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ABSTR*¿.CÎ

The purpose of tl:is 'i:hesis is to study transient
qJ-¡?:i'ì.itrz. fo d.evise a nethod. of solving the swing equationu esy4-L* ef ,

tha't wi]l- malce fuII use of t}.e po'i:en-tia1s of tl.e IBl"l 1620

(20K) Dì gitel Computer and to investiga'te three me'thods of

improving 'transient s'tabiti'i:y; tha't is, 'che ef f ecis of,

exci'ter reslf,onse, gover.nor response and rapid recloSing on

a trvo machine system.



PlìElìiìCE

Tiris thesj-s is a compu'ter study of sorne of the aspec-ts

of 'trai:sient s'tabiLity in powe:: slzs'tems. Stabili'cy becan',e a

problern rvhen macl:ines q,¡ere fírs't paralleled and 'coday po\.ter

¡t;¡.r-¡¡r¡ 1-.-^ -,1ì-ê r.nmnlr.v ancl e:rnr-nsirze and. the feSUltS OfÞJÞ LgrltÞ cIE: ,¡,i,il/!s Uvtrlrv¿s^ qrlLt s/Llys¡lÞIVs ç

stabiii'cy stLldies con'ti¡:ue 'to be an iirrportant consid.eration

in povrer sys'Eerû d.esj-gn.

Althougl: a computer lf,rogram Ïras been wri'tten to
1¡=n':1r^ "':^ 4'n thirteen rnachines (30 l:uses), a tl/o machine¡:GJ¡lt.Ls !:¡/ L\/

sys'tem vras used bere. ltre svring eo;ua'tion is solved by the

Itutta-Runge meth.od rvhicÏ¡ provid.es an accurate way of solving

a large nur¡l¡er of first order Cifferential equa'cions- In

succeed.ing cilapters the effects of e:<citer response, goverilor

response and rapid reclosing are considered" The final

chapter talces into account the corabinecl effect on the tv¡o

machine systern when all improvernent methods are used. at

^h.^ê

I lvisir to acknov¡ledge my indeb'bed.ness to Professor

G. Il- Swif't for tris ¡rever failing guidance and assistance,
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CIAAPTE,if. T

TPJ.NS ï rlllT ST¿\P+LïTY

the irurpose of tl:is thesis is to s.tudy transient
stabi,r-'i ty, 'to oevise a me'thod of soi.ving the svring equation

tirat rvil-l- make the ma.xinum use ol= the potentials of .the rBI.t

l-620 (20K) Digítal- coi:íìpu'[er, and to investigate three me.thods

of irnproving'transient stairili .t12.

Transien't stability studies are by no means rare. in
fac-t, 'lhe opposi'ce is true. Bvery pov/er company rnust in-
vestigate 'the transient stabj-i-i-i:y characteris'tics of j--ts

systen each time a major generator addition is proposed..

This 'i:hesÍs ivil-i not a'Ltempt to carry out a detaj-led. study

of a particula:: povi/er system but it l.¡il.I horvever, endeavor
'to investigate the general over-al-l- effect of governor

response, exci'ter response and rapj-d reclosing on a systern.

The point is again made tha't'theipurpose is to olcserve the
generar effects of these improvernent methods in order to gain
insight into 'tl'¡.e benefits availabLe from using .them.'

i. t Backq::ound

S'ta.lcility, v¡hen referring to a po\rer system, may be

d.efined as that condition v¿herei-¡r ail the machines in that
systern rema:-n ìn synchronisrn r^¡i'th each other" converseLy
!l^^.^ i.^^J--ì^i Ii-¡--- t^-^--r--- rr--t'cnen, l-1-]srajf,rti'ty deno'bes 'Lhat condj-'tj-on when one or roore

machines i.¡rthin áe systern lose slrnch::onism r¿ith the others,



2

oi, in other r.,/ords, fall out of s'tep.

Instalcil-i'cy becai¡e a p::oblen rvhen rnac?rines \,'tel:e

f irs-t paraJ-i el ed- Tl:ese originai r.iachines rrzere opera'Led by

À.i +a¡¡--l*: a¡r.¡'l -l *^¡ ¡-'l^,^LLr! çu L rJ çvq¡,:r¡ry Lr¡s y ç¿rs.--ê'toi to a s'{:eem ell$'i ng ¿ I'/hich

Äo'l i r¡araÄ â nlr'i c¡'þi re¡ -i-ar,^frta .-ãììci na 'lrrrrrl-'i *+ ^'c ¡'!^a..*..r1-n9 oï l.ûe Eener-

atol:" Llun'ting, hor,øever, \ras redr'lced. by 'the iniroCuction of

= Ä:mrrar- ¡,7j 11¡lì *-: 4 h ¡-l^^ ^^.¡a-¡=.|-nr r.z'Iri n]r i n i-rtr-.n Áarz¡a'l 6n,a¿la Llql:,r]Jc;! 17 -!r¿L¿IJ,¡9 I¡¡ Lf ¿(3 y l=¡¿e! G Lv¡ , u{¡¡!u¿¡ r¡¡ L q! ¿¡, qu v s¿vIJçg

a damping 'corque due to 'the rate of change of the ro-Lor

,^a¿..r.:.r^* v.r.r:-'ra rêqy)¿ã.,{-.i-6.i-þg AfmatLl¡.e m.m.f- It iS nç¡tedvç¡ù-i- L-LUl¡ wJ- L¿t ! gÞpgu L Lv L¡.

.'-ì^-r- ¿^;^r, --¡¡r- ¡.¡. ¡ø-i-a+a ã.l^ê rlrn 'ì¡W r:Orrn'i ì no l-'lram ì-g eLLI,L LVL{C,y I[\JÞ L Y\:1,¡€:rCaL\r!Þ s!ç s qrL pz çVUyr-L¡¡Y L¡rç¡Lt L!

\.'/a'terv/heel orto s-tearn ';urbines, bo'th of which develop a

-^f ^-:-i -r¡f rr *a.^ r-r,'l ^r.!-.i x¡¡ .L^-r^irì^ 
'l

!(J-Lc¿LIVc-¡-y l¡Ul.l-LJLtIÞcrLI¡¡:J LtJ,Iï(rço -

Before'the advent' of au'Loma-tic regula'tiilg sys'üerns.

such as governors and e<citers, al-I systerns had to be

,Ãaci nnaÄ r^ri +-'lr r cn¡,Á ì nbai^a:r-F rznl {-¡r.ra -?r=.^.aì -¡-.i a* ¿L-È i ct\-{sÞrylrEL¿ !vrL¡¿ cr 9uuq Il¡II(jtc¡rL vurLqYs J.EyLrlciLI(r¿¿. L¡¿clu rÐ,

circuits, inachines and transforfiì,ers 'i:hat ]rad a lorv reactance.

ihis v¡as lrossible due to 'the fact that the lines betv¡een the
ì ^^¡ ^.^¡ -!-l^^ .J-\-,eLL q¿¿L¿ uuc pOVJ€l SoUfCeS \,'/efe COmpafatiVely ShOft end. th.e

vol--taEe coiùIf,arativeJ-y 1or.¡- S'tabili'l]¡, or foi: that mat'ter,

ins'iabiJ-i'ty, beca¡.re a probl em \^fllen it rvas necessary to go

farther and farther ar./ay to reach sources of power. The

d.eveloprnent o'î. eu'toma'bic voÌ'tage regulating clevices nade i't

possible 'Lo increase 'the reactance in ord.eilbo obtain a more

econonica] desiqn and to limit silort circuit currents.
I! , See Bibliography, Ref . ì+l-. Superscri'p'ts,

henceforth, rvili refer to nurnberecl references in Bib-l-iogi:a;oh!¡"
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ToCay, the probler,i has no'l vanisheC. The engineer,

because of econcrnic cons-id.eratioirs, canüot arbitrarrly apply

ite'thods scich as :apid recìosiirg; i't is necessarlz that i:e

rea-l-ize tire eifect of rvh.a't eacir i¡re'tI'rod can d.o for iri s
c' â^i'Fì ¡ 1a-'^r^Ierr. TÏ¡is -Lhesis 'in-tends to shov¡ genera_ì_lyvrvv!3rJv LJ!vrJç¡tt. I^¡¿Ð L¡:\

the raririfica'ciorrs of each of 'the th:ree rrre'Lhods s'tudied--

r,¡ith respec-t to -transient s'cal:il-it1r fcr the particu.i-ar '

sys'terri stu-ö-ì eC" The sys'tera used was a tv¡o ¡aachine system,

i"e. a finite rnachine connected to an inf inite bus. (see

l.'t-gure ¿-i)

I¡Iith 'the era of long lines and risingf cos'¡s, 'the

engineer has trieC to transmi-t rnore and rnore pov¡er through

J-'þr- 'l i nr- 
^?)-.ìr^ã¡ìri 

r¡a -i'hõ .{-'}ranra-i-i ¡=l rrôV/e¡ l_imit Of ,;hat
¿ srÀ/rvqv¿¿¿^¿Y v uruq-L l/ç

l-ine- Vüith these increased -'l-oadings, transient s'tability

Ïras thus become the focal- point of many investiga'cions.

i ) Þrn¡aÄrr-r.a

In orCe:: to have a coirimon lcase on v¡hich to conpare

the various i-rnproveärent methods, a sample pourer system rvas

selected - It was also ciecided. that a three phase f aul-t

.i-as-ting a spec'if ied. 't j-me rvou-l_d be applied for each series
rtÇ -i-¡:q'i-< l.Qaa fa]¡¡r¡'i-an TT\LLI

The firs't problera encountered in transient stabi-l.i't1z

s-i:udies is hoiv -to solve the swing eo;ua'cion. Because a small-

cornputer rvas being used and. because govel:nor and exciter

response v/ere 'to ¡e considereC, it r,vas fel-t 'Ehat a rnethod



o'cher -than the cf assic s,cep-):12-step so_l-ution had. .to be founcl.

Gi]-l-s' va::iat-i-on of 'the liu'tta-Iì..ri:ge pl:ocess was ei-npJ-oyed.

J:ecause of 'the accuracy and fre><ibili.ty it offered in soiving
f irst o::cler differen-bia1 equa.tjons2-

Tieis thesis is grouped rn'to five secti-ons. Ttre first
r'¡i]l dear wi1:h'Lhe so'rving of 'ilre sr^zing equation and_ i-,cs

app-ì-'i ¡¿¡ i ot', 'to '¿he ', i:a\,/" or Ltncot¿tpensated. syster,ra. The '

second v¿il-} co¡rsider Eovernor r:esponse a¡:d i-ts abili.tíes to
compensa'te the "rav/ sys'cein. The third and. four-th sections
tvil-l- consider exci'ter i:esponse and. ::apid rec_l_osing respect-
ivery and thei:: effec't on ir,rp::ov'ì-ng staìcirity" The last
sec'tion r.¡-'r-l-i- deal v¡i'ch the coinbined effects of governor

ilesponse, exciter responèe ancj recl-osing on the systern-

In c::de:: to supply .the transient s,cabil ity program

v¡-t'Lh al-l- -the dáta needecl ì t rn¡as necessery to prepare

severar programs" For each -1.oading condition, .the rtsl4 Loacl

Ë1 ì nr.¡ n-.^^rr5r1 \¿ìj¡as used in order to ol¡taj ir .i-lra nrr j-nrr.þÈ/¿vy!s¡rr wqÈ uÐEç¿ J.¿¿ \rJ.L,tçJ- eL.) (JJJLc,*.. - po\^Zef,
J.t Sy- itr-v/'|r systern j--t is meant è sygfs¡ based.on the fol-lor,ving assumptíons:

1. Synchronous-machine,sransient reac.Lances in-the clirect and. c_¡uadra.ture al<es are assumed .to
l¡e a'i i l.,e "

2 " Voi-:ages behind transien'i: reactances of the
slznchronous r¿lâ.chines are assuäied to rei.¡ain
araìnq'i-ãh'i-

3. Damping torgues are negl_ec-ted
4- The infl-r-rence of sa-tura-tion rnay be either en-

ti::eiy l1eg]ss¡6o-, or taj<en in¡o accouir¡ ín an
app::o>li itate nanne:: b1z rnodify:; ng the value of'i:::ansien't reactance.

5 " Cons'tanL shaft torques are assurned for al-l_ of-lhe rnachine grou¡:s, and governor-action and.- l_oad-speed characteristics are neglected,.

See Bibliography, Iìef " i+I9"
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vol-'úage aird. angle a't 'the genera'to:: interna- Jruses.

.Qa,^nnrll rz i È t¿as nâr-êqqFl-r¡ |O Oi:-tai n -the Val_UeS Of .thg
r ¡e j

adniittance (sei-f and ¡nutual ) l:e¿ryeeir each genera'tor and

â\7ôr\7 nl-'Ìr,='¡ -,enej:atof . 1\^/O pj:Ogfams l./efe itfepafecl and foft 
-rrd

each road:Lng cond.ition,/a se't of adini'ttalrces was procurcd.b.

The 'transien-t stabil-i'ty prograrû r^¡as r,.¡ritter: so as to

acce¡:'L C.a'ta di i:ectl-y frotr bhe p::eviolrs program. Tl:e f irst

progrem so-l-ved the s\.¡ing equati on b)' -the Ku'cta-R.ungie ¡rrethocr

ancì considered ouly i:ec-l-osing. this program has 'the cal:aci-i:y

of irandl-tng u,r: to 'r:hirLeen riachìnes (30 buses)c" The second.

progr-arn ryri -tten again soJ_ved the svring equa'tion 1:12 tÏ¡e l(u.t,ca-

i.unge i.retl:od and considered rcc-losing. IÍowever, this tine
'l nai ¡ -Fnr^ 'hn{-h aÍô\2,ârnal1^ j^oar-^,"oo ¡-nÄ av.ri rra-¡-'-Qgru r:(JI -U()c*¡ :vvç!r¡v4 !ue¡-vÈ¡ve *..* -...i].cef feSpOI-ìSe \./aS

ad.ded.. T'Ìris prograin hano-r es f íve Íiachines (30 l:uqes) d.

ñ^ñ'.ìì I -;_ ô

r^^.arì a J-^

the ';ransi ent s'i:al:1,ì'-ity prograns were 'Lhen used to

tire resulting srvl-ng cul:ve in 'the test runse" The

of eaclr test rvill- be given iir the appropriate ch.apters.

;oac)-*ag;e)

tl" Idew

c see

^g ô^^

-\âa

progranìs.

Tinril ¡ìlê Ë'l ¡rr.i-r'Í,^ ¡rttrp-=-ci an-l- Q.l-=lri'l i Èrrlls!Àe \ ¿rs¿¡p!ç¡¿ç 9LqvÅ¿¿uJ

/thì1âh^ a v

4r.ñôh-tì v I tL &Á.

Ann¿.nrl i rz TTT Ç^,r *rzni ,^= I nrr.l-'nrr{- < n.F¡ ùÀ¿ si ¡¿rvqr- v ç u}/u sÈ v!

various



iiCl,U'frOl:.t CF T'r{E 5:'Ii-NG ilQU-tTIOI'ì

The ¡:u::;:ose of 'this chap'Le: 'i sj to i n'trc-.iuce 'the

me'i:l-rod- useo] 'to so-l-ve 'ti:e sr.zing ecll-.:.'t:ion arld '¿o presen'c the

ñ_*.r-.r ^ ^ri^J_^.-. _,,'_.".^r¡ ^r _. ^*rr^¡ r,z.i.ih .i-J¡.: .^l-i.i-eri a annl .i ed ,¿O
Þcl:ru-Lc.i ÞyÞ Lgjl.L Þ uL-lL{ICLrl Cl-l-U¡lV iJ.l- !I¡ L¡:ç -!¿ Lç!rq qiJ}/J.¿ç

r-r^ ^ :-rrì 'L-i '^^' =.'nrl 
-F.=lrl ì- ¿-l r:>.--i:-¡.' a ! ¡-'l¡¡ .:rzq'i-,¡r:'l i?lrr^ih¿¡rmni^¡¡LIll= rclLll-LIII! q¡:s !qqJ- ç u:çèJ-111:j; ç/.1- LLJ,\: ì)a u uur.r u¡¿ç!¡lrv¡Ç,

r-'l^^ -,^^..ì -:-^ ^-C ^ -'-1^.^^^ . 'l^^^^ .:-..f i- -,^.^ì i ^¡ .....¡^.^ --^---i ^,,-.L¡lg J-i-ÞL,¡r LÞ L)J- e LIlf g(_ rJ¡Id.Þ(= J-c¿Ll,-'- L ci._UU¿IGLt L,l1,j,L¿CJ- Vq.!-L(JLlÞ

l-oading cond.l-t-ìons -to the sar¡,p-ì-e gIZSïer;ì r.¡i1l- also ì:e givg¡¡-

2 .I S\.¡inci Eo;Lia.i: j-on

Consi de::'ti:e sr.r-Lng equa'tion;

'/ È ,:'
--¿Z-*_-- .Ð ,Ð 2 "L";.;E- 

- 
^"1 rn*^-*¡-*-

,/Y f -- tu.?
.4. ó' ¿

r.fl¡,cra" ^c:'-ìrg äiusplaceneif.: anü-lg Of the r6tor Of a S:zngi1-\J

l:orlous irìaci1irle, \./i-ch respect to a refer:ence axis

ro'l-a'ting a't nor:naI speed in ::adians " IÈ -this

-thesis a tv/o maciliile, slzs'cern \tras studied, rvi'¿h orre

o: -the r¡achines Llsed as reference.

I{='Lhe in'Leri-ia constant orc a nachirle in per unit
*^^-^y.'ã.,-.:- ^ .aã-a .¡:¡l-Ì ¡n ì1âï ca¡nnÄ caillãrl.:i.=y qvJ cl L L Þ I--* Þ ssu¡rtv! o-¿uer- êC). .

n -C'ï. \,/hei:e: G :'the machine ra'ting in l.tegavol-'L-
31îi 

amìoel:es.

lI:the stored energy in maEar'rat'ts"

l^- 
- 

';-Ìaê c\zer¡ aìî 'l¡:r qa /¡,n7À \
\¿¿v^-/ '

.;l :'Lhe freclueney in cycr es per

second"



I

-':-ha c,ìr¡'F+- 'ô^r,7Òz 'i lfl:U-l COffeCtecL fo¡' fg.teti-OnaliJÐ 
- 

L¡¡g Ð¡¡ql L vV\7 Ji

liosses in pc:: uni'¡ rnagran,/a-t'ùs.

--Lì1e Cj_eC-tf i Cai ììôr.7.â-- n.r.i--,¡rrì- Coffegted fOf ej_eC-¡?e-LÀ¡u u.:uuL!¿sG: Ivvlvsl vuljJqL 9Vl!çULçU M.

'trica-ì 'Ìosses in per uni'¡ rilagat'/atts. Ido'ce that

the dj-fference be't"..Jc"¡ p:,t and pe is '¿he accefe::-

='l-'i',¡¡ rtnl.za.r nF {-'na rr¡-'hi:ra

By c:<ani ning 'chc s\,/ing equetion \.Je see th.a'c 'the

acceleration of i:he räach-ine, given ìr1' '¡¡" second derivative

ct' delta, varies di::ecil-1r r.¡ith 'che acce-j-era''cing pc\rer arrd.,

ì n:zr¡-rq,:ì ¡z rr¡i 'l-lr r'!ra i na-¡-i- i > ¡n'.¡cJ-=n-l-

2 -2 Ciassi-cal Sc-ì-ution

The cl-assica'l approech -tr: solving the sv/Íì19 ecjlla'Lion

has been a fornal. solu'tiotl , ryh:r-cl: roilcves -i n fact, ';o be

im¡::actib,ie. i:,s an example, collsid.er e -tllree rnachir¡e sys'terrt:

b), exa¡ninii:g the equa'tions given l¡e]or,v i,ve see1:hat the ou'tput

çF a rnachiire and. -therefore i'ts acce-l-erating por,/er, ciepends

on i'ts angul-ar position and. angula:: speed luith respect to

every other iaaciline in the systern.

lf#
6

_ P^,-Pet fl414rdu r#,r!#,N 2.2
€J¿' {f (:/$"

"vl
nA

m,'//¡\,r ¿ \/í-J

ii<t' L

: Pry - fu*'{E,u å,*r#=tÏr#r#) '',
-'."fdó

j ./çLLgL
- Pre - ß*{C u cu n4, N,#ffi}, -'=



¡¡-Lr¿. 
-l--,-l ^-! 

Ãr-^L^?^ 
^.c ^.^^

r-'q-¡n'¡nr-n -^.!ãìrñ,â -Fn lìa in.ii-,rir-.:Lll! U L{LI l¡ c i- \:Cv uq¡¿çg !v q¡: ¿¿¿l ::lI Lu

1o¡-l',=Ã r¡'i.n'ì ¡ìc, ''--r¡¡ ¡¡r¡-'ci a'aJ-sULçLi, :'¿g--l'-:J L1t\i gujUCLILJ¿l

.e,

<4.t .¿'t ¿*t\è¿/ 9/ ¿ \*y 2.5

foi: rzhich the forma] ne'uhod (rvi'cir i-nirl1't por'¡er ecjìiai -:o

\ ^--: --^^ r,.,'--:^.^ -i^.--¿e!v/ ::vsË q gg-l-¡t,i-i g¡ j-nvolvi ng e-ì-l:;o'tic 'i :r'i:egral s.

.r,no'Lher nìethod uscd to solve 'i:he proi:l en of stability

n'Ê .=.| \¡ê-.\Z q,i l:rnl r= g\1qj-ê1,1 i q rL ^ - ^-^i -i-^'-i ^'^ j\v! ü v ç!Y ÐI¡tlp:g Èv ù Lsiil IÞ Ll,tÈ.: \:v LIC¿r Cl.l- 1=C¿ U-L -L L\:.,j- I\Jll .

soru':ion of e srving cqLla'ùion, \,,2i-th 'the usual- assunp'tions of

cons-t411,r in¡:u'l pol,/er, anC. cot-rs'¡ail't voi'i:age behind 'llre
h

t::ansient i:eac-:at1.ce, silov/s tlÌaL d oscilla-tes abou'c sorrle

equi'lil)r:-,ui: ¡:c:ir'3 r,¡i'¿h a coÍjs'úen': anpl-i'tuäe, providir-ng ';1:e

sys'ter.r -is s'tab're " The aethod used to indica-te s'i:abili'ty

r.¡i'ti:ou'; so:LvinE 'the sr,'.2'i 11g equa'tion J-s cal'le,C 'tÍie eo*ua.l- aïea

criterion of s'tabi-1.;'i:y. This cr:i"Lerion appl.ies oi-ì}}¡ to a

-lrvo nachine s:zs'ùerû, but because elrci'tel: and governci: response

are -to be consi d.ered this metirod ;oi:oves to l¡e inad.equa'ce for
-ql^ ^ ^ -C ¡-'l¡ -ì ,- J-'l^ 

^ - -: ^u¡¡g tJL¿! v\JÞ'g ç'r Lrt:Þ LrlËÞrù

i-ioweve::, Lhe me'thod r^rh:Lci1 is usually used. to solve

the sr./ii'Ìg ecllration is the step-ìry-s'¡elf, sol-u'i-ion. fn this

so'l_utíoir one or more of tlre vari al¡l es al:e assumed. to be

cons'i:ant and ai:cther is varj-eä accordinE to 'the assuraed-

lan.¡s over a srta-rJ_ in'terva] ¿â't. IL is usual irj:ac'¡ice 'to

assune accej-era'Lincì- po\^/er and hence the acceiera-tion 'to lce

cons'Lant over the tirne -tnterval-â.t" The ¡irechanìca'l -inÌ:u-c

por.= is also assursed. coi'rstant" Gcod. accurac!¡ can j¡e

-r'ì i¡i'l-a m:¡hi na annnan{-aÄ: J¿:J- 9V ¿rrsv¡¡:¡¡9

ì:us, v/irh dançing neg-



o

-Ì-r-^ j.^^r ì--- r-r,ìê q.l_o.,r_l-,i¡_s.:_'1* -.^-'-r^^r ^*-r .lh.e CO.ín.ìlU,úatìOnS(./-UUGJ-::(::;L,- .U\,/ L:as Ð LstJ-lJ./-Þ Ley :.iiL:1(rL¿ élJ.(¿

.!¡J--lt: 
^i-"al^.s! É : GI¿ -'. \/ if IIrrtJ.l-\-i .

'Jhe s'tep-ì:y-s'tep ne-thod. o:i so'ìving 'che s\'/incj

.'-ì 
^q i ^ .(-.-i I j 

-.- .:-^ r-¡¡r- ^ 
.i --^ -:-'l-^ -=.1 ^ì ;1 ^.c re(r¡'ü;.CiOn AS r:CI;lf I Ic¿-Ç r-(-) li:QS'L ¡JÇúljurllj l-ll ïlle j:ie.l-Cl OI llo\?ef

s\/s i cri.ìs - 'ii:e e]-r.'tl]ùr: f cl-'L tha'¡ :Ln vic\/ o,:- 'clìe f ac't tha'il

ì^,âatìì'l ;'.'-¡:^q Fìl.l n-,¡¡i.l-ar-C \À7,â-a^ -l-n'lla .i-=i¡¡.,a
" -- s Lv rJç Lç.r!çr¡ in'to eccoilnì: i n

-tnis s'ui'Ldiz, ailc':i1er r.reti'rod lnore coniì."r.r.cive 'lo digi-'tai- com-

--rrJ---!{.--.^ ì^-^ J-n jra ::c¡¡,i r.¡?ra rr.:.i--n,rr'ì ca'ì ¡alaJ r.r-¡ /--i'1 'l a I
iJi.-i *.:L-L(JiI lIêLl -U jJrj Li.;f (jLlc J¡¡ü lirç L¡¡vq pç!(=\- Li-Ll lvclÞ u-r.l-J-Þ

-?.--.--i -.t-.; ^-^ ^.ç .L'ba -pfrr-F-:-â_llr1Fñ^ -,^l -,.,-.i,^* ,c^-^ ^i -^r^l ^ .cr Ð^t oÏderVeùj.q.L:Ut.t L)I uIIi: i\L.rLLe-l\ur¡_çr- ilLJl-LLUI\rJ..l l-UI ÞI¡rllr-Lç !J-!Ð

^r j.=.1 ^-^^.^¡-i¡ì ^Ã..ã-:-., ^.^^2L¿Il.: U: s jr L JG_r_ U(¿Ue L ¿U¡lÞ

2 "3 l(ur.t'ta-.ìunc;e l.iethcd

?he ?iu'c-ta-RunEe ne'thoC has l:eeir used recent]lz in

-,f-r.¡J ^r .i - -.a'l i-; -^-. I ¡.--,- --'^.:-.-ri-c rr¡i :rel 'l >:-a,: -^tn,a-..-:-o-aa35LLiL;.1-(-> ijlVUIV {ltg J-c¿I 9g Þ-!ÞLcr:rÐ LLÐr¿¿L-j J-Gry\= UiJIiaiJL:LsJ_Þ

ii^ã.r- *.¡r]aa.ìa -"^^,ì :.^ ^^.*.:-'.i--i rr¡- -r-ìn,= c'.i-a:-]11¡-ç:-;-,ã'ô -l n-l-oclfatiOnL'!V- L illgsllul,{J uÐgLi, -Lll çV¿illJUlLI¡l:J Ç¿tç Ð uçiJ-!J-È LEXr :¡¿eçY.

of. di f f erci:tial eo;uatiolls have cne cssential in cor¡non wi th

o¡.^'lr n4-'nar-- rrJ^iå -i r ^-^'jr c,.i-a:: ,r-F ì--lr¡s .i i¡{-¡¡Cir^¡-iì n.n al-,1êçqu¡¡ v L¿¿s¿ ¿ urlciL I¡ t ÇL gc:\-ri È uçrv v! u¿rç -Li:Lg:iqLrv¿¿ v¡¿e

must use va:]-ìres previously calcul-ated. in ord.e:: to ;o::oceed..

r\T- \+F¿cÁ ¿,rr__14 iliÌ
1i

Eli nrrra ) 1r ¿ìrsrv 4.1



l0

î:-: o-;l:e:: rv'ord.s, if oire .:as arr-i vec-l a't y= and r,'¡i shes

-r-n n¡ ì ^:r ì ¡.'-a r¡ lqor= Fi c.l-.-^e , -l \ Õr-ìr. i1ì-ls-; lf aVe A ]-.1-lO\./-Lv u+:çü:+uv I n-r-J- 
;' o -'t v::e ¿!

i-edcie o: i.; - t '/ ^e'tc---'the nutC:er of 'tlte {3i:evioìfs val-ues' -n-; -!\-¿

::eciu-i::ec-ì. d.epcr:c1ii:E on tire accuJ:acv neede¿. and 'tite nte'thoc1

..sed" Tire '¡::cvious vê-''-L1es are :ì-i:cl.icati-ons of hory 'the -:uiLc'cion

rvil I ac-t .'in 'i:Ì:e ::egion of )¡ì-, to ),'li+-,. aird i1: røouid indeecj i:e

vastefu'1 'to d:i-sl:eqarcl 'these val.ues. In haird calc'ur1a'Lioi:s

:rcsi :c;ir:u] ae are of ihe C.if'Fc::cnce 'type, eïe sinple and

a::e ec-rs:-.ì-i¡ =eineii-ibe::ed- liris is a cLefinite advei-Itage , ruirere-

ii-r-r irrên'ta'l -'labou:: :'-s to l:e liei¡'t ai: a t'nininruir" There are

horvevc::, d'i sadvan'tages \^/i-th 'this i'ne-tl-rod- Tl:e fi::st -i s 'that

it cannoi- l:e used a-t the begiirn'inE of 'Lhe in'cegi::a't:i-on

l:ecause ¡\^/o Or ¡ilore va] ue's of yn a::e need,ed- and the::efore

some ari:-í-i i iei:y metnoci r¡leis't ¡" o".A to i:egin the calcnla'ci-ons.

Ti:e seconil d-j-sadvantagc i s -Lha-t it is diiÊf Ícult 'Lo change

'the size cf 'the tirne in'tervah- inthe ¡niddle of a run. Ha]ving

.:^..'l^li.^^ -'-f^^ ^.:È^ 
.i^ ,-¡ì-r--i=:alry ô-i-r- 1¡ la:r.L a'l^=-¡r'i:r\r-:- vr\JL¿rJr-L.ry ".llc size is rela'¡ive)-12 sinp3-e br-rt changing b1z

otl:er -3ac'bors ífroves 'to l¡e conrl:e::gome"

I';"l:ei: using digi'cal corni:äì:e::s es opposed. 'co Ïrand. caJ--

^"r ^r- j ¡-^^ '-Lese considerations assul]ìe Cif f eren-t if,rolforti ons.uuJLc¿L]L9jfÞ, LIJ.(jÞ(j U\-/l.lÞJ-14\=.LAL.l(JJ.rÞ GùùLlrils L¿-L!rçrË¿¡L iJ¿vIJ

Tt ì s a serious d.::an¿baclc now -to supl)lrz -the cot:lpui:er \'/i'th

-.r¡,ar.i >l i',^'a'Fìrofg and i nst::uc-tions to begin'the ca-icul-ation.

ii siür1:i-e o.ce;a't'ion wlren so:]-virig 'lire swing eo;uatioi: b:t hai:d,

-;-hã{- ¡'F .-'lr¡i-r¡; j' '' ¡-'hn 'z-¡^-i ¡i - lef 'tO Cal:,'Y O11 'úOLlrc. L !r.L urrcr:y If1$ 'tlle Val: j-a5ie V.^ i l-fl OI C

the ne>l-t interval. can assut¡ìe se¡icus p::oportions ín time

anol 'instructions in a digital- cotnputer"



-i.s ait e:ia:li)J-e, lta';i i:g cal,-cu'l a'tcd. 1rr.*-, and i'¡'i sh:Lng

'to ca-icu-l.a-Le yn_f2, olr.e nrus-i: :l-i::s't rz.¡:-ì-te the p::ograrn to
-¡el(o \'.^, si:i.,--'t i't ì:o yn_r-r (usci. 'tc ca-ì-cui.a-tc :tn) and shif t
'thj-s i; 'ti:e riier.no::1r tc fcsli:-o:: y--, rrhe:eas for ^:ar:ci cal.-

cul-ation 'the ope::e'ùor i,.¡ould- r¡ei:ely sirif: l:is e)res Cor'¿n tire

1:age.

'flrere-i s anoche:: cons'i de::a'¡ion r.r-hen usì::E cc:ni:lt'tei:S,

and 'tl:.;s is s'to::aEe space" S'to::agc -'cecoi";ies critical as 'the

nunibe:: of rnachines -ì n a s-tud1r i-nc::eases" Therefore, one is

Led 'Lo ì ool< fo,: ,¡::ocesses rvoich clo i:o-i: inal<e use of p::eceedíng

values- lì l.a::Ee Eencra-i ciass-'-':ica'lion of such. processcs

ti:a'ì: Co no'L ::eq'.r-ire previous vel-L'.es 'ì s given by l(utta4, 5'

i(u-t'ta inves'tiga'teil a j-a::gc nu:.J:e:: of 'ti:ese processes d.eal-ing

ryi'tir va::-i ous orclers cf accu-j:acv. rìj. inost a't-t::ac-tive rne'thcd

: ^ -.i --^- ì^-- -'-'-r-Þ 9-j*vrirl ;Jr,/ "l:e fou:'th o::de:: I(u't-:a-F.unge process" ilY ':onrth

^---7^-- 
j,'- ; ^ .'- -.-1^-¡- !1^^ -:.^ .--^l^ ar-+:r

u:Lig: J-L :Þ ¡llgellL LIIeL LtIg rgj-J-(J: -1-¡l Ueu¡l È ugiJ -LJ \/l urls

order of n5, v¡here h is'the in'i:erva-l- size be'cl.¡een ca]cu-]-a'tions.

The Ku'¿ta-lìunqe r:rocess ivas used. iir this thesis iirl

-the forrn of Gil'ls' var:l-a-tion'" This irethocl consÍs';s of 'Four

r,-- -^^ì'-: yr-¡-.i ¡qq I qaa ,F.ì cr:-¡e ) )\c:JIiIL,rii¿lr¡auILil'¡Þ \Jsç :,LYuÀç aial .

f'rî
lr'ì aiìl_aâ

Yn*z fro^r¿



J-¿

Tire f -r.:c'l a,:1:::o:lj-rna'tj-oi: ce-'-cLr.Ì-a'tcs 'the sJ-ope o'F 'tire

':unctic¡: a't i:ai-¡ 'the in'tervaj .ì.eig,ì: ì:e'tr,reeir 12.^ and. v"' ---- . i-t n+l'
-tl:e second- ai:pro><ì rLration agai n ca-i.cul-a'tes 'tire sloif,e a1: 'i:ire

ì^-ì-c ^j-^-'- -'-l^j-, .Lj..-^ ---j*-. .'-l^^ ---ì.-^ ^.c -.-'Ì^^ -=:.^^--
Ilc:.i-l-\.'ic' lJL.,¡-l-I1s¿ LllJ-Þ L:i-.!i.!ij -lÞII]Y L.i,l(: Ve-r-L¿(= (.J! -¡IL= j.I!ÞL

arrp:lo:.{ j-irat'i oir aS o r.¡s-ì EL:.-tcd i:e,:iri; ti:c thii:d a¡:p::o:<ii'ra'tion

Lrses 'lhe firs't ancl seconci app::olr--.!:ìa't.Lo¡s as lvsigh'Led. vaJ-ues

ar:d calcuialcs ano-the:: val-ne c-i sl-oi:e a-t hai-F -tire dis'¡aÍlce

be-tv¡een -this 'i.r:'tervai; 'ì:he :fou.rth ap¡rro:<inration 'then cal--

cu"l-a'les'the va]i-re of the srope at-Lhe end of -i:he i-i:'ter:¿al-

using 'lire r're:igh'Led velues oi lnc ii-.ls-t, seconCr anci 'lhird

i -.^,1-j ^-^qC lJ ìri (r-x- .L¡LlG L -LtJl.!- .

n-ì^^ --^i ^L,,-r---- ^-: -'-l^^ -,ìrla.:r-taìtìcì irallrr¡ n-F .Í-?r,a ql6i1n 'lr-o
-j-rltj \'/ç,iJ-:j.tlLr-lLJ'(r: Lll\: l'J!sJ¿v;J vqrul\3 UI L¡l,g ÞJ-\rP\= Á¡eù

l:een C-e;:ived ì:1' 11.'l'.'a-, o:t'tenCcci ì:y- lì'.ri:Ee, a'td ar.rill i'Fi-ed by

Gi-f-l- - I(u-t-'ba slr.gges'tcd- f ive s;cec-i a.-'1- cases or sol u'ùioi')s

i'¡hici: Runge sco¡l c-ievelopea into the s'i.nP-l-es-t :oa::t'icul-a::

soiu-tion" Bríef ry, -these rveigl:'teC "ce::ns al.'l-or¿ us 'to olctaiir

a high degi::ee o-F accul:acv wj thou't. any l',iror.¡'ledgie o-F previous

Lg!¡llÈ.

2 -4 App-'l-:i-ca'cion of 'the Kr-t-t'ca-iìunqe !.'þ'thod.

Ti:e sl.¡'ìr:cl ecTuatìon -i s a second- ord.er d-ifferen'tial-

ecjua'ticn" In orCeilto Lr.se 'che Ku't'la-Runge pi:ocess -ljre s\./inE

eo-uat-ìon :is sirnpJ-ifíeo -into the fo'll-or,y'ing 'i:rvo f-Lrs't order

di 1=f ereiliial- equa'Lions "

--Jq¿-- .O///(-{o'a î4//
/a

ttw _. e1
a/JíJL

¿-o

2"7



_r 3

\,,,-j1ere : vJ -'tl:e s;oeed ì .: :ad i ans ller: second.

ñ -.'-l:e acCCle.r:a.i.l .rc; ì)íìr.¡¡-,- (i e \
lJa=: *r:s euU'ij.:gJ_crL:i¿: iJvriçt \:.ç- yin-iJe/.

i.i --i;ire iner.t i a cons'tal: t -

One cail ilot./ bcgin 'to nnd.e::s'tai-ld. 1:he reasoìì. fo:: the

cl::.oice o1= 'tl:e i(u'tta-.rìunge lol:ocess " Tl:e r¡e-i:hod is capab j-e

oÍ ]:ardJ-!ng as iìanlz si¡-rg--re oräer differci:-tiaf ecrcia'tio::s es

.:-l-^ -^{. --i 1 I \ì I ^-- r,,- l^^-^-:r ^^ ^^^ì- ^lr ¡- ,L-! 
-ÌLrrs r.,s-!..,iJ ".u-ì-ì a-i.-l-cr.y- ï'l ha¡:ci-j.es each d-iffe::en'tia_i equa't'ion

se;oa;a-teìv, 'th'crs a concj.se sul:::or-r'tine r'f-i 'thin 'tl:e co:-lfu':ei:

ilr:oE:rain car: l:e rvri'tteir ai'rd- useiL .=o:: eaci: cìifferen'tial

eq';a-ticn rn 'iurn- S-r-nce pa.-'i: oi ',ìre ¡:urpcse of 'this thes'i s

is 'úo cons:,-C.er exciter and- govc:lnoï response, bo-i.:i: of iul:ich

ar 
^ 

'ô lt¿' =:lìr:^.¡--r 
j

uG¡¡ iJv c:v:J:v-\-l-i!icl LgLl í,ry .i--:-j- Þ L si:ç- vç'vt¡li vl v_çt v_.Lr:ç!çftL+q_L

^^'rr-J-i ^.^^eoruari-otìs, .c-i1e sirr¡:licitr¡ of 'ti:e i,le'Lj:od lfecones apparen-.-

The e:<ac't forrrruliae usec-i to consiäer l:eEu-La't'; o}'i \./ilr- be deal-t

r.Z.i .i-'lr -i h c.ân,:r:^i-:-,ã .r,:i=-n'i- r-¡c

Îi:c a:cutacy o'F -the l{u't'i:e-R.unEJ pi:ocess as col':lparecl

'lo -bhe s'tep-lly-s'tep rLrethcd. of so'lut'ion has been inves't'i-
l.<

gated- and shov¡n 'to be superi or-.- " rn orderbo checl< 'the

â..ìlrFcr¡ o-3'l-?-ra I{rl'i-+Ê-Rìr?^ì.rê 1¡-.rì¡-Êqq'i-r"rrr r:::obIe¡ls v/i't11. ]<noryn

sol-u'ti.ons \,/ere sol-veci and -bo'bh 'bi-nes ::esul--ts obtaineci

prcved inoi:e accurate 'i:han 'those ob'ta-Lneä by 'cl:e s'cep-by-

ãJ-^-^ ã^f ,.i-i 
^eÞ L\=¡J Þ(JI.L¿ LJ-L/II .

2 - 5 Pov¡e:: Ecirra-ti on

Cons idelthe

is ca'lcul-a'ted from

eo;ua-tl-on 2.6¡':he accelera'ting po\.ì¡er,

{-?ra -inl i nr,r-i n¿.r êaiììã'!-ì nlr¡v-'-:vl¿ ¿..:



/1 _^

l-a - ,/ó
'(,2-l¡ ,c :- a .

nach'i ües -

-';ire ç'ene.r:a'to:: i.:';e-i:al._ rroì.,-age angl-e r,.¡i.lh

::cspec-c 'tc a sy.:c1:::oi:olrs l1z ::o,;a.tinE ;cfe¡:-
ejtce vector (in::Ln-.r.te Ì:r_rs) "

-'::11 
ê -i r,rFCl'i 'fì¡i-\,2 nâr^.j- o-î .thn rii^i rz.i -ne :¡n.i r-.'- --.^ iy Dç.- w vL i-:rs u! ! v I¿¡y rJU.Lr: u crl.l(¿

't::ansf er admi't-tances l:e tr,.¡een gene::a-to::s.

Sinìl-a:: 'Lo G. . t -ti:e adini't'i:ances ai:e caJ--I, J

cul ated f;on bciri-i:CL the 't::ansien,c ::eactance

^,a -'-L^ .--^-l^i-^^-()I 'Ltte lìaci].ì tleS "

G_. _ __the reaj ;ca::.t of -the adrai.ttance .r:e.tr+een
Lt )

Eene.ra'tors L, j " j=dr,rit'Lance is ce't ct-l-t a'ted

f::om l¡ehind 'the ';ransj cr:'t ::eactance of one

rnachii:e to l¡eirind. 'the transient reac'tance

of i:ire o'the::.

2 "6 Sarnpl-e Systen-r

DUe 'tO 'i:he S¡nal-I giTo n'F l-ha nnrrr¡i116¡g I 2OK mernorlr,e v¡a ¡¿!

scirarate pj:ograris, e1ong rvith 'the L6zo loac frov¿ p::ograÍì, had

to be used to solve fo::-the mu'tual and self admittances i4
orcer to obtain aLl the various parameters neeclecl to d.o a

Tor Cerivati on see -P_irpend,i>l TV.

r > I t'co.ró-d1G. +su?Eó---ó.1-.; /_ \i,,(Lo:io¡-ojJÇ¡i t r/ ;:t \ v

¡:" -titc ii:i'tia,'_ el-ec';:::ica]_ Eenera.bo:

l¡ì ,Il-, -'the i nte¡:ria-ì_ vo-i.i::-,ges (nagni-tud-e

l:ei:'i itci. i:i:c -L::ansi-e:.i't reac.i:aace of

u; r l)'i

,::) ,

L T.J
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t(f

transient staì:iIi'ty s'tuclya: :-:iJ- 1:ara¡:ne'te::s \,/ere ol¡'tained 'ñor

va::ious loaCíng cond.i -l i ons . Lef e::ri ng to f iEure 2 .3 , 'che

qi r¡al n ì ì -.-n 
^i aCr-an .!O¡- .l-:rp. c\zc-'J-t.r.¡ cJ-.:¡l-i ,aÄ ^nõ eôêq .tha.b tifev *-¡: r-v I¿¿:9 s:u-J: q:L¡ 

-v; 
L¡:u È Y rJ !çlll ú ç ç:çl:ç9, VJ¡g Èç9È

po\"/ei: ou't for-tl:e infinite necLrine-ì s 6.3 p.u. on a r00. if.rA,
\

230 IiV l:ase'íor a load on ltrus 7 af,8"û 1;"u. (uni'ty lror^/er

F:¡-þnr\ '¡l¡,:^ f ^-l-'-^d ¡n.¡Äi r-i n:r .Fr^^-^ '-l ^ r-^ O Q n :rÀseuv:/. çV|Jiv ].uaLl1-j.!q U(rijLi¿u¿(JlJ. illJri.i ,/ p-(.¿- L(J 7.() ¡J.L¿.

the porve::-Fjoiv ou't oL'ti:e inf.'ni-te bus rvas lcept coiLs'cant at

^ 
Â ñ 1r :nrì .i-lra -nnr.z,:-r ¡îi.F-Farai-t-ê 1-Ã1t11ì r^: t-=? -t-ì^^ 't ¡¡r:Lr !y L-¿¡u ' .rod' l'Jas

'r; ^¡ ':^,, .'-ì^^ -ã-i*ir- -1^-i.^^Ð UIJFJIIgU JJY L]Ig I -L¡II LE ,L:Tqç]IIJJE .

Refe::ring 'to figu:re 2"4, ':he ci-rcuit cllagrarn of the
q,rzq'¡¡.nr q{-rrê i pcl i q, qìralr'z'n rllli sl gr/q1-r.:-rì i s t/er\¡ s ì mi 'l a-¡ 'tO

v/pvÈ-;¡ ;v 
"-*-¿

the Grai:il Rapid.s-i^Iini:i-1:eg sec-tiol'r. of 'the l,ianitoba i{1zdro

-,*,^:-^.^ ñì^^ÞJÐLsrrrc i¿¿ç iner'lia ccnstan't (i-l) o'F 'tne finite nacni.ne v/as

sel ected to l:e 21 on a r0O ì'iVi: base r..iirile 'tile -inertia corl-

stant for tj:e second riìacirine \vas infini't12. l'l:e sclection

or- H is i in::o::'tan't but no'¡ cri-ticai as cen be seen by re."errin g

'to fiEure 4"36 of reference I0 r:eprodliced below as figure 2.5

\./here -the ef'Fect of raising 'the jne::'tì.a cons'üan'r (l:I) by 30%

on a svsten thaL is similar to 'the one studied in this 'thesis

is'cha't the out1:u't por'rer at a s\'/i'tcjling'cine of .2 second.s

i nn'ra=qac ]¡rz nn 1rr /-o.lI¡¿ç! çGÐçú pJ vLILI -:/A-

'P

Pas':R
¿ Pt)

l/.J.38
4

-:-ro*Eï=:_.È_.-,^..+
.ã.'7 /-t: â.6

.=

-.¿r e 'ì 'i- -i n:¡ c j -n 'i--n ¿:
YVeLç!vjl, ¿¡¡

store da'ta.

l-----@-------f o<)

C*t*l 
-tnacr'tng

.-_.ffi_l
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In this chapter, 'the svs'i:eilì lvas stu.died a-s a "rai'/"

systen" Tira't is, ti:e .=ii:í'tc 1.,-,ac1:ine t,'as al I or^¡ed- 'lo s''+J-aE

r+iti: no gove::áo:: ac'tioa and rvi-th a':i: gap f ilr:r rema-ii:ing

constairt " In orcierto siäirl ilc)¡ 'ti.te study a nur¡l:er of con-

djtions i!,ere ar:i:lied. .:':s'bire neecL fo:: eaci: conäi'c-i on ai:ises

ti:roughou-L 'che -tÌ:esís, i-t rvil'l be deal't r¿i'th separately a't

-'-1^^J- +i --^LIICi L r: J¿l¿r= -

Fo:'tl:e en-tire s-tuC1r the-t121:e of faufi: and-cne ciearinE

time of 'the f aul-t \dere s'tai:darCrì zed" A -three phase f au]'c

\,./as chosen because i't j-s 'tlte i¡os'c severe 'type tira-l riì41¡ rbe

a;o1-rlicd ';o a Po\'¡el: s1¡s'Leln- The 'Fau'l'; clearing 'tirne (Tt.)

^ ^!- ì ^.- ^^-^ 'ia

Ove:: 90 ,:er con'c 6'F Lhe f auì ts oil a systern a::e

j ig'h'tning f aul'ts ai:d the ar:c crca'ced is e:l'tiirguisned'

:el-a'tiveiy or-ricìiJ-y" Ï¡: rnany pof.Ter cot:,i:anies, such as

i,lani-i:olca ËI1rdro, '[he circui'c J:rea]çers e:re set 'Lo cleàr the

fault in alcout five cycies or .0833 second.s - A cJ-ea::i-ng

tirne of - l seconds as oì¡i:oseci 'to 
" 0833 seconds t¡a-s selec'ted

because of i-ts l-end.ing i'cself -to ease in time inc.cenen'ca'tion-

Througl:out tl:e entire 'thesis a three phase fauf i: r'¡as

apl:lied c] ose 'to bus ii2 o]? l-ine 2--3 - SunünatzzLncr, then, a

L1¡r (.:{J tJlId.Þe I ctir: L VJaÞ a!/¡J.r--

second.s for everv case stud.ìed- in this thesis.

2-7 R.esu-l--ts oÍ a Th::ee Pb.ase Fau¡-l-'i: on the ¡¡-)a\'7:r S!¡s-Lelr,

.t-^ ì.,¡rraqrri rr>#a i-'na :-e¡n'l-'i nn n'F 'l-he sannl eLV tr¿¿VUË!!YqUç L:¡U J9svLsv¡Á vr

va::ious conditions of con'trol, seperate

In orde::

srrs-'r¡=nr r:nrIe-,^ tne
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tes'ts \'v-êrê ca::r:ieil ou-l . 1.o ì:cg-i ¡1 , ¿ ir:5-,r¡! o:: s'ir¡pl-e systen

i-i: ivi:ich. ne'i'the:: govel:rì.or nor e:sci'te:: svs"teÍìs rcere usecì l¿as

fau'l ted iv-hiie sui:p.I1zl4E va::ious lcads. Tì:e load ltus (:;i1)

dernanded'loads varyj-ng r'rori-i 7"8 p.u" 'r:o 9.G p"u" incremen'ted
i :¡ qi-airc n i ? '¡ r'

LJ ' q'

Re.-c::ring to grapl: 2.L, i..'hic:: gives t-ire sr.rirrE cul:ves

for se] ec-ted -ì-oacings, :L't can l:e seen that t::e systerû re¡,rains

s'cabr e af'ter a -tj:::ee phase f au-r.L is ap;olied- on line 2--3 and.

cleai:eo1 in.l- seconcls, r'or loacls of 7.8 p.u. .to 8.6 p.u-. The

¿:f^¡ì nfr- 
^ìì-al7Ã 

-l õ hì 
^J-.L^Jp,.À.¿r ¿È rv-r-vsLsrl uL{L to si:l scconds and i'¿ can i:e seen

'Lira't each sìiccessive sr'/ìng dec::eases in raagnitude, thus
.i qÀì 

^-.'- 
j.^^ 

^.!-^l^ì 
1 i.L--,i_iiL¿l\-a Ltil9 þ LqIJIIJ Ly .

Fol: a t:esis-tive l-oad of 8"3 p"l-r" 'the sr,yincr has

inc::eased noticeaì:J_y froli 9"6 1:"u" ye'L does ilot go uns-table-

-'t this l-oadjng, 'the 9\¡s-terr appeai:s 'tc l:e c::¡-ticaLiy s,cairfe-

I'o:: a load- of 900.1'4f or 9" p"u" -i:he systen is definiteJ_y

unstabl-e" Ã.s one woulcl exltect as 'the load ìs ii:creaseC up

to 9-2, 9.4,, 9"'o and 9"8 p"u" -i:i:e s]¡s'tern becornes unstab]e

nore c-¡u.-c:i 1¡z Îg; each upr.fAi:d i-nC::e¡ren't in pOryer

The founda'tion of the r:::ob1e:n l:as nor'¡ been se't. The

sys'tern ranges l'rotrr being an iirherentl-y staÌrle slrs'tem to one

'that is cri tically s'table (8" B i¡"u- ) ssgl'l't ¿f i ng in an

undamped curve , 'co a systen that is unstal:l_e rvhen the Load

'i s gra'terthan 8"8 p"u"

Forthis seri es of 'lesrs ti:e voltaqe l¡ehind. tire

transient reactairces and- j:he input tlov./er was asslu'ned_ to be
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rapid

colls':an-¡ and ne-i 'lhe= Eove:-jìc:: i:o:/e::c!-ter con.t=ol was

appl-ied" The ne::'t logica-ì step is 'to de.rer¡':i,jne the effec.b

of eacir of 'tnc nc-th.od.s 'to ìir.p¡:ove -transi ent s-tab-i-l-i'ty rvhen

seÐel:a'¡eJ-¡z a1:p-i-ied. to 'the slzs'terl and f -i.::ar 11, to allpi:/ alj
me-thod-s s'F cont::ol "co tlre sl//s'tert 'tc gaín t?¿e over-al-j effect.



T1:: sr.':Li:g eq'Ja':aor'l a.}o::c 9'ives a good- ii:d.ica'bio:: o-i

'.'.tre'li:cr o:: no't ê nleciìii:e or a Jì/s':ctir is uns'iabte, 'jru't'the

;:urì:cse o'F a't::ansien't s'taì:ii:ì 'l1z s'luC,1z is no-t j'ust'to ta:;c

no-tc of r."'he::e a slzs-Le:n Eocs ur:s'¿al:ie, -]:ut 'to fii:d hoiv tc

rrìeli.e 'li:e svs'teäì riroiê s'tai:-j-e so -il:a-t one rtay 'tilans¡ni'c tìot:e

pot,¡er alorlE a j:artjcul-ar liire- This chap-ter ryil-l ::e d.evoted

'to one aspect of iurp::oviirg 'the 'cransì ent s-tabil-i'ty: that of

v v v ur ¡¡v! r çp,-Cjf i3e .

3. I Ccve::no:r lìesponse St¡s':crn

tìal1 ,a ¡1'¡'^-^-,^ ^-: 
j -- .-ì^ I ^ -t-1^ ^ -.: -,-.r:iJOSe O:f ct 9OVej:n()Í' ljl 'at:l-s g.t-Icsl_s r-s 'ùo SenSe

â Sìlêêr-.ì r'-''ìâì'lcie. rJ¡:c -;-Õ ã gì¡dr-.-re,r 'i oar-ì'i r^,ci n:^ rtr¡'l r-r¡n''i ircr Of tife¿vqq!¿:: q:¿!vsq;:::

9-errei:a'colr and 't:y 'to ::cç¡lil a'te 'the s¡;eeC so as to llave it

rer,rain constant.

iìef e::rì ng -to f i gure 3. -1, a l¡l oclç diagrarr of a governor

res.oonse slzs'r:eli1 is given"

(7¿,<t Ê,¡eriro ¿l

ûovi'en,o''r'
i

,_,*.__l
r1\

J

i ft,¿çiiie¡tci
.tPr.¿'12

,P4tr¡"
,/Yawi4



Tire Ì:'l ocl< cliaqra-iî nrev be ::edran¡n as sl:oivn

22

ì'n Fi er¡¡rasÁ¡ !¿Ys¡v

¡'l-gure i. ¿

rv-ltei cl: !v àt- C. r¡'1-n ra'Sai-a,îa.s qllaarì i n r¡rli ¡nq. ¡êì- second..!J¡¡ç4 ç - vV-^--: V. I¡¡E ¡/"-

The l:efei:ence speeä coi:respondi ng 'co 'the syn-

chroäorjs speed -i s se-t to zero-

rv -'Éhe CLeviation f soin 'tl:e ref erence speed ír.1

raC'ians rrer seconci" Because -Ctle reference sitreed.

is zeto, "Á\./" ]:epi:esen'ts 'Lhe devia'Lron fro¡r].the

no.rlna1 speed-. Thj s d.evia-tion is d.ef i ned. as 'tÏ¡e

error in speed 'i:l:a't 'tl:e governor acts Qn"

s -Laplacian o1:e::ator"

T--the over-ali -time cons'tant of 'the governing and

l:vdraulic svs'cen i n seconds -

r/-tt^n ,t-¡rann-¡¡rr' Är-nnn i:r -¡a-¡ rr:ri..!- rír'1ra na¡¡angift
0 - 

Lr¡|; Lg¡llvuJ- el. J q¿r vviJ -:-¡r iJçl q¡¡! u . r¡¿ç ì/ç

d::oop of the machine is iEno::ed.- Concep-tua1ly,

Lernrcorary Croop can l:e thought of as -tha'b va] ue

of droop tirat jrs reclu-ired. by 'tire ilìaci-Iine in

o,ues'tion 'to share in pro;oortÍon -to -i ts ra'ting

the l-oad dernanded r'.¡i:en a sud.den c?tange of load,

?t Lor,/ei: case l-e-t'ters ::efe:: to the tii.re Cornain
r+i:iLe the up¡cer case l-et'cers for the corres;oohding variabl-es
refer to the Laplacian domain.
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ls pl acecl on 'the s\¡stcri"

Pe:a srnall s'úep _l_oaCi. chai:Ee in elect::icai ,Ðov/el:.

"northe i:urpcse of t:his anallzsis a value of

. C5 Li (-t) !.,ras chosena.

î 
" 

Jrar¡a't,.*-?n,ù Of GOVe::::O:: :ìeSl3OnSe ECiUat j_On

Conside::inE figu::e 3-2, 'the -transfer func'bion of ,che

qi¡qi-a'¡ ì ev_z vLv¡!. ru

7F - \</r';
ft"'^ I ^^êJJU

Gliu

thus

,/7 " 
\ø/tt

\,4 -l"- /9*6/5/r-"'

.i:¿rt.z cnl ¡zi :¡n 3¡v rr i n â^:ìì:r': ':,v!/ Ðvrvr¿.!y -Of pm J.n eqìJa'ùl-On

ecluation 3"2, \.¡e elininat" pm.
Ð , /Ø \../

/€ rs) -r / /s V/Õ) --

- /=*t \,r,/iss * h"/cu:
3 - 3, a::d substitu-ting into

lt--k-kh) - \.4,y's-t

Y7s

- Æ,,;

- X7-s

U¿é¿
/2e ¿s)

-(
F. rts

/"/css r

-r/,-(/

J*
l7s
*

\ ,-f-

-/1 / \
/ ¿ t-¿q'n..S ,.È. \( / *ts -hÒ//7s-/

6l^Y1,t 'i'

)"¿t ^ î- J.,/¿¿-t-
ó

*

/s

YTs

) t^to-,
yT,t/,-s' ) l,(cs-l

?Ã

nq ìr l-¡\ iq >-vr u \ L., !p <¿ c'l-arr -írrrr¡.i- i nne¿v¿¡, I.e"
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Consi de::, 1.or e:iai:rpl_e, a step d_i stu::bance o-F

r:e= "C5 u (-t) i.rl:en praceC cn'tlie sys'tern. Solving for IÍ(s)

equetion 3.5 is ol:'Eained-

-, OS Y TS
/ -Ê 7ö f d7h",s"+

Ti-re ecllìation is norr' in

Lairl ace 'cransfori-n for a second

r'¡l:en a step input is applied.

'che Sol ullgt oc '¡hiS eo,ua'tign

in ti:e fol-Iorving form:

, / /\'
<-<-. (-€_/

t,;lr ¡¡i-:¡ .

a s'3aädard forn 'that is, the

o::oLe:: äifferential- equation
'f a-^n-i n¡: -l-L^ rran--'Li vra aI a.-I9l.t(Jrrll9 LII(: rìeli d.'L-l-V(j :;L9t-] ,

ín 'tl:e -Lirne domai n i s given

Cq,-= t2:-r¡ 
d ffn-ì

- *,1q ¡ru

¿¿
Mn

ilt rt¡¿l(

t-l

v//- 't'e

î
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In order to select values of vr.^ and f tha-t v¡ill j?ro-

rzì Är¡ rtr¡¡'¡i ¡r-ì -c,:-r=rrai-=rc -;:n-r .¡-na ñ^\7âr^ì.^-a ì^êeñ^'ñcê ¡¡rr'-r'i:^:r- " -*..or l:esPonse cu¿ucllon,

it i s r'Ìecessar\,/ 'to rel'ei: 'to re Ferences 6 and 7 where a lcheo-

:-^J-l nrl ¡rr.!-i -.'..--!çLrçc! vLJL.Lri\uru !sÐiiv¿rÞs c-:ânSien't fOf 'the goVefnor i1cìs oeen

piotteo. Îi:e -rlotteC curve (sce figure 4. reference 7) can be

ãi-liì-ro-¡i nre-l-acl l--- ^^.'^-'-r ^-^ '] .^ 1)¡.-É¡.-¡-a4 -a¡¡ --^ j - r^ =. -Ufe 3.3s,u¡Jlv^:rrrÇLç\l jJr.z \:vLrc¿L-l-(J¡l J. J. :\cj!(:J-::¿19 êvC¿J-II L\J .t-ILJ

it i s seen ti:a-t this curve can ife n:ade 'to a¡:;oroximate closely
€i¡,¡-¡¡ A ;- -^n.i:¡-ran¡-a 7 -hr¡ 

-a.Li--i.-z t.' - \''i:rgure ¿å ].n t:L- . -: sec'cl-itgi \{- = -3-. ai-ld ¿ = .5.

Therefore:

T - 2 >: "5 -2"5 seconds
Á.

iii¡.i,2 -¡o'Farri rra i-n .=¡-;rr='¡'i nr¡ 1 ? ¿tr-;rrai-i r^rn ? q -i q
:\v\v, e*v¿¿ ¿. ¿ I vv¿er

, -'lr1l ì-\-;- > 1 'ñ Þ1l)r

YT "/e
-*7:/n-

;*l-f

:- 7-n{*o f <-{-r

clt
\,,/here: T -an overal-I time cons'tant, rela'tinE the governor

and atl the various coinìtronen'ts such as wa-ter

. accel-ei:a-tion and inert'i a l:arameters. to 'the

machilfe- Generelly, 't,:is can be calied tlre

't-

beti¿een the app;ol;måïråi';::';ï:n";3"1:;: ;::r:;3åtåãi;L-""
d.eve]oped here and the nlor:e aecurate developtaent done in
reference 6"

Rer¿rite eo;uation 3 of refe::ence 6 by subs^titu'cing l,l
for 11, r.¡here rv is the p.u. speed- of i:ire nractrine in rad.ians
per second and n is'the p"u"'s1:eeil of the rnachine-

-'--!^ ^ 
.^ - Yr# :T * -r r';

r,.71-lêl^ê - rl¡
l:p
cÍ

--l-1¡a Ä¡c'h'nn.l- rri rn¡ nanq'l-:',r'l-

='bhe dif f eren'cía-"i- d/d'¿ "

-'l-'lrr¡ 'Õêr- r'rì1 i -i- r.zi r'lc¿¡'i- cr:¡i'asÁ¡¡ I rJ ¿uiLv

in seconds-

opening "
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governor s)tsielÏi 'tine cons'tan'c, in 'that i't relates

the speed of ::csl:onse of i:he governolto 'the load

¡ìrrn¡'a

\rr-j-h,a ,^J¡¡nr-ra -F-rnr-.r'¡=rcn cr^aaÀ in n 11 :->rl'i :'¡c harrJ 
- 

e¿¡e v¿¡q¿¡Yg M¿Ll pqÈg Ð:/gËç ¿¡i lJ. g. Iql¡Iq¿¡Þ puL

c a¡nn ¡:l

t=-'.,'-'t"" cil.anEe of the input po\,/er \yith respec-c to
d'r

- J-'Ìr r¡ r¡ Ânrn^ r ã 'r*-'y Groop.o

,BV

values are

c'1-i -i-rlFi ¡cq ç r¿¿:

xaù.i*a J-1^ãl l.¿¿v u rrry Lr¿G L *,^//d't - ci26 /at2 - 
(p*-p^ ) /I,i, \^.Ihere al- l

i-1aa .rrerziarrq'ì rz ,äai:inazì ^:^^ r- =rr ?rrr q:rjr-.Lr¡s Þe¡t!\= eÞ Þ* - " -.-__t_¡J,r.=L¿, 9,tt(= tudy t uI ÞL1jJ-

i lr-i-n ? cì n'h.{- r -i n -
J.¿,

./n - -/ (,n - a) - 
/t'r

-'frn - / r'1 /e \¿td'r ,ry6 4/
? tn

3.3 Äprol-rcation of Gove¡:uor -rLesponse EcJua'bion

At this time it is necessa::y 'ro refer bacl< 'to the

I{u'tta-3.unge subroutine that \,ras used to solve the sv/ing

equati on and. to i'rote 'che sinitrle i''leans of f ered L-"or sotving

eo¿uation 3 " L0 " i.Tote that dvz/o-t has already been solved. j-n

ti:e i:rogram (see eo-r-letion 2.6), and 'ti:at \^/ v/j-11 also be

readily avail-abl-e. Verlz l-j-t'cle e:'iti:a logic rvas required
'bo add eo,uation 3 " 10 -to the p::ogra¡¡. Exami ninq' eql-ta'bioì1s

3.9 a:rd 3.10 i't is seen tirat the governor i s, responding to

a change of speed. and also 'to a rate of change of speecl.

Being a theoretical giovernor, deadband ef'Fec'ts have ]:een

ignored, giving the governor ins-tar:taneous actìon.
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Às shov/n in figure 3-4, 'the -to'tal res;oonse of 'the

çjovcrnor j-s 'the conbi-ncd. eF'Fec't of c:t'i/ci and. ry. rì s-lraigh'c

Iine cha=ac'tcris'lic passir:g through 'the oïìgin is quite.

applicaÌ:r e fcr tire pur¡:oses of -tI:is thesis because nols the

gioveri:or has optinur,r respoìlse and 'i ts efÍect on stability

r'¡il I l:e indi cated more clea::h¡"

Figure 3.4-

ñl- ^. r¿rs yvr,zêtîIJ.or used in 'this thesis, bes-i des having no

deadband e.r-'fects,, has no upper oi: 'lol.¡er cu'Lof'F. Tne auihor

:'¡n:^a¡ì >-i-aå +]r:+ji+ -ic êâë\;

t:arar:.eters but it v¿as fett tha't it is, a't thi s 'tiner i?ore

inrportant to gain insight ir:to tne ei=fec'ts of governor

response ad.d-ition, than to mai u'¿aii'ì a rigid hold onto

reality.

2, Lt. :_r,âqìt t.iq

Refe::ring '¡o figure 3.5, one notes -the results of
the me'tl:od used. 'co ob'tain the o5:'tirnum ienporary droop. The

sys'cem used ryas -the saiììe as 'che slzsten described in section

2 "5. Agai n, a tirree phase f aul't r.¡as appl:-ecl f or " I secoi:cis.

Ir rvas noted. tha't for every loacting condi'tion above 8"8 p"u.

I-T_
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/l
,i

lern¡:onat:Y. O1

$f,'*aro ,5t

a value :Eor tl:e .ternporary droop (ìí) tha't just prov:Ldecl

s'tal:ility \.ras .5 p.u. Tiris value is r.¿ei-" r.¡ithin p::actical

l.imits. ï-t is no'ted that in ::cfereilce 7, the va'lues given
'FOi-'ilr¡='i-rat¡',-:n-¡¡i-rz 

^r^nrl 
rînaì'ô í:^am )'1 n ìr 'l-n '7É, n lue¿,..vvùqÈj r_-*. r-.ul .

{

.41'\
I
I

i

I

d.ó s.6 9o g.e 9.'î ?'()

/o.*4 ( ¡cu Í"ltuv )'
':iì r¡r¡r,: 1 4*-r,*-*

Tir.e method used to f ì nd. 'the correct value of
'te:nporary droop \¡/as: 'the sys'tei.1 \das f aul-teC wj--th T set ',:o

2.5 secor'r.d.s and various val-ues of d-roop ap;olied. Referring

to graph 3-1, it a¡:pearecì- 'chat as 'r:he droop vras increased-

above -5 IJ.u. ';i:e slzs'cem lcecarae rrìoxG and rûojle stalcle, that

is tbe curve fla-ttened out- For values be'j-oiv -5 p.u., the

sf¡s'tem (no matter tl.e loading) l¡ecar,'le r-ri:stable-

f{eferring to graph 3"2, note'tl:at for'chis case of a

'ln:Äinn n{: Cl ? n rr 
^h 

-F'ira ¡r:a-l-¡r¡ ¡'l¡r:- ra .þ1¡^ ^ì-^^^..^sys-teIÌì, ctlar as 'trre ci.foorc \'/as

increased., the response (although f aster) st j-r L 1evelled.

off at rnuch 'the sarûe angle"

i¡urLhermore, it is notecl again tha't eo;uation 3.10

repres_e_n'Ls a theol:etical giovernori one having no tirae lags

of any l<ind and \,^/ileJ:e all- 'bhe parane'¡ers r..lere optimizecì to

give -lhe fastest i:esponse. iilthough 'this may nor; sound



^^
'Lco prac-Lical it Ís reitelra'ì:ed .bj:at the purpose j:ere rvas to
note geneïa'l ef.'ects ratjrer than aJ:solute magnitude of effects.

Fu.r-the:: considera-tioi: r.¡i I I be gi ven in -the Final.

cirapter to 'i:he vaj icli-ty s¡ the assuiilp'tici:s rnade ivi'tir respect
ïo governor re srloilse -ì:eca'.rse o'F ';i1e ;esu'i t j-i:g ove3 cìanpec

sryj nc¡ ¡ìì-.\¡r3 r.zhenr.r¡e,.- *.tr,o crr¡-yeI'nof tlatife¡rfatical mod.eI \./aS\?r¡e¡¡çvçr Lr¡ç y\Jv(=I¡.t(JI ¡tictL¡¿CtllclCI(jc¡l I-tÌc)ci\lI

used -in the system.
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T'nís cha':'tc:: v¡i I I c:eal- r,.¿i-Ll: -lhe n::ol:ì en o'F con-

s : dc:i :rEi e:lc-'3c= rcspcnÊc as a .r.:e';::cJ- oi ;r.r:::cv:::g'L,lc

'i::ransì en'; s'ta-ciii'tv of a iro!/eí glzg-Lel" ;-rrs poj-n-teo our-t

_:::er"rioitsl rr, e:ici-te:: resitojlse ifj:oves 'bo _oe a coi:i,cie>l ¡;::oi:iein

cÍ ';a.iíì ilçÍ ii:-to accoun-t tjre exact ef f ec'c of -Ll:e e>:ci -ta-tion

sizsteri'i o.i.t 'cl:e niacj:i ne - Excite:: l:e sironÊe i ¡ i-tseif is r,iorbiry

o,: bei::g consiolercd as a scpar:e-'te 'thcsis 'topic"

i-Ioi,.¡ever, v.'i'th the ad-ven-t of co:.ir!)ù.-tinE icv'i ces 'the

assui:?tioi: ì--l the caicula'tion of a.cceleia-tÍ::g cc",vej: (see

ch.a.c':cr 2"5) c:l cons'tan't Voi-iage ¡ol.:.ii:d. ';ile ';=allsj-ei:t i:e-

rc'ta-:ce cal: .":ci¡ ,:e ::epJ-aced b¡' a rnatl:ena't'ì ca,' e:cioressiorr -to

c.j':abie ad-jus'tr:cn't of tÌ:e vol'uage and -ti:us i.ri:::ove s'l:ai::ì li'tw.

A a ñ^.^a-^-,ì ^^. -.i l^.^-¡-.i ^.^^-: . L sül jg: e-L vvf :Ð IUg! C! L JUilJ

E>Icì'cer sys'teni :respoilse iîelz j'le ief -: ;.eC, Foc -ti:e pu,:pose

.^.4 -:-'l^; ^ 
,:-'l-^â; 

^ J-'1^^ r¡¡J-a ^-c 
.i--^-^^ã^^ i-^.'-^--,^ ^.: .:--,-^

U! L:t-Li) L::ç;J-ù) r GÐ LI¡\; I G L\J \Jr iIJUi- Eqì)U 9- L:l:v.ì- \:ic-È(= trl ç:!\=

fiìei n e:<ci-te= vol-tage r./hen a 'Fa'r-il't is aD:f,r ied 'to c.: .relioveC

5 --a-^ -l-1^ ^ .- - ^l- 
l:..i- LJi:I Lr]\i lLlci(-iJ.ine .

Tl:e equa'tion to ile devel o:¡ec r,¡ill- rerr::esen-t a svsrrerrl

r.¡ìni nr¡ cê- câq ¡ ¡?rã-ñ.rê i'n .:-efifi nal VOi-tage and. a'tte;1p.tS, by

changi ng t1:e voltage l:ehi nd. -t¡:ansien't reectance, '¡o retu:cìl the

'terr¿-inal vo'l i¿gç to its i:orlnal va'lue"



33

5xciLe.: t:CSpOnSc i.iag One cf ihe :-=i::S: üre'choiS uSed

to iräo::ciz: '¿l:e s'¡ability charac-teris:i cs o-: a gr,/s'¡iiri. The

,lo\ve.:l -;.-la'[ may be transr,ii uced ]:e -:weejl rììechi:-les vaties

t''ì r¡:'¡"--'ì 1¡ âq 'j-he vol'tacre bel:'i nci lhe .transien-: reactal-l.cê a\/vv,¡- us:Jv Jv¿¡r¿ru L:¡e L-u¡¡prçr¡u !u-tvv - JJ

::l.i sing tire i ntcrnal voltagcs 'the":eb¡z ir:creasingr ';l1e f -i-ux

J-inkages i-uring a trar:sien't coi:Cit-;on the p::ospec-l or a

:nachine -,:eäraiüing s'i:able is enhanced.

Iro:r a siio::-t faul--t duration, the over-ail Cecrease o:,-'

-ir r.r. I i rrÞ=..êc iS Small_, thUS -the e:i-ÍeCt Of the e:*Citati On/ e¡:qr

s)'St3]Tr iS also sm.al-I. I{orvever, eVeI-} v¡-i-tìr the use of hrgh-

s¡:eed clearing, exci'i:er response reinains irnpor-i:ant because

ncr,¿ the cìer'raginetizi-ng effect of arinatu::e current is snial-Ier

ancl i-t -i 5 possii:Ie for 'lhe exci-ter to nain-hain the flux l-inl<-

eges a.:.i. pe:li:aos even incre ase '¿l:c nunbe r of l-inì<aEes -

ì 
^-\r 

c'i ¡.,.-^^ ,-1 I .:-ì^^ 
^ì-i -^-^-* ^= 

-i i ¡*+
vvlr¡IUs! r:YUIE ":.J-t -lfg VgULU! LL-:AYIqllt UL A Þq-LIgJ. lL

.:oJ-e synchror:ous rnaciriire, i.or the traLnsient sta'ceY.
,N O|i:¡:tt1'1';1¡'' r /

-" lq' F'(-'y, =-- =---y. 'tl\\ =k ; /,'\
ì \'-r\ : ,,/ ,r' \ ""\ ', ,rt //I \,:\\ , ,/ ,/

J-, t/.....-q t'* -'-. 
rc/ - 

_4 \ 
--\, 

Ir \ ''1-
,, --ga :"ar-Y,<r

Fiqure 4-1':'

r-- Throughou'b 'Lh:i-s thesi s, capital r;E I s tl

rê'rl-a,âq,ar,i- '¡haqn'r r¡n'l-i-^arêq. r.¡-iì,-iliz¡-.\¡ i'n m¡^"¡i i-rrrt-a :'.¡Ä -'l¡:c'r:ç,vIsÐs¿¡g yll+Ðv! VU-LLqyçÈ !r¡¡¿çIl Vull ::¡ IiiGsJ:iI LqUg qllu iJllGJgr.vi'th respec't 'Lo time but vary sl-owly rvii:h rcspec'ú 'to porrer
€-r=af rra-n.^r¡ | A^ ñ-^c \

_z \vv eL"e. J -
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J-:¡ -Li:e allit-ra-Lure cu:r:e n't ci:artges vet:\z sr- oi,¡r- y r,¡l:cir

corri:a::ed 'i:o 'lhe -t::ans'i enL i'cc::ei.ici:'t.. ':-:e 5:eic c.i:;:re.:'t and

'Ll:o -=r c Ji-'t'i ous vo-ì-':age l:chì l:cl ':---.e 't:¿-::;,--e::'i leac-ta::cc :cenains

cons-¿a;:'t" ïorre've:r, co.:sÍcì;:: ilo';.7 a f ¿:s-:e: cha.:ge ì:r ';.:e ai:i.ì-

a-lt-::e cu::ci:'i, grich as i¡o;l-d ccc'"l= li',:e:.: a f aui'; ',.¡as ar-:l -:cd.

-.- ,- .- . n* z -. -ì : -a .!-r^ ^ -. - ^1-v- :i-.ivvrrlp uï if 'the ¡tiacl:iae t.zas sr.ri::g-i::9: r¡iih ïcsllec': 'to

a -C, C=enCe- ¡¡;^ì nCr 'i:ìtC f:ì-¡i1ci,â 'i---rr- 'F j ii-'r I 'i ',¡ì.::.i:c' ,-;-F 'theJqr+:.ìJç¡-vv¡-ur:ìler!!::--L.:juu

:Íiel-d l:eäa¿n coi:s'tan't" i:: nÊr:rz 'Fi-a'ii;i61-ig arrta':Lìt:e vol--:aqe r¿i11

Jç qç:::iuai lJIVljvl- L-1-vitc_! LU Ll¡ç I_!Ëi_Lul :i_ua_ -.i-J_.t.t-\-üL,\:Þ-

r / ,/'4 //,^ 4"Ltz
./pe' -i" !1']J1ellGt 

"..I =vol-'tag'e Ð=cpo.rtÍCi:¿il- -to f ieid. f Iu:r linliages"

r¡ =;a.l-; ai:s l)er sccoi:C-

j'/i- :'ti:e nu-lual- i-i:cr,uc'tai:ce i:e'cr.;een 'the f i.el-d. arid- 'the
r

¿l;r-ia-tu::c ¡;hasc "

i!.= - 'Fi u:< ¡ irì:-ages r¡i 'cl: ';i:e f ie id \./-; ::¿t.t"

L...- rself -ì nd"uc'i:ai:ce of the :iie-rd (hei:rie=) "

9i111ì I ¿¡] v, foi: '¿l1s c_¡'uiaCra'tu;e a:cis ":otor ci:cuj-t, r..;iren

= 'F:.:l.F r-.h¡r.¡r-¡a -.-. -.ì-,-^^1r-l- r-^-^ ^--,q J;.1rr- € j rr-z 'l -, --.--^-^^G !GJL ç::qJrys (rI cL!iltcjLLtrc.: uLl.!Icl:L c:uv.uü!.:-;J' e-^v !-L1.L.lr-c"-Lj(:Þ

::eäain cons'tant. E--.t, e vol-taEe i:rotlct't'ional- 'to lÌ:e cluad-

:ce'tui:e Ð:is fju:: linliaqes can a.:-so be cefÍned-

f
CJ

+-2
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v/teier 
".-t-3-voi'caEe ¡oionc::t:|o¡ra,r- 'io -Lrne L-ìnr:ages.;¡-i 'th -the

C:riacl.ratu::e â:i;i_s :¡o-Lor: c.i rcu-i -t .

ii^:..:. ir':Li-tuâl iäcuc ca¡.-lcc} l:e.l',i'L:e ,: the guacÌ:a-;,"-:ic a::is
rotor ci.rcui 'c anc lne f ie_i a.

lon_-_,:elf j_nciuLc';a_ilce of .ti¡e quacì_::a-.tr_r-:re a:;:Ls "

\.,¡:_:: âS pe.f eqUa'l -,_oü ,.1" i_

i/l:g-.:i: i-u:l 1i.i:llage,-: i,i:,_.tl:'Li:e c;uad:ra.cLl:re a:l_i_st'
Ccrnb:,-;::Lng -ti:ese -ti,;o vol_.L;rEe s¡ \irc ai.3 noüv al:1 e .to

def ine thc vo-t-'tage bei:-i nc the .i:,:ar:s j_en-t ie ac-:ance ¿s i-rr-:i nc;

i'jci,¡, 'i f r,'¡e res-tL:-',.c't o,:.r stuoy'i:o sarien-i: poie inacirir:es,
-tjri s eciua'tion rnay be srnpir f i_ed" -'t:eca.i.se of .ti:e f ac.t -t-ha-t a

s¿r-l-ient poJ-e raach-; ne l:as no cjr..rac.ra--ir-::e a>iis .¡iel-d- circui.t"
T'hus:

/^\{ / '-- {J tt.4
^l

r irç! gl uJ_ i= :
| , i I " I
i .r^': ilf i- L" Ito; 

' l:"5
j¡¡

The::efo::e it can lce said 'cl:a.L ,che vor-taEe i¡ehi::c;i .ti:e

't::a-nsieiÏL ::cac1:ance varies cì.s tir.e i.iu:i _l_:L:::rages r,,¡i-th the fíe1d..

û".2 l.-rci'te:: ResÐonse Sr,zs'i:eiä

Due -to 'the cornp_Ìe>;i'cv of anaì-;u5i¡:g e::c:L.te:: ïesironse

='ioo::ously, anc .cearizì-ng 'the shc;'lage of s'io:age sr,ìacc
-aâ¡¡ã'i -¡i:¡¡; i.'-¿srlrG:r:rriy, -ii- \,.¡âs i,!ecessaïy 'Lo ilevelop an equivalept e:iciter
syS-tele a''ralwsis tha't r¿cu_id. ::eac-t S-i in-i _j_ar .tO a räoj:e e>íagt

a-nalvsi s, and 1re-t dernand. _t-i ttie s.to,:aEe silace-
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'i-ha ô\z^ì J:ôFCcnsider figure 4.2; 'the lcl.oc!; cliagranì of

resÐonse coiltro1 systcra useC! in 'ti:is 'tl:esis:

I i-;liti*(iTs f"-"-'ií* --__i I
I

I

I

I

,t

7rt ro. s¿¿d¿'ey'<s/clÞe/
^¿/e¿,n¡. ) ¿1tt I

yo¿Vh-ge

Irigu::e 4 - 2

Eref , 'úh.e fe.r-'erence vcl-'cage \rras 'talcerrto be 'i:he

ter¡ninal vo] tage of the niäch'ine (pre-vaul't) . For each time

increment, 'lhe reai and irnaginary corrìponen'ts of porver tvere

calculated" Knorving E.'' (the voJ-tage behind 'che 'transient

-¡a:¡J-¡n¡ol T r*Ä 1- /i-]¡n :^acir,¡r.'i-i rza rrnmirn-nr¡'n'Í-< r¡'F r.lrrr-r¡n'l-'lIgqur-qtlug¡r, ¿Þt d,IlL¿ .Lc.t \L¿lç !sÈiJççu¿vç uv¡rllvv¿¡ç¡¿uÈ v¡ çq!!v¡¡u¿t,

coulcl then be cal-cu]ated. Referring to figure 4.3, \'re see

that the terr,rinal voJ.rage is reacjily availal:le by applying

PytÏ:.agoras' theorem.
D-

: fetener¡c€ cx¿\f

4t

/'Te¡attno¿-

îr.i¡¡r':^¡ A 2r.LYU!g -i.J
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Tire 'terininal vo'l'bage can ::oru l¡e calcuJ¿'LeC a'c 'the enc

oÍ eacb t!:ite ir:c::enen't" 3'¡ subj:L:ac'lirrg -the ner,'¡]:z ce'ìcu] a-;cct

te::minal voJ-tage frorl 'the rcfe::ence voJ-'lage, an error vql'tage

iririch ou:: e,=icí'ter can ac'l ujlon -.sj j¡ïodurced.

The exci'ter is èssurrlêd 'lo have a s-t::aic;h-i: '1 ine

characteris'tic as show'n in ficir-u:e 4.42

4"+ - {n

."' I .
.:--J

.F

lÞ

Tn

Figrrre 4." 4.

nJ,-'lr.ar r.znr-ãq =õ -^ôh in 'l-Àa11ya 4. ).\J L¡¡çI V,/,\jJ. \¿ù I cù) ÞgË11, -Ll¡ ! Áy u¡ v -: . 1 t

År

77

df;:

r.¿here:

4-6
s'{ T

E - :refererlce ,rof i-g"l 'tal:en -to be 'lhe vol'¡age atret
the output 'ce::mj-nals of 'the generator befo::e

the fauf i has beeu aPPliecl-

rt -1-?rl- c'elculatcd. -terirrinai vol"üage at the end ofsll - 
e¿¡v

eaclr time incremen't.

T -- -ihr- êc,ìrival etlt e>lcitLr sr/s'te¡¡ cons'tant- (second.s)
ê 

- 

eÀ¿v

T" is of '81:e ord.er of 'tire o1:eir circuì t time

cons'tan"c of an actuái inachiire, 'tlia't is, i¡e-tiveen

one and 10 second.s. i.î-rch like tþe giovernortine

cons"úan'L 'this tiiae constanlc must incorpora'te in



?ôJ(J

ail aiiitro)ri nate \,/a.)/ tile varia.r-i ot1 of -the open

circuit ti ine cons-i:an.t ?-^, of .the räachine anCci-o

't,:e time cons'ta::r'Ls of -tne e:-lci'i:e:: ancl i ts.

::elated comi:onents" ït nust also coilpensate

for 'che assurnption of lì nearíty in ,ciee exciter
aircl the fac't -tha't in soiving, for the or_itput

jlo\..7ers -\..7e alJ-or.l E' , 'the voitage i:ehind. .the

transien't reactance, to va::1r r.¡i.th -ti:e -Êielcl flux
I j-nlcages as opposed. to E_, -

r-b ís ::ealized '¿hat 'these assurrptj-ons are }:y no rneens

ili CfOfOtlq ?r¡¡r,zr.rzo-,- j'i- .i c rr.rì -^-!-^,i ^....- ã^.^i¡Àyv!vqÐ¿ rrvvvgV(jr l-'ù rs pol-nrec o1-'l'¿ eEal_n that -tir.e cxci.ter

systerrr developed here d-oes ::eac't, 'thouEh no'i: e>lac'try, to the
^l^-.^^^^ 

l.^ .Cacnanges i]1 rj-ux rini.:ages as rvould a:ear e:<ci'Ler- r.t is fel_t

that f,or 'che purposes of tjris .thesis, .the accurac.\¡ obtained.

is adequa'Le- The exci'cej: response as given by equa'tion 4.-6

'incli cates tne -type of resironse ai:d. ef fect to l:e e:;pected. r.rom

an actuaL svsieia.

4.3 sofution of Exciter Equation l:y i(u't-ta-Ri-rnge p.,:ccess

Equation 4..6 is a first o::cje:: differential eciuatior:

and is therfo::e easily solved Ì:y 'the l(u't'ta-Rrìnge sì-riri:ou-tine-

Ti:is abili't:¡ of the l(utta-Iìunge process of handJ_ir-tg a !-a::ge

number of f irs'c order d-if f e::en-tial eciua.ti ons rvithout

requi ring a large araount of J-ogic -:ão:: each, is especial-i1;

beneficial r^¡hen using a small- corn¡;ute:: sucl: as ti:e rBi.i 1620

t ¿vJ\.,
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û'.y'' lì.esuIts of lles-ts v¡itj:. jlxci-Lei: les,oonse :ìi:i:i j.ed.

A series of ':ests \.,.rere j:un on 'cI:e sa¡:Ìple slzs,cetî r..¡ith

ôa-,-i-l-^i- -.^a\1^ffse COnSide::ed. ¡..t eaCj: S.tagC Of lOad.ing .(f::Oinùveì,v¡¿sv vv¿¿r¡qu¿uq. j¡u çcÇjl pi

7 . B p. u. 'to 9. 3 p. u. ) various tiine cons':ants (T^) t/ei:e f i:<ed.

and. 'che f aul't appiied anC, c-l-e ared- as p::evì ous-l-I, s-tatecl-
':la1:n-¡'l-n ¡;r^>:r'r\vivr uv y!**Ì1s â,.I, 4.2, 4.3, 4.4 for sel-ec-ted etlalitp] es.

Noie 'lirat in g::a¡:i: 4-.J_, ryi:e::e ti:e loaiLj-ng on bus 7 Ls

9,0 p.u,, 'the sys'ten i:eriìeins s'talcle for a 'ci¡ire constar¡,c of

4 seconci.s. The rnachine reilainei! unstabl-e -Eor a 'tine constar:'t

o,: 5 seconäs or greater. Ì.ccal-l- 'ti:a-t i=orthe ,,rav/,, systerù,

the. -ì-oading of 9.0 p-u. definj-telr¡ caused instabiri,c1r rvhen

ihe faul-'t r.¡as a¡:i:Iied. Tl:e::efo::e, by ai:.ol1zi-ng e:<ci'ter j:esponse

the allov¡alcle a::rount oÍ por'rerLhat rrla1r Ìre t:cansmi-L'Led has

'i naro:coÄ

Re.r-'erring to Grapl:s 4.2, 4.3 and ú,-4, one can see that

by applyJ-r:g.the api:ropria'te '¿irlle constan't it 'is possible 'bo

inal<e 'the sys'cem s'table af ter a f au'lt even -though 'the f inj-'te

machine r,vas 'trai:s¡ni'tting po\'¡er a't a level 'that p::oved to be,

ilr chapter II, clefinitellz uns.La-j:le- lìefer ,co f igure 4..5 for
r ¡rl^1 ^ ^.¡ r?.: qî +'hÃ I n>rf ¿ì-¡¡t.r¡ /^ -.. \ -*,ìÇ Le]-r-LE :j rvr.j.¡g v4svvr.¡ \rv. u.,, er.rLr. the ¡aa:rirnun tirrre

nnnq'l-l'nJ,- ltcann-.1 - \ 'l-t -.1- ¡r--vv¿¡v us¡¡u luuurjr.lLt Þ,,l L¡r.d.u ¡ "dbi]-iZed. the SlzStem. I'¿ iS tO l¡e

noted 'cl:at the lor^¡es't value of Te used v¡as one second " It
v¡as f e1t that o¡re seconil v¡as 'tl:e l-oi^¡es-t jf,rac1:i cal time con-

s'cant that cou.lC be usecl-
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1.0
not oþta'ined

Ì1 ir;rr-¡^ /1 t-.l] igitJ.e .i..f,

l- 6 ì:::¡',-r:r-^r¡'

ïn su-r:rìrlìai:i-zingi, lrecall- ecìua'Li on 4 -6, v/hich ci.ives tire
ecruival-ent e:.<cì.ter res;conse ecill|.i.i 6;1 Llsed. in this -ti:esis.

The ecju.a-tioì-t, r,.zi:ich ís an apllj:otï.i rra.tionr \".,/as useci f o:: .tr^¡o

l:easons. Ti:e f irs't is tha-: ,co cons-; d.eil exciter i:esitroilse

rjgorousl_:' a-t 'ci:is tj-r-Lie \.roi'ì-'r_d- äefea.b .the purposes sc.t ou.i
in chai¡-tei i" Tha't is, .l,he aävan-tagcs and d,isadvan1:a.¡es of
ernÞlo),-ing e:rci'ter jresLf,onse is the objective and not -the el<ac-¡:

ì-¡:1ñhi r-rrËn n-i c:f ects " 'ihe second and. eoìì>ì l¡r -i n^¡:-'l--¡ris':¿¿! çqqÇ vr i:j!].\='J LÞ. -.r.Iìc secoj:G ancl ec***, -r ¿¡!i,vv: uiÐt is

that the s'to::age ::eciui::eraen-ts d-einanded. by a j:igorolls treat-
¡iient fa:: e)ïceeded the ca;oacity o:i -Lhe i620 but i-i: ivas si.¡o\,rn

-tha't exci'ter reslf,onse mocl-ei s are ccr:Cuci ve to reicreseniati o¡-r.s

-that are suital:-r e for use i n digi-tal- coärpute::s.

The exciter response mod.el has sj:owi: .il:a-t its effec.ts
cti i¡r,provii:g -t::ansien't stab.ì ii--tyr ca.n r:o,c be d.ciriecl . l.t \.,;as

^l^ ^. -- -r-t^ ^ .'_ 1^ - -silo\"/n 'È11at .iry eti:ploying e:ici'te:c i:esLf,ot1se, tl:e inaxirnui-ä al_'lorv-

able pot'/elt::ans¡nittabfe rvas taised- j:)z 60 Ì.fegarvatts in tirís
'tr¿o-leachine prolcl-ern 

"

A cornparison of excj--i:e:: rcsl:onse .and

used to in1:rove stabi lj_.ty r,tíi-J_ be dea'i.t rri-th

'cl:e other rrìe'ti1ocìs

'ì rr ñ]aÃn-i-êr^ \7-Jl¿ çrlal.rL(:_L vJ -



CiJr?T¡iì V

iv:iPT D iìilCï,CSrl-{G

Thi s chai¡'ter r,¿iii d.eal rri 'ti: 'lire

t::ansient s-tab'Ì l-i'ty by neans of :c¿i,c-ì d

^--^l^I^*- ^.4 ;rprOÐJei.ì Oi: l-IûlIOVil')g

--an'l aq i ¡e4 vvrvs¿r.) -

5 . l- Geire::al Consid.e::a't:,-ons

Prac'cice has sho\'vi1 -ti:a't high speed reclosing circ-urit-

b::ealcers al:e a cief -inite advai'itacje in rrrain'cainil:g the tran-

e i a¡.'¡ c.t- ¡'ir_-l r i ,;12 ef a ìf,Ov/ei: SrZS-tei:n.

Ti:e fu.ndairien-¡¿] proì:fei"r't is ì:o finc 'i:ne na:rirrruin per-

mì ssibie -t-'l-me availa-bl e a'F'ter 'ì:j:e fau'l t nas l:een cl-eared. 'to

reclose and. al so 1:i:e nii i:lrnure 'tiile pe::inissilll-e for 'che de-

ioniza-tion of 'the fault al:c"

i,,ii:er a three if,hase i=aurlt cccurs on a sec'tion of a -r-ine

ancl -bhe l-iae is ::emoved. Ì:12 lcreai-'ers (j-n thrs case l-iire 2--3) ,

-tire in',;oed.ance betiveen the geneïa'tol:s ì 5 increased. This

increase in i inl:ed-ance loryers 'Lhe amou.nt of avaiiable l?ol'ler

-'-r-1J- *=rr t.n 'F¡:ansr*it'ted. 'chroug'irlhe sl¡s-ten, r;1:us inc::easi-ngLIIC¿ t- ¡Ltcry JJ\= LI GIIÈlitr L Lçs Ll¿! v sY.¡r pl p \

-the dif f e::ence be-tl.¡een inpu't por./el: ai:cl e-1 ect::ical if,o\'/er

iøhicÏ¡ inc::eases the accele::atÍr:g oo\.'/ei: irnpcsed. on 'the Inachine .

Ti:e sooner -tl:e line can be::epjacecì. ìa'to'the círcuit so as to

---..i -^ 1a-.t¡-¡ +Jra 'i irrr¡-r'l=ncr. jra'þr.¡r^¡el'i -i-irê o,a-nn-.^'',-õ-1 âil ¿ì ';;lfe ]-Oad.ca9d.I¿l -L(r\i'sj.! LJrg r:illreqqr¡uu !çL!?çç¡: ".-." :jsrruå

,cl:e better the cl:ance the S\,/Stenì .:aS of l:el.laining S'talf,Ie.

É'nr -i-Jr¡- nr:-rrrose of 'this thesis tl:::ee pha-se reclosing breal<-e::se¡¿v I¿ s¡

\^/ere etrrployefl



r!6

5 -2 ?::ocii:a¡n Cons'i de¡:a'ti ons

ïncli-rcljng ra¡:id reclosiri!- ì:r 'the conrcu'ie:: pi:cg:cariì

\''las VerI/- easy" ;rrl-l 'that rvas .:equj ::cc-i of *;he progïaìi \'/as

tha'c it accept a new set of ad:n:L'c-tai:ce s (Gij , Cij ) 'ior '¿he

ì.,âT..7 ,-'i -¡.rr-í .l- ,-nir,^lì -ií nn -i'h¡-i- i s. .l-,-r¡ ¡,lrni..ttanCeS 'Llfa.l l?efe, e¿¡ç , e¡-v

¡;l¡:ri='r-o¡ì 'Fn* i-'i¡a ail^¡r1-i'i- 'in ¡-ìr='¡'i-a-¡ ï1 i.¡itl: no-three l:haseJ¡¡ ç_¡qiJ sçs

faui-c applied

5 .3 .iìes'ults of R.¡.pj-d ilec-losinq

!'o:: 'the ner.:'t series of 'tcs':,s oi't 'tl:e sainifle pol'/er

ÞY Þ L\.:lli, cL Llll- \=g iJ¡rsÐE ! quJ L, u:9q: sLi c! L c J Jçev:lqÐ, rJ

egain ap;otied 'i:o line 2--3. ijio\','ever, tj:e 'i ìne rvas reciosecj

a'1, vary-ìng ìn'terval-s fo:: each ìlot'/er lever f::on 8.4.'to 9.8 p-u.

::,n-Ên-¡ 4-n ¡ir¡.r'Ìrc Ã. I q ? r,i;ri ¡-h n'i r¡a q.¿r'l ar.-i,a.ri 'j-rz:.li,^>ì -^*^--r ^^lÍeJ:el. L(J 9rliluÀ¡r J.Lt r.L, :;vv --+s(-L-\:L-l L'/j.r¿Ue-L ìrc:lllJJJ.EÞ

of 'Les'Ls carried out. It is seeif i-hat the slzstenì remained

s'¿abl e !"or load-s of B-a-. anci 8.8 ¡:-u.

In chap'te:: ïI, a l-oad- of 8"8;c-u- o:-Ì llr-'ts 7 hac1 provecl

- 'to i:e the toad. v¿Ïrerein the s)rs'tei'r \'/as cri ticall)t s'ta]¡le.

I-iorvever, the s)¡stem v/ith ¡a;cid recl"osiilg agai-n lrrovecl to lce

¡-ei.i-.i ¡r'ì'lr¡ c'l-:ir] a
ç! ! LJVq*r v

For a loading of 9" il-u-¿ \te cen see i=ron graph 5-3,

that nor,/ 'the slzstem is stabl-e fo:: al l- val-ues of l:eclosing

'tirne ulr Júo anC including one second. At 1"1 second.s. the

tnachine fel I ou't of s'tero, and. becai'ne uns'-able as i't did for
-' -bhe "ra\'/t' svs'teh1 .

:\s 'the I oad. on the s\/s'teiù \.¡as increased, -the niaxirnuni

tine al]-oryed. l:ef o::e reclosing so 'that the s)zs'tein rvouì d remain
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s'tab'l e, cìec:reased" tìef er:::r_ng .lc c;:2._.;-|1 5 "/:, \,ie see .tj:e .t j-ne

fo:: recl-osing l:ad- -to l:e " 6 seccnc-ls or iess 'i n c::d.ei: -to mair:-
'lain s'cai¡r-l-i'tlz" ì-'t i s po:i ¡''i^d 6¡r.'' 'tl:aL vi.th reciosing i,'e cail

no\./ 't.rens¡il 't nìore rJo\'¡er " i{c't r¡.n't'i lL a. r c¿rd of 9 " 3 i: " u.. (see

Erairi: 5 "5) rras l¡t acecj on -the s¡,rs.ter,: cj:id. recl-osirg tl.i:o.ve .f,o

lf,e fu'tiie- jl:,s pci.n'tecj out ;:::cviousty, -Z seconds v¿as tjre
i.li ni ri'lui;r -i:in:e -tha't cout c¿ lf,e useci -=oï :recl-osing ar:d_ s-tir1 stay
t,¡ì'tll'ii: p::act-ì ca i bou.ncia::ies "

itejelto fÍEr,r:t

i:a:rii:u--t -tiirc al I or.¡abì

Load. l
(p"u" ) i

i

NA

8"6

qn
o,
c)'.4

e 5"-L; r,d:c::e a 'tabìe of 'bÌ:e load_ vs

e 'io ira-i n i:a-i n s-tal:_i_ l i 'i:f is 9'i r¡en 
"

j;.4:;i;,,u,:-:-l tìcc l-os ins T-' li'ie
( se concis )

i i^, 3'ì i-,'ì .i-r¡

i-irf ini--t1r
i n'Fi n-ì i-r¡
'l I-ì

Lt.

)
uns't al¡-l- e

Ii'1.ítta_,â \ I

For the sailri:Ie slrs'ter: s';r-',cìi..ecì., a g,:ai:i: r.lay ire ö,rar.^¡ü incJ_i-cat_.ing

'i:l:e ¡na;<iinurilt-ì¡ne allorvecj. 'io:c j]cc.l.osi:rg a.t any ;oc\./el: Ieve_'l- in
order to nain-ta-in s';al¡iì i_-tv" S.cf cr::i i:g -to :Lci Eur:e S .2, it can

i:e seeÌl tha'b for any l-oaa 'lever, 'ti:e faut-tec line inus,c .ce

reclosed a't a 'tirne such -tha'i: 'th.e i:lo'ttecl r¡oi¡:-L of load vs.-

=eclos:Ln9i tiaie l=al-ls l:enea.th cl:e cul:ve d.:cawn.
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R.a1cid. reclos-inE or a li r:e

has been snown -to be bencf ic j a'l

s'tabi'l iti¡ cilaliac'te¡:ì s'tics of. tl:e

//r/C'7/îåLtî

^.:--..-^ .Ll- 
^ 

r-'"'! .'- -i 
^ - ^\."^rr^¡Gl url Lilg ! eU¿ u Jù ! g¡liv V sq

j.^ ; !--.----^\r+ ì-.-.- -:-r^^ .:-"^5r.ai ¡r¡r-
-!:¡ -:-lLr_J!\JV-Ll.lV L1¿r= L!Gl,¡ù-Lg,L¡t-

sVS';elil s'tudied-

f

I

I

I

I

'-^->>-_.--

5

L-. '-+_''_'t -,,.-1-_.-

¿

'w 'a '// 'c)

rrLJs!ç Je

lJu::-ti:c::irore, :-t i s -.o -'if,c no'ted. 'Li:a'L as 'the l-oad.

i'¡,-r-e¡e.ac ',-ìr¡r va--i r ¡'i.^¡: ,i-i l;¡ -i ::.i-a:^:t¡i '-r-, i¡:-i nr-=i i¡ q-i-^'^l ì i 'r---
t ---! ! CjuitJÞJ-ilg LJ-¡L.v - ecJJIJ.¿ Ly

on lreciosiiig, shol'tcils, untj-l- i't Ee'Ls -to a lJcint vhere r']o

S'rab-: li 'lr¡ ì s o_c'la:Lr:al:l e "

îi.--rr-r. i.;- 5.ìr61-i--ì .,- i-^ --^:--.'-^-1 -tl:a.t ,lì:e effec-t of-- :¡1€::-,-Y ¿ Jt¡Vq:!{ jJ\:j UU]-:lLCL| IJU L

l:ec'los'ì ng aione can allo.:"/ i:lìe sys'teit 'to -Lransni-l c-r grea'ter

ari.ìoun't of Ðoi'/e-f and. reiû.ain s-tal:le-

5 . rt Sur.fJna:fr¡



Thi:ee i¡ie'ti:oCs of -ì ¡.,i:ro\.,':i ng 't:ca*rs'ì en't stal:-i-ii-'t1z have

loeen s'tud.j-eä a.s se;:a::a'te e n'bi-t j-es " i{ot;, -i-t is 'tire pltrpose

of -Li:rs frnal- cha,o'te:: to ccnìoalre 'tl:.ese *e-lhod.s ivi.-i:i: each

other and- to i:l:esen'; -tl:e beief i-is gai neC- i:y en1:loying t]:e¡n.

\J - I --rl]; 'l.i- L i1

Only selcc-teC. 'c12.:ical exailìfj'res wiil lce cliscì-tssed. duie

'to -Lhe f ac': 'ti:a'L the 't::end.s at one i oad.i i:g proved. 'bo l:e 'tl:e

saäe as -ti:e 'i=encs a'L ano-ti:e:: 'oad--i;:g, t'ar1zin9 o::i1z in nagni-

'r-une- Therefo¡c, fo:: 'the sal;e of c'i ari'c1' ano- sii:ipl i citY,

chê.- -i-?i ¡ a-">...r'.rl ,-q r,.¡'ì 'ì I ì¡,.. :)j'eÐe::'Ced_"vlvvç:-!v r- i

Recall -tha't in chal:;-te:: ïI, j-'t r"¡as shcvrn that a load

on bus 7 o'F 9" if -u" fo: the "i:a\,,¡'" s¡rs'terl l:ecarne unstable

a'F'te:: a -tl:.r:ee phasc ''=au]'t t¡as ap¡:iiecì.. i.:o::eor¡er, bY

a.nnr- nrrj n¡r :^a¡-'l ô<r-i nci -Flro qr¡Steï1 !iãS Stal¡il_iZeCl i1= the l-ineE¡it.iLJivY Ii:Y : çÇivÈ!:lY , L¡:ç È )

reclosing -tiire r.¡as one second. o:: l-ess" The s1/s'¿en coul-d-

al-so l:e r;iad.e sta.i:ie, as sirov¡n iu ci:a1:'te:: IV, by a¡:pi-ying

excl-ter response having a 'tiüie corrtan't (Te) of- foi-rr Secoilds.

\î¡r.y ì^iz i^r-r.ñr-r^-ri no ;o c:i^â:flr 6.. 1 vl-e See .tjf at iOf a,J-riVV,'¡ pI r g! g! ! ¿¿:y Lv YI çi:i¡: v ¿ t I vi v

1n¡êi nc; o F q r.rì oqi'nr-r 'i--i rr¡ 6.F l-" t SecOnds and.r-vcLrr-rry u! r. p"U" al:C a fec.l-OSl-ngl 'Lane.

en exci'ùer ti:ee cons'¡at:r't (T,^) sc't 'tc f.*ve seconds, 'i:hat' tire

¡t¡¡.!-am .i ¡ --þr1Ð1e" À:o'te -i:hat 'tj:e pa_raiae'Lers uSed. i:ac1 al Iif/ Þ L\=1[ IÞ Þ LC;JIs o f,v Lç e :]ú

pl:evious]y icroven to j:e of lit'tie '¿se aione in stalcilizing
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tile sl¡Stcir" The f ac'c 'tl-r".-lt 'thesc val_i-res itai,z be usecl. l¡ecauSe

'the ove::al i ef f e c'c -ì s ei:ougi: -to s-ta-]:ì Li ze -the sys,cei,r has one

acvan-tage, 'tl:at -i-s ì-¡ a¡-l- câses -tir.e rzal ues ð.ïG riroîG ea-s.i l-r/

obtainal:fe -ì:: t:iactice. _rìu:r-tne:::lore,_ .to es.i:al¡J-ì sh this

¡:oi:rt, :rcfe.:: aga'in -to g;a:h 6"i iv-orclr is e serected tr,¡picaI

e-=<aiiip]-e of 'tne test se:cies run and- i't is seeti 'tha'b 'the exciter
't'irne constan't r,'a-s raised-'co Ic seconds ani. still the sr,zstera

remaineC- s-tai:,'e- llote al-so tha-t i_n ano'i:he:: case, -bhe

reclosing -tirr-ie r,¡as lengtne;led to i"J seconds r,¡i-ti: To=B

seconds, anC -;ire S)zsteiit agiiir ¡::o'r¡ecl .to lce stable.

To coinpaie 'the ::e I ative eff ec-t oirthe s./stern of the
'various riethccl.s used to ì rç::ove sialci-l-.1:y ali pa::aiae'te::s

r,..7ere i:eid cons'tant a't a vaiue 'that i:ao: proved. 'to be of 'the

correc'l o:rdei: and. one j:a:ta¡,ieter \,Ías then va::ied and the

^.=-l^^-l- *^.!-^^f(:J-!r:çiL I¿(rLCLi.

Consider gra¡:i: 6-2. î"¡e see 'i:he e-¡-¡ec-t on -¡he system

r,¿itlr a l-oad-rng c'f 9"4 p"u", of kee¡:ing tne exciter and- gov-

erno= .c¿::eL;retej:s constant atid va::ying 'tjte recl_osing tii:re.

The 'chree phase f ault r¿as cleareä a'l " 1 seconds and- line

2--3 r^¡as rec'ìosed at .3, "5 and .7 seconcs in t]:.ree separa.te
-les'ts. The only erfect of leng'ti:er:'ing 'the reclosing tìl'ire ruas

'cha'c the overshoot rvas slj-g1:'i:112 higne::" The fina'r value ín
all th.ree cases r.Jas reached. before tr,vo seconds ha-d eiapsed..

¡

ilhese resu.l'cs \'r'ei:e ind.icative of 'ti:e effect at eaci: road.inci-

Consiäei noi'/ gra:f,h 6"3" In -ti:is case -the recl_osing

ano 'che gove.:nor ;:ararnetei:s \trere held. constant wi:i ie the
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e:ïci-beil 'tine cons'taü't r¡as ve-::ied." Ti:e e:Efec't of increacing
'tl:o e:lci'telti¡re cons'i:¿ln't ('..'..) ,:.,'..-5 'to :aise sligl-l'Lil¡ che

s';c;cj-:; s'lc-'Lc v¡ll :e o*= 'li:c :r.'z'ì rJ cJ-r:vc" 3o'lh rr;L'th recl-osii:c¡

ancL exc-i 'te:: ïeg;trcitse 'circ c; cver:nor iiroúel l::q ¿.i1. ovej:-r:oi,øe::fu1

^-t-r:-.^-'- ,/:l^¡ f:-,^,riâ-^:l :-'-.11,^'i.rcì n-.È ea,r,¡i nrr 
^ 

1 IU::U!Ua \Jgg vel:u!c! lvtrru:J;i-LV-lÐ1. ,)ÇULMI V- ¿,- J

-ìer-=e::-i::g 'l-o g;a-¡-:.r 5"4. '.:.:ic.: g;vsg -l::e srr--i ng curves

-=or r. icad': i:E o'i 9"6 p"r-1 ", oi: .j:r-',s J, i: can bc secn ';ira'l ì:y
-l .¡n:-^:cì:-z .i--¡¡: .l-,¡l-,i¡.¡i^>:-17 i:^nn.a -i-n rl :^ r' .l-l¡n:^,: i q a 1; t-ClC,-f-:::U:gcùllly L:!\; Lg:ir:rU!c-j-y u-*UUi/ Lv cù :JêLic, ur:e!ç ;J fc":YE:

oversllcot" r-F 'tire droop -ì s dec::easeä be-ìor'¡ .5 p"u", tÌ:e

s¡rsten l:eco¡;,es u.nstable. T'l:e goveîilo:í 't-'ite corlsten-t l,/as

f i:.:ec].. as var;)¡i-jjE, a.s :'t 1:::oved. 'i:o have Iic'tie effect"

6 - 2 Ge¡:re:ca-L Conc-'l-risio:is

r''c acl:,eeïs tha't tl:e I'.u-'t-ta-:ìr..rjlEe l:ìe"bhod of.L'ers an

accuïa'ce ancl 5ii¡ir] e neans o'Î so-'l-v'i '.:9 'tne s\,/ì nE çclua'tion

r.:-^ 
^..^ 

¡ r r' .i :- z ¡l -i ¡: ì .!- ¡ -ì
\',/llg.i¡ UÞrll: U-:-YILqJ Uv:,i:JLILçlùo lLÈ +uÇLrl

.pe-t'ter 'lirair tne c'i assicai poì-r:'t Ìoy ;c,,-::'b ne'ti:od :creviousllz

usecL. T't is'no-t suggestc<-ì. Ì:1r -¡¡s au-lhc:: ";l:a'; the .ooin't by

poijl-t me-thoä is not accu::a'te ejlorlEh for gene:a] purPose,F,

ar:i. si:ou-l d no longe:: i:e L,ìsed-, l:u't it 'ì g sugEes'tec 'chat 'Fo::

cl-iE:'tal- cori:D'.r'¿ers the liu't'¿a-.ì11::.ge i.rct11od does offer, .Desì des

gl:ea:el: accul:ac)¡, â veïy convenienL tie-tltod- of cal-cula'bíng 'the

effec-t of o;:ci'tc:r anä govei:r'to: reslfoilse; o.r, fc,: ti:a't rrlat'Le::,

anlr othe.c e-:fect 'tiia-t ilalr ire cons-ì c-ì.e-ed,. and- 'ti:ab inalz lce

oescribed- i:12 s'ìngle o:rd-er dr ffe::ential ecr,uations"
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-ìcv:Lei.r;::9 't.:e rcg','.]_':s oi Çoverrror response, it ìs

seen 'tha'b the rna-tirerLìaì:ical uod.e'i useC gives q'"restionable

::esul-ts fo:: 'the first fer,.¡ secoäcis of '¡l:e si¡ing. .Ihe

-:',rlcij a'tc effcc't 6'F 'the goverlìor or. sta_ì:ilizing the sys'ten

ig g:eatcrtl::n oirc ivoul-cr e:;pcc'3 f:oi: an a.ctual_ govel:nor.

Tn o=cle:: -to e;rl¡lain, i t is necescary 'to re-e:<ainine the
:qq:rr.:'.a'l-i nyrq n'F i--ì¡a nr-.j a.ì '--'ì rnn¡ì.:'l
-- - -,-,.:- L¡iE vr ¿LJ:¡¡G! inocie I 

"

Cons j-CLe:: f igure 6 " I rvhich gives ii: -o'l ocl< diagrarn

the rra'tlreire'ti cal repi:esen'tation useCr in ref e::ence ,i:7

'l--- ¡crlc g'vcJ:tt.,r iSySLC*." 
# o¿Ípuft¡ t

Fig.ure 6.1

ivhe::e: T. - Dasl:pot 'tin're coirs'tat:'L (secs " )

T --*l.iechanicai starting 'ci-ne (secs . )

T. .=i{a'ce:: s'tar-:!¡19 til-re (secs" )w

ð 
--t'e.tn.:ol:ar)¡ 

c-::ooP (l: " u - )

Fori:he purposes oL: 'Li:is 'Lhesis a si¡nil-ar nrod-ei v¡as

set uio- lIo\'lever, ::ecause oi s'i-o::age g;Ðace ccnsidera'Lions,

several a1:p::o;:imations \,íel:e used-" Consid-er figure 6.2 v¡hich

9'ives in l:locl-: ¡o¡fû tl:e äratheinatical inoCel used to sínulate

Gaw:¿¡.'¿ s'<



t)z

the govel:nor systei:r- lrjo:e .cha.t ,tl:e cl.o.Ltecl.

tha-t ¡:o::'ti-cn of figu.::e .o"L not incjud.ed in
È .//r .ÞJ/t"
i, ( a.r¡-,,,., ¿A+(4-->

4 rt1
- 

r ¡ '7'¿-¡zï¿' -)

-

>r+/o,r'
(cnt!¿tned
/-¿.ryc-Z-/o¡¿

/t?n_

*"4----
I

l¡
l-/
i-----

/ (-+
¿,-- a

f¿'lQali/nC

:-----l+l
t -,/gvJ r

r I -t'l,,ag,--_.rí _
I

Ì

I

I
f

J

ol
I

I

I

I

ìt-

figure 6"2

\'/.1er:c3 I -,ferLrporajl)¡ dr:oop (lo"u")
'|/

T - overa'r I goveïrio.birire consta'r.t (secs " ) (see

equ.ation 3 " 9)

In fìglure 6.2 tl:e overall_ -bi¡ie co:lstan-t (ó ancl the
'i-,or¡Ì,n-r¡:^t¡ 11¡^¡ 

/uv¿lrvv!qrJ çrJ*uoo (l ) \¿,/ei:e selected to coinc-lde ryi,ch tire
"optin',-:n transien't res¡:oiLser: cu::ve sho\,.,r.r in f igure i!!/. g¡
re,cerenc e #l - Ã rco'mura was ceveJ-opec 1:o approxirrate thistype ofcurve; 'che/cuive usecl is sitov/n in .,_..ig.u::e 3.3.

The d.if'r=erei'ice betrveen .tjre ne.thoils slìov¿:: in figures
6"L and 6"2 is'that in the apisro:<imate i-nàthocl. usec for-i:his
thesis the fu.rl efi'ect oL' Tìo (.the r..rater s.ta:cting .Linie ii:
secoñds) -r,j'âs no.t fulty.Laken ii:to account b1z the overal-l_ time
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^^i-^-!-rr^J-U U115 L ë¡I L

-in o.:d-e:: -to c.e velo;: -Lj::- s ¡:oint :irr.r-ther ,

figure 6" 3',,,nici: shorrs -ti:.c-: ::eì a-t-Ì ve effect, in

f cu. secor':c-ts 9 F 'lire i: - u " r,¡i clle't ga'te opc:ri r:E (g )

?"u. i:ead. (tha-t -i s 1"5 :r i:) af'lc:: 'tL:e occuïence

-^rl c 'i å,a¡'

-ti:e firs-t

--^.:l l-1¡ ¡
Glfg u¡lg

of a l-oad.

1'fit<i )

{'rne

1-'t õì1:4^ Ar3:s¡u

ifo'te tha'L rvith j n '11:e f irs't 'three second.s tne resul-tant

eÍfec¿ of a and 1.5ir is 'ro accel-era'te the nìacl1ine. In the

nathe¡ne'b'i cal- riìod-el used in 'this -thesi s the ful]. ef 'Fec't of

v¡a'te:: accelera'tion r+as not accoun'teC for btlthe oveÈali 'tiile

cons'tant (r) ; 'the::e-"ore causing 'tnc acveiiìoi: systerrr in tire

firs't second -to d-e-accele::a'Le 'the rc.acl:ine" 'llrus accoun'tinç¡

-Fo:: the d.ai-içect cr-]i:ve r,,zhen-ever 'che govcrilor sl/ste¡n rrl.odel vtas

erapJ-o1zèiì.

ìi J_ " 5n l-s
acceieratioi: eo_ua'tion :

f¡ drn
'ni Ì

f .l'.i.¿{¿

.i-¡l:a'n å:t-¡a¡'¡,- l.¡ f¡Onf tlfe maChíne

v;: :# at f.'Tfe * ¿:,*a
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Llc'..ier-¡ei:, i.or -tirc 1:r:-::1:ose of 'th:.s 'thesis it i.,'as shor.¡n

ti:a'; a r.e¿i:ci-;a'li c¡.l- i;ccìer of a govei:rloî sys'terl iì.oes -l-ena

i'i¡3ç'i-F 'to aaal lrsis br¡ clr;ita-1 co¡:ir:r-'r-ters and aJ--thougir -tTre

¡r:oi.ê] used in 'this -thesis i,¡as noc accu::ate, -the erçì oyi ¡g

of c-igitai c;cinpn'ters ii-l futu::e s'i:uclies of -tire behavior of

Eovci::ìo:s du::inE 'Faul'ts j-s sugges'ted. (see sec-tion 6./').

rne stud.lz of ::eclosinq snci'¡ed -ti:a'i: i-ts e-Frect o]'r

'i¡äc=ovii:g 't::ansiei:t stabiì i'cy \'/as clefini':e11' ';ro:'t:r considerinE"

ï'L p::ovecì capa-þ'l e of stabilizing the slzstern r-rp to a ioai. a'b

-:¡us 7 of 9-6 ¡:"ü" wi'cl: a ¡ecl-osingi tirne of "2 seconds" 'ili:is
'i:l:esis cousiij.eL:ec-l 'chree Þhase ;eciosi-ng but it rnalr i:e pointed

cu't tl:a't fo: I onge:: ì ,¡i16r¡ ir'i th si ngl c 1:h.ase :cecl o$'i ng, ai:d

-Ío:: a non--lnree phase i=aul--ls (say- a line to grouncl faul't),

tro\',7ei i'larz s'bill- be t::ansrni t'i:ed. Covm -the sound. pirases.

il;rci'ter J:espor-rse, l:as ì'ts g::eatest e-Ffec't at'cl:e

lori¡er ioad-s" The accu::a-Le consici.e.r:ation of exciter reslforlse

so as to be coEnizan't rvi-th the p;ogram irroved to lce too

J-arge for th.e benefit gair:ed" A ::easonabl-e ap,oro:<ir"ation

of e:cciter resìcol:se r*/as l:nade. Seve::a'j c::i'teria had 'to be

^^'Li --ci ^i in this case- Ti:e firs'c v¡a-s 'that 'i:he equa'tíonirq LiÞ:.1-L:jLl :¿¡ LI¿-LÞ LiË:Þç

used fo:: e><ci-ters had- oniy to j¡e accurra'te enough 'to shorv

'Li:e effec-t 9F the ir,r1:Loveiirent oä 't1.e system" 11:e secoi:il

v/es 'ti:at no ria't'i:er v.rha'i: a-;rp:ro:<iinatj-on t'.zas used- tl:e J-ogrc

:r,ca|,=é -;-r. ^^ì *'^. ì r- l---f ¡-¡. 'h¡ -*-r'l I âì1 
^ 

Ì.l-ê1Ê,:r^¡]rlr¡ .i-l¡o-. ¡:eçv-+ç: uU ÞLJ-LV\- l-L.lleLL L\J JJl= Ðlr¿Ci.II, êllLL rU:çl-s:J.Ci,U¿l ç¿¿Ç

equat-ion iiecideci on si:ouiii- be cor,¡ca';ii:1e v¡'ì'Lh tl:e äutta-

F,ungie i:iethod-" 81,- us:.ng 'the aì:,::ro:iirita'tion derived in chap'ter



ïv, aj I cl:i'teria i//ere satisf ied." ït 'i s suggested. that fo:r a

rtoile accu::a'te anal \¡si-s of e,çci'te.r f cstlonse, -i:i:e ef f ec.i:s of
sairiration ancl uÞ¡re:r ancl 'lor,,¡er cu-t-of'F i:e r,;ri.t'ten in,¿o .tire

Jr vll : ëllt -

To sunina:rize then, 'i .L jiag been shor.¿n .that nÌoj:e ifo\./er

can i:e trairsi:¡ii'L'Led if im;orovei,lcn't ¡ne'ti:ocis such as e;<cite::

cr ::eclosinE a::c useC" rt r,¡as aiso shor,.'il .i:ha-t b1r s;tÐisy:.nor
'Lv/o or ücr:e r¡e'thoôs, one coulcl ob'tain a s.table syster,i. Tir:js
-tin',c, ììo\'reve::, 'i:ire values of the pa::aneters were less critical .

in ccnc-lusion, 'chis thesis l:as cove::ed_ -transi en.t

s-tal¡i'ì I't;z of a 'tlznical- ¡oiver s)¡s'tc¡:r f¡or-r va::ious angJ-es.

-ri:rst tl:.e si+:Lng ec:ila't-:cn (usualJ_12 sol'veii_ ,!¡' .the point by

poir:'t i:e't]:oð-) \'ias solveo i:\z r'reans of c'irls varia'tion of the

äut-ta-Lunge ilrocess. second-]-y,'three se;oara'te rnethod_s fo::
irrlS;;ovinE'tra;rsieri't s'tal:iiity \./cre j-nvestigated and ti:eir
effect on the S-bajtrili'ty løheir usecl- 9i19l1z 1.¡¿u notecl. The

co¡nl¡ined effec't of 'tl:e irrrlc.::ovenent rLretnod.s r,rsed on the

sam'J]e r¿as s'tuð-ied" Àdvantages \verc no'Led., the ilajor one

being tl:at aporeciaÌ:l1r ¡¡.er" lf,o\./er can -ì:e 'transni-ttecl"

6 "tl Fu'tu.:e S'tu.cl.:l-es

Ti:is 'ti:es j-s coulci not hope -to covej: so l:.soad a f i e1cl

as por.ieï sys'tcr:ls s':ability ín o.,.re s.li,.dy" 'Àt eacl:. section,
pr:oblens 'tha't \../ere ou't of 'the scoi:e of 'tl:is tjresis pi:esea-teci

- tj:emsel-ves as possil:i -'Ì-i 't; es -For fu'ture studies,



VU

Tire =-i;s't suggcs.ilcon for futu.:e r,;orlc i.s tha.t a

sepei:ra'Lc s'tu.i.1z using a dígi-'tai- co¡np.ui.ter l:e car::i ei. o-ur.t on

Eover:ilol: .r:eiravio:: during a 'iaui-.L -.isjng -i:he accura-ie rnodel_

shov¡:: ir: figu::e 6.i. ?l:e s'tucìy of govc.rno:c ;¡ehavio:: rtself
ìs rvori:hlz of a separa-te .topic"

Secondi:/ cì. seÞa.race stuäy c-ealing iyi'th e--{ci.ter resìloase
rvouid l:e beneficj-al-" i:gain, a. selra::a.te stud.y is sugges.LecL so

ti:a't an e:<act acci-lra-te nathei¡atical noclet of ,che exciter
sys-tern can i:e usec-i to str-rd.y'Lhe effec.b of e:<ci-ter res,oonse

on a üracaine i,uri-ng a loacl char:ge " To consid-er e;<citer
resl)onse a.ccura';ely involves a J-arge ai.:oeint of logic and. storage
space, inuch nore than v¿as al-'t otted. to 'bhe exci-te:: i:o::.tíoi: of
'che p::og'¡¿.¡ll uscd in ,ciris 'tnesis.
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