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f PREFACE 

In this thesis eonponant methods are used to study tho 

dcublo"lins-fcoT-Sutrcl fault with different fault iapodanooe* 

Both analytical end a-c nots>ork calculator toohaiquos have "boon 

developed end a comparison botwoon tho various approaches to the 

probloa has boon prasontod, 
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CHAPTER I 
» iHTaonjcnoa 

Short oiroult studios in throo«phaso power systems aro oossoonly 

Bado for relay end circuit broakor applications and as eucli thoy should 

bo fairly aoourato* The rolo of the fault ispodanoos oust not bo 

cvorloolssd i f en adoquato sotting of tho protootiro sehojao i s to bo 

oohieved* IJothods of handling this problem ero available end osson-

t ia l ly thoy consist of establishing a linear trancforaatioa between 

two note of variables^ on® being e sot of ©yctom voltages end ourronts 

end tho ether bolng a crb of component Toltagsa end currents* Systom 

voltages end currante «xra functions of ttaa end in gor.oral tho co 

o&lled instantaneous valuos ehoud bo used* giving rise to en approaoh 

involving difforontial equations, derived from Kirehhoff*e lesrs end 

capable of deoorlbing both trnnsiont end stoedy states* Boo&uso steady 

stato nay bo dirootly studied by phasor quantities* that ere nuoh 

easier to hendlo then difforontial aquations* and because stoody-stat© 

enalysis has sufficed* for nost purposes* in power oystesa preotioo 9 

i t has beocoo quit© occsaon to uoo phasor trensfcrmtions in tho study 

of system unbalanooa* 

Too usofulnoca and simplicity of tho trcrjsfcassation approach i s 

that slnsle-ph&ae indopondont networks, can bo derived from tho actual 

eyatesv in t&ieh cot?>onont voltacoo establish tho floar of consonant 

ourronts end that by sionly interconnecting tho so networks* aooording 

to specified rules* one oen represent nany different typos of eyotoa 

unbalances* in a nsnnor appropriate to a-c network calculator usage* 

Also nuaerioal eaaputation i s in general considerably fcoilitatod by 
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tho use of tho OSOQ xrathcxlnc but a-o calculating boards havo boon 

(jivon opoolal consideration i n handling tho problons of tho extensively 

intarooxmootod power oyBtenia of the present time* 

fzxm& tho transformation Esth©ds$ tho am that has boos oczx»nly 

used in oysB»tric&l ooesponoats* Fculte that aro ©yasnotrical with 

rospoot to tho 'reference phase siay bo Tory coKToniontly etudiod by 

this oothod* Interconnections botnoea soqiionoo networks to represent 

each faul ts hav® boon tjor&sd out* end aro very « o l l teona to eyoboa 

onglnoere* IJorortholosSc corfcein discysrcatrioa sasy give r ise to r?.oa 

roeiprooal nutual lmpodaaeoo coupling tho aoqueno® notarortes that* ewa 

thoutfi offering no mthso&tical d i f f i cu l ty , aro not physically realiz&bfc* 

Perhaps,, because of t i l ls d i f f i cu l ty cad beecus© tho cyooatrleal • C C S \ 5 0 - K ; 

seat E3thod has boon G O popular,, tho study of double l lxwto -ooutral 

ffault© has been restricted t o ©tjual izriedanoco at tho point of fault* 

I t Booms that such rootriotioa hao cot boon a serious iaeonvonlono©* 

but I t EK»t be roali2od that caAiazoua ii^proronamt i n olootriosl 

oquipomt c a l l s for tho roi^insnoat of toohnlquec for dotoraiaatloa of 

. syatos p3rfor&3»c©d i n craor to apply thoso nenr f a c i l i t i e s nor© of f o e -

t ivo l ly and talco f a l l adraata?p of thoir iaprorod chsraoiori stloo * 

< Thus I t i s doeireblo to refino certain technical procedureo that haw 

boon uaod for years and* caoa* th®3* investigation of tho influonoo ca © 

syotom quantities of difforoat fault isapodances In a doublo Hno«to» 

neutral f«ult has been aoloctad for this thesis* Ac a f i r e t approach* 

eysssetrieal occtponoate bavo boon usod end a solution that seems quite In 

l ino with a*o rsotawk osloulator practice has boon obtained* 

• For eucSjored references* eao Bibliography* 



At presontP tho study of simultaneous faults is not regularly 
inoludod In the dotonainatlon of system porfonaanoo, but such con­
siderations racy bocoao increasingly import en t. To allow for this poo— 
nihility, tho application of alpha* botn end soro oonponente end cries* 
cross ond zoro corn on cm ta to tho problem has boon studied, Tho uao of 
suoh components conaidorably facilitates tho study of fcults ©ocuring 
at the sasao tino* in different locations throughout tho system* besides 
providing & possibility of interconnootion of tho component networks 
to correctly represent tho fault, regardless of cjaostioria of eyxxcotry 
with roapoot to tho roforenca phase or ©quality of fault inpodancoa. 
Also* analytical solution of power syotom problems by Beans of those 
coapononts requires loss work then tho use of syaaatrical components. 
Tho possibility of intoroosneotlon of tho component networks to rep­
resent the fault in casoo whore sysxaotricol components will not provide 
the soot® facility* together trith tho fcot that a, {5, 0 oomononts cad 
u # vy 0 coE?)ensnts are a nature! description of pewor system cjuantltles 
reooaond tho use of those oeapononts as a zaeans of visualising tho 
physical implications of a problem. All of these charaotoristios of 
tho various typos of components hero concernod will be notice able in 
tho solutions that are presented for tho double lino-to-neutrel fault* 
with different fcult isjpodencss, sad V i l l i in a aonae confirm general 
conclusions that "yafffb o«©n drsra in previous" 
oaoh one* 



CHAPTER II 

SYMMETRICAL cosyoïrarrs APPROACH 

Consider a enall eootion AS of a throo phase power system* oca.-

ci sting of phases n0 b„ o 9 and neutral and an orr an poison t of iapodancoa 

Z„ » Z„ aid Z . aa shown In Pig. !• Coanooting terminala- 2 to y* 3 to s» 
a * xi 

lotting torninal 1 remain opoa oirouitod^ will roprosoat a fault botwea 

phases b and o end neutral » tilth fault iapodenoaa Sft* Z^ ©a phaso b and > 

Z^ on phase o. end with iroodanca Z„ In tho neutral• Aa tho inoodancea 
a * a 

Zft 0 end Z^ say aaau&a any valuoa0 tho fault inpedanooa Z&4- z^ and 

Z and tho nautral iapodano© Z may bo mdJusted to eatiify ©ay doaired 
a n 

condition©. To fcasp Z^ with positiva rooiotsnoo* which la desirablo • 

for a*o network calculator representation* It sasŷ  whsnovor noooaaary* 

bo shifted to breach &, leaving y ohort cirtsultod to a # or what lo tho 

asoo thing8 designations y end s may bo interchanged* Performing all 

poeaible connootXona of torainala y end s to any pair of tonainala 

ohoaon essong terminals 1» 2 and 3 # produooa six different typye of 

•i oonsaotiona, each ono representing & double lino~to««ioutr&l fault 

with different fault lEnedancoa. 

îho eoquonco networks may now bo dorivad froa tho system di agree* 

tho Ispodanoo Z & being included la tho positive» nogativa and *oro 

eocjuonoa networks and tho i&podanoo Z being shown aa 3Z_ in tho eoro ( 

eecfienoo network* tho fault t© rainai a in tho sequence networks Mil 

correspond to pointa 1* 2t 3 and n in tho system diagraa and tho fault 

impedanoe to bo considered In tho analysis that follows will bo ̂  « 

"without any loss of generality \?hataoovcr» In this regard, tho isrçodenoes 

4 
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Fig. 1» Section of a Three Fhaso Power System 
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Represent the Fault* 
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Z aro not an intogratod pert of t h ® syeton, but they w o oonsidorod 

es euch in ordor to aohiovo onalyt ioc l si iaolif lcatlori» 

Tho fou l t roprosoatatiosD, in fcha System dierram, f o r a l l Bis 

poosiblo oaeoo ¿boro sföntionsd E2xd -nith tho convotitioria es t o f c u l t 

tominalo» ar<3 ehoim in F i g . 3« ' • 

DpftofirAantioa of Soc^pasa, fiuantifar. DiptrlbyttjLoat 

I t l s provad in tho eppeadix X t h a t # w i t a tho forogoing ocavon-

t iona« tho fau l t* in ony oaoo» suay ho roprsiooarted by oonaaöfciag t o 

tho p o s i t i v o soquonoo notarle cm iz^odonoo(Fig« 2«) 

- V8.*8. CD 
iíero and Z Q aro tho nogativo and goro coquenoo is^odanooe» 

&s viowad fron tho f eu l t» end Z0 IG tho f a u l t Inpcdenoo elroady dofinod« 

Tho pos i t i vo soquonoo notwork cssy thos bo eot up on tho &«o mtwo©lc 

oslctslator« tho irspodonoo Z ooxmootod Goroos i t s f a u l t termínala má 

tho d i s tro ibut lon of pos i t ivo soejuenoo currents end vol tagos* thron shoufc 

tho Bötrjork^ nay bo dotoraiasd 07 aoroly xootoring t h o i r veluas* In 

p a r t i c u l a r ,> tho pos i t ivo uequono® curronto a t tho f a u l t t h o r o a f t o r 

dealgiatod by X ^ « id . l l bo usod in dotominlng tho d i s t r i b u í ! a n of 

noQ&tiv© and coro soquonoo currante end vc l tagos* es w i l l now be 

oxplcinod« ® 

Tho nogatlvo and Boro soquonoo cúrrente at tho f o u l t w i l l bo 

oal lod I f t 2 end X end tho ro t ios l^J 1 ^ end 1^ / 1 ^ -will bo 

dosignatod by má foepootlvoly« Th» veluos of X o 3 and 

S e $ s t r 9 ^ - v & a i a *a*>l«» 31 end er© doriyod in appoaáix 1* 

http://id.ll
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Fig, 3. Feuit Kepresentationa in th© Syatcn Diagysa. 



Table 1« Relations between Positive,, Kegatlv® oad Zero 
' Soquonoo Cui*rocb o at tha Fouit» 

8 

Fault 
on 

phases 

Fault 
icpodanco 
on phoe© 

0 2 ^ CO 2 el 

bo 
aVz-
£ 2 0 W 2 o 

f 0 
• ..ft. «y i „ t * . 

V Y*0 

V V*0 8 f 2 '0 

2. g 
• ¡ ¡ ¡ .11» * i m u m i H< m 

2 



0 

a2 cZ ol 

aO oO e l 
(2) 

Tho no cativo ond soro eoquenoo vo l t ado ot tho fcalt aro glvon 

ia toros of tho no cativo and saro coqnanoo oummtB ead iapodan&oo by 

&2 2 o3 

OÍ* i a toras of tho positivo soquonoo curreate* effcor Eq# (g) oro 

subatitutod in Sq. (3) S 

(4) 

Tho s»st ooavoniont «ay to dotomino tho dietributioa of rogativo 

oxú wro eoquoso© ©ur rente and voltados io porhapa to tseosur© tho eorro-

8pondoafc diotribution faotoro» This nsy b© dona by coparatóly ©rorgising 

tho aoc«tivo and c3ro eoquoaco uotworia»-..et tho point of f&ult #(?ig»2)« 

TH»n Ia 2«« 1 encoro f tho curront s&amsrod e t eny looatioa i a tho na cativo 

oeçusnoo aotvork wi l l be tho distr ibutioa faotor for that looation* 

T»hea I Q Q * 1 essporet tho eurronfe coaeurod et eny looatioa i a tha goro 

eoquonco xaotvjork T A H bo tho diotribution faotor for that looatioa. 

If I g and I Q oro tho «©cativo and eoro ooouenoo o u r r m t e a t a givm 6 

point of tho fsulted syotoza, «nd Kd<> asd tho dietributioa faotors 

for tho ©orroopondont points in tho negativo ani ser© aoquane© natworks» 

thon by dofioitioat 

V* ^«0 XaO
 ( 5 V 

Dy tha defini t ion of K « and K 1 
* 0 2 CO 
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or aftor Bq« 2 aro substitutod In Eq# 5i 

Dlstributioa faotors for nogatdvo and eoro soquonco voltados 

vill bo oallod K» â 2 and K
1 ^ # respectivo 2y* If V, aad V Q ar© tho m g » 

ativo and soro aoqucnco voltagog* at a glvoa point of tho feultod eyat®^ 

aad K t

t J O and K* â ( J th© distributio» faotors for tho eorroepoaíoafc pointa 

£n tho na nativo aad zero eoquoaoo aoterorlco» tfeen by dofiaitionf 

OtrfcJL̂ ap. of a«<o Hatrrork Cg&eû fotpr, Jfoeodurfl 

Briofly» tho procedur© to bo rcccccaaded for tho dototóliiatioa 

of tho Gynastrieal ccaponoate of cystco (jucntitioa^ ia a double liso 

to nsutral feult with difforent fault isspedoaoos* usiüg ea a«o ootwork 

c&lculator, ict 

1« Sot up tho eoro soqucmso aotwork and ceaeuro Z^ and tho 

diutribution faotors of subsoript soro» 

2« Sot up tho ssgativo soquocoo notwork em caacuro 2 g and tho 

dlstributioa. factore of subsoript t*o« 

S« Sot up tho positivo e&quonoe rotaork, eonaoot tho inpodaneo 

Z, givon by £•« (l)» aorosa Its fault terminais # aoasuro 

I - aad tho dlstributioa of positivo soquonco cucatltios» 

(7) 

or oftor Eq« (é) aro cubstitutod ia % # (?)» 

O) 



Tai 8 vdll not îa, genoral roquiro mich laoro tis» thea ©thor short 

circuit studio» coanoïïly xa&do In on a«*o notpork calculâtes^ bocauso 

distribution faotoro for tbo coro eoqucnoo network or© rogularly 

noodod, unlosa thoro uro armllablo onough line unit s to sot up tha 

80<juoi3oo networks siaultûnoouoly and lntoreoanoob thaa accordia* te 

tho typo of fault» 

E<3. (S) and £q« (3) saay bo applied aftor all board v/ork has 

booa fi&ishod «ad will provido a osens to dstorsaim tho distribution 

of mgativo ond goro ©oquonoo quaatltioa, in toraa of tho pouitivo 

©oquoaôo curront at tho foult 9 and tha faotora elroady dofinad« 

X » particular, ths faotora K O 2 and S q 3 aro cHoaoa fros tablo 1 for 

th» position of tha ftsilt idth rospoot to tho roferonoo phaso» 

«thoa the phaso anglos botwoon tho varioua öouroa voltagoo aro 

not of prlao iisportenoo« 1t zs eustcaary» in a onorfe oircrait study # 

to csssidor all ganoratod intomal voltages equal In phas® aoä na(?ü.tudo 

ïrith thls aseumptlon, tÂa positiva soquonoo natwork » 8 7 b-j roproaantod 

by a çonorator In seriös with a passive nets-ork» If shant oloaonta 

aro noglootod &â 2g s«y bo ccasidared oqual to â soao iœporfceafc 

eirplificatioca aro aehierod» In this regard* ti» positiv» soçuenoo 

network, whon positiv» soquone© quanfeiiios uro boing ssoesurod, (Flg.4) 

Kay bo oora£Märe<l with tbo negativ© ssqueaoo noi-arark, distribution 

faotors ara botag doto«ainad,(PigA5)« ïbs distribution of currents 

end voltages 1® tba s am in both notworke, but is mißt bo obssrvsd 

that ©ins© tho point S in ths nogative eoquenoo network is oborfe 

cireuitod to neutral, tho voltaro V g , et B point P, in that notwerk, 

is actunlly xsoosurod with respect to S as référence. Thls icwlios that 

tho voitago of tho oorrosponding point in tho positiva soquonco notwsrk 
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Fig, Keesurerncnt of Positive Séquence Qucntities 
in tfae Positive Séquence iietvork. 
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Neotrsi Fus 

Fig # $m Ect«mination of Distribution F&ctora in 
tho îlegstive Séquence Ilstvork. 

•21 

Fig. 6, Représentation of a Négative Ispedanc© in 
tho A»C Network Calcalator» 



i s proportional t o V,, whan measured vrlth rospoot t o th® poiirb S of 

th io noterork. With tho nota t ion iadioated i n Flga» 4 sad S i t 

.follows t h a t . 
I I V V* 

&2 I a l . a2 GX . * . . . , . ; • • ' y ' " 

fromtjfeioh . 

a3. 

V « ^ 2 V«, »-fsiaSV'*iK V * l 2 . 2 ra— 1 - ^ y * 1 c2 2 w— o l 
v a l o l v o l 

(8a) 

Undor thoao 'circvsnotoxiooo,, tho nogatlvQ eoquanoo network mod 

not bo eot c<i nad nogctivo eoquonoo cur rants aro o c s i l y oornutod by 

Eq # (Oa) 8 a f t e r poai t ivo eoguonc© currents havo boon iaoacurod« 

Xt should bo obaorvod t h a t o rd inar i ly vo l t ago d i s t r i b u t i o n i s 

not required i n a shor t o i r o u i t study* Bovortholoos, voltago dletri** 

but ion f ac to r s , Eq« (3) end Hq# (8a) aavo boon dorivod* This l a s t 

o p t i o n nay bo used i n tho epoeial caso whoa i t i s doairod t o do~ 

to r s iao a voltago i n a nogativo ooquonoo notsrork t h a t was not oet up 

for tho ohort c i r c u i t atu*$r» 



GMPTEB III 
ALPilA, BETA AHD ZERO CGMPQSEBTS APPROACH 

Phaso voltages end oummta am expressed la tones of their a0 

9 

p 0 cod 0 ©aapoRoats as iollotras 
V & V • v f t

v 

a a 0 • 
v « » & v * iS. v • 7A ' , « ' • ' - ' - -v-""•'/• *b 2 a 2 p 0 

Tho eiaalteaiootfs eolutloa of thoso oblations 'will shoa- that o 9 

p, cad 0 caapoaoaia ero ossrossed la toraa of phsao quaafcitios ©g 

fOllOWBS 2 " •-• y ^ y ' % ' 

; i ' v A > | ft V v. ''• 7-V ' t M ' ; " • • ' • , , v , ; ; .
 i'V."','.- i ;""" 0 3 » a b o J 

?ho U£0 of Eq» (9) and E<j# (10) tosctbor* fcdlitatos tho trans­

formation of on equation dacTOlviag ph&30 qutzititloa into tho ocrrospoadicg 

oqitatica orrvolvln.3 tho p # cad 0 corpanccite of tljooo piicso quantities* 
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e Tranafornins system quantities into a* and 0 ©opponents 

corresponds to traneferning - & throo^-phaso noterork into throe c inf lo" 

phaao cosnponont notsrorfco* oollod tbo a network, tho p notworfc end tbo 

sor© notwrk, tyhoso ispodanoos aro tho esop, as tho corannco ixpodencoe 

mod in syEsastrloal, eoE^os.onts^*' for. tb^oot&bn assuEtotioa of eyo* 

mt r i ca l s y s t o ^ e a ^ ^ * " ^ * . - ^ 

fcalnnced^eyetom condition* ~tdt<̂ H3as3>onox̂  - aire independent 

end BO tho flow of/^csapoacnt cwvreribg it .not-roiated^ Zero coa«» 1 

ponoat currente cannot flow in this oaso* becaueo thlro are no cm* 

oratad eoro coc^oaoat voltages undor balaroed condition* 
"r * 

l?hoa a fault occurs ©esaowhero In tbs eystoa* th® 'balanced con­

ditions i s upset End en interconnection of tho ccm?cisnb noteorks, at 

tho point of faul t , i s mad© to represent tho faul t , according to th© 

ocuetiona doaorlbins i t * Such equations cro f i r s t written in to ma 

of phaso voltages and corronts, at the fowlt, cad thcra are threo 

for each fealt location* 2hsy aro thos expreseod in a* p e end 0 

oosr>ononts by no ens of £q* (9) end (10) end translated into 

approprlato intorcccanoctiorsa of tho consonant notsrorks* 
fPaouag.loa of, thy.,Pmbiopx ' 

. f i • 

In this caas, f ig* 3 provide a sohasatio diasrea of tha o\oa» 

ditione to bo studied end contain a l l possibil i t ies that xaey b*> last 

with in a doubls lino-to««oiitral fau l t , with different fault iapcdanooB* 
w • 

09 has boon pointed ©utj, i n eonztoction with tho ssxsj figuro* when this 

sycsotrioal coaanoneats approach was discussed* Tbo egoa conventions 

aad® in chap tar II* as to fault is^odcaooe* aro laaintainod., as tbay \ 

aro equally usoful bore* In apponSix 2 i s ^Iwa tho derivation osf 
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tho equations doeoribing tho fault, i a tonos of a* imd 0 ecsa-

poaonto, for tho fuadaoantal casas aaoag thoso chovm in Pig. 3« 

Derivations that trculd bo ©atiroly siaii&r to t l» oaas Juat Eca*» 

tionod have boca ccsittod* but e l l reralta aro givoa i » tabla 2» 

Interconnections of th» o, ß# end 0 cotworko to represent tho fml t 

hem boon worîajd out6 according to the equations in tablo 2 and aro 

ehesra in Fig, 7 to Fig, 14, 

Agaly^is, 'off .Proposed... Solution^ 

. I t issy bo noticed that in tho circuits of Pig. 10 fand Fis* ï.2tf 

tho icpodaaco «* 2^ i s ehcraa* Sineo 2^ has boca chocou with a positiva 

reaistßBöo» tho representation of *» i a ca a-o network calculator 

tsrlH entail sam eoaplleatioa» îo ßimlat© a nocetivoin»pedance - Z ^ , a 

generator I s eoaaocted aoroao tho terminals of + 2^ (Fig, 6) end 

adjusted to supply a current opposite to tho normal ourroat 1 

f l o r a s throa* ~ Z f ana of double ^ « i t a ö o . l a som i s t o » » » , 

i t îaay bo practical to absorb •» or i t s rosisteaco cceaponent in tho 

tsapedonco of tho ß netsrork and so avoid the cctiplicatioao œatioaod 

abovo, jEsothor proooduro that lasy bo followed Is to ueo tho alterna» 

tive coaaootioaa of Pig* l i sad Fi?» 13 that provido en elegant so l ­

ution» i a trhicà ao negativo ¿apodase© ia required, V/hoa other con­

di tioas are imaterial , tho ohoieo bot^ooa tho two typo a of eoaaoo» 

tioaa nay be sot by the oquipsœat available, since oao usos throo 

ispodaaooa and oao zautual transfers©? and tho other usos thro© nutual 

traaafonssrs md oao inpodoaco, 

l a a l l tho proposed diagrams of interconnections* autuai trens* 

forrara «ero usod rathor than ßodiilc&tioa of ispodsaoos, voltas©© and 

current© of tho cosapoaoat mtmrkm* f."h&n sixailtacecus unbalances aro. 



Tab lo 2. Halations botwQoa Alpha* Beta end Zoro Components 

of Voltago8 end Currents at tha Fault. 

Feulfc 
on 
phatssa 

Fault 
ispodanoo 
on phase 

Doeoribing oquations 

I bo V • 2?« » ~ Z Ä I • ^ Z„ ln a 6 0 2 f a 2 f ß 

" I Zf h • 1 Zf x« 
I + L B 0 

a o 

8 o V «• 2 V„ « - 2 A I • Z A ln 

a 6 0 2 £ a 2 f ß 

ß 8 f o g a£ 

4 a V • V8 » Z Ä I - Z.
 I' 

^ - i « z f «b*"fi 



Tabla 2« (Continued) 

Fault Fault 
Ikdbov OSI Describing oquatiorm 

Phaáos . on < naso 

4a a 
(Altoniativo solution) 

/s /I 

(Altsrastiv® solution) 

2 I 0 « I o * / 5 í p 

\ * V A « il- 2 _ ïfl 



—• 

2 I 0 

V 0 + • - I: 2 

Hg» 7« Fcult b- c- n. Feult Inpcrfer.ce 
o» f hase b* 

21c 
V 0 +o- 1:2 

Flg. 8» Fault b- ©• Q« Feult 5apt»d&nc« 
on Phase c» 

http://Inpcrfer.ce


o-

v 3 + /3:i 
o-

21, 
• o 
| 2 f 

V 0 + < 

Ftg» 9. Fault o ß- n. Fsult Impedance 
on Ibaae o* 

X 2 f 

CZ3-

A / 3 

y<3 + • 
\T3 :1 

(ZZh 
2 I 0 " Z f 

1 
V0 +< 

2f 
2 

Fig* 10, Fcült c» e» n» Fault Iapedcnco 
oa Fiase «• 
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v,3 

2 
V 0 + • -

• 1 

d — 
• — I l 

• • l : /3 , r 
• Cl 

S 
s 

2 I 0 • 
2 I 0 • 1:2 • > 

o S 
s 

2Z, 

Fig* 11* Fault oa-n. Fault Iapsdancs on 
Hiase a* (Alternate Solution)» 

* 7 -*» Z f 
—tz> 

/3: 

2 I 0 

-CD-
- Z f 

f ' « 

Z ç \ V 0 + -
2 

2 

Fig* 12* Fault a-b-n* Fgolt SapccUnçe en 
Phase a* 
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Xa 

2Io 

2 / o-

:/3 

1:2 
s 

/3 

2 Z , 

Fig» 13» Fouit n-b-n. Fcult Xnpedonc« on 
rhaco a» (Altomate Solution)» 

V/3 + ' g" -T—l-

3 Z f 
2 I 0 

2 o-

Fig, il*, Fcalt ct-ls-n» Feult Impedance ca 



boing- considered̂ . this has tl» edvaatago of avoiding ths intro~ 
diiotlon of restrictions that coy not bo coeosearily tru® in tfca 
eyeiea, end for this reason tho mtusl trensformra oro eoootlsoe ' 
oallod isolating transformers., 

dm notico that tha inpedaneo of tho goro network apposro 
as Z Q/2 in ©11 tho proposed diagraas* as is usual for other typoa 

2 
of faulta studied eleowhoro* 



CHAPTER 17 
CSISS CROSS AW ZERO COIPONBNTS APPROACH 

Phasa vol tages tcsd currants, ara expressed in torao of the ir 
• 

u» v» end 0 coczponoata as fol lows! 

7 w a ^2 Y * V 0 

\ * 
7 7 

o r2 

V 

7 m 
o 

" 7 • u 
r2 

- / 3 

a - U 

fit 

1 » 
0 

•x, 
m iiifc 

1 » 
0 /a 

(11) 

Tbo einultonoous solution of those equations wi l l show that 

u, and 0 ©on^ononts oro oxpressod in tonas of phaao quant i t i e o a s 

f ollotro* ' ' 

to 



Tho uso of Eq» ( l l ) end Eq» (12) togothor facilitatös tho trang» 
í» 

foraatlon of an ©qu&tioa involviasg phaso quaatitioe lato tho com»*» 

opcnding oquation iowolving tho u 9 v Ä orrf 0 conporxsnts of thoao pliaco 

quaatitioe. 

ttoat of tho propartios ooacoraing a& p 4 end 0 ooajpononta er© 

also applicable to u» and 0 occpoaGnfca« Briofly, tho trenoforaa» 

t l o a 1x3ro ooaooraod le aleo asrooiatod t?ith throo oaE^oaent notworko» 

callod tbo orlos notsrorkg tho oross nofcwori end tho «oro noteork $ 

t?ith iEf)edßüCGQ oqual t o tho scquonco inpodasaooa 2«̂  # 9 and 2^ 9 

rocpoetivoly» for tbo cosiaon asauopticn of syssotrioel oyatoa ond 

Zg a Zj. Tho coE^onont notssorks8 undcr balwacod conditiono, aro theo 

indopeadont, and as both crlsa and oross ooapoaoata aro naoded to 

roprosent positivo aoqusnoo quontitios^ only tha sero notwork io passiv© 

Diseusaloa of tho Pröb^gg 

% following tho proooduro used in cheptor I I I» tho equatione 

do8oriblng tho foult iiavo boen dorived In eppondix I I in tonas of 

erlas* oross and coro conpononta» f or tito fUEdasontal casos ajaoag 

tho so shom in Fig« 3 # oaltting caso a whoeo dorivcitlon tsould bo on» 

tijroly aiollar to tho oaos jus t ssoatlonod« Uovorthaloco» the roeults 

for o l l possiblo oaaoa ero givon in tablo 3 oad tho oorroopondins 

diasnsaa of intorcozmocticng ero shom in Fig. 15 to Fig« 22« In o l l 

thoso intoroosnootioso ssatnal tranaf onaors aro usod» oe thsy ero 

nsoosaary to nalntaln tho ixspeöaneeo of tho ooaporsoat notworka equal 

to tho eoquonce inpodanooa of eysraotrioal oos^ononts« Eooping cos« 

ponont iroodsnoos oqual to eeouonco inpodaaooe i s an oaoontial foaturo 

of erlas» oross ond coro oomposoBte« &s i t próvidos tho dosirabla 



Tablo 3» Rolatlcns botwoon Cries, Crosa noa Zora Composants 

of Voltagoo find Curroste at tha Fault 

Fault Fault 
ite&cr cd îapodaaos 

ca phaso 
ascribing Equations ' îapodaaos 

ca phaso 

U ' 6 'ö 2 T B 3 t V 

g v 2 £ tt 

X. • *0 • O 

^-^"o-hf *tt* I^V 

i r o o o 

S on 7 • J[9 » 0 

7? vf Vã ' T 

ca 
V T 

V *• V Ö Z. I •» Z Ä V 
tt -¡s" r tt t 

/8 I 0 « I u - v^ãlv 



Tobio 3« (Continued) 

27 

lîuabor 
Fault 
ou 

phases 

Fault 

<m phase 

4a . . ca. a 
ÍAltonxativo oojutioa) 
• 0 n y • • • • • • - • • 

/ V W 8 Y(¿¿ *o) 

6 a 

4* ~ß>*rß> J u * 4 -X 

lAltsraafclvo solution) 

O u V 

6 ab tt «— « 0 

72 7 ? * f V 
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flgm 15. Fault b-c-n. Fault üapedarsco ca 

lu 

_̂—. 
Iv. 

1: f3 
i 

O •HW 
— l : / 2 

s 
Ci fe 

Fig, 16* Fculfc b-c-n. Fault Inpedenc« en 
FtlßS« Cm 



Vv + • 
Iv 

V0 +o-

*3:l 
3 

(/2:1 

3 

Flg» 1?. Fml% c-a-m Fsult lapodßnce 
on fh&30 c. 

Lu 7 
— t z > 

v t f 

/3:l 

- Z . 

v 0 

T - f 

Zf 

Fig» 16» Fault c-a-n. Fault X^pcdsneo 
on Fb&s® a. 



o -

l : / 3 

l : / 3 ù 2Z 

V0 + •-
o-

I: Í2 

1 

F±ß# 1S?« Fcult c-â-n» Fsulfc lapedance on 
Flusse a « (Alternativa Solution) 

CZh 

s 

Io 

V0 + • V2:l 

o - CD-
Z f 

P 

H£> 20* Fault ft-b-m Fattlt üsp«dssce on 
fives o ft. 



lu 
l:\f3-

Í3 

3 

v 0 + I: il 

Fig« 21« FcEult ft-b-n. fault Inpsdcnc© on 
i&aae A» (Alternativo Solution)» 

V u + 4 -

/ — — -•- — — — 

, - V3-.I 
È ig 

I o 
. * .1 /2:1 

-2-7 

f i g . 22« Fcult e*b~B. Fault Xtapedaaai ea 

file://l:/f3-
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f l o j & b i l i t y foz» mdtch lag t o oysEotrioal ooaaonoatoj, o r v i c o varea» 

i n sa a«o notwîrfc c a l c u l a t o r , u l t h a sdnizssa o f chiia^a» l a t h i s r o -

gara» i t rajr be no t lcod that, the di«*m2s here proposed c o s f i n a r o * 

ou l to previously found"* that^ t a r c a s alpha* bota* asad eoro coa» 

poaonta uso th© soro mtsor ls ^ i t h isDodcaco aot e t Z 0 / 2 * er loa* cross» 

end soro oaaporionfca ^ s i l l o l w y o provido i\l&r?om with oa»o t ly tha 

ooquotBO icwodeaoog i a oaoh cozsponont noterorîc* 

Tho ssi tuel trcsaeforaors ac t a l so os i s o l a t i n g trensfonaoro osa 

ó s i c t a i a tí© s u i t a b i l i t y o f % v é cad 0 oosçKsaoato fas* th® study o f 

elœdteuboous f a u l t e « 

CcçparjL e ^ ^ t ^ o o n ^ , ^ ^ r ^ v f ^ 0 ^ r - i ^ R ^ 5 0 ^ ! . ' • 

• A Q orlsß^ ©röa& end «oro caaponostg» i n coapariso» w i t h ßlpho. * 

bota ©ad sore costionosto* Uarvo tbo adventeç» o f aa in t a in lng tho tepodosjoo 

o f tho a oro ootwork a t tho va luo ZQ end choro wi th thsaa o i l tho s p r i t e * 

i t ooosas roaoonablo tha t we l i m i t tha prosoafe oee^ericoa t o v* cad 

0 coapoaontc and e y s s ö t r i c a l conaonents» 

Tho r e s u l t s t ha t have boca ©bt^inod wi th tho B ^ s s o t r i o u l ©os» 

posant B saothod soem t o f i t tho genoral procedure followed l a a«o 

notsrarïs c a l cu l a to r s t o study e c o a m typos o f f a u l t « ï h s tiia© required 

f o r tho zooasuroiassft o f eoquonoo quan t i t i e s xâll bo tho eras as I n 

ordinary eases end tito f a c t tha t tho f s u l t lapedancos ar© d i f f o r e s t ® 

introdueos on ly a e l i c i t ©oaplioatloa i n tho feo tors and S ^ » 

Because only tha> posit iv© eoçusno© sot^ork has gonoratod olootroraotivo 

for cos* s^rtsatr icsl coapoaonts eró inborontly e inplor than othor 

mothods» îforover* naxm slraultamous v®fo@l®8M& oro oarïtosaplatod» 

' c r i o s * c ross «od saro corçcasnts prooont e docidsd edvsnfcaga end 

should bo used* 



5 Cotí» tho orlo a ead t í » croco notsrorica ero activo cotworke » 

tho o la ot rogativo forco ia tha croco natwork boi&g ehiftcd alnoty 

dogroo bacirrcxda wita rocpoct to fclu? olootroffiotiivá foro® i a the 

cries aotwork» bufe tiasy era a<jual i a xsagoiiudo to l / 2 tiaoa tho . 

oorrospoading pooitivü CÜÍJUOX&O el©cU*ce»tiY© forco» 

I t ia apparsat that cr ias , croas aad zoroycospenoata ro^uiro 

Kora ©¡juipmat thaa SjtEMtrical oor^onoats for «a a«-o noteork oal» 

culator aot up* bub thay próvido intorconaooti ons of tho ooapoaoat 

aotworka to corro c&ly reproocnt t ía fault , rugardlosa of cjaestioss 

of BysEj0trio0 wifch roepoct to tho reforonoo pbaao or oquaüty of 

fault iE¡?odanoo8, aiid tbio rocacrnonda tham í'or tha ofcuáy of sirxil*» 

taaoous teibsdaaooa» 

¿a iatsroeting observation ia that orisc , croso «jad g©ro 

eósspoasata ero oithcr i a pheae or i a phaao oppoaitica esd eo tho i r 

odditioa ncy bo perforraod by oseas of potaatial oad ourront traas* 

fonaora, thaa xaeMas tha a«o ast»orl£ ©oloula&or diroctly roadabio 

i a phíiso quaatitiaa» Corro cponding proooduro wita cyxtaatriccl 

oonpoaoata w a l d aot bo praotioal» sinco i t would roquiro coa» 

plicatod phaso ehifters of quostionabld aoouraoy» 



coacnjsions 

1« Tho etudy of cysto» quaatltioe» in a doubl«) lim to 

neutral fault» trith difforont fault inpodaaoo©* asy b© endo tooth. 

analytiealiy or by a-o aotmsrk oaloulator nothodo, using linear 

tranafoxmtlons boteoea phaaos* quantitios* A-o aotworic calculator 

cothods ero noro ouitod to tho otudy of oottora power cyetoo and es 

euch woro givoa special oonaideration* 

2« Sysmotrieol oosapanonta Boy bo usod in & aaenor quito in 

l im wita prosoat toehniqueo« Special saaltipliors derlvod, in 

ccajunetion Kdth whlch. tho distribution faotors ray bg applied i n 

a eferalglr&fortrard maaaer, to C,1TO negativ© and eor© soguaaoo quenti«» 

tiog in toraa of tho positiv© ooquoaoo ourroat et tfet fault* for 

eay oocabiaatioa of foult izwodsnooe and fouitod phases« US® of 

distribution fectore ie an osaeatioi foaturo of tho saothod hör® 

proaoatod* bat thay am quito eozaon. anyaray in oretinary typoe of 

efcort cirouit studies» sinoo thoro ero hardly oaougfr lino mite to 

00t tho eequonoo aotworfca sissiitßaooualy. 
* 

S« Alpha« bota0 and Koro coanonanta and erlas» orosa* and coro 

eos5>oBßnts xaegr t>o applied i s e aanaor guito ai&iiar» Diagrams of © 

iatorooemaotiona of caaponent natworks* ponaiitiag a ßtrai^tfoyrord 

©ettins tho ©-© netsoric celeulator, for tho study of tho fault, 

in any ocdbl&atdon of fault irDodanooe aad faultod plioöoc* t^ro 

dovoloped. Aa fer aa a-o notwork oaloulator toc lmi^ö aro coao©raod# 

tlioso ooopoaoats xoguiro EOPO equipcont that tho qyxraotrical ©oor-onasite* 

but thoy ero aost euifced to tbo study of oiiawltanöcua unbal&ncöB» Alpha 

54 
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bota* sad mro compononto roquiro a sotting of the inpcxlanoo of 

tho zato notvjork e& Z^/a and crioo* cross 0 ond goro oornoaonta 

prcrcrido dia#*s23 in which th» ispodane® of tho eanrxKKmt notworko 

aro exactly tho ecaaa RB tho impodanco© of tho coouonoo ratnorfes 

of qymotrioal ooapcnoatSf for tho ©osaaoa neouaptioa of eyscotrical 

eycrboa and Zg « This rooccsasm'la tho uoo o f or ias # crooa oxd 

*©ro oor?xKsmte# booause of tha f ac i l i t y in ohonglas froa -thorn to 

cyrrBtrioal ooz;>o£«mt8 end vies versa^ in en a-o rwtcrojfJc calculator* 



AFFEHBUC 

i 
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DBR1VA2I0S OF SmomCAL. COMPOOTTS APPROACH 

Kmao voltagos aad cwrcmfc© aro expressed i n terns of thoir 

. fycsotrical cos^orwats as folloro* 

C a l w as aO 

I f phases a* t>0 mSL o ero xmdo t o correspond roopootlvoly t o 

ths d ib i t s If, 2 end 3 d then 13) cay bo vnrtttoa Jaoro CKaepaotly 

v x a l a2 ©0 
(13a) 

l a aeoordeaco tdth tho dlacuoslca (^voa isi ohaptor I I # tfeo 

ooadiUoQa of a double l lno-to-aoutral fault* td th dlfforonfc fau l t 

is|>Qdaaoo0# nay bo realised i f (Fig* l ) terainela y and s CJCO oo&~ 

nootod to as$f pair of terminals choaoa among terminals 1« 2* and 3» 

Thar® aro throo different croups of occasaotiena for tsfcieh 2^ @ 

tr i l l appear a t tho branch y # horoaftor roforrod t o as tho f i r s t 

aoquonoo* % iatorohonsins deaigaationa y and s f 2^ w i l l bo shifted 

to braseh s i& oaoh gpoap of ocomotiono of tho f i r s t Goquoneo cad 

tb© eoqrjoziea so obtained ^ d l l bo cal led tho soooxid eoquonos. 

ST 
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Collins x tho toralnol that will conduot no current, tha fol<* 

leering oonasotlcas nay b@ saado to roproaoat the fault In cŝ r oon» 

Sitionsi ' 

For x a 1, ocamsot y to 2 end s to 3« . 

fcs» % *» 2# . eoaaoct y to S and s to 1. 

For x « 3, connect y to 1 and e to 2» 

fh» equations describing tho fault la phaeo quantities ero 

I « 0 

V « 0 
B 

E^roesins (14) in eymatrioal eoapononfeB clwet 

. « • ^ „ » • 1 ^ . ^ . 0 (17) 

Tho oapocoats xt y cad g aro rolatsd as follotmi 

la tho first ©oquenoo 

y « s s * X a • x • 2 (18) 

In tiw seeossd e&guemo - © 

y « x • 2 2 « x + 1 (19) 

First J-entKreca. 

S*&«titutins Eq# (18) sad % » (s) ia Eq» (is) ead (17) taadt 

grouping tomaa give. 



Eqo« (IG), (20)# (21) oagr »osr bo solvod elsaulttmoously for 

I « Z ? * Z 0 * Z " V 7 * * 

ïïhoro 25 « V a * Zf Zo * 2 a z 0 ' 

• Z f * Z

2

 + Z 0 

' X ^ % - ***** Z 0 Y 

(1) 

(23) 

•I n f t , , g . 3 , V , (24) 

ß 0 a z'z • z'z" V 2 IT 6 1 

T O 2 0 
I f ig o l ia inatod eaoag E<ja. (22 ) , (23) end (24)© 

(2B) 

I f i n tha foregoing doriv&tiene Bq» (19) ero used iss tocd of 

Eq« (18) sad the ema s t eps ar® followed, £3» ( l ) tad tho following 

equations aro obtainsd« 

öS K «i f 0 

'.. (23) 

k \ o . l ¿

2 * . 
**1 2 f * 2

2 * ¿ 0 

I f s »X# 2 end S i n t u rn 1» (¿5) and (26) tho f o r m l a e of 

tablo 1 euro obtained* 



APPENDIX I I 

EQUATIONS DES CRI EIRO ÎHS FAULT IB TERMS OF ALPHA BETA COÏÎPQBEffiS 

a • AED CRISS CROSS O0UPOMT3BT8 • 

Fault b-o-su Fftult, InpodpiiQo on pfyaaa h 

Roforrlag to Fig* Sa th* following oquatioaa can ba Witten 

Alpha, fofca, ,C<pCT033CTtiL./pp¡poi^ B ^ 0 » ( 9 ) e ( lO)^ fa*i(2?) glvo 

*.•»«>-! (V i4i ) . i K . i b . . x , ) - \ 

Z. I * _ V. • V. 

T . . 
f« - «v Î ( V 54^)-I i v y M 

ffip« 0^38 Cf^miÈJL-fivpro®pb[ Eqs, ( U ) # (18) cad (2?) give 

40 
45 



2 f U 2 f V 

, E V -...8. * u . . , • < • . 

B o f o r r l o s t o Fig# Sa t h » f o l l o s d c s ©tjy&Uoaa oaa bo t s r l t i o a 
. . . I l\ 

I * 0 

iB • f ft - . . . . . • , . . , . \ ,, ' I 

p^p^7C^pGp^yhp_Apr>rom^ B%&* (®)9 (10) esdi (23) g i v s 

( n o t i o o t h a t X Q « 0 ) 

f a 

. P S 

v a V n » « i ( 7 . - y j • ^ ( V • ^ • TT \ 
. p 0 jr. \ b ol v a D © I 



AXtormtivo Solution %j» (o)„ (10) oad (28) givo 

I F T * \/3 Ip o 2 IQ (tfo> 5X30 as obcsvo) 

a 
w V a / M i o t that V b « 0 ) 

- 8 . z f (Ja . b.\ 
* r * 1 • 

Cgla«. Cross Cosmoaoate, /.pproaoh Egji* ( l l ) e (12) cad (23) 

« S 0 (aotico that 1Q » 0 ) 

y » 

/ g » / g , ö b 0 ' S /g ' » O ) 

^ ( '1 ' ~ X u \ » ^ 3- X 

V2 5̂ 

* * . M « - » » « « £ • 



A^tormtt?aJ3olutlo|L £çs# (18) cixi (29) eivo 

rs V # v i l ( W 7 o ) * 7 ¡ \ , 7 b " 7 ° ' 

/ S V «a V « — X - ( 2 Y » I t •* V \ «• mm 3fai. ( V «•» Y \ 

» 2 3 f ( 5s. +JSL) 
V * . / S l/S ^ 

Fat&ft Pptalt,Inpctîfirico,icgi^haao, 11 -

Eoforriag; to Fig* 3f Jthé following equations con. w i t toa. 

ATtiffâ  Bo$aTCcQpcfooi^ Eqa# ($>)a (lO) eaad (29) givo 

« 2 I 0 (rwtica that î o » 0 ) 

V • % 
• c 2 ' S 

e» 0 



o IZ f 1^.m | Z f \Tz 1̂  {aotio® that I Q « 0 ) 

» 3̂  I f t 

W a g »035 Crononravly f.pmroncil, ftl), (12) cndfeo))Glra 

m-yfziQ (notice that %Q • 0 ) 

Y -
\ * .Jl » f 2 V 7̂  « • V W « i - ( V • V- • V \ a 

f& *\f% * a o i 3 ^ \ a o o 1 

• • 1 V 1 zr V 
l i " | (/S / i I v (not!©* thcfc I c a 0 ) 
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