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F.1iìi¡.{CE

VeL:¡r- ¡i::eai ,a.dvanc,: s irave beeir ,:nai-e ir ihe last fet^¡

li¡oals in'r,he aì:11ii;t' to -ìnterconnect and in actu-al- intercon*

nect:Lcns cf the coni;inentrs Ðower slrrsteins " 'llh'i s has ci'e ated

a rleed io stud;,r constantl;¡ -incre asinE tror'ier s;,,;s-ìle,ts r¡1th

¡4r'eater. and. ¡z'ea-r,er accúrac:\,/ , Greai; sLriC.es irave been ¡lracie i-n

nathei,iatical tech-irique s a:rci Nire a-¡ tlication of ccrlou.'bers to

fhe s'LuC¡¡ and prediction of s;¡s-i;eiiL behåviou:: uncler tr.ans-i ent

concl.it-ions. ilhil-e ,c?c-ìr'Êss has been r;:ade in the abil it;r to

antl¡.'ze ver:f co tÐlìclied .ela'bionshi,:s a uer;¡r iisiinct .:a.l

has i:eiaaj:rsd j-n the ,,inoi"ll edpje of lcad" i¡enaviour in llene¡'al as

r¿ell es C-u.r"ine trans i enN conc ití ons . The reeson f or rhis .iras

been the diffrcr.r-Ìt,r' rn obbaining :ieanin¡.fu-l- :'esults es i¡e11 as

the rlecru--iremen-t of :lo..t utllities io clisiur'o ;Jor,'ieil u.sers ¿is

l-itj;-l-e as nossibl-e. Ti :¡as theref cre unclerta-hen to investi-

.Eate 1o¿d- behaviou-r' u-ni.er rap:id ¡¡¡1';a'-.e ciranges oll a sltail

lia.qni-bu,cLe "

:Ll-
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Ä c-escri-pticn of the irta:',-n +;;;-;e s cf I oe.¡"s, rni-ir.ri¡lual*

l*,¡ nn¡l .in r,.¡inì.-i.¡-f î nn -Ì a --;Ven. Ctnef eUth_CfS T t.¡Of'k Onr,) ailu -'-lL uvi,l ) I:!Ò-v.-vll rÐ .- !

transient loacl re ûresentat i cn is revi-ei.Iecj- and su.I"irtar-,i zed wit?r

their. fin.i.ln¡s evaluated. The tesi;s carried out'b)t the al-lihor

cn the rianltoba n-;¡d::c s¡¡steín åT'e clesc::ibed" illhe descripfion

of loacis 'ccth elect::icall-,,r and geogr'aphicalll¡ is reviel'¡edu

The 'bech-ni<¡ues usecl in anal;¡zing i;he ::esults are detail ed and

th.e ::e sults are ta.bulated, Conclusjons based on the data

ol:taine'C ar.e give.n ancL l-i::.litai j ons clescribed-u

l-,1



The e-uino:: jis in.i.ebiecl -u¡¡ the rlan;r ¡;eopl s in 'ianitoba

li;'¿-oo -r+hc have cffereci encoul'a¡letneni, proi,'iiec'l- eqr-rir-pr,ren'ì; and

staff bo cârrl¡ oui the sir-itcnj-ng ,crocei-u1'ose and put up wifh

inconvenience in crd-er io stlccessfr'rll-.1" ccnclU-de ihe bests cn

tne lian-iicba I-r;yd-nc s-'¡s'ben, .'ianitoba !i;¡d-r'o has al so been 3en-

erou-s in ,,.iranting the autJror tine to carr'¡r out bnis -'.'Jorìl.

lihe ¿ru-tir¡r i¿ould also lilie io than,l'; i'rofessor iÍ" '2"

fa::naxecr,qr for the enco1rl:e,f;enent he has often íriven, and for-

lhe ariviceu su!:j{esiions atr.d- f o:: t}re tine Êpent in d,ìscuss j cn'

rv
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LIST û1r SU"r,3O.LS

I = citr.fent in a*ni:efes

V = êltl, lcientÍal ct-!.if enenceu :Ln r¡ol ts

il s resistance jn clrns

Ï Ë po'".¡el. ìn i.¡atts

n = sceeC in i:ez- uni-t

1- Ë torq_ue in r¡er u.nit

s s slip in per u-n-Ìt

\c æ a constant or" sX-:ilbo'ì f oy a thousancl

f æ frequ-enc;' in i:e=tz

Q = reactive oor",¡'êlt in ÌtVA

1t:t Ë constant v¡iricir relates volia,ge ic current
1¡ = ênncionf l¡jriCn :elaj;eS VOltage tO .lC;le1"-'P

]c,,, = constant r.¡irich r.elates volta¡le to r"eactive poi.¡er
i:¿

i¡ 3 êyr-\^-.a'ni.i¿1. floiter tha-b cU¡relt is A fUncij.on of ¡¡citage tc'-ï
zp = e:;¡cnen'çial poi'ier" 'ohai -î l; 3- function oí vcl tage tc

x;., = e:rlccnential ;cor,ierbhat re¡-c'i;ive 'ilo".-re:r' -is a Íu-nction cf..+

vol tage to
_ : ^.- ^- ¡ ^*t Vai,-i able\¿U i-/ ç:lu Urf,

x Ë ind"ei:endeni variable

A = ¡-]rsnc''e i- -.^+*+-',___--_ij_ _If, 4 '.i,u_c.IluJuùY

/ - ír...^ ^ r ,Í ^_^ Ofr ^ aLtl:uuJ_urr-

A s ccnstant

B æ ccnsta-nt

C ç constant
Ð * :"^j!i^a zaiu-e of -i:o';+et'*0 -'-rj.tel-r:.J



,/.,, = initia"l r¡alue r:f' vcIì;age

I0 æ initi-al value cf cu;:reni

ilO æ inrbíal valu-e of l:eâctive poi,'ier

l- = f i-nal :¡a1ue of Doi.¡er

Vln * f inai vahr-e cÍ vcl iaEe

I;n = final vo-lue of cl:-rrent

o.,F = final ',¡allr-e of re aci-ive noi"Ier

i = tilre in seconiir"s

:rt-
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Ii¡Ti10¡1.r-tT ï0Ì';

Ti:e benavjour of electrical lcads ej'e .,.¡e11 und.er-

stcod and- clescribed rirathenaiical-l¡r on an :r-ncfiv:i-dual basis "

lloiiever, ihe beha'¡:lour cf electrical loaci in a Ìr:Loderll lrtilit;.-
sr¡ste¡n i-s nci adeou-etel -¡ understcoo. becau-se of the ran,lol":r

naturc of ihe load anC the effect of tire Doi,;er systeär itself .

åi pr.esent, studie s have not been carcied- out in sufíicient

deì;ail- tc assess the l-oad- characierist jcs of cor.¡er s.ìrsterns "

ThÍs is i:'ar.ticu-larl-ll¡ ¡rri-e cf the siro:'t îerr:r vai'iation of the

ele cirical loari ,-:hen suì:joc.Led tc a chan3ina i¡llia3e or

'"-n::lr a' ?.-.r ,..1ìl i'ira 'a,a-.¡ôai c,rlcj-gr'1 
"-i v:i

t¡ç'or.lr i:rrev-lous-Ì-;r.- c:Lrricri- cut b¡r oì;her' ¡iuiho-cs has

been -'l-i-r¡i:-teC in ecc.pe oi' ccnf ineC tc a sr:al-l area. IJecause

cf the v;:r¡'-"in,,l :iatLr:e oÍ I c¿Cs, j-i is iel-t il:et :rc ¡-cr:e:ral

reprÐseniat-ì on can 'ne usecl f or al l- si'sierßs " Tltis -Lnve sii¡ça-
ir"¡r'n -is il.a-pnl-n-¿c ntirro-a{'lr¡ l'r'-riioÄ 'i-n -ì-lra -'i-r'å-- ¡-1U Il/ll -ò 9 UIIüI-{il UI-t' g _Ul'-L:¡14:.4 l¿L\' ¿I-,iI Uçu UU U:lç i) UU-q,r JJ-

iianttoba Ìi¡;'C-r'o lcads at ::najor siaiions" It i.¡as decirLed- io

choose tna-ior sta-tions becau-se tÌ:e resu-l ts i.¡ou-ld e--Ì-so inclu-cie

tne effecj;s of tire su-b-transn-ì ssion sysien" rit ,cr"esent

whenever s'cud i es ere calti:i ed out, individ.u-al loads of several

s'caiicns sr'€ li-u"rped pi tne :ra jor s¡¿ii on bu"sses "¡iibl:oui any

ai;te-,ip-t, tc '¿a.:;e into ejlf eci the trans'.;r-i ssi on iines and ì,rans*

íorr:ers con::eciinp_: the -,rajnr and d"ist::ibution siaLions"



2*

These l-ines and. iransforrirers beti¡een ihe ¿najor" anci- ri-lsir':i--

l:ution stations r..'c¡u-l-d- tenil to d-ailÊen out rapid- volta,qe

cha:e1es anri- the cond-itions ilr.a.t the l-oa-d.s woulcr. eciu"alf3.

e;{i¡el""ìencê r.,'ou-lcl not be å-s severe" The actu-al e ífeci; oÍ

!l-ecin6 the suj:station I cad-s at ine najon sta-'Líon busses

iroülrj- de,oend- on the loacl reÐresentat"i on used-. The l-oad-

i:ehavicur. in the transieni; ::e¡i-on (first thirt¡. c-;:cles

afte¿" a d-isir-rr"bance ) Ì,ras se-l-ected. Í'o:: ci-etaiied. j-nvestigation

in crder to o"ctai-n a. c'] earer unC-ersiand-inç: of the eff ec'b cf

loacl-s Jn å ìioi.Ier s.r;-s i, e:r du:: j rifl i;ransient s,:rin3s .

Ii is ver:,'i,iiportant tc:'eprnesent loacis cor.rectly

for l-orls rânqÊ sta"oiliì;¡,. str:-o-ies. If a representat-ion is

cnosen that shows the stirster to be rnore stairle i;ha-n it
actua'l I y is, o:erating crobl-e¡r.s ":Í11 be encotln'úered-" ün-

eilÐecte cr equ-irr;,reni i;::i.ooucs ;¡il 1 occlrf" airo- often bne onl Jr

so-lution af thai; stage r'¡ould- be to jlirpcse load tra::s;fer

lir.";rits on lre-.¡ '1 ines. 0n tl^re othr-er hancr- if a pari"icuiar

reÐresentation s]:o-"¡s a systeri to be less sta'ole i;han :L'b

actu-a1ll¡ is, facilities are built tha'i; are :noi requ-irecl- and:

j;henefore nloney j-s i"¡a.sted-"

lïo at'Lernrct i.¡ås Írade io i-.'rite a cc:,i;ou-tercroslsa:n to

use the f:i-nC,ings in this sì;u-a¡'" -?rcSrar.rs ícr ir,ansient sta*

bilit:¡ stlid--ies cf po.Ì¡er s;rs'berns Ð"re read.il;-' 3o*tlable an¿

any atterript ic ,l-url-icaLe these çoul"d- be r¡asteÍur.l- in tirae

anci. eÍ'fort,



?

l.qq--o'-r"[

Electi:ical loads can be d-ivided- into ti.¡c ¡iain fir.ol-lÐs "

The fi-rst of these zre the so*caliect static loads ano- ine

seconi irou jJ are th.e rota;i:rg el ec-ì;r'ical I oaCs.

As t?re r.¡ord- Ln,.tl_ies ihe si;aiic loads have no :r:loviug

trarf s, They ei'e t::'j-",rari1l¡ r.ecr=esenied b;r li¡;hi;ing and ?rea-c-

lní:Ì equ'ip;,ien|" :rincther in¡:ori;ant colrrnonent of' tirese loacis

å.re tire nan;i applÍcaiions oÍ static rectifiers, Tne ¡nain

charecteristic oÍ static load-s is tire tendenc-.,r fcr ihe¡¿ io e:r*

hibit a resi-stive naiure, It is true ihaù the naiu_re of 'bhe

rec'blfier l-oac1 depends on its ccntrol, hot,lever, tilei'e i-s

liftle inceniive to operaie et lol-¡ z:owe:r factors" ¡\s a
-natte:: cf fact nost uiil-ities penalize custorirers l.¡ith lot^r pc-,,'-

e:'factors ver,'¡ severeli¡. I{enceu in practi-ce most r.ectifier
ioad-s cor-Istl¡ûe li'Ltle reactÍve gçrr¡s3, ,J1;her static load.s

sllch as flu-oresceni; lighi;s rna;v- not n¿rtur"all1' have a resistive
natu-re bu-t are nor"nall;r co¡l,oensated for the reactive _nequ-i::e-

::1ents, This neans 'Lhai tì:e ,:oxer. factor" ',,¡ill be almost unii:'.¡

fc:: r¡-osi static por"retr s-r¡sten loacis"

liistoricafl;r, a resistive loail- has ireen verlr eas]¡ tc
anah¡ze" The cu::reni can be calcula-ieC si-rirpl¡' b]t a-:pll¡in8

CIl:ärs Laiç:
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llhe po-irer t1:Lssipa-teci b;t .. ¡.e sisi-i.,"e c íi=,3u,:i'ù

.) * lì¡

^_.:_^!-l!--,r_-î_^^" ¡,rtr.¡rr_l .r-n f l * -l \ _i. tt .\òuuìJt/-l-t/t,,-1,¿-llJ! c',.-, ur;u-LUll \i * L) I:l \ I - ¿)or

ô
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rt í s seen thai the 0oi¿ez' di.s-sinated by a ï"esis-t, jve

ci::cuit is pï'cpoz.t-r-onal tc the sçL1arc of ilre vcl-.bage, ri
::tLr-st also j¡e ::ecallec1 that e pu-re r.esistÌve circu-it conta:in*
-ini: no inciu,c'bive or caDarii;ive resciive ele¡:renis rri fl he*¿e no

tt¡rie d.elâr: eve¡Ì ';hougir thîs concent of o- pillre elerrtent -is

cnl-v u-sefu--L acadc.,:.-ica11;¡ and cannc1 jte obiained- _i_n pract-ice *

Tl:e Ðore:r ccnsu;ied 'c:,- a h;r;:rii:etical pu-j'e ¡es-l siive I oacl i,rill_

i:esponcÌ ins-ban'banecusl;.= in p::opcr"'çicn to the scua,:e of i;he

vcl-tage 
"

rn in-i;eiccnnectecl pcraer systerns oroblerirs are ver-y

often erperienced i¡hen eler,tenis are sr.¿'îtched" This switchr-

ing can either be caused by day to oa_n* one::atÍons or proiective
rela;r action" lialfu-nctions in the s¡'stem such as shor.t cir-
ct:-itss l-ar;qe :r:achine tr-ip-cui,su or fault-v pz"otective eCI,Li"ip-

rrienf i.ra;I¡ cau-se the '"¡hole eleciric s;'ste:r io go cut af syn*

ci:rcn-1 s;;i* 'Lhis conciii_on .is d_etec,ueC b;,- cetelrrr:i-ni-ng -,;leiher

tJre i"oior of anllr rlâchijle on tl:e s;,lsie:i:. rûoves .,".it11 respect'bc
the roio:: of an:'¡ oiher :rachine on tne sJ¡ste¡.t after a disturb*
ence l¡i-thout co:r-'in¡3 'bo a ner".J siable angular d.isplacenent

neasu-r'ed frcri 'bhe second- rcLar, One cÍ 'l;he :rraln fu,nctions ol



L

a poi-¡ei: s:¡sten enÊ-ineer is io nr"ecij-ct which d"isiur"bances

"¡ill- 
and ',¡hich cr,isiu¡'bances r,.¡il I noi cau.se :instabil i_i;y to

occrri' in 1;he pcT..ref. s.-,'siern and. to d-evi se :cethocrs 'bo i¡rpT'ove

its o':eration " i'ietlvor.lr analïzers and elaborate co:ircu-ter

ìlro'.ìrexls are el,;1o;recl to stu-t1..¡ tnes e c;::il-it ions .

Tl:e assu:ei1N i 31i tLra't al 1 lcaci-s e..lÌlÍbit constant :resist*
ance cna::acteristics iras so;¿etiraes been usecj- in stabiiit¡r
studi es " Thi s assu¡tpi Í cn often shoir.s e sy sieil ¡1ol:c s'bairl e

ì;ha-n -Lt ¿6i¿¿ll;'r i s i¡ecåuse the cor.rer d.issipaieci varies as

ihe sfluare cf the voitase. This is, hc:,ever, not rJir-a;rs the

case sj-nce the¡"e are sítt-r-ei-r-ons r.¡hen a load vr-r'¡ring as tne

square of the vclta.r;e r¡ou-l-C iìive exactl¡,' tiee c;r-rposire effecj;"
;r, t:rpical exaialrle o.f thj-s conclition Ís ì;he case of tr+o;:ci"¡el:

systerirs jri:te::corr-necte d- 'b;' one tie*1ine i^¡ith an e,-iilori of irci^i"-

e:r frcrn th.e first s:\rstenl to the second-. If a- fault shou-Icl

occur on the tie-line uncier these conditions the poi.,i'er fl-cr.;

i'¡jl-l- obviously be aí'fected-, If the fau-] t is a single line-to-
grcund- or cl.cubl-e l-ine-to-€!rcu,nd fault the transfer canability
i¿ill be reci-¿esf," If a ihree ,r:laase shror.i ciy'cu-ii shoul-d

occlr-r tio .?oi.ier tz.ansfer is .oossible" In an]. even'r;, even
-øii;h singl e or two phase íau"lis, cr:'cu"'it breallers are norrral*
I rr ian-ecr io oÐen e-11 thz"ee pJuses s j:iu-ltaireou-sl;r. ,Jccasio;r-

Rll:t On .rOde-ê?1 'tr'ìí,Iê-ì1 s-irqlìe:T- ^-:-^-ì^ -a^-ì^ bl.ealfefS ffe USei4!I.ì v:¡ -irv!LUtr 11 rUJrJv¿ ùrY ùU9-llò i.:JIr'-Iç- rU-LE;

io innrove stabl.l ity. i';-}ren opening a FÌange,'1 c jrcu--it br"eaker

tlre por,'¡er ir"ansfer is redu-ceci to zeTa, 'uiith ¡he red-ucf îon

cf pc,.'er ic z,eya, the s;lstem -r.ùrich was e:11:c::iing' ro""rer has e

surclus of {renel:at*Lng ca'oacii:¡ a-nd i;he s¡rstera ¡hicir r.;as

receíving ,ÐcHeJ" r.¡Í-l-1 'l¡e in a. cleficient pcsition" r',efo::e any

action can be taken b¡"r governors the Ír:eqi-renc.¡ i";i11 r"ise in
+1^^ ^--^+^'" "'+frh srrr..,r'i ìrs ir-r.íer and fal I in tþe deficien| cne@L,II(' -\.Y:i UEi.iL ¡luf,I ùrjr JJUÐ _JJl
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.long r¡rtr tnc frequenc..r Ì;he voltale r.r111 r'ise in the sur.rius

slisteir ancl- d-rop in th.e ottrer"

Tire e;çi stance of res i stive load.s on both of the st's*

te:as oÍ this e.xarnpl e 'r,,'ou-ld- da-l;rpen airJ* u-ni-ey or overvcl taqes

afte¡ the fault has been Cisconnecteci., As th.e voltaqe r-ises
-ìn i,he rrê7rêr"pJ-inn r¡ìnlr c:r.fgr1 iþg lOad- t+OU-]d-::iSe aS ilfe

squ-ere of the voltaqe" Ti:--is aiLo-ed- lcad- 'r¡oüld rectuce -Lhe vcl i-
age by -i-ncreasing the vol.-ûage drc,rs âs wel-l as d"ampen the

speed of the roacnines on ihe systern" A stable opepating point

r"lou-lc ar:ain be r-eached at a hi6;het vol taa:e and- Írequ-encl)r un*

I ess ad-just:rents a.i:e ¡tad-e b¡r ¡¡over.nor" actj_rn" Jurinri tire
period, before the fau-lt is d-isconnected exactl;' the oi;pcsi,te

:ri'l I ^ñ^ì1Ê 
'tr-crree ân airhi.,¡rlìJ;rr ff.i-i ses ås 'bO i¡hiCh 1S a í1O1rev\/vua g !rv¿!v q! !9vÐ \âo

a¡rpropriate reÐresentai;i-on cLurinl the tr"ansient Feriod-,

In the C"ef icient s;;r-stern a reduction in the voltage

level r.¡ill- .r:educe the loaô- tire::eb;r cau-sinE a ne'...r stable

oner.at-i-ng point es r.;e11"

Rglq.1¡ing -Loåd-g

In an e.ctu-al s,irsterl onl;Ia pcrtion cf the loac.l- ex*

hibits jpesistive ciraracterisfics" 1.he other mai-n cortíronent

of lcad-s * the r"otatins ccnstituent" dces nct e;riribii; resj s*

t ive p?oir ert j-e s " Tires e r"otat-i nq 1oads can be fu,rt?rer civ j-.JeC-

ini;o synohronous i'notcrs ( lnclu-cl1ng conver"tors ) and ino-uciion

iirotcrs" 0n a steadl¡ siaie basis the ¡rotor load-s behave es-

sential-ly like constant po"o¡er d-evices" Tinder transient

ccnditíons sl;rnchronou-s rnotors behave l-j-lce constant powelS

d-evices r^¡hiie tne behavi our cf induction rnotors :Ls nsre



COj,LllleX as oiScUSSecl 'l e"iei.* 'lllle ÐCir.€I" faCtcf" T..,.rj-l_:l_ Vû.1-;r

uild-l;,r as the volta,,1e chanqes, par"iicu,larl-ls inat of sl:¿a}l

induction ¡rotcr"s. Craryllf- sa)¡s .bi:at a¡ a-bcut Z0,j i,.c1taße

i¡lc1u-ction t'notors '¡ili beg:Ln to stalt " Tl:.is is illusi::ated
-in fic':rra 1
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rìr carl be seen in ihe to¡.que : sneeci char.actei"i,sijs
bhaì; i,,.}:en ihe vcliage d_rcps to TOíj ttre oteraì;inq coint _qjrifj;s
i,c the ieft, The notor slorr,s doi,rnu howe\,'er, eveïr i.roj3se the
full I oari torque on the z"a'bed vcltage cira¡.actenisiíc ccrue*
spcnds to the rirarciüru:.r torque on the ToÍ,á character-isiÍc, Tne
¡notor. vill ì;herefcr"e stal}"

Tlre r?eÐresentation of an -!nd.uction motor nusi be

cha.gec io its star"ting impei-a'ce (sa;r { x fulr rcac. i¡rped.*-U
ancs rLt a pci"rer factor of Õ,ZJ at TOÉ vcLtâ.S€" TÌris occur*
ance rrculd ag,grer.vaie the conciition ;.,,irich cau-seo_ ihe low
voltag;e ccndition in the fir.si place" -it rru-si hc:.r-eve:: be
¡'errre:rnÌ:erecl that nan)¡ inciu-ctioir iiiotors irirl.l be eo,uipced. i.¡itir
uncervo-l irlge pr"cteci;ion r,.¡hrich r+ould_,li sc,:r:nect th.en fro¡r
service, The ti+c ccnc-iiions d-iscussecl have oi,.pos:r-te eÍ,fecis
and ten<j- 't,o countere_ct each oiner," Ii iirust aLso be re¡reinbe:r*
ed- thai ope'ation at 70;Í vcltage cannct in an¡i sense i:e calr-
ed- sa'i;isfacicr';' ¿i,r¿ shou-l-d. u_nce:n stead;¡r staie concl-jiions nct
be ccntjnueci becau-se cf the d.anger i:f <i.a-rnage tc egu-iunenï,

Ti"¡o i:o Ìnts ¡r-rst be ::aisecL abcu-t ihe d_iscu_s.s-i on in the

age bel c,+ salr 70,í cn û. snal-} ,rloïtion oÍ .che pcr"¡e¡ s¡rsten i+n;i
-i¡rco::rect rejfreserltati,:n of ti:is rroi.i:_on of the sl¡stem iiou,l.d

r]ci eff ect the ,¿l:ol e s.'ist eri:. to a 6reai extcirt * Ti:.is 
'a;¡ i:e

previcus î:aragraph, iî-i:rstly, if a c-:i_stu:nlcance i_s so sover:e
i;ir':'t vcl is."ss on a s¡isteri' ba,sir-s have ci"¡oï¡r:eä ic To,:í tt ,î g

nct l-i:,;e 1;i¡ that *^1,. stu-cl-i. r,rou-Lcl s j:cr¡ a s.cal:l-e c;rrc-ì..î i ion no
¡rs.bter ¡rhat :reþreseir-i;at i oi.L lu"es used- f,r_;r il:1e ioad.s " ,seconil 1u

in the event a- rj-istu-r?:rr.rrce, such as e- fsu"r_t ::ecr_u-ces the vcrt*



illusì,¡a'cec b;r a fau-l,t on a sub*s;,-ster¡: i,'rlich na;¡ be al¡ou-t Lt:i"

of 'bhe icial s¡,'steirr-" ?iris s¡-ste:: cou-lc, be connecied. b¡r ¿

single lj-ne. rÍ. 'bhe voltage is cÌep:r"esseil t,¡c greatrl¡ in i;he

su-b-syster:,r ihe suÐnl;r iine ir¡i]l f-ikel;;' brip oLli. Tjre effect
of ih-is action on the sub*s)¡stern is severee hcr,,evern ilre
effect on tire toial s.-)-stem is not too great"

In anal.';'zing the transient bel:av-ìou::y i-L ¡ru-st be as*

sureed 'chai controll ine volta-ge d-evi ces such as rei.ulators and.

iapchan$ing tyansforirner"s r."'ill have insu:îficient ti¡ne to
operate. rt is e\¡en c.uesiiona'ole i+hether" the act jon of

Gor¡er"ncrs on Eene:.atcrs neec- be represented. cn_ äcccunt oÍ
this satile re ason. ûn tlie .¡Lher hancl l.¡ith rioclern fast excita*
tion sli¡ste:ts ilesoonse rru-st be tallezr irnto accou-nt C,ue to iiri-s
ca-L]-se * iiii-th thi-s assu¡itot i-cn a l¡¡.ief l-l-ì scussion oi' notor per-
for¡r.ance can no'.r be ca::ried- ollt" ,S¡l-ncn::onou_s ¡:Lacn-i_nes as

)a
clocunented- -i:;r iior.e'r r¿i11 perforir on the al¡erage over- gre

'uJhcle lreriod- of the d-isturbance as constant mechan-ical por,+er

sini<s" There a:(ee houever, relaiivei¡¡ fe¡..i synehr"onous inotors
on a systern and- thcse eï'e usuall;r ccniiaeo to compressoï'

sei'vice in large ind"ustries. The ¿;reat bulir of rotating Load-

r'¡ill be coíìlllosec- of ino-uction:irotors because of their sj*mplic*
it;' ¿n¿ therefcre capital_ ancl oi:erat jng cost savinqs"

Tj:.e anal;rsis of the iransíent perforinance of an in*
ductlon ;;roto:" is scirLe',.i1'r"Ð.t Ílore conpl-ex than that of a svïf-
chr,rncus oue @

:\ssul'lin,q a" C'isilt¡ba.nce Õccut"s i^¡hicir coul¿ 5e a fault
ì;Ïie follci,'iäg seo.uerrce cÍ evenis wj_ll liirej-;r cec,D-r, Decause
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of ihe .iau-J-t, volfa,3es :.riil- circa on ch.e strsteLn to a d_ifferer:t

exteni C-ece:rd,e::lt cn 'bire electrica.l d--ìstance Íror;t the i,auIû"

This iseans that i;he .¡otor su-ppllr \rolia,re i.¡i1l Íall_, h.owever,

foi: soi;ie'cr^¡o c¡,-ci-es, tne airgae Íiu;c uill- be riraintai_:red b;,'

thre ¡'ctor transierl'üs. The ;.ctcr iransients ar.e set u_n b¡,r ihe
sii¡;ht ieitdenc;r' to Elor,.' cì.cl¡lf caused- lc¡r the ¡ej-u,ction cf
toi'cue l'¡hic.h in tur.n -ìs caLi-sed by tne L:ecl-u_ct-îon j-n vcr" fa¡.lç"

Tire air ¡la,o flu:i sei u1: -Dl,'tl:e i::ansients'is in the Cirection
of the ilux causect b-;¡ suppl;' cu-r.rent" il-'he sup.pry cu-ri=ent

"rrilf tJrerefr¡re d-r"cp shar.pl;l* rn tu-.rn, this rnea-ns tna-b the

in.rut ;c th.e ,lo'bcr. falls. lSecause the ltechanjce_l I oaC.

cou-nled to th.e rrroto:r ::eri:ains consi;an'c the :'oachine will ilecel *

erate givin,g up its stcr.ecL ener¡;¡r, :ì-s '';h.e r.otcr speed fafls
fhe por^rer- in,ou'b,¡iil ber:in t,¡ r'ï¡qê a.,gain Õ.ue tc the c-eca;,'o.i

iire r"otor ti:ansient ani- bo 'bhe increa::ing slip" Because of
'Lhe in,creasetì- s11,, ì;he mechanical lcaci on tjte r-nof or ¡¡ill be

sl-ightl;r iess than the initial valu-e, Ai f.'auli; clearance
¡¡liich-u Cene¡iiriníi oi1 c1i'cuiù 'creaker spee'J-s lr1,!".j¡ var:y iretireen

! and- lO c¡lcles and as i"asi âs j c¡cl-es uncl-er. s-¡eciel c-ir*

ci'i-ri1s:fances: the pcr.reï¡ r"¡ill liÌ.rely Ì:e sligh'i;ly }r:xep '¿l:an ¿lt

prefaulÌ; ccnclitions" ït ::rust l¡e .L:e¡rei'rl¡ered_ tirai tÌ:e voltage

near iÌ fau-lt n1a.\z be d"eni'essed- Sc f ol",r ti:.at indU-ctioÍt xto¡ot¡S

rtay stal] . This can aïsc ha.ppen if a- fau_"ìt is ¿:e:e:litteC ic
linger" 'Itle irrotoi's thai su::vÍve the distu.rbance i¡ill speecl

up after the fault has been cl-eareC and- r:,rþsn *11 s-rrncj-:.ronous

;üach_i_ne csc:î-llat-ions har¡e bee::r rlanpecì_ oui ¡¡ilt reiu:rn ic the

iniiial, cond it i ons .
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À sli¡:,rt c-rabo;:--r,ion ¡¡iust J:e il.acie on tire 'inCu.c¡ion

no'i;o¡" pc.i=f or=:iie-c"ce aÍ'i;eL: tlie f:ri:.lt clea.cance " Tne s.,-ncj:Lronol-ls

:"no bors and, i;:ienr¡'ai; c::s on tlLe s¡rstell r¡irt osc'i I ls,i e , lr:-l_1ng

-¡;he oversrfin¿:l perici- of a slrnclaJ'cnous naclijne¡ incli¡-c-bi_on

rnoicrs r'Lear it -1.¡:l-11 taj.re inc::eased- po:;er due tc 'i;he rising
fseruenc;r' a-nd a--r-so a s1i¡:ht inc::ease d.ue io -increa-sed. vori;ar,:e"

CIn the other" hand-, ihe i.eact j-ve ,ooi¡er absoSbecr i.¡ilr _incr.ease

greatl;,' clu-e io saturaticn at i;he hi¡;her" vclte¡ie and car"tl¡r

d-ue to the ínc:r"ease Ín frecuenc]r. I'il can be seel:I thai; u,nless

e- notor" is re:cresented- fu11.;¡ incllrd,ini: ihe ineri'îa af ine
i;racl¡.ine tire da:r-r:ing effect r,iÍlI nct be rellresenie{: pro,cer"l:¡"

Th-is dan:rp'ìn,1; effect can be si.i;ruta'i;ec- b;¡ r'ctlreseüting tire
Ïcior as a constant inoecance . Tl:e efilect i,iill be i-n the
:'iiht ,:i-i::cciìon, h-o-.,er¡cr"c it ,.rl_-1. bc Cu_c -bo the chen6in._ vclt*
a8e not fregueac;i', l'hi-s Ìrearls 'ühe effect is cor':rect but the

cau-se is tí?arli.t. j\io:.ecver!e tnc lhas:ii:g of the pcr,,¡er oscil'la-
tion i"¡iil. noi be ccrrect"

rjurin3 the d:Lsturbance perj-oiL il:e incuci-ï on rrlachines

r.,¡ilj slo-,¡ d-o'¿n belo',^,r the normal slip r-¡iili r.espect io the s]rri*

chronou-s ¡rachines but :,;Í11 noi speecl. uc above nonnal s] :L.p

iu,nless 'che¡e are ¡nachines i;hÍclr ar:o u.nlcai-ed- or ver;f ri¡.irtj-;.
I oaderl-). The cu"'bpu'L tcri¿u.e is ccnstan.b so the inpi;'î; io the
indu-ctj,on :,lachÌne :,¡iIi l¡e constant except Ícr the snail- falr
-in ¡¡peed. llr.oiil ì;he exp.fession for iorcue of ali ind-u-cticn

:,iachi_ne in teti:ls oÍ v¡fia¡;e anil sl ir: i1 can be seen i;hat the

sr ip is i nvers el r.- ,f r-o_Jort i cnel to the s ci,Lisre of the vol-i ai e .
?)lhis 1s il lust::aiecl- b,y 'bhe ,.:1]-:-..'in.l equ_at'.ìon--t
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Ti ine chan¡:e i"n speeC i-s sieelJ_ 1r can be seen ilr.¿:.i;

Ðc'r,IÊr i-s s.plf ror:i:'.ate1..l p::c.:ori ions"i to vc-l 'l,a,rie soua:'ecl e-nci

i;irefeíCfe A.pfl1.çji:-irfates å" COnqi¡nl,'ir.l¡oilrnCe iOaC-

,iue tc ihe eíf ectÍ'"'e s-i__i p tne ÍnCucti_on noto¡. behaves

noi -Like constani; iürpeciance buÌ; -l-j-lce so¡reij:lj-ng oet.ween ccn-
-Jsiant irnreda:rce and. ccnsiani; cur"rent , rJyatrl? r"ecoimiie:1c]-s to

repïìesent a load- a.s a constant i¡rned-ance 01" a consiani irnpecl--

ance duz'ing faul-t anC constant por.rer after ihe fault,
23ilore*- suggests reprcsenting h:"Lgh inclu-ciion moio:r load

lLas ccnstant -ì::npeda:rce ( a-greeing ',.'itli ùrar;r'+ ) or" c fnstant

irepeciance du-r'ing í'ault ano. constant cu.¡:ren-l; a.fter" far:rlt clea-ï"*

inil, llhis latte:r Dart rì-iffering scleel.¡hat frcrir f"*"yli"
)?

i'i seerls 'chet elther cf ]-ïcre rs'-- su¡;gesiions alre ¡icod.
*\,o :'ei:r"esent iniu-ction l,ro'boys for sLabilit:l' stud--ies and j;he

cirolce lellt to tire d-.iscreticn of the inC-ivid.u-al cari";ri3g out

the stud.;¡" ü:fe cautionâ.rl ccliu:rent i.;oui.d i¡e to chec:r botl:

reprcsenta"t-i ons Ín the event thab a parti cuiar rcp:"esent at'î on



Zives an inconclu-sir¡e ::esult-

Algiiiqu¿r iro!* i-,i-ILe g

Â1-urr.rinu-in ?ot Lines are u-sed in the refinin¡; of
netal lic aluninu::n. These are sircilû.lr to other elecirolr¡tic

în
ref inin,c c',:erations-" " -{ chall:¡.--ir}rite pcwd.er cal1ed.

ålumina (r3"1^0"), i¡hich is derived from thre recl-d-isl:-brci.¡n or"e.¿)-
calied- bau:r-ite Ís fed intc a red.ucii-on fur.nace or t,poit,"

In this pct it dì ssolves in a bath oÍ rnolten cryoli.ie to

','¡}:ich al-urrinura fluor"ide hras been addeir. 'Ihe reduct-icn fur-
nace i.¡nj-ch is about ten Íeei r^¡íd-e ì:y sixteen feet lon¡; is
usuaIl;r nace of steel" The inner surface of this pot is
lined rçith a.caste oí-'colre l'¡hi-ch is ba,,red- untii harct and-

serves as ihe cathode* A b] ocil of ca::bon îs suspended in
the hoì; no'iten cr-\rolito and serves as trrc anoc'l-e" :is direct
current passes tirrou-gh this r'iolten scluNion tire alunina

se,carates intc I ia,uid aluilinu_¡r and_ oxJrirenê The rnetal o-ro.:s

to ihe boiton oil the pot f:rom..rher.e Ít is drained off ',.;hi-le

the oxygen bu-bbles off fro::n the surface after it is ,croclucecj-

at the anode,

él-thouth the:r'e at.e no alun'1nu¡ir refjneries in
i,ianÍtoba tl:j.s type of _Load _ï_s ilpcrtant fo gain an insÍ-ght

intc o'bher"::eciifiei:'t:,rpes of loaci-s. Tests camied- out irr
" - ^/ ttuebêc in 19bB b;r Llircrr+aoð-to ccnfirr'red. r"esults prev'iously

pu-bl ishrecl by y,ir:bau']¡28, I'nr.ee pct -1 ines r,",ere testedu a
100 ¡|l'i iplnitr.on rect,ifie:r line, a l+C l,,i¿i i3nitr"on -]_Íne, and a

l. O r-4Õ itrrl s j-li.con :r'ectif ier line. Ther"e weJ=e no Þor,^ier íactor
correcti-on d.evices connected to the lines durínii tests,



The tesÌ; r¡oliages .ïere ¡'est::-icied- io .i;he r"an,qe be*
ti;een 9a'i'" an¿. LoSi¿ nc¡"¡itar voltage in crcer not to disr.up.b

,crocu-ct i on, The voi-Ì;age on the lot li nes l.¡as I cl.;erecl_ su_d_d_en1¡i

by s,.,.iitching ct'ceedut'es (in this case si¡itchiirg out c j rcuits
,su-pp-i;,rin.q a itortion otl itre r.eacÌ;'ïve load_)"

ih.e resulis obiajneC, fro:t ihese tests l.rere

a ¡ra':h ancl coririårrecÌ to ihe ¡.esults of lii:rbar.,28"
Ifr iras seen f:'o¡¿ ilie resuLts t]:at ove_r ü:e

io Laíil" vclta¡le tne ï"epïesentation oí, ej-u¡rînu:-;r pot
colrstant iiri:er]-ance l-oa.l :is quiie accertable. ,l.he

cbtaineo r.¡ill_ be less rnan j|l.
,ic:" tr"ai-rsjen-i stabilit.v stu.ci:Les it is felt ,ch.ei bct?:

2ð 
:'esu-l is wilL show tire I oads cta-ri:p*

ing cscillat-îons'bo a lesser extent beío::e e fau.r.-t is rer¿ovec.

and- a Ê:::eaier" ertent a.fter a íaurt ís rereoved. because oi. the
steady*state natur"e of their' Ínvesiigation, In ¡he tr.ansient
renge ('bhirty cyeles) anil C)'naric range (one to tr^¡o second_s)

aluminuin pot lines ruilr nci rlave as p;r'eat a ct_a::rprng effecÈ es

shown b;rthe ti.¡o.research.ers b;,r-i;ne rela-bivel3, long ti¡te ccn_
s-bant of pcì; l.ines (severat seconds).

ft inust al-so be ;:cintecl out Ì;lrat c]_ei:encring on Ì;he
ccntncls oÍ'z'eactif:Ler"s ii is lossíbIe i;o chanr,ie tne character*
isf ics of these Soad-s. -tf a reo.cti:L-ier suirpliecl- an irn,ooltanü
loed- an':1 ii, l,,ias necessarlr ihaì; the in;ru_i. io t}:is l_oad. Ì:e
consiant, high. sreecL conti'cis courc" j:e used.. These ccntrols
ccul':ì. s..ì-r;rr,:'i-¡ ad-vance tire f:Lring angr6 of ikie z'ectifier", rïL
i;his case ihe ;:,.oÌ.iel. su-ppliecL to ih-e r.ectií,ie:: -r.iotl.ì d_ exiribit
a consieni pc'¡er natLr-r"e untir the voitå¡g€ 'i,rås dLe.oressed to
such,an e:ctent ihat ihe out,oui llol,¡elt ccuid_ nct be naintajnerl

¡rlotiecL on

Tafìtl -..ê On ]
/v,J

l:Lnes a*s

ê_raÌã^Ë



even itÍih the r"ecì;ifier f iring du-::ing the r;hole rr,rl i;ase

'o¡avef ofin "

ål"e.gtlic- -S¿ryas:es

There are thr"ee basic types o:l electric
Tlrese Ð"Te i

lrô
-+vIlt'r"ì1ånêq

I " ïTesistance t;.,.pe

2" -induction tylce

3 " iil'c Ì;YP e

The finsi; of theseu the r"es-istance type e:;hibits cha::-

acter"ist j cs sini lar to enj' other" resistance a¡:ci carte il:erei'ore,

be rellresented b;,r a constant futpedance l-oacl" tire rnduct-i on

"ûype also erni'oits a characteristic si¡niJ-ar to a constant

irnnedanee " 0n the cther hand, the arc fu,rnace -irehaves sorûe-

'¡.¡hat di.fferentl¡.r, The l-oad of an a-r.c fu-rnace is essentiall:¡
inde*oendent of voltage and j-í the voltage droos the current

;'¡ill increase. This beh,aviour is classif ied as constant þlVA"

One further" conplicaiion is inir.odu-eed., howeve::. If the vol-t-
a€;e d-rcps belol¡ about 6Cí,'", 'bhe arc cannot be rnaintained. and.

tire load r"¡Í11 drop to y,ero. Except for th.e periocl of tirre

t;hai a fault is a;cplied. (5 10 c;¡cles) the vclta::e is not

likely to be 1or,¡ enou6h'r,c cause arc extinct-i-on" If it d-oes,

tne systern is ¡robabll¡ so badl;r s;r1-it u-il ';hai; lnstt_bil_1'b.;.' is
obvious and the i:epresentation of load- is onl;r of acaderrric

i nferesi 
"

Ç.c" p-pg"i!g* L.oalg

It is 'rell to stud-¡¡ and. und.erstand load characteristics
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on an j-;rdiviCual Das:"-s asj lh:Ls helps bo unc]-ersianC- blle sco-Êe

ci ttr"e c¡'oblelr- l-¡ is h-o',¡ei¡er-s yaîe ti:ai a sin3le lcad- or e-

sine-i-e tl¡pe oi 1oacl -ïs preseni c:: ihe s:¡ster,r -ln a ccricentra-r,ed

o.rea, [jsu,a]-lt. ih.er.e is a i.¡id-e oisirii¡ution of ciiÍferent loais 
"

Tt irralies i",ratters eve¡l:rore iL:1i-ficu-it fL:at 'bhe coliposition of

ihe inciivic.rra]- loads is unknor'rn, the cperaticn of the ioais is

errâijc and, rancto,:n and ífeT1¡ -loacis of u-nl<noi.¡n iragnituóes and-

cnarp^cter'ì stics are constanil¡," ìrein¡¡ ad-d.ed,

-\ -ra;per pr-rblisheo- in i.ia¡r, A969u in bhe ltri!, iransac*

t i cns o î ?o: rer' "lnparatu"s anc] S;rs'b e:;ts lr;.t i"ent , Sclrrrlu-s,

--)itcüi.ack:in, anC. i';freelert-r d-esc::-jl:es a verli-:ni;cresilirg an* in.*

;;cnic;us e¡p:cach bo t?re prollle::r oi- lcaC' lrepresentation* T]:e

a-ssu:'Lpt-Lcn j-s naCLe -'in the ne-irer''bnat enerä-1- u-secl- ìr¡r ¿ parLic*

u-1i=.:: t.-:,r-pe of lcad -îs ¡l:rcOortj-cna]- to bhe cie¡ranÔ- cf tha'ç lcaii

i,¡lr.en tests l,.rere car"ried oui " Theï then oevel cp a leoiinl.c¡u-e

to ¡etate rnete:"ed erleï"iJ¡ to ihe ccrüposi-bion of load." Jis

ira:n.y C¡ifferent substations aïe tesied as 'r;here are d.iffe::ent

i¡..¡-pes of loaci-s, The corn'oosition of the l-oad- is i;h.en asslr;rred

to be a Îu-ncticn oÍ'energJ/ u-sed" The response of'each tlpe

of l-oad- ls then calcu-laied"
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G.tljiEA{L }ISCLiSS]Oj\ OI¡ LOAÐ-VOL.-r: gç:..] IJISTS

In a pol,íer systern tirere aT'e íranlr 'au-antit-ies '¡hickr can

'oe .rneasured" The ir'ro ind-ependent û,Lrantities ivhich effect tþre

loaci. ane:

I, Frequ enc;r (f )

Z" Vcl ia,re (V)

the effects caused b,'r changing frequency er.- e;ctre:rely
irriportant and cieserve fnrthez. stucl;r, _in the lab -i,hjs can

easl-1;r be cai'::ied out, iLoi.'evei', o.,i. s-n acLuaI sl,rsieär,che:re er.e

l'ÌUîierous t:eascns r+ir;;r it is no.b li"aci;ical* Soi;:.e of the ni¿-jn
-3êÊAôna Ðìrôèqr v è

]. Lccaiion of Generators

'rhe Írequenc;r cen onr;;r be altered by changin¿i the speed

of ihe e3eneraior.s" Generators are norillelly lccated. p11],sicaIJ-y

in conven-ient locations. These loeatLons lrnai¡ be re¡tote fron
load-s and. it may be difÍicult or imnossible to carry out the
necessary s:;itching tc isclate the ioai_s in ques.ijon on

sel ectec p;enerators,

?" ftnall- Varia-ticn of i;.requenc¡r ?er"rnitted.

i':lan;. ,Ðieces of equiprire:rt ere ver,-rr sensit j-ve to r¡eria*
iion j-n -fneq-uenci¡. rf the frequenc;,r is al-tered. onljr¡ e ferr

'.¡ercenù the d.anger of equj__n:;ienb ctaira.ge is alr+a;rg r:rresent" Å

;icod- elcampl e of this iras tire recerit ou-tage in ti:re i,ionth--liasie"i"n

pari of ine iilortir :\¿neri can contji-nent r,¡trer"e ,qene-L"arors \.,jere

'i7
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dana3ed -,hen o9e::atinr onl;r a fer.+ perceni -Deior; ncninal fre*
quencl¡" Trre jrn::edance of rcieting irach-Ìires as i.ieIl as othe::

eqtriÐltent is reduceC ai l-cirev jlrequences rr¡hich can cause ex-

ces sive cu,r.i.enùs, both funcì.¿¡3sn¡¿1 and. l:ari¡loni c to fio',+"

3 , ,åu--r,onat ic Egu-i,oment }iot ¿f,f ect i ve

ilYen thcugh it is possible to instal-l auì;omaiic equip*

rnent to reccrC an;r :iisiurl¡ances ancl these har¡e ofien been

useC. the.-f ar"e nct very useful for' ùh-i_s pu_rpcse. The r.eason

foz' this is that under violent distur"bances nanfr differ"ent
'hhinrs r¡efììlYr^ 'i:þe l'y-onìrêì-1{rr¡ n¡ni'l l oJ-n- J.he r¡ol f.ar¡o qìu.:r¡r¿...<ù 'Jvvu_¿ 9 vJ.rw r.!-çr-.i.L¿ç?rru j UijU J_J-Jc. Ueij 9 _ _ _ _*Lr_ -,J_I$eS U"i)

and ilo',;n, autoiaai'lc proiecticn d.evices operate, anci_ el-eciri*
cal equipnent :::ra;,' shu-i dor.¡n. I" -i s noi possÍble to d.iffor-
entiate or to fi-nd ou-t r¿hich effecis Ìder"e caused. b¡,'i.rirat"

The ti¡o inclepend-ent qu-antiiies actins o;i the load-

v¡ill- cause ihe thr"ee dependent quaniities:
tn Curr"ent (I)

2* ?crter (P)

3, Reactive Po.,¡er tA)

tc cha¡ge aporoorietei¡'-" It is difficul-t to var.¡¡ volta6ges

on a s;rsten basi su ho:,;eveï', some I ccations lend_ theinselves

tc this ,ourtf,cse s

The basic reascn íor thi_s -"tud)¡ and this reooï't is
'bherefore to d.e-uevtrine t}:e variaiion of cu-r"renig reg-l u and,

r"eactive Ðoi.rer'e '"rnelievei. Ì,he voltage is changeci" Tlrei"e are

basicall ¡¡ t."'ro consiclerai;ions :¡Iren assessinÃ the rel-a-tionship

of the three quantities rnenNioned r,,¡ith that of voti,¿,gs,

Th,ese are:



1" Si;eadv S'uate

2* ll'::ansíent

1o irreas;u-r:e Ì;ire sNead;yr s-i;ate var"iaiicn it -is su-fficieni
to ¡reasur.e the quantities jn clu.esticn befo::e anC_ afì,er a

certaj-n :rra,1ni bude o.î vol-ia.te charr6e. There :-s funl-a."rei:tally

nc d.iff lcu-lt.r -ìn ileasuring this ::elat:-onshi,r" tlhe only

nrr:ï:1e::ir is ,tetti:r,3 sl-r-fÍic-eni accu-l"ac.-ìr 'bc ceier:itine a lcla-
t ionship :..Lrich is l,lean j ngfi-rl .

A fu-rther uord, of eltplatiaf ion is jtece ssai.;¡ io e;;Ðlajn

ihe --reviolls narg.graoh" -\:-rin¿ el ectL:i c Dc-)Ie-n s.-¡ste:r Cit-
tu::trances the voltage variat-ìons can be of ân.r na.;nr';ucte,

an.,-nrhele î::c:,i zero io cne hu"nd::ed- oercen'b of the sui)pl]r vclt*
age. It is entirel.y trure 'i,hat the effect cf a 27í voli'age

va¡:iation i^¡ili be clifferent than tha'b of a zli¿ to \O',1 voliage

varíat icn"

l¡',tren perr:.i ssion r'¡a-c fir"si; obtained_ f'rcrn iianitol¡a

:I1,:r]rc 'bo carr:' out ihese tests ii r.res agreed that c¡-r-stoiíter.s

on the Ðc:Ler s.l¡sier:l r{eÍe Ì'loi to be 'inconvenienced anil it ¡¡as

therefo::e also aßreed ttra-r, the vol-taqe i¡oulcl nci; be va¡'ied"
¿,4iïr.ore than j'1L above o::'belo'r,rthe leveL fou:rd. at each si,aiion*

It is not ;uEgesteO- il: arllf iia:¡ that a s::iall vcliage

cliange of less ihan 5,í ai:tecrs the lcad in tl:e seÍrr.ê ir¡ay as a

l¡Oiá rrrliar:e variati on. This i s pariicu-l ar.l]l-' so since a

o-rastic re.ìucti-on in -¡oltaÃe l-astin: rnone than ¿r Íe:.,i c¡icl es

t¡i1l- invariaJrl-;;r tr"ig6er" u-nder'*voltage rela;rs ';rhich ;rill dis*

connect soil.e loads, It is still felt, ilor'¡ever¡ that a rrno.'¡-

ledge of lced- varia-iioa t¡j-th the ¡,'cfta.Sap even ií i'1, is srnall,
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-is usefu-l-" Ii cci;-ld- al sc be a-r'-:r;-ed- that ii d-oes crov'ïde stilô

Ínc¡-ica'cic:r o.il ho.; ine lcac- t:ouli respo:rcL to a le-rg,e varjafion.

ileve::al- riiffer"en'c rrâl¡"s io vaqli;ho volia3e are avail-:

a'cle" These inclu-Ce cnatr¡i,in,3 the e;'tciiat'icn of a ¡Ìe:rerator"

sup;:l¡,'ing a :'ad,iai loa-d-, varyinE ihe tap position of' e re":,*

'¿l at or oT an on*l oaC ta'pchang,er" ,Ìl-so avail abl e are i'¿eihod-s

such as increasìnS or d-ecreas jnË :rìitì)eCence r'Jetl¡een the scu-vce

and- the load. tirer.eby chan¡;lng iþ6 v6lta.6e cl-roo and. ine s',¡iich*

t*a, on oï' off o.f reactive load inclu-dinß syncironous conclens-

eï's* For stead.,r stabe cond-it-ìons tne only rrethcds deemed

unacceptable are ones en1:lo]-in5; ihe si,iitching of react-'r-Ve

I cacìs, llhe rea,Son i-s sl:lp1-;r bhat '¿he sr¡iicliin3 of reac-b-ive

loarls chan¡es tne l-oa<i- -i usel ¡l -

a.!-i.o+-s

Tn tra:rsient stal¡iIii.y stu-ä'ies, as r¡el-l âs C;,,-n¿¡rj-c

siuri-ies, an p^cc'-r.rate lcno"+ledge of I oad-s r'iill often cleter'¡rine

the stabil.it:'i of i:ord-e¡l î ne s j¡sierrrs ' It is i;:po::tani to lino'"'¡

noi onl-r¡ the stead_y state effeci oÍ varyinE vc-]-tage but a-Lso

an:,¡ d-ifference in râespcnse Cur.ing i;he inj-tial hal-f second-, -Ln

tt:e tests carrieO- oUt at ..raniic'ca .l-il,¡dr"o stations an atternpt

'¡as ïoad-e io assess nct onl-¡,r stead-¡f state.¡a::iatìcn in loacj-

ceuseci b;r chan.qes -în vc] tage -but also o-btaia Soi:ûe 'Ldea of

'o¡ktst haripens in the iniiial perioct.

fn set'Ling u-i: l,ire ies'bs there iiere tr.ro ua;rs availabl-e

.Lo obtain teccr,:1,inÍ,:s of ra;-ricl clr-e.:r¡es in vol-taiìe' 'ihe firsi of

birese rrâs th-e use of an oscill-oscope, This ci.e.¡ice i'r-es the

aivani.r-i.:e of vLr=;fing iine :ca1es, ''o ci-j-fficUJ-t;: -î3 :)reSei:ted-



in:.":ieasu::in,g a ns-ï"i cf a 6O cJirle l,;avelctya" llhrs i¿culil be of
parficular acLva:lia¡le i::r stu-o-yrng ihe initral- respûnse of lcad

to e:'apid o:: step ci:an6e 'în vcl'bage, -,li; firsi i'i; i;ou.ld_ sçen

thai the ad.vantaSes :ln the u,se oí an osclrlcscoÊe i.¡ouLd_ fa:'
ou-tr,-ei;h an;1- disacrvantages. jioi.¡e:/ery this was nci the case"

The use of aa cscÍlJoscope cloes pr"esent scríie unjqu-e

pro'oÏe;as, fi ,"ias felt that at ]east foi-rr quantities shouj-d" be

::eccf"ded* TheSo i¡,rO1.ê vcltage, current, z.ea1 pciief an¿

reactíve powe:" The csc illoscoÐes a.¡ail-able nad t'¡o traces 
"

To reccrcl fcUt quantities accu-rate1;,r at least iøo osc î1lo-
scopes:'¡ould. be recu-ìred" Even i¡ith th.e use of t:¡o sccoes a

reletivel.'¡ coin¡lica.ted problem',.¿ould cxist i.;ith iri,qgeri_ng.

ïn fhe J.abu trial and- er:.or tecliniqlr.es er:e o:îten use.-L to
,:hotograph the tc¡'tion of a ',ravefcr,"-r of j-nterest" rt i,¡as

felt oil ar. el ec'Lr"íc .polüe:. s.irste:u rrir_l iiplo sr,ritcirin¡¡ oí cir"cu:ï_t

brea.lrers pr-esentgii, cppot,tu_nities for e::roc.s anc fo:: cossible
ct.:-stoae. outages" rt r.Jas pcssible to cl¡tain a stor"age oscil,*
loscope, hoi.rever, this did nct ;tresent an;,' ad,vantages"

Tn the end i-t r*as decided t,¡ use a galvanor:etev, t¡rpe

ultr"aviolet recorcler, r'L i,,,as felt that the :"es'pcrrse trrne ,r..rag

ver:r satjsfacicr¡r ¿s aïl inst.¡ru:rrent of this t;rpe r¡i11 record
accu-ratel;r firec.uerl,cies u-p to ¿lbout 600 irer"tz. irower s¡rste;.¿

characteristics change r-,lore or less â.s step Íunctions, These

âre caused- b¡r initiaiion of a distur"bancee the swiiching of
equ-ilrnent pr.otecied b¡¡ rela.;rs ciuc to the isolatÍon of defeci-
-ive cclr.ponents, and finall¡i secon,lar;; sr.ii'bchi-ir,g caused. b;r

ove:rloadinS ar instabiiít¡r" ;4ach of these conciit-'Lolis no::mall..f



lasì;s for ùir:iee to five c-l¡cles since this coT.respond-s tc

c jr"cuit br"ealrer coenin! ti-::aes " Sinee tne -length cf the sielrs

of a distur"ballce ar"e gener.ally in the 5 clrcle oi.80 rnil-l-i*
õ^ô^hl -¿c.n^¡a 4 '4Õ6a-"r1 c'.¿."Oable O-i iieaSUnj¡r: Cha,rnRs in tlfeuver¡rs vqirqvrv ^,rvør4- ¿¿ro v_¿srri.vÐ

I to 2 l:iilliseccnd range is adecu-ate"

Anoiher advantage of the ultraviolet recorCer j s ihe

:lal1l/ char"rnels available fcr r"eccrding. 0n1y fou:" ou-an|ities

uelre *reasured, ho'...reveru up to ZLt, ri-iffez'ent qu-antities could

be rneasu"red-,

.iJ-l!.{g i oJ q p Tsq.qq-qqq

Th.e ul-r,i"avi,:let ::ecorc'j-er- c?:csen Ío:c the tests ï.e-

;'uireC an inpu-L ci'I5C rníl-l-ivcj'bs or l-ess, iiecau,se all rleter*

inß ci::eui'bs i:r ,lanitcb¿r- L-ycì::o stations ¿ìr.e lÌofL,lal};' r.ateC at

5 arr?pS and- l-20 vol-is, iransriucers t.,ieï.e r"eqr:.î::ed f'or al"I ctuanti*

'cies reco:rC,ed-" The trensd-ucers convei"ted vol'cages g cur'r'errts,

real a;rd ::eactive po1..fer into rnillianper=e quantities " 'r-llese

cu-rrents fl-o¡,;ed thrcuE;h resis'Los"s as shroi+n i-n fi¿;ure B, .\

inillivolt qp-antit¡r iç¿* ÐT'ovici.ed to the .record,elr" Us ing this
tïpe of set*upe r"ecordings l{ere talren at a nu-nbe¡" of ,,{anitoba-

il¡rCro stati ons, .iÍielr revie.,iinc" a:'id anall;ning iire re sul-ts it
;,ras Íe]t tirai the resltlis lr'êre not accu-::ate enouEh and. ther.e*

f or"e totail¡r unacceptable " l'he llrcblerrr -r¡ith these f irst tests
i,.,iã"s tha'c s- ílrl-i-sce.le deflection cor::espond-ed- ic a no:r:ir:al

auantit;ru lets sa,;r 12û volis or 5OO ..¡ati;s. Tlie c}:ange in
vol-tage haC'bo "pe limii;ed- ta 5,,3 anð.-ìn:rost cases was abcut

2,tÉ" ?hris :reant tha'ç r-.,ith a 1,i accu-racJr 'or-rilt intc a. y'ecorC"er

the chanqes in the quantities -rere in the "sâme crCer *í
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::raEniiud.e as

di-fíicul-i to
çnr; dê.fþêô nfsv¡:.i uv v!

tsias CÍrcuits

the pcssible errcr. J-u i"¡as a'l eo eliceedinql.¡

Ineasi-1re chan.ges of one o:r. -btrc ::iril.f!116¡gT"* witil

&.C ClllâC)i-.

To overccme the probl_ems in accuracy and. to be able

io iiteasure chenges easil-y it r"¡as deeided to u-se a bias circuit
to bj-as each of ì;he nil"l-ivolt cüantities relrresenting vcttà.öes

currente i-eal and" reactive ,co"ter to zerc" This i¿eani that
?:eÍcre an;r change r.¡as mad-e to the voita,Ee, ail- o]ienüj.ties

t"iould- be ireading zeta, 'Ilii s also rnean-b that onl¡¡ the charl¡;e

in each quan'bity i¡ould be neasured-. Bec¿luse these quantitie*
were si'rrall t.he;' .íere aLrrplifiecl wiï;n four galiranonieter d,rive

arlpl if ier"s' the gain cou-jd tre tu-rned up on ilre ai;rprif -ìe¡'s

u-nj;il a reascnabie change in eacir r1i;_ani:Lt¡r iras recorC.ed"

f*å".,Pq',r_e_lJúpp1 i

-i-u i¿as f,ound that enJ¡ 'ù"C" pÕijej" su_pply oper.a|ing

frc;¡r the -q. C" sou-rce at eaci:. siation ',¡ou,l d experi ence the

sa.lne vol iarre change å.s the l-oad. and iherefore l;oulct be u.n*

accepiabJ-e f cr the pu-rpose iniend-ed, Dr:.¡ cell s irispê consid.-

ere'i., howeveru it r,iâs felt the drain across a vol-tase d.ivid-ing

resistcr i;ou-l¿i cirange tire ouipu_i v:liage of â C-r";r cell,
Ä so'li¡-iion to tire J,C. llci.re? sunplies fc:r b}:e -oiasing

circu--iis irould- be Lo use hig;h spee-i electroljc::c¡,3ulaied
Ðo-,¡eï' supplies, 'Ihese tfelte not avail able " i-Io-l...,ever, one

high speed elect::oni-c regulaiot ,,.;as avi l ab1e, it :,ras there-
fcre decided- to lnirrovise and use thj-s .t,t* re,qula-ior to
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su-ppI]r fcur i\,C,/),'ö " ad.aptgtrs ',rrhi ch i.¡eï'e d-esi,3ned tc cile:"ate

i:ransi stcr r"a,i-j os. T.oese un-its haci the advantarie of being

verl?r cjleaÐ and locall:r arraiLable. This set*u-: f cr" -oiasin6

ihe output cí' the t::ansCu-cers prcveci velr:r effectir¡e and ';ith*

cut their u-se it is unli;cel¡r that ân¡r rou*ttingful results

could irave been obtained.

::'i1t er" lircl'-it S

Ihe -r,::ansducers are essential l-y íul l-wave reciif ier"s

tnat 'oenave -l-ille e- curren'c sol-l:rce, 'Ilre ,]"ü. currr"ent of the

cui;olr-t is not a trr-:"e lf,C, but has a fair ainount of ripple

caused by Liai:":i:.onics " 'Il:e resoonse ti,ne o-t ihe transcluce:: is

excelleni bein,3 in the ran,rìe of 3 nillisecoads f'or iaost u-nits.

Secause of the biasini tecÏ:niqlr-e u-sed- and ihe arcplification

^'F +L^ ^..r-^¡'{- i-]ra lrq-aøn-nr"4g fOUn,l in tlfe OUtl¡U'C iieï.9 alSOVI UIICT V'JVIU-U g VtLÇ LLQ)- - !VflauÈ I vu-:¿u lll wr-t

a¡lplifiecl" To overcoïle t,his sÍtuation naûufactu¡:ers plsoriu-ce

scine iransduce:"s i;i'i;h built-i-n filters to rerirove unr.nrantecl

h-arrronj cs. The f iliers aïe efÍectit¡e in rsi'tovi ng J:annoni-cs

but thelr -in turn inc:lease the response tirne" llanufacturers

nave decid.ed that a qood coinrrr"o::nise between unlrented harnonics

¿¡1:: .cccï' r'esponse ir-as to ernplo;r íiliers that incrc-:ase the

response time to about 300 ilill-isecon.Js wl:ich is siÍl-1 i?eason-

able and- ir¡,' .J-oin¡- ihis il:.osi of ihe har¡ronica 3?e sul-r1llìessecl"

In the tests carriec out, ihe on1.;y 'ui'anslru-ce::s avail--

a'trl_e i..,ere uni'bS i,,.ihich i.,.ere unfiltere,C having e response t jite

of aborit 3 milli;¡econd.s.

Tt i"ias decidec tc build filters r"rhich wou-ld ìncrease

the :response ti:*e ço not Inore than abou.i 300 ¡tilliseconds"
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ïb iuas f'ound in the tests tnat the renainins harnonics i;'nicli

".ref-e 
present r.tere n.¡f o]c ject-î ona"n'l e 

"

,ås a íur-ther" r'efinerilent and ii:npra-rrenent i:a accìlracli it

was d-eciilecl to take r,€s,rfonse cha¡:acteni-s.bic crlrves í'cr" sten
o'nan¡¡aq 'Ìrlragç cu-rves cou.ld- uhen be u-sed -Lc predict i+?:at'J::É¡:,4 vp ø

,¡cu.Ld have happenei iÍ there ,!.ras no iirae Ceia;i" These response

cìl¡ves are sjroi;n in ,l,ppeni"ix ii. Fro::r bhe cu-rves it seerls

thai; al1 '¿ire dela;* j-s in -r,he 3ecJl'':it1,t criu-Íc::.enb a.nu the

lcad- essentiai-l;v responds es a siec Íunctioir to vclta¡:e"

Êenr-¡drrnii nrr of l;1t¡.aVi Olei 'f:.aCeS

In ccrr-LÐì linn ine r"esul ts of this stuci¡¡ i'b ,ias ilelt

ccp jss of the u,l-'i;r"aviolei iraces rrere r=equirecl for r.eferellees

3u-1._Ðosese .iii:r th:'Ls 'ín -,Lj-nc, nei;I:ods cí r"eprcducing tnese

þraces 1,,'Èz'e invest'igai;æd ani:" sa:apled-" ;ill the coyni(,LorL urethclds

CIf reprodnction such as pnoiocotf,]ringe xer.o3re-ph¡r, and. offset,

',,IÐ.r^€ tried, Tnere l.Jas nc nethcC- thai 1:r'cved- satÍsfaetor.;¡.

Three orcblerirs i.ri€r'o encountc::e,1" i¿}:.en coiìgg l.rere bein.ct

nade" The f Írst of ihese pr.oblerlÊ ',,¡âs l_i¡lht e:{,llosure" TLre

uli;¡'av-i cì-e'h proces s inhei'entJ-.,r u-ses lrnoiosejls itive Ðeiier.

j,i6nt tur"ns b}:"e paper clarli, I't i s pc ss ible to us e si;abi_-l_ -i ze¡'s

on ihe Daper to ¡rarre the treces rrper:nâ-nentrr" It r+as rtcuever.,

fclrnd- thai, iÌle pa;oer s'b:"111 tu-i.ns ciarir, :"r'ì.]r r"eprcouction

;"tethod- i,...hich t:-ses i:rtens e J-i¡1ht ve3"--¡r c1r'asticail¡' inc.neases tne

de.:lreiri;rg ilr:ccess ø :!fte¡' tl¿o or" th:r'ee su-ch c,:1ries a¡e r,raci-e tire

:-r¡'i¡-'¡'-11¿r" reccr'd-ilr¡i recc ilcs âl-,rosi u-sej ess for en;r ¡ç3'¡5u* stucl;..

\- seocni, s¡:,re .,hai :'claieC- probler:, -is the sicraSe of

::ecor'lings f ¡r. ¡.e laii¡¡el y i-on; ceriod-s of i-:rne. rhe t¡'aces



1,iili d-isappee-r even'bu-all¡.'"" If i:erraaneTlc)r is requ-ir"ed ¡hen

soiile fcrn of cc,ur,tinn is need.ed-"

Tkre tirri'd- .o::o'bl err encou-nter.ed .ì n ¡rar,;i-ng c otl ies i.,ras

ihe I ecil cf ccntrast in tire ul rr.avioiet rec crcii nã " rrn)¡ cctl;)r

riLade ,+as so pÕct3 it iras not considerecj_ Lr-seabl€.

Because of thre p::oblens encou_ntered in laa;:ing cooies

the onïy solutj-on r¡as to nanualiy trace tire recordings r¡ith
India j'.k" This rnethocl nroved satisfa.ctor;,,' írcia the point cf
naÌrin,q cccies. It nevertheless pi.oved tc be a verl¡ tirre
eonsurnini¿ and- ted.ious nethod" that recu_ired several r"¡eeks of
wcr"k*

-ic purac l¡ of -ìesr:-l t s

rn any set of exper":-nents the qu-estion of cÕryectne ss

and p:lecision of resu"lts all."'a;is ccnes ull, j:he insi::u-rrents

u-sed Ì.Jerle r¿el-l- suited, i.¡ith e Euaranteec'l accîfrac:¡ cf 3å of
1 percent ai :'atec value" Tire rcac.ings i{ei?e ta.l.:en ncnnal-l_l¡

at halÍ deÍleci{on or less i¡hich. wou_l-d. te::cl- to o-ecrease ihe
accu.rac;\r. fven Íjoe the results shculd- be nore accurate than

ncrrûaï cata su-ch as lcads u-sed in raodellirui a-oo\der slrste¡n"

tler;¡r often -'r-t -i s ';iuite satisíactor¡r to hrave an acclr-iacly' cf
&,-,t &_ ^..¡*>7¡ Õ? even *lrJ;5;'or" sUcn cu_antities a_s lcad-s.

iì'ro"t:. a cer"u:sal of the r,esu_li;s oÍ i;he tests iÌ; can'oe

seen thai ihe;r seeÍi to i:e at least basj-ca:lil¡ collsistani if
n"ot, precise" rt nu,st be pointed ou"l, ihat the loads va:riec a

great cleal d.ur.ing the iests cl:J.e to ba-sic load varia.t-i_ons"

tJnce o:: tr.¡i-ce the traces clr ttle charts went cff scale. This

:iea"ns ti:.af juc¡c:leni h:l<i- to bc u-sec -*jl ÍÌssessin3 tne values



cf 'bhe i:eriore and- after" cru.anii'cies"

rt rrrust a-l so be ;-rciirted ou-t i,haj; "rthen elrl3ol:s occur

it i¡oulC be e:ïrecieci ¡ha¡ just as -ì1úî.nll high :'eacì.ings as l-c:'i

w¡i-rlc be fcu"ncl-, -ln ;ire resrr"l'rs i-ire f'ínuin,c:s l".relre often

coniririr -i;o rrhat r.¡cu-l cL be e:,ne:ì;cc, ir; :'e':::csei:t-rn¡ loed-s âs

ccusi;ant poÌ,!rere cu_z'r.ent, oî -ii"rtpeci-ence" .ls e n;-l e the loads

''¡ere ¡:nucli nore sensi-'ûive tc vol tale ch:nE;es than everf constani

imneC-anc e r"epres entat ion,

i;,p.e*qi, 9qrq. i-q Steþ_ii_i*t"_x .Ë"pp4_iq-F

Th.ere ere t,-.'o ¡rain stabil.ity stuciies i¿hich are car.rieù-

ru-t in ,:oi.ie3 s¡isie:i investr¡,,-a'bi ons u i'hese Ð-t:e:

I, i-'r.ansj-en'i; ljtab:i-l-i-t.-:¡ ljtu.clies

2- ,.r;1rnaüiic Sì;ab-i-1i i;r "';¡,t¿i-"*

Tne:"'irst o.'iirese, tire ti'¡r::sient siabilli;. is charact-

a-r.i r.ør1 'nri- t]n..' rl', ì rs'i sr.I'î¡reriÌ cf itef iOn. 'Iltai :1-S if ttfe ilif's:tv¡ Iav\! v,: u*rv v ue!:J.¡l)

s",;i-n.E of a- i:rach.ìne cr sl¡sÌ;e¡'a ùurns arou"ncl- ì;hen tire s.:rsten is

ss.ici Lo be stable, 1'he si+in¡: cf iire i;racl-rine oí' :;'rsierl is

rcncr"a-l l:' inir-r^!^r r^-- ^ '-."- in-n .l-Îaj-rr-arro-nçç SUCLf aS a falflt,tJElru:4¿r,i arf ruI4Uçu- Ð:í q -iL4JV: r;aù UUf Uclr

.in;r -,i n,;u-t i rrt': conirol cLov-i c es on ihe :cci"Ier :]istenl ar-e larie

because cf tire lar¡:e cha.,:lqes on the s;,rs'bern, So¡rei;ii:nes ihis

is ref e::red. to as ttlarÊe sirnal ti sÌraJlilÍi;;1,' stuct:Les " ?he

irans j-ent pei'io,j is abcut tt¿en'i;l,r ir¡ tni-r't;r c;'cles,

Tl-e second o-f these, the d:rnar:ic etabil itÍ s bu-d.ies

have becoi:.e o-fl r;iuch. .,roy'e -i-mportance 'ìn z"eceni titttes becau-se

cf tne ¿q,enellal -ìntei:connection of po-,;er s;\istetls and. intez"-

act:ion o-rl :"nan¡,' nachines and- s:.¡eÌ;en.s" :rfÌ,er Lhe in:-'cial

-r,. û¡lgieni; aer'íorì. ccntr"lJ- s;¡-sterr'rs s'i;a:nì; bo reaci; i;c ihe lnitial
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di stur'-bance tc hell: the s;'sten sia.r in sr,-ncironj s:;ì. Sorte-

ti¡rtes, these eonfr"cl s.[stens can cau-se oscillatÌons cn hu-nt-ìnpl

'¡etr,leen slrlstei'1s " If ti:e se o sc il-lai ions increase in rnaqni'bude

instabil ity iuil1 ¡'esu-lt, The i:rput tc the controt sl,rstens

af'ceir the initial disturbance l"¡ill- be caused ì:-y swìnfls iv-Ìrich

arle not es severe as tl:e ori:inal d-isturbance" Ìlence, sorce-

ti¡.nes the tern rrs¡rall signal?? stabil l¡;' stu-dies is Lrsed.

In obtaining daia for s'i;abi.lit;' siud-ies a characte¡'*

istic such as sÌicir'n :Ì-n Íi;ure 2 is of'ben rea-l ',^zed.

l.B

1.o
Í.2 t..4

Vo/foge ( V) ¡n
Fi gu re
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As can be seen ihe cl:ar.acierisi"Ì-c is non*linea:r"" The -r.r'iansl-e

ii::a,rn ir.on the oi:igin to lcint A dei:icis the fype of resi:cnse

i.e tuii:ed for a sna1l cìrange in vclia¿le" Th-e siope of the

cr-trve is s-bee1r, Th.e slone oí the i::ia-n,11e f¡'orn tne c::-ìsip

to point B shows a greatl-::¡ C-iffereni'c;r1;e of response requi-red

f¡:. a 1-arge cha.nge, The tv¡o sl:0411 tr'langies a'L pIint::\ ancl

po1-nr; Ij shor.¡ the sl o,re oÍ 'bhe cnaracter'-lsi;ic ai these f ':o
pcini;s o:. tne lloi.Jel" as a lj-near fi-rnction cf voltage a-v these

spec j.f ic points "

Becau-se cf the ncn*linearii;r innereni; in .loi'¿er s.y*ste:::s

of ten cornoroni ses have to l:e 'r:acle in cirrosin'!ì con-brcl systeras.

In irractice Ít i:, ofien necessar:)¡ bo ctiiric-e a res'porLse cu-lrve

intc tt¿o or noï.e sectÍcns ¡¡ith cl-iiferent t¡r¡:es o-i coni;z"ol for

each sectjon, This t,fpe oÍ contrcl Ís i-r,-lustraied- in f i¡¡ui'e 3 "

lDn
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Per lJn¡t
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Non - ltneor Ch a rqcf e r-
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l¡o:: the sec.{:ion j¡eti,Joen iÌre nomin¡"1 valu_e anil_ l-ul ìJ".i-r_"

vc-L.to-ge i,Ìre trûsÐonse can be _l_ Irrea:: a.n,J_ r.eiljlesenbe.j. ¿.s e cil.t.'-

:;i;ant i-r¡-rtreda:rce, Betr,reen þoiiLi;! a.rrc-i Ì:¡ini i3 (1"1 ic _1..2,¡"r:_*
j:he l:,o sþol:r.se begins to satu¡.a'b e alicì c¿-;i be j-olrr:ese¡i,;ed b;r a

straight j ine ho-ving a rlj_ffereni sloire. ?ir-Ìs |:tç7þjon cf ille
cL]rve c¡uld. apnro:ejmaie a ccnsiant cu_rrent belnav-ìour"

:l,fie:: pcint B on ihe chenac'beristic tire cllz.ve flat¡ens
ou-t r¿uch flore and. becolrLes ali"nosi horizontal. Tl:is poriion
can be a.ncroxi.rs"'becl" b;l a ho¡'izonts-i straigÌrt line which is
ancthe:: '.va¡i oÍì sâ;r1¡a* 'bhat cor,rer ove¡- the -r.ange of 1__z Lo

I .J p .u, ' vol tage is ccnstant i)oweïì, lastry r.rhen t-iÌe vcf -uai:le

iiic::eases be;'en31 abou-t 1"1, p.u, the crraracte::isi,ic s,carts
cÌ::o*'oin¡: ra-oid-l;¡. 'Ih.î s is j-nbend-ec- to incicate o.¿er¡¡o_l-teíîe

i'ela.-,i- acticn l.¡hicl: i s clj-scoi-:necting loacis " Tirls ::ort jon can
elsc be 

'ep?esented- br¡ a strai¡;ht 1ine, hoi.reveru iry ncir it
is ev:Lcl,ent inat concl-itic:rs â¡-e !;rossr;r rrira.ccental¡le as .i.a¿. as

vci'berges are concernecl anc- ihe s;rstern is l_.LlreJ_y Lins.;abl e.
si',.ila;"l¡'a character":-stÍc can be d-rarvn fo:: vortage cL::opcing

rtitli severa.t se¡irnents ap'ì3lroï,im¿i.tec- b;: straight lines end Íinar *

1;"' ì;he ]oad rJ.ronpine cff irhen d.isconnecieci b;r gncLe:"vcli;e,qe
.. + -l :¡ r;cr \,+\4 Ì u 6
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_qÐ,rìj.lsl_ t_ råc !,Ë sJ 0 lL _q{_rüsu !T$_

In analyzing the results it seemed_ rea.scnable tc
exicress the three qu.antities - current, real po:ier and.

reective pôÌ'.Íer as â. fu-nction of ihe voltage raisec to an
grr-nla¡n'ai ql-a n'
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It is apna::ent ùi:at i^¡ith the ,cl:nee ccrll:l1otL t].i:es of
loads, ihe exponents oj' ih.e vol-iage irour-c. jre a.s I isted. betor".¡:

lype of Load ttf
.¿

tonstant ',luruent O

tonsiant Poi¿e:r *1

Constani Lm"pedance I

I'íot onl;;. can the loacÌs be reilresentec- by tir.e three
i-aethods I isted bi-rt i"eal ancL reactive parts c,f .bhe loads can jre

rellresented. d-iffei.entl;r" jto:" e;ral't1tle, ti:e r.eal r3Lìi.;er coî1ìoon_

enb can be constant iriiceciance and. the r.e act ìve coril,ooi-ret].t

constant cui:i:ent or anJr o-ther conrb-'r_nation"

rt can be seen i'ro¡n the tabulation of .';ypes of loacis

l-

C

a

I

¿

'1 1



on the rf,T'eceeding page the-t che e-tpcnenis x1r -rips and xqs

vålrJ¡ bet'¡een *1 an,1 2 for al--i- corlce j-vable co¡:bìnat'Îons of

loe-,i-s" i"'.1:or:1 thj.s it i¡ould indicate that e;cponents 'r"r'e ater
'fhan 2 a¡'e not possible"

In alf i;he 67 test cases carr.ied- ,rìJ.tg on 9 i nclepenclent

loacls -r,her"e !.rere nc negative e;ç.oonents Íoun'l as can be seeïì

in Ta'ble 1" lnis i+culci in'lica.te tl:at coirstani Ðo;ier loads

are in the .ninorit¡'" This could easil;,' be "oelj-evecl s-lnce a

¡;::eat .rajorit;r of the lcads ì;estec lrere colc,rerciai, clonest-c,

anci farl :.;-:th large ?reatin,; and. 1i_6hting cor.r':onen''us"

'tÌre heating and. i-i¡ri:ting ccrt,oonent i,¡as not in tkle

,"najorit;,' at ihe Rose¡rfeId. Stati-onu sìnce tl:e r,ia jor"it;;r cf Nhe

1cad. r,.¡as induction iroto¡'s u-sed ai 'bhe Inier"proi;'-ïncÌ al

Pipeline Fump:ing Station at Gretna"

lioi ¡nl-;r â'b tìosenfelcl, but ai all- locat-Ìons i"b i.ras

fcund. that th.e exponen-i,s äs caicul-ated. iry ectuations (-? - l-,

3 * 2s ancl 3 - 3) ofien r."Iere larger than tr"¡o. ?his ai first

seerreC- i¡'rpossible and unacceptable. Iioi'rever, on :i:ev j-e'l+ing

resea:'ch on th-is torlc ana search-in5 plr-blished- and. unpuì:-

l:Lsired. lrcri,i ii .ias Íou-ncl- tira-i; oi;her investi-ga.icrs have fou-nd-

suriia-r' resu.lts" In tire cÐ-se of -¿ire r:eact'ïve no',ler i.ne larije

exi:onents are 1i,:el¡i cau-se'J- b;r tne settll:ation of ti'ansío:r"ner

ir"cn, e, ?o int that ,;iI} l¡e d--T s cus s eo fu-rtner . ihe real- ccr'rer

on the other" ha-nc1 can'r:e e)(pleined partial-I¡¡ b¡'ihe time

in^ierva-l- that tire rna;ior chan,ge in lcaC. occl;t'red in" As ca;\

be seen b¡' e:;amininål the t:races tne resllonse cu-ïve las-r,s only

about 20C, 300 riri-]liseconds, This tacL is borne ou-f b;t¡ Nþs



??

ti-minr3 t:'ace at i;he extrene le-ft iranct sicle of Ì;]re chart"
-ùre-¡';¡;¡ sior"ed -in er ectric or. raa,aneiic fielc-s cai: h¿lve ilire
ccnstants of' sevetrâ.,r seconcls " ,rhe tr=ansient si+-in,-q of a

sl/'sten çou-l d" ncrrrrall_),r be ovell beí,or"e these second,ar"y elf ecis
wculo- occur- The naturar roacr i¡ayiatjon on trre s¡,rsie¡,-r r¡culd-

iencl to. t"irask ihese relatively r-.ojleier Lern eff ecus 
"

rt :ras also d-esì¡'ed- to test tlre slrsieir ï"espop*qe to
vcl ta¡ì1s va-riaticns at ire¡r rnajor" stations cn ihe i.ianitoba
ii:r'"dro s--¡steu, 'Jhese siaiicns such as i]:.e E¿"ancion lzin si;reet
.,jnst Siation su,:Irr;'¡ 1ar,3e a-j'eas su,cir as tire ti-.b.v of B.i:an,j_on o-n

¡he ;3ouih-iJesÙ ¿ìreâ o-f i';anitc'r¡a. 8.,, this ileens it i+a-s il.i:ed.
to obtaj,n tkLe response oi an eq-uivalent }oect- i.:-hj_cl:: îerr:esen.bs
'che bci;al toad sr-r-ppJ-ieci frori a carticu-lar sta-tion" iì¡, .1o:-ng

this it is ínevii;able that the eÍf ect of trans:nission s:;;rsteins

and- iransfc*ners ¡-s r"¡el} as contror eqr-riprnent i,ras l¡eînpÌ re*
coz'ded as r,rell_ as ine lcaC"

In the câse of the B::andon 66 ì.;V az,ea, i;hre charts, a

sartille cí i¡nich is jnclucied. in rip;cend._Lx tJ shor+s tliet il:e vcli*
age cÌ:enge cau-sed. by croppin¡¡ e- transfcr"mer banr.r was nini_¡rar,
'.'he 'i'enent.lent qu-antities on tire a1n.er ire-nci i,,ar,;¡ clr-t cf a*I
propo::ti-on io il:e cna::ge" Tnis effec.b seens .;c be causec b;¡
tire naintenance o-i ar:nost consiant ,¿olta.,ie b¡l r.elei:ive-r;,
l.ar.2:e s.rnch:.onous concLensers ai Eo i ssevain,

Ii rnust also be poiniec,t_ ou_i ai; -bhj_s tir¡re that ilre
th.ree depe*d"ent cì'antities varying as a oc,..,er ,qres".tei, ihan
t.i.io i,,¡¡en. L:elatecr, to ihe rroltage ri-s not nei..¡* jrì *ppend.ix G

a lette:: is incru-d.ed, f or ref e re:rce " This r eì;t eru r¡ri.bten



Íroin lir. i,i. ,j, T:"sh-inslii to iir', i; " J, GooCi"¡in o,' l.la¡r_lto,Oa

livd:'o uLì.te.i -1.Ðri1 Lj, r-gb0 d.e sc::ibe.q iests ca.¡:ri ecl- oilr, on

the iia¡:iio'ba ll:¡dro s¡¡ste¡n in t9óB. Tne te-i;tei. ciesc::il¡es

cu,i:rents and Ðci.¡e?s var;ri1¡.- arj the lifth ani, tni::cl_ por,reï?s of
the voliete. :!t thai iine 'ît r¿as fer.b tha-t en ej'ror irir-lsi

have been .r:ade in ineasu-z'ei-irent or insÌ;z"u-meniaiion. The tesis
in 1968 rrreasured. actual ,:uantities so it was relativel;¡ dif-
ficult io rneasu-r'e tire cha;rge in a ciu-antitli. rn ihe þresenE

tes-bs the jnst-¿*"i-rnents.neco:rc]"ed- onlrr -r,he change -in a qu-entit:,¡.

i'ieasurinE a cnange iu qu-an1;i-t;1r in this fash-ion is inher"e1tl..¡

ilLore acclr::ate 'ir;¡ at leasi tt.,'o orders of na,¡:n:r-tu-c1e becelr,se the
chan,qe in a cll:-¿llii;ir 1s in i;he o::ier of Li!',,c Zií o.î the ab*

sclilf e crua-i.Ìtit;f " The change --"t: ciuan'bit;lr ls then e¡lir-l if:lec
to obtain a reasona-l¡le rleflection cn the reccro.er"

In the seciÌon on accuracli a d-iscu-ssion is rlacLe on

errors ¡hat c¿rn J:e ex,oecteC, '.lhe ecJuipinent u-sed. i:es'iC.es the
tt"ansdu,cers -îs basicalr:r $ of \i( accurate" rn an;¡ event Nalr*

ing an;r un-i'or"eseen con'bingu-enc¡¡ :"-nio accou_nt the accurac_\ir

shoulo. be '.¡ibhin 5:,( or at-.,iorst Loi|. Accunac¡- is Nner-efore

not a. ccnsi-a'e::a-t:ion. i¡hen evaluating the r"esul is.
rn Apu'il , 1968 I ¡¿i3sp 1.,r¿s gi-ven at i;he ctrA Toron'to

:r.eetinc eniiil ed rrS;isiei.ir Stabili-i;rr i'erf cn'rance as -iiffectec.ì. by

Loacj- iìeo::eseniaiion i'cr for,rpLr'cer s'¡u-d-ies anci .;,''i el o- Test^ tr l I 
*

The ii,'o authoi:s, t , R. lesi:cs i e¡'s ano- J. C ^ iìo;¡ clesc:r.i be

tests -'cal;en on iire :l;rrd-r-o ¿urebec s;,rsteR frar¡ :^¡l:ich. 'bhe¡r su-¡;¡esi

flrat :Í-n the tr¿nsient rê¡,.-ìç¡ i;he pc':..ier var"ies 3-s the squ-a?e of
ihe vcl-ta-ge anc- tjre r"eac'bive Ðoi..reï as bire cu'ce of ihe voliage,
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,i nr. ihe ¡lr¡¡¡r¡1 i n -neæi n'¡ J-Jra:r Spt:¡i efìt t¡:at 1'eAi .CO.,jef Va¡'rì_eS eSj VMJ.ç q.\'l!æll:v I v:-. jvrf uf-v,,' ÐL((: i\vÐ s

ilre îir"sù ,ro:.;er and. the reaci;ive po;,+e? es the scr.L1a¡'e of ihe

voltaqe,

In an¡i eveni ihis ,oaper coiìfiT'r1s bhai variaticn of

I oad greate¿" than iire seccnd. pot'IeT1 of the vcltage has been

oirrror"i onno¡i hrt ¡thar in¡rest,itaiOfS.vt!,vvt :ut¿v çs

.¡\fter tire current tests on the i'ianitc'oa. .:;r-d-rc s--fsieIf,

r'rere ccr].C.ucteii anri. j.'rere being enel-Yzed i-r, :Ias b:ou-qht -bo the

au-ti-r.or's atien'r,ion that i'ic cal¡ers liere availa-ole on j;his

topic " Tlr.e f i::st :.¡as entitled, ?tler'tand Reslrcnses -i;o Ühanges

of '/clta.,;es * .ìe,rcri on :ioutÌ: ',Jales S:¡s'i;e¡r festsrr b;r
?1,

G" Shacl:siraÍ't, O, ü. l3¡-*lons and- J' G. l{acli.tj-cir-'i. -Ln this

paper the autnors d-esc:riJ:e the resr;-l-ts of tests ialcen in ;'iales

wirich i.ierÞe ba-s:Lce-1-l-.-¡ si:l:ilar tc the ones carrj-ei- out in

iianitoba. F¡ccept for one case ih-e real poi'Jelrid nct var;r tc

a.greater. d.egr"ee tha.n the seccnd. irol^rer:.¡íth respect ic ihe

vcltaiìe* Ii-or.¡ever, the reactive pot^,ier valried! io as hiEh as

ihe I'O'üit ,JclIere bui, rcr.ilail¡' :'it averaTed bet'.ieen ihe !"th and-

27tn pciier. ?he ih.r'ee au-iirors e:lplain this behaviour iry

suiìlestin:' i;hai il:e ;::r'ticr: oi bnc ceatiive pcrvel rei.u-:'ed

to excj-ì;e bo';h po:';e? aüil ,ris-r,r'ibt-r,t:Lon tr"ansfci"ilÌerÞs increases

T¡ê'i.ìi ärrrr-.h ii''rôiarì r.â.1 'jolrr i,h¡rrr ihe -'l oa,ii nort-'T o.Ll cf reaciive

po-..,rêr. This in turn causing a 3-a:rgc ch.o.n5-e in reecb:i-ve

Ðor..jeï" iunenever i;I're rrcltage chan;es, .:articul arl.]:' ,¡nen the

l-oad. is ri¡ihi and- the l.eac-r,ive poirelr is p::ed-o,";lj-nai-ii;l;i used-

f or e:cc i'c inr tz-ansf ot'¡'teT's 
"

The above obser"vatiOn can be d-educçcì- i.;i.ikrout fcr"mel
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Ii: can be seen that the sa_me voltage change in the non*

linear '¡ortion of the na¡netizin¡,i curve r¡il-l callse a r,lucli-

greate:' cui'rent ana hence r"eac'i;ii¡e Icad than jí' tne irans*
forme:: vas ürcr"atin¡-; along the l-inear pcz'tion of ,cne cuj-ve.

The decision tc oporate 'Lransfotrißers in the ::on*iinear re*
gion cf ihe-ir:,ia¡nei;izlir¡ cul.Ve is p.recìir-caied. b;' s ctes-ij,e

to reduce costs ai:i ti:e physical size of ir"ansfcr.iiers, :lìris

in tr:.rn -l-eais tc the recluction of the i-::on in each u-ni_t"

Fron ihe stud¡r s¡ Civersity on the ltani'Loba systen

in the tast it ire"s ilor:nci that often the i::ansfor*rei: capacit;r

instalJed- can Ì¡e as sïeat âs th::ee ir"-i:aes the load-" rf i,i; is
assurted. ihat the ;la.-;neÌ;izinpl con¡:oi:ieni of the ir'/ii d-eniancL is

*a.4a.îout }'r:já oÍ ihe transformer. ratin8 it is evj_ieni ihat ihe
r-eac-bi ve reclu-irer:rrents f or tv'ansíor¡ner rilagitetization -.¡cu__Ld, jre

in ,che 
'L:rirñ of l-oad. area.

lhe jianitolca ll-¡d::o -l-cac- is h1thl;' c.r;ÌÐensatec- csoe-

cj-all;,r in rural areas" :\s a r;:abie:: of faci leacl"j_n¿ cDuer3

factcrs are noi uncoxrnofl- ileedl ess 'i;o se.r¡ r'eaciive l_oacl-

i"equirer¿en'bs at ::nost i:u-Ilr suppl;r poin.bs ar.e s:na1l, often
laii of the z.eal- por.rer or l-ess" 'lhe :ragnetizing; ccrnponenr,

the¡efore becorles an -i¡iiÐcrtan-b cclllf cnent in the t ctal ï"eac*

tÍve sunr¡l v, At t.i_:ae s it -i s ilcss iirle ihai 'Li:e lreactíve

su oo1¡r is ¡i:edc¡,rinanill¡ ici" iransí'o.rme::" nagne-Liza_t icn " It
thereÍore aÞFeelrs that Ín j'ianitcba as in. ltales ihat .the

i:ron sa-tu,raii on conir"ibu-ies ¡¡z'eatl"'r 'r,o the verll,' hi¡.ih i,eactive
load- T'esllotlse tc rroliage changes,

1- -*ÐJ,The second- of ihe 'üi-ic ':a;Jers iias prepared +r"\ ^UfTU
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,lc:r,iu"t.er ina-l¡fsis of Pcr.ler. 5;fs;tens ili,:rl.l:ing ii.rcup of the

üor"raL''-'uei' and- .inal;rt jcai 
'iethcd-s su-bc,:¡r¡niiiee - lower s;.ste:ri

?"1
¡n:;ii'L3erin3 üoni,'iiitee, IIIJE--*u Tn bes'bs l.¡li.jcn r.iere ccnclu_ct-

e;ì a.t Barr-ie tl:e ¡eact-ive.!o:,,re¡. v¿r-r":ied as rLigh as the l_b,t"

pol"ret" cf -r,he voltaiqeo

lfre autho::s of bhis second- Ðeper sia'ie ¿_ cr:i¡inent

about t esÐonse t:î-r¿es of load.s rtln gener.a't it is valid-

ì,o concluce tbat resid-ential loaas ?rave nep:l ii'ji¡ie i-ne::tia

Ì;i¡re c,¡nstants 't " This corres,rl,cnd-s io th-e resulis f ou-ird. 1n

iian:Ltoba :,¡her.e no r.eal_ cliffez'ence in resu-lts coulC. be d_etect-

ec. betl.;een actual ste;o che-nges irri:osed- on ii:e recor"d-ing

equieiren'b en.i- the resrlonse of th.e lcacìs as L:eco::dec* T]:is

,roint is il-lu-st:r:ateC j-n :irj¡endir; ü '.¡her"e the lre sllonse cui'ves

ta"ren in the shc:: irave al:,lost e;iacil-¡r 'l.he set:ûe tiile ccnstani
*Ìs th.e l-oad- cu-:ît¡es talren in the fiel-d-" '-ili:e llespoitse cu-rves

1n i;he shop r.,rere 'b*lien b=¡ s1:.or-tin: :t:-ì; cu-r-i.ent tra::lsfcrl:rers"

The conolusi-cn thai can be o-erivecL fr:ri i;his corn-carison is

that load. r?esncnse is al-rriost a ste: funciion ',rhen the '¡or ta,qe

¡11 ¡-.r-a 'ï ¡ c ^.1-ett flrno*-i nr¡v:45.f ai j tt -L ù a ì: ú Ç ¡,) ! U_, Jv Lr ^t- Url- o

ïi; is evi,olent frorir the tests car.ri-ed. ou.t on the

:',ani1;cba .-l-¡:12'o s;¡stelli å.s :¡el1 as a nu-rrbei' oÍ parters ou_blished

in the I iiel'atu-ie that -r.cactive pcr.¡er can varlr veï':/ g::eatirl

i.',ith ihe v':Itage- Ln i;he liì;er"atu-re at leasi cne case i^ra,s

d-iscovereä r+itn the reaciir/e Ðorn¡ei. var.lling iìs the ilc:"tieth

nc-:rêP" 0n the ltaniicba ll:¡C.::c systern jn r¡ne case the reective

Þcwer va:'-ied to s. iti"eetell ¡lcÌ"lro1' tnan :.ne i:unCred. Tiris

)e-el;jicLrlizr cå-se seoÌ,is so extre:'re :s.ri;1;r because cf i;ne l;-r¡e



s,'rr1c3roi'Lou_s 3citreiisc?s cc,ïteciei. 3,'b iL:e Íl DC3:Írc --i_tcet ion

;,.r1:¡.ei'o tnis ,.es :neco::cied" Jj si:ee:ardinr{ tnis sÐêci:lic I ocat-ion

rea-ct,ive pc'r€r vai'¡rin¿1 ås'i;he lOiir Ðol'ei. of the vcl.l;aE;e 1."'a"s

nci; u-tt-c ortilot'1 
"

.ir loint '-¡hich nust be rei berateo- is thai de'i;a on iire

iianitoba :Iy.c]¡e S)rStet'ri r.fas requ"i -ceC" f cr trans:l-ent cond-itÌ ons "

iniith this :in nind. read.''ìnqs :',¡ere taÌien 'bc reflect ccno.i Lions

d-ui.-{-ng; iire ?O - 3O c;u'cle j:eri-co. after a disturl¡ance. Tf l;ona

íide sieadv siate read-inls idere tajcen the var"iation of r"eal-,

::eactive Ðcr"iefãe and- cut"re;t'; ¡,¡ould not h.ave bee:r as great,

hci¡eve:- ihe va:'iai-ic::rs ¡,¡u.ld- s.uil--l- be .far. i-n e:rcess of the

raax::ru-¡i tl:eor.e "Lical vel-Lles i',h:"-ch l,r-cu-J-c'l- be g;iven b:,. * consiar:.t

rrnnedance ï'eÌf reseniat ï oTl*

:\n e;rtreroel.ì¡ i:,rp:;:ian-b ;'íud-in¡; :n -b:re i,ests caz'rj-ed-

ou-t i'ras tirat ilte r^eal-, reactíve Ðo?ier and. curr"en'b noÌ, cnl.-¡

i,.iere a fu-nctioir oÍ rroliafie bil-b i",'ere also a functian crf -r,he

change in voli¿r.ge, This stateineni has 'bo be constra:ined -b-';"

the l'act -¡hai volta.-'e chan=,^es i.rej:e s;î¿11"

Becau-se theire aï"e i:r.o neans of var';¡'inpì 'ühe vcltage in

so:-le s;,'stelBatic fashj-on oni;,¡ voltage changes oÍ a fi:lea
a-rncurnt d-ete::¡rìneC b¡¡ ben': impedances lrere i:ossì'irle, It can

-þe seel1 :1"c'eithe dai;a ancl the follo:rint: tl¡o cu"rves that as

ijre vol taqe chan¡;e r" jlcrceses i:r lreilniiuJ-e the oijre:: char:-ìe s

d-e crease â-s e ìlerce;rta-ge cf the siartin¡1 values" ri ;r{ou-'l d.

seerr from this cbse::vation that in a nol{er s;¡ste:.:. tL:e l-oads

provi,åe a ]-arge C-e::rmÍ-ng effect rior ver;r srna-}]- vol-ia¡;e

ciranges, .âs the vclta,g.e var.i atílns 'i ncre,Sse 'Lhe 'j-a.rrtpit:93
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d.iniinj shes, It -i-s enticipated tirat there is a ii¡liÌ; io 'che

d-ec::e ase in Lhe oarrrplng of 'Li:e I oad-s" Thi s iimj-b l,iculcl be

vei':¡ i.rpcr-'tant to the nci¡er sl¡ste.n ,f an¡¡ neells exisied to
âc c]'rret ell',¡ rneâsure it 

"

In a Ðo-i.rot s;:steiit it wculct- be ilrltoz''Lanì; io obi;ain

ìnfc::raati on on ¡he cLa;n:in¡,,; ei-fect o:î loaCs d-u-r"iní: I e?rìe

vcl iaile var"i at-í ons becau-se an s-ssur¡pt-i on ne-cie based- on di s*

¡urbances car:r-s inq sir.û.] -l- volta3e vaz'r'ai i cns coulcl be in-

a.ccu-i'ate for iar¡ie cl:an,tes, S-înce siial ì d-isi;urba-nces er:e

n.',nnall;¡ D.sscciatcd- l.¡iii: s;aall- vclta¿e chair3es :;hìch;uou-l-C-

not retlresent cr"iiical situe'cions Íor the slrste¡n ihe ?e-

Ð:r"eser:tati on cf loads ,-iuring s;Lrch ccnd-ition¡ wcu-l d be oni;r.

of aca,ie¡rri c -i nterest, Tire 3.ccì:l-âc--rr cf load .r'errresentaiion

rr-nrìc.p -l qu oc .r,t_l-ta,,1e r¡a::iatlOnS iS Cf Ut¡aOSt ifi'Ì:CftanCe be*

callse these are ihe conCiì;ions uncìe¡' i,¡hich insfabilit:'¡

^ñ^ì.Þ^l/UVLII È è

-{t present t}rere er.e no neans of var.;,ring ihe vcltare

lnore Nhan a fer.¡ percent a.bcut noiirinal" liven i-f it r.,rere Ðos-

sible to ranidl;¡ var;,r ihe voltaile b.,' â lar';e al:ounf if is
quesiionable r,vhet1rer ihis cou"l,i, be toler.a'bed. '¡-lthout severe

cu,siorier relations itrcbleiTS.

One soiu-tion to rh.e olc'cainj-ilg of ,Jata- unci-er laråe

volte.;e excu-r"sions is 'bc insial I autor:atíc 3e c:-,ri-ing eç¡u-ip*

¡ren-i; z¿irich is i::iggered by clistu-rba.nces on th-e s¡'stein* 'Ihis

at íirsi seems lilte the orti-i:ru.¡r sclution. Cln rnore cletailed-

-ìnr¡ost-ir'¡i,-î on Í'r is fou-nc1 that disturbances on e Ðo'¿er

svsi-,e{ú ã*e naricerJ 'o¡¡ nhenoiirena suc}l as Íault.s and equiÐnei'Lf
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i-i"sccrirres'r'i cn " I;:vât iabl-ly' ,.:henetre:: tire vcl-tiire j-s -ì:rc.rea-sed-

or: d-e c::easeC- the Í::equencr" å1so :'l-:lcl'eases c¡ dec::eeses.

Inere does not seen to be ¿nr¡ neå"11s to uiff er"ent j-ate j:et',"¡eeit

the volta¡le and- ihe Í'reo-uenc;',' eifec-r,s, This is tne lle&scn

f.ih-\r Êt.lJ,o,,rrt ì r'. onrr in:rranl- rnq S nOt been :i¡:S'ba], 1 eC;- f Of ì;hiS.*',"Y*-

IJU-]?Íf cSe 
"

'Ii.¡c g:r"aphs r.,rer:e irrcciuced. sÌroi¡inn tlie tyile oÍ' fu,nciicn

that ihe real and reaciÍve pcl,rer. are of the vcliage. iil-l

il:le tesis r,,'ero t.reated. as iÍ tire¡r r..rere read-inp:s on the sÉìt're

-ì carr, Becau-se of sone variation 'cet:;'ieên readinr¡s cau,sed by

tl:e se.Ìre ecrr-i,.r:lcnt be-i-ng sr..¡--Ltcirecì. ,¡u-t aver.age valu-es for
e ac.ì:r gï'cup of tests r,.rere u-se11 . Tne r.e fore scrile siai:ions r+i-l I
have lr.oretÌ:an one.¡alLte for rrcitefle.¿er-iation ¿incl loacl vi:-l"ir--

f ion, The e-vei.ase r/e"lu-es .:loi;teC on 'che ¡2.a1:hs a::e tabul-ated-

i:.r ?:rble 1. r-hese -:rarhs e--e shcl,n l:: iilur.cs 5 ani. 6"

il_fter i-ar¡iar^¡ii'io. the C.ata it i"¿*fs felt th.at p,lsSibl¡r-

soiîe Ìnore soohisticated, apÏlroåch. shou-]cl be used" for cu-t?ve

fit'bin¡i" h coi'rrllu.ter pT'c.ArâLî ê-,1o1-o,/in,E ì;he l-east squares

;:nethod- l¡as useC to fit tr"ro cl-ifferent clulves both- fcr the :"eal

anol- reactive pol.'er" Tire p::oblern l+ith curve Í'iiiinq is th.at

the t;¡rpe oí'fu"ncticn depicted- has to be chosen Í'irst and

'bh-en aonro'rriate constants B-jre cal cul-aied-" Tl:re nroced-ure

d-oes noi establisir the .t'u-nction. :i,fter eljr:rine.ting C-ata

ít'c:r. Br¿inci.on r'¡h-ich ,¡Ìere out of l-ine '¡iih l,ire .r:esi; cf iire

d:.:'t,a, twc functions l"Jere clrcsen rors cu-T.ve fitt-jnq, Tirese

i,',i ere oi Llye follci"'inq naiure:

\! @ ---o4
4a'
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Bcth of fhese cir?ves iit ihe d.ata qu-ite acÌecua'cel,v

bei,-r,:een abou-i C,5,; to î"5';; vcJ-ta¡e c1:a:rge " Boi;h c'urves

illusi=a¡e a il.::'n¡m,,ie.r'c1 ireno in the res'lon-se oj'ihe real- e.nci

::eactive Doi.Iey as the chrange ín r¡oli;afe irrc::eeses, liithcu-t

e:itrir¡1at:ng ti:e ,l-¡ria -¡ast the 2,5íí v':lta,.:e change ine data

r.¡,culd- indicate that the ::eal por,ier" is a- ilunction of tire volt*

etre anrl- i;he reaciive lower is e Íuncticn oÍ tire vclta¿5e to

the thÍi:d Ðoiliel:" lt is f'eli that ihe real power is nrobably

a fu-nc1;ion:f ihe v:li,a¿te tc ihe O*B,ro,ler",.r.iih larger vrfi;*
a3e changes, hc.iever, this cannot be i:roven b¡r ihe cla'ba

availa'¡:l_e.

The response cf the real and- r"eactÍve poi"¡er ccu-l-d j:e

an,or,::;iirit¿Ltect b;;. re-rresenti-ng tire ::eal- poi.rer as constant cu.l3*

i:ent ancl the reactive Dci,rer es constant imaed-ance" Ii i¡ou-Id

seer¿ that the a'r:¡ve relatìon '..¡ould- ?re val id- u"ntil -t,he voita-.ee

d:"opped. to tJee ;coint l,¡here rnotors r¡oulcL stall , à?cs r+ou-ld. e-rí*

tinriu-ish, I oads '.+ou}d be ci-isconnected- Oy ¡ela¡¡s, etc 
"

P]""o ç edu;rs s- ån- OþtainiItg*_jjei a ansl {a¡¿çle*"Qa.l-gu-_1a-t ícp

In Ckran-r,er II a d"-iscussion l.ia.s given on the t:-:ne

d-ela-,¡ 1:resent in i;he tra,nsd"uce.c circuit, iJecau.se this tine
d-elay oÍ' about 300 r:tillisecond-s rls ca.u.sed. cri-riaril¡r b;1. ì:he

filterin.9, c j-r'cu-its ihe u-lfraviolet ti'aces 1,,relre used ti: obtain

reac.'ings in the 300 i c 35O ;:iiill-i seconC- ran¡i-e" TirÍs is sllown

in figure 7- ir'ithcut this i;irne rLela-: oÍthe transou-cer

circu.iis 'bi1e r:osi)oÍ]se of ih.e load i¡ould l¡e ahrosi e si;eir

(j
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Tne a\rerafle val¡¡e in the 3oo - 350 nirliseccncr ereâ

fcr- ';he va-r;'¡j-ng cluan'bit,'¡ '"ras used. rn the exa:'a¡-'ie j;Ìre ch.ange

in voltage (ÁV) ldas 3 vclts" The v,clÌ;a¿3e beÍore ihe coit-ileilce*

inent oÍ ilie tesi was 120 r¡clts,

The::efoi,e the percent change rdaså

ibLv 10C s 2,5'!l {3 6lA\¡H..{*x
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fn a sinilar fasl:ion ihe i:ei'cent changes rn the other

{ì.uan'üities }rer:e obtained"

In de'cer;rinrng i,*rat fu-nction each of tl:e d_ependent

auant:Lties i.iere of the voliage the fcllor¡'ìn6 -;lanipulations
1.,'ere car"ried, cut :

rni tial 0ondi.t'i ons

Po = kpvoxi' (3 * 7)

t¡her:e PO = :lci.rer befc::e voltage cliange

ir? = consiant reLering nor.ier to vclte¿1e

Vc 5 volta::e befor"e change

xp = unknor^rn er,ooaent reJ-atinE pot.rer tc vct'bage

Iri-nal Condit ions

xnPr=kPvF' ß g)

çihez"e I'F = poi.re-n after voì_ta¡,;e cha-nge

k? = constant relat'Ìngi ,oolrer ic vcltag:e

çr = vcltaae after" change

rap = unl:no',Jn ex':cnent relatir:q oor+er io vol"ta6e

Frorrr the aJ¡ove a :'atic can be establisl:ed:

lç^
;'-ìt'trl^ '.Ð'JnUèU
:*=" --E (3*9)
P!r\/"'ti' -"P"F

3y cancell inil a¡:o crcss-:rult_.:l;,ring ¡h" Íot l oi;ing is oì:b;r-ìnsd;

'---oP-*--opPcV¡.,-=FruVo (3*to)



\, '7

usin,g the 1:er unjt s;',.siera e-nC- deÍining lnitial

conclitions as:

:)J:^. - tt¡ * IrU Ð.11 .UU

Tire f cl-lot.,'inE e)ipressi on is ol:tained-:

ta -?-r\
\ J ù- !

XÞ
rr t 

= 
p (. rô\v;:r 'ì;. rJ * L¿)

t,

Tall'Ìne' "ì .he na 1-.r'r -aâ I I ora'ni f,h,-n nf bcih s i cies oÍ ther*-¡+!:iJ 4v¿_rk:

^^ìri'l- ì nr¡ #ìna -1¡l I oi¡'i nr.' exn1iesS j_On j S Obtainei:vL_l.v-q u -Lv:¿ uflv J v¿¿ J

l- If @ r- -ì

^ ? .LIf uF - tll , 
1.¡

(3 * r-3)

añ.i 1'1ro I llt¿¡¿s¿¿,ì¡ 9

-l n 'Lì.;¡
' i 1 * llr I,t1f*Æ\/--t!

- t-ñ l/
" -jl

_L_

;r"!--? a ^n."or-'^-^ stllVes f :f th.c un-.lnoi;i] e:i-Jcnej.Lt _-l-"Ia¿:Ð ULiU-GUIUI- üÌ-tJvçij J-'JJ Ul. 
Í

1-he Llffec¡ cf 1'j'-ri1e on the i{ffect of Vol-taqe ilhanne

It r'¡as felt thai pcssibL.y ti,ne had- an effect on th-e

relationshi*o of current e TeaL aäcl reective pci.;^er, This

tnrce ojl r"el-af ìonshic ccu-ld- ile e:roresse(i b.,. the folloi;in¡Ì

e;cpressions:

/+ \,ln \ 1., J

- -"ñ"
-r

/r- \¿rr\u/
ç) = i;..V o{

L..j

ß 16)

(3 l*7)

i'Ìre effect of tj::e cou-'ld be elí'jlecteci to shoi,r L1Þ in



*h8

t',,;o places, The Íirst is illu-l'crarecr ìr;' ¡i1u cti;'-/ecì lrcrbian

cf the cllrves i-n ;i-pi:endi;< C, ir'hls e:ifec'b itclt-l-d- have a sl:.ort

'r,ir,ie consiant. A lcln3et" tcnii ei'íect ',¡ould- r:e I gradrr-al

Clian¡e in a do.:endeilt lU-aniiiy :ve:' seve:fal Or lnArl:r :eCoirclS"

Àno-lhe'io ,,r¡rr of sevinci ih j s i¡ould- be that Ì;his second effect

has a lcng time constant"

As can 'be seen b). the r"espol-Ìse cLlrves tal<en in the

shop and. co¡roa;'ing -t hese to the ct'lrves taicen in the f ielau

ihe shont r"e:'1l>ê ¿rff'acj:s âr?e a-l reost instantalLeou-s as alinos'r,: É¡r.¡ v

all ì:lr.e t j-i;re dela;rr is in the netc:l'i:rg circliit'qr" Ùn tire

nf.þo'n ì¡rr¡r:l F1'ì1r I ¡nc.er FAr'ìa'e q"l ¡..'o-o nhnrr€)S tO the CU-l:f en'beu u,¡.rE: -fqf l!- .*f,¿.) ¿JIi4..uJ ¿ B:¡¡jv s¿v;- e- v:!e!:r!)

reå-l and- i:eact-îve oor.¡el' alre compl-etel;r hidC-en by ihe nc3mal

raneon lcad changes " .i\¡en thcu¡;h nc cilubi ti¡ae has an eÍf ect

ihis e.ff ect 'lrou-Jcl be of seconcÌa:';r -ì-i?c;'tanc e.



.t¡i4Njl.üi Jir

s l:aü _L-;,r c .j _i-s j-rjss ioll ü;r' iÌ-iSUlTS

rír'-,11-ií al ,.: a+t_i; ir>n___.-_,-.!: nv+s r-¿u 
_

The r.l:,su,lts cf the rapiC, va::iaiiolr of volta¡ies at tne
ii:-rj'ifieli- Stc-tion a=o sho.,"rn in ia'ore i" The v-ol i;acre i,¡¿is re_
ilu-cecÌ and 'aiseâ seven t jines f¡-o¡r ih.e nor,¡nai value, since
tlle¿'e are onl;-,r tr";o transfoi:txers o-l id_en.bical design onli¡ one
me,in'iiurcl-e of volta54e chanç¡e lias pcss j_ble b;r ci¡e¡_r¡¡1ng bre-ns*
former j¡e'.iis or :Ln ciher :rÕrd.s sr.:-itchin6; one oÍ- ti..io parallel
units ou-tu í:lcreasin,g ihe i-rirpecì_ance ancl voltage cl-roc, therefor"e
cn:nging bi:e vol tege.

Flonl the ::.e sr:-rts ii can i:e seen Ì,ha.i; the r¡oria¿?ìe .i.,râs

lcr"rerei; ì:¡r anp::o:ri-riatel--.¡ tnree !er:cent. r:re aci;Li-el cL,"ses

ranÍÌecl f'r'ola a redu-c'bicn oi Z.BZ;ií rc 3"ZZil,, ü-he v,¡ltâ$c 
'.,ra.sì nc]]eas ed- ì:;l ep l'roxi:tra'ce1-¡ J -pe::ceni as ¡.¡e11 . ,.,h:_s Í,i.qure

var.ied- i-z"ori 2"83,;í "o Z"gZ,/;"

:\gain f::otl table 1 ii, ciLn þe seen that the cu¿_r,ent
var"ied- from a lo,,¡ or z"L6,ií ta e- hi.qh of ?_.Sz/, tn tÍre ,,:csit-ive
d-irect'i on and 2, I_C,å to Z ,Li_B1i in ihe ne¡{at î ve clir.ect_î on f or
f o:n sevelÌ 'bests ' T?re real .oor'.rer vai.-i ecl. sorrel.rhai rnorer ran;q-
ing írora a ria;cirnura of 3-6)t,7J in the negaiive d-irection ro
3 ")-1-B'/J in the 'cosi-L-ive d.jr.eci jon.

llne va::-"ation cf ine r.eactive ,ocì:.ielr i^,'âs nlu_ch rioï"e

ßensiti-ve to ilre change in vcltage" This can be seen ir,y t?re
ci:ange in i.eac'bive i ci,iejr var.;-i_n¿1 fro::: *g"ZS,;í to g,Ziií,

Be cau-se ihe :ragnttu-rie ì n vcri;a,qe cl:an¡1e ce.r_rseci 'b¡r

ban'x d-r"oo-o'"'-n.q:.,;as f-î;ced_y iliere ,,.,res :rot åtÐ¡ i,.re--,,- to prod.uce â



ser-ies of \ro'ltÐ.3e changes cf var--)¡in(-'lal:n-itudes åt'Lire

äí¡ilf iel d S'¿ai i cn" Tnere is scne índicat j-cn tnat il:e rnatn:Ì--

'i;ude of the vol-ia.ìe chan¡:e ibself ef-fects ihe ie¡1rec r¡f the

chanrre Ìn lcid""

Also in table l can be seen iha.t froi,r the tests ia-,:en

at this station tne real pc,{er" varied as the rrcltage to the

A,LZ ooì,rer" on the ùvel:aqe, The reactive lJoi.rer on tlre cther

harrd- var'Ìsfl- ss tbre voltage to the 2"6\ Ðor¡ro1, ","iith these

ti¡o observations in ¡,r.inc1 it could be ar.qled thai a g)od re*

lrresentation of I oads ai the ?ilrkf j-eld Station t';ou-ld l:e

constant cur=rent for the real coillponent and constant ititped.*

ance for the reactive co¡rponent"

3t. Vital Sta-r,ion

The resu--'l-ts of the tests iallen at the St. liiial

Sta'cicn are sh.or"u'n in table l- and- sã¡ic]es oÍ r;rpical tr"aces

of ihe load variation in Append-i;l C.

It can be seen frora table I that the change in vcli*

sse iias in the orcler of 1;,í, This change in volta3e causec a
-'l) "

chan.qe in currenÌ; varyirt3 i::cr;r a lc:'.' of t"63..; in'i;he llosi-bive

d.j-r'ect-ion to a nigir of 2.LçLi/" in ihe negat-ive d-irect-îoi'Ì. The

real pcilrer change cau-sed ìr;f the vollage chanr.r-e varied frcrr

Ð" 3-c.'; cf 2.A7:.í in the positive d-irection to a high of 2"75¡a

in the saì',re d-ir"ectio¡r" 'fl:Le a-vera8e being in the 2'35,i area,

irgain as in the case of thre liirltfield' 'Si;ation Nhe

reacti-ve cc'y¡or .^ias ¡rucir nore sensiti¡¡e to vol-ta,¡;e variati-ons

thar:. real pct.rel'. The rra-rr.,ire bcing fr'l:rt e lol¡ oi 3"29,,: in the

posi-Líve ci.i:reciion t¡ a high of 7 "'t+|;i also in the i:osiiive



l:l

d-'.-r'eciioï-r, ?he eve1.åìe bein¡1 5,t7 ,;"

!fa-'ble I alsc s,rcr¡s the ¡ror¿er. cf the vcltage, -Lhat

¡he cu-i:reni, ine real and reactive -eo¡+er alre func'i;ions of , Jt
ca.n be seerf tira'b in i;he case of the reai po.+ez" iire rânlqe i,.tâ.s

beti.;een 1,94 and. 2"87 " The average '.¡oulci- not be far fr.om

the behaviour associated r,¡ith constant inrredance, ¡tgain it
can be seen fr"om the table i;irat the reactive comconent varies

a,çlr"eat d-eal- rioï'e than ihe real po-ríer* The ran€ie of var-ìations

being 3,\-Z to 7 ,11.6 r+ith an a-veï'aße of 5,3L ^ The cu-r-ï'ent

erpcneni; v¿Lr"ied bett,¡een tne ?anfe cf 1.Jl io 2,58 i-¡-Ìth an

avereiîe cf ?,.L9"

-L:! ver;' inieresting -ohenonenon can ire seen in ihe

col¡ies of ih-e tr.aces of real ancl- react j-ve ;:r:wer" and current.

Ver;,t lar,ze sir-i n,qs :i a io,'l it'ecuency Lierte e;elte:lienceC r.".'l:l-efl-

ever the voltag;e rias raised (noi lowered) particula:'ly for

ihe i:eactive pornier. 'Ih:Ls could not ai first be explained

and- i -r, :'¡as fel t that scríle inalfunci j-on in ,i'ecording eo,_uipurent

i{as cau-sln5g these s:uin3s. ffhe equii:r,ieni testei. cut accuratel;r

as -r.;e11 Eis no sinilar s',.¡ings of su-ch a::nagnitude l.;ere expe::i-

encerl- an;r'.-rhere else in the l;ests ta'ren. It was believed

thai the loir freclu-enclJ cscill-ation ',,Itrich d-ied cut after a

nu-r;i'oer of clicles l,ras ca.used by the iu-ning cf tne transfor-¡ners

ani- 66 kV St, l,rital S;,'sten uitl'l the irensfor",rers anc large

ca,oacitcr ban.; (E.i.i IiVAR) on ihe 2l¡ L;V s..,'ster;1, l'hi s coulc]

aea'ìl:;- l¡;rrrp l^'een jl1'oven Of diSfrf.OVen at the tiine Of the iesi;Sv*u rr.i

iÍ ii had. been susÞecterl- at the tirile. Since a si-ulil ar cccLrr¡*

ance Cid not happen an¡i,';here e'lse it i";es not fel-t i:nportani Lo



reorq:lni ze Lhe tests agÌâin * lfre l-o;; Íreou_encl¡ osc illations
f.ioï.e ver;¡ si::nil-ar" to ihose that scl.:.etirnes al'e set u"p i¡ei..,'een

neiahbor::rin,c¡ o-l e.-l.r.-in <rrctg.ng, The oscillation bet.;eenvv-: ::¿(t u_/ v v\

electric sl¡stens d-o not d-a:irpen cui es c-uiclil-;1" 1'heÍr cause

is elsc differeni beinq the changing rofcr" angles of ihe

.r'nachines cn the two s_.¡sterns" In the case oÍ- the ,it. Vital
S:;'stern there is a relativel;f laz',ge iransfor"rner" -in seríes

:"¡ith a capaci-tor- in l:erell el i"¡ith the resi of ti:.e s:¡ster:l,

l,'"rnen ihe -t,lrâil.sfor=mer" t+hicir i.¡as sw"itcheC ou-t iras si..'itched back

Jlnu the chaz'i:e.f canacitcr drl-sch.ar"ged into ihe ind-r-:,ciive

i:npeile.nce of the -transfor,.ner" The rnagnitu-d.e of tl:e si;ing

de¡encls on l.¡hen'.Lu-r'ing'uhe voliage sine',,re.vê the sl.,titch is

cl-osed, fn a perfect lossless s;)¡steït tll"e s'uore'.l ener¡;Jr

:¿ould e.lternatel;:- srritrg frorn the capecÍtor tc reactor then

back to the capacitor indefinitel¡'. In ihre aciual case be-

cause of ihre eff ect of resistance present the oscill-atÍon

dies oui ouiclil y 
"

Pari<dale S'i;ation

Before the tests rrere Und_er-t¿:.ken i-i i,jas rielt tirat

the rnost useful 'cests :¡cu-lij- be i;a.i<en at ParLid-ale" This ,i^ras

because of the sr.ritching a-r'ran¡;e;::ent a-t 'i:his staf j-on* Tl¡o

r"ad-ial 33 liV sj¡sterns e?e slrtlp]ied b;r trro transio::'äers each*

In tuz"n each of tire 33 kil supplles ¿r.re l'ei:u-1e'bed- by- t-"'¡o vclt-

a6e reclulators. Ii iras hoped to parallel ihe tuo re¡ul-atec-

srlpplies anc- raise the tc.p irosii;ion on one::eguJ-a'i;or:¡hile

loiter.1n.q tne tap of the other". It l^¡as al-so hoped. to obtain

a d-iffer"ence in tap of a-c least five and. irr"eferabl;'r ten



,rlerc ent " Cs-ll-cu-l al;-i ons 1.¡ere clcne tc determ-i ne ihe irc-j i:cu-le'c*

in¡t oclierrr r.¡hich'...¡as e:í,;eciad. -rJnd-er ¡'recir::n loa-cl-s Ít iJ¡-.s

crccl-icteC- tl:a; a cui'rcnt e:r:rrach'ìnl: 2AO,' thai oí' the ratin,,

cf ¡'eitulators r,voi;-l-d flo'ic, As it tu-rnecr out the d-a;;r of i;he

'uests r".,ias colci i^¡iih a heavl.¡ sli'stein lcaci" I'1, ¡.¡as estiäratec- tha-t

'bl:e load. on the ::en-rlairrs r¡itir dissi*rilar taps r.¡ou"ld. be Z5O¡í

of rati-ng cr hip:Irer.. Becau-se of inis and-'i;he i'ac'L ihat each"

of ih.e :re¡1u-laicrs had to be 3eperred- 'bhe pr'eviou-s su-äTìler,

clearance coi.r,lc not be obt¿:.ined- frcm the S"¡s-Le¡n ,fisoatchers

for the r:lanne,i. tesis r.¡iin the pla-nL:ecì, v3l ia.-ç ii-iÍfe:entj-al 
"

t:isieaC 'i t i¡as ¿.ateerl- ì;o d-::ci: f rairsiloz';¡ie:: 'oe"iC<s 
"

Bec¡:-use cÍ' l,he ::el-a.;:i-¡el;¡ I a::iìe s j.:e (i;. -i LSi?-A liV.:i)

t:Í' Ì;he transf or-rrers Ê.i1d ihe ::cis-i-ive I -- sr;t¿rl-L loacl (lJ "0 ìir,/=r)

iho voit:-¡e ch:n¡e s causeC- b.w tne crnl{ ';r'lD.: i r:G i¡cr:c s: r.r1 1,

l,lost o:' the ch-Lrges 'Iere cf a ,rtagnitu-o.e of 0,2þ',1" tt C,30

peï"cent" Ii ieay i:e tha'b a rroliage varis-'bîon of O,?'2;a rta;¡

have zr: rclatlonship tc that oi' a vrJ-ta3e var:"-at'?on of 10,;.

'Ihe iinCinqs are nonetneless i'e,ocrieC as Í-ind-ings of the
q'i-rrÁrr l¡eo-nr'-nn -in rrind the lim-*r_tatiOnS of the clata. 'fhev v 14 ¡¡-_

tlnêr1-âr^rr¡ nf i--n^ !n^f a¡r'i¡,.. + - 'f

i s fcr r"aied- cond-iiic;rs " Jt is e sti-liateci. that ior v9r_.,' srlal f

<i,efl-ectirons the ¡ìccure.c;)i- cotr-ltì -ce llO¡.

'ïable l- sil-or,.,'s ilraÌ; a 0"25'itr v':Irage variaiion câu-ses

ùhe i'eal Do:rr€r i;c r/,ar;r r";rrghlli A,OO'/r" Äs Ícu-nd- in all- pre-

v'icus cases th.e reective l3Õi.ier i s r¿o;'e sellsitive 'i;o i¡c1ì;afle

våris-iions and cire.nges l:y 1.53:L on the avesaf:e, The cu¡.rent

vai"iation rid- n'.:i ¡na-bch either. of 'bl:e ahove r¿ltes c¡ranqin.s



:-1,

,rnl.-v ebou,t C "77',/r,

Also in table l- th.e e,-iDoTÌerlts 1.¡hich the tnr"ee d-eitend-

ent qu.a-ntities al:e a ftr,nction of tÌ:e vcltag;e of are listed,
Th-e i'eal if o'ïer exponenr va::ied betxeen 2"2I end- 6"98 :uiih

an avera:e of [.21. The averai:e cî t]re cur"reni exconent

f¡as 3,rl-, It can a¡lain be seen ihai the r"eaciíve ex0onent

:i-s laluer avera¿1in.q 6"]-3. ,/er;,; 1'31¡-¡:þl:r ii; can be saîd- thet

the cu,::r.ent anc real cc:.'¡e z' e:-'¡oncnts al:e cf the saxie lilaÊnl'--

tuc-Le, The reaci-ìve jlc:.¡e:" has l-i'bi,1e-influ-ence becau-se cf
its sr¿a-l 1 size a.1; Parkd-ale,

RosenfeSd Station

The RosenfelC Staiion sulcplied- a r::edor,rinaütl;ir lar¡e

rnoto¡: load-" In obse¡'vÍn,ç: the traces oÍ' tl:e .bests tairen ai
thj-s sta-t ion it cen be seen that a sl-Íeht cscillation is set

u-p b¡r a voltage variaijon" This oscillatiorl l.¡as caused- by

the natur"e cf the loacr the :reaction of lar',1e =cta';ing
iriasses -rc =a;id cha,iîes i:r vclta.r:c and- iherefore torcue and-

|^9al

The t:r'ansfozEie::s u-secl-

j;he uni-i;s at i)ar,.;d-ale, rigajn

Rosen:îeld" i¿er.e -Lilentica.l ic
coulc be nredicteri- tnat ¡¡cit*

4U

)-L

aqe variations ,.,'a¡¡lcì" be sr;rall. Äs itj tur::nec ou't ihe actu-al

variatícns -I,r¡ere in tl:e ci:o-er oÍ' O ,25 to A.45;';. 'j'n-"is ,ias d,is*

appoi:ri;:l-r.r,-;1.1'' sl-1itll-e ,:rc=.:ever, no oiher '.1eans -i'or vcl-';age va::i-

ations â-r"e oossi-b-l-e e-r -ühe .o.'esent trree et this station,

The voltase cira-irge at ihis station caused a curreat

change in ihe cncler of O.7O;,í i.r}-:.il e thre i'eal and. reactive

Ðchrer chan¡ieli a Ereat ieal lnol'e. The real Ðc-.Jer var;,1ìn¡;



bet-,¡een a loi.¡ of L-26'; in the i:csi'cive d,ir.ect-ìon and to a

| ¿^.¿brign of Li- "59;i j-n the nega.Live dìrection antl the reactive

coireï' þsin1 a lor¡ of 5,i1 ancl a iri¿rh oí 6"79/""

Table 1 al-so shci¿s r¡hicn .Ðoi:iêr the decencl-ent qu-antl-

ij.es ai'e functions of the vclia6e, The z'an,Se for the curr.eni;

is betr¿een 1"81 and. 2.87. Th.e ¡'eal coweï chanEed- bet-r.¡een

¿ - ^ 1 ¿ ^ 1 ¿/5.10 and- lC,lLþ ':ith an evej'a:le oÍ' -1,5b" The reaciir¡e va¡.ia*

tion, alain larger than ihe others i¡as beti"¡een L5,1I¡ and

^,l ^1.l) øY4ç

EJ:apdoa .17_p-h. s-l_rg q_!_ gaq_!. _Ël-a_!j-*o"q

The Brand-on Station pi'ovecì. to be the rnost ìnterestinri

s-t"at-ion fcr tr^¡o o.ifferent reasons" !l'he fiy"st of these was

the fact that tr;o distinct load-s e:iist aì; this staiion l,¡?ri-ckr

can be tesied se'r:aratel-¡¡, I'c l+as Ðossi-irle to iest t',,'o clii--

ferent loerrs irolt one set-u-n" The seccnd siiu-at-ïon i.¡hich

caused- tne ljrand-on Station to be of such:_nte::esi i.;as Ì;he

eff ect of a s;,'nchronous ccndensei' on ihe 66 i:V sJ-s¡s¡'1" It
seolr.s that an al-inost iníinitessir:ial- vcltafle c?ranB:e causes

an ert=ei;re1;.r lar¡:e chan;:e i-Lr o-1,1- tþe other qu-anti'bies" It
is be1-jeveo- this 1.ras cå.useC by the 'ïrrsi;aat reslrollse and- reg-

ulatin.g a-oilit¡,' .¡ tn" s;¡ncltronous concLetiseps,

Tn Sile case of the i;esis on tlie 56 .lV s)¡sten the

volieÊe ver-l"-ation r+?:i.ch coulci be r,ealized- i+as only 0"lir2 to
A "T95:,'1" Thís verJ¡ s:1a11 chan3-e causecì an alnost unbeti.e¡¡-

able chan,qe in the other th.r:ee ciuanì;ities" Tne current

vâï"ìe,-ì, beii¡een a loi,,¡ cf -B.85 to a hig;h of g"8Oi'1" t'ire i'ea]
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.oo rez' c?ranlecl Íro,n a- 1o,.. oÍ ^6.7L,i, to a high oÍ :6 "gi,,;" lhe

gr"eatest reslf onse by far iras ihe-" cf th.e reactiys pcr,..rer,

clran¡r¡i¡¡¡1 froLn e lcir of L7,5;¿ to a high. of *L9,Tiil. Threse :pe-

sulì,s r.rer"e nct at a-11 p:'ed-lctable,

In flte case oll exponents, table 1 shoi"¡s e>rtrei:nely

large nui,rbers" The cu-t-rent e-':pcnents :':ngecl fron I¡C"6C tc

63.65 rrhil e the real ÐoÌ.Jer L:an3ecl- fro:n 30.5L tc a high of

\5"96* lhe ¡'eactive .cor¡er r"ras again a ,!lrea'ì; d-eel iilore sens'î-

tive to r"oltalÌe change berng beti,'een 73"73 and- 1l 6"71, I'irese

results r.Jere at first cortsid-er"ed meaninqless until several

references l,Je:e ícund-, nartis¿far.];.,r cne d-'iscussed- in the
?1,

.g en€ râ1 cl Ì s cu s s i o"rr-'i- u

The 33 i';I'l suppl;¡l ai ti:e jirandon station pr"orrid.ed-

plausil¡le results pa:cticularl;r Nþs curreni and- real lloi'rer

¡'esults* In ihe first set oí tests on t?re 33 irV the voltage

va¡'iation .ias a.lr:rcxilla.tely O "757á" The change in cuL:r'ent ,¡as

on 'Llre &ver'a,re O"687,í" Cn i;he oti:er hand. i;lee real- Ðoi^.rer

ver.iecl- a::proxir;ia.Lel;;- 0,85ií ancL i;he re¿'-ctive poi"Íer varied- cn

tne averar:e 3,01;,"

The c,Jrrlj.lerj-son of exponen-bs shoi,'ed- tl::,e-i ih.e cu-¡ren'i;

idas à function cí ihe vol ta,qe i"aised. to i,he ap.oi'c:ci-r;t::-te C"9

Ðoi.rer" The ::ea]. poi.¡e:i" and. reac'1,-ìve tcoi,¡er ';ere fu-nctions oÍ'

bire vclta,qe Ì;o the 1,13 e'r1,1 3.92 pc';ers on tire aver¡-::e@

In ihe seccnd- starie oÍ'th.e iesis on the 33 lcV sui;¡l;rr

a vol tese ckrange of abcut 1*5Í6 Lras ï'eal izeC* l'tr-îs Save an

approxi-rnate L.5,b change in ihe cu::r'ent, a 1"gl-'!i chaage in

real power a-nd a 7 "23/" in reactive pol.ier.
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The exponents

1r.l'ltL?dê rr,.; --lation the

tc the 1"0 -Ðo'..¡er" ilhe

fu.nctions io the L.25

!ìaven La::e Siation

in table i show that i^¿ith ihe f 
"5.,1,

current is å fu-nction of ihe volia;e

rea-l Ðot'ief. and reac'Live ?f,or..re3Þ ar.e

and. !- ,'59 poì.¡ers,

]n setting up tire eciu-ipr:tent at tne :ìaven r,aite Sl,ation

sor"ne ini'clal d.ifficulij-es '"'ie:I"e ezçerienced-u ri had- been hoi:ed

tc reccrd" tl:e tctai load. at tire statìon "oefc:"e ¡¡rd- aí'ier cìi'c;:-

pin.g one of the t-*o transfc::lne¡' 'oanìis" T'his proveo- i-rt.l,rossible

lcecause sach of the tl.¡o ban'is r.iere be:ing mete:'ed ind-ei:rencienil;r

l¡i-th a d-iffer"ent cu-r"r,eni trairsfor¡ter ra.iío. '3:Lnce ì;l:e currenb

transfci.mers are situatecl- in i;ire bu-shin,qs of the t¡"ans,fortters

-îi i¿as not sfunple to do i1i"e necessar;)r tap cnanges in ihe ti¡re

all oi,ted-" It :-¡as therefore d-ecíd-eû- to -ba-<e :'eao-ings on ihe

iir'o 33 l,il/ circuits e¡Ëlanating frc::i iìaven Lai¡e Íliatioi:t,

¡lncther difficu-lt:¡ experienced- ai; this sta-r,ion t'¡as

the ¡reasu,:e¡'rent oi ¡'elaiivel:¡ sIìle-^l-.l- load-s, The load- at the

statiorr i s not l-ar"le, h.cl"lever, r¡hen each f eecter l"ras meit str-:'ed.

separaiel:r tl:e load reco¡=Ced was basicall-y- hal:Î ¿.s larÊe'

Because this load was s¡ralÏ the aär-oliiliez"s had- io be uset¿

nean tireir satur"ation lirtit, possibl¡¡ not I'edu-cin6 the ac*

nÌ11ân¡'rr. 'rrÌrt i-¡ enrr ^rzô-.rL 'nf-11 j f-i rrî l;ll.1slll.ln-¡asserl hf -rOn_lCSvu-r ¿v,., é iJu-v r:I arrJ uv çIru -'la¿)¡¡¿4 d !¿rr-t v-,LÐw.LriJ:

in the i;ransd-u-c er c i rcuit s , Tl:e inkrerent I oad- variat i ons

and changes ',.iere rnuch isore Nrou'olesotne tha-n at cfher staiions.

ts;r i:atching ih,e l-i€:hts cf bhe z'ecc¡:.Ìe¡'it could be seen ihai

the norrrral lOad- \¡ariations ca-u-sec b:¡ r'ancLotî circUrnstances



'i¡rôre of ihe sûÌ,1e rrra.lniiu-de as ih.e l-oad. c?ran¡;es du-e-to vclt*

,! Õê r¡¡r.i ¡J:i nrr*5v

Because cf the d-iffer:eni I'atÍ-n¡s of the Nr.io banlls

17,5 lÍ\/ii and 15 lIV.l) titc cliffereni vcJ-ta3e chanSes ,iere pos-

si'ole on each o,l' the ii;c Lines.

In .bhe 
:- ire t seri e s of iesis cn LÍne 86 a voltage

cnange in inc orcler of O"3?-2,:l cau-sect a t"eal .Ðcl'rer ar/elrege

change o.f 0,560,i" -\s bef'orc, the ::eaciive ì:ower i.ias r,rore

sensitive '¡ith a change in ihe j'fi range. The cu-rrent ep-

prolrriatel;;' 't*s in tire C "Lç5/" area.

In the seconc. stag'e of iests on Line Bô a change in

volta6re of L*2\|íi' r¡s* att¿:-inec" This voltaqe change cau-sed

a ¡'eal- -lorrer chanqe of cvera 2.;i ana- en averare I'cact:ive :co'..iet

^rnÐn-ra nt o <6,;" The cha-nge -ì;-r cur1"eni r,ras L"37.ó on thevrr'--¡r¿-lv ,/ a )

.'ì\f ê-n1.rê\4vvrl¿a,vo

OL

'l- a

In loolr:i-r:,s: at this sar:1e clata fr"ora'l;he,ooi-ni of '¡iew

iire c-Le'renclent cuantit.Les bein3 Íunctions o! the vll-taee

soìïe 3o.ríe?e the ::csi-r1bs âÌ'e il-lust.rateC i:r 'table 1.

Irr the case of t]:e O "322;! voliaie change the l'eal

âoller seer:ils tc be a Íunction of tne voltage raised. io the

1 "73 ilcwer. ihis tf cÌ.Jer exnoneni rernains a'bout the sarne aL

^ -/ ^r ..i1.7b .'iren ì,he voltage is varíed- ì:;. 1,?Iy'," in the seccnd lerb

oí the best on Line 6(r" The ::eactive pcroe¡" on the other

rran.l seêr-Íls tc ha'¿e a cLo'..Ír',.¡ard ti'end T^Iith lar'¡:,er" volta¡;e

yariati on. .tJecause the real Ðor'Ier i s 3- j ar;ie coitooneni of

the ccrnpler poi;er ihe cur"r"ent .fcll.or.^¡s ihe f'eal ,ooì.,rer nore

cl-ose1y than 'bire reac"cive,



The saíÍe s or.i cf vo-r -ba¿ie var-i at-i cns r.re¡c ,cer,f crnecr
ln ih.e lcaci s'":i:pl.1eci. b;l Line 88, Tne:esu_r-,rs aj..e liste¡_. i::
table 1. ïa ilr.e íi.esi sia,ge ,o-r' i;he tes-i;s tnc vcl.i.are i+as

varied br¡ abou'L e,225,,)i"" In tne seccncì. pa::t of i;lee tesis the
volta¡;-e r'¡as vÐ-ried- b;ir sligh'i;i-v over, f ií, As can be seen ,o;,

ihe t¡.1¡u-l-ations 5ì snall rj_eci.ease in the i.esr-ìorlse was r.oun¿

a's the chan,o;e in voltage irìcreaseci-, rt is liker],. that if i;he
ircltage uâ.s var j ed- b¡r as much as 5ií tnat a tnoï,e cneciictable
result i¡rould- have been ,iou-nO_.

l,lge :r ai¡-a .S 
-r,_a3j ot]

The la-si station chcsen tc ca?ry cu.L i;ests at j,iâs

ihe i'ieei:ai,ra Sta.t'î orf * SÍra:ilar" re sU,lr; s ì.l-eì.e Í'oUncl at tÌ:is
sf at-i on- .\gain sjilal I vclta;3e vai'-Lc.tÍons seezecl -bc caLr_Se

:rru-ch nore tnan prod.icta'irle changes in ihe cu¡'..ent, and.

reactive rower" iìeal Ífor".rer {r-pÞear"eoL ic be in rine iiith
i'lrhat iras expecteC-" Beca-u-se tr^ro :rratching transÍor.":lrers su_;;ply

i;he lieepa,.ra lcad onrJ¡ one jì1a,qnj_tu.d.e of voliage change uas
pcs s ible "

rn table I it can be seen that a vciiage var.iation
cf 0 -79i/, cn the average cau-ses an averâge change in ì:or^¡er

of 0 "839:,4. I?ris is af so reflected- b;r the tabulaiion oí tebl_e

1iri:ich stic',.¡s il:e::ea1 jlciieï a Í'unction of the vortage rai-seir-

ic the a;,:pr"oxi'ate Íirst poi.rer, ,rliis *eans ùI:.e real ,cof.Ier

is l::ooort'icnal tc tne ¡¡oltage cc ccnst¡int cu_::ren{;"

T'Ìre 'eaciive !c-r\'er vari es ver¡r ii:rasii call--r, ,BecaLr_se

of the s'ize cf the reac-bive -cciüer ir:e cur"::eni al_so va::ies
ver'.¡r drastical-l;¡ '"¡iin th.e voliage, rt can be seen thai tile
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approxilirâte C,'-1;i change in volta,pte callses an everaiie LZií

cha:rre i-n i;he reactive p:i.-el:'anct an aver'3í;e L2"3',Á cnange in

current.

Tabie I al so shotus that the reactive pot,ier varies as

iire i'curteenth:)3l"er on iire aver¿:l:e and- tl:e current as the

fifteenth Ðci.¡er"

Irc:: ease in comoar.inn thre results -froia the d-ifÍe:reni

stations at r+hich tests were iaken iable 2 is incluclecl-.

This table ccrßperes the averaiie change ín cuv'rentE real and

:reaciiVe iror,ret' both in pe::ceniage and in ex;lonential f zr;t,
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and- any conchr-s-ions d-e,:ived- fro::n the¡a are consi::a-îneci b;r iþ6

iaci that the vol'r,a.;e chr"n,3es -iIere sLira] 1, all changes bein.¡ç

. ,Jr'l-ess t.nan j,,'". :iitir tnis i-n ¡rind, the fi¡re it:.a-Ln ÍínCings i.íel'e:

l-" The reac-bÍve Ðo1,^relr ris r,tu-cn iitûre sensitÍve to voi-ta¡le

chanle thar: :eal- Ðol-rerr"

ïn all 'i;ests car"r.ied, out on tl:e l,lanj-ioba S::¡s-uer,r ine

rezciive pcr.'lg-r respcnilei inore to r¡o--l-ta3e cha-nges than tire

real -po,"re-r"" |llhere j-s also ample evîd.ence in ì;he litera-r,u_r"e

to su,rpcrt ihis stat"roentJl s Jl\'. lí¡-ny u-i;-Llit-i es u-se a con*

stant cu-rrenÌ; reilresentaiion Íor the ::eal oa\.rer and- a constant

irnned.ance re,orleseniation fcr the reactive ¡ol+er.

?-" i'he real and- roactive Ðor,.,.¡er" are bobh ätore sensitÍve
to voliage chalrge tllan r¡a.s e,*'ll:ecteo- or nr"eric'i;ed- b)t coni¡en*

t ional l- oad, reilres enta'¡ ion "

?his is er¡id"ent lron bhe -besb c'l-ata :+nieli shc',.rs ihe

reactlve -rrol^Ier nor"rea.rl-;'r val.yj-ng úo e greaber' .oc'r.iÊï of the

voltar;e than ti+o, and ihe real Ðower var;rin¿; tc a ç:,Tea-tuer

por+er o-f ihe volterge 'bnan olte.

3. ?he change in ::cal ard. reective Ðor..reï. beccines less

sensitive to vcl-tage er the chan,re in voltaSe 'ìncreases 
"

Tlre cha-n3es -in yeaL asd rea1l-ive 'OÕr¡ier a¿re r'u,nctions of the

71



'7ala *

iiÌâiini'úLrde of i.1re r¡oli.er:e cl:arr¡ie 
"

Even t::cuih lar'-e volta:e vari.ab"ions :¡e-l.e no'L c¿:.r"r':ied

cut on i;he s;,'sfeir tested- e tr.en¿,seened to be esiabl,isheC-

that indicabecj. :reaierr -percenta¡re chan¡;es in s:aaller var-ia*

ti,rns in vrltale anc c,,¡nsidei'ably less chanîe in the 2 * 3i;

ren-i on" The cllrves of change in real and reactive lror,,Jer

level cu-t in the 2 * 3''1, e.rea. as sho',.,'lr in íi¡lur"es 5 and. 6"

It is rlossibl_e to insta'l'l auto¡ratic recor,Jing ecuip-

llrent to measu:r"e ouan'bities requ:i-r'ed- d.u-ring s;,isie:n disturjr*
ances . l-jir"cu"its such as i;}:ose usecj. in ïtdelia .. oj:reqâ rr

stabilizers for rnoCern aeneraiors a-r"e sui'r,able :f ol' ir'reasurjp¡¡

ra-n:Ld changes in ílrequetlc:¡" Ther"e has been sciÍe resea::cl:
?^carri eo ol:.t along tltese I -î nes 'c;r 0ntaz.:ì-o Ii;.,.crc'7 " Vcl ta¡'e

r"e ccrci-in3 eo..u-'rÐfrent -for ineasurin¡; rg.,:id. voltage vai.iai:"r-ons i,e

Teed-iltI avail abr- e and can be op.eraì;ecl au-io¡ratically" The

:rair1. d iÍf icu-1t;'¡ j-n insia.lling ar.:.to:natic recor.d-ing equii:l,rcnt

is th.a-i; nor",nall-1- there g-T"e vclia¡le and fre-o*uenc;r elccu-T'sjons

occurrinil siiou-ltaneousl:lr" .t r:ooc exa:role of such en occu_r-

ance is Ð. fau-lt cn a systeÌr" Gene¡:a-to.i:s neaz" tl:-e .fauit

el ectricalilr, r.iill- sneed up caus îng ihe :freciuency to -încrease,

The vcl tarÌe neelbhe fauit r¡ilI d.ro.o " It'L othe:: parts of 'l;he

s;r'sLe.rL, -ceca.u-se rf t::e o-ef -ic ienc-;,' -in --e::erati_on, ine f reo,u-enc.-,¡

i+il-l fall a$ içe] .1 as ihe volts"ge. rt is cifficult and. i:'-irel;r

:"1-r:i:cssible to assess r¡irich. Dart of the cÌ:anre in load- iu"p,s

cau-serJ. b-¡ ihe voii;a;c cl:¡:riìe anC- i.;-h-ï ch ':;,- the ír'eo_ì-r_cnc:¡

change *



lj-" For" lar-ge -¡cltaige chan,3es tne i.eal and reaci;ive

Ðc'r,ier fu-nct-ions apÍrroacn ihe reiati onships:

L
(5 1)

;¡ = ic,.'"r3 $ * 2)
!jü

Rep::esenia"j-n,q tne rcal- poi,rerl as constani cu.rrent anC.

reac'Live j:ower as consi,ant i¡l'ceC"arce l.¡olrlc, r:i''îve i'esul-ts tnat
r.ra,.'1 À -^*-,.-111¡ ârô¡ìr.r I c":i<.h9¡n a l-ittle less stabl.e than itrv Vl¿rs JaVl. -,lq¿!,\' ,J-!\-/;V A ù .' j U\

i"'rou-lC be under actual ccnc iticns, llhis is crobs.Ì:]-y btre N;-]ge

of r"elrresentat j-cn that rricu-ld pl ease :riost s;lsie:r anal;¡rsf s

since it iç; siri:rrle anC an averace f or tl:.e t+nole s.-¡ste:n. Also

llt?n",'Clriia_-l_ stabjl:'Lì;y ìlror:ìraffs r.¡ill:rof conver',le'..¡hen a

s-¡starn Í sr sr.rrh innf aÄ f n . o?VeT'e d-iStUfbanCe UnIeSS i;Ìfe IOaCIÐ,21Ðev.t ,q",1 u\

1s Ð, luncti on of vclta¡e 
"

5" I'-ne t:'*re consiant for lcaiLs :ls rnuch shcrter ilian
-;1nÊtI-ì oll fi'l :- as SU:leCl 

":"_ - "

The curves shoi','in{ irct}: 1'eal ancl i'eactj-ve por¡,Teï

variation with volta¡e h.ave t:iriie constants in the 300 ¡nsec

T'ânge" It ,..'as found- il:a'c al¡nost alj- this dela¡r .¡¿s in rhe

rnete::-ing circu-its" 'Jlhe ii¡:re cons'Lant of the loac is aciu-al *

ly 1n the l- - 2 c;¡cLe area" Ii',.rollld- be a ¡:ooc. a,toi:o;çi::aation

bo say tnÐ.t -icr" bne transieni i;i-rne perÍocì. rrbich ont;he avor*

age Ì1a.1¡ be about ha.l-rl a second afier a 0.istu-r'ba-nce ttie lcad

has alread-lr reeched its nei^r steaC.;r state va1ue"

It is evident fron tl:e tests cerrieC ou-r cn th¡-e

iiamitoba -I;,'¿-ro sysÌ;e¡r firaì; the bel:aviour ani. ccmr¡osi.ticn

cf lcad-s r,"ar.ies a Sreat i-ea}" ithis can :eadil¡r be understooö



7lt

i,Ihen it :is recalled- that -ì oarl-s al'e essen'bial -l-.¡ d istrÍbu_teC

in a r¡rni-oli jleshic-r'i 1eo¡::.t,ohica'ìI-¡s .i-ependin6 on lhe lcca-
iion of n¿:.iu-r'a'1 rescllrces, trans¡;c:,tation Íac-ì,r ities, govel-ri-

i,rent acf ion, cl-i:,laie, ano: a ¡r'e ai ieal- cf otire:: reetons.

ilesid.es the acÌ;u.al lccaiTon of loaci-s i,i:.e coil)ositÍon of 'bhei't

riepends on å- ,<,;reai cleal oi other varia'oles" These varia-rrles

are as diverse as the siand,ard, of living¡ &cce-ctance of nei^¡

tectlniques oî lr'rcìu-cts, availa'ciJ-ity cf co:r:ceiing prod-ucts

a-nd. aciverti-sinq. It can be seen thrat because of the iaan¡r

vari¡.bl es loadLs in sone aT'ea-s can be al-r¿ost pur.el:f resistìve
l.¡hiIe in othe:: r-?eas large :iro'bor content iî1eans J-a.r.ge y.eactive

r"equ.:Lre:rients" Ì3ecause of ihis load. mi:r it -is nct pcssibl-e

to evera clef iae I oacls Ðreclsel;r for. ali- s;,rsf elis, even a-l I

Ioad-s on the sa.ne sl.¡stern" Ii is, ho:,revet" pcssible to åef-ine

I oads ai rra jor s bat j ons * In :'l:.ost stab-il1t;' :tu-cr"ies Ì;liese

:eajor stations have equrivalenb lcad-s reirresentect on the-ir

bu-s. It is aiLtil,e coi.taon tr¡ reciuce s;¡'siei'es further", oíten

No bire poin'c ,.rhere the i{a-rritolca slt¡sten 'r..Iou-l d. be lteilreseni;ecl-

by cn.].-,r a handfu,l- of rrrachinese intercoi:nected irt.¡lcci-ances

and load-s 
"

Tc cbiain accur.aie resu.l ts vol-ta¡re charrges starting

frr:rrr sa;¡r 11 u"p to lOiã shou-ld. |ra"ve been nad-e" This t1,''1:e of

e:{perinen-i, is possible in a labu hr}t.,'evei' t}rei'e -Ls }1o xlealfs

of var-ving uhe r¡oita.c:e by sì.'.ccessivel:l¡ -l.ar6;e:r s'beps af ."¿ajor

<rr-nnìr¡ rrrl-ï'nteuq:¡ilr,_!

ìltren the tesis t,rel:e fi:r";t c::,.;ani_zed ii i.jas .lecicteC- ì;o

s j:lr,ìr¡ I nrcl hel¡.,ri¡.Ì ¡rrr" n l- :.rn inr qrlr-, ,'l rr ì\rì ÌfftS, In t:'a.if Sienio vv-'-f.,r ¿u4L! vv-I*v lvu¡ ev- r ¿r,t -ì..---



stabil i'i,rr s.bucì-i ss the s,-¡stern i s no'i, íiornal l¡t rel:resent ed.

cejrçnf ¡hese r1å jcr sn;rpI;,- pc.l11ig. ï-b t+cu-l¿ al-sc be a ver.;ii

I Ai..ie ';-.O-TeCi; f.¡ c2ìôtâ-ii .ltlt '- rr a r'-ì'^-îarra'-,SiVe ¡eSiS On fhe+q¿òu .../:vJvvv v¿ varr(t \JVU

sever.al h.u,nd-r'eiì- substat ions in iLianiioba, iionei;heIess, in*

fcr¡raiÍon obtained oí) indivicìual- subsiations cculd- be ob-

tained- us j-ng saíril1";ng ieclni qu-es " riost u-rlJan sul¡sta-tions

:ìre eçiuiope',1- r+itn on-loaC- ter*chanrers and man.¡ oi the neì"I

rural substat-i ons erle nol.i also sc equil;peci. ]lne reitrlating
" a- ^.iT"ûnfle is rl0;3 sc that sf ercccL volta,';e cÌlanles can be ob'i;ainect

b-¡ naralf uf f inc' f.-'in j:i.¡r^, slorlì1ers on dissi¡ril ar" tei:S. ?nìS!4¿ 4¿r V¿- r!¿¿.

i,¡lu-l-ri be aíl ereellen'b Íu"ture :esearcn ¿rï'ea.



Aj]PEirlIi A

S ens it iv Ít:rr i'ieasu.z'ei"nent s

lÐ



SEU .i IT I ViTY l,iE.rliU Rf.;ij';TS

This

inf cr'"'..iaiion

Galvancreeter

i n-icrr¿ation is

on rlea su-r"eli:.ent s,

î'an q i -. -ì ¡rr"'lr¡

inclucLe.d. as bac-;;r-r-p ic ci-ata arrd-

0.56[ v/inclt or L,7 Ínche s/voJ-t

v uJ- u crí5ú

Cun¡'en';

îon<¡iì-.irrítrr
:vJ.|:vJ

P'eactive Po-i.¡er

Real Poi¡er"

::mpl-ifier" Gain

v-l

1fl

.}iL!

L:rO r::v)ü/vclb

900 n'¡lC/a:i:t¡L "

["1r. nvJC/Vl\R
r r -^, /
4 sll- r3vtÇ/r-:aEE

Potential jjfference
( in niillivolts )

1.0

Bo

200

lrññttv v

Ir5 vol-ts = f,"j v)'J

$ encs " a Jl ,! v)ü

1000 V:irìs = 4.[ vjC

1000 i.iairts ä Li-,h vJt

Ilef lect -ionÍ.\I lt..ì t71a--nêa l

0 "0708
n i)'?Â
v ø eLiJv

Ç "J2L!-

c.7oB

Jefleciion
/ l-- ':- ^t^^-\\ If,I JlJv:1CÈ:,/

l .60

a ,->r\
)@LW

B-OO

l6, oo

¡¡

¡l

ll

Voltare lSensitivitt¡ of a l_ Volt ül:ange:

üur":'ent Sensitivit:¡ of a I :Ln.rere ihan,qe:

ii:'rPl-ifier" Ca-i.n

KL

:ç2

X>

x 10

.i.'o'r, eni; ial Ji i'f ere nc e
(in nilrivoris)

900

1800

l+5oo

9000

II



VF,lw

lea"ctive Pcr';er Sensitivit'¡ of a l- Våiì ûhar

Poiential Difference
( in rrr.ii-livolts )

Real Por¿er .ijensitivii; of a l- ;daì;i ühanne;

;+:nplifie:" Gain Fot ent ia-l- Llif f e_-rrenc e
i in rrilLivclt s )

){1
:.2

:r l0

x20

v-l

Xh

v ln

^ 
L\)

4.4
8"8

L(! ø \)

LJ.¡ .0

B8.O

lr,Ll

B"E

{l eU

L4.0

8E,0

iefl ection
t"
\ rn r nc-rre s )

0 "007

0 ,011¡

c,035

0.070

0 "l-lr 0

Defleciì on
{in incnes)

0.007

o"01[

o,o35

0 "o7o

C ,1l¡0



rlP.L'li,liIiL B

T ìßI,iT J

BiaseC Loadsu Ga'ins, and. l';i-Ll.bipl iers

IY



Qn*UU

Listed in -lable 3, f':r' es-ch test locaiion are the

biasei l-oads th-e actu-al loaC- in VÀiÌs, rrai'bs 03' a-iiìileres

or tne ac-r,lral rrcl-taaie âlplied-" The bias vclta¡e fcr escll

of th_e q.u_an'tities ."ias "!nc:::cased. f::o¡ri zef,o until ii eliact};i

ec-ual-el ¡he voita3;e oU-'LpU-i; froriL tire t::ansducers" Tl:e biasecl

nr-rânf.i .|:i cs thef ef c:'e rept eseTLt tire starti-ng conCiti oi:S oÍ
v hwtr

.i-,h,= r¡¡-,.oirí.irc' õuantities " The allrplif ier gairr j-S tabulated- tovJ,¿v

cl,ocumeni the d.egree of amplifj-caÌ;ion reqLr-ired foi each

qu-aniit¡f . The ¡rul-tinl ier" is sirll:I¡r il:-e nrocuct of cut':'ent

and. Ðotential transfo:s,rers in use at each stat-icn,

I;fBlE J

¡ lo s ed Loads , L!,1i íLs , ancl- irul-t ip 1i ers
_@--_--_ _¡ 
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----- - 
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N4.{}d{TOB-A T{VT)R,O

I¡¡ren-Orrrcn Mnrron¿Nou¡¿

From I'f ^ J. Tishinski
Tlansmission Pl anning Engineer
System Planni-ng Division

2-1 A r _/, "lbal.tatc _l:-.ll_1_++ :!2: rì

LOAD TESTS UNDER STEP VOLTAGE CI,IiTNGES.

To
n: -nf manj-

t. lle i\o.

Subj ec t

EIect::ical

The recent test,s which irere taken at Harr"ov,¡ Station to cieternine
loa,d behar¡iou-r under transient conciitions r,rel.e reviev,¡ed and anal_yzecl .

Three rnethods used Lo represent loads at preseni are:

l_. Constant irnpedance
2. Constant current
3 " Constant por^rer

In the first case the current varies d.irectl¡. as the voltage
and -bhe power varies as the square of fhe voJ_tage.

The tests taken at Harrow showed. that the current varied
approrrirnately as 't,he 5th power of the voltage and the poinrer varied appro;rìmatet y
T-Y-$I*efy as the Jrd power of the voltage.

since in an actuar system there ís a combination of the 3 typesof basic loads the power and current should (as has been proven by Lests
cÌone by other people) varieo sornei,¡here between the lst 

"r-rä 
2nd polver of-'the voltage. The power of 1.6 has been used quite often in litera-r,ure.

Comparing our results i^ri'bh r¡hat theoretically should have happenecirnre can only conclude that either something- r^¡as Íundarnunt"lly inaccurate r,riihthe inethod the tests ÍIere carri ed out or ihu metering or 'L,eãt equipnent wasno'b adequate.

Off hand, it woulcr appear that the step vortage change was notgreaLer enough to cause sufficient meter cleflection. hljren tests arecar::ied ou-ù at Parkdale, r¡her.e v¡e feel ïie can obtain greate¡ voltage
changes, this factor shouJ-d be elj_ninatecl"

v¿Ò/ cr

cc: l4r, F. A. Jost

Tn the second. case the current
direcLl¡r as tlle ¡¡oltage"

In the thir=d case the current
and tlre pouier is constant.

is constant ancl 'Lhe power varies

. .¡nt/.ë t-.sr: ll G.çvarres +s='i#g::sqflÉffe-:ef the vol bage

* 110,
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'E¡iCil Utr0ü "CIF S.j.r.rTff-jtå

tiirlf.r-el=cl Te¡rrrinal S.; atå o.n

lhe lii:r'rÍ'ielc, Terziiinal sfaiion is si.i;uateo. on

Sasir-atchei'Ian Avenue in rr,tinnipe.g ju-s'i; :¿esi of tire irerirneier
iJigh,ra;r i:rrredÍaÌ;ery ncrth oÍ the Àssiniboia Racetracl;"

Tire Ter::ninal Siation is su_,oplieC_ fz.otìl a ciou_ble circuit
l-15 i¡v l-ine betr.reen the iìosser. and- the La verencrr;,e siaiiorls"
CInl.rr one of tire t:,,'o circuÍts is ta::ped, The ll5 ;rti bus is
designecl to cperate u-ltirnatelv as a ring. fn_ the :riea-ntirne

the bus is c,oei'atecr rac'.iall;¡ r-;ith a c:,_r.cuit jrnealle.r" on each
cÍ ihe ti'c l:anjrs oni¡r,

rh-e i;:^¡o rjo',,ei' transforj,ûeÌ's in the station .f L:a.nsi,ozn

ine volta,3e fr"om the Lrí :tr lever ic -bhe sui:-,;i"ans¡:is*q:oír

Z't'irV " :iach banL< hras a self ccct ecl- r,ating of 30 jiylt, jje¡1_i z
is also equipped- r,¡ith fans to i:rcviCe a Í'or"cecl retin,ri of
l+O itV¿"

The SÌ;ation has a ZLI_ j<l/ rarLial bus with five d.y i{f
lines leaving the station, ;in B,r¡ j,,ivAl.. capacitcr" ban.rc :ls

installed- -r¡ith loac cur::e't cont,r,::l anci voltage overrid-e.
The 2Lç trV circu_i_ts suppll)-, a nui-nben of stations in

ihe St" Jaüles * :\ssiniboia area of iv j-nlipeg ani- ar"e neti.¡orlreû_

into ihe jrici.-ni11ips, jj.arro,,,¡¡ anit- I,,lohai,"l< à+ nV supplies"
,S.ince the Ziirlcfield" Siat.ìon .is one of th.e staijons on

tire j'IanÍtobe .{1cro "j;,'ster:l l.,rnieh are netirci.ired- l^¡i.bh oiher
SCU-cceS ì t rtres nee.ês.q¡ì-r¡ i. Operl the neii.¡Or,lç at i:e¡, 1or*t.i Ons

-lì-r
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'iiithcu1; the opening of the r coped s;,,rsierìi any tenc-enc;r fcr.
vr.rli,age io change at the IiirltfieLd. su,ÐþJ.i¡ r,rou,ld- ceuse a
greater anount of i¡¡¡" to flcii fr"or¿ the other stations, ?his
i^.¡ou1d tencl- io riiaintain vcltsfles ai their previous levej-s es
'øel-l as change the reactive i:or".¡ei- floi;s" The¡'e l¡ou.Id. be si:iall
changes i..n real Ðc'..Je? flor.¡s as i,uel1. ri is harc tc general,îze
but essentiallr,' ¿L" a:lount of ¡eai poideï, su.,rplied- frorn each
station ;';oulcl_ denend on the relative inped.ances comected.
be;rcnc the l-ooi:eci stations and .Lhe load, The pr"cblen i s
overcorûe b)' isolating I s¿6.s so tnat ti:el¡ e.re suppliecL ì:;r only
on.e stati on"

Because of sr'¡itches l.¡nich ar.o noL"ì:¡rall;.'. i,;ep,c oi:en for
protecti on ¿-nd- relia.bilii;r ¡u**otru i-L i^ras pÒssible to iso_l_ate

ihe l{inr;field Sì;ation b;¡ opening only tr.ro fu ErI ci::cuit breelc_

ers at, i;he St " Ja¡nes S'ba'i;ion,

ßt, VJlg.l Si_atiolr

The St" Vital ilerrninal. Station is locatecl near the
soutl:-eastern ec].ge of the cit;r of l,linnipeg on p"T.--i{" 5g soui;h
of the Trans ûanada i{ig;hr,ia_.¡"

'[te ter¡:inaf station is supplied- by a netr+ork of üran;y

I ines frorl sel-.r:irl¡ ceneraùJ-ng sLatÌon ancl Transcona, líaz.row,
and i'loha.".'ii TeRrrinal iitai;íons, The Temiinal- S'ca'i;-lon ir:"ovid_es
e suppl;r i:oth tc the ?ly ki/ an<l 66 irV su-b-tr"ansra-ìss-icn s;istels"
Tlie 66 ,r,:v su-ir-'br"anSflïssion s¡,,steii ,su-.ci:l;rfnE ine scuÌ;l:-easûe::n
part cf i'ianitoba- was u.sed in bhe tests.

The LL5 jitr sr^iitch;ra:r:i- ai the St. Vits.l Station Ís in
ihe for-;n of a dcu,ble bus aï¿và'-.no'e:¡o"n* r^r-iíþ s¡ç sup;cJ-;fing al-l
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eleieents ancl i;he eu_:;j_l.lsr;,' bus nollì1al1y eiter,¡':i zec,- th:ru_gh a

'¡:us-'Lie brea'.ler acting as siani-'r¡;" 'Ì'rre suppl;r i;: the Úó l;'¡

sïsier,r ;s fro:'. ?- * 3Cl,.g l'iT,r po Íer t::ai:sforl;ters.

The 66 l.ri/ bus a'b the S'b " Vitai Si;ation is -ln the f on;i

of a ring" ilc:r sr.¡itci-:-in(3 pui?pcses tt¿o cj-rcu-it brealrers had- tc

be opened tc trip â t?ansforr¿er, This cou-ld bave been accoril*

,rl.ì rhe6 irr¡ f.-r.i-.r¡ín,- ¡ hi rlr .irìc lri"eal.:cn- hO:ter¡ef fhis .ias.J¿tr,)flgq w,:J Ul IsrLrr¡r3 s :rri'ìr!

nct done because of the s:flsterns disi:atci:e:rsr preference to dc

si^ritching on the low sicle of ir-ansfortners" Tltere are no

calJaciÌ;or" banks on tne 66 I'lV busu hoi'rever, the::e is an E'l¡

liVAF.'banli on tire 2L,:':V bu-s, e{ajn i,¡ith load curenf conLrol

and vcJ-t.lge overi'icle.

!i'he 6ó llV s:j-ster:1 eN St, Vii;¿¡"] sui:plies the e::ea fr"oir

Ju-¿-riald- easi to 5-b.,!il.ne sou-bh to;Spï'e:,ue anc]- i+es'; tc the

ReC- :ìj.ver.. Th.ei,e et:e tie*lines'bo a-d-jacen-b sTsterrsu hoi'+eve::

ihese are norrnal];r opei'ated- olJen and thei.efore ihere was r1c

need io isolate en1¡ of the sJrsterß.

lqr.lr,J-+Le'f erri-inÈ.I .$t.at igt

Tne Par"itd,al-e Station ìs cne of the olC-e:: s-r,å.iions in

iianitoba situated- on P.l!,ii. E norttr of ihe ,,linnipe6 ,leri:neter"

hi Êhi¡a.l¡ 
"

Parl,idale is supplj,ed- aN lLj '-;'l i:;;r t'.'ro lines Ír'on

Pine l'allsu and tr,,¡o frcir G::eat ilaLls Genei'a.'ulng Si;ation via

tire lÍa,oleton 1uþstai:i-on e n0 the $el-lli::]c GeneL:e'bin5 Siat'Îon'

The station serves ¿ìs í1air:) si-rp1el;,'pcint ab ri5 1:V i'+i'¿h i¡;o

l"lnes enanât-ïnG i;o l'ieepauau one ic Ï'o3ia1e la i'i't irie, and-

ti+c-co lìosse:¡.
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Às uel-i- es l-i5 liV tne ?a:::icì-ale Siation sulpiies a

//b,5.lV area and. a 33.r\¡- area" Bcth oi''bhese sub-tL:ansr:.ission

vcl tac:es al:e c onf Ì ned- or"inaril;i it: tire Inter'lall€ jrreâ, 'Il'l-e

66 trt¡ alsc su,oi:lies ccrtions of ihre ncrthe::n ouis,iirts cf the

ô "" #=r n I ;.Ii -n i.w ' tL;t u]. fii-(lf I-Lpe3 o

Because the 33 itV s:¡stein sul-ìplies onl;¡ ille Tnter'la:re

erea it :'.a-s d.eciceci. to recorc| the characteristics cf ihis
l^'ì/ì

The siuitchin¡1 ârraníìetxeilt a-t ihe ?a:r-rrdale S'cation is

diversi:íied in thai each vclt,age level- is d-ìfferent" The LLi

:,rV has a uni.qu,e i;'ol-cled ring r.'hile tire 66 li\r bus is a cl-assical

ccuble -bu-s 8--r'ra:f,i-'e,:re,rt " r-he 33 i¡'/ su-1¡p1;.' o:r i¡re othe:: iranc-

ir.as a r.aåial bu,s rurrol;::-in,-; t,:o o'i;ne: se.oaratof;r l'"r,u-laterL

rad.ial busses. Tiris anrangeuient pernlits the su1:pl¡r oi' ii'¡o

distinct ereâs i¡itir diffez'ent vcltane I eve1s.

The suirpl;¡ tc both su-b-transreission vol-tages is by

rûeåns of four f5/20 iÍV;l clual*voftege poi¡er" ti:ansforl-ûer¡s, 'Ihe

AL,',-¡r ,"+.^^.î-^vv rLv ,"..,.r.'-116 hâs the .ståJte raiing as tÌ:e transfcrtner while

thc 33 .rV is only raieiL at i/6,67 rlV;t.

Again as at St" \iital the lou sicle circu-it br.eaiier's

\..ieTe used_ .fc:: s,.¡ii;ching" '.fkrere et'e no câpåcitors a1, Par"lcdale

for ,:orler correcbion cr voltage contr'cl-"

Ilosenfel-d ritation

T?'re ftosení'eld. Tenninal Station is l-ocaie<;L near ihe

toi.rn cf Rcsenfeicl ¡rhich is on r,T,;l-. i[ ìretr'ieen Leieilier"

and ¡Íor.o-en,

iìosenfelcl is suppl-ied- by trto LL! ,irV circuits .ircnt



the La Verend-r.ye Siation cne dji'ecj; and- the other via
ì'iord-en ,Jo:ner. ltte 115 lcV siriiohring ai"T"anqer;rent Ìras r.ecenil;¡

been rnodifiec into a ring arrangeiirert,;,

Tire 115 liü supplies both a sub*transr,tj-ss.îon 6á irr¡ and.

33 liV slrsien with 2 - l5/Za i,ÍV¿ iransformers identicai tc
tire units at Par"lld-ale"

Bctl: ihe 33 irV and 66 i;il busses at ]losenfeld ar.e

rad-ial, hoi.,ever both sub-tz'airsi;iiss-j on s;'ste::is are 'interconnecì;-

ei :.,rith aC jacent te::¡ri nal stations. Because of t}:.is ii :ùas

necessarl¡ io f irst iscl-ete Rosenfelci fro::rr ai'L:!ì' other sr-rurce in
order nct to riasl.r the load beiraviour" b--,¡ V;lfi transfers fr"orrr

aiher" sources "

The lìosenfeltl suiJÞl]¡ arâea is ccnfj-ned. Ì,o the Letell ier.

* lriorden area :.¡ith a rrre-jor' lcad- ai the Inter"provincre*l
Dina-t ino rl-aof ¡¿1. Fu;",iÐinrr Sta.i,ì Cn" ?hj s i S al¡rOSi; all Coäf.l¡OSed- !!vv¿-L¿¿v ur- \.¡ ulik :@.tJ vgv!.JIL g r¡rr sJrr:vÐ u G!4

of lar.ge indu-ction notors and as such is vez':¡ inieresiing as

far as iransient loe-d- r.esportse is concerned-, ,Since these

la:::-e r-;oicr.s ace slrppJ-ied- b:¡ the óó irV tni-s suJ;pl;r was chose:r

for ti':.e tests at Rosenfel-d""

'l-ire?e ere 1Lcr capecitors aL the iìosenfeld Staf rìoile ho-.'-

êrrâ?a q l¡o'nrr -î sr ìrêi-:ììiìÌrentl V inSt¡-1.11eCl tC tife tef¡fina}S Of eaClf

rrroï.nr- ¡,-. fþp rrrrnrninæ -J-oì--ifn ÍOi' OOiÌef fnCtO1t COff eCtiOn.rlrvuv: 4v v¡!9 9q!rri-'_Jf{) Ðusv:!

9q.a4{ on -:-- _12"!=1-l_!q.eSÍ Eqqf: i$:t.a-tåop

The Branclon * lTth Street East Station is locaied at

the intersect jon of Victonia iivenue anC i?ih ,Sì;reet Jast or-L

the eastern outsirj-rts cf the ûity of .llrand.on. The Brandon

Gene::e-ti"ng Sta-tion is situated about I nile further east a,id'



this is the su,rrl;r r:cini of the lTth Streei; :t¿is'c iitation
r¡ia 3 * 1L5 lcV ci¡suits,

ït r,r'ås d-ecicle,L tc ta.<e tests at this s-r,ation for.

seve¡'al r'easolrs@ Cne oi' these icas tnat it was possibl-e io

¡roniior. two distinct loaas, ûne of ihese the 33 kii sysienr

r'¡h.ich has sorße cutl:ring load-, ho:ievet'u is conÍined. alnrost

eilti-r.ely ì;6 the t)i-t;i cf l}'anctcn aree. Beca-use of th-e s-ize

cf il:e los:d- co::ipareo- tc the rest of i;he loacl.s in the western

':art of iire irrovince ano ii;s u-niq_ue r:.ature *Ìtasicalì¡' ¿n

u-rl:an ùireae it i'¡as cecirÌeC tc reccrci ilii.g load. inde¡rencle.:tl j'.

T,tie second- -l-cad r,+hjch. i-:: sui:,1')'l iecl b¡r ¿116 t:en'--l-cn * l-7t]1

St::e et East Stat icn is ine ó6 -rv syst en , Thi s s-Tea i-s b¡t s i c -

all-¡ the rur.el !'-roa beyoni- the u'mei-iate 'JÍ-';¡r cf l:an,fon

vicin:-ty :¡l:.îch is se¡'ved b;¡' the 33 liV, The load- is chraract*

eristically r.ur..ale fa-nns both snall and- 1ar¡;e es i^rell as sftall

and la.r:,rier rural toi¡ns, There is also an In'berprcvincial

Piireline ;ì.r-.rning Sta-r,ion servea b;r ihis s:¡siern, hcr:ever"'i;he

lcacL is slrell co:iiparecl -uo other olurring stations becau-se

ia::qe r:roi;ors at Lhis stet-i-cn ¡"re su,rplied by the 23O i:r/

s;,"st erû.

There ,ias no neeil to i sola-te eitner the 33 l;1"¡ cr 66 :,li/

su-;:rl ieS Í'r.orir othet" berritinal siaijons aS 'bh-ese are nor-;ra11¡'

operated radiall;.*

The 66 -:V bus arcs-nflelrrent ai th.e Brand-on - 17.Lh Sir'eei

jlaSt S-r,atiol -Ls in th-e for'¡-r of a rin6,i" Sr'¡itch:'-n¡: i'ras lrez'fonn-

ed- by first open:Lnß ¿i l-oia sid-e circu-ìt br"ea)¡er e"'jjacent to e

transfo*ler banlt thereb¡¡ s,cliti;in3- ihe i:ing" T!:e second si;e.o



: ttÕ

','ias ic o'Ðen s- second ciL:cuit brea-¡le:: cn the cprtosite sid-e

of the t::ansf,orrner i;c th-e one thai itrâs ali:ead_;,, ._,'.ìen.

1-h.e 33 IIV 'bu"s at this s-uatj-cn -is a stani.al.ti z"adial

scheiiie uit?r one brealrer" on each e'lernent" This ¡raL¡es it easly

in thai onl;'- one c-Trcu-j-'i; llreaLier neeo be oî¡ened" ic disconnect

a tr.ansfcr:ner banil, Thre 33 ltV ai this stat'ion ';as of r'rore

Ínterest tha-n nomal 'cecause of i;h.e ihree trans-îorners -i'¡hich

åre -Lccated- the3e" F.,'Jc of these ar.'e 1! i'iVå u,nits and- one is

a 30 i,ir/tl unit, Becau-se cÍ unequal t=aiing and the f g.ct that

the tra,nsfcrrire¡S ha-¡fe esseniial-1_;,. ti:e sa;,;le u'ri¡edance on their

ol+n baSe seve:"al- Siep changes in i:1,:eda;rce anO- ti:erei'ore vclt*

apje are pcssi-l:le,

T.trere el:e nc caps,ciÌ;cr b¡-nl:;s aì; the lfrancicn * 17'úl:-

,street jìast Sis-tion, hoi.;ever nu,¡lle-r'ous banics exjsì; cn the

d-istributi-on S..,rstcn* i{c atter:rrpt r.ras nade tc corrtrol bl:.ese

during the tests.

Rav"Æ
Raven Lalie Si;ation Ìs located four in-iles south of

,slroal Laile alon¡; P"T,i'I. 2L, This stet j-on -s supp] ied b;- tiao

L15 !{,1 tra-nsraission 1'lnes " Oä-e line ccrles fro,rn ileeparta v-ì-a

llinneciosau '"u=h--ile the second- one .is an exjlress circUit frorn

';h-e Dauphin*r/er¡:ril-ion Station* ,i thi-rcl 1l-5 kV l-1ne ccnij-nues

,¡ac't- ì-n o¡r-nrr-lV the Bi¡t}e t:aeA an1 to lOOp scUih tO r,fïfc]"en.
:lçÞ U vU ùU,JlvJ.J

't'he su-.tirl.=,r io ihe 33 :rV sub*Ûrans-liiss''-otl s'¡ste:':- at

Raven Lalie is -n;r a- 15 liYA ano | "! T"iVÀ b:lÍr.Lr operated, in paralleL.

T}:e br.rs c,rnfi-Eu-r"ation cn the su'b-transnission Su-l:pl;¡r !5 radi-al .

r-r q..L -"ì^l n +1 .i-¡:-=a r.¡n¿ì'îrr:cr ¡lir-o¡'h-l -¡ fr.¡m -i-,ha
| \J r-.;ãS l!'J)r r.lJijÞ-l-Lrl-tt Lr') UcL-irÚ r vøurrr(;Ð s¿¿ vv v¡,i



l'lô

ban:'ls becaUSe t,.'o ciif'ferent cU-r'rent iranSf'O::iÎOrS iie¡e in USe

anil add-ing i;þ"ese r,iouiC give a :,ieani.t€jl-esS i'esUlt, It i'IaS

therefoye c-ecicìect tc r"ecor:d- iire I oad-s on tr"'ic inCei:end-ent 33 ,rV

sr-:-b*iransr,r'ission ci¡c',:-its" Tl:e loads on the l-ineS We-fe ¡iU-ctr

smai1-er th.an previcus ilreasu¡:ed- loadsu ho".ieveT" it '¡as felt the

area south of iìirling i,iountain ldatìonal Par\r. su¡lpl.ied- 'o;r .lìaven

La-.Ìie r"¡as ou-ite u-nio.ue and" '¡orthy oí' stud-¡¡"

BecaLrse of ihe diff eren'r; size oÍ tne two ';ransfor"meT"s

ii -r.ieS :¡cssil¡le to Ee"b iwo diffe::eni Voliare c1l.nn3eS" Itt

hor.le-;er, was f¡und_ tnat boih changes lltel:e silall .

The Raven Lar-;e l-oad- a-Tee is nainly of a rurral- j:atu-:le"

rie_ep"*,{e--Ë-!eLåga

i.ieepa,..ia Sta,-r,ion is I ocateC. easi of the toiun cf iieelra-..ra

along P,T.ti" 14, liris staì; j-on has ti"ro Il-5 KV su-pp};r lines 'frort

the i,arl.lrj-a1e Stat'icn t'"'ith one cutfeed líne tc t{inned-csa and-

'ì;hen tc P,aven Lake* À four"th lÍne conneets i'¡iih the ilran'Jon

'Senerating Station r,+hich acts Ð-s an ouifeed. or infeec line

eeOend.ing on i¡hether" Brandon C-eneratin¡; Station is on or noi"

The LL] kr/ bus at the }Tee-la',.¡a StaÍ; i on j-s in. the f oric.

oÍ a pi_ng ,,itll -t,.,o elei:aents bel-ng 15 liVA transfor.,lers suprï1",ï*

in6 e r"a,l-ial 66 :lI/ bus 
"

:ll-i 66 ic-d I j-nes cut of 'bhe ìteepawa Si¡ri;Íon are ncr:irall;r

opese-ted r.a-d-ial e;<cept ihe tie-line to llirrneiiosa l'¡h-lch -ls

looperf ÍïÌu Tn. oril-er" nct ic ge-u ajì]r falgs reaclings tnis tie

rces c,oenecl at l''liyrned.osa pr-Lor to tire coiiuûence¡reni of tire tests,

The i,,ieepa-r,;a area load consisis of snall and i¡.edium

sizeo ru-ral to,¡ns as l'¡eil as å 3coc1- farrning areÐ-Þ
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r.ating !00 ,;atts

ou,fnu-t I ;,:a. .Jü :'nLo !4OO on:irs
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l-,3 " 8 - LC tÅJf ca i?ec ít o:'s
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