distributed port switch protocol.
Math SELoGIc control equation operator that provides natural logarithm.

The load-encroachment feature allows setting of phase overcurrent el ements
and phase distance elements independent of load levels.
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L ocal Bits

L ockout Relay

Logical 0

Logical 1

Logical Node

L oss of Channel

L oss of Guard

L oss of Potential

Low-Level Test Interface

MAC Address

Maintenance Testing

Math Operations

Math Operators

Maximum Dropout Time

M aximum/Minimum
M eter

M echanical Operating
Time

Mho Characteristic

MIRRORED BITS®
Communications
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Glossary | GL.13
Local Bits-Mirrore Bits® Communications

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.

Anauxiliary relay that prevents operation of associated devices until it isreset
either electrically or by hand.

A falselogic condition, dropped out element, or deasserted control input or
control output.

A truelogic condition, picked up element, or asserted control input or control
output.

In IEC 61850, the smallest part of afunction 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 guard and no permissive signal from communicationsgear inaDCUB
(directional comparison unblocking scheme) for either two or three terminal
lines.

No guard signal from communications gear.
L oss of one or more phase voltage inputs to the relay secondary inputs.

An interface that provides a meansfor interrupting the connection between the
relay input transformers and the input processing module and allows inserting
reduced-scale test quantities for relay testing.

The Media Access Control (hardware) address of a device connected to a
shared network medium, most often used with Ethernet networks.

Testing that confirms that the relay is measuring ac quantities accurately and
verifies correct functioning of auxiliary equipment, scheme logic, and
protection elements.

Calculations for automation or extended protection functions.

Operatorsthat you use in the construction of math SEL oGIC control equations
to manipulate numerical values and provide a numerical base-10 result.

The maximum time interval following a change of input conditions between
the deassertion of the input and the deassertion of the output.

Type of meter data presented by the SEL-421 that includes a record of the
maximum and minimum of each value, along with the date and time that each
maximum and minimum occurred.

Time between trip initiation or close initiation and the change in status of an
associated circuit breaker auxiliary 52A normally open contacts.

A directional distance relay characteristic that plotsacircle for the basic relay
operation characteristic on an R-X diagram.

Patented relay-to-relay communications technique that sends internal logic
status, encoded in adigital message, from one relay to the other. Eliminates
the need for some communications hardware.
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MMS-Nonhomogeneous System

MMS

MOD

M odel

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
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Manufacturing Messaging Specification, a data exchange protocol used by
UCA.

Motor-operated disconnect.

Model of device (or component of adevice) including the data, control access,
and other featuresin UCA protocol.

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 SELoaIc 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 currents and
voltages have equal magnitude and a phase displacement of 120°, and have
clockwise phase rotation with current and voltage maxima that occur
differently from that for positive-sequence configuration. If positive-sequence
maxima occur as ABC, negative-sequence maxima occur as ACB.

An element allowed to operate only when a negative-sequence current exceeds
athreshold.

An element that provides directivity by the sign, plus or minus, of the
measured negative-sequence impedance.

Impedance of adevice or circuit that resultsin current flow with a balanced
negative-sequence set of voltage sources.

Elements that operate by comparing a negative-sequence calculation of the
three-phase secondary inputs with negative-sequence overcurrent setting
thresholds. The relay asserts these elements when arelay negative-sequence
calculation exceeds negative-seguence current setting thresholds.

These directional elements are 32QG and 32Q. 32QG supervises the ground
distance elements and residual directional overcurrent elements; 32Q
supervises the phase distance elements.

National Electrical Manufacturers’ Association.

An impedance from neutral to ground on a device such as a generator or
transformer.

Logic for detecting and initiating circuit breaker failure protection with alogic
transition, or when aweak source drives the fault or a high-resistance ground
fault occurs.

A blocking signal provided by nondirectional overcurrent elementsto a
remote terminal used in DCB communi cations-assisted tripping schemes. The
nondirectional start elements start sending the block signal.

A power system with alarge angle difference (>5° difference) for the
impedance angles of the local source, the protected line, and the remote
source.
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Nonvolatile Memory

NOT Operator

OR Operator

osl

Out-of-Step Blocking
Out-of-Step Tripping

Override Values

Parentheses Operator

PC

Peak Demand Metering

Phase Distance Element

Phase Overcurrent

Element

Phase Rotation

Phase Selection

Pickup Time

Pinout

Polarizing Memory
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Glossary | GL.15
Nonvolatile Memory-Polarizing Memory

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.

Logical OR. A Boolean SEL oGIc control equation operator that comparestwo
Boolean values and yields either alogical 1 if either compared Boolean value
islogical 1 or alogica O if both compared Boolean values are logical O.

Open Systems Interconnect. A model for describing communications
protocols. Also an 1SO suite of protocols designed to this model.

Blocks the operation of phase distance elements during power swings.
Trips the circuit breaker(s) during power swings.

Test values you enter in Fast Meter, DNP, and communications card database
storage.

Math operator. Use paired parentheses to control the execution of operations
in a SELoGIC control equation.

Personal computer.

Maximum demand and a time stamp for phase currents, negative-sequence
and zero-sequence currents, and powers. The SEL -421 stores peak demand
values and the date and time these occurred to nonvolatile storage once per
day, overwriting the previously stored value if the new valueis larger. Should
the relay lose control power, the relay restores the peak demand information
saved at 23:50 hours on the previous day.

A mho distance element the relay uses to detect phase-to-phase and three-
phase faults at a set reach along a transmission line.

Elements that operate by comparing the phase current applied to the
secondary current inputs with the phase overcurrent setting. The relay asserts
these elements when any combination of the phase currents exceeds phase
current setting thresholds.

The segquence of voltage or current phasors in a multiphase electrical system.
In an ABC phase rotation system, the B-phase voltage lags the A-phase
voltage 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°.

Ability of the relay to determine the faulted phase or phases.

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 alogic variable timer, or
the pickup time can be aresult of the characteristics of an element algorithm,
asin the case of an overcurrent el ement pickup time.

The definition or assignment of each electrical connection at an interface.
Typicaly refersto acable, connector, or jumper.

A circuit that provides a polarizing source for a period after the polarizing
guantity has changed or gone to zero.
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Pole Discrepancy-Qualifier Code

Pole Discrepancy

Pole-Open L ogic

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
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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.

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 direction, the positive-
seguence 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 isthe ratio of the magnitude of negative-sequence
current to the magnitude of positive-sequence current (12/11).

An element that operates only when a positive-sequence current exceeds a
threshold.

Impedance of adevice or circuit that resultsin current flow with a balanced
positive-sequence set of voltage sources.

A communications-assisted line protection scheme. At least two overreaching
protective relays must receive a permissive signal from the other terminal(s)
before al relays trip and isolate the protected line.

The cosine of the angle by which phase current lags or leads phase voltage in
an ac electrical circuit. Power factor equals 1.0 for power flowing to a pure
resistive load.

Pulse per second from a GPS receiver. Previous SEL-421 relayshad a TIME
1k PPSinput.

Segregation of protection and automation processing and settings.

Individual scheme settings for as many as six different schemes (or instances).

Suspension 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 adirectional
measurement, reactance measurement, and two resi stive measurements.

Specifies type of range for DNP3 objects. With the help of qualifier codes,
DNP master devices can compose the shortest, most concise messages.
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R_TRIG

RAM

Reactance Reach

Real Power

Reclose

Relay Word Bit

Remapping

Remote Bit

Report Settings
Residual Current
Residual Directional
Overcurrent Element

Residual
Overcurrent Protection

Resistance Blinder

Resistive Reach

Retrip

Rever se Fault
Rising Edge

RMS

Rolling Demand

RTD
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Glossary
R_TRIG-RTD

Rising-edge trigger. Boolean SEL0OGIC control egquation operator that triggers
an operation upon logic detection of arising edge.

Random Access Memory. Volatile memory where the relay stores
intermediate cal culation results, Relay Word bits, and other data.

The reach of adistance element in the reactive (X) direction in the R-X plane.

Power that produces actual work. The portion of apparent power that isreal,
not imaginary.

The act of automatically closing breaker contacts after a protective relay trip
has opened the circuit breaker contacts and interrupted current through the
breaker.

A single relay element or logic result. A Relay Word bit can equal either
logical 1 or logical 0. Logical 1 represents atrue logic condition, picked up
element, or asserted control input or control output. Logical O represents a
false logic condition, dropped out element, or deasserted control input or
control output. Use Relay Word bitsin SELoGIC control equations.

The process of selecting data from the default map and configuring new
indices to form a smaller data set optimized to your application.

A Relay Word bit with a state that is controlled by serial port commands,
including the CONTROL command, a binary Fast Operate command, DNP
binary output operation, or aUCA control operation.

Event report and Sequential Events Recorder settings.

The sum of the measured phase currents. In normal, balanced operation, this
current is very small or zero.

A residual overcurrent element allowed to operate in only the forward or
reverse direction.

Overcurrent protection that operates at conditions exceeding a threshold of
system unbalance (3lg =15 + 1g + 1¢).

An operate boundary in the resistive direction of a ground quadrilateral
distance element.

The reach of adistance element in the resistive (R) direction in the R-X plane.

A subsequent act of attempting to open the contacts of acircuit breaker after
the failure of aninitial attempt to open these contacts.

A fault operation behind arelay terminal.
Transition from logical 0 to logical 1, or the beginning of an operation.

Root-mean-square. Thisis the effective value of the current and voltage
measured by the relay, accounting for the fundamental frequency and higher-
order harmonicsin the signal.

A dliding time-window arithmetic average in demand metering.

Resistance Temperature Detector

SEL-421 Relay
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RTU-Shunt Capacitance

RTU
RXD
SCADA

SCD File

Self-Description

Self-Test

SELoGIC
Expression Builder

SELoGICc Math Variables
SELoGIC

Control Equation
Sequencing Timers

Sequential Events
Recorder

SER

Seriess=Compensated Line

Settle/Settling Time

Shot Counter

Shunt Admittance

Shunt Capacitance

SEL-421 Relay

Remote Terminal Unit.
Received data.
Supervisory control and data acquisition.

IEC 61850 Substation Configuration Description file. XML file that contains
information on all |EDs 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 GOMSFE in the UCA2 protocol. A master device can request a
description of all of the GOMSFE models and data within the |ED.

A function that verifies the correct operation of a critical device subsystem
and indicates detection of an out-of-tolerance condition. The SEL-421 has
self-tests that validate the relay power supply, microprocessor, memory, and
other critical systems.

A rules-based editor within the ACSEL ERATOR QuickSet software program for
programming SEL oGIC control egquations.

Math calculation result storage locations.

A relay setting that allows you to control arelay function (such as a control
output) using alogical combination of relay element outputs and fixed logic
outputs.

Timers designed for sequencing automated operations.

A relay function that stores arecord of the date and time of each assertion and
deassertion of every Relay Word bit in alist that you set in therelay. SER
provides a useful way to determine the order and timing of events of arelay
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
excessive inductive line impedance.

Timerequired for aninput signal to result in an unvarying output signal within
a specified range.

A counter that records the number of times a recloser attemptsto close a
circuit breaker.

The admittance resulting from the presence of adevicein 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.
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Shunt Current

SIN Operator

Single-Pole Trip
SIR

SOTF
(Switch-Onto-Fault
Protection Logic)

Source | mpedance

SQRT Operator

SSD File

Stable Power Swing

Status Failure

Status Warning

Strong Passwor d

Subnet Mask

Subsidence Current

Synch Reference

Synchronism Check

Synchronized Phasor

Telnet

Date Code 20111215

Glossary | GL.19
Shunt Current-Telnet

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
acircuit breaker opens independently of the other poles.

Source-to-line impedance ratio.

Logic that provides tripping if acircuit breaker closesinto 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 adevice or
network.

Math SEL oGIc control equation operator that provides square root.

IEC 61850 System Specification Description file. XML file that describes the
single-line diagram of the substation and the required logical nodes.

A changein the electrical angle between power systems. A control action can
return the angular separation between systems to less than the critical angle.

A severe out-of-tolerance internal operating condition. The relay issues a
status failure message and enters a protection-disabled state.

Out-of-tolerance internal operating conditions that do not compromise relay
protection, yet are beyond expected limits. The relay issues a status warning
message and continues to operate.

A mix of valid password characters in a six-character combination that does
not spell common words in any portion of the password. Valid password

characters are numbers, upper- and lower-case a phabetic characters, “.
(period), and “-” (hyphen).

The subnet mask divides the local node IP address into two parts, a network
number and a node address on that network. A subnet mask is four bytes of
information and is expressed in the same format as an | P address.

See CT subsidence current.

A phasor the relay uses as a polarizing quantity for synchronism check
calculations.

Verification 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 datathat connects a computer to
anetwork server and allows control of that server and communication with
other servers on the network.
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Terminal Emulation Software-Unbuffered Report

Terminal
Emulation Software

Thermal Demand
Thermal

Withstand Capability
Three-Phase Fault

Three-Pole Trip

Time Delay on Pickup

Time Dial

Time-Delayed Tripping

TimeError

Time-Overcurrent
Element

Time Quality

Torque Controal

Total Clearing Time

Tower Footing Resistance

Transformer Impedance

Tree Resistance

TVE

TXD

UCA2

Unbalanced Fault

Unbuffered Report

SEL-421 Relay

Software that can be used to send and receive ASCII text messages and files
viaacomputer serial port.

Thermal demand is a continuous exponentially increasing or decreasing
accumulation of metered quantities; used in demand metering.

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 opensall three
poles at the same time.

Thetimeinterval between initiation of asignal at one point and detection of
the same signal at another point.

A control that governs the time scale of the time-overcurrent characteristic of
arelay. Usethe 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 areference clock, as determined from system frequency
measurements.

An element that operates according to an inverse relationship between input
current and time, with higher current causing faster relay operation.

Anindication from a GPS clock receiver that specifies the maximum error in
the time information. Defined in IEEE C37.118.

A method of using one relay element to supervise the operation of another.

The time interval from the beginning of afault condition to final interruption
of the circuit.

The resistance between true ground and the grounding system of atower.

The resistive and reactive parameters of atransformer looking in to the
transformer primary or secondary windings. Use industry accepted open-
circuit and short-circuit tests to determine these transformer equivalent circuit
parameters.

Resistance resulting from atree 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 |EDs can issue immediate unbuffered reports of internal events
(caused by trigger options data-change, quality-change, and data-update) on a
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Unconditional Tripping

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

Zero-Sequence
Compensation Factor

Date Code 20111215

Glossary
Unconditional Tripping-Zero-Sequence Compensation Factor

“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.

A changein the electrical angle between power systems for which a control
action cannot return the angular separation between systemsto an angle less
than the critical angle.

A transmission line with phase conductors that are not regularly transposed.
Theresult 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 C-phase-to-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 avirtual serial port to provide the equivalent functions
of adedicated serial port and aterminal.

A storage device that cannot retain data following removal of relay power.
Voltage transformer. Also referred to as a potential transformer or PT.
The reset of arunning system without removing and restoring power.

Logic that permits rapid tripping for internal faults when aline terminal has
insufficient fault current to operate protective elements.

A phase-to-neutral connection of circuit elements, particularly voltage
transformers or loads. To form awye connection using transformers, connect
the nonpolarity side of each of three voltage transformer secondariesin
common (the neutral), and take phase to neutral voltages from each of the
remaining three leads. 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,’ aluding to the three phase |eads 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
especialy for web documents. It allows designersto 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 aways in phase, and have equal
magnitude (3lg =15 + g + o).

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.

SEL-421 Relay
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Zero-Sequence Impedance-Zone Time Delay

Zero-Sequence | mpedance

Zero-Sequence
Mutual Coupling

Zero-Sequence
Overcurrent Element

Zero-Sequence
Voltage-Polarized
Directional Element

Z-Number

Zone Time Delay

SEL-421 Relay

Impedance of adevice or circuit resulting in current flow when asingle
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
protection system design and relay settings, this situation can cause improper
operation of relaysin both systems.

Overcurrent protection that operates at conditions exceeding a threshold of
system unbal ance.

An element that provides directionality by the sign, plus or minus, of the
measured zero-sequence impedance.

That portion of therelay FID string that identifies the proper ACSELERATOR
QuickSet software relay driver version and HMI driver version when creating
or editing relay settingsfiles.

Time delay associated with the forward or reverse step distance and zone
protection.
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Page numbers appearing in bold mark the location of the topic's primary discussion.

U=User's Guide; A=Applications Handbook; R=Reference Manual

Symbols
*, largest current A.3.16, A.3.20
>, trigger row A.3.16, A.3.20

A

Acceptance Testing U.6.1
See also Testing
ACCESS Command U.4.8, R.9.2
Access Control
for FTPR.4.9
Seealso TCP/IP
Access Levels U.4.6-U.4.9, R.4.11
1,B,PRA,O,2levelsU.4.8
communications ports U.4.8
front panel U.4.8
Accuracy
energy metering A.2.38
instantaneous metering A.2.30

maxi mum/minimum metering
A2.32

synchrophasor (PMU) U.1.19

ACSELERATOR Architect Software
R.8.12

ACSELERATOR QuickSet Software
U.14,U.31-U.3.22, A.7.6
communications setup U.3.4-U.3.5
FTPU.34
serial U.3.4
Telnet U.3.5
termina U.3.5
COMTRADE U.3.16-U.3.20
control window U.3.22
database manager U.3.6-U.3.8
device overview screen U.3.22
drivers U.3.8-U.3.9
event reports U.3.16-U.3.20
event phasor display U.3.18
event settings screen U.3.20
expression builder U.3.14-U.3.16
harmonic analysis U.3.19
HMI U.3.21
HMI phasors screen U.3.22
installation U.3.2-U.3.3
metering U.3.22
Relay Editor U.3.11
relay part number U.3.12
setting therelay U.3.9-U.3.14
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summary event screen U.3.20
system requirements U.3.2
Alarm
dc battery system monitor A.2.25
HALARM U.6.39
relay output U.2.43
SALARM U.2.44
ALARM Bit R.4.12
Alarm Points U.5.7-U.5.9, R.10.45
creating, application example U.5.8
Alias Settings U.4.23
Anaog Quantities
indisplay points U.5.11, R.10.44

in SELoGIC control equations
R.3.12

list sorted alphabetically R.B.1—
R.B.7

list sorted by function R.B.8—
R.B.14
Anonymous User
for FTPR.4.9
ASCII
ASCII text filesR.4.9
compressed ASCI| filesR.4.9
ASCIl Commands R.5.3, R.9.1-R.9.60
See Commands
Automatic Restoration
See Substation Automatic
Restoration
Automessages U.6.39, A.6.6, R.5.8
See also SEL Binary Protocols
Auto-Reclose R.2.1-R.2.41

application example A.1.133—
A.1.137, A.1.137-A.1.147

external recloser R.2.10, R.2.27
logic diagrams R.2.27-R.2.41
one circuit breaker R.2.4-R.2.10

single- and three-pole reclose
R2.7

application example
A.1.137-A.1.143

single-pole reclose R.2.5-R.2.6
three-pole reclose R.2.6-R.2.7

application example
A.1.133-A.1.137

triplogic R.2.9
Relay Word bits R.2.48-R.2.50

settings R.2.46-R.2.48, R.10.30—
R.10.33

states R.2.2-R.2.4

lockout R.2.3

reset R.2.2

single-pole auto-reclose R.2.3

start R.2.2

state diagram R.2.4

three-pole auto-reclose R.2.3
two circuit breakers R.2.10-R.2.27

single- and three-pole reclose
R.2.14

single-pole reclose R.2.11—
R.2.12

three-pole reclose R.2.12-R.2.14
trip logic R.2.26-R.2.27
voltage checks R.2.44-R.2.46

B
Battery Monitor
See DC Battery System Monitor

Best Choice Ground Directional Element
u.1.2

See also Ground Directional
Elements

Boolean Equations R.3.4
See also SELoaGIc Control
Equations
Breaker Bit A.6.11

BREAKER Command A.2.17, R.9.2—
R.9.4

BREAKER CONTROL
front panel U.5.23-U.5.24

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

Cc
C37.118
See Synchrophasors, protocols

Cable
See Communications
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Index
c-C

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 aso Event History
Circuit Breaker

auxiliary contacts (52A)

application example U.4.67—
U471

breaker report A.2.18
Compressed ASCII CBR A.2.20
contact wear curve A.2.5-A.2.6
choose midpoint A.2.5
creating A.2.5
12t A.2.6

maximum interrupted current
limit A.2.6

mechanical circuit breaker
servicelife A.2.6

contact wear monitor A.2.3-A.2.9
loading maintenance data A.2.4
preload contact wear A.2.6

history report A.2.19

maintenance curve A.2.4

monitor A.2.1-A.2.20

application example A.1.4,
A.121,A.155 A.187,A.2.3-
A.2.16

electrical operatingtime A.2.11
application example A.2.12
enabling A.2.2
externa trip initiation A.2.7
inactivity time A.2.16
application example A.2.16
KA interrupt monitor A.2.9
mechanical operating time A.2.9
application example A.2.10
motor running time A.2.16
application example A.2.17
pole discrepancy A.2.14
application example A.2.15
B1PDD time equation A.2.14
pole scatter A.2.13
application example A.2.13
Circuit Bresker Failure R.1.115-R.1.125

application example A.1.151—
A.1.157, A.1.157-A.1.165

failure to interrupt fault current
A.1.148-A.1.151

Scheme 1 R.1.116

application example
A.1.151-A.1.157

SEL-421 Relay

Scheme 2 R.1.117-R.1.119

application example
A.1.157-A.1.165

failure to interrupt load current
R.1.120R.1.121

flashover R.1.121
logic diagrams R.1.124-R.1.125
no current/residual current R.1.119

application example A.1.154—
A.1.155

retrip
single-pole R.1.118-R.1.119
three-pole R.1.116
subsidence current R.1.116
types R.1.115
Circuit Breaker Jumper U.2.20
See a so Jumpers
Circuit Breaker Monitor
See Circuit Breaker, monitor
Cleaning U.4.2
Close
CLOSE n Command R.9.9
manual R.2.41
output U.4.62-U.4.65
Commands R.9.1-R.9.60
ACCESSR.9.2
ASCII R.9.1-R.9.60
BREAKER A.2.17, R.9.2-R.9.4
CBREAKER A.2.20

CEVENT A.3.24-A.3.28, R.9.5~
R.9.8

CHISTORY A.3.32-A.3.33, R.9.8—
R.9.9

CLOSEnR.9.9
COM R.9.10R.9.11

CSER A.3.35-A.3.36, R.9.13—
R.9.15

CSTATUS U.6.41, R.9.15

CSUMMARY A.3.30-A.3.31,
R.9.15-R.9.16

EVENT A.3.12-A.3.14, R.9.17—
R.9.21

FILE R.9.21-R.9.22
HELP R.9.22

HISTORY A.3.32, A.3.33, R.9.23—
R.9.24

ID R.9.24

METER A.2.26, R.9.28-R.9.34
OPEN nR.9.34

PASSWORD R.9.35

PULSE U.6.5, R.9.37

QUIT R.9.37

SER U.4.55, A.3.34-A.3.35,
R.9.38-R.9.39

SET R.9.40-R.9.44
SHOW R.9.44

STATUS U.6.39-U.6.40, R.9.48—
R.9.49

SUMMARY A.3.30, R.9.49-R.9.50
TARGET U.6.5, R.9.50-R.9.51
TEC R.1.16-R.1.18, R.9.52
TEST DB U.6.5, R.9.52-R.9.53
TEST DNP U.6.6, R.9.53-R.9.54
TEST FM U.6.6, R.9.54-R.9.56
TIME Q U.4.75-U.4.76, R.9.56
TRIGGER U.4.42, A.3.5, R.9.57
VERSION R.9.57-R.9.58
Commissioning
procedure U.4.79-U.4.80
Commissioning Testing U.6.2
See also Testing
Communications
ACSELERATOR QuickSet software
FTPU.34
seria U.3.4
Telnet U.3.5
termina U.3.5
ASCII commands
See ASCII Commands
cableU.2.47,U.45,R.4.3
DNP3
See DNP3
EIA-232 R.4.2-R.4.3
hardware flow control R.5.1
pin functions R.4.3
EIA-485R.4.4,R5.21
IEC 61850
See |EC 61850
interfaces U.2.12, R.4.1
LMD
See Distributed Port Switch
MIRRORED BITS communications

See MIRRORED BITS
Communications

protocol R.4.1
seria U.2.47-U.2.48, R.4.2-R.4.3
application example U.4.5-U.4.6
transparent mode R.9.13, R.9.36
virtual serial ports R.5.3
Communications Card A.7.1
application example A.7.7-A.7.10
database R.4.18
Ethernet A.7.4, R.4.4
Ethernet Card R.4.4
Ethernet card A.6.4
SEL-2702 A.7.4
settings R.4.5
Communications Processor A.6.1
application example A.6.5
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Communications-Assisted Tripping
R.1.87-R.1.104

Seedso DCB; DCUB; POTT

DCB R.1.88-R.1.91

DCUB R.1.100-R.1.104

POTT R.1.91-R.1.98
Compressed ASCII R.5.5

See also ASCII Commands
COMTRADE A.38-A.3.11,A4.6

See aso Event

.CFGfile A.3.9-A.3.10

DAT fileA.3.11

.HDRfile A.3.8
Configuration

serial number label U.4.2-U.4.3
Connection U.2.31-U.2.48

1k PPS (obsolete) U.2.11, U.2.46,
U472

ac/dc diagram U.2.50-U.2.53
alarm output U.2.43
battery monitors U.2.41
close output U.2.44
communications ports U.2.47
Connectorized U.2.42
control inputs U.2.42
control outputs U.2.43
grounding U.2.37
IRIG-B U.2.11, U.2.45, U.4.71
power U.2.38, U.4.3
screw terminal connectors U.2.36
secondary circuits U.2.41-U.2.42
serial port U.2.47
terminal blocks U.2.41
test connections U.6.8-U.6.13
trip output U.2.44
wireinsulation U.2.31
wiresize U.2.37,U.4.4
Connectorized U.2.2, U.2.42
SEL-WA0421 U.2.2, U.2.42
wiring harness U.2.2, U.2.42
Connectors U.2.2
Connectorized U.2.2
screw terminal connectors U.2.2
terminal blocks U.2.2
Contact Card
See SEL Contact Card
Contact Inputs
See Control Inputs
Contact Outputs
See Control Outputs
Contact Wear Curve

See Circuit Breaker, contact wear
curve
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Contact Wear Monitor

See Circuit Breaker, contact wear
monitor

Contrast, LCD U.5.14
Control Inputs U.2.5, U.2.14, U.2.42

ac voltages U.2.6
breaker auxiliary contacts (52A)
application example

ACSELERATOR QuickSet
software U.4.67-U.4.71

terminal U.4.66-U.4.67
common U.2.5, U.2.6
connecting U.2.42
debounce U.2.5, U.2.6, U.4.65
direct coupled U.2.5, U.2.14
dropout factor, GINDF U.2.5

1/0, Main Board A and Main Board
B U.2.11

independent U.2.5, U.2.6

INTL, INT2, INT4, INTS5, INT6,
INT7,and INT8 U.2.14

optoisolated U.2.6, U.2.14
pickup adjust U.2.5, U.4.65
range U.2.5, U.2.6
recommended settings U.2.5
samplerate U.2.6, U.2.7
time
COMTRADE report A.3.22
event report A.3.22

Control Outputs U.2.7-U.2.10, U.2.14,
U.2.43-U.2.44

application example A.1.14, A.1.41,
A.1.79,A.1.110

close outputs U.4.62—-U.4.65
connecting U.2.43

fast hybrid (fast high-current
interrupting) U.2.9-U.2.10

diagrams U.2.9
precharging U.2.9
ratings U.2.9

FormA U.2.7,U.2.8, U.2.11,
u.215

FormCU.2.7,U.2.11, U.2.15
hybrid (high-current interrupting)
u.28
diagram U.2.8
ratings U.2.8

1/0, Main Board A and Main Board
B U.2.10, U.2.15

INTL, INT2, INT4, INTS5, INT6,
INT7,and INT8 U.2.15

local bit control

application example U.4.60—
U.4.62

main board U.2.10
MOV U.2.7

Index | IN.3
D-D

pulsing
application example
front panel U.4.58-U.4.59
terminal U.4.56-U.4.57
samplerate U.2.7
standard U.2.7-U.2.8
diagram U.2.8
ratings U.1.13
trip outputs U.4.62-U.4.65

Counters
See SELoalIc Control Equations

Coupling Capacitor Voltage Transformer

See CCVT

Cross-Country Faults R.1.94
Seealso POTT
CSER Command A.3.35-A.3.36,
R.9.13-R.9.15
See also SER (Sequential Events
Recorder)
CST Command U.6.41
CSUMMARY Command A.3.30—
A.3.31, R.9.15-R.9.16
See also Event Summary

Current and Voltage Source Selection
U.19,R12R.114

application example A.1.3-A.1.4,

A.120-A.1.21, A.1.54, A.1.87

connections R.1.2

ESS :=1 (single circuit breaker)
R.1.4,R1.8R.19

ESS := 2 (single circuit breaker)
R.14,R1.9-R.1.10

ESS := 3 (double circuit breaker)
R.14,R1.10-R.1.11

ESS := 4 (double circuit breaker)
R.1.4,R1.11R.1.12

ESS:= N (single circuit breaker)
R.14,R.18

ESS:=Y R.14-R.15 R.1.12—
R.1.14

current polarizing source
R.1.13-R.1.14

voltage source switching R.1.6—

R.1.7

CVT Transient Detection A.1.5, A.1.23,

A.156, A.1.89, R.1.40-R.1.41
logic diagram R.1.41

D
Data
filtered data A.3.2
high-resolution raw data A.3.2
Database
See ACSEL ERATOR QuickSet

Software; Communications Card

Date
See Ethernet Card Commands

SEL-421 Relay



IN.4 | Index

E-E
DC Battery System Monitor U.1.3, Directional Overcurrent Elements PING R.4.17
A.2.21—A-2.26 o See Overcurrent Elements QUIT R4.12, R.4.17
ac r!pple, deflnltlgn A221 Display STATUSR.4.18
ac ripple, measuring A.2.23 See LCD, Front Panel summary R.4.11
aarm A.2.25
arlr_“ . o A2aspgs  DisplayPointsUS7-U513 syntax R.4.10
applic |onexam.pe i creating, application examples TIMER.4.18
dc gr(?und detection A.2.24 U5.12-U5.13 Ethernet Card Settings
equalize mode voltage level A.2.22 deleting, application example FTPR.4.7
float high voltage level A.2.22 U.4.21-U.4.23 Telnet R4.9

float low voltage level A.2.22
metering A.2.25

open-circuit voltage level A.2.22
reset metering A.2.26
thresholds, warn and fail A.2.22
trip/close voltage level A.2.22
VdclA.2.21

Vdc2 A.2.21

DCB R.1.88-R.1.91

application example A.1.74-A.1.77

blocking signal extension R.1.89—
R.1.90

coordination timers R.1.88—R.1.89
logic diagram R.1.91

starting elements R.1.89

stopping elements R.1.90

DCUB R.1.100-R.1.104

logic diagrams R.1.103-R.1.104
loss-of-guard, LOG R.1.100

permissive trip blocking, UBB
R.1.100

POTT scheme similarities R.1.100

three-terminal lines R.1.100—
R.1.101

timers R.1.101
debounce
See Control Inputs

Demand Metering A.2.33-A.2.37

See also Meter
reset A.2.37

DFDT R.1.15
DIAGNOSTICS.TXT R.4.8
Dimensions U.2.31

rack units, defined U.2.1

Directional Comparison Blocking

See DCB

Directional Comparison Unblocking

See DCUB

Directional Control R.1.39

See a'so Ground Directional
Elements; Phase and Negative-
Sequence Directional Elements

Directional Elements

See Ground Directional Elements;
Phase and Negative-Sequence
Directional Elements

Distance Elements
See Mho Ground Distance

Elements; Quadrilateral Ground

Distance Elements
Distributed Port Switch R.4.1, R.5.21

DNP3A.6.3,A.7.2-A.7.3,R.6.1-R.6.31

access method R.6.4, R.6.5

application example R.6.27-R.6.31

conformance testing R.6.4
Device Profile document R.6.12
event data R.6.3
objects R.6.2, R.6.13-R.6.16
polling

See DNP3, access method
settings R.6.8
testing R.6.11
User's Group R.6.1

E

Earthing
See Grounding
EIA-232
See Communications
EIA-485
See Communications
Energy Metering A.2.37-A.2.38
See also Meter
accuracy A.2.38
reset A.2.38
EPMU, setting
See Synchrophasors
ESS, setting
See Current and Voltage Source
Selection
Ethernet U.1.4
See also Communications Card
Ethernet Card
See Communications Card
Ethernet Card Commands R.4.10—
R.4.18
2ACCESS R .4.12
ACCESSR.4.13
DATE R.4.13
DNPMAPR.4.13
HELP R.4.16
ID R.4.16
MEMORY R.4.17

EVE Command A.3.12-A.3.14, R.9.17—
R.9.21

See also Event

Event
data capture initiate A.3.4—-A.3.5
data capture time A.3.6
duration A.3.5-A.3.7
effective sample rate, SRATE A.3.5
ER equation A.3.4-A.3.5
application example A.3.4-A.3.5

EVE command A.3.12—-A.3.14,
R.9.17-R.9.21

initiate, TRI command U.4.42,
A.3.5, R9.57

application example

ACSELERATOR QuickSet
software U.4.42-U.4.44

length, LER A.3.6
prefault, PRE A.3.6
storage capability A.3.7
TRIPinitiate A.3.4

Event History A.3.31-A.3.33
See also Event

ACSELERATOR QuickSet software
U.3.16, 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.9.23—
R.9.24

retrieving history U.3.16, U.4.44—
U.4.46

application example

ACSELERATOR QuickSet
software U.4.44-U.4.45

termina U.4.45
termina 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-A.3.28

application example A.3.25—
A.3.28

Date Code 20111215



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
A.3.22

selecting elements A.3.22
header A.3.14
phasor calculation

application example A.3.16—
A.3.20

retrieving event data U.3.17
application example

ACSELERATOR QuickSet
software U.4.47-U.4.49

high-resolution
(COMTRADE) U.3.17,
U.4.46, U.4.49

terminal U.4.50
settings section A.3.23
summary section A.3.23
terminal A.3.28
trigger U.4.42
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.9.15-R.9.16

event types A.3.29

SUM command A.3.30, R.9.49—
R.9.50

terminal A.3.30

Expression Builder U.3.14, A.4.3

See also ACSEL ERATOR QuickSet
Software

F
Factory Assistance U.6.45
Fast Message

See SEL Binary Protocols

Fast Meter

See SEL Binary Protocols
Fast Operate

See SEL Binary Protocols
Fast SER

See SEL Binary Protocols

FAULT
metering suspend A.2.33

Fault Locator U.1.3, R.1.18-R.1.19

Fault Type Identification Selection
R.1.27

Fiber Optic R.4.4

FIDS

See Fault Type Identification
Selection

Date Code 20111215

File
See FTP; FILE Command
FILE Command R.9.21-R.9.22
application example U.4.46, U.4.55
Firmware Version
of Ethernet card R.4.16
Frequency Estimation R.1.15
Front Panel
access level U.5.14
aarm points U.5.7-U.5.9
automatic messages U.5.34-U.5.35

display points U.5.10-U.5.13,
R.10.43, R.10.44

labels U.5.36, U.5.41

layout U.5.2-U.5.3

LCD U5.2,U53
contrast U.5.14

pushbuttons U.5.3-U.5.4, U.5.40—
U.5.43

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.5.28-U.5.29

setting screen types U.5.30
targets U.5.2
Front-Panel Menus U.5.13-U.5.34

BREAKER MONITOR U.5.20

DISPLAY TEST U.5.33

EDIT ACTIVE GROUP U.5.30

EVENTS U.5.18-U.5.19

LOCAL CONTROL U.5.22-U.5.28
BREAKER CONTROL U.5.23
OUTPUT TESTING U.5.27

MAIN MENU U.5.15

METER U.5.15-U.5.18

RELAY ELEMENTS U.5.21—
U.5.22

RELAY STATUS U.5.32

RESET ACCESS LEVEL U.5.34

SER U.5.19-U.5.20

SET/SHOW U.5.28-U.5.32

DATE/TIME U.5.31

VIEW CONFIGURATION U.5.32
FTPA6.3,A.74

SEL-2702 R.4.4
Fuse U.2.39-U.2.41

replacement U.2.40-U.2.41

size U.2.39

G

GOOSE
See |EC 61850
GPS Receliver
See Time Synchronization

Index | IN.5
F-l

Ground Directional Elements R.1.27—
R.1.38

32I, zero-sequence current polarized
R.1.27

32QG, negative-sequence polarized
R.1.27

32V, zero-sequence voltage
polarized R.1.27

application example A.1.11,
A.134-A.1.35, A.1.68-A.1.74,
A.1.104-A.1.105

automatic settings calculation
R.1.28

Best Choice Ground Directional
logic R.1.33

logic flow chart R.1.33
calculations A.1.105, R.1.36-R.1.38

logic diagrams R.1.31, R.1.34—
R.1.35

ORDER R.1.30

Ground Distance Elements

See Mho Ground Distance
Elements; Quadrilateral Ground
Distance Elements

Grounding U.2.37

H

Help
ACSELERATOR QuickSet software
u4.5

terminal U.4.5
High-Speed Elements
mho ground distance R.1.49
mho phase distance R.1.58
HIRIG U.4.72, A.4.2
HIS Command A.3.32, R.9.23-R.9.24
See also Event History
History Report
circuit bresker A.2.2

See also Circuit Breaker, history
report
event A.3.31

110
See Input/Output
12t
application example A.2.6
fault current arcing time A.2.3
ID Command R.9.24
codes R.9.24
sample response R.9.24
IEC61850A.7.5, R4.1, R.8.1-R.8.41
ACSELERATOR Architect R.8.12
ACSI Conformance R.8.37-R.8.41
GOOSE R.8.4
Logical Nodes R.8.16

SEL-421 Relay
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Index
J-M

Object Models R.8.3
Reports R.8.5
SCL filesR.8.5
Settings R.8.12
Input Processing A.3.2
Input/Output
communications card U.2.17
See also Communications Card
INT1U.2.12-U.2.17
INT2 U.2.12-U.2.17
INT4 U.2.12-U.2.17
INT5 U.2.12-U.2.17
INT6 U.2.12-U.2.17
INT7 U.2.12-U.2.17
INT8 U.2.12-U.2.17
interface board inputs U.2.14

interface board installation U.2.15—
u.2.17

interface board jumpers U.2.22—
u.2.29

See a'so Jumpers
interface board outputs U.2.14
jumpers U.2.22
See aso Jumpers U.2.22
main board U.2.10
Installation U.2.30-U.2.48
dimensions U.2.31
panel mounting U.2.31
physical location U.2.30
rack mounting U.2.30
Instantaneous Metering A.2.27-A.2.31
See also Meter
Instantaneous Overcurrent Elements
See Overcurrent Elements
Interface Boards INT1, INT2, INT4,

INT5, INT6, INT7, and INT8 U.2.12—
u.2.17

inputs U.2.14
installation U.2.15-U.2.17
outputs U.2.14-U.2.17
Inverse Time-Overcurrent Elements
See Overcurrent Elements
IRIG-B U.2.11,U.245, U.4.71,A4.1
See also Time Synchronization

J

Jumpers U.2.18-U.2.29
interface boards U.2.22—U.2.29
main board U.2.18-U.2.22

circuit breaker jumper U.2.18—
u.2.20

password jumper U.2.18-U.2.20
serial port U.2.21-U.2.22

SEL-421 Relay

L accuracy A.2.32
Labels reset A.2.32
See Front Panel, labels Menus
Latch Bits R.3.15 See Front-Panel Menus;

ACSELERATOR QuickSet Software

Meter U.1.3, A.2.26-A.2.39

See also METER command

accuracy A.2.30, A.2.32, A.2.38

current A.2.28

dc battery monitor A.2.25

demand A.2.33-A.2.37

rolling A.2.34-A.2.35

LCD, Front Panel U.5.3
autoscrolling mode U.5.7
contrast U.5.14
manual-scrolling mode U.5.7

LEDs
front panel U.5.36-U.5.43
labels U.5.36, U.5.41

targets U.5.36-U.5.40 thermal A.2.34
LMD energy A.2.37-A.2.38
See Distributed Port Switch error coefficients A.2.30
Load Encroachment R.1.42-R.1.43 frequency A.2.28
application example A.1.65-A.1.66 fundamental A.2.27
Local Bits U.5.24-U.5.27 instantaneous A.2.27-A.2.31
See also Local Control maximum/minimum A.2.31-A.2.33
application example U.5.27 power A.2.28
deletealocal bit U.5.27 rmsA.2.27
enter alocal bit U.5.26 synchrophasors R.7.24, R.9.31
names U.5.23, U.5.26 view metering U.4.33-U.4.41
states U.5.25 application example
Local Control U.5.22-U.5.28 ACSELERATOR QuickSet
See also Breaker Control software U.4.37-U.4.40
application examples U.4.56-U.4.62 front panel U.4.40-U.4.41
graphic display U.5.25 terminal U.4.33-U.4.37
local bits U.5.24-U.5.27 voltage A.2.28
output testing U.5.27-U.5.28 METER Command R.9.28-R.9.34
LOP See also Meter
See L oss-of -Potential automation math variables R.9.29
Loss-of-Potential U.1.3, R.1.23-R.1.26 M}'?Rg‘;‘;ED BiTs analog values
apE I icgﬂoz?gr;p'la\e f\ 9%)_6;6‘1317 ’ Phasor Measurement and Control

Unit R.7.24, R.9.31
protection Math variables R.9.32
RTD temperature R.5.24, R.9.33
synchronism check R.9.33

METER.TXT R.4.9

logic diagram R.1.26

logic flow chart R.1.24
Low-Level Test Interface U.6.6-U.6.7
Lugs, Crimp U.2.36

M Metering
Maintenance Curve See Meter
See Circuit Breaker, maintenance Mho Ground Distance Elements R.1.49—
curve R.1.53
Maintenance Data application example A.1.7-A.1.8,

See also Circuit Breaker, contact .A'1‘25_A'1'26’ A.162
wear monitor high-speed elements R.1.49

load circuit breaker A 2.4 logic diagrams R.1.51-R.1.53

Maintenance Testing U.6.2-U.6.3 zero-sequence compensation R.1.49

See also Testing Mho Phase Distance Elements R.1.58—
R.1.61

Mawad Trip application example A.1.7, A.1.25,

See Trip Logic A.158-A.1.62,A.1.91
Maximum/Minimum Metering A.2.31— high-speed elements R.1.58
A.2.33 logic diagrams R.1.59-R.1.61

See also Meter

Date Code 20111215



MIRRORED BITS Communications U.1.4,
R.4.2, R.5.15-R.5.21

Pulsar modem R.5.18

virtual termina R.9.36
MOD (Motor Operated Disconnect)
A52, A54
Modbus Plus A.6.3
Modbus RTU A.6.3
Monitor, Circuit Breaker

See Circuit Breaker, monitor
MOV

control outputs U.2.7

Multidrop Network A.6.4

(0]

OO0SB
See Out-of-Step
OO0SsT
See Out-of-Step
OPEN n Command R.9.34
Open Phase Detection Logic R.1.20
Operator Control LEDs U.5.40-U.5.43
Seealso LEDs
factory defaults U.5.42—-U.5.43

Operator Control Pushbuttons U.5.40—
U.5.43

Oscillography U.1.3, U.4.42—-U.4.49,
A37-A311
See also Event
COMTRADE A.37
event report A.3.7, A.3.11
retrieving high-resolution
COMTRADE U.3.17-U.3.18,
U.4.46-U.4.50

application example

ACSELERATOR QuickSet
software U.4.47-U.4.49

terminal U.4.46-U.4.47

Out-of-Step R.1.43-R.1.48
blinders A.1.117, A.1.122, A.1.128
blocking, OOSB U.1.3, R.1.43

application example A.1.116—
A.1.126

logic diagrams R.1.47-R.1.48

setting rules A.1.120, A.1.129,
R.1.44

singlepole R.1.44
three-phase fault R.1.44
trip-on-way-in A.1.129
trip-on-way-out A.1.129
tripping, OOST U.1.3, R.1.43
application example A.1.126—
A.1133

Output SELocic Control Equations
R.3.3,R.10.35

Date Code 20111215

Output Testing
front panel U.5.27-U.5.28
Overcurrent Elements R.1.64—R.1.84

application example A.1.10-A.1.11,
A.1.33-A.1.34, A.1.66-A.1.68,
A.1.100-A.1.103

definite-time

negative-sequence R.1.65,
R.1.66, R.1.70

phase R.1.64, R.1.66, R.1.68

residual ground R.1.65, R.1.67,
R.1.69

direction R.1.64
instantaneous

negative-sequence A.1.101—
A.1.102, R.1.65, R.1.66,
R.1.70

phase A.1.10, A.1.33, A.1.66,
A.1.100, R.1.64-R.1.66,
R.1.68

residual ground A.1.66-A.1.67,
R.1.65-R.1.67, R.1.69

inversetime A.1.10-A.1.11,
A.1.33-A.1.34, R.1.70-R.1.84

curves R.1.74-R.1.83
equations R.1.73

selectable operating quantity
A.133-A.1.34, A.1.67-
A.1.68, A.1.102-A.1.103,
R.1.70-R.1.84

logic diagrams R.1.68-R.1.70,
R.1.84

selectable operating quantity
A.1.10-A.1.11, A.1.33-A.1.34,
A.1.67-A.1.68, A.1.102-A.1.103,
R.1.70R.1.84

current selections R.1.71

time-current characteristics R.1.72—
R.1.83

torque control R.1.64, R.1.71

P

Panel Mount U.2.31
dimensions U.2.31
Password U.1.4, U.4.7, U.4.9-U.4.10
defaults U.4.7
changing, application example
U.4.9-U.4.10
front-panel screen U.5.14
jumper U.2.20
See also Jumpers
unauthorized U.4.9

Passwords R.4.11

PC Software
See ACSELERATOR QuickSet
Software
Permissive Overreaching Transfer Trip
See POTT

Index
0-P

Phase and Negative-Sequence
Directional Elements R.1.38-R.1.39

32P, phase R.1.38

32Q, negative-sequence voltage
polarized R.1.27, R.1.38

logic diagrams R.1.39
ZLOAD effect R.1.38

Phase Distance Elements

See Mho Phase Distance Elements
Phase | nstantaneous Definite-Time
Overcurrent Elements

See Overcurrent Elements
Phasors

calculate from event report

application example A.3.16—
A.3.20

hand calculation method A.3.16—
A.3.20

polar calculator method A.3.20

Plug-In Boards U.2.12-U.2.17
See al'so Input/Output
communications card U.2.17
interface boards U.2.12-U.2.17

PMU, phasor measurement unit R.7.1
See also Synchrophasors

Pole-Open Logic R.1.20
application example A.1.12, A.1.35,
A.1.74, A 1105
POTT R.1.91-R.1.98

application example A.1.36-A.1.38,
A.1.106-A.1.108

cross-country faults R.1.94

application example A.1.41—
A.145

current reversal guard A.1.36,
A.1.106, R.1.92

echo A.1.36, A.1.107, R.1.93

logic diagrams R.1.96-R.1.98

three-terminal lines R.1.94

weak infeed A.1.37, A.1.108,

R.1.93-R.1.94

Power Flow

analysisA.4.7-A.4.9

power flow convention A.2.28
Power Supply

connections U.2.38, U.4.3

types U.4.3

voltage ranges U.2.39, U.4.3
PPSU.2.11, U.4.72

See a'so Time Synchronization

1k PPS (obsolete) U.2.11, U.4.73
Protection and Automation Separation
R.3.3

See also SELoaIc Control
Equations

SEL-421 Relay
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IN.8

Index
Q-S

Pulsar Modem
See MIRRORED BITS
Communications
PULSE Command U.6.5, R.9.37
application example
front panel U.4.58-U.4.59
termina U.4.56-U.4.57
include TESTPUL inER A.3.5
no event data A.3.4
Pushbuttons
front panel U.5.3
labels U.5.41
LEDs
See Operator Control LEDs
navigation U.5.4
operator control U.5.40-U.5.43
programming U.5.41-U.5.42

Q

Quadrilateral Ground Distance Elements
R.1.54-R.1.57

application example A.1.26-A.1.30,
A.191-A.1.95

logic diagrams R.1.55-R.1.57
polarization R.1.54

application example A.1.28—
A.1.30, A.1.93-A.1.95

Z1ANG R.1.54
zero-seguence compensation R.1.54

QUIT Command R.9.37

R

Rack Mount U.2.30-U.2.31
dimensions U.2.31
Rear Panel
alert symbols U.2.35
layout U.2.4, U.2.32-U.2.34
template U.2.4
Recloser
See Auto-Reclose
RELAY TRIPEVENT
front panel U.5.35
Relay Word Bits
in display points U.5.11, R.10.43

in SELoGIC control equations
R.3.12

list sorted alphabetically R.A.1
listed by row, sorted by function
R.A.22-R.A.77
Remote Bit A.6.11, R.3.16, R.9.12
Seealso UCA2
Remote Terminal Unit (RTU) R.6.1

Reset

See also ACSELERATOR QuickSet
Software

control window

SEL-421 Relay

battery monitor metering A.2.26
demand metering A.2.37
energy metering A.2.38

maxi mum/minimum metering
A.2.32

targets U.5.37-U.5.38
Rolling Demand Metering A.2.34—
A.2.35

See also Demand Metering

S

Schweitzer Engineering Laboratories
contact information U.6.45
Screw Terminal Connectors U.2.36—
U.2.37,U.2.38
keying U.2.37
receptacle keying U.2.38
removal and insertion U.2.36
tightening torque U.2.36

Scrolling
See Front Panel, screen scrolling
Secondary Connections U.2.4-U.2.5,
uU.2.41-U.2.42
ac/dc connection diagrams U.2.50
levelsU.2.4
Security
accesslevelsR.4.11
passwords R.4.11

SEL Binary Protocols R.4.2, R.5.2
Fast Message Synchrophasor R.7.31

Fast Meter A.6.6, R.5.8, R.9.2,
R.9.17, R.9.54-R.9.56

Fast Operate A.6.11, R.5.8, R.7.37
Fast SER R.5.8, R.9.47-R.9.48
RTD R.5.23

SEL Contact Card U.4.1
SEL-2020, SEL-2030, SEL-2032
See Communications Processor
SEL-2030
database regions R.4.9

SEL-3306
See Synchrophasors
SEL-421 Relay
features U.1.1-U.1.4
models U.1.5
options U.1.5
SEL-421 Versions U.1.7
SEL-5030 ACSELERATOR QuickSet
Software
See ACSELERATOR QuickSet
Software
Selectable Operating Quantity Time
Overcurrent Elements

See Overcurrent Elements,
selectable operating quantity

Self-Tests U.4.10, U.6.38-U.6.41
See also Testing; Troubleshooting

SELocic Control Equations U.1.3
analog quantities R.3.12
automation R.3.6, R.10.35

Boolean equations R.3.4, R.3.5,
R.3.25-R.3.29

capacity R.3.11
comments R.3.6, R.3.35
conditioning timers R.3.17
convert R.3.36

counters R.3.22

fixed result R.3.4
free-form R.3.4

LVALUE R.35

math equations R.3.4—R.3.6,
R.3.29-R.3.34

math error R.3.30

math variables R.3.14
output R.3.6

PMU trigger R.7.17
protection R.3.6, R.10.34
Relay Word bits R.3.12
sequencing timers R.3.20

substation automatic restoration
A5.8-A511

time synchronization A.4.3-A.4.4
variables R.3.13

Sequential Events Recorder
See SER (Sequential Events
Recorder)
SER (Sequential Events Recorder)
U.1.3, U.4.50, A.3.34-A.3.37

ACSEL ERATOR 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.9.15

file download U.4.55

front-panel alarm points U.5.7—
U.5.9, A.3.36, R.10.45

SER command U.4.55, A.3.34—
A.3.35, R.9.38-R.9.39

set points and aliases U.4.51—
U.4.55, A.3.36

application example

ACSELERATOR QuickSet
software U.4.51-U.4.53

terminal U.4.54-U.4.55
terminal A.3.34
view SER report
application example

ACSELERATOR QuickSet
software U.4.53-U.4.54

front panel U.5.19-U.5.20
terminal U.4.55
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SER Command R.9.38-R.9.39
Serial Number Label U.4.2-U.4.3
Serial Port R.4.2
See also Communications
cable
See Communications
EIA-232
See Communications
EIA-485
See Communications
front panel U.5.3
jumper U.2.21-U.2.22
See also Jumpers
Series-Compensated Line R.1.41
ground directional element R.1.30
Setting U.4.13-U.4.32, R.9.40-R.9.44
See also Commands, SET
See also Commands, SHO

ACSELERATOR QuickSet software
u.3.9-U.314

application example U.4.25—
u.4.28

application example A.1.3-A.1.18,
A.1.20-A.1.51, A.1.54-A.1.84,
A.1.86-A.1.115

ASCII commands U.4.15
classU.4.14, U.4.15
date U.5.31, R.9.17

from front panel U.4.28-U.4.32,
U.5.28-U.5.32

application example U.4.28—
U.4.30, U.4.30-U.4.32

instance U.4.14-U.4.16
SER U.4.51

See also SER (Sequential Events
Recorder)

structure U.4.14
terminal U.4.16-U.4.23

application example U.4.17—
U.4.18, U.4.19-U.4.21,
U.4.21-U.4.23

TERSE U.4.18

text-edit mode U.4.18-U.4.23

time U.5.31, R.9.56
Setting Groups

multiple setting R.3.9

nonvolatile R.3.10

Settings

data access R.4.7-R.4.10
SIRA.15,A.1.23, A.156, R.1.41

SOTF
See Switch-Onto-Fault

Source to Line Impedance Ratio
See SIR

Specifications U.1.13-U.1.19
Star Network Topology A.6.1, A.6.3

Date Code 20111215

State Estimation A.4.9
State Measurement A.4.9

Station DC Battery System Monitor
See DC Battery System Monitor
Status U.6.39
check relay status U.4.10-U.4.13
application example

ACSELERATOR QuickSet
software U.4.11-U .4.12

front panel U.4.12, U.4.13
terminal U.4.10
CST command U.6.41, R.9.15
STATUS command R.9.48-R.9.49

Status Failure U.6.38, U.6.40

front panel U.5.35
Status Warning U.6.38, U.6.40

front panel U.5.35
Subsidence Current R.1.116

See also Circuit Breaker Failure
Substation Automatic Restoration
A.5.1-A5.16

philosophy A.5.3-A.5.5

SELocic control equations A.5.8—
AS511

settings A.5.6-A.5.12
timing diagram A.5.3
Substation Automation R.3.2
See also SELoaIc Control
Equations
SUM Command A.3.30, R.9.49-R.9.50
See also Event Summary

Switch-Onto-Fault U.1.3, R.1.84-R.1.86

application example A.1.8-A.1.10,
A.1.31-A.1.33, A.1.63-A.1.64,
A.1.99-A.1.100

close signal monitor, CLSMON
A.1.10, A.1.64, A.1.100, R.1.85

duration A.1.9, A.1.33, A.1.64,
A.1.100, R.1.85

end A.1.9, A.1.32, A.1.64, A.1.99,
R.1.85

initiation A.1.9, A.1.32, A.1.64,
A.1.100, R.1.84

logic diagram R.1.86
singlepole A.1.32, R.1.85

trip A.1.8-A.1.9, A.1.32, A.1.63,
A.1.99

validation R.1.84

Synchronism Check R.2.50-R.2.67
alternate source 2 R.2.66—R.2.67
angle checks R.2.60

application example A.1.143—
A.1.147

block synchronism check R.2.59
circuit breaker closing R.2.55
enable logic R.2.59

healthy voltage window R.2.58

Index
T-T

input angle compensation R.2.56—
R.2.58

input voltage magnitude
compensation R.2.56—R.2.58

no sip R.2.60-R.2.61
PT connections R.2.55-R.2.56
Relay Word bits R.2.53-R.2.55
settings R.2.52-R.2.53
single-phase voltage inputs R.2.52
slip, no compensate R.2.62—R.2.63
dlip, with compensate R.2.63—
R.2.65
Synchrophasors R.7.1-R.7.37

Fast Operate R.7.37
MET PM Command R.7.24
protocols

C37.118 R.7.25

Fast Message R.7.31
Relay Word bits R.7.19

See a'so Time-Synchronized
M easurements

setting example R.7.28

settings U.A.13, R.7.10, R.7.32

Time-Synchronized Metering
A.2.39

System Integration A.6.1

T

TARGET Command U.6.5, R.9.50—
R.9.51

Targets U.5.36-U.5.40
front panel U.5.2
instantaneous/time O/C U.5.39
operationa U.5.37
phases/ground U.5.39
recloser status U.5.39
regions U.5.36
reset U.5.37-U.5.38
trip type U.5.38
zone activated U.5.38
TCPIP
FTP
access control R.4.9
anonymous user R.4.9
downloading settings R.4.8

Ethernet card related settings
R.4.7-R.4.9

file structure R.4.8-R.4.9

security R.4.12

simultaneous users R.4.8
Telnet

Ethernet card related settings
R.4.9-R.4.10

security R.4.12

transmission control characters
R.4.10

user interface access R.4.9

SEL-421 Relay
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Index
U-Z

Telnet A.7.4

TEST DB Command U.6.5, R.6.41,
R.9.52-R.9.53

TEST DNP Command U.6.6, R.9.53—
R.9.54

TEST FM Command U.6.6, R.9.54—
R.9.56
Testing U.6.1-U.6.38
acceptance testing U.6.1
ASCII commands U.6.5, U.6.6
commissioning testing U.6.2
directional elements U.6.28-U.6.34

application example U.6.30—
U.6.34

distance elements U.6.34-U.6.38

application example U.6.36—
U.6.38

element tests U.6.24-U.6.38

features U.6.4

low-level test interface U.6.6-U.6.8

maintenance testing U.6.2-U.6.3

methods U.6.13-U.6.24
application example

control outputs U.6.18—
U.6.20

front panel U.6.17

SER U.6.20-U.6.24

targets, LCD U.6.15-U.6.17
targets, LED U.6.17, U.6.18
targets, terminal U.6.14

overcurrent elements U.6.25-U.6.28

application example U.6.26—
U.6.28

self-tests U.6.38-U.6.41

test connections U.6.8-U.6.13
Thermal Demand Metering A.2.34

See also Demand Metering
Time U.4.71-U.4.79

See a'so Synchrophasors

high-accuracy U.4.71-U.4.79

application example U.4.73—
U.4.75,U.4.76-U.4.79

Relay Word bits U.4.72, U.4.74
See Ethernet Card Commands
Time Inputs U.2.11, U.2.45
Seeadso IRIG-B
connecting U.4.73
IRIG-B U.2.11
TIME Q Command U.4.75-U.4.76,
R.9.56
Time Synchronization U.4.71
See aso Time Inputs
DNP3R.6.8
GPSR.7.1
IRIG-B U.4.71,A.6.2, A.6.5
SEL-2407 R.7.1

SEL-421 Relay

Timeout

front panel U.5.3

serial port R.5.8
Time-Overcurrent Curves R.1.74—
R.1.83

See also Overcurrent Elements

Time-Overcurrent Elements
See Overcurrent Elements

Timers

See SELoGIC Control Equations
Time-Synchronized Measurements
A41-A49

See also Synchrophasors

power flow analysis A.4.7-A.4.9

state estimation A.4.9

timetrigger 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.7.17

TRIGGER Command R.9.57
Trip

output U.2.44, U.4.62

Relay Word bit, TRIP A.3.4

Trip Bus
capture external/internal trips A.2.7

Trip Logic R.1.105-R.1.115

application example A.1.12—-A.1.14,
A.1.38-A.1.40, A.1.77-A.1.79,
A.1.108-A.1.110

logic diagrams R.1.112-R.1.115
manual trip R.1.108
single-pole tripping A.1.40, R.1.105

three-pole tripping A.1.14, A.1.79,
A.1.110, R.1.105

trip equations A.1.12-A.1.13,
A.1.38, A.1.77-A.1.78, A.1.108,
R.1.106

DTA, DTB, DTC R.1.106
TR R.1.106
TRCOMM R.1.106
TRSOTF R.1.106

trip Relay Word bits R.1.108

triptimers A.1.13-A.1.14, A.1.40,
A.1.78, A.1.109, R.1.107

TDUR1D and TDUR3D R.1.107
TOPD R.1.107

trip unlatch options A.1.13, A.1.39,
A.1.78, A.1.109, R.1.106-R.1.107

TULOA.1.13,A.1.39,A.1.78,
A.1.109, R.1.106

ULTRA.1.13,A.1.39, A.1.78,
A.1.109, R.1.107

Troubleshooting U.6.42—U.6.44

U

UCA2R.8.3
GOOSE R.8.4
User Interface

Ethernet card command entry
R.4.10

Telnet access R.4.9

\'
VERSION Command R.9.57-R.9.58
driver number U.3.8
firmware number U.6.39
release numbers R.9.57
sample response R.9.58
Virtual Devices R.4.9
Virtual File Interface R.5.11-R.5.14
Voltage Checks
auto-reclose R.2.43

w
Wire
grounding size U.2.37
insulation U.2.31
power connection size U.2.39, U.4.4

Y4
Zero-Sequence Current Compensation
R.1.49, R.1.54
application example A.1.8, A.1.30—
A.131, A.1.62-A.1.63, A.1.96—
A.1.98
Zone Time Delay R.1.61-R.1.63
common timing R.1.62

application example A.1.8,
A.1.31, A.1.63, A.1.98-A.1.99

independent timing R.1.61
logic diagram R.1.63

Zone/Level Direction A.1.104
application example A.1.34, A.1.68
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SEL-421 Relay Command Summary

Commanda: b

Description

2ACCESS
AACCESS
ACCESS
BACCESS
BNAME
BREAKERNn

CASCII
CBREAKER
CEVENT
CHISTORY
CLOSE n
COMM ¢

CONTROL nn
COPY mn

CSER
CSTATUS
CSUMMARY
DATE
DNAME X
DNP
EVENT
FILE
GROUP
HELP
HISTORY
ID
LOOPBACK
MAP 1
METER
OACCESS
OPENnN
PACCESS
PASSWORD
PORT

PULSE OUTnnn

Date Code 20111215

Go to Access Level 2 (complete relay monitoring and control)
Go to Access Level A (automation control)

Go to Access Level 1 (monitor relay)

Go to Access Level B (monitor relay and control circuit breakers)
ASCII names of al relay status bits (Fast Meter)

Display the circuit breaker report and breaker history; preload and reset breaker monitor data(n=1is
BK1; n=2isBK2)

Generate the Compressed ASCI| response configuration message
BREAKER command for the Compressed ASCII response
EVENT command for the Compressed ASCI| response
HISTORY command for the Compressed ASCI| response

Close the circuit breaker (n=1isBK1; n=2isBK2)

Display relay-to-relay MIRRORED BITS communications or remote synchrophasor data (c = A is channel
A; c=Bischannel B; c =M iseither enabled single channel; ¢ = RTC for remote synchrophasors)

Set, clear, or pulse an internal remote bit (nn is the remote bit number from 01-32)

Copy settings between instances in the same class (m and n are instance numbers; for example: m=1is
Group 1; n=2isGroup 2)

SER command for the Compressed ASCII response

STATUS command for the Compressed ASCI| response

SUMMARY command for the Compressed ASCI| response

Display and set the date

ASCII names of al relay digital 1/0 (Fast Meter)

Access or modify serial port DNP3 settings (similar to SHOW D and SET D)
Display and acknowledge event reports

Transfer data between the relay and external software

Display the active group number or select the active group

Display available commands or command help at each access level

View event summaries/histories; clear event data

Display the firmware id, user id, device code, part number, and configuration information
Connect MIRRORED BITS data from transmit to receive on the same port
Analyze the communications card database

Display metering data and internal relay operating variables

Go to Access Level O (output control)

Open the circuit breaker (n = 1isBK1; n=2isBK2)

Go to Access Level P (protection control)

Change relay passwords

Connect to aremote relay via MIRRORED BITS virtual terminal (for port number p = 1-3, and F), or the
Ethernet card (port p = 5)

Pulse arelay control output (OUTnnn isacontrol output number)

SEL-421 Relay
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SEL-421 Relay Command Summary

Commanda b Description

QUIT Reduce access level to Access Level O (exit relay control)

RTC Display configuration of received remote synchrophasors

SER View Sequential Events Recorder reports

SETC¢ Enter relay settings

SHOwe 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 arow in the Relay Word table

TEC Display time-error estimate; display or modify time-error correction value.
TEST DB Display or place values in the communications card database (useful for Ethernet protocol read tests)
TEST DNP Display or place valuesin the serial port DNP3 object map

TEST FM Display or place valuesin metering database (Fast Meter)

TIME Display and set theinternal 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

a8 See Section 9: ASCII Command Reference in the Reference Manual.

b For help on a specific command, type HELP [command] <Enter> at an ASCII terminal communicating with the relay.

¢ See the table below for SET/SHOW options.

SET/SHOW Command Options

Option Setting Type Description

[SIn Group Settings 1-6 Particular application settings

A na Automation Logic Block 1-10 Automation SELoGIC control equations

D DNP3 Direct Network Protocol remapping (serial port only)
F Front Panel Front-panel HMI settings

G Globa Relay-wide settings

Ln Protection Logic Group 1-6 Protection SELOGIC control equations

M Breaker Monitor Circuit breaker monitor settings

O 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 and the SEL-421-2 have only one instance of automation logic settings.

SEL-421 Relay
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SEL-421 Relay Command Summary

Commanda: b

Description

2ACCESS
AACCESS
ACCESS
BACCESS
BNAME
BREAKER n

CASCII
CBREAKER
CEVENT
CHISTORY
CLOSE n
COMM ¢

CONTROL nn
COPY mn

CSER
CSTATUS
CSUMMARY
DATE
DNAME X
DNP
EVENT
FILE
GROUP
HELP
HISTORY
1D
LOOPBACK
MAP 1
METER
OACCESS
OPENnN
PACCESS
PASSWORD
PORT

PULSE OUTnnn

Date Code 20111215

Go to Access Level 2 (complete relay monitoring and control)
Go to Access Level A (automation control)

Go to Access Level 1 (monitor relay)

Go to Access Level B (monitor relay and control circuit breakers)
ASCII names of all relay status bits (Fast Meter)

Display the circuit breaker report and breaker history; preload and reset breaker monitor data (n =1 is
BK1;n=2is BK2)

Generate the Compressed ASCII response configuration message
BREAKER command for the Compressed ASCII response
EVENT command for the Compressed ASCII response
HISTORY command for the Compressed ASCII response

Close the circuit breaker (n = 1 is BK1; n = 2 is BK2)

Display relay-to-relay MIRRORED BITs communications or remote synchrophasor data (¢ = A is channel
A; c =B is channel B; ¢ = M is either enabled single channel; ¢ = RTC for remote synchrophasors)

Set, clear, or pulse an internal remote bit (nn is the remote bit number from 01-32)

Copy settings between instances in the same class (m and n are instance numbers; for example: m =1 is
Group 1; n=2is Group 2)

SER command for the Compressed ASCII response

STATUS command for the Compressed ASCII response

SUMMARY command for the Compressed ASCII response

Display and set the date

ASCII names of all relay digital 1/0 (Fast Meter)

Access or modify serial port DNP3 settings (similar to SHOW D and SET D)
Display and acknowledge event reports

Transfer data between the relay and external software

Display the active group number or select the active group

Display available commands or command help at each access level

View event summaries/histories; clear event data

Display the firmware id, user id, device code, part number, and configuration information
Connect MIRRORED BITs data from transmit to receive on the same port
Analyze the communications card database

Display metering data and internal relay operating variables

Go to Access Level O (output control)

Open the circuit breaker (n = 1 is BK1; n = 2 is BK2)

Go to Access Level P (protection control)

Change relay passwords

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)

Pulse a relay control output (OUTnnn is a control output number)
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SEL-421 Relay Command Summary

Commanda b Description

QUIT Reduce access level to Access Level 0 (exit relay control)

RTC Display configuration of received remote synchrophasors

SER View Sequential Events Recorder reports

SETC¢ Enter relay settings

SHOWe 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 value.
TEST DB Display or place values in the communications card database (useful for Ethernet 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 Meter)

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

a8 See Section 9: ASCII Command Reference in the Reference Manual.

b For help on a specific command, type HELP [command] <Enter> at an ASCII terminal communicating with the relay.

¢ See the table below for SET/SHOW options.

SET/SHOW Command Options

Option Setting Type Description

[SIn Group Settings 1-6 Particular application settings

Ana Automation Logic Block 1-10 Automation SELoGIC control equations

D DNP3 Direct Network Protocol remapping (serial port only)
F Front Panel Front-panel HMI settings

G Global Relay-wide settings

Ln Protection Logic Group 1-6 Protection SELoGIC control equations

M Breaker Monitor Circuit breaker monitor settings

O 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 and the SEL-421-2 have only one instance of automation logic settings.
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