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Protective relay qpsop€ sensing $¢ control device qpig¢ vo&:osCoooda8€e0m protection
function qpzo3cedeamnédacpSi power system 0o9desmc0d0pbes0903E wpSa0pS active
function c3gglepSevpodeon 08eadd fault Bewpod vadarmbeon megeees0od9

e edla5c0ndlon relay 20p8 20058€e00 protective function o3 e&mégn crdeamnevwdi

Power System 00®9opC Generator 1 Transformer qpsi Transmission Line qpsi Isolator qpsr Circuit
Breaker qpsi Bus Bar qps Cable qpa Relay gpsi Instrument Transformer qpsi Distribution Feeder
qpes&a[gpieon sa§pmeoneae§jpeonn Load gp:ol§ogolaopdn short circuit $& earth fault
[36[g€:08038ca00 fault qpzoopd power system & vpSoopSesepozEesd(gbEevapdi
[408Ea0gie0m fault 0jog€copbs  Single Line to Ground: Line to Linel Two Line to Ground $& Three
Phase short circuit ©00p5[g¢ §fo3dlaopSi ofjo3adeoon fault [§8oopSsE system saog8: heavy fault
current 8:coopdi Fault Level 2005 source side o fault [§6e000 esepsajogp:d) fault impedance

263 03800p883laopSn power system 2203E:§ csep 300305 fault level 08 c305q05q$ fault
analysis c82263lo0pdu

Protection system 2005 fault [§8e$607 328055288:930: 3igpigdeoqs codeamEauidasgdi
protective system 026961 cpSeaonEqoopd fast and selective [4bqOlopdn adc2005¢n fault
8epo0mamBsandticton wfEb§Eanen m§fobuoti disturbance sagpSianfSs system
isolate c068Eq8§[gdSlaopSi oBsaoy proper relay co-ordination c33265Clon main protection 2005
elopEandj§jelopé operate wapddlon backup protection ¢ cobeaonEqeoepdi protective relay
0289aicpbe0028 ¢j0g€iadon ogpdigpiam saFimanydd qebBioofdé: $¢ [gEaotaupbomeo djo?
[o3pgpSeodloagbn



Protective Scheme 3200600501

Protective relaying cpdepogE power system &l 92805928E:006903E abnormal condition [gcoadlon
alarm o860p0S isolate coS[GEES healthy system ¢ 0832805328810 ©cSepi&&avugdi Protective
relaying e320p5¢0 team work 0069[gdo CTi PTi Protective Relay gpi Time delay relay gpsi Trip
Circuit gpss¢ Circuit Breaker gps ©20p503 930loloogbi

Protective relaying cpd[gEzoop5 saeqgofiom fault gp:o? minimize cpd§Eadomem vl fault
SBel3p8fgooneg qosBigapieops: copqioogd

BT

T | rtay

Relay Cantasts

:_ Trip Call of &8 Trip Clrcailt

| Aipmilary Corlacks

Battery

200050102005 circuit breaker 069 opening operation ap6g$330305 226[gd connection
oBlgoog€gdilaopb Protect cpbadeaon circuit X 03 GopEgdieond[gé [gaon:dlooodn protected
circuit 0g€ fault 0069[gdedl com 3a8lg€ CT $E PT o5& s00dogu500:6000 relay 2005 actuate
0060 wolsel contact qpzsan: close apdeoedi

Trip Circuit 3203293 battery ¢ current [god8:cowepdn circuit breaker & trip coil 2005 energized
[g8[g:e[op¢ circuit breaker &1 operating mechanism 2005 actuate coGo opening operation
006602051 BelopE fault 0od9s: sense cpO[gEsst trip circuit 320z actuate cpeolgEsodza:

relay o cpbeaonom fault [§9es600 2080538830z isolate cpOews§Edloopd

Relay s8030020c3

Relay 00692005 s2033609p050066800E6000 0gpdi0069[gdom electrical circuit § abnormal

condition 03 sense cpSom ozl contact gpzo? close crdeodloopdi wos contact gps close



a0d[gE4{g¢ circuit breaker trip coil circuit 320: 0q68:005008: codLBS|GESogRIEEOM circuit breaker

2005 tripped (g0 electrical circuit ¢ fault (§66560002805558E:330: og§§eoos healthy circuit ¢
©05000560:8EAlo0di

Functions of protective Relay:

»  Alarm cogg€s 930upod circuit breaker & trip circuit 320z close codeogEgE fault [gdeseom
5805928813202 disconnect cySeogf

»  Abnormally operating part s disconnect cobeoggEsg¢ subsequent fault
qPe{38[aE:womagaSeuigfi powrzxdsé machine oodosao: overload protection cod[gEdgé machine
o protect co&§aoean insulation failure [§8[gE:p 03303058E00p8N

*  Fault [§9e56000 circuit qps 9§wupcd equipment 3205 038§e$6000 system ¢ sacgCaalgs isolate
05805[GE174SS fault [§8ese00 3280532880055t o5BieapqBEarnscl cyfbesean
system ¢oc0pd: s005cV05pEEeEes88qSI powrzIgE machine 0o8a8:0005 winding fault
[§8Bre4005 sacqfaafy$ disconnect cpd§ERSIon Rfaagpdigopar
B8 copSmeenicdigScdsabaeoupdl Sdeoos fault [§eseo0mad§esSizaomngpSagpidos winding
028 q0jqo38riSaqifatiefiit machine oxBocd: [(copSfgBeosqafiians
5038:3207000050g8 07 581568860005

*  Fault [§600p 5280523823332 healthy [§8e500p5 328&:¢ disconnect cv68EqS esepa0o5ead[geise
healthy system s22 disturbance sagpSicodom [gdeogi

- Fault [§86500p5928053238:30: sacqBealg§disconnect coB[GE4SS system o stabilityr service
continuity §& performance o3 Bxoac5aneoqsi protective relaying 6303:00056078:98coFES

transitent stability o3 o3:000560mEsg§eodlaodi

* opoodsgp: 320305 3a8epud[gdCeeagpg§aogfi

Desirable qualities of protective relaying:

1. Selectivity,
2. Discrimination

3. Stability



7.

8.

9.

Sensitivity,

Power consumption
System Security
Reliability
Adequateness

Speed & Time

Terminology of protective relay:

Pickup level of actuating signal: voltage 2300705 current ©2005 052005 quantityesd
2005005000:6000 threshold oeacrncondag§ogniclon wols relay 2005 operate cpbq§saogod
ooneoepd actuating quantity owdan o:condlegi€ relay coil &1 electromagnetic effect cloppEé
actuating quantity 0005 02&§oodepeoTILLINg| oB:c[gtselopE relay ¢l moving mechanism o3
oonEegagpseodoogdi

Reset level: relay ¢l contact qps 8302 open [§69g0:6007 @oo position o8
[g§c0pSeepad§ognieooopd current 28ewod voltage oo§aB:0wan cBeBc8dlaogb

Operating Time of Relay: actuating quantity & pickup level o3 cogcg§ogs{Gseamnsaslogt rotation
disc 03986005 relay ¢ moving mechanism 205 eooCegagqpio relay contact qp:o? comgégo
close co5[gEgé qpbesiodondy [Beelgraddloopdi actuating quantity 205 pickup value
co05Gegognradpby relay contact qp: close cpbaopbead sRlop: [oplgEear mdfapelagdloogds
Reset time of Relay: actuating quantity 2005 reset value 6320055p5:030:0% relay contact qpps3a0:
ot qooesep o§ BeopSeepoifecnotendlh ol FpEasss s fobeseidoogd

Reach of Relay: distance relay 2005 relay 320305 [5|082005005000:0005 impedance
637055p5:6000 relay 9oBE:0202005005 20p) SogFE0EEN050REm operate apSilaopdi vols
impedance a300pcb wossE305005600 30703260503 reach of the relay vpesl claopS



History of Protective Relay:

*  Protective Relay gqpza3oonEaddggoopd electromechanical relay qpsg&saolgigdloopdn
0g$3600080059sbcoPOMOYP:3a0RCs electromagnetic relay qpswo0pd microprocessor qps $¢
microcontroller qpic® saad{Giooni00p solid state relay ¢p:aa[§8o8 5908GE3asps:

*  Protective relays qpzeil oB:00056[gp:c0p8:cne00 timeline a3esan0S0pEessgoon:dlaspdi

1900 to 1963 1963 to 1972 1972 to 1980 1980 to 1990
Electromechanical

Static Relay Digital Relay Numerical Relay
Relay.

1925=Single Disc
1963=Static
Type Relay
Relay (All Purpose)
(Single Input)

1980=Digital 1990=Numerical
Type Relay (All Type Relay (All
1961=Single Cup 1972=Static Relay P v( P v(
Purpose Purpose
Type Relay with self pose) pose)
(Impedance checking (Al
Relay) Purpose)
Relay so§js3o0059p::

*  Protective relays gp:og€aa8onzanigt
(A) Characteristic socdl og€saalgdom
1. Definite time Relays.
2. Inverse definite minimum time Relays (IDMT)
3. Instantaneous Relays
4. IDMT with Instantaneous.

5. Stepped Characteristic



6. Programmed Switches

7. Voltage restraint over current relay
(B) logic 32ed 0g€=ncgdom

1. Differential

2. Unbalance

3. Neutral Displacement

4. Directional

5. Restricted Earth Fault

6. Over Fluxing

7. Distance Schemes

8. Bus bar Protection

9. Reverse Power Relays

10. Loss of excitation

11. Negative Phase Sequence Relays etc.

(C) Actuating parameter saed og€enclgdom

1. Current Relays
2. Voltage Relays
3. Frequency Relays
4. Power Relays etc.

(D) Operation Mechanism saedl p€aaefgdon

= (A) Electro Magnetic Relay

= (B) Static Relay

» Analog Relay

= Digital Relay

= Numerical /Microprocessor Relay
= (C) Mechanical relay.

= (1) Thermal

(a) OT Trip (Oil Temperature Trip)



(b) WT Trip (Winding Temperature Trip)
(C) Bearing Temp Trip etc.
= (2) Foat Type
(a) Buchholz
(b) OSR
(C) PRV
= (d) Water level Controls etc.
= (3) Pressure Switches.
=  (4) Mechanical Interlocks.
= (5) Pole discrepancy Relay.
(E) Applications saed 0g€ sacfgdom
1. Primary Relays.
2. Backup Relays

Operation Mechanism saed 0g€=aa[gdo0p) Relay ddqp:

(1) Electromagnetic Relay:

*  Electromagnetic relays qpssan: 63a0050lsa6[gaaesgpizacd 0geonnbom 330056938 Edlob

(A) Electromagnetic Attraction Relay:

Electromagnetic Attraction Principle 320gg¢ 22006006600 relay

(B) Electromagnetic Induction Relay:
»  Electromagnetic Induction Principle 3201{g¢ 32006006600 relay
(2) Solid State (Static) Relay:
»  Solid-state (and static) relays 220 6220053 designations gp:3203¢: c0dd 3a§jE3a0:3[eR:8 Edloopd
= (A) Analog Relay:
*  Analog relay gp:og€ 03E:omqean quantity qp:san: cocp§opean lower voltage signal qps 9o[gd

e[gp&sc0pdiom wol:o33: level detector qps § reference value qpzsé cdl:opd:qgdcor
£&:0pdd)gbeo [g[gegc sacdean output o3 gfjeodloopd



= (B)Digital Relay:

*  Digital Relay qpsog€ oB&:ome§ean ac quantity gpssans analog form [gdeoom s005a305ed00cd
square-wave (binary) voltage qps32[3d elgpEscopdedloopbi Logic circuit gps 9§ewpod
microprocessor qpsoopd trip apOgas decision apdq$ phase relationship qpizs §EsopSdlooRdi

= (C)Numerical Relay:

*  Numerical Relay gpsop8e oB&:00q§eo00 ac quantity gp:s: sampled capbom numeric data qps
m|gdea05€ e[gpEaupdlanpdi microprocessor aopS wof: data gz 36 o€ mathematical s logical
operation gpsapSom trip apde$ decision giolaopd

(1) Electromechanical Relay:

» History of Relay: ocoeB:ad:e000 §j:e005(gbom 200d0&imaqEadieam relaying system ood9a(gd
$060ICsqpign sp0dgiagod§oloopdi vols relay qpsoopS accuracyr dependability ¢ reliability
73936000 308054320305 GomEigsen 3%gSECloopd :a6[gdsasyé operating mechanism
$06§)e§o> electromagnetic-attraction relay $& electromagnetic-induction relay o3(g®{o3cloopd

*  Measuring Principles: electromechanical protective relay 030005 voltages $¢ currents o3
magnetic electric forces $& torques gqpzsa[g63 algpEecopSigdom relay s203E:§ spring sz
8sm:00056ep0deadloogdi relay 32038 spring tension $& electromagnetic coil 3363l tap
qpioopd 0obs relay cpbeacntibas sa3{gopy set e sa8oorpbeogiopyp:

»  Function of Relay: co€:a3aamrelay qpseil cobeaondaopd o[g instantaneous action §ox
[BjooEB8opconieomn time delay od§d mechanical motion clopé pickup [g6Giego05038 closing
cp8aoSn bellow qpsi dashpot 036005 clockwork escapement mechanism c8903s2034G0”
time delay 03 copda3&:§Ealaopbi o§eo0d timing accuracy ¢og induction type relay qpssé opdogC
OBoygeans0:dloopdi coleagodelopE time dealy dleoo wa: relay gp:o? switchgear application
aprogh ooty socideagS:

*  Electromechanical Relays qpscil coil gpsaans AC 28e0pob DC (g€ 3208 $ECloopdn odelope
0o€:086o00 electromechanical principle 03sa0ddgieo0n relay qpogt asymmetrical fault ¢l DC
Component 2005 20056epady §eowpdi

*  Relay 326005¢psqp:aans semi flush mounting draw out case sa038:c0pdogE:00050300051 relay
o0bs0€ap0300p5 switchgear cubicle &1 038kadl g€ relay gp:od sa[ga8ad 0o6s0Eo3dloopS



29080005 sensor $& control wire 0308 case 0g€anbs0€[m3dlaopdi relay sa: manufacturer ¢
0005pE0pd326[g32656d goobom case 3a0pE:00pd99E:0m small switch gps 9Bewrod bridging
plug qpiaaaggor soa>ogadmdlaoghy

0o8:aqi05eopE relay 32 disconnect apd8Eam wirng 39t 8805600 case m0p8:0

0005098 Eclaopdi relay 302 disconnect cpbepog€ case 32038:§ current transformer (CT)
connection 320: :203me6aqpad short circuit [§8eo[gé{sé CT s20: overvoltage [§8om qo58:(gE:w
om0geSe0:dloodS

Electromagnetic-attraction Relay cpbeson€d: ég| electro-mechanical relay 0o69cpdes0oEdad
632005038[goon:Alaopbi coil mechanism sz s2:0089 applied p6865dlon wol: input voltage ¢
core 3t 05030582 qEoom 1o arm o3 o053 BJurcdaddloopdi vol:elopE output
contact o3 08eo0 load circuit 03 close [geodloopdi input voltage 08 soSep:c305a0p55E spring
lever 2005 contact gpsean: 00d95E 00b9 GosozragNieolgliyé load circuit connection o3 break

(QuieleTetalieronY

ElectroMechanical Relay
i

'l[ — -f— Load Contact

—i

spring Level i

f ‘o0 o600 o0 00
Input Coil ), Core D

1}9¢om¢oo~:~oomJ

Operation of Electromagnetic-Induction Relay: Induction relays gp:sa0: §:qE:0000(gbe0igoeags
aopdlgbeo Bogeam pickup $E time-current response qps s:c0pSs wide range [g& ddaR

R DO

0082030005 GooanSaadg¢ induction motor gpasE opclaopS Relay 0gEa 6g aqpseax element
(rotor) 2095 2o[Gc8cd metal disk 0o6907393[gB6005005: 0oBlnBEERE w005 metal cylinder
0300705 cup 030383005 qEon&ese0032805323E: (stator) o€ 289Bewr0d dcon5deam
electromagnet qps 9opSidloCom current $& potential 031Co%e induce current 030005 disk
o3€[gbedl coneolgEsE volss: rotate [gbeodloopdn wo&:ad rotational force qpsoopd disk
copSuod8Eaogs cderonaheam force qpesa: gfoopdSsE moving contact o3oouSesonomn



stationary contact [§¢o3eoepS[g8[G: spring ood9naBsaadigiom diskmotion 30 restrain
[g6e00laob

Relay ¢ control copSaoniean circuit 8292 close cpdeo:dlepSi sense codejeom fault [03dlon

382098 current qprooom disk 03 38aqBGSg copSuoieodangS
Time dial o328eo0> calibrated adjustment 00692005 moving $E stationary contact gp: safops
2§Eoz0g [o3pr0000[g80m 1820005 relay @i operating time e[gp8:cd¢o005 a0y Elgsed:

( contact qprong speSicuSoon open [G8(EE:) yoopS sacg:00fop g ( contact qpioogt disk
0280080308, c0p58800p5320881320me) 5308 ) §02056la3p5H Reset action 2008 rotational force
Boudgpiadndoopdeag$oae 0onfom breaker 0od903 trip cvSwpd relay contact 830 close
p8[gE:emSgdeol a3uwrod relay ¢ malfunction 323: sense 680 vuSgpicdodean
3lopEgbeo [4doooddloopdi restraining spring ¢ disk 320z grocsepadeepodcoom reset
0830 reset coba§oIplgEeoneaooss relay sdsae0:58 time-dial setting (contact
200360:) 6 0380000520051

Electromechanical Relay $56005¢p2qpsoopd de&sadgé minimum input ¢ output isolation
Szan2qe3203 rated oedan 1500 ¢ 2000VA 3203 §logdloopdi (Relay Burden ode|gpomlgdecd
00Elo0dn)



Electromagnetic relays a%:§epog€ eoglofgeoon sam§ancocdyp:

Operation co6Gom speed

20050284088 coreammgedelopé characteristic ap: ofgr&iopSiogadas:

58055:88:qpt qoS8iae relay coBoadiqo58iqopSsacBghes:

mguSmonio(gl 2038:38:038 @0 mechanical component gpieil sagoSzaonielogpé
electromechanical relay &l 32goS320:0005 PCB 8&8:5& 09800 2og083202:32008320005§Aa0pSH
Power consumption gps[gCs

CT 038 [g8wateomn burden ofgBeofgt:

Phase indication ¢ c3¢) 3a[gr:e000 fault data gp: 0q§SE[GE:

Electromechanical relay o0& 8&&:000m0326) load 009320 switch apde$ 80305 mechanical
contact qps30: make coOqeoepdI Vo€ contact qpiel point qPzooRd 2005008: (Ges3adye
p8ee08y 2[FEedE: 00k [56) cooSecg§ogridion oxidation breakdown [§6880 relay sz
sonicigfeganbooangy

Electromechanical Relay 20p activate cpdeoo 328l0g€ contact esepogE bounce [gbooodclaopd
Bounce [§8400pS 528 §83038:9207 co8efopgEencm load circuit 38 ¢8c805805c30558
flickering [§66007 00858 2005e88607> 320[g=2650269323: load design
0p8aon8ogBiaSionieuiqdend

Electromechanical Relay 03:§epog€ 8500§320009[36606000 2ag0503¢ Isolation voltage $¢
2003838602 3288:0005:308 oS

(2) The Solid State Relay (Static Relay):

History of Relay: Static Relay qps 2005 relay §e0052060069[gb3loogdn Static Relay qpsza: opbo

og8e0o8 ma3G[p3da0p5H Static s3eo0 edlumqasq cBo3odeo relay qpiogé moving part p:
638 Electromechanical Relay qpis& §8:035dlon static relay qpioogb c005008:qpSo3p

3200y E[g8 operating cpbepapt 3050805q caqporaln qfade> 02RlghEE(E: oo
comSigleommaodyp: §laopSi sdeo0d electromechanical relay qpica 88
comSontifgiiedeon



Static relay qp:30: co0dpbepog transistor qpsi ICqpsi capacitor gps $E microprocessor
6o0:00:qP:0a0pd semiconductor ogpSigp: dloegdlacpdi

Static relay qp:32s 8&&:00056poge electromechanical relay qp:zaod{gRepy g§jcorco00
saqqoancocsaps s ovciogbesnEBEas Grobemidoops

Measuring principles: Static relay qpseil 32006006600 principle 2095 electromechanical relay qpssé
F2000:000p§0p0m a3c8a0p5en solid static relay qp:oopd electromechanical relay gps
p66a008200532088: pbeaxEElmdlacpS

Solid static relay gp:20p5 magnetic coil $¢ mechanical component gps3200: analogue electronic
device qp:322s relay characteristic §§eoq$32053{gj00scloopdi measurement [gjcpoepogt static
circuit qpesaos sadi{gjo comparator qpsi level detector gpsi filter gp: ©20p5[gE Ao
conventional electromagnetic rely og€ operating torque $¢ restraining torque o303 §Esopdloodi
voltage / current 303030 relaying quantity gpseans rectify coG0 03Es0m3lo0pd
o3&:000086000 quantity gpis: comEgign 20050a5(Gies005 output device ¢ trigger
c06[Geoopds¢ circuit breaker @i trip circuit 205 energized coSAlopd

Solid State relay og€ incoming voltage $& current 0@l waveform qpssaos analog circuit gpseacs(gé
monitor cpSom record cpS[ges oBewpod digitize cpS[gE: wlginpdeon Analog value gpssans user ¢
set cpO00G00 setting value qpssé relay 3a09€:q) potentiometer 3a05g¢ §E:0000m seloge
transformer § tap qp:saodgS &&:0n5dloogSi

=§jeo0n solid state relay qp:og€ &iqS:eam microprocessor 0o89a0pS relay & sdjeoon
§§1E22005 $e00 vSeaCy logic gpizsapdeeonEaopdi 3§ time overcurrent solid state
relay gpsop€ incoming AC current 320z small signal AC 00§93:32[3d SsgoelgpEscopbiom wols AC
9oz rectifier $¢ filter 8503z [godo0§:eofgelyé AC ¢ DC ade[grE:opbidad(glyé AC waveform i
526305008 02§ iapioafg efipbicopSiogridladghs op-amp 03648 comparator o 5203 trp
point o3 eepodeoepd DC cBusoB:updloopdn §eqlseoo microprocessor aopd DC signal 8202 slow
speed A/D conversion sa[gbegpCs(Gieg005 qfjanoopdonsodsam: time-overcurrent response curve
38eAIE:0p5gE4gE vo8:00§aB:0005 set point cooSeayPag§agrieamnzadiogé trip cvSdloopSi vat:
relay 0E microprocessor Gloopbadeand(gscopds digital / numerical relay qpso3o
g&:ee0rEepSelgpdoeomelozpé microprocessor relay vp 3265 E:c08:g00008[gE{5dNaopSH



»  Function of Relay: 3208:0005005600 relay qpsog€ transitor $& diode gpszans resistor gpsi
capacitor qps $¢ inductor gpz 02025 discrete device qp30d:§36005000: electronic
$05:0p200320005CG DD 6§2053E:000500660m relay qp:ap linear $¢ digital integrated circuit
qPsaans 0980 signal processing $¢E logic function gpazan: copds copdagts 3204gIc[e3dloogd
:6[gd circuit 03p568000500n[mea050p5: packaging 3a65[gE protection function

0069005320905 20059050 function o0& case 02d93a[gboo§0> complex function 3o[gd

3203§0lon case qpsgozn: (03 22addg[e3dlaopd

“En_]lz St R

*  User programming 226s[g¢ relay characteristic curve qps3a0s adjust co68E6pd 2a6[gd
cp8eamEqdmesgEorn m§oaoodoondacpdn Belopé electromechanical relay ¢ analog
electronic 32[36 §:qSsgn 3202:084gEsam[gom setting cpbepagE 88 flexible [gBconom space
§oa6qoBoioosS capaEdoog

»  :§jeom mefgzeesopd relay burden cagpoyogrgéilaé CT/VT output c336qi05gpisao:
coqRoyeo00a3gdCloopdn static relay opE armature o8owpo5 3a[gpse00> moving element gp:
©0l§o3 mechanical motion e[gdeocom electronia magnetic 3oupod sofgr:eoon component gpse
response o3 q§eodloogSn

»  Static $& electromagnetic $8900d:03ma0ddgie0n relay o3copd: static relay op csl 880 wos relay
© §§lopd response 20pb static unit © §epdfgdeooeloEgdAla5N



Electromechanical relay qps320: output stage ogC auxiliary relay gps 32[gbocobeeonEscopdogts
0069080301005 BefopE protective system 0odgoopd static relay $& auxiliary relay gps
Slo€onpdeamnnSoo:dasgd

Static relay 005 electromagnetic relay qpzcoo5 38eomE:g§oopizagdypien saaqaolgs
9800068845 Boeo FABiomEEgoREEA

Static relay qpsog€ function/ features o3a3eax constraint limit §Sloopdn §:32005
200595b0m00:0038: 26000 microprocessor gz 320%gjo (o) Fuse failure sacfgsacs ()
Self check 3ac[geacs (p) Dead Pole checking $¢ () Carrier soadigjeon protection 56[geacs4p:
51 §eodloogSi

Operation of Relay: Static relay 0089320305 c32266000908052288:q230:
6220053lpopE[goonidloopd CT $& PT 036l output qp:oopd static components s 220305
:adggsecofeonaclopé auxiliary CT $& PT gpizaadilgom c0enqpeon level gfjeodlaopd
o605 auxiliary CT & output s rectifier o3eoseoa0pdi rectifier 0pS CTi PT $& Transducer 03

relaying quantity qpssa0: rectify cobeo:0laogdi

CTIPT
Secondadies

Static Relay

L

o

Rctifier I, Afn ||ﬁ¢r Cartifut LY s
Ti F .Y P
CTPT ; ;. H;Lur[ﬁg L i | .

Rectify C\P(‘S@:eoao output or% comparator qp:i level detector qpai filter qpa logic circuit
qpedlo€esaopd measuring circuit 98 GesodEloopdn dynamic input [gdeooo (relaying quantity)
20p5 threshold value coobeoqbogaeoomaasland output aopSeoné actuate [gddloopdi measuring
unit & output 320z amplifier saaddgjo amplify co5[Gses005 electro-magnetic 0od9gdeax output
unit device o8 GeeooEJloopdn relay operate cp66o03338l0gE output unit 2005 trip coil saos

energize [gdcooloodi



Solid State Relay o3:[g&:cil 3a0jqp:
Static Relay &1 burden 20p5 Electromagnetic relay gpzcoodspd:0laopdi ddelogpé error $05:0laopbi
mecogSedlolaopd
06e08q§ GsepeaspSicoSanadmndlgiielopé panel space dogodSeodlaogdi
Switching cpSepag€ Arc 809055p5:Claopdn
acoustical noise copds ol

Function 0069q€:8320 0307 Multi-function 33g® 32095gi§ A0S

028554 [s0§3oopS
Reliability [g&en:0m [03pg08205:50la0051 (00@ [380005880mpbesorESElapdi)
Electromechanical Relay $& §E:opdagi€ High Range of Setting 0o2:§8Eclaobi

Electromechanical Relay coo’ 38o30qloopdu

Electromagnetic Interference copds §63loopd

power consumption $5:3loopdi

Shock & vibration 0803c0pS: $88qpS§cloopS

contact bounce [gb[gEs e§con

Microprocessor compatible [gb[gC:

Voltage =223 isolate cobcon:§C[ges

No moving parts: wear out [§6eoeo0> moving part qps ©0l§o0c393 Electromechanical Relay
qPaqod8:e00008 meapmR[oFiedimagqogdean arc [gbeoapd contact gpicopS: edl§eon

No mechanical contact bounce or arcing: Solid state relay oop5 mechanical foce gps 98ewpod wots
i contact qp: 908 operation co8q§ moving cYS[EE: eeax sagEdypiedops SoapSge: v8d
electronically [§&a2 qp&aB3EAaopSi mechanical contact vA§gE:elo3pé bounce [g8[gE: Beupod
arcing [§8[g€: o8 o[g88Ec0md reset time ¢rc0p5: 326055600 B3ognidlaopS

Low input signal levels: Telecommunication o8ewp05 microprocessor 2209sgjo control c5005
industry qs320305 6ooo: 99:§360la0pbi solid state relay 03oopS application gpsgoog
326070800 6gg|dg0009m[9d 30 Eaalgs cepod§runom sa0p:a0[gE Telecommunication
a8wwpoS microprocessor s2a34{gj0 control apGoop industry qpzogElgbdlaopSi



Cost Issues: 32030500§$a> electromechanical relay $& solid state relay qpssajog:
Gqps0z0(gr:9 2005 326005 6igPRCkR5I oBion0de0mEigsaneoon manufacturing technology

elop¢ egéougad 2600dgpigp: GagR]ERRSE[gE:on 83CE:ealqiEumiypiancgnd solid state
relay 8a0d:{gjgean: o:00050me0dloodi

Static relays o%:8epop€ copfgeooo m§o00dgiedqp:
Relay Operation co6g$320305 Auxiliary voltage c$2263l00001
Static relays qpsoopS voltage transient qps3an: sensitive [go[g€salogpé CT $E PT qps o3eil primary
circuit § breaker $¢ isolator 0303 operation cp68eoclaodi
Control circuit $C relay contat qp: break [g8[g€selopE [gE:008600 over voltage oB[gbeodloopdn
036000600 voltage spike 3a§§03e0iggd[gEsa0pSoé semiconductor component gpssans
qod8:e00m relay gpicicodeeotead Jjogtieodloogdi
Temperature dependence of static relays: semiconductor devices qp:cs‘ﬁ characteristic qp:oaé
ambient temperature elop¢ 3203E000566p0degP: §or050laodi
Power System og&[gbanonodeomn Electromagnetic interference $& switching transient
qpselopEgbean disturbance qpsaa: 0maRd8ES relay gps 22038 32508[gEea isolation $&
filter circuits qpe3a0s 00pda3Es 0obeeoI0d0msqdlepdi
Reliablility [g€@o0o power supply circuits gps c3326l00p5
Humidity, high ambient temperature, PCB gpszaedogé dagp: e8eoom track [gbeoge: ocom
environmental effect qp:
32805323 Csqps qo58gC:
Fault data 20 3a0g0S000p0qd8E[gE:
adgesopomcumacgls Characteristic gp: clgpEsopdegcs

(A) Digital Relay:

History of Relay: opeoosdypiegopt digital relay qps egogodencgiiadeepadronclacpdi solid
state relay qpes¢ §E:008don digital relay gpz o€ oBs0005000600> microprocessor gps $¢

microcontroller qps 330z 33094gjcon[e3dloopdn analog signal gpssans 320d4{gjepdsson:



03E0mqfaonean analog quantity qpesansadesan: digital signal gps 2[gd egpEacopbs
52035305

Digital protection relay 032005 relay technology &l 03s0005000g00d9[gdcloopdn Digital Relay o€
microprocessor qps $¢ microcontroller qps3a0: static relay qpzog€aaads{geoon analog circuit
gpesepopt 3p02:aB:32003gom relay o o§oBioopbesorndoodloogdi Digital relay qpss: opeo
g3bo§ecorobopSoontamapfGelFiilaoph ofeoss Brysieor §SiopmoogS ogoobend
SksBejealorpogd numerical relay gp: edledoScoogsEaeon oguSeqpaddedioogdi

OREV 956 $8c0LdEN0Ne 0oxEom solid state $& electromechanical relay gpsesepopt digital
relay qpeg¢ spon:adiamn(o3dloopdn distribution ooqapap€ digital relay qpag saen:0d:ad:ggen
2505:005 65:602:9000p81 3266E0F:e000 feeder relay qpi30R05 Ke53§§ o3cw0RE digital
relay qp: 39t 03:865[03600500p5: jeon esepypiopt ad:gqrgudopeolgSicn solid state relay
qPis2: c005005ad:ges(3gtsé digital relay 03:§epog8gboocbeon gbcogiagpiaad:
olgdedlcoconcol

Measuring principles: static relays qpss& §E:0090qC digital relays gp:og€ Analogue to Digital
Convertor (A/D conversion) 03 320%4g[030 03€:0mg§ e analogue quantities gpssans
microprocessor 320s 320%{gjo protection algorithm o3 e§cB:opdloopdi microprocessor 20pd
counting technique 00®99 03 32053y oJwupcd Discrete Fourier Transform (DFT) 033503gj0m
algorithm o€ copSag8:cpbesondeodiaspdi

Digital Relay og€saads{gjeao microprocessor 2005 ga0n§80005(gE00 v66e00E§EG numerical
relay gqpzog€dl§eoon memory esanaSeagpspSidloopd

Function of Relay: o€ relay 6ico6ea0088Egwaopds 2008320005807 protection function
qPP23260 0E0R5s 1§2005g4p:03 [geodloogdn electromechanical a3ewpod static relay qpis&
881038098 function qp: coBasonbidioBon GfamE setting range sicop: §8oo5Ghe
203{g 8B 38cBore§iloopSn o8dep: computer $& s00503058Eq§ communication link 008905
A8l



Microprocessor qpiog€ 320%dgjeoon power sa00§3200056(0p¢ digital relay qps ogE cycle
0069220305 waveform gp:aan:03E:0mepapt g§8€ean sample seqgacgcd3aedl0ge
3200§320005[gbe0dloogdi adadeomsaeoypEeloé saqjeoos application
qPpSeeonepogfmn[gsss s30s 3008320005[gbeodloopdn ddelopE sagjeoon protection function
3320305 digital relay gpsoopd 0002007 static relay gp:s¢ oppog operating time
38loplgEloopdn a8ea05 power system stability [gBeoopd [§88Ec0m e[gsacsqpizag oBadeamn
38loplaEq§0300pS tripping time sazadiedlEdlon coepeanadesant doPplgcy efeor
Operation of Relay: Digital relay 026903¢ (o) Analogue input subsystem, (j) Digital input
subsystem, (o) Digital output subsystem, () A processor along with RAM (data scratch pad), main

memory (historical data file) $& Power supply o3 dlo€foadloogbi

el Sagral

Digital Relay
BYSTEM
Power DIGITAL OUTPUT
- Acitallosing Fiter Supply SYSTEM
- AT Samietokd *

oy B




»  Digital relaying co6epogE 00d9 o30wp0d 0od9cond3eax analog signal gpsean: digital processing
c05epogt =a90¢ p 0&om analog signal ¢ digital signal o3 e[gpEs{Gse5005 vol: digital form
Boolean 320z trip 930upod not to trip oeox eddqodqiodyp: geoqs processing

c0660ggE{gdAlaodi

Digital Relay o:3[gC:ch comCiofjqp:
*  Functionality qp:32s 3250¢[4¢go integration cobcondgés
*  monitoring functions gps c06ee0nEsdloE[gEs
" %989 cgcdopfgés
- 3 0w oqdgRgo gt 3a0pbepdfigs:
- 38q5eagieoo function gpia: BoprpbeeoatFEe: $§ cooopoquai{st §ecBorfge:
- Self-checking co588[G8:88 5202:32098: 028¢0rBep320905 [§Ee08 056028 L8 GE:
»  3[geseoon digital equipment gpssé 03eodpSeeonE8E(gE:
o co0bonbFefy 0von sapiepizediogt oiGgscSEe:
- 68050005000 o 3afgrodeagp: coSapd SE[GE:
- 83t
* Distance Relay 320305 plane $€[gC:

»  Signal storage §$&[gC:

Digital Relay o%:8epog€ [§Boo05e000 an§ooodgiodyp:
- sSr0ppmaa08gp: 080cSelgoSagodedangaloRnt lifetime o3oomEigs:
»  Devices gp: 320qE20[g$ q05a364g8:
*  power system transients gpsalo3p¢ qo58:8Ea[gggcs
= digital systems qpzooph 83 qbeagirnfgliclopt seopijqpesczed saopiengayfoonieom
o§cobugp: 3ea8[G:
*  Setting $¢ monitoring data qpzsan: (83360003 maintenance coog§ Bead[gE:



(B) Numerical Relay:

History of Relay: microprocessor o3s26{gé saaddgeoo protection device qp:san: opes)

a3 ofegoontamapfifEdesg numercal technoogy o saopiGeroty oeSerysSEHER
coos i3 woaifiopoiedy ffeoneasmmacgeaiFtaseS gos dgocs numerical ey i
opeo 93bokapt :e08lgfordal sacan0eanyyddiasshs

Electromechanical $¢ static relay qpso300p5 hard wired relay qpigdlogcloopd vosodel
Slom[o3eqpisan: dea0obeo€amzqem setting 03 manually sa6[pE:zacd cvdeuqdloogdi
Numerical Relay 03¢o6 program copdag&se) qeaon relay qpilgdolaopdi relay o characteristic $&
behavior o3 program saig¢ copdag8: sadg§Eclaopd

ocoedze00d numerical relays qpzaopd sa8msandgE static relay qpsel protection characteristic o3
a§i8Ceoqs 8&EyPeoo5c0pd: 6oc5d numerical protection device gpioge [goSdeax protection
3 qfeodgeo> control $¢ monitoring 039360 cobes0rEREEEEYIEIGP:aBAl §§SEToRS
numerical protection device gpzoopS protectioni  reliabilityr troubleshooting & fault &
0050005607 22gj03320005gP:a30l §§8ERS comEsgseam gEdgpPiBeoigdi8Edlon b

Digital $& numerical relay oBel $05:0p00&:e88ep 32600805 Rpgisnig 32800 FogEden
protecton o wfiprecn qpidh geiupap copSiacgRESAEAoG Gofeandgh numerica
relay 030005 digital relay o3¢ $05:0p303:00050mge(opE 20920082038 GBsonode|gpEiaopds
g [§E8Coep §eoaopdi vosdo0pd Faoodgiapdaonean digital signal processor (DSP) s
pobaSefied harcware fEbsoidoorion ooBish GlocSom  software tool qpiokog
2pdgeo0pbs

Measuring principles: input analogue signals qp:s: digital s36$32000:036[gpEs00p5: (G
aoeayeoon mathematical algorithm o30%:070 800500050p6ea0rElapSI 0323 processing
c&epogE signal processing application qps3a03052607E:00:0006800E8ES [gco00 digital
signal processor 0300p05 32033205g¢ DSP wpeel Gax ZacadgiapSoonseac microprocessor o3
Fadigioloopdi real time a6[gea6503¢ signal qp:sans digial processing apdq$ very high power
microprocessor c33>60loopdn

Conventional relay (electromechanical $¢ static) qpsogE o200 technique gp:s& measuring

principle qpsoopd numerical technique $E&E:upd0qCsp5sdkom 30d3{geo0n protection algorithmi



sampling cpS[g€ signal processing cod[gEa hardware egegjod[gEs software discipline 0600
qPigeo0> SgjadepiopEaiqfgpiaigep: folaophn aobideann relay qprasph microprocessor of
:e[gdeon relay qpigdeondcopd: 3soySiqbsasyE electromechanically control coSaoniean relay
qPe3290E[gbolaopS

Function of Relay: co058co00 power system protection devices qpsaaos functions qpsgo[gé
90p5:00p5680005000:0ka0p51 LoesEE0S numerical relay gp:ogE protection, control, monitoring $¢
measuring 320§20p5qp23200 §§8EA0pSH AB[GE wol: device gpsei communication
066800E§E40RE remote control, monitoring $¢ data transfer ©a0p503c0pS: Alo&dloop
doS301gC electromechanical & static protection relay qpzaop5 single-function: single
characteristic qpsgd[o3eo05c0pS: numerical relay qpenoo: multi-functioni multiple characteristics
ooy

Conventional relay (electromechanical $¢ static) qpsogE o:eo00 technique gpsg& measuring
principle qpoopS numerical technique $E§E:0p50qEs05:3kam s20dgeo0n protection algorithmi
sampling cpS[g€ signal processing cod[gEa hardware egegiod[gEs software discipline 0600
qPigrea 33IaPogEa(g{apigoigqp: dloogh

ocoq[peocd numerical relays gp:aopd 380o3a0sg¢ static relay qpseil protection characteristic o3
a§i8Ceoqs 8&EgPeoo5c0pd: 6oc5d numerical protection device gpiog€e [goSdeax protection
B qfieodgee>  control $& monitoring 03860 coSee0rEREEENEYMEP:BAl §§8EMaSN
numerical protection device qpzoopS protectioni  reliabilityr troubleshooting & fault $&
00520056000 22gj053cV5qP3Al 8PS GoMEigSeom grdgP:adeuigdi§Edood

Numerical protection devices qp:s: generationi transmission §<§ distribution systems

Q2320305 §8EGloopd



Numerical relays qpzoopS micro processor 8aeol 0gEsaefgdomdisturbance recorder
qP20pC32084go0pd parameter qps30: record cp68Ea00d 3agiedsa(gE setting $¢ alarm qpsza:
c0pbs 320050007 [RS8 E(G: equipment 0o69005:sE protection qpigadcrbeacntsE[gtelope
006908q§ Gepropds 30500:c05¢000 Bma6dloopdi oyed[g&eoms setting ranger 38o3oqqr Low
burden o20pbgag05036[oE CT 6l VA 03 3a505:c0bam cd=ad[gselope opsoyefoda’
eogpoyjeedloodi relaying function qpssanind:ods: numeric value gpzefgd apdeaondloopd
6500538:609[gepd cBoge relay hardware, relay software, multiple protection characteristics,
adaptive protection characteristics, data storage, instrumentation feature, self-check feature,
communication capability, additional functions, size $& cost-effectiveness ©20p50303 eublgdlepd
Numerical protection devices QPs30: generation, transmission §<§ distribution systems qp:sgogcﬁ
q§8Elo0pS 6o058e000 power system protection devices qps3a0: functions gpagn(ge
90p5:00p5680005000:0k00p51 LesEE0S numerical relay gp:ogE protection, control, monitoring $¢
measuring 220§20p5qp:aan q§$EdaopdI QgE vl device gp:ei communication
c066800E8EGoRE remote control, monitoring $¢& data transfer 020p503c0p5: CloCdloopd
0o&:036000 relay gpsaopd precision 3a0g$eomEigs: 3205{ggrgedonean electronic product
qPgdloadloodi case codpmacgt: function eAlEqpigoean: copdogtioons(gtielops capital cost $&
maintenance cost 0303 electromechanical relay 03s& oopag€ save [gbeodloopd conventional

electromechanical relay qpseil 320:00:q/05¢p:320: micro controller 30%4gg&sy¢ relay o3



operating cpeodloopSi microcontroller sacgdsaadigiean relay qp:oopd 32004gjq comEigSon
00050050805005: 2005003l00p5

aB[g€ wotsadeoon device gpseil communication capability comEsg&aalogpé remote controll
monitoring $¢ data transfer o303 coSea0nE8Ea00laopdN GesaandyE electromechanical $¢ static
relay qpso30005 single-function $& single characteristics 03000 g§eoea05copds Gocddeom
numerical protection 030e multifunction $& multiple characteristics o3q§eodloopdi 3a§jean
protection c303€ adaptable characteristic gp: §§8E0m vopajgpsean system condition

60 aeoopSom input parameter gpzsaedl oaEoopd[B: protection characteristic qpez:
dynamically changes co68Edlaodi

Operation of Relay: CT ad¢ current signal sz I to V converter s20)ggjom 320805008@000 voltage
signal 22[gd efgo&copdicozdloopd

Load current $& proportional [§6coo ac Voltage 30z precision rectifier saads{go dc

00§ 03:3(9033 e[gpEac0pSe8s 00d9c0nd3eam input gpezan: CLHH$§EEY multiplexer (MUX) o3
BeeonCom vz output 008903 gieodloopdi

*  Microprocessor ¢ command signal gps30: multiplexer 9330 switch on co6c8eom circuit ¢

current 2202 proportional [gdeoo rectify cpSoonsoopd voltage 33(gd c0o5d gfjeodloopdi

Microprocessor Based Numerical Relay

EQC
Analog to
Digital -
cT Precision| L SOC
Rectifier 5 Lonveror A

1 Chanel Selection

Secondary oV Lonvenear Rectifler ﬁ r

Signal 1o Trip Circuit

Multiplexer (MUX)
Micro Processor

Multiplexer &l output 202 analog to digital converter (ADC) ad23c0sdom digital signal 0é 3a(gda3
q§leoclaopdi Microprocessor 20p5 ADC signal o3 start of conversion (SOC) saes{gE cosdom
[gpSéea conversion (46 696 o3 0deeoGiesn05 end of conversion (EOC) o3 ADC ¢ digital d6[gE
c005% g§dloopdn oBeso0d microprocessor 20pd vl data 30: pick-up value [g& §E:000lo0pd
:0005¢] input 2005 pick-up value coo’ [08:clon microprocessor 2095 desire circuit & circuit

breaker o3 trip cpSeozdloogd



Instantaneous over current relay 030R¢ [3j0oE2005¢05ac0n:e000 time delay odI§ad circuit breaker
2005 q0500qe5 trip ap68EAlaood Normal Inverse, Very Inverse, Extremely Inverse $& Long
Inverse over current relay o%og& inverse current-time characteristics QPs30: microprocessor )

memory 3203€ look-up table 3265[g¢ @u:§0m 38s000:3lo0pd

Numerical relays sood{gaCseh ssofqp:

Compact Size: Electromechanical Relay qpsoopd mechanical comparison device qpsgdom
0o&amaqodelopé relay qpisa: sagudsoon: 33[Benteodlaodi relay 0069 activation (g6
olgbadeom Faqi053: flag system 3229dgjom indicate cpd[oadloopSn Numerical Relay gpagaeoms
FgudmooniEsgé compact [gdom relay activation o3 LCD [g& p3$(go3cloopdn

Digital Protection 030005 sagudenonizasgé cooscoblogom function gsopdlon Analog Technology
320%4g[g€:0005 panel wiring s005a3056pogE0p5s 2a505:c05000 A3350k0dI

Flexibility: protection functions 33Go05qpsgpiaans software 0od9oopb:0pE cofegpaocd modify
0d[gEgE[gdeor valsel hardware opEgdeol 98ewrod hardware op¢ 3a5p5:c0dq modify
QOBE8 [eo qfgEdbocd

Reliability: component ag05:coda3000 3a0d4{g[gc:elopE 328053a38:qp: s0050905¢ $pdsdkom
32805323Csqps qo58:g 5p5:gE:elopE reliability o3o3:000be0mEsgseodloogd

Multi Function Capability: o:§e$0q) electromechanical $& static protection relays gpsc30005
single-function $¢ single characteristics a0o§eoo relay qpggdloadloopd operation cpbescrESEq
3203¢:32000¢20000: electromechanical relays qpsaopd numerical relay qpss¢ §Esondage
msgSiccSq §kogS:

Different types of relay characteristics: protection characteristics qps 8302 match cpSepogEaopds
eomCsg§om 0ol characteristics qpsaao: microprocessor e memory 8203E:038:000:3lo0pSH
Digital communication capabilities: microprocessor 03326[gdco0m relay gp:op€ digital
communication equipment gpss¢ 0380053203{g8EqS [gIrpGoonedloopbi Substation LAN (Local
Area Network) 320z fibre optic communication [§& §o5s0058Edlaopdi

Modular frame: relay hardware 03¢ sacguSonop Cv6ee0EEe00005 standard module gps
AloCAloogdu



Low burden: microprocessor 326[g§d00p5Seaonn5000:6000 relay qpsoopd instrument transformer
320305 minimum burden [gdeoclaopdi

Sensitivity: sensitivity [g¢wsGs pickup ratio copSsgSen:dloogdi

Speed: static relays qpsogC tripping time 20p5 2 cycle 9300p0d 0dc00d eaqpRsbign G§EAlaEN
Fast Resetting: Resetting cpoq§ o3eomE:dlaogd

Data History: fault data $& disturbance record gqp:03 §$€0laopb (1) Nature of fault, (2)
Magnitude of fault level, (3) Breaker problem, (4) C.T. saturation , (5) Duration of fault 0303
:2054g[gEsE fault qp2aan: 20Q63epoRE 36003 3a0gbedlodI

Auto Resetting & Self Diagnosis: Electromechanical relay qp:og€ relay activate [36[8se5005
dfanclfer0§ BoopSafoond voffespSes detect cotfbafofon cafiod autoresetting oo
o[968E3 operating person [gEooapSeeonE8EdlaopSi numerical relay 3o auto resetting
§REdlasgSy

Function cOlEsqpsgoaa: case 0od9onp5:0E00p503E:000gE:alopE electromechanical relay qpssé
£E:0050q€ numerical relay qpsog€ capital cost $& maintenance cost qpzo? save cp68EJ05N
Zero sequence voltages and currents gp:o3 processor 220382008 R0500058E0m a3dgp:
connection gps ©cdeadG0I

226[gd hardware 20p function gpagn3: geocos00pSlgdep protection function
008983003050 o8 0dgpiaan: Bo8axom eagpyfodgdeoagd

Loss of voltage feature 00pS 00908 9860208 33[g loss of voltage [§6080g8 relay ss block
cpeu§Edlaogdi

Numerical Relay 329%sgjepog€ [8edl 00056000 mn§aoodqiodyp:
Numerical Relay qpz20p5 function qpsgo cosgd:8E[gEs precision 38comEigs(gls 000p50303
c0:96:8E00pS1 coE:mag503e[opE 88eomntigean protection 08 gfeo8EoopSur wadcSeoui
Numerical Relay qp:oopb apdgodeiodqpiaan: saaqfesighqbaopdn Beadd codeozops
:20gEx[g§ protection 20pSuag€ 0o§oB:006900p05a3 protective equipment &
apSeemEgondengpaSogé interrupt pb8EqS circuit breaker qpisan: A3mb0gi05§esea0:07 woé:
circuit breaker o3&l sacg€me[g8 interrupt coE8EGE0RS: F§m0005 fevoopdi



Numerical Relay protection qpsoopS 00d8lood§oge non-proprietary software

360 386500p5(gdep 00C:32g052005 system =0z hack 2o0pE8Eq §§ 2o[gb§Eadieom

32 0d[gdesloopd

Numerical Relay Protection 032005 0068lood§og€ [gEog transient interference of 200566p05603
$qeoo5cpd: conventional technology 33a94gieon relay 03we ad3aqi050? wdonqeol

Numerical Relay Protection 20p5 common function qpssan: gjeo saaddgicloopdn adc8aopben
000303 common failure mode [gB[gEseloE volsaago5o005 protection element gpsgosad:
FPOYEE0056EPdG §euaopdi powrsdgE power supply [GoSeomodogsgls adewrod 30E3E:
signal processor ©20p503005 wopajgrseoon protection function gp: dlo€eoo protection device
00890d:3: :20pEep68Ecog omsaBiy [g§Eeuaopdi vofyoosnenogod equipment 30: infant
mortality stage ¢2a00p5:0008 sa[gEadieom reliability gijcoqs 320305 8&E{qepogt
32603[0J$¢ 2003¢Pgrc0n:qepd[gddloopd

multifunction numeric relay 00692005 three phase, ground, $& negative sequence directional
a300p05 non-directional over current protection qps four shot recloser, forward a3ew05 reverse
power protection, breaker failure, over/under frequency, §<§ over/under voltage protection, sync
check, breaker monitoring $& control 2005 protection function 10-11 §jzqi03 vSea0E§E0m
single function Solid State 93w0pod Electromechanical relays qp:o3 saadigepdeddon

S0y 0§od00p5 20505:02 § 500 Geo BEesnE[genseuedi

aB[g€ numerical relay gpsog€ communication coSeeonESEq sequence-of-events recording, fault

reporting, rate-of-change frequency, $¢ metering functions ©20p5 o3 system sa0pEs

90pd:0005 03000831000



Comparison of Different Type Relay:

Electro Mechanical

Characteristic Rel Static Relay Digital Relay Numerical Relay
elay
Technology 1st generation 2nd generation Present Present generation
Standard Relays. Relays. generation Relays. Relays.
They use
Operati They use principle In this relays Microprocessor. They use Microprocessor.
eratin
Pp_ ol g of electromagnetic transistors and Within built Within built software with
rinciple
P principle. IC's r been used software with predefined values
predefined values
. Induction disc, R, L, C, . . L
Measuring . Microprocessors, Microprocessors, Digital
Electromagnets, Transistors, . . . .
elements/ . Digital ICs, Digital ICs, Digital Signal
Induction cup, Analogue ICs .
Hardware Signal Processors processors
Balance Beam comparators
Electrical Level detects, .
. ) ) A/D conversion, .
. quantities comparison with . A/D conversion,
Measuring . Numerical . .
converted into reference value ] Numerical algorithm
method . . algorithm .
mechanical force, in analogue . techniques
techniques
torque Comparator
Depend upon
o There value may
gravitation and .
. vary with
Surrounding the value changes
. . respect to
Environment to the surrounding
. temperature
magnetic fields
also.
also.
Relay Size Bulky Small Small Compact
Speed of
Slow Fast Fast Very Fast
Response
. . Mechanical clock o
Timing function Static timers Counter Counter
works, dashpot
) Temp.
Time of Accuracy Temp .Dependant Stable Stable
Dependant
Reliability High Low High High
Vibration Proof No Yes Yes Yes
Characteristics Limited Wide Wide Wide
Requirement of . . . .
Required Required Not Required Not Required
Draw Out
CT Burden High Low Low Low
CT Burden 8to 10 VA 1VA <0.5 VA <0.5 VA




Reset Time Very High Less Less Less
Auxiliary supply Required Required Required Required

Range of settings Limited Wide Wide Wide

Isolation Voltage Low High High High

Function Single Function Single Function Multi Function Single Function
Maintenance Frequent Frequent Low Very Low
Resistance 100 mille ohms 10 Ohms 10 Ohms 10 Ohms
Output . > 20 Pico > 20 Pico Farads > 20 Pico Farads
) < 1 Pico Farad
Capacitance Farads
Deterioration due
. Yes No No No
to Operation
Relay .
. No Partially Programmable Programmable
Programming
SCADA .
. No No Possible Yes
Compatibility
Operational value . . . .
o Not Possible Possible Possible Possible
indication
Visual indication Flags, targets LEDs LEDs, LCD LEDs, LCD
Self monitoring No Yes Yes Yes
Keypad
. . Thumb yP . .
Parameter Plug setting, dial . for numeric Keypad for numeric
. ) wheel,dual in
setting setting . ] values,through values,through computer
line switches
computer
Fault Disturbance . . . .
Not possible Not possible possible possible

Recording

Relay qpsei ANSI ¢ 2005¢05000:6000 2aepdyp:

No Type of Relay

2 Time delay relay

3 3 Checking or Interlocking relay
21 21 Distance relay

25 Check synchronizing relay

27 Under voltage relay




30

Annunciation relay

32 Directional power (Reverse power) relay

37 Low forward power relay

40 Field failure (loss of excitation)

46 Negative phase sequence relay

49 Machine or Transformer Thermal relay

50 Instantaneous Over current relay

51 A.C. IDMT Over current relay

52 Circuit breaker

52a Circuit breaker Auxiliary switch “Normally open” (*a ‘contact)
52b Circuit breaker Auxiliary switch “Normally closed” (*b’contact)
55 Power Factor relay

56 Field Application relay

59 Overvoltage relay

64 Earth fault relay

67 Directional relay

68 Locking relay

74 Alarm relay

76 D.C Over current relay

78 Phase angle measuring or out of step relay
79 AC Auto reclose relay

80 Monitoring loss of DC supply

81 Frequency relay

81U Under frequency relay

810 Over frequency relay

83 Automatic selective control or transfer relay
85 Carrier or pilot wire receive relay




86 Tripping Relay

87 Differential relay

87G Generator differential relay
87G T Overall differential relay
87U UAT differential relay

87NT Restricted earth fault relay
95 Trip circuit supervision relay
99 Over flux relay

186A Auto reclose lockout relay
186B Auto reclose lockout relay

Transmission & Distribution Lines protection o3og€ sao¥{gjeoc Relay qps

No Line Protection

Main-I: Non switched or Numerical

Distance Scheme

1 400 KV Transmission Line
Main-II: Non switched or Numerical
Distance Scheme
Main-I : Non switched distance scheme
(Fed from Bus PTs)

2 220 KV Transmission Line Main-1II: Switched distance scheme (Fed

from line CVTs) With a changeover
facility from bus PT to line CVT and vice-

Versa




3 132 KV Transmission Line

Main Protection: Switched distance

scheme (fed from bus PT).

Backup Protection: 3 Nos. directional
IDMT O/L Relays and

1 No. Directional IDMT E/L relay.

4 33 KV Lines

Non-directional IDMT 3 Over Current and

1 Earth Fault relays

5 11KV Line

Non-directional IDMT 2 Over Current and

1 Earth Fault relays

Reference:
= Handbook of Switchgear —Bhel

= Digital/Numerical Relays -T.S.M. Rao




