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N

1.} Introduction

Commercial slectricity was first genesated by Thomaes Alva, Bdison m 1882, which

produced dirsct current {do} glectricn] power. Later on, 2 Serbuan Amencan glocineal

sngineer Nikole Tesla in 188 destgned the first practwal system of genersting wul
sranansitting of glectrical power (Badaat, 20043, The generatoy il 1 ustally decided by
the trbine mechanical torque, which could be aliered by ex swation value tansiently, This

ltepation is asstciated with some dwterbances the form of power swings! osoiliations

shat are usually vowanted. There is need Lo daoyp the unwanted power swing by oh

cutpt poewer, controling the e citasion value and redusing the power oscillation w order
tes have o stable svetzn. The stabinty of electrical powser can most simply be detined as
ahitity to continue i a stable ope sration after some disturbances. The sypchyomoas OpeTRLIf

of o genprator ts endangered by o fose and remole shorb-oirouits in the network, by hine and

tems. In that case ihe

oad inmterruphions, vanialion @ generatons spl god and turbing sy

aystent siability Maiionacs depends on the drive operation conditions privy dmirbance

{ioad, sruermtor, nebwork configumtion) s well as on nature ¢ of dsturhance {vategory of
defoct, lowatinn of ogcurrentd, clearing time, and so onh Inoa st of & power plant

chome

conmected 1o an mmitfienily strong hgh-voliags grid (hughly toaded grudh 2 m

ol

.

- and disconnection of defective hoe Can feast 1o long lastng and

dismrbancs m the netw
soorly doreped oscitlations of gensrator’s rotor, and ¢an sesult in s instability after the

ipnsient period. ALl theso vesu i drutes peewer swing mode {Eleotron nechanicall cacifation

i¢3



vt osome relief in power swing
probdams. The PRS i used to dump power system swang nusle {Blectromechanical)
macillation, by basically deterting change of generator ouipal pOwWer, contrel of excighion
calue and roduce the power swing rapidly. PES. wit satly called Supplemeniary {ordred
Rystern, wime developed in the mmid 19608 i response 1 power systern oscillations on the
pacifie ey tie. These cacittanions occur ai very lightly damped. and bevame kpown 68

cterarea modes of oscillation. The term interarea 18 used begause the real pivwer

~

osuitiationg were observesd between she Pacific Morth and Southwest of U NS

cociliations ate composed of cominpations of many mashines o ong part of a system

5

{Worthwest) swinging agumsl mach es on another part of the aystem (Southwestt This

sinsativn developed slowly as the siabubiy margins were reduced when eledtnical aysiems

were urterconnecied naether and power was 11 ansnritted from one region o another was

farther exacerbated with the unlization of high pain exciation sysiems roxquired for

pansiend stabiiity. PSS enhance systers st Wity by providing additmmal dawping 1o a
perwer system by uidizing fhe retating mertia of the geperating unis 1o dampen powes

system osciilations {Nettleton and Padilla, 19991

The advent of power glectonus

gave tise o the development of new amd advanced devives

such a5 Floxible Alternating Coment Transmission Nysiems (FAUTS) devices that

sffoctivily damp oscillations by Crouis comiined with the cortrol mechanism promunent

in the modern conrol systems, FALTS devires bave boen produced 1 siabe wnpact on the

improvement of oversl] power systems perfonmance. Shumt FALCTS comgrotters, such s

Smie War Uompensator 3V el Natic Rynchronous Lompensaiod (STATCOMY, are
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i farid Sysiom

the offpoiiv

sesviied

shed wysiom 5

L oy 4 P 5
w1t he wmathemabvslly

Pa5 and STATOOR in this ssseanh work The

PUE and BTAT

e appdicabilivy and

£.2 Al and Objectives

ool venenrch wenk alms of evahs

network of thres

in enhancing the steady sime dynarmc and 1

o stations namely Ko, Jebbaand & Fyesry |

i reseniod

for {ni{,’z“‘?iﬁ"‘




» To some up with techudgues that will best define a suitable generator for plac

PR for damping of elertromeg darieal nscilations w the grea of mtorest.

T sinimize the meessard power mode swing that ooy us aaliv gt low frequontigs.

o~

w T establich the offectiveness of both PRY and STATOOM m damping of

secitromeshanioal oscilationg i the stk

<‘z

s To improve the damping of power oS itations present i Nosth-Central vegion of

the Migerm gnd network by ustng FAS and § FALTS one ui g ihne moownder i

enhmnee the stahility Imits of the system

1.3 Problem Statement/Muotivation

A srable coutmuous supply of rlectng energy is essential fr the fonctionmg of our

indusinies and combnn of sdoctnioty users. Tanation of electromechanial wmetiiations
ve constitzd numance W the siability of power systems worldwide {Rogers, 2000} in

«,.,

imterconnectod large aleting power SySRNNS, these have Deen alwavs spoplanesus Sysiom

csciiiations At very jow fOQUencies im oraes of 022 OFke {slectromechanicsl 03 soifbations )

i

Ve started. they would contims for v bong period of thue. 18 S0MC DA, they sonhnegs

{0 prow CHUSING SYSIE separation dus to ack of F damping the mmodes { Abado, I009}

Iy the st three decades, PRS have hpe extensively used 1o morense the syt damping

P

for low frequency oscillations, Power atilities worldwide have begr mmg PREG as gitpotive
evcitaiion controflers to enbance the sysiem stabiliy {Abido, 2007} North-{entral region

of the Wigeran powst erid wses PSS m demping oF elegtmmechanioal ostiblations,

i

However, there have been problems pxperignced with PR5 ovey fhe vears of OpETaton

woridwide, Sowme of these ware due 1 the himited capability of PN 10 damping ondy tocal

5
“r



ansd men interares mosdes of slectromechamioal osallanons, Furthermore, PRS can cguge

grewt varations w e voltage profile wnder severe disturhances and they may even result i

)

Tending power factoy operation and fosing stabatity (Hrikason, 2008}

4.

The emergence of FAUTS devices was 2 waloome idea. FALTS is being moreasy
tes Btter utilize the capacity of exisung tansmission systems. FACTS 5 a technology

hased solimion 1o belp the stilbity industry deal wth changes iy the power delivary basingss.

A oy throst of FACTS fertmology 15 the developmant of power & teotronios hased

<

Iy

sytems thal prov ide dynaniic oontred of thi power transfer panneters such 95 ansnisson

volage, Hne mmpedance and phase angle. The avalability of FACTS coptro flers such a3
Statie Var Compensators {8Y0), Thynstor Cantrol Series Compensators {TOMD, Sune

Rynchroucus Compensators {51 ATCOMY, and Unifled Power Flow {rppradler {UPFC,

u3 ted to their uses i dampmg nler-ares oscitlations {Fingorant N G and Gyeg ¢ 1

o0y, They are efficient where PSS are Tmuted

The metaliotions of PRS and STATCOM tead 4o the maprovement of stabiliny marge,

er flenibility, and better wtlization of existing powsr systenss in the Morth-Cerdral

81331

o

repion of the Nigenan grid. The services of PES and 3

3

STATOOM will be wslependeniy
emploved o ehimmate e osciliations, Finally, the study shall raveat how sffective e the

PRG and STATOOM considered separately i taproving slectromechan weal oscitanons on

the networl




1.4 Chrganization of Thesis

This theais 15 10 he outiined as follows: Chapter one inclades ntrodecton of the convepts
adopted, anns and objectives and problrs statemen s/motivation. In chapter two, lgrature

v

review of publications supporaee of this rese sarch are discussed and the benefits of usmg

the comiediers (PSS and FACTSY Chapler thres discuases the optimval location of

S oand PS5 g

«.\

+ the Morth-Uentral remon of the Nigerian Ornid System and the

mathematical models of STATCOM and PRS. Chaptey four pressnts she covoputer

cismalation of the aetwork(s) consulered wath s solts, Chaper five gives the discusawns of

e

recisits obtained after sumalabon, con clpsions and sumestons for futher IVESTIQATIoNS.

[




CHAPTER TWO

15 LITERATURE REVEDW

1.3 Introdusiion

Nany resensphers hav & meaningfully contributed an iy imau of MIIQATIY PUWET SWINY

e nebwork worldwide, ustng & Hfferent anprouches. These oonn hutions ate discussed
bl

Nithalananihan, of of {2001) vesearched on the direct oorrelation between fypial

achanival ceciishons o power sysiens an wl Hopf bifurcations, so that Hopt
bifureatin theory can be used to design renedinl meamues o resoive ouotiiation problems.

A placement tobmgue was proposed o wentty and sank suiiable locatons for placng

shunt FALTS povaroilers, oy s prrpese of osrilianon conirol In the case of Bo
{70033y, they did a gompamative study on the power system stabitity erbanconent usng PRE

s

anid LIBFC with Lyaponoy-based comiroliers. The PRS consuiuies & su pplemstary 100p

gy of btk

P

the Amomatic Voliage Regulator {A VRS and UPFC comtrolier. The robuatn
propeaeid controllers was proved. It was also shown that the proposed conolless used lal

seailalle messurmnenis o exetule the derived control strategy and conikid be easily applisd

10 power systemn Both 6% aud UFFC controllers provided post-fautt sddinve damp

wilnie PNS aoiem s benier than LT when performing Sowirl during digtarbancs

Dunacal st Alnde (20015 researched on the power system stability erhancement via PRS

1

and STATCOM hased stebilzer when app died mdependently. They alse dnvvsst

X

coordinaied application and adided a sup dementary damping controdler to the STATOOM

ALY woltsge condrol loop 10 POV ST ATOOR prewer osciliation dasoping. 1he

*

—y




coordinaticn: between STATCOM dasmping stebilizer and mternal Pl voltage controflers 6

TZ

sbhen inie consideration in their design stage. O s {2000 wsed STATCOM

coptrollers 1o address some voliage and angle stababiy and control problens, cepecially m
distribation avstems of grids They dsvusse 4 the validiy of a typical fransient g stakabiy

{181 medel of a STATUOM vadely uae 4 i swall-distusbance stabiluy studies of largs,

interconnected power pruls 45 well ms recro wrids Kanoya ard Charndrabar,
E24 X

desimed o power sysiem ctalled with a STATCOM and demonstrated the app shicanion of

Hrearized Phillips-beffron model i analy sing the damping offect of the STATOONM ©

unprove pErwer systent saciliation stability, Abido (2009}, made 2 review of the curreet

pins of powss system stability anbancement usng FACTES conirollers The vasentiad
featres of FACTS controlters and thetr potential 1o suhanes Sysom siability was

adidreased. The location and feedback signals used fov design of FALE VS -baned damping

X
joe
<
CD
o
< 3
W
@
joo]
o
’“v

crmtroilors wire discussed. The coordimaiion problem among different con 5 WAS
alze consdered. Performance comparison of different FAL T4 controliers was seviewed,

crion of FACTS technology, especilly m semirnchiredd power sysiens,

weas discassed as well In addition, utihly & wperipnee and HRor 1ol Loworid mstatlations and
sermvenducior teriuelngy development wwers armmarized. & brief review of FAUTS

sipicity market was pres sesignd.

applwations 0 optimal power flow and ders
Kanciia and Chandrakar, 2004 dud a comparative shsly on enhancement of damping of

powsr syatom osoiiation using NTATCOM and Statin Synchronous Senes Lomponsmon

{98550y They eyuipped the genemins uned with 5 PSRN It was done m arder 1o enhancs

1 rolor angle amd power sysienm stabsitiy. On the other vl Prablakar ef af {2010},

studied damping power gysienm 0 seitlations by using STATCOM on the basis of loeally

fe:a)



messnred variables with an shigctive that mgde 11 peCess e GTATCOM

control stmteay by indroducing tneally mwasurable signals obtained from sonmsian esistive
fead tocaed near the STATCUM, which reflect powsy systen 050 cillations gt any pomni i

the power system

2 3 Power Sysiem Medelling

seneral, power systoms are mods siled by o set of differential §arst alpebraic equations

-

o F

< H {}"?,_}'75 ’;Z’ A3 701
G b}

IR e s

w g‘gﬂ}y}/v "3’:: z‘"}

o~

« a vecl of stme varables sssocated with the dynamic siawes 1

here

s a veotor of glosbrse variakbes

generatrs, foads, angd olher svstem controllers) ¥ 2
ansociated with steady-state variables resulting from neglecting st dynamirs gy SONW

gengrating S0URCNS. et lond voltage phasor magn sipudes @

ancontrollable parameters, such as varigtiong m active aml yesctive power of loads

v a a6t of commiiabie

{paranieiers that drive the sysiemn W collapey, and o

pasametsts such 33 AP and AVR settings, or conyoiles seforence voltages

Based on eguation {11} we may dofing the rollapse point under ihe influence of sows
cerun assempiions, 25 the eopsilibrinm point % chere the related system Jacobuan is singuiar,

e, the powt

i
&2




And s Jocobian bas o vero eigenvalue {(or rero singular value) Power syatem musiels are

tvpically detected by mowioring the elgervalues of matix sav 4 as the sysiom parumeiers

P

L4, g3 change {Mwohy, 20069}

2.3 Briel Overview of North-Centval Migerisn 9d Systom

The rising domand of glectninty in this country has reselted oo budding mumy power
statioms o diffevant locetions around the courdry. The powser genemted would have w be
wansptiod to ifferent load centres 1w the country through the pational wnd. The bulk of
glactric energy i3 wonsmitied either by the 330kY gansmescion Haea oo FI2EY wareunission
fimes avroas the country. But the desoriphon and analvsis of the Nosth-Ulentral Migenan grid
sysiern with be imited to the 330KV imnenussion hines w this research wowk The 338 kY
tines are construcied to have double circuns though o separate owers o rehibiliny and
farger power evacuation. s only the sxtension of the 3308V Shiroro subsialinn 1w Abuge

that has a single tower with double cuouis.

Nerth cerdral nebrork s a sebsection of the Nipgna nauonal 330EY lmes pover pgnd
comaposed of Niger, Rebbi, Kaduna and Abule (FOTY This network has three penerating

stations locsted at Shirore, febba and Kainp all in Niger state. Also the network has five

foad centres. Fiowre 2.1 depiots one Hine dlagram of the 330KV Nesth-Ueriral Migena

30
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Frigwe 2.1 One line disgram representation of 330KY MWorth-Central Migeria powser grd.

Taisde 2.1 depicis the capucitios of the Three genemtion stations i the rase study network,

Table 2.1, The Blecnouy Power Stations in Month-Contal of Nigona Gnd (PHOM
' netatied Mo of S f‘%u,,,i able
Capacity  Turbises  Mabongd i‘i—i%’z()’z?’«;’ A% Bl
(W)Y vyl R0

............ , A m_j{jy’i‘%”.«' ;

i Famp 1903 Hydro i 12 414
3 Febba §4RG Hydso REEN & % B3
Hydio GO 4 }i G}

Sin Power | Year
Stations Comressioned

3 Shirpro

Somprge: PHON ’fo f%;«' called, MEPRA] MEWS by mém{ Gy,

1.‘1, 144
¥

The chowe of location of some of these peserting stations was obvioushy due o e
gxatenos of noatural falls ai thew vanous bovations, ke Katnp, Jebbe and Shisoso, With the
sasisane of ot these geverating stabions, all the elecinity” produced are mtercomnetted

topether and transmatiend o vanous load comdres.




z s
X

The Norh-Central crian petvank 1B prosently modeliod as @ buses fmd by 3 byow
genprating stahons, Taple 7.1 gives the capacty «f the three stations as at 2004 In this

work, PSAT 134 iz wed » runmnng the load fow of the Morth-Draral Migerign Gnid

neiwerk. The transnuission Hue parmmeters of the case study @re given m Table 7.2 below!

Pable 23 Tranwnssion Line Datiin pa on 100 MY A base of Morth-Central Nigarian

Cirid Systes {33&%;

? RO ? { L

309163 1 G268

M
R

o

o

o

o,

o

v i
3

K4 S
L

2 7 4 ({58 & } Ly £3 3304
3 7 % {3 D45 RIS 16165

ReN
.
2
N
o~
"
e~
i
o
Rt
-
0
N

& 5 7 00015 053
& £ 031351 £ ¥ £}

{ 1 Pevry
[N 5N
o

P

9 0
& 3 & O {3031638 i l i

Gouree PHOM [NEPA] {Shuoro T ransroission Saion)

3 4 FALTS devices

The Flexible AL Transims sion System {FAUTS SR ncept that mvolves the application

«\“

of high power eletros o congrodiers i AL sransmisaion networks which enable fast and
cohiable controt of prwver 0 5 and volisges, FACTHE do nol indicate a pantizular © coniroiter
st o host of controllers which g sysiem planner Can chwnse, based pn cost henefis analysis
The matn shiectives of FACTS controtlers are as follows

v Resnialion of powey fows in presonbed $ rpanasnission Touies.

o Seme oadmg of lines near they thermal lunis,

rarbaues by comtsibuiting (O SMRIZSHLY wentrol.

w  Prevention of castading




3 Damping of osollabions which con threaten secnsity of miy the wsublp fne
CapEOy.
5 Prevention of voliags collapst fry providing reactive power sty
The sotive and TEaCEYE POWEY flows in a abamisgion b S80 e precisely contralied by
HecHng # seriey wollage phaser ith destable magninude and phase angle, lea whing 0 an

ymprovement @ Systom ctabitity amd rehabilay. Also. reduchion in (TS ging sost and BEw

sansassion Hne mvestment cast 1 an added advaniage. it is also possible to foroe powes
o throush o specific tine and regulnte the un wanted loop and parallel power flows by
varving the impedance of 1he e, FACTS controliers have o uignificant uopact oo

damping power Bysiem poritiatons snd COMPETRANY dynamic TEACH POwEr.

1 5 Classification of FALTS devives
FACTS can be div aded mto four calegi s based o thery couneehion i the network
Shunt Controflers: These types of controtlers arg comnected  shu with the
Jde ampedance, variabie smarce OfF 2

ansmission Hne, They can he of varial

combination of both. 3 W and STATOOM sre hwo COMBN by used shod FALTS
controfiers. The basy principle of oif ghams FACTS ¢ controtlers @ that they tragpet
current inw the system ot the poiit of cermection, The fundaros it difference
opetation pringipie between 4 Gy and a STATCOM i that STATIOM 5 5 with @
COTVETIY hased YVar peneratitn. $ funchusm 8% & syt connected Fynehrnnous
vollags source WHOIORS YT s wath Hhynstod coptrolied reactnrs ang drynsios

.

gwisched CapAUIEOTS, # alse funcuons @5 @ shyont conmetied comtrolied Teachve

adminance The shesd ontrobier mpedis o absorhs waskive powor o ot Froms the

s s fong as e gurrent injected by e o sntroller remaing guadraturs ang

13




phase with the bus voltage. Any other phase sela sios will invebve the handiing of
real power w5 well &1 ATOU bas the ability 0 exchange real power from e
systern i i 88 enuipped with the guergy SIOMZ element ot 1 D termmal {CGrtto.
0}

G Series Controllers: These tvpes of confrollers are connecied i senies with the

cansmvission Hne They can be of switched unpedance Of powet slecironics based

variable souree VOB, TePAR and SSRC are among the serms FACTE

coniroliers, The basic pringiple of all series FAUTS controllens 1y that they irgeat
voltage w senes ith the lme. In switched srupedanss corroiier, fhe varabhe
smpedance when multiphed Wit ihe corrent fow thiough the hine yepresanis ab
mjectd wolinge m e te. The series consroller mpats of Absashs reactive power
35 Yomy s the ousrent mjected fry the controtler remaing 16 phase and 1w quadiature
with the bus volags. AnY other phase rel apon will jnvolve the handiing of real
POWET a5 We oif (o, 20035,

i Combined Spriex-Rerigs {gntroler: Thy combd be 2 corinnation of separate

series controilers, shich are conld oifed W o L0 ~pchingated RN, oz mtidme

HrAnSRISSION By, Op 1 oould bea s fiad controiler, i which series controiiers

o

provide ndependent 5efies reuctive cnmpensation o sach Hne but also trarnsiet
renl powEr Bmong the hines via the power tivk, The real power B8 vafer capabibity of
the grified SErEa-5OTIEN controller, referved o 83 Inteshine Powss Flow {ontrofier
(PECY, makes ¥ pos soibide to balause both the reab and reactive powet fow in the
fimes therehy TETITIEEE she gilization of the ransmussion BysionL Also. the term

samified” used hore DWATS that the do tenm sty of all comiyolior ponyeriors ar alt

comneciid ogethet For ron} powet sransfer (41 potan, FO00




v Combined Sevies-Shest Controtlerss They ususlly are controtied oo wmbed
sanner. The Unbed Fowey Flow Controtisr (LIPF 1y i ong such o sotroler, s
the mest versatie and powerful device among ihe FACTS device famidy, B ooan

operate 43 8 shunt andior serms 5 coampensalon, o power S controtier, g voll

-

regulalor of s phase shifler depending o 18 mmn control siategy. 18 this vy

by

simsitanecus conirol on DU voltage and PANSOUISIN e power fow a0 be

senbi . ooan & slun {*Xs”iz:mus: yoal DYV Bebwern hgs and & ang At i

dpugh the conyuon 13 bk, provided i.%mt fhe shgs and senies pans of the UPEFL

gre urifrod (Hingnran, 20T

26 SEATCOEM
A4 STATEOM is built based on volane SOUTCE COTYETy {3/ 507} techoniogy, fueaning that

e FPACTS device 1 file up with power elecironics having surnofl capabilinies. in the

by words, 1S & A carrotf type thvristor (4 TO) hased Baid s gr {orppensalor {Kiaus

There are WAny possible configusations of yoltape SOUTIE COFTVRTIERS

and consenpently  many different  configuratin of STATCOM: and disiribtion
STATOOMs, The tonn aften applied 1o vollage soume comverter configurahions #Y

{0 codford, 20041

W Polse width modulation {PWH}

o

In ordor to have a1 undersiznding of how 1o sumulak o, control and apply STATLOMNs, &

simpher conl aration of voltage gouroed converier weiil be stadied. Any voltage sourced

4
L




compverier such 3 L GTATCONM with PWHM has 190 inderendenyt pRraIBEOTs i can contod

These are.

1 The magnitude of the fundomental freguency zonponent of she ap voltage ou the

X. (AR RS
comverter side of the gonverier i snsformes oF TeRcIOL
11, The phase angle of e fundamental frequency COMPURS ot of the ac voltage on e

conyerier s i of the Sy ey fransinrmer of reavior.

Wk

The basic strupture of 8 STATCOM with W id-based voltage controls i depinted W

1

cares, 2000} Eliminating the do voltage comtrol Toop oo this Figure o

pee

‘.

yield the bas i ook diagram o6 4 opieal phast ang e controls. ARSUDUBE

car he acousaiely represented

halaned fondamental frequersny ¥

sransient stabibity srudies weing the s baske rvadel shows i Figore 2.2 7 {Nwh, 205y, The

LS

per-untt aifferential-algebram COUATIONS COTTES somding 1o this model arel

{
H i . v - P ~y oy
Poax i ?s,szi,xz.,{;:}’ . §2.33
P
: i23 2
* 1
e ¥, (24
BT
7 o
(33T et dh - U , .
’ AT RPN §2.5%

302
i

"__,”* s eoskd - tf} ?wg;_/zf:"x;;

5
RS




2T JENR. T SAND NIRRT T o S S & O e LA SR TOR S b i B 7 ; Soves ¢
Were the adnutiance GRB-RUXY i3 esed 0 represent the transformer unpedance, any

av serws filters, and the “seatching werti’ of the inverier due to 115 high froguancy

switching, The consg niix»»
'k_ ‘.

o 4(&§

s, i divgetly proportional o the pulse widih nwsdolstion

swde im and =, represents puernal controd systern variablas,

Froure 2.2 Block dagram of  STATOOM with PWH voltage corared {Carizares, of of,
{008}

The ac bus voltage magpitude i controlled through the modulation mdes vy, since thas has
s direct effect on the side ac ads volfage source woverter (VS vollage megroiude, Bt the
phase angle, o wluch bascally detevmsnes the achve power P flowing mio the oontrolier
charpes and discharges the capacitor. The controller ety are defined w terms of the
comtroller corrent Hals which sre diveetly related 1o the swiiching Jevice current imils, as
these ave basio hmiting fictor i VEbbased corgrodlers In simulasions, these humts can be

shivectly defined i terns of the maxunian and NG CORYeriey currents,

ot

respectively. A praphical representation of the controtler droop 1 shown

X




v the Vol chamgcterisie curve of the STATOUINM with the conmrader lirin bemg defined by

5 ac current hmits, cee § to 2.4 { Technical report, IEFE 10963

"

! WS Sz@»i

&,
E{PWRAY

Froure 2.3 Tronsent stabibity moded of a STATCOM with PWH voltage control
However, the steady date nwslel can be obtamed Hom eguavon {2.3) by replacing the
differential equaiions wath the steady siate equatons of the do vobage and the voltage

cosvirnd characterstics of the XTATCOM, thus,

{36y

~

o, a phasy contol technigue can be veadily modeled by savply replacimy the do voliage

ciniro eguation m (2,63 wath an equation for ke B ]K - 0081 In tius case the do voliag

g the capactor 1o coutrad the mrerter

change av w change, bence vharging and discharg

voliage magngud

P




The voltaye sourced converter technoligy vsing power tansistor (OGBTSY opsrates at a

frovguency 1o the Kz range, of

o

L

ng poastbilies (o mplement advanved algonithms w the

o

sontrol wvstom. A conparion vath Statie Var compensaior viekds that the mapecitors and
rpactons are replaced wath mmelbpent swirhag

g oot semuconducions and can genevate full

capaoive outpul af low vollsge {(Alen, o of, 2003} By connecdng DO capaciiors on one

side of the converter, the STATUOM 1 able 10 vary 1 oulput with respeot & magitude,

frarpuency and phase angle, thus providimg voliage and mnswnt sishibny,

]
FY %
e
A, it
,‘.‘ﬁw- ”""%,
P ”M“’ ‘\ .
- Vo 0 Go)
—
e
= g( LT t} é',)ﬁ:{h *
Frgure 740 Typical Stwady state V-1 churpotonstics of 2 STATOOM

263 RTATCOM V-1 Characterstic

Mades of the STATOOM openatem

»

1y Woltage regulsiior node

21 VAR convrol made

15




CHAPTER THREE

3.8 MATERIALS AND METHODS

3.8 Inwroduction
Fhis project as part of the Nueruan Ond Systean wall be waplemented using the Power flow

analvsig within the environment of PRAT version 1.3 4 softvare. The Nonb-Central reguon

of the Migeria 330KV gnd was modelled and smwilawed The optimal placement of

~

5

STATOOM was reahized by wse of GAL and the best locanon for PSE way determined using

darapmg coothicient and agorvalues analvsys, Fielly, the modified THEE 9bus and 14-bus

wers used as vasdstick i estabhshing the opunml placerment of RTATCOM i this section.

&

3.2 Optimal Placespent of FTATCOM uxing Genetic Alparithm

The shiective funchon con ssidered is mamization of fsses,

Lomses o elegtng power 8 defined as LOIBSEY -

e,
el
-

N

wrnn,
2

25




Creneralining,

a
fad
e

o

Where By= sa1m of the rexistances of all fines associated 1o s 1

P, = aotive power of bus £,

- yeantive power of bus ©

5

v, = wiskiage profile of bus i

The ides is 1o iocsie the s that has the highest amoent oF ipsses which could be

cnnsidered 95 fhe optimal point for placing the device STATCOM.

3.2.1 Genetie Algerithm (A}

Wio, o Cenerghion™ she total nuinber of buses,

1331629 fifif:\/'; oo B e

7

»  Eoeodig
We neml 1o encode decision vanabies mto Wimsry sirings known @ chrproosomes 31

z 03

senabype. Let the domain of vanable x; T {8, b} arud the required precision ts fouy decmal

ponis. The sequired bits oy i caloulsted 88

)

S
L]
“x
-




The requied bits for X1
{1.0-{0981 1210000 = 200

Froom the resul oblained above for the required bitg, we can now have a range of b,

Therefore, we assume taking the lower Iyt me= 7 ity

& Peombing

o

The correspondmy values o notype) are as follows:

The mappiag from by strisg 10 g real number {decoding} for variabile

{363

& fnitisl Population
inipal populabon s modomly generated and et say
Py b @b F rand{Gen, n}
& Fraluation
The provess of evaluating the fitness of a chromosome 13 stated below:
»  Pracedure

b Convert the chyomosiane’s genotvpe B3 s phenobype, Lo converting binary sining

it relative renl values, 57 ={x,

-
3 Comvest the valee of obrective function info fitness. For nuedmization problemn, the

. . . [ T RO T : g by
frness s simply egual 1o the olyertive fapctiom oy (V) k= 1 pop size.

Thus the funess Roetion valpes of the chromosones




o Seleviing
gy solection provedure. A BeW population

oulets wheel approach s adopted a8

Srtion based on funess vatnes. The vouiots wheak

y*ix"‘iﬁ‘é weith res

constracied 4% fotlows

Culolate the Bioesss alpe evat{v, §ior cach ChromOGRInG Yy

gua{v, ye RER R Lo L, pop Kize
5 {yletare e ol Sieness Tor the populaton
&=
(3.9
Y Caloukse seloction prohalnliby foyr each ohyDImMONID VY

2 YR

4 = ?{,« g,
(111}

o Procsdure

Cieperaie 3 ranlon qurher £ from the range | ik

pavey

thew select the firsl chromnsome Vil oiherwise, select the kih

v
oy

chrommrenTig vy SUEH that o0 5 G

The total fitness F ot the population i

The probabibiey af g setection p, for each chromosame vy s el colsted wming

LA
NS




The sumnuiative probability g for each chromosome v i5 also oheained uamy

Now we spin the roulette wheel n thnes, and sach ame we select 3 single

chromesome for a new population.

» Crpgsover
Cine-cut-point method s used whi 4 randomly select one cut-podnt and exchangss the ripht

pse

parts of o parents 10 gaEnene offspring. Not 2l chromosomes undergs srossover

Fxample the probabnbity of crossoyver setas po .25 means only 25% of chromosomes

the populasion andergo Crogs0ves Crenerate 1 {population size} manston mimber {f fn 1}

# Blutation
Autation alters one o more genes with a probabulily eges 110 the mutation ate. Let soy the

metation e pm = 001, 8o we axpect 1% of the yenes i the populatinn will mutate. in

&

T i

this case we bave 72 nenes, therefore we expedt 077 wamniions por gengration. Bvery gene

-~y

bty has anoegual chance © e mrtsied Therefore yenerate 72 random nuanbers wy

sange [0, 1] Jamabaddin, 2009}

B AR
wn YR DTN, {
.

3.3 Mathematical Mlel of a STATCOMen n single machine Infinile Buy aetwork.

A single-maching ofintie-bus powey Sysiid i shown by Fare 31, where a shusd-

v

connecied device STATOOM 6 imaiabied at bus bars. P at the a0 e rminat of the devics 1%

crmsrolied by the modulation ratio m and the phase w respectively 80 as 1o regulate the

exchange of active and peavtive power between the device ad the rest of the power sysiam

Lad
N




The iswiled device van have g fuel cell or photoveliaic poeer gousralion o7 e

storsge untt integsated intn the power grid, which waill be connexted to the device through

the de capaciot by 2 doe-do converter {Sedghistgarchi and Feliochi, 2004, Tan ev ol 2004,

Y Arabi and Bundur, 20013 Hencs the connection of the devices mio the power systers coald

have different bupacts on power svsters oscitlation stab:

The commoniv-used dynamio equations of the generator for the study of power system

oscalbation sabibity are {Ya, 13983}

o x.:z' ;3 o ;' i i

v

Uit
pex
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Figure 3.1 A power systent ombedded with g shuntconnecied STATOOM device

n Figore 3.1 the followang eguaiions are deduced:

Eouations {314 now give

e
o
LA
N

fny e coordinaie

verator, as shown by Figure 32, from Eguaton {515y i can be

obdained that

X, ¥ Consy e Fosim S
Lx,E X b Vosin

.

PF sy - b cosS

P VY

A
S




From phasor dagian of Figure 3.2, the Ay ooordinate of the goneraios the ae voltage al

- gaag

ha %S termingd 18

Voo omkV, {sosy - jainy joomidy

. PR
7 {317y

e & 15 the vonverter ttin dependunt of VSO strectuse and W 8 the do voltag

fhe capactny Cg in Figore 3.0 Active power recepved by the STATCOM from the power

SYSIRID 13

(338

Hongs

3
=

e,
Lot

{7 g e R CORY T £ kg

a i

Rz B




STATCOM ac and do voltage control functums arg

B ‘fl\: \

s

e = ;;( i §<’(

whers Kool and Baod ore the tansfer funchons of STATIIRA g0 angd do velfane

ey 3 I

coutrofler respectively. Bqd3.13), (318} and (3 20003243 give the mathematical modet of

the power system wath the grbedded STATCOM, nciudmyg the muthemationl desorphon

e ard control function by Fa {3 21Yand (3 22}

5 chyt

For the ansbysis in the followmg section, an enplicit mathematical description of aclive

i the pansmission hine from the geseriloy e Figure 3.1 neads o be

£

power delrverssd alon

established. This i presanted as follows

Faaasy
Led
3
L4
e

That gives

<7 jors YA
i ERIES 324
3 .
where




For a single-maching whinge-bus

voltage squation bolds

Where, X, s the eguivalen

s 5% iff

Hpe 1y

PORvey

reactance of the pansmssion hne,

e nfirate bus bar. Thas the active powe

gystem without the STATCOM the folowny

sy
R/

i + 13 the hne current and ¥

s debivered alony the ransmassion

-~

e 28

where, § is the angle (load angle) between B {g wxis of the genemtori and 17 and
K TR T e
‘ {3 e
X b, ’
Comparing Fg {3 24 and (3 25} # can be seen that the power systent with the STATUOM

of Figure 3.1 s oleetrically sguivalent 1o

£,

sogurvalent bme reactance 1 bo
replacing x; and ¥ in Hgoator
R A and IR O nqﬂﬁ 31§

power delivered slong the wansnussion

deduoed, thus

where, ¢ i« the angle between }:\ and § ;

3 and vl

e @t 1

{3263 b v oand ¥,

a peyweer sysienn without the STATTOM wath an

the infinite bus bar o be ., Hence by

respoctively, gnd therefore the active

[
fa—

CAYE

b

sysiem of Figure

e power

. and

e 2
{j s ’33

W
het!




CHAPTER FOUR
4.8 BESULTS AND BISCUSKION

4.1 Introduciion

oeanent ol

The resulls obuoned on the performanse

STATOOM and PRS m the Neooth-Eanimd zone

sHation of BTATCOM and PES

viy i the mbles belvw The au

decided by G AL and values analvais respecively.

wosyalenss were sunslaed and shosvn in the sbles to continm the

s avsiem, The

(oA s decmwon for the optimad placement of the STATCOM on any

Cthe netwirk stuched with and eathout STATCOMPES g also prosented

2

gpter. The results obdained were iofer discuased hore.

Palior Giid

wisre obtamned alter opty

Merth-Coniral

to obdained after the o

2N
e
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Fbus pumge

Table 4.2 O vl imizaton regults of riwm‘zed'
_BUS no ) Bity
H 4

ik

R
el

7 3 } {3287 G

E {3 EVEE } {335 AR I3
% 289 iy {3 b £

v 2y

1 (8334 £ i Piney {

2 4.5 shows the results obtamed alter the opt

sizatin of modified § b wsing

14 £ 2URG4 3 208G




Table

and

without BTATCOMPEE

4 d . §
arth-Contal nebwork,

t 4 shwews the Yoliage magaitades of the 330EY of oy

g ibed.

Table 4.4 Voltage magoinudes of the 330KY Nort

Z’w?zf"'z

Fus o

e

Alentral nebwork

s

$30y

{1

Z

5 Without
v pomroiler

Wthout
controiisy

i

o

4.5 4% 4%
45 +.5 4.9 3386975 LA
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Tabie 46 shows the bne Hows and losses of the 33KV Nonh-Central nepooak of the

rid wvstenn wathout any songredler insialled

Table 4.6 Line Flows and z;_m basses of the 330 Meorth-Corgeal netwosk

Wthout controdior

> 134041} From T £ ¥ £ Y
¢ 4 £ BogTT A3 3794 G047 433774

-4 - £y SaEE Y S TR SNy

2z ; 4 GORLET $ETARY 3032507
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e
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Table 4.7 shows dw bne {lows and losses of the O bioviheDentesl petwoek of the

smignmy werth RTATOON msinlied

Table 4.7 i we Flows and Dine losses of the case study neteeork with STATCOM
Wath KT AT

}_’.3:;},

i., - -

- 4 4 N gy S
2 7 i S0 1RG

o
.}
x>

1 AMEAE

] 4 4 1 O&TF 034479
3 5 7 4.5 LAY QT8 OO0328 S AERE

& 4 -3 33T {3 000433 {3

7 it & 4.5
2 ¢ % 4.9 it




Table 4.8 shows the eigenvelues parameters of the 330RY North-Central network of the

iz grid systens without any controbier insalled

Cwithout compensation
Draropimg ratio
{3 B

KHYT
HREAE

Table 4.9 showy the ewenvaloes parameters of the 330KY Worth-Central nepwork of the

svstem with STATCOM maalisd

S 4207 R 0472 R

{4287 010057

2

11039 ey

Tabsie 4,10 shows the eipenvaluss parameters of the 330KV Morth-Uentral nerwork of the

stem with PE& mstalled

& i:}\i »’%«0*‘;;,20«?
v Exe 1owrl $wg

omeug Svn 3 deha

eig Svn 1 w3 EBxe 7

Sk A3 8554428 4542 P R4AS
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4.1 represents the simulink model of the 330K Morth-Leutral network of the

Lo »

Nigera prid avstem vathovt any copvisedler installed.

Figare 4.1, PRAT sepresentation of 330KY Mo el Minesia power gnd.
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Figure 4 3 Nonthe-Central zone of the 330KV Nigeng gnd svstem with PSS



Figure 4.4 represents the sunuhnk mode! of the modified TEEE 9-bus with STATIOM

Figure 4.4 Modiied [EEE 9-bus modet vath ol ot bes B and STATCOM ar bus &
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Fioure 4.5 represents the sunubing nmodel of the modified IBEE T4-bus with KTATCOM

e

b model with it ar bus 10 and STATCOM » bus 4.
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CHAPTER FIVE
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