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CHAPTER I
INTRODUCTION

0

Short ciroult studios in ehree-phass powor aystoms aro comzonly
mde for mlay mi oircuit broaker epplications and as such thoy ghould
bo-fadrly coouratos Tho rolo of the foult impodencos must: not bo |

omrloolaad 19 en udoquata sotting of tho praﬁeotive sohomo is to bo
a.ohicw:d. . Methow of handling this problom erv a.vailabla axui osaone
vtiauy tacy comiat of’ eatcbuahing a linoes trannformticn bamen
Yo nota ef var&ah!.oa, opo being e seb of aystcm voltagca (md curronts
end tho othor bsing o sab 0f componont 7oltagas end currentss Systom
voltazes end currente erd functicng of ¢ims end in generel tho so
oalled instentanecus valuos shoud be usod. glving riso to en epproasch
involving difi'arentiul equations, dorived i'ran Kirchhof‘f’a lews end
oapablo of deuoribing both transiont and stoa..y statose Qooauae gtoady
‘state ey ba dirootly studied by phasor quantitics, that ere muoch
ossier to h;mdla than difforontiad equations, ond bacauso gtoady=atate
cmalysis hes suffiosd, for most purposos, in pawer cystems practics o
4t has bocane quite comron to uoo phasor tremsformstions in the s‘cudy'
—oi’ gyston unbalanooa. v | |
 ope uaeﬁzlm..s ond pimplicity of tho trensformation epproach is
trat singlee=phess indeponient newom can bo «.eri.vod fraa the actusl
. systeny ‘~1n v.."\ieh corponont voltoces estedblich thu f‘lcw of componont
| ourrente end that by simly intorcommaocting these notworks, acoording

......

.......

unbalrncos, 111 Q2 nennor appropriata to a~c notwork calculetor usegos.
" Mso mmeriocsl cazputation 1e in genoral oonsidersbly f¢oilitatod by




the use of tho serw mothode, Eut a=¢ ccloulating boards have boon

givon spoolal considoration in hendling tho prob;om of tho eztonsively

intorcommootod powor systoms of the progsont timoe | | | '
‘uoug the trorsfornetion methods, the e that has boen cmmnly

usod i3 pymmeotrion 1 camponentss Feults that aro sgmetrical wi't:h‘ |

“roegpoct to tho 'rcferamo phaso nxy bo wry cmveniant‘ly’ studiod by

thls method. Intoreonnsctions botwoen soguonce mimorka to mpresazzt

mxch fmnl‘ba have been worked ou‘b,l

mﬂmwrywenlmmtasy&en B
onginoerse Lmrt!mla-s,, cortoin diamwtrlcs noy f;ive rise to nom
reciprocal rmutual impedancos couplin,, tho sequence notworls thet, even
though offoring no methenatical AAfficulty, m-é not pirrsically roaliselby
Perhens, bocause of this dicficulty exd va&\!Gﬁ the cymavrical cnga'-s

::a_:xt nythod has boon 5o popul s tho s"udy of doudble limo'bo-!wutral
- :mults hos been 'rastr:totad to oqual mpadanacz ab the polnt of Laultse
, ’« It soem; that such reotricticn has rot boon a soricus inconvenionoce,
" bub 4% mut be roalizad thyt cowtimmous dmprovament in olectricel
- equimamt calls for thb rofinomont of teoﬁniqmu o dotorninaticn of
. syston parformanse, 1n ordor to apply those now facllities more offoo=

| ivolly and teke full advantaze of tholr Lmproved chareotoristics.

. Thug 15 1s dosireblo to refin cortan tec'mical procoduros theb hove
boon used for yoars and, smong them, investizetion of the influonce an 6
syotam quemtitios of difforent fault impoedences in & double 1ino=ige
acutral fanlt hez been salectod for thie thesice 4c a first a;proach,
symetricel owponante have boon used and e solu‘cion that sooms quihe in

| ~ liro with avo rotwork osloulator praotim h23 baon e‘btaimd.

© For murdored roforonces, 809 Bidliorraphye

'''''''



oach ons,

A% present, the study of simultancous faults 1o not remularly

. 1ncluded_1n the dotormination of system performanco, but such con=~ .

sidei-ations noy becomo 1hcrééaing1y importent. To ellor for thie poge

_eibility, tho epplication of clpha, bata end zoro corponents cnd crice,

cross ond goro oorponents to the problem has boon studied. Tha use of
suoh cozmonents cmsicierably»facilitatea the study of feults éccﬁfing
at the samo timo, in different locations throughout tho system, bedos
providing & possibility of interconmection of the companont; notworks
to corrsotly roprosent the feoult, rerardloss of cgma{:iona‘ of qyﬁmetry
with rospooct to the re.i‘omma‘ phé.se or equality of fault 1mpedaz§cea. |
Also, analytd cel soiuticn Aof’ powar systom problemg by msens of theso . -

~ comonents requiros loss work then.the uce of,-mtvical‘ componontse

The possibility of interccmmeotion of tho component networks to rop=

~ roeont the feult in cosos where syrmetrical compononts will not provide

the smie fa llity, togethar with the foot that ay $» O commononts end

E \i, 2 7% Oi\ccmomnf;s ere a naturel dosoription of powor system cquantitics, -

reocomend the use of these components es & moans of visualizing the

- phyedcal inplioatim of a problem. A1} of these cheractoristics of

the verious 'bynas of ccmpmenta horo coneernad will be noticoeble ln
the soluticnc that are pmsented for tha double nns-to-neu trel feult,
with dit‘i‘emnt feult imsodencss, end sﬂn in o sonse confirm general

eonolunions that Yo been dresm’in previowworwea 140" the norits or



CTAPTER IX
SYMDIETRICAL CONPONTIITS APPROACH

@m '
| Consider e snall aectian AB oi‘ a threo phasa powey systcmy oo
sisting of phases a, b, 0, end mutral end en arrang,enmm'of impedances
Za » Zf and Zn" es shown in Fig. 1. Conﬁeoting torninals 2 to y, ‘3 to‘z.
lotting tsminal.l remain open circuitod, will represent a fault bct;wéén
pheses b and 0 end nsutral, with Coult impodences deg_ Zi. on phase b end ..
2, on phase 0, cnd with impodence Z, in the meutrel. As tho impodences
Za ’ Zi. end Zn noy asaum. any valueé, tho fmlt impedancos Z * Zf end

Za and tho peutral impedanoo Zm may bo wdjusted to eatiz?g.\; any desired
eonditioas; To lozp zf with positive resistence, which is desirable -
for a=o nstwork caloulator mpmaentatitm, it xmy,, whanavor nsosasasy;
bo shifted to bremch g8, leaving y short cirenitod to B, or what 4o the
seno thing, dosignations y end g moy be interchanged. Forforming eall
possidble comnections of terainsle y and g to any pair of torminals
ohoson exong torminals 1, 2 and 3, produces six difforont Wa of

oomaotionsg, eéch ono roprosonting e doubls lins=toenoutral fault
with differont fault imoedences, |

The sequonzoe notworks may now 0o derivad from the aystem diagrom,

: the imedence Za being inoludegl‘in the positive, negetive end goro
eequence notworks pgnd tho impodance 2 o bolng showm es 322 in the rero © .
sequence notwork. Tho foult terminale in the sequenco networks ¥1ll
correspond to points 1, 2, 3 and n in the eystem diogrmm end tho fault
4mpedance to be considercd in the emalysis that follows will bo Zp 0 |

 without eny loss of gemorality whatsosver. In this regerd, the irgedences
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¥iz. 1. Section of a Three Fhase Power System
with Arranrement of Impedances to
Represent the Fault,

IOI

Vy, +o—-—> - o
tﬁ ; + Z .
o . Zg. + Ly 0 _
'Ioé | o .
Vg2 + &—1 . Vao +o——i_:}

. Flge 2. Sequence Networks Connecticns for the

Leterminaticn of Sequence Quantities
Plstributicn,




Za aro not en intersrated part of the systonm, but thoy aro oomsidered
es euch in ordor to nohlove cnalyticel eimplification, |

Tho fanlt roprosontationa, in the system diegram; for ell Bix
possible ceses cbovo mentloncd end with the conventions es to fmlb
torninals, are shown in Fige Jo |

Socuonca Cuantl

It 1s provad in the eppeadix 1 that, with the forogoing owunven=
tioaa, ths fmltl, in any onso, nay bo reprosonted by oomuootiag ¢o
tha positive saquonce metvork en impodonco(Fige 2.) |

420 2 1 2 42,32 |
zf*zz za | | R i(i)‘
Hore 22 ond zo ard tho nogativo and zere eeqﬁenee Amnadancos,

zn.-i.—é

es viowod {ron tho fault, end Z is tha fcmlt impedema almady dofinod.
~ Tho positive uequenoa nat\mrk my thon be eet up on tha B=0 natmk
_‘calmlator, tho impedanoo Z oomectad across 1te i’ault teminala end

- tha aiatreibution of oositive soquence currents end voltages, threughout

| 'the mtmrk, :.ww be determined by mmly mtering t:helr valuas. In
4purhieu1ar5 the poss.tivc sequenee curronte nt the i‘ault.kwreafter
‘deaigmted by I, Will ba used in dotermining tha distribution of
' ‘mge;uw and 2OTO BOQUONCd ourmta end wl’cages. es will now be
- mo namﬁva nnd goro aaquenoe currenta at the fault will bo
oalladl mdl an!thamtical /z /x vill be
' desi,@atea by K, md K00 f’oapea‘aivolyc Ths valuau ci‘ Kez and

e& "o given in teble 1 end ore dorived in eppondiz le


http://id.ll
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B T <

Z [k e Ibl[]]zf

(o) | | (1)

Fige 3a Feult Kepressntstions in the System Diegram.



Table 1, Relations botwoon Positivo, Nogative end Zero
' Sequonce Curronba at the Feult,

Peult . Feuls 1 ‘ |
on impodanco E a-if"& o
_phases - om-phase B : ‘

e . . .. . .7 0 BT T
o o L bg® L% , N WA Y

ng,zv,O‘ :_aio

: ) "‘;'2‘ o 3 a . o 51<"'v'}"r‘ - 2
- 8Zy=eZ, © - eZma’Z,
CFw 2 %0, C R B




’ ¢
Dy tho dofinition ofxoz ond Kco’
. I u Koz Ial @
2
Ia.0° Kco I31

' Tha mgativo ond 2oro Boquenco voltagao ot the fmlt aro glven -
in tema ol te nozative and gore goquence currents wnd impedances by

' v»--zax“

'Va&»Z!

O
&0 0 “a0 o

- oF in torms of tho positive aequenco mrmte, e.t‘tor Bq. (z) are
aubammd in Tq, (s) .

vaz'”"xz 2 nJ.

V u-KcOZOIal

%)

The most oonveniem wmy to dotormino tln distrs.buﬁim of nogelive
ond @m sequence ocurrente aml voltapgos ig perhapa 4o moasure the corre~
spondent distribution factorge. This mey bo done by goperatoly omerpising
"the nsgativa and gsro eequenoe mmmg et tho point of fanlte{$1z02)0
?’hon I P 1 ampore, the wrmm: maam-ed ot eny locatlon in the mgativev
K sem‘mmm vAll bo the distritution factor E,, for thab locabion,
I‘haa Iw- p S mgore. tho cux?i'eitb roasured ot cay 1ooatﬁ.on} in ths goro

© 60gUANCO ne’cv:ork w1l ba the diatribution i'eot.ox' 40. s‘or that location,

S 1e Ia and .’to aro tho neg;ative and porg soguencd cwrrants at a  given ©

point of tha faulbed systom, end £, exd K ths distributicn factors

“az
- for the corrospondent pointe in tho nes;ntiva and 26r0 gogusnco natworks,
them by definitiens S

xz'“' a2 Taz

. 10. xdg :a.Ov‘ : . (5) ,



10

or efter Eqs 2 are substituted in Eq, 53

* Izavzcz Kda Inl

B (s)
T® Ego Fgo T o

Distribution faotors for mgaﬂvo and zero sequenca voltagea )

vdn. bo oalled K az erd X' a0 reapaotively. e V end V, are the noge

 ative and gero sequonco voltages, at a given point of the faulted systenm,

oo K¢, end K¢ 0 the distribution feotors for the corrospondont points

d2 4
tho mgatim and zero sequanne netwarke. thon by defmitiont

Ve Klag Vo

Vo K30 Tao

or aftor Ege ‘(4) are gubstituted in Eqe (7).
' Ve w K K

| n

2 63231

. (a)
Ve‘“"oxdo o *a

._._.lé&“z of eg.._...‘ﬁﬁ..m.m
Briei’ly. tha pmeeéum to bo recommonded for the datcrmimtiw
' of t‘m Wtricai om;acmnts ef systen gusntit;iaa, ine clcuble lina
" %o neutral foult with difforont fout tmpedancos, uteg e ewo notwork
celo‘ulamr, ise o _
_ 1, Sot up tlm'zeronsaquem notwork m:l maaure 20 zmd : tho
o \ distribu"ion i‘actara of subscript r.aro. v | | |
| 2 VSat up the mgn»iva soquoroe notwork emd moesure 2, and the
| distritution fastors of subsoript two, |
Ss Sot up ths pcz;?.tive seguonce rotwork, conusct tho impsedance
2, given by Eie (i). aoross ite fault tarminals,‘mamxm. :
1 o1 &1 tho dlstribution of positive sequance quantitioss



This vill not in genaral roguire mmch xioro tinmo then othor cghort
oircult stulios commonly medo in on =0 notwork caloulstor, bocmuse
digtribution feotors i‘oa' the poro sogucneo network are rogularly
woeded, unlove thove aro , svedlablo onsugh line units to sot up tho
BOYUOLID G netmma si.nmlt&mcusly and intercommab 'clwn socording te
G typo of faulte | | | o
Eqe (8) emd Eq- (3) miay vo appliad after 211 board work has
boon finishod end will provide a moeny to de'tomm tho distribution
of negative and goro sequenco quantitios, in terma of tho positive
soquome cwrront abt the faulb X al® aad tha factora elroady dofinods
in particular, ihs faotors K, and X, are ohoson from table 1 for
the position of the feult wiill roespect {0 the roferonco phago,
Waon tha phaso -angleé botwoon tho various sourcs voltagos sro

not of prlma imortanm, .‘.t ia customary, in o shorb oircult study ,
to ec.a;ider all gawm'bed intornal voltagzes equal 4n phazo end m;;nimda.
Viith thie ascmn,ption, the positive soquonoo notwork wey by reprosented
by a conorator in serios with a passivo network, If shunt olomenta
ere noglected exd Zé mey bo ccusidored oqual to Zy o SCE0 {mmortent
-sirplifications 'aré nochicvode In thls rogord, the posi tive soquence
mtwcrk,‘w}hen positive soguonce quantilies are boing mossursd, (Fiz.4)
may be campured with ths negative sequenco notwork, when dlstridbutlion
feotors ere bolng doterninad, (FigeE)e Tho &is*hrlbution of currents
end v'oltagea m tho pams $n both notworke, but ls must be obssrved
that sinse tho point S 4in ths mgative saquenoe retwork 1s chord
“eiraalted to noutral, the voltare V

2
i ectually mossured with respect te S ss reference, This implies that

¢ tb o point P, in thet notwork,

the voltego of tho corrosponding point in ths pocitive sojuonce notwork
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Hentral Dus

F;g. Le

Heosurencnt of Positive Soquence tuantities
in the Foaitive Sequance lictwork,

-

—T"w o

Fige Se

Neutral fus

Deternination of Mistribution Factors in
tha Hegative Sequence IHslwork,

I

L

| S
Zg

Representation of a Negative Inpedance in
the A«C lgtwork Calculatore

a2



1s proportional to V, when mecsured with respect to the point § of

this notworize . With tho notation indicated in Fipse 4 and § 1%
follova that '

e 1 vt ,. 2 -
o end " s
Tz Ta V2 Ta
~ from vhich '
) . I .:\ I : S ' ‘ I,“ A; ‘ ‘ .“ N N . ) :'l ‘ (Ga)
Iy a,awﬁg ’ﬁ’v“”%‘z Ilz SRR R
O
IR '7?1‘ [ L B R LTS IS DR IS RN
P - . VO . g
'vzﬂ?%iw “© avr -K Z2 v%l-al... s {ea)

U;xdox" t!wae 'cirmnm%:ancoe. tho nogative soquoncs notwork nbed

vno xm 09"" np} and mm‘:ive goquonce currants aro cesily campubed by
Eqe (Ga), ai'ter noaitivo _Bequonce curronts have boen monsurods ,

' - I% amld ba ebzam& that orﬂi’xarily volt ag‘p‘distribuﬁon is
no.. remimd in [ shorb oix'ca.ié; atudye Hawrtholaas, voltags digirie
wutdon fuctors, Tge (s) wa Tqe (8) havo beon doriveds Thic last
| g equstion nay be uaed in *i:"za :z':ecial case whon it 13 dsnired to dow
. ’tomim_a voltazo in a nogativo‘ soquenoce notwork that was nob oeb up
for the short ciz;cfaiti atudy, ' i

13



- CHAYTFR 111
ALPHA, BETA AND ZERO COMPONERTS APPROACH

Ganegr‘g.l C : ‘ o P
Phase voltagea end currtmba Bro oxpressod .‘m torms of thelr a,
{33 end O compononts: o3 followsy g T
. Vuv 0?0 s . o : : ‘» [
‘Vba V«n-. v;}’vo IR S e

T v 2"9'3;""."0

ffx .y +xo

9

e )
'Q%Ioﬁ .ﬁi

Wikt Bery e
| Icu zla w _‘ 3 I3 ¢I

R - ) gim.ltamcus solution of those ogustions will show $hod o,
| By emd O campononts m'qumsned in toerms of phase qumki.ﬁes 'aa

R ”""n‘”"_’k f (v 2p2)
Vpav% (%, -7 ;
i rnen) e

_ Tho uso of T £qe (9) and B Pqe (10) m:;otlwr, i‘c.cﬁitates the &
formation of o e:;t.a.tion :';ml 'lng phago quwx*"ities into tho cow;aemmg
equation mwolvmg 'b‘.-:e'a, Py =xd 0 ocompenonts of thoso p:w.,o quantitieso



- DPisocuncion of thy f’mb;e;g

- i
£ — - ., 2}
. . : . . i/

Trami‘oming aystem quenti‘aies into ¢, ﬁ, wd 0 oomonents Pl g
oomsponda to transi’om!.ng a thmwhaso nc{:svork into throc sinrloe

. phage commont notworks, oalled tha a mtmz-k, tho p m%cm and tho |

goro notwork, whose madances oro the sw m the BOQUINCY L,modamos

uaed in symmtriaal ccsnpoa"xr‘as, i‘or tba oox:mm asszmwm.on of EyTiw:

A A

e mtrical ayahem mxa‘ z . Z&' I}vugr theas oﬂ.z’f}msﬁdnws_m S b

0
.e——f.ﬂ""
,_...rr—- e

Balmced w cmdﬂ:ion. the-ocamponont, mbc—om are ma.epanleﬁ p_,,,.a-:'jf’

e

s - §
smti 80 the flow Ef“eoupmsnt currenss . 1& not- tolated. Zaro come

ponent curronte cemo‘b £low in this caso, bﬂcauao Ax'o are no pone

~ erated gero componont voltavea u..dcr bala. aed oenlitien.

I‘?hen a feult ocours cexowhers s.n the uyatan, ths balzmcad oone

d&tim is unset end en 1n'carccnmeticn of tho cm.nomnt nah:eor"::a. et

. the point of f‘cmlt, is msde to repregent tho feult, accor&ing to the
oquationg damorib&ng ite¢ Such og uatiom oero i'irst: writton in terms

of phaso voltages nnd curmts, et t‘w I‘m.xlt. fmd there m thma :

for ench feult locatton, They are thon oxprossod in a, 8 zmd 0
ommonenta by mm ci‘ Eqe (9) erd Bq. (10) exd translatoa mw

approp"!.nﬁe mwrmmctim oi‘ the cmg&omn" mw:ﬂ'ks.

-y
R

In this coss, fige 3 provido a selmmﬁio dir.m‘sm of tho c\on- &

’ dits.one to be studied end centain all possibilitios that may be r:?t

with in a doudls lim-vbomutral fault, with diz‘remn“' .ault ix:x;mdmcee,
08 has boen pointed cut, in commection with tho sexm fgaro, w’*xef@ tvso

symsotrical camonents approach wes discussed, Tho sam commn‘"i«ms

- made in chaptar II, a3 o fault lmpodencos, are maintainod, as t&my

- arae ejually usoful hores In eppondix 2 1s plven tho dorivation of



10

ths oquaticns desoribing bh@ fault, ﬁ,n i:ems of 6, B, ond 0 em«'
pomnta, for tho mndamntal casas mong thoso showm 1:: Fig. 3.
Depivaticns that wculd bo oantirely similar to. m onos Just LoD~

tionod heve been mittsd, Tt adl reculls aro g:iven in takle 2.
Intercmcﬁions of tlw a, B emd 0 notworks o mpreaemt the fould
.have bacm mrmd outa aacarding to the equaticna in tabla 2 and aro
'ahm in Fige 7 to Fige 1ée

Apalvsis_of Proposod Solutioms ‘ -
. 1t ney be noticod that in tho civouits of m;_,. 10 end Fig. 12,
' tha mdanm - Z is ohcm&. uinoe Zf hns becn chosen with o pssitiva '

resisﬁs.nm, tm repreaentatien of = Zf in an a%o nof:work celoulator
will entail some ca@uwﬁom 'l'o gimlate o neg:aﬁmimpedance A s
—— 19 mctez! 20ross the terminals of ¢ Z, (Fige 6) ema
edjusted to supply a ourrent opposite to tho normal current I -
flowinz thro.xg,h o Zf . end of &oublo mmihudo. In somo .uxsermoaa ¢
- 1% moy de prectleal to ebsarb - Zf or its msiatmm camponmt in the
iupedanm of the B mtwor}: a:mi g0 evold the mlicaﬁm mntiomd
thove, Inothop procodure that; Ry ba follawed 48 o use the nlmma-
tive comootions of I‘ibg 12 end Fig, '13 thet provide an olegant sole
u‘aiom, in which e nepativo b@e&ma is roquired, Vhon other cone
dtions ere irmstoricl, the oholeo bobwoen tho two types of comoes
| . tions ngy bo sot by the oquipment avelleble, sinco omo uscs throo R ,
i=podancoa snd ans nubiel t:*anéformr end the othey usey throe mubual
transformors md ono wmime. | . | |

| Ina a1l the pronovd diavmma of %*1‘»549r<><ﬂc¢:n<x‘:ﬂ:iem::,v mtual trm-
 formors were usod rathor then mediffcstion of impodsncoss Voltagos end

ocwrrontes of the ommenﬁ natworks hfm siml Ltemecus unhalencos ars.



-Teble 2, Relations be'cman Alpha, Bota end Zero Camponents
of Voltages and Currents at tho Fault. -
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Fige 8. Feult b= ¢~ ne Foult Impedance

on Fhase C.
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Fige 9¢  Foult ¢e a= n, Fault Impedance
on thase c.
1
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Pig. 10. Fanlt o= &~ ne Foult Inpedence
on Fhase a.
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Fige 12 Fault a<ben, Fazult Inpedance on
fliaze 2,
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 Fige 13+ Fault a~b=n, Foult Impedance on
ihaso a. (/lternate Solution).

Fig. 1ho Fault a~ben, Foult Impedsnce on

Fhiage b.



boing comsiderod,? this has tho-ndvontago of evolding tho intros
duction of restrictions that mey not bo nocogsarily truo in ¢he
gystcm, and i’ox; thig reason t!fw mabuel trensfosmors oro somotimoe -
oallod 'iaolaf;mg Sransformors. , | \
Ve algo notico that thé jevmedance of tho sore notwork epposre

as Zola in el} the proposod dingroms, as is usual for othor typeo
of foulta studiod eloowhore.” a ' o



| CHAPTER IV .
CRISS CROSS AND ZERO COMPONENTS APPROACH

oo _
i 7 Phage volﬁages and’ cumnts are oxpz*assed in torms of tholr
C u, v. end 0 oompommu as fonmmt 3

AR v « * Yo

: L __%V (-?o_ ‘ _ - 1) -

 Veelu = VBV eV, o
V—Z Q T A | Y

..Ia'ufé.l *X; -
.Iba-fg 075- I?fIO'
. § 'u-' . ufé I 2
- "o v 0
\f‘a fé

Tbe eimltamous golution of thooe egquations wiu show that

U, vp axd 0 ommpomnm ero oxpressed in torms of phase quantities as

followne 3.

B Lyl - :
.:_v“.“-s—;’-_é- ( 2V, =% =V )
v ey (%)
v e ﬁv + ¥, + V) - B (1"2)'_

o
T Y (21 -15-‘-10-)

H “in.

1.

v rsra(lb-x

b /

%(%faf%\



Tho uso of Zqs (11) end Fq (12) togother facilitatos tho tromg=
. formation of en emtion involving passo quantities into tha correw
. spending equats.on involving tho u, vy axd O comporents of these phese
quan"ltiea. |

- togt of tho proportios coneeming % Bs end O components ere | J
aluo apﬂlioable to uy vo axd O oo::«.ponenba.s Bri.eﬂy, tho trmi‘cm»
tioa hore concernad is alogo usociatad with thres component networks,
oslled tho criss mwbvk; tho oross motwork ead tho gero notwork ,

, wi.th impedences ogqual to tho ecquanoe mpodances Zl e & and ZO @

2 &
remcbiva].y, for the cammon assumpticn of mtrieal syston ond ‘

Z, = Zys Tho component notworks, under balanced conditians, ere thea
independont. end es both crisa and erosa omohenhs ars nooded ¢o
renresent: poaitim 89qUON0Ce qusntities, cnly the goro mf:work is pasgivo.
M.s..ﬂm,nwmmm | |

By following ths procedure uma 1:1 e‘xapter III, 'am equatiem

"¢ deseriting the foult have been derived in oppendix II in torms of

: oriss, oross end zoro compononte, for the fundemontal casep among
those shovm in Flg, 3, omitting cases whoae clar:‘.vé.tian would ba onw |
t:itirely similar to the onos Just montioned, Dovertheloss, the rosults
for gll possible csses erc given in table 3 and the corrosponding |
Hdiagrw of irtorcommocticns ere shown in Fip. 15 to Pige 22, In all @‘
these intorocmnsctions mitual tronsformirs are usod, o8 thsy eve |
xiewsaury to maintain the imoedances of the camporont notworks equal- .
- %o tha‘ sogquence impedancss of cymetriocal campononts, V%eping comw

| ponont mdan‘cas oqual to seguence irpodancog is en essentiel foature

" of crios, cross end roro components, s it provides tho dosirablo



Table 3, Rolaticng betwoon Crics, Croza end Zeyo Componants
of Voltages and Curronts at tha Fpult

Fault
fheder on o
phasos

Feule
imradense

o phose

' Dcscritiing Equaticns * - -

1w

b

Vs Va3 V3

3

2 ¢

v »-J‘zva-zfxu- z ¢ Ty

elp1 - ”%zggzu

‘V“-»-v/'avoaiz I+ V3

- 7

2 ¢

\f:'s
_vv zx¢_g_:
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vz
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Yo o2z 1
oy £ v
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‘fablo 3, (Comtimod)

Fauld
Tuzber  on

phases

Fault

imnedmce ueemrxbing equations
on phase

] a | h‘ ‘v

J_{Alﬁomaﬁive soiution)
g;fgn vu/#, 3 V

*fév + v, ) azf(z \G‘i '20)

R Vg 3
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Ly "v'”u 22 (1!;#!&
f R e
| »5“"’",,"‘{3 eXE:

vfé Io‘u I“'!"\/B I?

.




Iy
—
Vy +o—
e
I
v —"‘v’ BE
v + ® g E
o— '
' ?—o’ 12
Vo + @ %E
_ o :
Fig. 15,  Foult becen, Favlt Impedance on
Yhuge b,
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Iy
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Vy + e
o
Iy
Vy +o— gg
o - {_F—
‘ 7
o 34f
Vo
Vo +e 36"

Fig. 17.  Feult cea=n,  Fault Ispedonce

on Fhase C.
Yo 7,
Vy +o I~}
O~
v
Vy +e gg—o
- o—} '
I —Zf. :
o .
Vo +c_’ Eél
S |
Zf '

Fige 18,  Fault cwa=n, Feult Inpedance
on Fhaso 8. :
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Fige 21, Foult asben, ¥#Fault Impedence on
) ‘Fhege a. (Altormstive Solution).
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ﬂozi.bilitya for pwitching to symotrical componsatog or vico vorsa,
in tm ang mtmrk ealcu).atm-, v:i*‘x a mnimm of ohan@a. In thig row= o
gard, it moy be noticed t‘&*« x‘:‘m r’in:rms here mnema C .,f‘irfa To=

sults proviously roand 3

u‘nt, wmmae alp«m. bete, a.'ﬁd Lore oo

pononta use tho gors natwork with imodenco g0t et Z,/2, orics, c:'oss,

end zoro cmomubs wnl alme prorvide dlagroms with oxeotly the

goquom o imvodencos in each componont notworks ' | |
Thd ratuel trmfmrs ect also os iaolatiné trensformors end

fatnteln the cuitabllity of vy v, wad O compononts for the study of

- sirmltanoous fovlbes | o .

9&22 Aeop ] w ﬁwﬂegégm%‘w ‘ :
- Ag eﬂss@ oroas e:ul zoro ccmpomnts, in eampariaon with elpha ,

B bota and zore mmwta, have tm a&vanhegw of maintaining ﬁha m;rzodame

of tho zoro petwork a.'c thevalua Z emd shmro wwhtm uu tho morits,

: 1{*: secns roasonavle that: wa lim.it t‘w pmsamt ommncﬁ to u, v. end

0 ctmpomni:n end symatrical cmaomni:s.

L Tae yogults that hava ‘boon obtainad with tha a:mmtrioul OCthe
- pcmni:s mothod coen to £1t the gemral promduro i’ollwad ia ae0
' rotwork caleulators to atuﬁy occxmon types of faulte The timo roguired
. for tho masuromont of sojuonos quamzs.tieu r:.‘.u be the s a8 in

- ordinary gases and t‘:«a faot “c}me the fenlt wedanms are dif“arem‘a 6

: ,,m:'oduoes only & slizht oomlioatioa in ¢he footors K o3 ‘and K

Boosuse only tho positive scquzmﬁa notwork hes genorstod elootromotive
i'oreos,' m&risal uompemmgm - inhorontly sirplor thon . otimr‘
rothods, Fowover, whon similtavsous unbalances a0 contemplated,
T criss, cwssf~and Zaro mmn‘ca pressn’s ¢ docided a,dmta;ga and
vi‘sb.ould o usods ' |



, Doth tho oriss end thy crons notworks ere active rotworks ,
- tho elootrauwtive forco in the oroes natwork boing shifted nivaty
~ degree backverds with recpoct Yo tho eluctramotive force im the

‘oriss nobwork, bub thoy ero oqual 4n magnitude to 1/ 2 timos tho |

corrogpondlag positive soquonos clooiremotive fwaoe '
It 1g epparent thabt crias, cross and zgré‘\comcnents requlro

" pore oquipmont thon symmetrical camonents for en a-s network oale

culabor set up, ‘bub thoy provide intorcommpotions of tho componont
notworks to corroocily reprosent tln-fauli;, rogardlesa of questlons
of gyrmotrios with msp(;eb %o tho refo;fonoo phage o e§un11t:y of

- fmlt impedances, ead this rocawends them for the study of simle
- taneous unbalancos, |

in interosting observations fo thot orisg, crose and  gov0

' componanta ere clthor in phese or in pheso oppositicn ard eo thoir

eddition noy bo perfarmed by msans of potential and curronb trans=

. formora, thus meXking tho ew matwork cc.loﬁlerbor diroctly roalable

in phuse quantities,  Corresponding proccdure with oymntricel

components would not bo practical, since it would roquire oome
plicatod phaso chifters of quostiomable nm*s.éy;

o3



. CHAPTER ¥
COUCLUSIONS

1o Tho study of cyatem quantities, in & doublo line to
noutral fault, with difforent feult imodencos, nwy be made both
analytically or by o=9 notworlk calculator'mathoda, using ilinoar
tranaformetions botween phasor quantitios, Aes network caloulatez
rothods ere moro sulted to tho study _oi‘ rodern pover cystem ond es
gach woro givon epoolel conaideretion,

2¢ Symmtrical ccmpam:rbs nay boe used in o marmer quite dn
‘1ino with presemt techniques. Spociel miltipliors wore derived, in
cenjunction with whioch ths distridbution frotors may bs asppliod in
8 straiphtforvard mammer, to give nogative end goro soguonce quentie
t1os in torms of tho positive sogquonce ourrent et thea' fault, for
ey oamdinstion of feult impedences and foulbod phosess Tho use of
- dletribution fectors s en éa:sen‘:.inl foature of tho mothod horo
presented, but 'they m quite common exyney in ordinary typos of
short olrcuit studies, sincs thore aro hfwaly onough linme unite to
sob W.sequma notworks eimltémously-’

S¢ Alpha, bote, ond poro components and criss, oross, and sore
‘foca noy bo aopplied m e mannor quite similare Disgrzms of G
intorocmsctions of comonent metworks, permitting e stralshtforwerd
sotting of the g=o notwork celculator, for the study of tho i‘aﬁlb,

An eny combinatian of fault impodsncos end faultod phases, wore
doveloped, 43 far as a=o nobtwork caloulator teclmiqueg m concornod,y
‘theso components roguire moro equipmont that the cymaotrical oazononte,
but thoy ero most sulted to tho stuldy of plmaltanccus unbalnnsoge Alpha

B



bbta,“ and zoro campononts roquiro @ gotilng of tho impodanco of

.. tho poro notwork ab Z,/2 and orico, oroes, axd sorc compononts
,provide diazeares in which tho impedance of tho camponont notworks J
- aro exaotly ths samo as tho impodancos of ﬁho 6oguUOLCco nstworks -
..of gymwtrical ocmpc.?.mts, for the occumon egsunption of symmotrical
. system end zz o z,_. Thls recommends the use of crdiss, ovoss amd
; :ero oteporonte, boosuse of the fncnirty in changing from thom o

gyratrical camononts ond vice versa, in en oo nobwork caloulstor,
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: | APPENDIE I | |
DERIVATION OF SYIEITRICAL COMPONENTS APPROACH -

L4

' - Phase voltagos and wronﬁbs.dro oxpresssd in terms of thelr

egmtrical coyononts os fellows

VeV, eV, o7,

, 2 ,
V% u'a ?;x * a?éa * vao

v a»avgl + afvaa + V&o | | R .
:  ; ; I SR A ';‘ i L (18)
D helnt az”an T T PR
' ’b“a “ao L

%o ” alnl M ‘ﬂaa * T

If phases a, by, ond 6 aro mde to corvoapond vogpootively to
‘¢ho aigita 1,2 end 3, thon (Bq. 13} nay bo written nore camaeotly

. &-., 5z w} |
L ,vx“, 'ral‘m“ Taz * Va0 |
L"”"”‘t'l’4' S ; SE e a aey y (138)

. . G -x xuz S . ..

Bgeat TIg e Tetln o (=el, s, 9

In anmrdame wﬁ.th tha diacuasim g;lwn in chapter II, ﬂw

" eondstlona of o &euble una-cmutm:t fault, with aifforont foult

" sopodances, may bo realizod if (Fize 1) torminelo y ond 8 aro con=

.ﬁmma to exy petr of terminale chosen among torminals 1, 2 ond 3.

ﬁwm aro throo difforent groups of emoiziena for whilch zﬁ, 0
vl appfsar at tho brench y, horoafter roforrod to as the fires

" goquomoss By intorchanging deaicnetions y end g, Z ¢ vi11 bo shifted
;'bo bmch 8 memh goaup of ccrmoobions of tho fivred mqmnce cnd

: th@ noqmmo ao o‘ataima w11 e ean&d ﬁm neoond saqmw.



» Calnng ® tho terminal that vill conduct no current, tho folw
lmring oonmcticas moy b@ mde to roprosent the feult in cay oone |

ditionss ) \
Fop  xwl, ' comsct yto 2 end g to 3
Poe w2, '.”c‘on’mcﬁ y to 3 wnd g to L
Fér xe3,  comwoct yto 1 and ©to 2
Tho oquations dosoribing the fenlt in phase quentities aro ‘_
R | |
YRy o e
. . : ‘ : e o
( : Expréa“dng E’Q‘A(M) in symotrical compononts pivoas S
4":1&1 11 *IO. @ 0 (15)
i"Vvala»aY""v * Vyo » 2, (a‘*’ﬁ'xnoay"‘x oI )(m)
ot TRy . ""’uaf o . G®
 Tho oxporents x, ¥ mc! & oro rolated as follovay ;
Iu tho first soguence S S
_ Cyexzel ’ ale-éz- S £ 1)
 In tho seoond soquenoe ; R o ,, G
| yexe2z Zax+i - »- (19)
o L P N o

Subetibuting Eqe (16) ead Tqs (3) 4n Tqo (18) end Bgo (27) wd

grouping torme gAve

g"‘*vaaa?f"‘z.x_. *ax(Z *+2,) az'&‘z O)IO (20)

2-: x*! o R
Va® 2o Tan * 20 Yo T (2)



8

Eqse (15), (20), (21) may now be solved simultencously for

1o 15008 I o, giving

al'i_aa
i 2, +25+2, . .
1 e’ oY v . ;
sl zfzaez ""?”z ol » “2“"?'1 V N k(w)

B2, % Dol % 2,00 L . :
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G=2x 2, - aa-ex 7.

I 8
0 mxogu . : , Q
Ta? | bptiyv %
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Wz R

1&" edw e Loesn
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Ntorpative Solution Zqse (9), (10) oxt (28) give
, L* V3 e 2X,  (tho sau os above)
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