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ADBERACTE

Ti81804ng on enwlino digital computor to porfora POl OC.
¢deny cwatehing ond Gata colloction fumetdons of nodorn Bh
volteno Sronondsoden oysien 10 otiracting attonticns

o ddon of computers for prisary protoeticn 40 olrecty
drowss cie Fho 44fforomt cothods of couputor aldod proiogtion
oexHeD ¥ho ovordurront, undor woltago, frm@my and irpodanco
polayd 0P Govelopods Sho problon ot prosenty vAth thic opoeific '
oppiieaticn 46 that the computes oompling rote rast bo vory high
4n opdsp to provide rolichlo teigping cignal within enc eyele after
oomlt fndtdntions Tho oultcd Mno muot bo trippod very £o0te
thur o oitustion calls for o vory high opecd and rolicblo
eHUL O, |

B3 to oony adyentogos roculting £reo tho uso of
comutor fer ppimry prefoction Mo adoptablo roloy charactoristied,
srmity eon cpupdous tvonoionto and high Srogquoncy coEmencat oy
thoro Ba0 hoom many ottoopto mado roecntly to ndopt on=1ino digdtold
compuicpo for oycten prirary protection 8chonoss

Fo Gipitod protoction Oycton dotoks o POYOR Syoted
alotodenco by eorporing the lateot cob of corplod dnto with tho
eorrooponddng cot obtadn fecyelo carliory 4C onrplo GiLfors CORO
o o oot apgemt, the foult procosting pregrarmied OFC ool 07e] Y



(21)

Tho $rmlt procoocing progromso0 have on olgoritho thot dcdormines
eho ¢ypo of frult, o Powtino that folocto tho volbogo and everant
e-dinctions for foult ealeulntion,

Sho prcoont discortotion 40 o eribiead povioy of
cneohcnsive pretoction of high woltnge pouce tronordooion 14n0
vaing caelino digital eoputory ond to indesto tho Lonoibildty
of ¢ovoleping o cooplote protoctien LEhCI0e

In proscnt stoto of ort, eorputors aro opplicd for
Both 07 cad GUP 14no vork on povor oyotcn, The primasy protoetion
by exaoutops nppoors te bo leag wvay offy hovove bacletp pooton-
2407 ond owtoontie suitching control by the dasﬁza& csiputern
arpooe o bo prmiaamm

Tho rolaying trends vith digitol compakor unoro
finpGuoro eoot for a given lovol of capacity e boca drepping,
oA vhoro ooftuvaro application omd lLnowlodso had bOCn atvonednsy o

hy proccat diooortation vork 40 ottepiing to
0450 ealy noy 4doso for opplication of escputors for tmsnszsa&m
3400 presoetion nlons with hov to dmplocont 4t
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Tele Zn0p0duoticnt  Tho pooodbilition of wtiilicdng on cie=ldno
adnital exmubcry Co porform protostien, cvitehdng ond @ato
eollodsdcn Mmebican of oodomn bigh voltopo Crontnicsicn Cyotcd
cad cudcictiono io otbencting ottention, OF Choso Amobions
proteciivo z*owﬁm 10 1ikoly the moot ozcobing Snteopmo eopulop
hord&oro of foedlitioo cnd opeod, Hoatofollop’ proposos o

o for protection both intoranl
(tponoforoors, buskaro) ond cntornal (trancnicsien ldnmco) to
cubotebicne Tho dncronoing £ige, capaedty ond complonisy of
pouor Cyctenng tho nogossity of highly roliableoy someitivo cnd
oologddvo hirh cpood protoction sehemo 4o vwidoly £olt, Hovoves,
4¢ 40 nst pooosblo to Ootdcfy thoso roquiRrcrnts with conaventicn=
0l rolryinge Pogontly o gopd acount of vorkk hoo bocn dono ©a
Covoloat of high Opced Polayo with tho holp of oloetran
eireAtice |

Docn wieh thoso oophictieationo, 4t 16 mot pessible to
aehiovo (o dnodpod nccuracy ond ooloctivolye. [hum cnd
torracsn @'Y havo esmecntratod wpon tho protceticn of tEcace
aaooicn Vame Wy digitel espuior; uf pasd of o largor projocd
oobiraeln o ¥enno of cubctation functions,



ino corliop vorhk esnecatroltod oaly on tho devolopmont
of o indiviGun) protoecion sdico O oiny rathor thon a
eorpicte protoction syokcn for tromocdscica ldno. Gno Coro
drav=haek of tho procoat eolaying oche=o 4o o Iatéo ocount of
bulld in rodundondys vhich unnceonoordly Ancroanos Tho protoction
pycten ¢onta

It 40 folt thot the codogn on 1ino storod progran
alnitol comUbors ean offor o bottor colution teo ovoreomo
thoco problons exparcd So ¢he proocal doy oyctonsg ¢hoee
coputers offer ottroctive corpoetnoss and Flonidildty ond with
tho Govoloprent of oodorn hardware toehnmology, its cost uvill
nico go downs Cuch onelino digitol coxputors ard olrcady boing
usod for varicuo oporaticnd in UBLOFA POVOP EyLLeuo, dut 1t
ponndno ¢o use then for oycten pevtogticn.

ith o vicy to 0otublioh moro firoly the foaolibility
of 4igdtol eocputor Foguircoomo foF tho protoetion, not only
for o oinglo 1ino but oloo for o OFOED of trantoioodon iincs
4n o ocubstoticon, the progran éaoeribod hao boen codod for o
concuhat core poecnt esnRorn valch dncoppopetos como of tho
footupot found to Bo donirnblo. Tho objoct of sooeareh projocts
10 to dovolop o practical protociicn oyocton by tho ddpital
tocimiquoo,; ucing Pondily svoiloblo Gasatal hardwnrods Iho
bonfe Polaying clgordthos vors dotvolopod ond tostod vith
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digitolly ciculntod dotne lotorp o cocputor and data acquioition
couipoent voro obtaincd for roalisine protoction of tho digital
oyoteon on troncndocion lino rodol 4n Inboratory. %ho toot
roculto 4ndicato the foooibility of doveloping a comploto

tuo torcrinagl protocticn Cyoteie

126 Digitol mothods for relaying

Thoro aro throo @ fforont vehomes for tho applieation
of Aipital euputors dn tho povor cyoton proteation.

1 « T0 inntod o spooinl purporc cosputor for oneh
ntotions

2 = To uso otatio rolayt fop foult dotection and o
cooputor for docioion making,

3 = To uoe eentyally maea cosputor for fult &ctocmm
ond Gocision naltinge |

In tho fiept oehcsio, vordous cignalo £roa tho dosirod
logation aro fod to tho ‘Msh opoad AfD convortor, output of
- Anndog/Dingdtol 45 fod to digitnl estputors Tho computor
¢aloulaton from theoe onoplod inpubt, the poak curront,posk
voltonog froquoneyy phooe onglog poucy on oach 1ine otee Ones
Lhoro Taluod ofo Knovn ony tYP0 Of Polay; OVOr«Ccurront; ovors
voltago, diroctionnl, impedones vadopefroquoncy ond £o an com
Bo odmylatod with tho holp of approprinto coftwmro,



Prao tho avai Inblo dnforcaticn coiputor doeldos tho
Cypo cnd locaticon of fhult ond Coips tho particular 14no,
1206 of tho rolnys eon O gonliced vith conventional eritorics
Eovover dictanigo polay nocfo diffopcat opproach to utélioo
tho ddgitol tochmiquap %o ull extonte Bigitel nothodo aro
given ¢o éstorine tho dppodoneo ocon by the rolayo.

ho line currcnto and voltoges ore fasplod, oiculioncoudly
0 to 16 ticos por cyelo (k80 to 9GO sarplioo por socond) by
tho datn anenuicition oguipomente Zho Corplod date 40 Qigitizod
ongd oatorod direerly into tho of o coputor for
procoocing by tho protackicn proprenes 0 corputer 40 tho
ccaputotionsl unit of the oyotcy cnd porfomms the foult
calculotions ond roleying 1033C.

T digieal pmﬁa@:&uh‘ aycoen dotocts o povar oysticn
achurdonce by compardmn tho lntoot oot of carplod data vith
tho esrrooponding obtained ono oyele oarldiar, Xf corroopinding
cot obtodned 4lfSero by ’ma thon o Cov ooounty tho fould
proceosing proiron ofo enocutod, G0 foult prococoing
pEaarean dncludo an algorithn thal dotopndnes the foult Lypoy
o poutino that sologto cosbinnticas of velteogoes and curprentso
o bo uced in foult ealeuvintion cnd tho bosie feuls calevintion
alpositho.



- %ho digital proRoetion Cyctod uoes o azmc%m; -
cocparicon bloshing sehicoo for 460 (eipping logics Usually,
povor 14no caprior providoo thy cootnicstion link botveon
Lorninals, Tho ¢rip deogde wiidisocen By L valuop &n dordivoed
£eon tho foult ealculntion nlgos'ﬁﬁwg' dopenddng upon tho
rolativo poostion of tho By L valuno 4n tho rolay eharactoristic
cppsoprinto acbion 40 tokens FoR phascsfoeground foult, o
gore=goguenes diroction routine 40 addod to dotoragino tho
diroction of tho ground foulte Zho dnformation provided by
this poutine 4z ucod to nosure Doro #elicklo protection uwhon
ground foult occeurs vith bigh foult podotoneos

953+ Application of esputord Vo docdolan makings

The preccat rolaying oycbend havo dbuilt dn
rodundmney bogauso 4% 4o folt thot the Guplicntion nluayo
dtprovos relinkility. Yo hove eorrdor rolaysg oSuporviocoed by
dictonco rolays which te 4n twtv Bacikod uwp by over cusrront
NileyOs |

Tho problico poood fn thio coction 0 - X0 Lhowo
ony lozdcal vy to Ony thio Se¢hicao of protoction 15 optirl
ono for ¢ho oycten? %ho logienl ¢anieo 40 froomppiiention
of @ocioion thoary to the cutpito of varioud polays. For o
particulor typo of foult ond lecation, oll tho rolayo can bo
noighhoushosd of oycten give oy €0 of the throo following



Anforrmtiont
o = Yoo s thoro 10 o foult, tefpths ldno
b« Ilo s thopo 40 o foule €9 Rot trép the 1dno

o = I's dnforaations the Poloy eon not decido, vhothor
thoro 10 a frult oF nobe

Oroeoinl Lypos of corromion codos nvo to B3 dovoloped for
" ¢tho cucesooful troncriooion of thoto oignolo.

The above inforoabion 48 given by cony pelnys oineo
o hove introduced redundangy in tho sycton. Baocod on thio
cmm»@m vignaley o doeionion has to Bo Salion Pegarding
what to do vith tho oystone Thio roquires docition cakting
connolog vhich gots ponden inforoation from vardous yelayo,
proceco theng zoaduro tho wneortolnly ond condo propor oignalo
for ¢ripping tho idnc, In thic ogncte tho digitaleccputor
40 uood at £innl decdoion caking widts A0 toon at tho
convontional yoloy dotoct o Laulty tho computer 40 complctoly
used for protection only. o tho potonininn porfod vhon
cyotom 46 honlbhy, tho ecotputer can Do utod for variouo
PUIPOSCO ¢ ‘

Te3.1 = Contnlioed pretection ocherd uoing eoputerd

Thio syoton 45 havof en ¢ho nosurption that highly
Polichlo coommication ohinmols aro ovnd.odblo. In thic ocheso
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only eno genteally loeatod esoputor 46 vCod to vhich eontimoud
oignole £rom oll 1dnoo oro fods T oignnin £ron tho recciving
cads of tho 1ines aro olro browshte. o thio eaprier £ro-
qucney line comamicationy ARt e’ftcmela oF lnoor BoaO
enn ho utede %Tho oporation of thio ochcio 4o oiodler to

tho firot ocacso and ony Sypo of poloping funcilion ean bo
realicod, oineo tho fnfornation regerding both ends of the

iino io ovailabdblo vith She exputor) Choroe 40 no nocoBoity

to roalino o dictanco pelay dioracterictie dnthio scehenes

In ocddition to just oonding tripping ciganls to the foultod
3inesy the cooputer aloo ottioatos tho bohgvicur of tho

Pobt of tho cysten vhen thopo foulted Mnoo oro pemoved.

If the syotcn 4o 1anoly to £oll cul of stopy tho
ecorput oy sends corrocidng oignalo to Inhibit tho dovolopuont
ouwingde The oone copputor con 0lco Bo wood for regording
the pre=foult ond postefoult dnfornaticn, wiother thore 3o
o mal oporation of tho gyotcm.

Evidontly to porforndl t¢hero fumetions onelino
ot sueh high spoods Poquircd for protoction o rcasonobly
largor high pwor‘ epood ea ptor 4o mwmda In oprdor to
cnouro £ho cafoty of the ogoticm o baro mndmm of conventionnl
backewd Folays fire providod and normally tho cezputor providon
the primary roloying vith Cho advent of »oldcblo and ccononicdd
toeimiquoo of feoz:nmicntﬁm this ochcaa cay provo $o bo roro
16onl enc,



1et5e Coiputor controls

7o povor oyotcn oporntion &

iho oppliention of cooputors o tho powepr oyrten
opcyationhay boon diccuocod tmd beeouco of relicbility of
eomputor oporation and ito ability %o indtinto o porticular
oporpbion in cortoin soquongo vhieh osn ho proeprograrmed
tho eonputor contiol hao beeosd mandatory to porforn escplon
coorcbicn. |

Tho pom ratos m;tm: up cnd chut dovm 40 ano of
cueh oporation wioeo tho enelino cooputors oro boing ceploped.
Tho orme on=line eomputer ean b voed for condtoring ond
ehicelr up of vardoud gyotca conctrainto 1o teoporaturoy oyoton
proocure, boaring oil proporédcos cnd fnitioto sn oloro of
ohut dowvm doponding upon $ho ototo of ewdwgoneys Sindlarly
computors oro alro uwwod for cutonabie goacration eontrel Co
radntodn cyoten froquency end goFtoin tiowlino loadingo of
preecpoedfiod voluoss $ho Ocao contpol ¢an olco bo ucod to
benodulo ganesction ot difforcat obotians to mEnimioo ¢ho
ovoroll epste In all thooo oporabicn $hoe gystcen variablo
chonso oloviy cnd tho ceoputor 40 poguized $o cpan the input
datn ot ronsonably lov Oorpiing poto o thot botwoon tro
oarples thoro 18 ndoguato 4o £op ho cocputor to 4o tho
roguirod caleulntions end to pivo cub tho reguircd eontrol
oignailo. Tupthor ovon 4f & o ony Poocen Cho epoputor 4o



cut of corvico thooonunl contiol con bp ropozted Lo iomodintely
vith no COrioud connogucnensSe <his 40 tho easo vith rany
proconc control coputord,

falbet « Pritnry prooction vith ca-lino cooputor:

Tho S4on of uwoing corputors for primmey protoction
15 alroady brought oute %ho difforont nothudn of cozputor
nided protoction achemos Aiko ovorcuraont, vndomvoltago,
Progqueney ong iopodomeo Poloyd oo dsvolopede Tho problen
ot procont, with thio cpoedifie applicestion &6 thot tho
coputor Soopling rato outt bo very high 4n m'ae: to provido
o rolinbio tpipping signol vithein eno ayclo aftor fault
initintion. Purthor tho poncibility of going to monual
‘control in caoe tho corputor £odlo 46 not thore, o ¢ho
faultod linc cuct ba ¢rippod very foot, Thus this oituation
¢allo for a vory high spood cad Polisblo ccoputore Howovary
Guo to omny advontozoo fotulting £ron tho uste of coTpubter
for prinary provoction 13ho odopltablo solay charagtoristices,
Arrnmity firon opurdous troncicnto ond high froquoncy cotiponcatoy
Lhoro had Boen nony 0LLC Lo ando Poscmtly o adopt onéma
diitnl epvputops for oyoton prinnsy prm»:zeum' cchonay 4%
chouo the rocont dntoret? dn thio Giroction and hov tho
ecorputor em B0 utod for pricary piotoction.
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T8 » 0L%=3in0 protoctiont

In cddition to Sho oa=lino opplicationsdy thore aro
ooty offe1ine opplienticas of tho esaputors Lo tho posuor syoton
peobico,  Coao of thuce aro load flov, ohort elrenit; otnblility
cad poliobilitys Sineo thoso arc not ddroetly reloted o Hovor
cyctco protoction dotoilod giocussicn ¢n thevo tepics vidl not
L2 Soken vp hoPos Tho eo&m&geﬂw amﬁmm undor vardcun typoo
of criapes tho cyotesm nesossncat 46 aloo one of tho Acporiont
offeline applieationn, |

$obe3 = Bachwup pmtﬁqbﬂmn

Use of coputors dok dack-up protocticn @ocoRvoal
sorieun msi&amtm, cinac this cysten eon oporato olovly
tho cocputor hae onoigh tims o tnke nogoscary eoupudaticno to
porit 4colotian of tho foultos systex. IMs ie on doportont
CODCGS 0f tho cccputos 0fdod back up protostion, Plonnod Dadse
o OFAp 40 nogoosary, comutoy eon olse holp dn ropouting
{oootardng 9 the supply dn coorgendy by autesntie pwitching ob
mmﬁﬁﬂnﬁw

TeJe Gomoral peoaxics

Gineo one-lino 440itnl coxputoro oro alrendy
Bodng usod for vasicun oporationo dnpover oyotcas, it 40
FOI% Shat Chore 40 no Ponson $0 bop 408 applientican Lop tho
cyotca protocticn, In procent otobo of opty computord oro
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both for OJ ond OFP lino worlk: en potsor Opotont. Zho
prazoetion by computors oppoars $0 bo ioag vy offg
badi=up pro2oction ond automntie ovitching control
Baitol cooputors appoar to bo PEOULocing. Thoro oo
moéuloo nmi:iat‘w, foar opoeifie nopodi of protacticn.
it pocoarah vorlt dn thio oron 10 attopting to givo

! 4dons fop applicntion of computors SoF trononission
Rocgtion along vith hov to Luplonent ite “hoto worko
wrtant guﬁ:ma for protoction ochomon of futurc. Tho
rolaying techniques, collect the oomplao of 1line

1 end voltoges ot high ooripling roto by Ante oeguisition
ite %he sanpled aam 18 dlgitizged and progouoing is
conputor by the protoction progran. Tho curputor io
wtotional unit perforns foult ealeulabions ond

} logdes Ghe fouls colculution algorithn dotermince
Rrical location of fuult by oaleviating cireudt

wo R (reoistonce) ond L (dnduetoneoles Tho @iffital

lon syotom woos o direoctiennl cocpoaricen Dlocking

for tﬂppiﬁg logice The dipital protoetiom cyostem

o pover syctem dinturbanco by cooparding tho lotest
oepiod dato with ¢ho wm&wn&ang oot obtain Y=oyelo

y 4F oooplo @iffero pore than o oot anounty the fault |
Ing progeaces oro enceutod, The foule psoecvning

~43 hove an algorithn that Gotorcgncc ¢ho typo of foult,
10 thot 5olecto tho voltage ond cusrant. esodinationso

1t ealoulction and tho basic fimlt ealeulntion nlgorithle
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CHAPZED =

EDR _PROSECRXON OF TRAICIROBICH LINBG

2e%s Conorals

A dlpitel cycton to coplcioldy ovorlsy o povor
oysten 40 of euncidoroblo intoroot oibeo 4t could provido o
fooility to momitor, econtrol and proiect the poucy Syctem ¢n
an dntogrotod snd coworddnatod baoice Shio uoo of digital
eooputors 4n pover syctome fer dovn logping ond anelysio,
alorn progocoing, contigoney cvaluotion ond cecienic dispotch
20 voll ostabiished, oo vorit hoo boon dsno on pover systen
digitol contyol. Howovor dntorost in tho nros of digital
projoction of tranopicsion lines hno occurrod to ¢he cxtont
of a triol imtgmmtimmﬂq"ﬂ%m, |

The cadn componont of tranotnicocica line pretoction
40 tho impodanes roloys Sineo drpodgned 40 $he complon valuo
of tho phyoical quentily, cusront o voltogo, by Soopling with
Lo orthegonol funeticno of the vartablo SARO. It 48 tho
purpoce of this choptor to oiicoins Coo of tho orthogonnl
pmetions puttabio for digitol rolay ommpling®y ond to compare
tho oothedo chooon to tho proscatly ucod by tho enalysit in the
froquencey dcmﬂnl' « e ovithogonol funcbiens udod are a oanplo
ond 180 dorivativo, Othop orthogenol functicas and cocond
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dorivativoo of o voriablo with ito intogral ore osthogonnls

2.2, Nothod of onalyclos

fSarpling of o function can bo definod o taking
5 woightod womm of oemo phyoienl quantity Qvor o norroy rongo
of vorisblo. This 4s nlso dofination of conwolution, Convolus
$ion 4n tive domnin 48 onnlogous to multiplieation in tho
froquaney donnin. Thorefore, to dotornine the offoctoc of
samoling of a phyoleal quontity ovor o licditoed pongo of
vorinble,

The procoturo ie o8 folloust

e Transform tho function of tho physical quantity into

2, Tranoforn the funclion of onrmlo variable inte the
frogucncy domain,.

3, Multiply tho trensfomo togother to obtadn the requency
spoctyun of the sarplod function ond oxendno this
chopt Pl

243+ Myoienl quontity tranoforns

| Durdng tho noranl oporotion voltago vit), ond
tho eurront .1(t) con bo doseribed by cinuceldal funciiono

oo follount
v(t) e Uy oin 288 1)

$(2) o Xy oin (2 ALS =~ (1) (2)



b

vhora t s time
Uia 10 poaok voltago
Iy 48 pock currcnt
§ 4o froquonay, cnd
¢ 48 phaso lag,

Rovover; on occurnneo of faulty a dsee component cnd haorconics
of torrent avo Atkoly, For ghort dupation aftor fault tho
current 5?&) con bo appronimmtod as folicucd

&33,(.2') @ x&ﬁ% % Im gin (2 Wﬁ's# g e 13 Cin(6 it -~ §)

whore
x& e, 1o d,cs coponont
.-23 10 thipgd haronie «anud obovo third harponio
are ifgnorod, '

The transform of thic oguntion (3) tho gonoral form into
roal and dmapinary oxio tranoforms nre chowvp in Figuro 2.1 {a)

| Thoe funotion 1o cenlod © thnt tho lcagth of perdod
in 1, Thoroefore 4 on the {rogquoney ocalo Ao ogual to 60 Hz,
fneo the magnituds of oach fyoquonay dopendo upon tho omact
syoton analuceds tho eooponento oro Chuwm £6 counl eno for
11llsoteativo purpotc anlye
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_% -& th ' 3, FRE®Q — -:->-:=c
ca) Real axrs \ :
| - L

ca) COSRIAC

e = .

i'- e
ch) Umagimnary AXis - . . \
) (4 '5
FIGURE _ “,2:_ ,1
FAULT _ CURRENT. _TRANSFORM. ~/ -4

cb) SIMRX
_ FiGURE 22 |
Time Domarn onthogonal
tu-nct-c""’o'ns.

2.-3cp) FC8).
F/6¢URE 2’5 FOURIER TRANSFoRM

OF SINE COSINE F UNCTIONS - .
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A short 1iotod oot of oxthogennl Sunctiont oy
bo ¢hoccn o Andiuds tho followvinsgs

1. C4no ond econtne functiond
2y 084 ond ovch fguarc voves
3« & wnlue ond ito dorivativg {drtogral)s

omalysis ond tooting 46 lmitod o Shooo ¢ason,

245,71 = Cooino gino Qunetionos

Foy dncorpurcticn 1nto o snmplo oyoton for computor
roleying the longth of functicn in the tire doesnin muct bo
Jiottcds Uneo tho 60 Hp fopodanes 10 to bo utod tho pordod
from « Tto »Z 46 % cocondo, Tho caro function to bo
tronoforcied 19 gives 4n Mgure 2,2(a) and 2,2(b). |

Tho feupior transforn Fﬂtn) of eao Ky 46

, | 4T
Tylo) o fmaxn-a" 2 o8 gy
-T

{4neo eon 2 40 on oven funetion
+T |
I?Q(m} © fqom-x;: . cog 2Xns.Gr
- :

Prel triponozotMe 4dentition abovo cquoticn boeomon
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2 f(8) = doos2xx(me+ §) ax + & cos 2xx (awd) ax

So1ve v (o) sin 2 RTi{asdd sin 2 X T(o-%)
e a ‘rRTiavh) 2 "C{am)

from acaling ve have
& that

¥ 5] w & sine 2 (e+h) * 3§ sinc 2 (o~§2

whero sin RE
adng 8 =
F

- The Fourter transfar rau }of stn x 1»
+c
¥aln) w j sinxx " IPTEY g
-z
Binee ofn 2 s an ofdd fNmotion

+T
Fla) » fs singx -5in 2Axs - dx
—z '

‘Dlm'g
28n 2 xtfa=}) sin 2 xiavd)
?.(t} - 3 w  § T e .
2R T{and) 2 x Tineg)

which 48 written o
ri8) o 4 stno 2(aed) =3 sinc 2 (eed)

(5)

i6)
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Paunticons {5) end (6) are tho Fourdor tronoforno of thn o
de~dn funetiono rhotn dn Figuros 2,2(ql and 2,2(bl,

2047 = Jamplcd function froquency opoctrumi

Lath tho chengo a:aé’ vorioble fren $ to £ zultd-
plication of the componcnto shown n Pigures 2.9(0) end Fige2.3(0
givo £ roal oM YOQUORCY Spoctrun obtoincd by using tho
cosine funetden no a Sonplo functicne Figure 2,1(b) and 2.3(bJ
glve the roswltant lmagénary amie spoctruz. It shows thob
cocino oine funotions haveo a high rojoction to de cnd to
hich crder horpondet. liniting tho longth, hovevey, fioltono
cad owifse the froquoney opoctrun arownd tho fundnmentol,

Tor thn ecosine ond cign wvovoforns the dicplaccuicnt 1o o
froguoney 0lightly abovo or holoy 60 Hp rospectivoly.

241542 = Bvea ond odd Oguaro wavos

Tho ovon and odd waves chova in figuro 2.%(n’
pna 2.05{b) erc orthogenal ot 6O Hs. Tho Smportoncs of thio
frietion in corpuler rolaying 40 that ronl ond feogdnory
earnenents ©f tho physciesl guantity somplod oro obtodncd
thrcreh addition rathop than oultiplientions %ne Fourdor
trpnogorn, Fo (o), of oven cquaro wavo 4o | |

% +% B

I?O(O») o f_, =32 B 4 q,f @"327‘@ . A ..f o~ignen | 8
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Cquapo vavo comple and current tyenofornos

Heh o chango ©f vardadblo Srom 6 Lo £ convoluticn of
OQUARe WOvo somplo and gupront vave 316 obtainod by multiplicnw
¢lon of Pige2e§ and Fige2,1, Tho roal ond imaginory
caponents aro obtadncd froothese twe Figusos by taking pamio
(o) cnd (b) roopoctivelye It ¢on bo 0pid that the oquaro
wavor alce hove o high rojoction to de and tond $o 1init hich
ordor harmonies, Althoudh ctteonustion of hamonic 20 14mited,
e rolative capnitudo betvoon $68 Ponl ond donddnnry coponomto
10 appronimately cquals At 60 Ha the por unit cagnitudo 1o |
grootor ¢han 1 60 & result of the sampling tronsform. Thuo
ahoelinto valuos of curront snd voltage are offoctod vhich oy
roquire Fosoaling of tho anolog dnputs,

2eke3 = Camplomderivativo functions

Tho sampm«ﬂmimuw funetion i bacod ussna Sho
pinedpio thot o phydienl quantity 4(¢) s onprosred oo,

i) e I oin (@K = ¢ )
hno on opthoponal dorivativo, $1¥(t),
' t)e 2 2.3 coo (2KSL - B )

a8 39(¢) con bo ovaluated 4n tho disoroto eaco fred o
dgigfopontial ogquation,
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svaluating

sinx5Z

. sin 2R8C
Flei=» 2T~ : ,

xXalT R8T

Further simplication gives

r,h: w2 8in e8 = sine 28 B Y

e er tronoforn, ¥ (8) of odd square uavs is
| o z
¥ ls)w ‘f; emi2nox o, 4 fa' §2%8% 40
o ). J
Rouating equation becomes

-3
2in“ x e T
F (s)e 2§ nil)

Ret

Esaplifying for Tw 4

sﬂw w e« 2§.8inc 8 sinxg (8)

Bguations (7) and (8) are Fourisr transform functions of x
domein functicons shown in figure 2,4(a) and 2.,4(bJ,

mé- tranoform are shown in figure 2,5(a) and 2.5(b),
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Uguaeo vovo comple and cuprent trmmoforoos

Heh n chango of vardablo £irom 6 o £ econvoluticn of
oginro vovo oomple and curront wave 48 obtainod by maltiplienw
$ion of Pige2.5 and Fig.2,1. Mo roal ond imnginoyy
evzponento aro obtainod froothese twe Figusas by taldng parto
() ond (b) roopoctivelye It con bo cald that tho Oquaro
wover olce have o high rojection to de and tond Co 2ioiC high
orfor hasmonies, Although ottcmustion of hosoonic 1o 1indted,
&4 polative mapnitudo botvoen 466 vool ond masinary compononto
30 nppromamately oquals At 60 M the por wmit Dagnitudo 48
grontor than 1 ad o rosult of thy oawmpling Yransfort. Zous
ahoelvto valuos of cupront ond voltoge are affoctod vhich iy
poguire rosealing of tho onolog dnpute,

24be3 = CLamplowderivativo functions

Tho complo-dorivativo function L6 barod upsn tho
prineiplo thot o physienl quantity 4(t) 1o onpmosced ol

ie)e I oin 2R =@ )
Boo on orthogonal dorivotivo, 1'(t),
29(t) o 2 2.1 coo (2KfL = ¢ )

cad 3%(¢) con bo owvaluated in the disercto eaco frea o
aAgfopontial cavation, |
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¥hin 40 on doportant function 4n esmputor roloying
for muder of voatons, ¥Fipstly, it 1o fho preecat oothod
opplicd inproctical opplicotions, Socondly, oniy progcnt
- onf dcseddatoly precoding Oamplos aro roquircds It chould bo
- noted hero ¢hot modifientions to thio mothod tay foquiro
Lhred oF Coro aawploa. lone tho leos tho numbor of serplos
wqm:ma 40 tdniml, Ilastly tho dotermination of instentemoous
ﬁ.ﬁm&:‘mca vtilises o otraicht forvard tochnique, Ruaning
suan ond ouch técmiqum oro rogmired to obtain instantoncous

dupodanes in all atmw samplo functiond congidorod.
+T

oy the equation ﬁ’ﬂmi w| coRRTE.0 ~Jaren dz hao
-

it fron « T to + T,y the 1imito of intogpotion are oxtondod
to eover tho dnterval £ron » @ o &+  The posult 45 tho vold
e i?ouﬂw tranoforo, Flol, of the function f(z) © ¢ T

m) n/ COORYE « O =2 RO% on o x(0)

. Tho tromoforsy 46 shown in Figure 2,6({a) end (b).
As n fnercatos 6 doeroasos, for ceo, fizlel

0
I?tn)a/ I ROE 5in)

£{s) m/m R 40 & §ie)
s +
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Shio oguation 40 chovn dn Diguro 2,7 and hopo WKL) e %
(&) 4coises o wnit pulse vhon € © o,

Tor on sopuloo ot ¢ € vhore € 10 cnall valpog ¢ho
LtPenoforn pnts 38 ghoun in Figuro 2.8,

£ (8) 10 intorprotod oo o farple functicn, for & foamplo
intorvnl fa' that 40 disercto, tho tine function con
bo cuppescod oo £48) & S{An) |

Undce tho ctndition that

fin © ¢ =« EY whoro kﬁﬁg "193.;'@@&-:0&

ouch that o nag T wnore T 45 tho porded,

¥y Pourdor ¢sanoforn nfg&m) of the dloercte somplc
funciian, H{nn), 1o

dnn} = eon (nang)

ho corole valuo of tho cuprent, 1(C), ao oxproocod ean bo
noy vPltton aty

1ls) o (no)

ond ecn o evalunted in tho Lfroqueney domnin by auitip}.yﬂma
tho Cronoforns of thoe fHimebions ouch that

oot elT »feo g'
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Garilarly, the tranoform of the finito difforenco oguation
40 ovnluated, - Toking the trancform,
Moly of f(o) = pinK2zn

‘o
_ | =32 x 28
o) e /aﬂ.n'm o~ "‘ B 3 X,(0),
Yoo

Fhio Cronoforn palr 48 chovn in Piguro 2,9, It thon Sollovs
for n ghargoe of variablo

P{t) o sinxt

el o § X, ()

The finite differenco of £(4) token over an intorvol

AFE) B  £(tsd) = flted)

But thino 40 function choun 4dn Pigure 2,9(b), co that
tho fdnite difforenco 40 ¢he oquivalent of convolution,

That 40 Af(e) = I {e)o £(t)

Coavolution 40 mitiplication in froqueoney docaline ZThuo tho
finito differcnec of a function of tiro oxpronscdgean bo
ovnivatod in froquongy duoain by o Shift of exis ocuch thot

£e) o fte P og ) = RtePuge=b)
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RoPe § Foproscats o furthor nhiﬁs to neeount Lo
tho cothod ucod in &igital polay oycbens Tho Pourdor Groncforn
P(e) of AT(L) of ocbovo ogquaticn 40

PUE) e § sin ndKE)
vaore @b e %&ﬁ*w¢erf~ Db
Tho finite Afforonee tranoforn palr 30 chovn 4An
Papevo 2.0, |

Dinwio 2,10(d) indientos that fastor Oompling inercaco
tho perdod of § sin (nbX£)s Thuo tho product of § oda (nd e
and Tousdoy trontfors of thoe 60 Hz eurront .on tho 4rorinary ouio
gives o doeronso 4m tho volvo. THIC 40 a0 cxpockod oines @xercas
odng tho t452 betvoca cocplos cnucos omall absclube diange of
vorichlos

Tho corpldng tocmiquos uood 4n tho roloydag cam O
onemdned fron the froguengy Gocndn vicy polnte

Tor o scxmin tokon onnctly dn phaso

con (anRE) = %
co ¢hat tho valuo on tho ronl ands Lo
O (8) In_ con (o RKg) = Im

- 8k Smendnary ondo valuo 40

2 11(f) § I, 0in (abRE) X2 O,
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2o ppprozdmate cdgn orices from tho dolay of b/pe  Tor tho
godloving 0ooplos, tho valuo of the tamplo functian §(na)
Caoreason in tho frogucney domain emd thoe value of Che ginigo
alggorcnen trenofoma § oin (nd R$) dnorcancs vatdl finally
tin Dourdor tronoforn of (na) wanishoo cod

Fag(t) o § io

Thio 35 o difforont way of looking ot compling: ¥hio
pgives o elonr pieturc of tho harmoates ond holps to clorify tho
flitoping roguirenonto and thoreforo thy dolay.

245 Fffocts of horronics:

In tho ovent of o foult horoonies ogoury the ¢vo
14000800 entos £ran abovo oon b9 ctudiode. Case ¥ iz Sakon as
tho time vhos inotantoncous valuo of cusreat 40 mamicune Cado 2
40 tohan vhon the instantencoun valuo of cupront 40 gORGe

In gonersl the harmonies vhich occur dopcnd upon the
150 pove £iltop cut off froquency, It 410 ooowncd fhmt tho
£33I%0F cuteoff fyogquonay 16 oppromrmboly oqunl %o 180 Lo 200 Ha
Lo sorrdt obcorvation of tho offocts of the third harconice

Cooo 1 ocours ot tho oordous dnstantonsoud eurPemt 0O
that the ¢ronofors of the sample mmm 6€t) 4o o comstont ond
norcnlisod ¢hio eonotont 40 ¥, The tronoford of tho £inito
Cafgorcaco oon bo tokon ao poro. Eho ¢ransgform of tho fould
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Cuprent 0o Ige2.9(n) and tho sarplo funeticn Pfren Mig.2,7(b)
ora Shen synchronicod and oro choumn in Pige2.91,

hic function dooo not rafost oithor the decs oF
CHApd harmonic for Thin eaco 1; a6 ono might oxpock. Bouovor,
thoro oro values of ns  for which tho third hovoonic 1o
ottcounted by thoe tamplce function,

Caso 2 occurs Bt neor Zoro instantoncous current so
that tho finito difference hoo maximun offoct. Tho Emnafm‘
of curront ond finite aiffercmeo from Figure 2,%(b) and 2,10(b)
POOpORivoly, Shown dn Figuro 2,12, | |

For tho enoe shovn, vhich roprosents omald m:ma of
Neose | senuated o a grentor oxtont ‘thon £ho

¢hird haroo: deos A valuo of nb ¢an b chumn to dneronoo tho
guagdanontol ond doorense the third harsonie. Thio moane on
-ﬂ.xze:maua in sonplo intopvnl or tho storngo of provieusly
onrolod voluess Those are strietly 1llustratod casosby the
toend vhen hormondes aro precont ie dlscuosods It oon bo
01t chown that in eatos vhen 0 Znad 3 ond haraonicd oro
prosent an ervor in phadse dotormdnation occurt, |

206 Eompling for cojputors

Thio chapror $1luntrates a mothod of analyoio for
toradning tho romplo functions for conputor relaoyinge Iron



cralyCat 4¢ 40 chovn that funciiono vith Migh pojoction to
tho dee ond binh harconices follov the oyoston dnpcfoneo.
oetdone vithout high rojoction introduco orrors 49
foped-naer dotorainotion vhich undor cortelin eonditionc ooy
Opocd corpoct Srippings Tho 4iffcyont Lypeo of tochmiguos
vcoful for cnldno drplcacmtation of drpodunes csloulaticn
fop tronenisoicn Mnd protocticn ucsng digited eewputor
on Bo dcyolopods Usunlly tho Pourior onalyois mothed 4o
necd S0 eoamto the 1iko volingo and curscat Hmbasintaol
feiauemey wﬂnmma fron ¢ oot of oppplod over ono fall
perpiod of gython froquoncyy and Samp 100 aro woighted by o
cot of preaotordned cooffieients vhich arc pre=fod to




3s%e Innloz procovcingt

The tronsmispion 1ine end povepr oystom protoction
fimeticn dlctaton the ¢haractor of volitnne ené cuprent dgnnl
progosodng Poquirenont dn tho roplacensnt of esnventionel
inctrunontation,; and rolays by digitol cosputorss %ho dotails of
o signal progecoing tochniquo dorivod froa frogquoncy domadn
conoidopation aro explained in this chapter. Tho oignol prococoing
toctmiquo 4o dooignod on the basie of a froguoney domadn analyais
of tyancoiopion Amg protection roquircnonts; ond such factors
ore on cnalog £iltordng, date window oigo cnd Sampling froquonty
“oxe ghooen by the froguendy charactoricticn, Perforomance of
sdgnal procosoing can bo denenstratod by its opplication to
¢rencriiooion 1ino foult dotoction, |

freneniooion ne foult dotoetion emn bo achiovod
by noting o change dn tho cosoured cyctos dmpodaneos Tho
location of the foult rolativo to mooburdng point may bo
Qotorodnod from the steady otate value of poot foult dmpodoneos
Shoroforo ths sufficient information should bo contninod én o
opnll bandwidth around the pover syston ffoguencys ALl stoody
ctato infarmation 46 at pover frogquongy ond highor fyoqueneion
apo enly poquircd tranciently to percit o cufrieicatly foot
ahznpo botwoon promfoult cnd poct foult conditicno. Protoction
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moy thorofore bo eonvidercd in papty ao noteh filtoring proecso
4n tho fpogrney doanin,

Tho valuo of Wighast froquendgy foquirod 40 of

| sonoicorablo doportoness It 48 nocoogary fop

S arww.) vaero £y = ocepling frequoncy

o pagioea Srequency prosont
in oompled oignale

Ths eurrent ond voltage signals must bo bandelinitod by on
enalog lov pate f£1ltorsy prior L0 a;mpma Failupo L0 moet
tho roctriction of equntion (1) my lond %o oprors in datn
souplet,

If o low goct RO filtor (Pigive 3,%) 40 usod, tho
cut=off or holf pouer CFoguoncy f’ﬁ vill bo givea by,

£, *© g-lm- 42)

T pdco tino €, (10 = 90 £) of ¢hic £iltop Lo o otop dnput
40 given by,
tg e RC (=ln 0% ¢ In 0.,9) & 2,2 3 i3)

eotivindng oquntions (2) and (3)

2 » 38

o Ty
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Tho Moo tize roquirod ean bo dotarydned on opeocd
poquircnents of pretoctions Th: shomor dotosbion ticos have
lcon édm%geﬂ duo to rolotivo speod of elrowit broahkor ond
 ¢eip clroult oporntion. &8 10ast 4 oorplos por ayelo climinates
orrors 0l0o rotults in en inter somplo ¢olay comiotcn® with
tho soloctod Pico time, AL thio soemple robo, dota 40 avniloblo
to porform two or throo ftpednnco anleulotiono within tho
comimen foult detection tiwo, The foult detection tioo of 1
cyelo (15 to 17 mo) and allowing time foP coputotion and

trdp docioion choelting end rdeing tige, tho cuteof ! froquenay
to on 89 Hz is noro suitables The lov sarple rotc cnd simple
fil1toring rofldet diroctly in Lhe cost of fmplicacntations

342, Digitanl procoosingt

Proconsing of tho oarplod signals in the eomputing
syctom 40 aloo gnalysed on o froqusney doonin bacics Tho dosign
of o digitnl nlgorithm on fregquoney basic 1o knoun ot digitel
f4lvoring, This tochnique 45 voll utilicod in cooounication
onzincerding, In powor ongineoring field ond 4n tronomincion
1ino protoeticn vo aan uto this toctmiquoe

Tho booic doscription of digital filterdng 4o
orplodnod hors, Digital £iltoring io cpeontially the proeots
of cultiplying eignol tomplos by samples of dnpuloo podponte of
tho £4lsors Tho filtor pocsponcc vwill boe largoer than one catple
intornal oo Shs signcl or filtor doon not violnte ¢tho conotrainte
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of oquation (1), The fllter responss will be sampled more than
onee and the pracess will involve several pointeby-point
miltiplications and a summation of the results for sach output
Sample generated., A au::Cding output sample will be generated
by all the input data samples by one position past the constant
samplos, This process. is idisarete fcm of convolution,
| |
ig z(ﬂv) = ‘H‘;:(WY X {3w)

vhere A(3w) g Féurier transforn of a_('t.)
then y(t) = hit) @ =x(t) £5)
@

" r{T) x(t-T) - a4z

3e24 Reaponae-”seimtim‘s

Tne band of frequencies around 60 Hz vwillbe passed
by a f:ilt.er with 6@ Hz sine wave impulse responseé The response
mst be finite in 3.an‘gth. The truncation points will affect
frequoncyl responss, so they may be chosen on this basis,

For a truncated sinusoid ilkpulse

| NS
N Be) = / - oos (Nt), exp (~jut) at
-B



31

W B e TR/2 | ©)
ein {({-w/<2) p . oin (1 /) P
{2 w) (Lo

woro 0 ©  dopulso pospeonco sinucold froquency
P ° nuthor of gyelos In Aopuloo FOUpONLo

~ Zo gotoroine ¥ho effocts of de offsct dn fault currento,
%0l = O

| 2 adn (xp)
hieh 3o s ‘ . o O {73

Tho fpoquongy rosponoo 60 Hz and 85 Hz chould bo oo vaifom
ot pocsidle to permit accoplablo pdse A0

- R {2%8%) H (142 ) 4 gin (ﬁﬂgb«‘!np.)
B {2 %60) B(-) P 0,02
cin (2,42 Kp)
| . = (2 NF? (8)
* 212

thnirus godn ot 85 Ho topothor with waifernity foquircnonto aro
‘obtainod for p=t. In shord, it can bo docldod to conbino data
oenplon eovering 1 cyelo to enleulatc the dupodns
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“hochodeo of date windsy duraticn applars to bo on
ioportont foectors Tho 60 He d4igitol £iltor for 240 Hg sanpling
fxoquondy 40 definod by,

E@ ,
T o = R, 0n™h (9)
n=4

wore @y e 4'th  dnput camplo.
¥y = 4'h output Oauplcs

In proocneo of o duenying de.¢s offect cosponont intho signal, o
dnto vindoy of onc somple poriod plus eno holf eycle of tho
fundaoontal feogquongy enabios the phavop w@mmmo Bbo porfomnod
with gcm‘i aoouUraty s

34242 = oo lockod fltor pafpt

~ %ho computation roquircd for Gigital filtering 40
cichificonbly reducod S tho oquatien (9) 40 Poplaced by oguatien(io0)

b «te }
) Z W otonls ml@%& , (40)

nel

ho fitor cooffidiamis gro pariodig, thoy my bo toved 4n otop
with inconing oipnal sarplos oo that tho caeh canple 49 asoocintod
ith a oinglo coofficicent onlys



33

In nddatdicn ¢ho uso of equation {40) rovulto in o
froquency Sromolntion co thot o 60 Ho input Feoults 4n d.o
cutput. $ho dicodvontogo of uoing oguation (10) inctend of (9)
4o that Cho filtop ocutputt o re on dnput oignol pyhooo ong ite
aoplitudo. Zho phaoo difforcnes can b olicdnated ndditionaliy

enloulnting
b PPy
oX{nok)
B 8 ST Bpoppay el @)
ned . A
G, Lﬁ& o B = i (12)

That 40, o photer quantity 4o formod by dnput oignol by corbining
Cho cuipko of tvo orthogonal filtors, Shic procoture in folloved
by onlogy cftor noting sinmilarity botucon oquation(i0) and tho
fidanntnl oino coofficiant of o Fourder sordos amalysis, A

rHro genoral and rigorous emneidorotion boood ea orthogenality
roguironent 2 arc diccutscd onrlior, |

Tho pirpliecdty of cquntSon (41) ond (32) for f4ltoring
ond phovor formation 48 thay tho ontimo algorithn roduess ¢o
caleudating one of tho oquations at onch oneplfing rotoe

% @k o fomyp ¢ ) = (i g = Bq)

Cuenl Bieor © (*Tpp @ ) = § (omyq @ Bireq?

Ooz/ Pron © Gy = Tyep) = 3 lomeg © megq) (1)
Ggoz [ ey = (g = Tea) = § (pgq = Tyog)
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I'oto that no prodestd oro Foquirod ond fupthor Core that only ono
of tvo cosponomis 10 xoealeulatod ot ococh oonpling inctonts

3023 = Rofinonontos

Phoso corroction s= It 49 pocsiblo ¢o oOliminoto tho
poquirenant of simmitamous sompling of tomplo quuntitdes, Inntcad
of that carple slpmls Soqucncially cad nmw phaoc eppregtion
by cocmubotion. This corroctiong © 48 nddcd by oodifying tho
¢3itor eoofficdents in cquations(i0) and (11)

L |

- . {nelt) <« &

e ® > m g, 0n ——— ()

. cosatnelt) <« €

Beo = el S )
nod 2 |

OR nodify oquation (123
- @k@a o & = O, | €16,

Tho choieo of tochniqua dopendo upon tho uso of tho phocor
Quantitys
Tho cogucntial cerpling rother thon oirltancoun canpling

con Sodugo coots comidercbiy oineo o oinglo tamplofhold crplifior
aon bo puitchod botwoon o lorgo nusbor of signole rother than
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roquiring one arplifier por oipgnale Eoquontial compling cope city
alco ineroatot thy nptsartm%ma for mttiplo use of signale
oinec phage ¢an bo assignod rolotivo ¢o any rofcronco aﬂ:zx* the
act of camplinge |

Ripplo removal 3=  4n practicey tho timo lockod fiitor
pody ﬁm?‘iiﬁﬂ froquenay will not cactly match the powor ny;atem
£roquencys Zhis $5 due %0 oquipment tolorongcos, Thie vill result
vith o lov aplitudo ripple supcorimpotod oi cguatdon (10) ond (1%),
The ripplo vill be at a froquency cqual to cu‘::z of the pyotco and
noteh £21tor froquencios ond 48 f:lom to 120 Hg, Thioc may bo |
ronovod by @ stago of digital lovw pa £o £ilter, Tvo point avoraging
rooponte ean be chooten, This givos camplo cquation correoponding
to (13)s o

2 G /By © (mpa, = 2gep ¢ B) = 3 2 By = 2 mey)

2 Cpoq [uar ® (B2 * 27 = § ey = 2 1 q ¢ Bpq)

2 Grop [Beo = (= By * 2 By = Tygozd = 3 CoByq © 2my,q)

2 oy [Brog @ (oBmgep © 2m) = § (omyq * 2 pg = By,g) (17

| - Thie signal procossing tochndquo eould be adopted to
ovcry scneed awrrent ond voltage dn trantrionicn 1ino protoctfon
and in tho svitehing otntions Tho phacor rooultc my be dircetly
uced for any motoring, alarcdng ond ¢ontyolling function and for
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oguiptent onf Sronondoctien 1ano protociton via 4ACforcatind
comparicon oF dopodones enlenlationo. Iho ovaradl pigand
precoosing odaco 40 chom fn Fioure J.2.

3030 Eﬁﬁ Louie mmima

&Inwﬁcal oycton peoctoctian oaaﬁmmm tooiauons
ghow Lhat the throo phavo tﬁ»mcm&m isno 40 gaopagioricod
by oin maastmm Thron 4rpoGanco O afo aocordotod vith o
oinplo phode to ground ond thoocthor Shroe 4%

ANGO0 oo botuvoon

pAno pnitle
g% {48)
“pn p %0
YHORO = éf - 4
p e phato donignotion
v ¢ DBRotosntutrol witono
% ® Phngo ourrcat
x, & poPo {CEUONEo surrcal
%3 © patdo of noro CogErRad 0O Ponitivo
1 .
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no fewlt dotootion ond loeatien 40 noecsplichod ot cach
peopidng Anctomt by oxoporing oach  of thooo oin Acpodongos
rodotormdned sone of fupodines valuoe ho oquationo (930
end (17) et bo oyadiveatiocd vAth tho pavor GyotonvRltago or
corponte She loentien of en dopodoner vithin o pomo indleoton
tho ocourrence ond logcation of n copposponding fouite IomofSonco
voluco cubtoldo tho zomo dndieato Cithor no Loull o fovlto
boyend tho intondod roach of tho coasurin

It 40 antlofpatod that conoidaroblio ologirie Oycbon
opoentionnl ean  be oscompliokod with Gigital erDutop protocticn,
Cpopating $rpeanes sono chopieg con B Gofinod wvAthm the
ucaol phyoieal pootyictiond of eonventicant paloetive rolnyo,
0Pg«1dno digital Ampedanco ¥olny dota on bo uood vAth sefincd

Tho ovallability of dcpcfonco FOOUILD N0 eyelo ofoR
eho fouls 10 odoguato for tho mojordty of ¢roncuiccion 1ino
appMastionss thope 20 6 tubctomtinl nudbop of anctoliotiond
thoro eritical foult clonping thmo oo 16w and highes oporating
opcod 48 nocottarye Ono didndvantogso of uning % conploo per
e7Glo 40, to provont £oloo gotoction, ab Joact 3 Ouecoooivo
esloulations oPo noescLary to Proauc drpofants valvot vithin
tho predogtod cono beforo a Grip Oignal 40 sont o clirent
broskors 3£ conpldng Poto 46 4neIOandy 5% Chouo thnt coustgon(s:
oné (17) boesoon poro eesplicotod, ofneo tho Odno omi eovine
foctoro (403 and (99) en bo no longor ovolunted of imtogeol
ra3tiplon of Nf2.




3ok mew donadn anglytdos

Froquoncy domain anolysis of tho oignod procoosing
roquiromanto of transmiscion 1ino protoction by Ggital estputor
hoo 164 o schoemoe vhich eldminntes many prob loube %ho divioion
mmm malﬁa and Mfgitax pwaconeing functions ond tho ehdeo
of the dats time vindoy hava been rationnlized, A oimplo amlaa
1ov pass filtorg nonesirmltancous campling oopecity ond compling
froquency close to tho theoretical minicun ean bo proved offoctivo
in providing oignal progoncing ouitablo Sop Mgh spocd TranCe
tiocion 1inc protoctions Tho procoscod phoooy -qurmtiticd dovived.
 grom coch olgnol ore oly ubeful for othor Suitehng Ciation
functions booidos 1ino protoction, The Crequoncy doonin onolycio
oppreach 40 adptablo for o pinglo eontralicod eouputor ot onch
ptation oF miltdplo Procoosors, oach ascoelotod vath a.singlo
ploeo of DPLUeY abPoraiuSe
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ets On=line computerss

On=line computers for system protection arc already
in the use as backup relays in many tm;zamissim systems, With
tho advent'pf high speed rélays using solid state devices,
attention 1s d:lroct.ed tovards the application of digital computers
for protections These computers not only sense an abnormal
operation in the system within the protaction rone but also take
a proper decision to rectify the troudble. This logical decision
15 essential particularly when the system is large and nommally
- operates at its critical loads With the growing rellability of
camrsutef hardvave and high speed of aperatimg it 48 possible
that the computers can © used on=line, for primary relaying
and the conventional releying systems will take place of backup
protestions

1f computer is fod with the sampled valuss of

| voltage and current signnls derived from tho transmission line,

it will bo possible to compute peak current, psak voltege, phase
angle and impedance in each cycle. Efe?s;a the computer can function
as an over current relay,under voltage relay, reverse powver relay
or o distance relay. In fact any type oi‘ conventional relay
charactoristids con be realised from tho computors
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It is nocessary for the computer tostors the sample
values at least over a period of 1 cyecle of the system frequoney.
tiith these values it computes all the relevant information
required for system checkup., All these computations have to
be completed before the next sample is fed, With the arrivel’
of the nev sample the first sampled value in the previous
ensemble 18 delted and the samo computaticn 18 again made over
the prosent set of samwles, This procedure 1s contimuously
reﬁeated by the on<line camputer’oﬁ?g,

%,2, Impodanee calculation based on peak valuest

The method of obtaining the peak current end peak
voltapge 15 quite simple. The calculation of impedance basod on
the peak values and the phnse angle based on zero crossing will
be erroncous., This method requires digital computer for implemen-
tation, Awong the somple values of voltage end current over a
perdod of one cycle, the positive and negative peak amplitudes
are found and their average mgnitude is taken to repreaent

v or I _.

max max”
v o Ypearwel * | Tpeaieve|
S  pear o ve] * | peak-vo)

‘a‘
v
Z ufm (1)

man
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The time difference (7T we) and (T -sv‘e) are computed for each
cycle, The average of these gives g mdasure of the phase engle

T, ) e (T )
Phase angle o [ %2 %:J w . 2)

The ¢ is angular frequency. These computaticns are repeated
for everj one gyele of faulted wave forms. The computed values
of .3 impedance and @ phase angle in sach cycle are given in
Table U1t | |

W

 impedsnce phase engle
1 cyele 8.592 108+
| 0,578 99°*
2 ¢gyele . 0,578 90°*
0,563 Q0"
3 cyele . 0,582 81°

4.3. Computation of impedance using the integrals of voltage
and currentt ' - '

If the voltange and current signals ere assumed

sinusoidal

1 & I s8in (vt = @) (3)



then integrals over a pericd of one ecycle of rectified wave

forms are given by,

27X

R
o v & = &V

2?"?0(

W

11 = W I, (), for anyox
<.
=

The effoct of higher frequencies present in the transient
vave formsy, will be almost mullified due to 1ntegmti§m

The impedance mes@ured by this method will be more accurate
than the one meaaﬁred from individual samples, This method
has one drawback that it is not easy to obtain the phase angle
4n this case. The percentage variation of impedance over the
moan 48 much less then the variation in impsdance obtained

by first method. | |

L+ Fourier ax_aalzi'_&ia mothod ¢

The impedance and phase sngle, from the erisemble
of samples over pericd of one cyele is done by Fourder analysis.
The ensemble of samples over a period of one cycle is assumed
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to repeat periodically and-Fouriexe anpnlysis is berformed on the

ensemble values of these samples,

| The method of obtaining the phasor representation from
d.ata samples uses Fourier transform equations and in this cese
it 15 with sdvantage to heve sample rateo a mltiple of
fundanental frequencys Thus nxé0 vhere (n » 3gb.¢...) are

acceptable sampling ratezog

Data window 415 the time span covered by sSample set
needed to exscute the computation procedure. The smaller the
dota windowy the faster 1s the response of computer procedure.
In most Fourier Transform calculation a data window of one
period of fundamental ﬁequency 18 gonsidered to be desirable,
Hallf aycl@ﬁaﬁa vindow 1s -also aeaepteiblm In the presence
of a &acaying dsc, component in the signal, a data window of
one gample period plus one malf e&els of fimdamental frequency
enables t}ae phasor computations to be perforrﬁad' with ‘acceptadle

pecuracy.
Zpble by2
Sample rate i Min, data windotr response
1 in ms '
240 | | 12,5 ms
360 1141
W80 . 10,4
720 947

960 9l



The rate of 720 Hz i& attractive as the corresponding Fourier
coofficienmtsc are 0, 2 1; 2 %f‘g; A1l the coefficients arc
casily obtained in integral arithmetic, oven the last coeffi-
eient has an adequate binary ropresontation of five terus,
The digital harmonice filter oquations corresponding to this
sampling rato are executed quite easily., TFourier transform or
digital harmonic filter equaticns for signal with constant d.c
offsets are as follovss

Fourier transform of N data samples taken over one
period of funéamental fraquency pra&mcaé'tna phasor estimate
for the fundameontal frequancy.

COBRK

, \ N sin 2%k
Vg ‘aﬁ— g = % — T - 52
k=1 .
for N =« 12
v )y - v Ly ; : {3- r

’

d {Yg‘?lg‘f* m;-yw) (6)
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With sizx data samples, a souevhnt poor estimate will
be obtained, |

65,= =255 * (pom,) +V3 (7y-75)
6Fa= -2yy + Wyewg) +V3 (rpem,) 7)

The amplitude and phase angle of fundamental component is -
obtained as fc;nous,' The relay input and waveforme are
sampled and stored over g period of the fundamental froquency.
Agsuming the input waveform to be éepetative over this period,
fourier analysls techniques are applied to the sampled values
of the input to obtein fundamental amplitude.

Filt) = ﬂa.za * bta) gin (vt = tan™? ?{ ) (8)

viore v 45 the anguam' vfreqﬁeﬁwa in gbove equation,

By = éﬁ"{c * 31‘1 coBx ¢ 2@2 aoa x * sessves2f g cos(n-1) x

* £ mm)
and

by = %7-‘ {2f1 sinx + 2f, stx..n..”...af -1 sm(nﬂ-‘i)::) (9)

vhere =X 415 sampling interval in radians,



n =8 ana £, £4000000.8, are the amplitude of

X 0
input wave f£orm at the sampling instants,

Qmé the ﬁmﬁammtal amplitudeo and | phaso angle of
voltage and curront waveforms .applied to the relay are obtained.
Aftor this the magnitude of impedance, reactanco end pesistance
of the lino upto fault can be evaluasted, Using theso wvaluss
of impedance, resctance and resistance, the location and zone
of the fauwlt ¢an bo dotermined, 7The &igital circuits can
perfors logical operations on the relaying quantities and any
tripping characteristies for the relay can be realizoed.

4.5« Prodictive calculetion of poak veluest

in this method the peak values of the wvoltage and
current wave forms are calculated for each sample.
gt v = Vm gin wt

1
then ¥, -:s} ve s (f__)}*
y

and similarly . ¥

vhore v and 41 are the voltage and current samples and v!

cnd :!.‘ are thedr time derivatives. These phase angle @ is given
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g o [tun" m - ten™! :%] (11)
v

The impodancc ealeulation of tho transmission line makos use
of the trigononstrice identities

v = ¥, ein (wt:lo”ﬁ Y,

vhore v and 41 e¢an -be measured loaving four unknownsj

vpk I $ and (vt +§)s In order to obtain the four unknownsj

1334
four cquations are needed to Solvey samples may be taken at
known time intervals., Tho angle equivalent of this time
tnterval will be referred as A . FEguations for samples talken

ot time ¢ oy Y,.q 004 T, are,

Vpea = T oin (w4 g +5-28) 1, o= L, oin (vt +§- 24a)

Vout = Vpi 520 (Wb, ¢ B +fen ) 4 =X, sin (vt +§eA)

Iy e pk
Yy @ Vpi SN (wt, ¢« @+ §) 1, = I sin (wt, + 6D | (12

This sets of equations ars expanded vith tho use
of trigononct@le substitutions to find the apparent resistanco



to the fault ‘Tr—’ and apparent reactance to fault (x.) t

2 Vo=t 1“'2'1 - ??1;» N2, vn“ﬁn

Te © (13)

Vg = Vel |
xgp = ~Bgl-Bnox=l. gp (&) (1%)
L1 * ne2' in : |

The equation of r, 48 independent of the sompling rate and
thercfore 4t 15 not affected by system frequoncye Kf is
dependent on the sin{ A) constant and will be sensitive to

a change in system frequency. I1f grester ageuracy is required,
the compensation can be done by storing various volues of
sin{A)y |

4,5.1 = Selection of voltage current pairs:

| The voltage current pair used to calculate

rf and Xp changes depending upon the type of fault be:.ng
checked for and the presence or absence of zero veltage
condition. Vhen no gerc voltage condition is detected, phase
to ground voltages and zero sequenco compensated phase -
currents are used to detoct single phase to ground faults
wWhile phase to phase voltages and ocurrents are used to check
for all other fault combinations,
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Durang goro voltage condition; the voltages and
currents are sclected to dotermine vhether the couse 15 &
potential circuit failure, a fault antside,or bonified fault
insidg_ﬁhe protected line section.

The selected voltage-current pairs give a number
proportional to the source impedancesvhen three conseeutive
caloulations pesult in an indication that a fault exists in
the protected 1line section, the line is twipped.

A thres phase zara‘valtage ¢anditicn’reqnires
special attention sinee there is no reforenco to indicate the
location of & fault. Voltage obtained prior to the fault can
bo used for this purpose, but the phase relationship becomes
incorrect, due to the'phase shift of the voltages near the
faulte. The tripe=ore no trip decision 18 made on the current
magnitude. This means the magnitude of each phase current
is ecalculated and checked against a given maximwm,. If all
three mognitudes exceed this maximum, a trip signal is initiated.

The peak ourrent squared Iﬁk 18 calculated before

a 8ingle phase to gyvound fault calculation is performsd

2 o ' -
'11291: o ==t T lpe2'’n (15)
: _ 8

in® (A)

2
This ka

of one of the other phasés, i Iﬁk for phasce ynder considergw

number is then compared to the peak ocurrent squared
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=tion is greater than selected the fault is assumed to be
of phase to phase rather than single phase to ground type.
In this case the single phase to ground impedance calculations

AR
are not performed¢ , : | | FreurE
' e W ' 4:5:4
L.,5.2 =« Tripping eriteriat S forefnn
. .
: " Y

The r-x characteristic for the digital relay's
will not be circle, unlike the'coﬁventional electromechanical
relays vhere it 1s usually cifcle. There are three reasons
for this r-x characteristic (Figure 4.5:1)

Rirsty it 4s simpleﬁ to implement the linear
characteristic, &econé, a correctly designed linear
characterisﬁg éanprovide a good are coverage and it can be
tailoredyﬁg prevent tripping under maximum lbad conditions,
Finally,vit can beused for out of step relaying with additional
logic. The éharacteristic to be made use of initially will
be similar to Figure (4.531), This can be «made'more complex
if necessary.

In operation, wvalues of r and x which are
calculated using the eguations deseribed would be checked to
see if the sample point lies within the shaded area of Fig.iQ;Sal

1726464
prev ey LIPRORY PUTTERSHTY CF ROORNE

NI e -



Regd -
v

A
“Voltage, Yes voltase
© =0
osdikle ‘ select ‘..Culcq(q'l'g
Single No anppropaia ™Magnifud
tavie ‘ - Voltase| of
dlejocfed cunm-:, in |thase phat
\:?:n,‘:“& calcula ]
aa : appasent
L ompedance Cmpedon
$aolt No
ole fecte

TRIP
ROVUTINE

Fréure._ 43522, _FLOW_CHART _EoR_DIHTAL RELAY SImMULATION.




91

A program can be written to simulate the
operation of computer as a digital rels ¥ Thic simulstien
16 limited to determine the output which would result for
a given input, The flowv chart of simulation progran
16 given in Figure 4,5:2,

N—_————\
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5*15 | D5loying phllodophy ¢

Incroceing dntoroct 4o boing ohowm in tho use of the
d3gital computope for protoctions Glven adoquoto opecd of
cerpling end emmvopoion to digital foro for prococoingy |
problons roradn of enlowlating tho fouvlt condlticno wvithin o

aofined zono of Srantmiccion 1ino, paréiculorly vhon horoonies
 cnd noins are prosent.

Poult Dust o clcarsd fost ond soloctivoly. To
avodd pomorntor inctobdlity which eould roofdly lond o a .
vido oprond blackicity o throe phaco ohord @iPcuit noar o GCROrcs
t4ng ctatdonmunt bo Scolotod frowiho healthy parto of cyoton
4n aboub 0,15 socand. In thie intorval tho roleyd wust
cpoEpios tho ¢eip coll of circuldt broalior, ﬁniﬁ abouat 0,07 8204
to poo Lf oppropriato byoakors openy cnd t¥dp tho othor
brooors 4€ cno of tho propoy failo to intorsuwpt tho fonlt
curpent, OF courdo vhothor o otobility probles esioto in o
given npplication, the objoctivo 40 to clooy faot, nindndoing
farapo ond disturdbancc €o loads.
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&

Tho possibility of wtilising on on=line digitel
eomputer to pcrforn provociion, svitching ond date ecollection
of nodern high voltago teonsmicsion eyston ond subotations 4o
attracting ineronsing attcntion. Thic chaptes dodcribes the

orputer progiaimo for protoction of three phase
trensaission 14ncs Thie programie doteocts tho proscncce of
- d4sturbanes, olassifies ¢he fault into dho of tho oix Lfowlt
typos and using a mthod of impedanco ealowlntion doterminos
modulus ond phase of tho faulted 1ino.

| Accuragy of eanlculation ond roliebility of dotection
erc detormined from fault data for o nodol transmicsion linoc,.
The method 48 shoun to b0 sultable for emtenoion to uee in
meltiline oftuntions. The rolaying trends with digital computer
vhero the hardvare cost for o given lovel of eapécit-y hes boen
@ropping, cnd vhere sofRvare application end knowlodze has
boen cdvaneing. oot of the englog m&i.mwcan bo dwplicated
digitallys end the &gitel flltoring of sigal is ¢ommenplaco.
Tho tromondous eoftuare Job, a6 woll ao othor noon and wadesn
problemo, timdesharedy rool tinog storod=progrom digital computor
vide perform protoction function ac troll as control and data
m:qm.aitim, 7o sense a foult or to loscato it all clectricel
relays uso ene or moro of the follovings

1e lovol dotoetion 3 Foult cauno oboervations
in curfonts ond voltogos, At foult incoption a suddon riso
oF 4rop of val%sd g¢an ootur. Qurroant ond voltago poako gon
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ehonge 4n mgntudo, vith poopoet to profoult conditSon.
Abnoroally Biph cuprenty dov Sroquency, Yeitosd lovol dotochion
498 uounlly 4o

2, lasndtudo conporisons A mpnitods of
voltaso eompared o 1Mn0 curront providon o baols for Alotancd
ronourcInt§ 4.0s how for cway foult 18 locotod of porecntago
122erentind roloy COTPEPCE GNO CUPTOMLS,

3. inglo comoritont 4 cueront folling vithin
180° pond in Folabicn to o roforence voltogo oy bo uscd to
Sndlecto dircetion of foultwppror flov, The movemnt of contro
oore uabinotor nocdlo lofb or right, for cxomplo indientos tho |
dirogbion of roal poucs £10U.

Tor trancotooion cbotions tho cooputor tmst eoavert Lo
Gigdtol foroy tho dnotantancous valuo of 8oto of currcnbs ond
oot of voltogess Dach 40 0onplod overy 0.5 0o vith ouch o
fast Ppato tho ototicn eontrol enbltng oust bo woll ghioclded to
mindodoe Hoth rmpnotis cnd eapscitivo coupling. Voltago foult
actogtor locko for eao oct of woltogo for oneh KV lcvol no
dotorméned by potentisl coloctien logic. Uoo of woltago offaro
fontor Gotoedion, cimeo voltzgon ean chango oognitudo dnoctone
toncounly Wadlo currend connot. It dpnored currento o
cindndeco profouls Ay odnes thore aro oy DOFC curento thon
witonoos no nothod propocod by Elcoom, Hobortton ond
Be:amaamye 10 Basod an ealculoticn of tho furdoxatol cacponoato
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of voltage and current vavo foros by o Fourdor tochnique
requirdng ovonly oneod corples taken over g complote cyelo
of the syctom Lroqusneys Fron tho fundanental eomponcatog
tho iﬁpcﬂ:mw magnitudo ond anglo secn from the roloayics
point ¢2n be ealeulatod, mothor nothed Qeseibod by
Roelfod1cs! for practical instnllation 48 based on tho wook
of Fann and ﬁorriemwﬁ ¥ usos samplen to prodiet the poak
valuoo ¢f fould voltane ond curront at voll as the phaoo
engle botwoen the poalts, Thoso tocimiques cavolve o form
of 4igital ﬁl%eé-ﬁngg e applieation videh has been highly
developed dn toloe-gommunication, but bo usoful for high
opoed povorcystea ldne protogtion., A monsurement and |
ealoulation time oquivalent to about half a eyelo (10 mo Lop
50 to 60 Ho) ond monsuremont orror not nove than 5§ of ldne
rosctanes o fault point 1o sought.

Se2¢ Syotem hardinres

Tho computor systonlocko oaly ot tho currcnto
ond voltoges of ond thyoe phaso tyonsrdsoion 1ino amd thus
eapoblo of controlldng the cno roloatod ‘m.r‘cnit dreakor. The
cumpahms of computor containo the cabinct proceso contenl
computor, tole typo uritor, popor tapo rceador, punch, an |
analop m:éml sonditicaing pacliago, digitiazor, doto buffer
intorfaco, A/D control unit amd@ Dovor Oupply.
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Figurce 5¢1 gdves en ovorlack at tho oyotom Rxraets
gnfermation paocos through signal conditioning to A/D Oud=
syoton vhoro 4t 16 onmplod and convortod vador Data bduffer
(8Pt t otroteh pad momory) control circuitso, then tronoforrod |
to compuber subestotion for procossings The KER typo
veitor ond ssmsra:a:aw‘a econsolo provido facilitios for logging
of dooircd dnta By tho corputory a8 vell as o convapient
neans of cnomiion control, coftvaro genepation losdingand
nodifiention, also program chockt out. Tho softwaso initiates
contact cutputs from tho computery thoy arc usod for roclosing
o8 well as' oporation of various trouble alorms, Tho ctntie
aumdlary trip relny Ol provides o thyrictor = comtrolled
mghnanes&' cutput for cireult broaoker twippings %ho pover
supply unit can provids unintoruptod power to the ontire
gystom £roa 30 n.c. cupply or from 110V d.e. stotion battory
via invortor.

Sinpnd, conditd m,,.; 3 Tho poriphoral subwoystond
dnoludo the analogsinput comocticns and signel conditloning
(SPA/ACP) goatures, The low paso filtors 15 RCstypoj vith
phnoe dolay of about 30 degroos ond tht gutoff froqueney
40 200 Hpe %ho mood for thoon filtors 48 pelatod to tho
A/D opmpling eato of 720 Hg, For incomdng ¢ransionts ot
180 Hz or 360 Hsy the compling frequency corrosponds to
tuieo tho 720 Bz froqioncy of sample uvgvo forme %She rooult
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38 that 8)l froquencleo below 360 Ho arc properly roconstructod
ond intorrupted from the samplod dota, but all those obove
this frogquoney will bo aliasod, 4.0, they will oppear in

‘the somplod dote a8 falso. It 18 fmportont thot f£iltorn

must ba uscd %o pemeve %hﬁ:m rdsleading hi;gh frogucacios,

.~ Operstion of A/D subwsystem 38 shown in Fipgro 6.2,
A erystal controllod oseillator in Control N soction of
the BPM dntorface sots the sam;zlipg i*atﬁ 720 Hz (ono camplee
oot overy 1,350 mo), Each pulse (3) from oseillater causos
control B of A/D convorter (ADC) to addroso (1) the first
 chanmel of ultiplier MK, The posidual current 4o saompled
and hold erplifier converts (2) to digitel formj end stored(s)
in the first locaticn of J=vord buffer, Control M signale
control I (&) tocmnd on "A/D complete” roguest interrupt (6)
to coopater contyal processing unit, G@tml B places tho
contents of OPM on direct dota input trunk (8), CFU thon
porformo £l input, storing thoe digital gquantitios,; it aloo
signol contyol H{7) to placo nost SFH on the dota trunit, |
The A/D Byaéem uses 37 o to sample snd ¢onvort guantity and
otoro posulls 4dn 8PM, Tho 333 ms 4o the totaltima, Zho
ontiro procons 48 repcatod ©,326 MS (720 Hz) later. Eight
¥z chammole are used foyr a.0. quantities (3 phate curronto,
3 phacostonground voltagos ond tho rosidual current videh 40



58

road tvicoly vhile progisely regulatod B=v0lt roforcneo io
connoctod Lo tho lnst chonmol., Tho softvnro can ude thio
1nst input for poricdic tosting of ADC calibration,

Opgerpfis 8 A softwore talk m:ltﬁ;ataa'h me contact
output to roclone the broakor.  Other eontocto ouipubfa oporat.o
onnunciotions to alarm folleoving tripping ov for 4/D cystoem
troudble oF eammxtér hardvare falluroc.

Paor. sunply. ¢+ The poliablo porformnnco of the computor
dopends upon on tmﬂ.m;ermpwﬂ asCs Dozer supply. The 110V
8tation Dattory d.Ce ley io kept in constant operantion to
aseurc pover avellability. #An invorter supplies pover for

cntire gysten. . .

5.3s CSystem poftvarod

Boftuaro pystom fneliudo otondard oxocutivo programg
one1ino t0oks for logging tooting und control, offelino tasks
gor diagnopis, more dotailed testing and dste genoration, and
an inkoereups handling progrem vhlch cmbodics tho high opocd
rolaying function, |

Tirro are proecos input - output routinos fop
hondling contact inp uts and outputs and various intorrupts.
Tho system onocutive o monitor progran diraots all soflwvaro
functionn. %Tho standaxd softwaro includeo elabopnto progeamnto
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concoio coe%iﬁna. uscd to invostigoto, wodify, dnput end

cutput Uho cmtants of ncnory. The syctom iibravy eontodno
eo—onlly ucod utility tubrdbutineo ooy b0 enlled tw any progEen
ouch o8 Poal arithmotie oultiplication,

| g L8 Anfie ont VD procossen cagh voltogo
ouuplo oo chovn dn Figuve 5,3, BGlock A looks for o cipnificnnt
Suzp 4w 3Vo oince the luot comples Bloek A oalton eno such
chods per vﬁmage lovol unlens foauld 4o maacmpa CODNGrs

P Yoleant fould ang a1 %K

Bloek B leoko Qo a oign ehange of noro voaluo dn tho
firoy differonec of phooo to ground voltago (eac caock for
@ach of throe woltages en onch voltago level, unloso a Zoult
15 Gotockcd soonord, Tho black E otoren nogoured volue
pooks 2€ thie valuc 45 ot Jeast r peus looo thon tho pravieus
pealzp n fonlt .{a dotoctod, Eithor A or 7 emtors bid C for
sejogtod foult routines nf woll as 16 no doloyod bid for TOP
{eusneofs foult progren) VFD then removos dts ovn prioritys
D w411 nok turn on uatil TOP Sums off tho foult routin «

Inis vill occcur In 16 9 vnloos otloect one of tho
difroventicl or idnoc reulined NIndn oomo ingication of MAulle.



" Seb. Bolaying programs

Tho flov canrt ohous tho nomaol course of SoFEYDro
GVCLR . A\sor:leu of O diroct channel inputs ronds the samplo
ocd firan 8P and storoes 4% anwrmay uoed rav data tobloy
eneopt d.¢ volue viich S0 stored sopapgtely. Fortodienlly
cv cutwoff stop dotoctor eﬁeelm ths phace curronts for indicoe
tiont of a developing 9"!53:‘3; othervise logic prococds airoetly
to u foction vhich uptodatos and organisos the rov data tabloo,

Under normol condition, the noxt stepls geouvnd
foult detoctor logic, vhich oxaminos tho ropidual curront
complese If a disturbance is not dotoctod hore, phaso foult
dotector PFD 15 run. This progrom, on Oach possg mukod
prodictions for the valuos of ench phaso curront 6 sxple soto
1ator {(a 14ttlo lops than one Mif cyclo) ond comparos the
prosent valuen with thoso predictod 6 Sauplos opo. Zhe samplo
of thoso curronts prodictiong must be fabriented by cosbinotion
of the present valuoo ond their rote of changoe FAgWC 5ef
showo the woy in which disturbancoo arc dotoctods Part (o)
portrays the momal otendy Stato condition. Port (b) sudden
dncrcase in current, part (¢) sudden docromsc end part (4) phaoe
shift with no change in mpnitude, Tho prodieticns £ull out=ofe
13nc with the wvavoform arc onco agoin dotoctod by FFD routineo.
IZ cut of stop has glrosdy oporated FPD 48 doconoitized oo
thot ocut of oving will bo ignorod. Tho ground fault dstoctor
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ean 0t41l pperate, elloving full ground protoctiom during
puingo, fn oddition scvere phuse fault still can bo irmeddntoly
dotoctods '

If both foult dotoctors havo been enecuted with
negotivo pooultoy tho computer returns control to pragron
uhich wae interruptod, or, 4f noncy to the took schedulor
poutine, Tho next SRL & 8 will signal wmore nov dato for
proconuings |

The purpose of Coult progran (Figuee 5.9) is
cnlevlation of epparent linc impedecness for ti directional
alstonee checdking. A favlt type anolyoip (FTA) routine
attempts to find charactoristics of foult wvhich con ald
prococoinge It loohs ihé severc instantoncous over currenty(b)
lov lincetoeground or line=toslino voltogo indicoting fouitod
pinsal{s) for distonen chocky (o) high phaso or rocidual
curronts nlgo &ndimtm foultod phnoos and types of fovlty; and
{d) a voltagd phaoo roversal duo to capacitive foultos

If nono of theso soverc conditicns arc found,
ground distance and phooe d.tatanca chocks are mnde on alld
phases, nnﬂ.ng thy zono 3 :?aaﬁh eharaaterlstic chowmn 4n
Fiourc 547 For cithor results (b) or {(d) s mexmory voltogo
muct b3 used for directional soenoing. XIf any phato shous 4
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foult logntod within zonc 3, o chack 10 made stricvly on moot
sovercly foulted phase (o) vith eithor ground or phase diotance
logicy Using zono 1 or zone 2 roach characteristic of Figs9«7s

If tho typo of foult analysio rosults in (b) or {e)
the logic prococds @irectly to zono 2/1 c¢hook on apparcntly
foulted phase uting ground or phase dictancs mmmm:e.

For o diotzmce choelz, ths fault program calculates the apparent

~ dnductance and coaparos it to the ‘maeh charneteriotic for tho
gono of intorest. A pooitive sign on the results indlcatod
that thies 4mpedanes 10 insido ¢hoe 2one, after ti:':lp output

| in Figure 5.5, the reclosing task 48 bid for, A nusber of
tasko for performing relay-related functions, logping and
diagncaﬁm are inclunded 4n softvare system, of these speelal

- dnteorest Bosks are 6 and 7 :m"_i’able Sele

Priority Nemo On/ofe = Function
¥ Bmes On  Performs systen timing
Cc Reoclooing n Initiated after trip cutput,

Parforms softvarc tine deloy
thon recleses breaker, Rosots

trip.
A AJD Tail, On Pordodieally 1028 and alarmo 48
logping colibration 45 out of 1imito,
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Porforas monory rmltiplientions
in comaond,

Panches rosorved foulted data
tablos folloving intornal faultoy

Printy soquencoeof=cvents informaew
tion folloving faulteprogram=Fune
Analysen pesarved tables for
internal foults. Resots lozging
funetions of faull progan.

Porforno oloborate statisticol
anplysio of A/D converter calidbroe
Sion or input tovefom.

Gionerates relay reoach chnrastorliow
tic ¢ablos, ‘

Genorates mothenatieal look wp
usod in fopodanco caleulaticne
Gonerates tables of simulatoed
fault data for rolay progran
tooting. '

Initiatos timing functionn,porformo
choek of A/D calibration; Perforus
horduare ochoelko,

Ineludpd in above table ere o nuror of tasks for performing
relay rolnted functions, lazging ond diognostico, Thio



15 described in descending order of priority, of special
interust ars logging taske 6 and 7, The fault program
initiates task & after svery fault progran execution. If

fault wa® internal (zone 2 or zone 1), task 7 is also rum.

It logs rav tables of analog datn, reserved pbove the fault

| point and szt clearing, on paper tape via punch in programmer's
ionsole, This indicntes the technical feasibility of high
spasd relaying by computer for protecting o single transmission
line in a lotoratorys -
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6,1, Genorsls

T RO ST

An algorithm suitoble for calculating Ltipedance
for aigitircd voltages and currents sampled at relay locaticn
is developed horee Each input is assumed to be compoded
of a docoying d.c component and compenents of fundamontal
" and harmonie froquencics, Parpmeters of g digital filter
are uwsod to oconmite the ronl and iwmaginary components of
voltage and current pha;écx*s@ Impedunced ao seen from o rolay
lccation ore caloulatods Tranomission lines form major
port of o pover system., Different types of relays are used
to protoct theso lines, The most commonly used relays aro
fron tho famdly of 4istance relays. Thoso yelaye basically
ovaluste the impodsneo looking into tho transmission 1ino
grom tho voltagos ond currents ot the relay location.

The {mpcdanco 48 adsumod to be proportional to the distanco
from the relay to the foult and this determines 1f the feult
42 in tho olay's prospoctive zonce

The eonventionnl inpedance reloys are sithor
olcetrompgnotic of s0lid stato type, Somo relays vhich usc
dipitnl processor for computing dmpedance and making doeioian



hove becn dovelopod, The algorithmo usod to calculato appnront
inpodaneo uoed in those reloys ean be categoricod into four
groupt, The first group 1o developod assuming thot tho |
vavoforn preosentod to rolayis pure sinusoid. The second

grow of algorithas user Fourier analyois and third group

uce digital £iltors to aitiget thé fundanontal frogquency
inforastion oo ¢t ﬂnputs; Tho lastgroup of algorithno
nuzorically solve e differontinl equation vhieh deseridboo the
bohavicur of the transnission line, Mmn and Morricon'?
proposod on olgorithn whlch udes tho foet that the anplitude
of o oinusold enn be dotormdned from 1to volue and 1t's

roto of dienge ot any dnstant, and this rate of chonge ean

be ealemloted by uoing differential ogustions, Gilerest,
ﬁoékfeum» ang mx-enm"s used the firot and second derivativos
to ealeulnte ﬁmv poskt values of thoe sinuoccids. 7The third

typa of algopithms noo digitnl filters to oxtroet information
concerndng the fundarontal fmqnémy,, Hope ond Umammwura
used Linite dopulse voaponse fﬁtem. The last group of
nlgordthos havo been proposed and used by Morrison'C, Ranjbor
and cﬂl??‘:bg these algorithme nmum erically solve the differontinl
equation roprasonting the transminsion line by a serico of

ReL modol, | .



642, Uathomaticel background:

In digital) rolays voltage snd current outputs
of tronduee’s ore procooced and convorted to millvolts lovol.
Tho function of tho procoscor is twe fold, omo 16 to
suppress supges travelling from pover systeos to the rolay
and othor 15 to block high froquencdes from renehing the
relays, Process ond signale of the millivolt level aro
eonverted to nurerical valute by enalog to digital
CONVert oSy

The output of dlgital filtor are tho roal
and imaginary componente of fumdomental frequency phosore
These mmehw ere used to caleulnia thoe iompodance as
secn froz the relay locotion, ‘ '

The owtput of CCVT or woltage transformer
during fauit ean be numerieslly cuprossed aos

-L('&‘:‘Bax ﬁﬁﬁ/z¢ ] K, sin » t, ¢+ 9 ) (1)
vy) o By e S iy e gty v o,
-

The time eonstant Z dopends upon x,a ratio of the syst.om
but is also affoctod by are renistance which varios from
fault to fault, In pragtico, oven hormonies are not
progent in tho fault voltages and currents, Alco highop
ordey haroonies aro blockod from reaching the rolay by
oignal condibioning cquiptent vhich utunlly incindos anmnlog
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filters, 7The cuteoff frequenoy of these filters 15 determined
by over all design considerations for the relay,

It 1s possible to oxpand a“%

] . ﬁ"'&" » §T ( "E‘ ) L %T ( ,,z.l }3 gEBIED LN (a)

Using first three terms of this sories
4 K 2 "
vity) » K = %— ty ¢ -;12 bty ¢ Ky 8in (v t, 0, )

L 2 823 gin (3 w@t.‘ * 93) a"-ane‘a £3J

* (Kaq. sin 31) cos w, Ly * (1%3 o8 03) sin 3wty

. (Kzs sin 93.) eo8 3w, b, aiecicvcsisnes )
let % =ky X, =ky cos 8, Xy = kg 8in &
1&.""230"3“3‘. xgakzsemﬁ_s

(g, P
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ﬁiqﬂa . ni2 & gin (ﬂ&ti) ﬂ13 = G085 (ﬁatg}
n1h'a ain (Sﬁdti) 815 Cos (396@1)
e wed

Tho cquation (6) can bo obtained by moking those substitutdon
in cquaticn (%),

vity) © agqRg © 04Ny ¢ Dyg¥y @ gy Xy, ¢ Oqg Tg

\

& aﬂé ﬂe < a1? K?, DAERCRERGHIAGEDHS (6)

thy nost samplo of voltoge ot time t, vhore ¢, o t, *AL con bo
ozprepsed by sicRlar equation followed,

vibg) © ity ¢ Bpoly ¢ GpaNay * Ak, ¢ Byghg
@ ﬂﬁéﬁﬁ < ﬂ273? BEILIREREEID S ‘7)
Procceding 4n this monner, m  oquotions can o genoratod fyron

0 sacplos of voltnge recoived fyomthe cyotem at the specifiod
Poto, vhich ean be written in mirizm form

] (2] o [v]
wWiz? 7=t rerd

Q-tiyntutoﬁclv#‘a)
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oo olomonts of 4 mbrin dopond on ths Lito roferonco and
tho oo opling rato usod, ond can bo prodotoroined 4n an
of £ Yinc node, '

The cquation (0) 45 a oot of 1 oquations in soven
unknotmne

Promultéplying both 83408 of equation (B) with left
pooudo=dnvoroe of CA] the valuo of tho unimowns ean bo
obtaincd no follouss

B e s A ) i Yot RS
7 7z0 wf/ 7am

vheyt .
['A]* ‘48 psoudo-invorsc of E’x']nna 10 defincd no

oot [ il

Yz P

Tho eoneept of pocudp=inversce providoo loast epror
squares colution of unkmownsj soven in this ¢ovoy from o
igdopendent oguntion (n>7)e I€ the voltagos ond curromts
arc czpresced similar to oguation (M), the coeond ond third
rous of E&T" con bo veod o detormino the real and reactivo
compencnts of voltages ond eurrents, |
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643 Colenloting dmpodaneos $  as ccen fyon o relay loeation -

Dofino tho rool and reactive couponomts of o
voltage omd currcmt fundameatal froquency dotermined by
tho appronch stated os folloveds

Boy © ke@ae; %vavpkaanev

Zag © Ipi ©08 8 Raq = I 60 0
thon
Re n[l] e %1 %; o (10)
X e Im [%J @ *as, "21 . :i{;? (11)

Egeh sonple obtainod from A/D convertor yiolds an equation.
Sineo $here are soven umknouns atleasct seven camples ore
roquirod to cooputo tho values of unknovn. Coefficiont of [4]
pabrin are £irst enloulated nssuming seven sampled. The
natrin 45 then inverted.

1 720 He 10 gcampling roto, and murbor of sméplos
uood 10 4ncreascd to eight vhich ineronse [CA7]matrin to
8x7. Tho elcments of [A Jmatrix arc agoin ealeulateds Tho



watedx [A] 85 ot squarc matrix, so its psoude inverse is
obtninod, %Zho largoot and omalloot nuzorical valuos among
the olcaonts of the socond and third rous of TAJT are
tabulntods Froo practien) study, it wano coneludoed that
using ninc samples of vach signnl obtained at 720 Hz would
bo bottors The olements of [A]Y alrendy colculated end
tabuintod for cocond and sovws ore used to compute ths renl
and fongina®y componente of voltage and current phasorss
ueing equation (10) and (11). Tho dota con bo generatod
from o digital modol of a trantmission linc,

This describes nlgorithm for developing a digital
f£iltor vhich explicitly takes account of the decnying decs
gomponents in the gystom voltages and currents. The concedt
 of pocudoeinvoroe hao been used in doveloping the algoriths
in ﬂesmhﬁ& gboves It 18 shown ¢that tho proposad approach
eon offeetively calculate the dilpodanes from fault dota
obtoined frowm a povor cystens

6ebs Digitol impedaneo enleulation algordthms

A digital impodance calculation a&gorithm’uhwh
4000 pot require prior £iltoring of transoission line
volloge and curroent signals to remove cither ¢ransiont dee
cotponents oy tho Mnsiant high Sroquengy cosponcnts before
calcuinting tho fopodonco of tholine, Computotional Moguiree
ot of the algorithn are prosented mnd compared to thoso
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of o corrotponding algorithn vhich requiros prior filterding |
out of ¢k trancient high froquoncy components before the
iopodanee of the 1dnc 48 ealeulntod,

Tho postefoult lino conditions on tho line arc
Goseribed by | |

Vo Bps L % . eeessmesus (12)
To dotermine By ond Ly fron the woltago and current wvave forne
contodning powor frequancy ond d.c. offsct componerts. If
sazples of ¢he line voltoge and ourront waveeformo ave talon
at wnifosm tine 4nerement he ¢ and 4F vo roploee the dorivativo
in oquation (12) by 1to contral finite difference for cachof
the two succossive pote of pomples, onc gots equations (93) ond
(%) by opplying <onditions of cquation (12) to theso samplo
pcko,

% R o

S {Ii} -] [‘?ﬁ;ﬂ 'SR XE T} {?3;
Deeq

|

vnora v V. are xth scaplos of eurrent and voltage %;naveﬂamsg



o AE e I Gredeebon (1)

By
thepe 2 e 9
: !“L 41

anf A $o tho coofficient ootrix of Ry ond L, in tho equation(13).
Bquoticn (i) can de solved for 8, and L; to give the solutions
givea by oquation {15) ond (16),

e ot = 4) = Ty (o = ey

’"n; Wgen = 5‘363 - "‘kﬂ “‘aﬂ * 4 ?

31‘ -2 R XN ‘15)

| ’1: vm»‘i “dpes Y : \ |
LL@ h essons (16)
' 1& “ama 1:9 - "ws ‘%m -ty

l4no renctance 45 given by X; 4n then given by cquatlon (47)
whoro 1 45 nunber of soxples por pover frequency «velo of
voltogoe and curront uaveforms.

Kl‘&? &% o %3’% o %h;" h{} B kNBLFNOING (i?’

a, T . = v
X ; M . phode W% _ . o,#on-g.¢.(13)
L w 0T 3y (e = 40 = Bpaq Ugeq = Bgey?
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A corpling rote 4o tokon n & 16K, then

25 o L onathic mitipliention by ¢ in
oquaticn {17) con o occomplished by o two bit right ohift
of tho dato X; wh e 45 facter than o oultiplicobion,

Tho main roacon for introducing th ¢ now slgoritiny
oquntiano 13 or th or 15 and 16 4o primrily becouse o einglo
egquivaicnt segbion tvancmiocion line modol 10 utod dnstoad
of o lumpod poFamotor transmicsion line modol.

afd=y )

Vo By (dedy) ¢ by - =B 1,0 o9 (19)
oy
ve Roae L8 .pc & .pg i:% (20)

By oolecting four ouccoooive sots of voltages and cuwrrent
ponpieo emd replasing the derivetivos ¢n equation (20) by
corrooponding finito differencos omo gots equatien (21) for

tho four Savplo COLS,
Rs Le

v G RL Lo

fault localry

FIGURE 6:1
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Tho oquotion {(21) eon bo oxpresscd in portitioncd form oo
oguation (22) ‘

(o | =]

s | 2]

woPo . v
. v _ Y2
Foe ?‘ E’ ® [;;‘ f& ) [Fm ]
L, K] 3

ond & B C ond D nro 222 sudontricdo of bab coefficiont onerin

!m:ﬁfit%iﬂ@ii#w%ﬁ’gaad

in ogquaklion (21),



Cones wootors 'g | % | a €GB [ 2
i . - nh © '

aro Mnoarly polotod in oguntion (23). Ehdo cquntlion (22)
cnn Bo poduecd $o ogunticn (23) or (%) by motrin roduebicn,
cnd tHo wnimoetd eopacitonco 40 oliminatod Lnprocood oo wolls

@.* B_ &3“?@] ',.3 o [ﬁ »m-B 9"" f&] “.«;n.u...(a_ﬂ

[6 2] o ] aeereevnonees | (20)

vhero A | B
Ho povriel, Pav, ~Br'V, ona 2 .{Lﬂ

A digitol drpodoneo eolenlation olgeithn {equation (2b))
batod on o single cquivalent K toctiom of nodol hno doon
Govolopsds  Tho mogol onablos the eoleulatSon of Lpedoanes
9o coplor of voltogo ond curront wovoforoo gontalning
high froguency tronoiont carponconts ocscelotod with ¢hin w ondoly
vithaat peaquirins that thone bigh Sreguonoy transicnt econoaomito
100t Do £ilecred out of the vovoferno.
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E—l 1 [‘-""--T_]“ﬂt | [A]*  1s the 1eft poeudostnverse of A

Constder m» linesr equations of n mﬁum as folliouss

®Ix1 - 1 | a>n (1)

premultiplying both sides vy [A)®

a® 1 s AT [ _,
nxm oy ot e mxt ' {:XJ

-1
[[131 \:&j] fe an mn vatrix,
premitipliying both sides of oguation I by

followps
x] = B*- [A) " ) - 0¥3 (X31)

compardng (1) and (I31) wo cen writs

[‘—:"‘jg ['*ilﬂ s the wector of mm [X] 25 ocbtained as

[[&]5: | [ajﬂ“ .[*]g a8 left pseudoeinverse of [A)



The sxpansion form of equation (11} is

[ ' .
Z'Qﬂ Gr' z&sj Q‘a w;au-»ss-aﬁwfﬁcgﬂii ﬁ”,

-

[ feay 7

}j

o3

Thyp Byq SRyp Bp  sreercrraninEly, A4y [ ASERL

|

BN IRS AEEBARHBBEE CN

Z%n %t Z8n M2 R R AR e T T

na ERURONSSTEENAIRVER Y

!
L

§.%3’ 1

A1) sussations in this equation is for 1 from 1 Lo Mme

Thie equation 4s slso known as lsast errors square egustion,
Enes eguotion 1I1 38 the solution of equation 1I, the
16ust wEror sguarss eguation, it is obwvious that the
pseudoninverse approach provides the leat sfror sguares
solutions

[ — AP PAAMTT
P e e , j? ...»JL’ME&

ool LR

A
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g8 ergoran
Zele Ga*mmnm of a&*femﬁ mﬁh@&m

Yho fow z.::m:oﬂa foyr calculction of mnm
ond r}mco ar:sle vl Qocoribdods

: " p = frpodsnes onlewlation based on poalz m’sm.

D w copubotion of frpefaned uoing mtcgmle of
' volteno ond currents

¢« Vourior analyols poihod,

4 » proafotivo mRhods

A wointive compardcon of thoir cecurney 40
eado, 011 oo oothedo mm,m ) aﬁ.gstm. cosmtey fop
ﬁmmmﬁﬁmc

| f4) G enlenlotion of fopodones Boced on firct
rothed (ol thopook veuoo end pimeo onglo boocd e £
groocing vill b vith roro orrort, TRIC 40 boooucs of tho
prO Cohoo of tronoicndt §n tho Aino voitego thd curpont
irmodiately oftcr tho foult, |

{43) %o Y, 04 i,y batody on firct nothody oro
ohiednod Lron the z:nazpzca mzmn of V Booitave ong U neratavo o
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xm&%nw ond z nopotive eapittudon - end tho avcmgc ey 4 Y 8 Vi L)
io Soion to ropyocont tho Y, . ond X pocpoctivolys Thio
ic amt nocurnbos

{as1) Lamiieply the tioo 4§¢¢oroneco of ¥ ooty ¢ 90
a xm o yo 30 &f‘ -— } eng timo Dotuncn %aa!x-m ond
xm&‘m (T } are computod, ‘i‘tm averane of thevo twe pived
tho eceso of pheoo onplos  SHin $o0 pdlH QPronoun boooauso
- of tponoiote in tho idne voliane ond current drrodintoly

ety tho foults

(1v)  Tun to intogrotion &n socond mothid (bl
tho olffngd of highor froguomodos procont in tho ¢eranotent
pove £t vill Do mulilified, Shio pgivo ooro noouPnto
 droodnace coacurcnmt, thon tho dtmodance moaourcaont by
individond ocamplons In thio dntogil mothed 4t 48 not ooy
¢o 200fn pPhaco onsloe

v ho porortago variotion over tho
intopenlo of voltons ond curpent cothofic omda loso than
srpodoned ealoulation baced on poch voluooy Shio 40 ahown
in TIGED0 7.1 ond 40 10 campored vith toble by,

{v1)  Tourior lnnlycioc nothod onplofnod, 40 uocd
o coputo thn fowodonco end phoaco snnlo £eoa both woltapo
end cuorernte It onmdo ototod thot tho 2 cnd § obtoined By ¢hio
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mothod for foulted circuit 20 fairly constont compoir to ali
othor motho8o, Tho varintion of & and § as function of tica,
16 chovn in fipgure 7.2 amt 7.3, This cothod givop folrldy
conotont volve of depedance end phaso anglo.

(v41}  To conparo the profictivo nothod uith tint
@ven by Fourior annlysic mothod, the Zeimpodonee in p.u. veiuo
and pinoo angle @ ore averagod over o poried of ono ayelo.
Tho variscticn of Z and # 40 plcdtod in Figure 7.% and 7.5
I¢ esn bo 80cn thot the predietive cothod 1o relativoly
tnnecurnto compased to Fourior inulyot o toehnmiquo.

(viia) %o ovaluato the correct dmpedance of the
14nc by difforont methodn, 4t 18 noeossary to hove atleast o
full eyelo of samples of lino voliage and current immodl
aftor o fault, Honeo tMi o type of rolny vwill huove an
inhoront 400 doloy of ono eyelo. The percontngd OVOrs=roned
of ¢his rolay will Do nogligible and ther~fore, th2 vholc
ooctlon ean bo potocted in t!'w firot zono timo,

{(ixz) Computing tho irpodanso of foulted 1ino by
aipitnl computor with difforent cotbodn have beon comprred,
of theso tho ono uoing Pourior analyois rothod ovor on
enscmblo of sumplop covoring o poricd of ono cycle of oystom

feonueoney can givo good rosulto.



83

1 Coloeting the rolay ronch liomits

Tho totol job with digitsl computer consicts
of'¢ ‘ o
(1) fault dotoction (FD)

{41) protoctive zone scleoction (PZ8),

vhleh 14no o apparatud opptar faulted,

(144) foult~type onalyosis (FIA) vhich a.cs 8ignol
polovent o o porticular peotoetivo zonc chould bz proeossod
in ng

(4v) fault location (FL) « positiwo fdemtifieation
of valch protectivo 2zonos are fanlted,

Foult resistance wodificn, epparent dmpodonceo
proceatod té rolaying oysten for vinplicity thic | resisctance
io popreocntod on ReX complom hlnna.» A computor analysio
of ¢ho opoeific epplication, for scleeting the rolay reach
14mit con bo provided ot O, 20, 40, 60, 80 and 100 § of
diotoncae

I11 « Advontoges of dgitoal protoctiont
v - ' <y
Bacod on proecoding, wo ¢on nako ¢onclusion

rogording dipital transmiosion lino protection,

(o) o algital protcction can bo mado oo faot
and ocecurnto corparo to crmvmitiaml rolaying SoNCI0.
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(b) daigitel rolaying toehniques can provido socurity
enoindt $ripping on loss of potentiol eircuito vhilo allowing
for corroet reloy oporation during o valid goro foult &n
protociod zono,

.~

(¢) phonomona such a6 magnetizing inrush, third
haroonic currontdh ond sonsor rosponto are not big problons.

(4} oporation vithin tho possible range of poucsr
oysten froquoncy oncountarabdle will not eroste a sorious
Pooch oecuraey problen,

(o) n dlgital computeoy with its nvallable hardwarc
i8 eapable of protoeting ono transwission line with % millsocond
nozinnl elegring time. '

Fulti=1ino protoction pight b0 practically
reachod by more ugo of foult defootion rovtinos,

IV » The currcat rocearch vork?

(4) The objoct of the digital protection 18 o
dovoliop téafmiqms and algorithme for relaying system tihat
equallod or ancoedot tho perfomanco of oxisting solidestata
roloying oysten.

{44) Ono can ompet the projoet and commordiolly
avedlablo dlpgital equipnment enn b usod. This ocppreach can
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oako 4¢ pocoiblo to dovolop the protoctiom systen withont
oztoncivo horduoro dovoloponont, 7This vwill nlgso help Lo

ovaluato Sho uoe of comercdol oindecorputord in poudr
cyttcn pratoctions

(443) The aigitol protoction projaoct con coot 1L0
objoetivcn, The projoct can sueccesefully deconotrato the.
eanrohility ond mrfomw. of digital tochniquen Lo
trencoicoion 1ino protoction. Tho ayﬂt;em can bo inttallod
in tho fiold, to operato with epecd and socurity comparoblo to
that of protont a@aﬁaw«a rolaying oyotoms,

tiv} The tasic nlgorithm for Ry L ealeulation hoo
use for dictanee detorminstiongby using & red profoult
voltngode 04 © ZOPR Sequenco diroction uhit for diroetion
Quring piaco ond ground fauvlts. The recults ef inductones
ealcnlatican givo acournte foult loention vhich can be of
valuo 4n ooooosing tronswmiscion lino domago.

{v) TFuturoe nctivity in digltal reloying w11l bo
concoraod with cxtonding thoco techniquoes in ghor applicationd
for pmmemve voloying ond dovolopmont of cmst cffoctive
digital oystcemo by applying novly dovolopod larpo oenlo
intcgrotcd coriconductor dOVIEdD.

C———
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