
BY 

AMBA.FI~ Jamt~~ G~lrbH 
[Vl,ENG/SFE'f/HHJSJ1914 

l'H1$1S SliBMrrTED TO THE POSTGRAOilATE SCHOOL~FElrt:RAL 
llNlVERS1TY OV 'fECHNOLOGY~ M1NNA'3 N1GFHIA INPARfJAl, 

FVLFH./\{VNT OF l'HKREQ1'lHKMENTFOR 'f~n: A\VA.RO OFMAS'fr:ROF 
ENGINUi:JHNG (M,ENC,} IN E1Ji;CTHICAJ.,AND EU:CK~n{ONICS 

LNGINEUUNC (EIJ[CTHJCAL PO\\'E,g ANn ft:L\CHINES} 







/>. rK,rNO'\V8r,I)(-'~,a~'NTS 
:'\, \:... _L. ¥ 1.-, F .... 1. , Pf' *:'... . .i. 0'." 

Fust and Jhreroost, I thank Cod Almlghty. ',ync is rnerciful and hiithfu!in all th1ngs and has 

ensure that qUHlity v';ol-k 1S done on tlns research pfOj{~ct I appnx::iak Ins interesL, advice 

and conmrud,ive cnticism tint !ed to the successful courpktion of tins \,vork. 

I must express my profound gr;;1titud{~ to the \'ice·Chr::Hcdlor of h:dnal University of 

Technology, Nhnna, Pn.>tessor MS ,Audu, the Dean School of Engin~;.:ering. E:ngr_ 

of Dqxrrtm,ent in School Engineering and Fngin>.::eringTedmnlogy, Engc Prdes::ior 0, 

,EkciTKJ.l :uKf Electronics Engineering Depr::rtnwnt l{)i' tndl c{mtnbotioHS to the successful 



1 a!sn thank an my fnends \"/ho had in one >Nay or th~? other (;ontributed to'Nards rny ,:wccess 

TnhL. En2r A. B rvt ZungefU, rugr. Carolin(~ A,f\k U O. Ohizt>, l\h. /\d<..~i?a.! O .. Mr 

A Sidiq,Mx. H. ls.<lh, Engr 1J. S. Dauda, \1:. A. Ukenn,l, BaLE .. Z a;;;h ana , \11'. :lnzi T'drs. 

E. Ladan 



ABSTRACT 

This ws(~m(::h aims at discussing the effbctive perh'jrrnances of Pow~;r Systt;rn St:i:1biLll:~r 
{PSS) and SW.ilC Synchronous Cornpensawr (STAT('Otvlj that arc considered separateiy in 
damping {}sdHations nH the 33GK'V North-Centl<,d net'v\'(Hk of NigenH. (i-rid Syst;;~nl. Tb:. 
n%;uh of thi~;, study r{;vea!;:.; effective damping of the controHcrs, the PSS ;1nd ST,,\TCOl\l 
~'>tlit~1bly !oGl.k.~d;n t.he power :,ystmrL FLK":t!Xl()nt of the ST /\TCOI'vi recFHws the w:;e of 
optirnizatinn technique; henet; Ckmdtc /dgorit.hrn (GA) INas adopted. Abo, the !o;,;;ation of 
the PSS in r;;;quisite generator is dderfnined by' (~lgenv<'l.bes <Huilys!s and damping 
:.:odTki;;;Ht Simulations \Yf:rt; carried out in Pov,er S~</stem Analy~;i.s Todbox (PS.AT} 
e!lVirOnnlent to e\'i.!hmte th<:, {X;rnirmmlce of the PSS and STA.TCOtvl in danlpmg 
oscillations on P·k,rtn-Ccntml network of Nigeria :1301<.\/ Gnd Systern.By ~;Hnnhlhnn, it 
W<,j;, ob:,-erv-ed tL;H tiw damping effect of PSS is hmited to thehud mod.es (genuakH} 
where it is. pb.ced~ \.dnk: STATCOtvt is very effeczivcin bot.h local and inkf--arCJ lnode~,; of 

o:~ciHatwn damping 
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ABBREVIATIONS ANI) SYMBOLS 

AC Alkrna.hng Current 

DC Direct current 

r ACTS Fkxi.bk ah~;:rnating. cu.rrent transrn!ssion sy:4~;:rn 
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STA.TCO\'1 Static '='-:dldnoncn.ls cornpensat.or 

SVC Static V(lX ('ompensaior 

TeR Thyristnr controlled reactor 

Tcse Thyri::>to{ controlled scrie::> compensator 

VSC Voltage source conv;.:rter 

V: ContToHed bus \·oha.g,e magnitude 
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CHAPTfLR ONE 

}<\~ GENERAL INTROIHJCTI0N 

produced <.'Erect cunem {de) electrical p<:nver. Later on, a Serb!<H1 AJnencan ekctri;;:rJ 

tmn~'Hnitting of electrical po','·':er {Saclrwt, 2004} The genenI.l;or output lS usually decided by 

the turbine mechanical torque, >,vhidl <.:rmid be altered by excitatwn v;;!\u{? transiently. Tilt'; 

output pu\vcr., controlling the excihltion v<,due and ri...~d.u(;ing the power osc!!lationin order 

,thiLtty to cnntimw in a stable opCWJion aftcr snme disfUrbano.~sThe sync.hronous operation 

of a g.enerator 1S cndangen.xi by clo~-'}e and remote short-circuits in ttw ne!\vork, by hn(~ and 

transient period. AU thC$(~ result into po\ver SINing mode {Electrornechanic.al} o:'>cili<Hion. 



The emergencc of Pc~\ver System St8;bihx,cr (PSS) brought :;ome {cLef in pOV'/'e{ s\ving 

vdue and reduce the IKl\ver svving rapidly. PSS, initially cidkd Supplementary Control 

osciUatiol1s\vere ob:.:;erved between thc Pacific l"-Jorth and Soutl:n·v£-st ofU S A. 'fhe 

C6cill<'ltl0ns me cnmposed of combinntions of many m:v;::hiues on on~;; part c,f a sysknl 

J\rrther eX;;lc.(~rbated v.:rth the utilization of high gain excitation sy~;tems required for 

transient stahihty. PSS enhance system stability by providmg additional damping to a 

system oscilb.tion.s (Nettkton and Pa.diUa, i 999) 

eff.xt~'v'dy danm oscillations by circuits c .. nmbin.ed 'vvith the contrn\ mechanism prorninent 
" . 

Smtic Val' Cornpensatm' (SVC) and Static Synchronous. Compensator (ST ATCO~d), are 

i 





pss tiH damping of ek(:trorned1anical o~ciHatiom In the area ofinteTest. 

-;.. To establish the d'kcti-,>,enes~ {;f both PSS and STATCOM m damping. nf 

the Nig<~nan grid netv{(>rkby using PSS and FACTS (>:l(: aJ ,1 ti.me in order to 

to grovv causIng system separation due t'J bck nf damping the mode" CAhdo, 1009}. 

eX.C1Lition c;ontroH,~rs to enhance the s'</stmn stabihtv (Abido.,200.i) North-Central region ,. ~ . . 



great vari.ations in rhe './oHage proflk un:..k:r severe dismrhanv,:s and thev HUV even result in 

kadingpower fact(")r oper:.Hi<)tl and losing st:lb,btv (Erib;son. 20(8) . . .." 

to hdu:;f utilize the capacity of ~~x;stmg tmHsmtssion :.:;ysten,$.. F ACTS is a technology 

;\ rnayn ihrust {)f FACTS technolngy is the devcl.opnwnt of pOV'ier electronics based 

sy~.:;tem~, that provide dynamic control of the povvcr tnulsfer p<Hametefs :~uch as transmission 

\ioltage. line nnped(lllce and phase angk. The avai!ab:hty of FACTS controllers. SUd1 :is 

Statt ... " \'ar Compensators (SVC) Thyristor Control Series Cnmpens<l.tnrs rleSe}, Static 

Synchronous Cornpcn$.<'ltGfS (ST:\TCOivl). and UniEed Po\verflo'yv Crmtrolbr {UPFC), 

ha:.:; led to their llse:~ in damping i.nkr~area oscillations (Hingoranl N. G. and Gyugyi L., 

20(0) They are efficient where PSS are Emiti~d 

The {(lstallations of FSS and STATCOM le~~d to th(: nnprovelnent of sutbihty m~rgHL, 

greawr tkxIbility,. and better utilization of exi:.:;ting pO-vver system" in the North-Central 



reVle\V of public.atlon:~ supponiv(~ nf thi.s research are discHssed and the benefit; of using 

th(~ controllers (pSS and FACTS). ('haprer three d.iscHsses the optirnal location of 

STA,TOJ!Y1 and PSS in the North-Centml rq;ion of the }~igefian Grid System a.nd the 

mathernatkal model::; of STATCOM Md FSS Crwpter fbur present; the c.omputef 

6 



CBAPTf.:R T\\iO 

Mitbulananthan, e1 af POCH}' H:~sea.rched on the din..':Ct cone!ation l.:>etV.lecn typical 

a.nd STATCOlYt.hased sH,.bi!lzer 'when app!.kdindependently. 'Tlwy also inve:4igated 

co<.)rdinateci application and ~H.:kkd a suppten:,\(:nwry d,gnping controller to the STATCOM 

AC voltage control loop to improve STATCOh1 pov<!er oSci1htion daroping. The 



coordination bet"veen STATCOM d8foping stabilil.er and intern,d P! volt:m.e czmtrolkrs is 

taken into consi.deration in their de5ign stage C::r?izare::; (lOOO) used STATCOM 

distribution ::;ystem5 of grids They discussed the val1dity of a typical transiem stability 

{TS) model of ~!. ST,4,TCOrv1 v~iddy uSlixl ra smaJkhstorbance :.;tability studies of brge. 

in.<"~r/'vnl.1.n"/'t<,A .n-(."."";"';- lC.:.'.;{l::: ;:<' .•.. ). ',? ;" .. 1.1 ,><') 'n.l.>'.·!). g-; "'. (1,.;:. ·t[ '>11"";" "11""..1 (""'1" "\1",1, "If i ')<)1'>,"> \ ,~ ,. . .... "',,,'0 t ,. __ :So •. X,., .~, I. ." , "', ." ,~., .h.<> U;'" (".1 ., .. ·1,.<'. ,'.,-",=,.<., \~' .. ,.71 

lin(\1nn:.d PhiOips-hdTmn ronde! in analysing the daxnping effect of the STATCOM to 

features of FACTS controHefs and their potential to enhanc(, s),stern ::;mlJiEty Vias 

<'lddre:;sed. The !ocmi()l1 and feedbad signal~:; used thr design of FACTS-based dampmg 

Kanojin. and Cbandrakar, (2009} <:hd a compmiltive ,,;tui.ly nn enhancellH;;nt of damping of 



load !oc.awd near the 51'/\TC01\1. which reHect power :,;ystem osci1btions at <.~ny point in 

{DAFt 

{pan.vnekrs that drive the system 10 co!lapsf
";:); and r: f: J{< IS a set of controllabk 

./{.\.: .. y.:.) ~ ,0" 

g(x,Y:). ,,D. 

9 

(2.2) 



translnittcdiD different load centres in the ~oumxy throw},h the nation~d wid. The bulk of . ~ ~/ 

syw::m \viU Ix; EmiJed to the 330kV tmnsmission lines in thi:~ rcsearch \vork The 33{} kV 

iioes are constructed to have doub1c circui.ts though on :~eparate tr>'Ncrs for n:.!iahhty and 

targer fK;wcr evacuation. It ~s only the ext:~.nsion of the 330kV Shi.rofO J:;ubstatirm to ;\In.~ia 

North central nehv<.)rk is if subseCl10n of the Nigeria. nstionai 330KV Encs po .... ver gnd 

statim)';; locati...0 at Shiroro, JebbaGJ1d Kainji all in Niger state. Also the netwmk has fiv..:; 

load centres. Figure 2.1 depiC'L~ one line dl<l.gram of the 330K\.i N<:xth-Cenlral Nig~;ria 



(,. 

~~;~:: ~.f:'.f';: 

lUJ::) M:;;:;";' 

1\lMf.: 2.1. Th~EIectricity Pi.Ywer StJ.tion~ in Nnrth~Cclm"d 0fNiw;nf.~ Gnd (PH:CN) 
~., ........ ~ ......... ~ .......... ~., ....... ,~ .......... ~, ............ ~., ....... ~~ .......... ~ .......... ~ .......... ~ ...... ....... , ......... ~ ....... ,,~, ......... ~, ....... s ............................. ~ .......... ~ .......... ~ ... . 
Sin Puwer Year Type/Fuel imtaEcd No. ()f(l'~m Available 

.) 

.; 

Stations Commissioned us~;xi Cap<icily Turbnws National capacity.::ts Rt 

Kainjl J ~){)8 Hydro 

Jebba. 1986 Hydro 

Shiroro 1 99(i Hydro 

(M\V) Cmd 30!! 2.!20f.n 

76{} 

578 

600 

t} ;l"\~'· ....... ~, .......... ~, ........................... , ...... .\. ::.~ ~"{ . .I .. ~ ............. ~ .. 
8 ·12 4.HJ 

9 

10 

540 

600 

SOUf;;;e: PHCN Ifonrwdy called~ NEP./\] NF\VS hu!klm (2004). 



The North-Centr8J Nigerian network i:~ presently modelled as <} !::mse;=:; fed by 3 hydro 

generattng stations Tahle 2.1 give::; the capacity of the thlce swtKHlS as at 2fliJ:t In this 

\vork, PSAT :...3 4 is nsed in n.mninil 1he 10<'ld 110'0,' nf theNorth-Centxall',hperian Grid ~ .. .. .. ~ . 

TAP PHASE 
l.....;(}. R' 1 

t.} 
:.:$ 

..... ~ .. ~-... ~ ... ~ ... ~ ... ~ .. ~ ... ~ ... ~ ... ~ .. ~ ... ~ .. ~ ... ~ ... --... ~ .. -
OJ}1218 0.09163 1 .O2.()~1 

"I 4 6 

"> 7 4 0.00159 00\ \ C)-; 0.536(, 
.. ' . 

., 7 8 0.0043 O.{}3606 1 .6165 

.. ':< 

4 8 (' () {)tH89 ~JOl41 9 
1-" ;-....... ,. 

j 
u ... »)t) 

) ') 
, O.OOO! r- Om)) 18 0.053 , ,) 

6 
.< 0 OJ)l 

..,,, 
! 0 0 

'1-
.'s •.. 

'7 
...., :> 0 () 019-:l,2 0 

('. 

.f., 

\} 

of hii.~h power eli;;ctronic contrnlkrs in AC transrnis::;lon networks v..;hidl en~d;!e fast and. 

:§i<- Secure loading of \ine~; rH:'<'Il their t.hermal bnib 
'''/ 

12 



Shunt Cnrstrotkt"s: The::;.: typ~~s or controHers are connected in shunt 'Nith the 

coroh~n(lJlOn of both S\'C and STATCOM ,He t\i>'{) commonty us~;d shunt FACTS 

cr;.l1vener ba.<;ed Var generation. H. function::; as a sblrlt u)nnccted s.ynchrrHl0uS 



2(06). 

'/aIiabk ~;ource Tesc, TCPAR and SSSC Me ~.Hnong the 5eri!~5 FACTS 

with the bus voltage. Any other phase relation ',,;d1 invdve t.n{; hand.hng of real 

sene:'> contmHers. >Nhieh are controlled. in a cnnrdimw:yJ rnanneLin ;~ rnuiti\rne 



through the 00rnmon DC link, provided that the shunt andf:;er'ies part.:; of the UP-Fe 

2l~STATCOM 

{)ther v./oros" it is a gat<:. turn-off type thyristor (GTO) hasf,d SWtlC \jar Cmnpensa.lor {Kbn~; 

In order to h::n;6 fun under:::Janding of how to simuhiC;, c{}l1trd and apply STATCOMs . .il 



1. The magnitude of the fundamental frequency component of the i:1l.,:vo1tage Nt the 

n The pha5(~ angle of the fundamentoj frequency compnnent of the ac voltage on the 

The basIc structure of a. STATCOM with PW:tv1-·ba9.?d voltage cnntrob is depicted in 

tran",ient stability studies using the basic mudd $ho\vn in Figure 22 {Nvlinhu" 20G<)\ Thf,: 

)(,-

P ---VI cns(8-· (;) 

l O---11cos(S--·m 

o :::'\ p. .. V\; +- Kf',)~; cost /) ._- (xf-:- Kk~:::Ylhin(5 - 0:) 

\.Q_:. VCR <- f(V;.J/Jjo:-R:;{5··a'l -\- ,qi~J'Gsin(d "IX) 

16 

i),5} 



swit(~hing. The is dirt)ctly' proport1Onal to Hw pulse v,idrh n~!odulation 

l~"""-"""-""'-'~"""'~""'-VJL'~"""'~""'''--;~I~'''''-C!~!t0{;j'''-

i "'l' 

! .... ,-"'leo 'c··"L .. r-"F:-"_ ... fS"'«F@iQ"·-·; ... _C~'''~·.:~·l r i f,,1a:'(nxl;,je; ""L:...:,::.~ . ....J L Lv:'\< ! 1) '. <- i 

["4,~---T- LI:f( 
J.. 1,"1 ff:{f.>:'l';q~,.,\ 

Vd-4~oy .• -{~.~~.'t ... ~~~,",~;, .. _. V, 

I 

FigUft': 2.2' Hlo;;:k diagram ofa STATCOtd with P\VMvoltagv cnntfol (Canixares, d at, 
19(8) 

17 



jn Ihe V vI Ch:'H'fl.cterbllc emv.:: of the STATCO\J vV1th the c:ontm!k~r hrnit:; being i.-k:~flned by 

t 

. 1 li .... : ..,. i U.6} 

So, a phase comw! tochniqw.l can be readlly luoddled by simply repbcing the de v(;\tage 

change 8S lJ chrwge, henc~ charging and discharging the capacitor to control the Inverter 

voltage magnitude. 



M(lde~; (Jf'dw STATCOM operation: 

2) V!\R crmhol mode 



MATERL\LS .ANU METHODS 

ST/\TCOM \V~J5 re~lued by use of GA, and the be::>t \o~:ation fOf PSg vIas detennmed w;;mg 

\;ven~ osed as yardstick in estab1ishmg the optl1Tv.'li p!ao:'ment ofSTATC01\.J in this section. 

0.1) 

.. '" ..... 

LOSS!::S' ::-; pi ji\) 
l·Sl ,,-; lH + 1(11 

28 



considered as th.e optirnal point br pbcrng the Ot;YICC ST ATCOM. 

29 



(1.G~· t O.9B!;\/ ! OOOG ::: 200 
~ '. ~ 

The correiiponding values ior variables XI (phenotype} me as follows: 

h ... f] 
x. ;;; a + decima!(hinar:v string): / ........ ---- .. 

:t' ···1 

initial popubJion lS ramitHnl,y generated ~~nd !et say 

{3.7) 

I. Convert the dnomosorne's genotype tt) tis pb:mntype, I.e. conV€}rtlHg bina,y s.tring 

COlwel1 tl1!.:; valu.e of objective fnHct!Ol1 mto f;tness. For nmxirnizatioH prohlenl, the 

30 



y Sekdhm A f{H)ktw v,;lwc1 appmach IS adopted as the selectkm pro>.~~;dtHl~. A new population t'; 

eva! (vi:. )e:: flkL k e::. 1:, . . , pop .. S l7.-e 

{3.9} 

(3.\ n 

1. (j-enerate a random numher f fr.otH the range (0, II 

31 



;;::hromo:~{HnC t()f a new population 

evaiO'.l " t.·' 

'(" 

l·; ., 

);- Crossover 
(}m:.~~ct1t-pnint rnethod is us~;;d ,Iihid) r:lndomly seled one cut·'Point ~md <?xchanges the right 

parb oft\vo parents to gencnue offspring. Not aU d'fOf(l(bOH'leS undergo crossover. 

the population undergo CfOSSO"ier. Generate n {popubtix)n size} random number [0, II 

p MutMifm 
\:lutation alters one or H:'lore gen<?s vv'rth a prohability equal to the rnutmioH rate. Let say the 

(bit) lum an e.qual c.hance to be lDutakd Therdore generate 72 random numbers in thl;: 

(3 12'1 

exchange Of(l.ctrve and reactive pC<"Ner betvvcen the device and the rest ofthc power system 

T) 
. ..)~. 



stO{8,g;C unit integrated irnn the pov{t~r grid, v<!hich wiUbe connc(.ted to the deviw through 

the de capacitor by ~-l (k~dc cow./erter iSedghisigarchi and Feliachi, 2004; Tan ('{ a1-7 2004; 

and KunduL. 200 I ).Hence the connect1on of the devices intrj the pov<!<!.r SySkHl could 

have ditlcn:nt impacb on power system osciUatirm stabi Ft.):' 

• 
S" 0,. (M ····1) 

• 1. 

D;'" ·iL:· t ... E., -{- E"i) 

E"!j :cc lE(s} ( r-~!,/ ... f:,) 

V::::V· 



obtained that 

v, '" .P:, I i' .;. l/, 
'" 

V" X ::: j.y.~.!.l ::" +. k" c 

.f;'~·"'; I" .".' ·, .. V ... ". r'''~', ce; ;,. t i .. ... '1" \! 
" .-. c. ~ }"'I.:: \-( c ':. } 

X~f + X,·j. x. 

"'X" , ... x: ... ·.·
1
:. 

.-- ,x'; f!~~ 

34 

, ' 1'/ . " .,.\ ".<. {'X6~r .;. ~', sm. u l' 

V .. sinS .j' 
V :';11) !Ji ., .. v:. ;,:::os ,) 

1;" ... f ..... \.·X.}~;; /i "'-I ., 

( 

I 

i) 14) 

(3 j 5) 

{3.! 6} 



q t 

\"". ~' ... :~::'::.': r,'7 
L>:<!:·::::._:_~_ .... }Y:: __ ~ .... J ....... _._~._ ............ ____ ~ __ ........... ---~ .. -........... -.. ~-- .. "'. d 

---··_--··_-_····_--··-·-:,.;. .. r 
/.) 

"'- --'-'" -.:~-se. .. 
... ~~ ~p 

~ .': 

FroTn phasm dHl.gram nf Figure 3.2: in the d-q coordinate of the gen0mtof the ac voltage at 

(.~.17) 
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(3.tS} 

(3.l9) 

STATCOM d.ynamic equation is 

{3. If}) 



ST/\TCO[vl ae and de voltage c(}HtJol fu.nctions are 

In ;;; HI,+·K,,),n t V, ... )/"4 ') 

(3 .. 22 ; 

the pmver systernl,vith the ~jmbt'<ldd ST /\TCO\&., indudmg the mathematical de;;.cription 

esk1.h!i::;h{ld. This is presented as follow:;; 

, 
"l.:nere 

x J;... : ... x~. ~ . 
. X, ,1·.... ............ ii" <- .............. y , 

x,, -+ x:,)' ;\ -{- ;r, 

..... .~ .. 
x;;,· x: ,t, ... :.:;:~:( .. 

_\:.~ .-:--. X ~ 

I'·, ., ... _-----
y 

1 .,. '~:'. 

X, 

. .. -. 

... V" • 
X" .+- .:;:) 

.... . ... 

l'" ." ..... :~L~ ... r' ~ .. ; .. .. V: .. ;;, ,}[/, ·t· bV:: 
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(3.24) 



voltage equminn holds 

.. -- .. . ... 

t/- ~ ~:-:.: ./"<ll /' + V~· 

.. 

Where, Xl is the equivalent f~;~acbnce of the tnw:';!1l,s5ion linc,. ! p is th(~ line current and V 

(3.26.a) 

Comp~1ring Eq.{3 .24) and (325) it can be seen that the pm·v(~r system w1th the STATCOl'Yl 

d~dl.K~xl, thus 

'<vhere, 5 is the angk betWeen j~, and V" and 

(3.27a) 
. .t~!::.; :::: X -;- X~f 
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figure 4. i rq.Het,tmts the \irrmEnk m.odd of the 3.1OK'/ r---;orthn(\:'ntrallv:.tV{ork of the 

N ~gerw grid :.:;ysteln vathout l'm:-:,' contrnllerinstalleJ. 
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Figure 4.2 represt':lib the sirnulinkmodel of the 33UK \'Nolth~(\:~ntraI ndv-iork d'Uw 
Nirwria. gri.d s)'::;t0m w"ith S;rATCOfA inst}Hf~d . 
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Nlgeri.a grid system wi.th PSS instal kd. 
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FigHre4A rqmsents t.he ::;inmhnk rHode!. of the mo(.lltkd IEEE 9·bu:~; \.vith STATCOl\.1 

inAalkd. 
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Fig\.rr~>15 rcpres81.1h the ::;irnulink modd ohhe modified IEEE 14-·bus '.'vith STATCOM 

irt4alkxi. 
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Hgure 4.6 ~<hov·/s the graphical r~;prese;rtat~(m of\:nit<W.c profile {)s(;dL1tions of the (<1~ie 
study n,,~lwork been damp~xL v.iith .and \'vithmxt S'TATCO:tvl ~nstHJkd. 
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power nfhus"' 1 .nd 6. As t,><!'SS there waS M differ"nce with the ofig;""l "",work 

Figure 4.7 shows tne STATC()M eHeets on the ndWO" hy damping the uetive p<lwer en 

all the bu'''' wIth more effect. on b"sc'S 1.4. 5,6, 7. g and 9. Figu,. 4. iO shn", tlw.n;'et 

of ['55 in dampmg the e\ectwme<;hanica! oscillations aileoting the a"tlYe power on l}Uses. 

It is not as effe~,tive '" the STATCOM due t{) its lirmtation of heing a gene,,,,,,r based 

Line;; Fbw and hnes losses of the cas< study n dwOl k (Figure 4 X) 5nn'" hoW em,etlVe the 

['5S has no elfee! an mkHfe' oscillations only ",cal mudes Hence It "an hardly imp""e 

Enes nov.: 01 any network. 



"0' be kss lha" ,0;, or 0.05 Abo, for ,t (0 be stable all the real <,,,,,'flvalues must be (>I' tlw '..,.' . 

kit haud s,de of the real ax'" of a cDmp;ex piane. The PSAT model of Figure 4.1 was 

o Dlll17787 and e,genvalues having their real plOts (JlI the pOSltl
ve 

s"k of a wmp\ex 

Tabk 4.B sh()"~ lhat the eledfOmoohanical oscillations are mMtly of the local modes. ThIS 

is true t,,,,.us< br 'nter .. area modes. the frequency range 1$ thorn D2Hz to (,7Hz, where as 

the lccal modes frequency nlnge is tfO'" 0 7Hz to 2,OHz and the lWO mode, are ,eferred to 

as electromechanical mcm;;ti,,"" W,th ST AT('OM optimally pla.coeJ at 1ms 6, Table 4,') 

been shifted to ,he left hand sde of the cnmpkx plalle , hence ll1C1e",rng the ",;;bitn), of the 

system Vilth PSg at genen<tor 3, TaD Ie 4.1 (J sno"" that theere was s igllitl cant nnpmvemellt 



pertorm""ce improve<i. This was done ;n order to fiHther tc'S' for the viability of the 



5.0 
CONCLUSiONS AND RECOl'vlMENDATlONS 

5.1 Conclmdnns 

camed out to determine the optimal bcat;on of STATCOM, Also, eigenvalues ,maly," 

was perthnned on the unstable generators and the generator whh the worst dumping 

I 

.. ' ' " l' 1 ' ! 1 1 vo tage l"otlk ImprovCO; acnyC power am, active power LoW were mtprove< ant, t,jere 

W35 a reduced aClive power toss by \\te optimal platement of STATCOM, AL,o; with PSS 

properlY located, "seiiiallons were damped but, not 'S effective as STxrCOM despile the 

factlhat almost ali tbe dcciromcehanical osdlbtions were of the local mode" 

The abjectives of tbe resear~h were considerably met 3l,o the tb\lowing conclcs,on, were 

• GA optimization technique employed in the optim,'\ phc~meflt of STATCOM was 

• Incessant p"wcr mod0 swings were damped by both STATCOM and l'SS, 

STATCOM wns esurblishcd io have belter oscillations damping ,'"pubilit, ti1an 

pss, 

"'"' ~ ... I 





t~rne. 
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./%rl~~n{:Hx A: (if\ SOlJRCr conE FOR OMTtvtAL PLACEMFN'f OF ST/\TCOM. 
dear dl 
~;JOBf~ ai'i 
cit:: 
,}';) CODES WRrrTE.N BY .AJvIBAFI, Jmnes Garb:.:;: GA. BASED OPTJM.lZ,,\T·JON '1'0 
?·~nETFRMINE THE OPTHvlAL POrNT OF STATC01\1 PL,/\CEi\t1FNf IN.A POWER 
<>'S!'<JETWORK. 
';/(, ~h~~ function en.code data \. \vlthn til;;.: r;:wg~~ Ls and c. 
% v i\ the input dat<'l 
~'{,b is the lowe, En-iii 
';~\ (; is the upper Em it 
?'{i y is {he outpm hits 
::;'{' p t.:; tht~ lwroJx~r of bib 
'}; d is the dccinH.l resolution 
%stepA is the decHnal posit}on <>fthe hinary bit 
b:o::O.98.: c":LD: d:::::4:. 
'hGenenl.tion 
Gcw::<) 
K"b+ fc-h}. "'mnd {CeH:.}) 
k:::1Gen 
<>,;ti!nctiontdetta~p):;!}jp.A,.yJ:cMyf::no}ding{x,b,c,d) 

p"::ceH{log2{(c~b/, j (V"d + t )} 
ddta'''' {c "h )/({2''P)' j ) 
:~tcp A::::{>:; "h }hk:dta 
'i :,::: d"".)hi'1 t f1· .... ,·WI ,·t''') ,\'\ <i",' } .v~ ...... ·v .;; .. \: --::v<.." .... :> :..·1.f ~.1 ,.~. ; 

o,;rtlnctionjyj:::\tyDc(xding{x,b:c:d} 
\:'::::{h·:·bin2i.kdy}>':{(c¥}/(2''P~ 1 m 
R"'{O~O;O:.O,013T7:0.0001i':';).O! 21 g·:O.00655:0.00fl)<:);O,OOI39} 
P::'f-6.3! 3ASA.9:0;O~O.6{!J·.OJ.i86J)61 \ ·l.662j 
Q:::fG,1(U6;, .. O:)! 719J).3697S;,O/,;,OS98;O rJ56;O.103:,O.9781 
l.:::{R'p, Q, V'\ 
L::=StatcomObjFun 1,1;) 

f::surn {LJ 
P:::LJF 
f'l .( ':';<;;;<·0.s"'nn1('~" ··"'P',p'i."t'··l' <p'l t,. ..... :,~ .. ! ... H"h~.' .•. H . ~...,.b~ :>.h.s~~{~ ~ ~ \ .... 

Nc::kngih(q) 
U::::und(N, 1 '} 
Gr":StatcornlnLoc {q,U) 
f<yr 11=::\ 'kng;tb {Or) 

lLnc:Gr {h) 
roo: \;' cn. .. ()C,.) 

NewJat(~ th,·.}:::F 
<".; Nevv' ,;.JH{JmOSlJni<;;~; ff~,tdy hH' cVBbati(m 

E="'Ne·'yvdat:.:; (') 
end 



v;:::E 

[:::~R'p,Q, V$ 
n ::~Sw.t(x,HnObjFun{z) 
X:::F 

function V::::St<tt(;omObjFllll(7.} 
ti'H' k:::1 '!ength{z) 

I..{k, ! ):::({:t(k, ! ), *(z.(k2)."'2+z(k,3), "2W((ahs(z(k,4 H}. "X}} 
end 

function19,zl;::::St)J(~omCnmrrw 1a.11VCW} 
/\'Zp{:) 

i.Y'O-i111swn( A) 
z":f.A,qJ 

funrtioniGr}="CaIOnL:'K(q,U) 
or\[ :::length{qJ 
fbI' k"i,N 

i\,AJ(k,l} 
g:'::A>q 
C ::osHm{B)+ I 
Gr{k}:::C 

end 
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