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.... bstr .. ct. 

ThU paper pcopOSCS I!I cor.trol stra t egy for traluient et.abllity 
eni'.4ncelnent anC! datllp1D9 o f po\#er osciHatlotlil,ualng combination type 
SVC, connQctod to the machine teroina ls of a co.oto po~.r plsnt. The 
COlI.bined t ype of SVC consis ts of a I\Cchanicolly switct:ec capac i tor 
and a tlx~d capacltocjthyris toc-contro lled reactor . 

The lQoch.anl.cally sWltched cap<tc ito r is u llod t or aU9t:10nt.ltiOll 
o r transient !5t.!l bi lity . lts s\litch.i nq con trolis baaed On a pha se 
\,lla ne analysis. Tbo op tl lMl switching curve is ('egerd ed to be a pArt 
of an elli"p.!Ie, ~h icb is cleve loped frOl1l exa~ini1l9 of experimen tal 
swin!] curves:. 

Tho flxod capacltorj thyr~stor- c ontrolled nactor ie us:od for 
dalnpinq the power osci ll at ions.Tho influence of supplementary speed 
or powe r: Signa l s, in the $VC control loop 011 syetelO ciampilll<} 
is investiqated. 

Diqi t al si~lation of t~o lIys t OIl.S following a three-phas~ faul t 
are performod to dClI.onstra t e the effect i venes s ot t!\O proposed. 
Control strategy . 

'J'he paper ia ceceived in Se ptel1lber 1, 199~. 
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Lls ~ or principal SymbQ13 

SynC hrQOOIJ S machine veriables 
I~ = ~lrect axis current 
I~ '" quadratu.re a xi9 cu.rrent 
V, ,. d1 ['oct alCis component of torl.inal vOltage 
v~ - qua4 1::ature axis c Olllponeo.t o f te['!al na i vol ta911 
V, terminal vol tage mag nitude 
£~ Qlladcature alCis voltage b\!lhind transient reactance 
P. .. electr tcal power 
P. ~ wechanieai power 
w • macbi ne ao;u l ar ve locity 
a - lDac~ine rotor a ngl e 

Synohronous mach i ne paramet~r. $ 
X6 - direct lI.l:Cis l:eactance 
x~ - d i rect axi& transient reactance 
x.. - quad r atu r e axis reac tance 
o • damping coeff icient 
T~ • • d.i rect ax:is open circuit tran51erlt tilnO eO MI~nt 
Tq. - quadrature os l:l:is open circuit tranfnenc time conat')'nt 
H • inert i a constan.t (MW'a/)oWAj 
!"I .. ZIi}Iu. ) 
I0Io .. rated freque ncy (rad/!!) 

Control sys tem v~r l ~bl e5 
Vu{ • FC / 'IC.R reference voltaqe 
V. • Fe/TeR st~bil1Un9 volt~90 
tll.l • dire<:;t axis current of Fe/TeR 
l~ - quadrature (lxis current of FC/TeR 

Control Iystem para~eters 
T't - dolay til1le o f thyristor c1rcuit 
!l;r • 9aio. of thyr:i~to~ circuit 
Be - adn,ittance of fix.ed ca~acltoc (FC) 
8L = oontrolable admittance of thyristor controlled - reactor (TeR) 

1. [N't'RODUCTIO~ 

't'hyt ls t or contro lled static VAR comp~n,ator£ are used i o 
transmi SSion system apJ)lica t i oulS [ 1 ,2,3,41 . It can be u sed to 
re~ulate s y 'te~ voltage, improve trans~l ssio n capaci t y, enhence 
sys tem stability and to da~p power sy~tem oSCillat ions. 

Tile operation of SVC ia in.here:l.tly Cast and W'1.th .l.ppropriate 
contro l , tlley c.,n /'lave II J arg-o effect on systeta con!Htions within 
frO-et i ons of a cycle ot tbe norn:al roto r osclll.\L!olls (!'i I. 
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The reEote .y.t .... lend to be poorly dall.~, 
,erle' 1_pedance ,...na t ha t eont.rol (HI .lterlul toc 
eel.t1"ely !.neCC.ctlYli. Thu.. , ;any iepeoy", .. "n t. 
requtred, "lid. It can be &Chelved by SVC 17 1. 

Illd tbe1 r hlg!l 
lixcltiCS """ y b. 
1n dAllpl nq i$ 

HallY dltf e ren t SVC eonClgur.t i Qn5 a re poa.ibl e . Tho cholCe O( a 
c04C19ur.Uon 4ep(ln4. on a lIumber of f actors: re&c tlv e po"'., 
require _ftc. , lo.s ch&e.cted.ticli, bilrJllOnlc qoneratl on lind. CO!!t t 1) 
One ot SVC conU9uc;).tions i. tne fixed c ,,"pacltor/thyrili tor
cont ro lled eeaetor (PC/TeR) witb lIIec hOin ically 0 ... 1tc ned capacitor 
(S~ . C ), Wb1Ch 11 c~l l ed cocbtn.d rype of SVC 18]. 

Foc IIny five scheme, tne Bring .11 0911 control ot the t.hyr1~tor 
ballk$ d.,teu.1UlU the oqulVol.l. e nt shunt. adml tt", nce prel ent~ t.o the 
power ayatell. The input al gnd' to tOil sve co nttoll&c au trle bull 
voll~ge cha ngG~ a nd ~ux illi kCY Slqnal s a t tht "oltage controlled bu" 
of the ayS t eD 

Thi l p.per proaen tl • control stc.cogy Co. hoth U.nsient 
ii tllb.i.l1ty IInha ncome nt and da",ptng the 'yl t 'll olc1l1.t1oft ll tor. 
rellot.e power phn t . The firs t li tep in the proposed cont.rol st::;).u9Y 
t i the sWltch inq control o f th~ ~chanlcaLly , w1tc hed e.p.ci tor {or 
~(anlilent . t.bi Li ty auql'lli nta t i on. Swltch curve tor SW.C 1nsec tion lS 
an elUp~e whi ch is dfIVe loped f rolll t b~ .u .. l nOit.1oR ot expec l .. ent.al 
swi ng c\lrv.~. 'the tl:econd e t cp ot the cont lC'Ol sttat,!]y 1.5 t he 
operatlon of PC/Tell. of the SVC wi.th '\lp~le~enL.['Y Ip.ed. or poYoc 
'l~nal. lO da~p the GYltO~ osc lI 1at~on5 . 

2. ItATKDtAl"ICAL /'lOD E.!. 

The eYltem cons loecd ill a (elllOte powee pl.n t CQnne(:ted to .n 
ln t inl te bu.1 th.rolJgh a dOlJblO Circuit tr.n Slllllalon '1 Sllown 1ft 
Fig .1 . The synchronO'u 9G n.rator of the rerllOte po ..... r plan t il 
d'lScdbed l n fou.::th- orOC!r nODlineor matne_tlcol l'OOde l 16 1. 

, • u - ~ ,., 
" o • P. - P. - D" '" 
Tlo il • En - .~ - '''' xl, " ," 
T~O El • - El • (l" - xl, x. , 'J 

A coebin.tioQ type SVC 1s used 1~ the s tudy and i t Is 
illust.cated in P19 . 2 18 ]. ThQ !(sc b<l nk 15 Iw1tc ll ed onLy f o r 
tr.n. l IDt ItOi b11ity Oiu~.e ntation due to lo~qe diJtu r bances lueh i', 
1I qcolJn<1 fllult of the tein,raiss1.oo li l)8. The fC/Te R pa ct works for 
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powe r Syl te lll oic llia tlona o r works for I. ill .. l U alllplltude l/olUge 
f luctul. t loni. ~quatlon!l of pe/TeR ~rt a re obt .lr.ed as foll o~s ; 

v. .. l w • w ... I .. (S ' 

v. .. I .. w L. I" (6 , 
,. lu • , .. PI 

" • 
,,, • , .. ,S) 

wherll .. • " - ---! -- -". " 
" " tb. reacttHlce of • tlp-(l.o...U t.r &n 5 f a rJ;(! r To' . 

3 . DE:sCIUI"J'! ON Of THl: CONTROL STRAT EGY 

3 . 1 Contro l or Hechanlc~ lly S~ttche~ Capaci tor 

When tIle ~y6 tClfll , I hown in FI.". 1 i. subjocted t.o II t hroe-phase 
f. ul t on t he trll nsllli:u10n syst .... , Qi oill.lUon ot .generator r oto r 
aU9le a n4 II pee'" occur • . Tbe t y piea l swlnq curl/e ll ace showr. In Plg.3. 
!Prom th e well - kn own cu r v., a futuro of the curves c a .:. be usod for 
swltchlng controL. 

Po r a ra.ote powe r plant , t he Inte.r-dalll;>i. nq I s Quite ~r.)all, 
U ere[o r., t hOi' osci lla t i on In f ig . 3 his . l ong (j,u raUon time and it 
can ba appt-o xima t El d all II HnuS0 1~al wav. Ui [011 QW8: 

101 ... b sln( t ) 
' 9) 

6" a CO,( t J 

t!que ti on (!/) repr e unt& a typi cal ellipu equatio n. a i ll the le n9th 
ot th. le,.i-lli<Ijo r axis, a n(i 1:1 11 th' length of thlil se.l - nli.no r axi s. 
Th_ u - " c urve . ShOVR in flg . J c an b. apPcoKimately v1e~ as a s. t 
u~ e11 1plol .... ltb t he 111) '" ce ntr • . Spltc;if i Qd. BlU p!!!e c ll n be exp.U/iiIBd 
by t he fo l l owi ng equatIon 

[ 6-6.J~ 
(l O) 

.' b' 

Tb e ,ut o t e U .:.pses II,s dift.,.nt va-iue s o f s, b, the S4"'. c ln t ea 
' '. , I0I0) a nd. ha s th' SUI. r. u.o , II • b/e). 

Wb,n the SW. C i s i n ser t ad to the pow • .r .. Yl t .... thc opcrl)[1nq 
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poi nt cnan.,e, and ~h ll cO I: .tespon41 nq s ..,inq curve chanqes ;l l sO. A" 
,hown in Plg.4 , the now ope rating po i nt is 6ft and. tn. co r respoDdi ng 
swi ng cu r ve s 4re DQved to t.he l e f t . E~am1 n ln9 tne set of ellipl.5 of 
ceatr. 6 ... t bert!: is only oce e ill ple (opUraal e l li p •• ) ..,hlcb p •• le5 
thr ough ttle pre- h ult c p8n.Ung polnt &e . 

If t he SW.C il I ..,i t ched of f eMactly a t t he pre-fau l t ope ra ti ng 
point 6., whe n tl'lc trajec t ory IIIOves to &<> &long the optl~a l e ll ip.!le, 
t he wbo l e l'Iys t e lll "'i ll return t o Iteady- sh,t e hnm.diately . 

3.2 Contr o l o r FC/TC_ 

A . t ab1l. izlng contr olle [" f o r the PC/'I'CR cOlllp e nse t o r is 81",,, ys 
nocessary in ord.e r to prov i d e the requ i ced d/lropi llg t Ot:qu llil to damp 
power olcil1 /1 tt ons in /lin effllilc tl ve IIIOn'HIJ:. A I t atic CORl?enS4ltor wlth 
only a vo l tage .teguLa tor cannot ~ ulfill t h 1s requ i r e~ent 11,8 1. 

Tho block d l&9 C~~ o f t ~e concrol scb e~e ewployed i n ~he PC IteR 
cOl1lp(!ns4tor is 5ho .... n in Pl q .2. By adjus ti og t he Ci1'i nq ;lnq LliI5 o f 
t hyrl.!1tors TH l and TIll a "cor d1n q t o t he va rL"t10 ns 1n terteinal 
vo l t . ge V. "nd speed. d evla ti on 0 ' th e qene r~to r low o r power ,lgna1 
4P, the l uscep tanc e ot t he 1nd.uctor "&, c an be cequ Lated. 1n 8 way 
snown 1n :o"i9 . 1 . The r:l<)the JII.o!I tl cal equations co rr.lpondi ng to Piq. 2 
H. 

K. (4V." - loV, + .\~I ., 4.&. .. 1'1 A8L 
(ll ) 

81. .. 8!.C1 + AUt. 

Tr a nd Xr U (lr e •• " t th e d fi l ay tl1116 and. 9"ln o f t he thyristor 
ci r cuitl , SVC contro l loop is Va r y f as t a~ co~~arcd to .ystem 5w1nq 
o s c il l a t lon l .Thlillr lill !or e t ho no nl1nea r . od el of SVC c an be 
' pproxlr"tOO to li near naooe ! for the purpo se of th il an. i ys!" . 

4. PROCEDURE ~OR APPL I CATION OF THE CONTROL STRATEC~ 

The cont r ol 'procedu r e I nvo l ved i n enhance~en t the tra n.ient 
sta bili t y onO dampi nq o f t he power oscilh.tions ill qLven 1 n Lhe 
f 01 10w1nq : 

Step 1 : The SW.C i a swl t cheO o n (It f ault cie.ri nq by the ii ne 
prOtection . Whe n ~6 s t . rts beic9 neg.t i vw, tbe SW. C il 
Swi tched of( . 'l'he tu' lectocy of (fi.rst) i nse r tio n 1s AS a s 
Shown I n Pig.lS. The AS tralQc t o r y 1 s ill pottio n of s wi ng
c urve correSpond.lnq t o t he po",e r sys t em con f i gu r at ion 
(a tter 010& 1' in9 the fa u l t ) with insert e d SW. C 
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'I'~& "CO"~ !Durtlon of HSC io 
at poht C whlcn be lon'll t o 
."ltcH~9 ott ,at poUt O. 

"hon the tujec tory .urlYes 
t~& optl""l e l Hp .. . Then. 

3 : Tha po ..... , o. c illation. 
cQO)pen .~ tor.Tbe stabilizing • "" e~ ~en. tiCD ~ or PO'"'U 

. ... d~.ped \I.IIl "9 tbe ' C/ TClI 
cootrol "'lui Ia l~. gen ..... tor 
d .... Utloo 119"" 1 . 

S. S I IIIJUTIO. auULTS 

t'~. propoud cootrol ot rateqy Is dpp l iEd t o tb~ foilo"inq pow-u _y"U_., 
1. The re_U po"er plant coouctK to "0 I nfinlte 1>0>1 t hrou'1ll 

• ~oubh c ircuIt Lon" u . n •• IIUon Hoe.1O Ibo ... I n P1g.1. 
It. dati Ut ~ 1 "U I n AppelllUII, Tn, 4hturJ~nQe LUt1a U:l9 
tnn.hnto ... t~ue-p" . .. (.u lt oc::ouue'1 uu the U_te 
'1,urato r .. t tno In<! of tun .. ,nloo Hu.'l'bo !.ult to 
ole.,,~ In 0.11 I Dy opln l n9 on. of the double CL'Cu~ t •. 

1'~. dlg:1UI u..o 1 :1 .. ~lo~ ,oG 61>0 .. n in '1'1.5 d<lj)lt t s gOQe'.tn~ 

J:Otor ."9:1<1 a .• ~.., ... t.e .... nal "oLtag. ~\I, In<! pov u P .. itbou t svc. 
1'19.~ I bO" , a1o <:> lb ..... varhbl .. "ho .. ~ iV . C o f O.~, pu r.U"Q U 
..,ployed . 

"ltI.ou t SW .C !:~ •• r .t •• I . ,. .. $t .... ia. Ih lb sw.e . tba t . . ... LGnt 
I t.>bll1ty t." !>to &UqU_IIt.d I n • ra pid "'''"0<' ~he ,_ t~.,oetory U 
Iho"n 10 H g .6 . 

fo. dn ...... \ ... UOR tJ:,. OpU ... 1 .H." .. ~u.tlO" , tho t OU""'Rg 
..... Lt • .or .. r~.led : 

•• ~6 . 1 1 · • O. &~O ,.0 

•• • .:n.l0" • 0.115 

• • •• - • • • O. J(;5 uti. 

" • O. Oll 

• • " • • 0.008 

$ u "'"tl t u t1 D<;p " " <In. 110), tho "pU ... l e lhp .. 

!~ - O. U G)· 

(O. JU l' 

( w • 1.0)' 

(0.0081' 
• 

• qu .. uoo " 
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Fig .? shows the generator roto r OSCillations, due to the above 
disturbance but with duration of 0.12 sec. Curve (a) corresponds to 
the case without control. Curve (b) and curve(c) correspond t o the 
use o f speed and power deviation feedback. signals in the loop of 
Fe/TCR compensator,respectiv1lly. It is noted that the use of Fe/TCR 
compensator ennances the damping of rotor oscillations. The best 
rotor angle damping is obtained when using power signal in the 
coatrol loop. 

For the above fault .... ith duration of 0.14 sec, the response of 
rotor angl e is obtained, as shown in Pig . S. Without control, the 
system Is unstabile (curve a). With SW.C only, the system. is stable 
in the first swing and the subsequent rotor angle oscillations are 
greatly damped (curve b). The oscillations are totally stopped in 
1.0 period of osc i l l ation of rotor angle, when SW.C and FC / TCR are 
applied together t o t he sys t e m (cu eve c). 

where 

2. The 1 0 -g ~~orator,19-bus power system described in (9J . Fig.9 
i llus t rate s the ne two rk conf igurat ion. The machine and 
network data are giYen in Appendix. Generator No.1 
represen t s the remote power plant. Three-phase fault near 
generator NO.1 of 0.40 s is investigated. The generator rotor 
ang l es and speeds are represented in COA reference frame a s 
follows: 

91 - 61 - .so 

WI=WI-Wo 

o 

80 - E f> I MI I Mr 

o 

Wo .. r WI HI I MT , 

(13 ) 

(14) 

where 111 is the inertia constant of generator 1 and MT is defined by 
n 

MT - E MI 

The generator .rotor angles 9i responses are shown in Pig.lO. 
Fo r the above disturbance, generator No. 1 ruos out of step firstly 
a nd thus it is responsible f or the first swing instability. 

Fig.ll s hows the effect of usioq SVC on the system response. 
MSC provides augmentat ion o f transient stability. The 8 - w curve o f 
generator No.1 is shown in Fig.ll. 
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Using o f FC /Te R wi t h aditi o nal !lupple",entary con t r o l si<jnalc 
p~oY id es s i g ni f icant 1mp~Dvement in d ampin9 of rotor osc ilia t ions as 
s hown in Pig .12. 

6 . CONCLUS I ONS 

The papar prasants II con t ro l s t .rlltegy fo r t r<ll [ls ien t stability 
a uglllenta. tl oo lind damping the pow9 J: syatlll'l oscil l at i o n ., du.e to l llrg . 
d isturba nce s, u s ing ccl'lbin~d type of stat1c VAR co~PQnsliltor. 

The swi tching c o n trol o f mechanicall y s wi t c hed c apaC i tor 
i IiC4t1i1d on pha se p l ane ana l yst s. '1'\;0- ins e rtioos or the switched 
cn pacito r are reql.J1red tor .rapi d t r ansient stability 
i .provem.Dt .Qp~l.ai e ll ips. equat i o n r equrles t be equl1~ br~~m of t b~ 
s ycte l'l wi t b Il IoIitched capa e l tor o~ (fo r t h e s a lae IC&Chilnica l power 
input), "bieb. e an be calc lllated off - l ine by loalJ ! 10 ,", e.!.lcul a t.\ons 
which wi l l be s tor~d i n a loo k- up t ablo . 

The FelTCR compensa t or .... ith a s peed or po .... er d e viati on as .! 
stabU1t i nq siqna l is eHecUve i n d alf.ping t~e subsequent powe r 
sl':Jte .. OSC il l a tions. PQWU~ 5upp i e l'lentaey s i <] n/l1 is alore ef f ec t ive 
than sp~ed signal In oa~plnq r Ot or oscill.t~ons. 
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APPENDICES 

1 . The parameters of tbe sing le macbine i nfinite bus systc~ are 

M "" 10 " 
:{ll - 0. 12 p . ll 

x~ :=. 0.29 p. u 
X l 2 - 0.08 p . U 

The operating poin t considered is 

Po "" 1.0 p.u £.:6 0 - 1.11S .iI. 4 8.2° 

The parameters of t he PC/ TCR compensator are 

Tr-0.1Ss Kt = 50 

x'" '" 0.8 p.u 

v = 1.0 P.U 

2 . Tbe paramete rs of tbe 10-generator and 19-busbar system and l oad 
flow c~lculati ons are oiven in Refe renc e (9 J . 

The operating pOint s o f system generators ace (base MVA : 1000) 

No. of P. v, E •• generator I p . u) (p.u) (p. u) (deg . ) 

1 1 .451 1.00 1.544 10.2 
2 0 . 240 1. 033 1.581 3. 28 
3 0.350 1.005 1 .5 42 4 .99 
4 0.'00 1 .009 1. 4 75 2.90 
5 O. 120 0 . 939 1.125 -2.50 
6 0.550 1.067 1. 328 -16. 70 
7 0 . 229 0 . 932 1.178 6 .78 
B 0.260 1. 003 1.578 0.20 , 0 . .3.30 1.1 0 4 1.660 5.28 
10 0.'60 1 .09 1 1.222 -20.50 
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