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PHAN TiCH VA PIEU KHIEN ON PINH PIEN AP HE THONG
PIEN BANG THIET BI FACTS
POWER SYSTEM VOLTAGE STABILITY ANALYSIS
AND CONTROL WITH FACTS

Luu Ba Dién,
Ho Van Hién

TOM TAT

Cic thiét bi FACTS duwoc sir dung dé diéu khlen dién dp, phin bé cong sudt, giam
ton thdt phan khang, va lam giam dao dong cong sudt cho cdc mirc truyen tai cong sudt
cao. Nguyén nhdan chinh mat on dinh dién dp cua hé thong dién la thiéu cong sudt phan
khang. Piéu khién cong sudt phan khdng ciia hé thong bang thiét bi FACTS la mét bién
phap dé ngan chan mat on dinh dién dp va nang cao khd ndng truyén tdi cong sudt cia
dwong ddy, dén mirc gidi han nhiét cho phép. Trong bdi bdo nay, sit dung ngdn ngir lip
trinh MATLAB dé mé hinh héa va mé phong diéu khién dién dp hé thong dién bang thiét
bi FACTS .

ABSTRACT
FACTS devices are used for controlling transmission voltage, power flow, reducing
reactive losses, and damping of power system oscillations for high power transfer levels.
One of the major causes of voltage instability in power system is the reactive power limit
of the system. Power reactive control of power network with FACTS is a remedy for
prevention of voltage instability and capable of increasing the power transfer capability
of a line, insofar as thermal limits permit. In this paper, the programe language MATLAB is
used for modelling and simulation for voltage control of the power system with FACTS.
Tiwr khoa: Stability voltage, flexible AC transmission system, static synchronous
compensator, static VAR compensator.

I GIOI THIEU
Phén tich va diéu khién 6n dinh dién ap

13 hét strc quan trong.
Mot trong nhitng nguyén nhan chinh dan

tr& nén rat can thiét khi hé thong dién phai
van hanh gan toi cac gii han 6n dinh cia
chung ké ca gidi han 6n dinh dién ap. Hé
thong dién phai lam viéc ¢ trang thai gan
diém giéi han dién ap 1a do thiéu dau tu
thiét bi FACTS cho mang dién va cong suat
truyén tai giita cac ving la qua 16n. Dién ap
khong on dinh dang trd thanh mdi quan tim
hang d4u trong van hanh hé théng dién. C6
nhimg sy ¢ mat dién da xay ra lién quan
dén su mat on dinh dién ap cua hé thong.
Do d6 viéc phan tich va diéu khién 6n dinh
dién 4p nham nang cao d6 dy trir 6n dinh
ctia hé théng dién 1 rat can thiét, tranh mat
on dinh dién ap xay ra khi xdy ra sy bién
dong ngau nhién ctia mot trang thai xac lap

dén mét 6n dinh dién ap cua hé théng dién
13 thiéu cong suét phan khang dé hé tro cho
hé thong. Viéc cai thién kha nang diéu khién
cong suit phan khang ctua hé théng bang
thiét bi FACTS (Flexible Ac Transmission
System) 1a mot bién phap dé ngan chan mat
6n dinh dién 4p va hon nira 1a sup do dién
ap.

Trong bai bao nay trinh bay mo hinh cua
hé thong dién co cac bo diéu khién FACTS
dé mo phong 6n dinh dién ap cho hé théng
dién bang ngdn ngit 14p trinh MATLAB.
II. CO SO XAY DUNG MO HINH
PHAN BO CONG SUAT

2.1 Phwong trinh phin bd cong suit:
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Phuong trinh phan bd cong suét tai mot thanh cai cho biét trudc cong suat phat, phu tai
va cac cong suat trao doi chay qua céc phan tir cia dudong day truyen tai két néi dén thanh
cai nay phai dugc cong lai bang khong. Do 1a cac phuong trinh dicu kién “phuong trinh
do thay doi cong suat” tai thanh céi k£ c6 cong thirc nhu sau:
cal sch cal
AP, =P, —P, —P* =P -P* =0,

AQ, =0; -0, -0 =0;"-0;" =0. (1)

Trong d6: AP, va AQ, lan lugt 1 do thay doi cong suat tic dung va phan khang tai thanh

cai k. P, va Q, lan luot 1a cong suat tac dung va phan khang dugc bom vao boi may

phat ¢ tai thanh cai .

P, va Q, lan luot 14 cong suét tac dung va phan khang ctia phu tai & tai thanh cai k.
Cong suat tac dung va phan khang ké hoach di biét trude: P =P, — P, ,

G =Q, —Q, . Cong suat tac dung va phan khang truyén tai P va O, 1a nhing

ham cua céac dién ap nut, tong trd va duoc tinh todn bang cach str dung cac phuong trinh

phan bo cong suat.

Gk \ Gk I \

Lk l Lk ‘ %

a1 h)
Hinlt 1 Cén bdng céng sudt tai thanh cdi k: (a) cong sudt tac dung, (b) cong sudt

Tong cong suat tac dung va phan khang thuan bom vao ¢ thanh cai k 1a:

Pkcai — ZP; caa” Q;af — ZQicaf- (2)
i=1 i=1

M6 rong, “phuong trinh d6 thay ddi cong suat” cho truong hop tong quat 1a:
AP, =P, =P, —> P/ =0, A0, =0, -0, -> 0, =0 (3)
i=1 i=1
2.2 Phuong phép phén bé cong suat Newton-Raphson:
Co so dé mo phong bai toan 6n dinh dién ap dya trén ma tran dao ham riéng Jacobian c6
duoc tir bai toan phan b cong suat Newton-Raphson. Phuong trinh ma tran d thay doi
cong suat cua phuong phép 1ap phan bo cong suat Newton-Raphson nhu sau:

F i) )
{i) % £ V MNE ()
AP 1T |88 av i
AQ o0 9@ —
Fp XUy L o8 oV . TX‘T

J( X0y
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Ma tran bién sb Jacobian ctia bai toan phan bd cong suit Newton-Raphson c6 thé bao
gom (nb — 1) x (nb — 1) phan tir dang :

ap, aPkV
a8, v, ™
anc anV
88, v, ™

(5)
trong @6 k=1, ..., nb, va m = 1, ..., nb nhung bo qua thanh cai Slack, nb 1a s6 thanh cai.
Xem xét phan tir thir / két ndi giita thanh cai k va thanh cai m trong Hinh 1, cac s hang
Jacobian duoc cho nhu sau:

P, &, B, &Oh, ., 00, EH00y 00, ., GO,

P A Arr ;c*zq, ki S, *Zq, P ‘k:Z T’k,i- (6)
06, T 06, dI Ny a6, 06, ,

i=1 i=1 el &

I1I. MO HINH CAC BQ PIEU KHIEN FACTS:
Trong nghién ctru on dinh dién ap, quan tam dén bd diéu khién bu tinh SVC va bo diéu
khién bu dong b6 STATCOM. M6 hinh cua chung dugc xiy dung trén co s& cic phuong
trinh phan bd cong suit va phuong phap phan b cong suat Newton-Raphson.
3.1 Mo hinh b bu tinh SVC:

Trong Hinh 2 bd SVC c6 thé duoc xem nhu 1a mdt cudn khang diéu chinh dugc
c6 goc kich gidi han hodc tong tré gidi han. Bang cach thay d6i goc kich — mé& cong tic

diéu khién Thyristor dé diéu chinh tong dan song song By

b

/

I—X

e

Hinh 2. M6 hinh téng dan song song thav doi ciia bé SVC.

!

Téng dan thay ddi theo goc kich- mé oL, Thyristor ctia bd SVC la:
L x | .
Bsve = Be —Breg = 7‘ X, - 227 — ) +sin EchVC]L- (7)
XX, | n |

Trong do: X, = oL, X .= é o lan luot 1a dién khang, di¢n dung va gbc kich - mo

cong tac diéu khién Thyristor. Pham vi diéu khién goc o, 1a tir /2 dén .

Cong suat phan khang ctia bd SVC theo goc kich — md o g 1a:
2 v |
— = -:| X, = =527 — agpe )+ s 20 g )] - (8)
XX, | z |

0, =

=k =



Tap chi Khoa hoc Giao duc Ky thudt, $6 13/2010

Pai hoc Sw pham Ky thudt Thanh phé Ho Chi Minh 37

Ham thuit toan tinh cong suat phan khang ciia bo SVC theo goc kich-mé ot . :

function [QSVC,B] = SVCFAQpower (VM,NSVC, SVCsend, FA, Xc,

X1);
for ii = 1 : NSVC
B(ii)= (2* (pi-FA(1i1)) + sin(2*FA(ii)))*Xc(iil)/pi;
B(ii)= (X1 (ii) - B(ii))/(Xc(1ii)*X1(i1i)):;

QSVC (11)=-VM(SVCsend (ii))"2*B(iil) ;
end
3.2 M6 hinh bg bu dﬁng by STATCOM:

B6 STATCOM trinh bay trong Hinh 3 bao gdm mot bo chuyén d6i ngudn ap (VSC) va

mdt may bien ap lién két ki€u noi shunt.

= |
T

B ) B

i~

Hinli 3 So dé Ihéi bo bi dong bé STATCOM.

Dién ap ngd ra cua by STATCOM la: E, =V, (cosd, + jsind, ).

Cong suét ciia by STATCOM la: S, =V Iy =V Y (Vg =V))

Cong suat tac dung va phan khang tai ngd ra cia STATCOM:
P, =V, G, +V,V,[G, cos(®, —0,)+ B, sind, —0,)],

Qp =—ViB, +V,V[G, sinG, —0,)— B, cos@®, —0,)],
Cong suit tic dung va phan khang tai thanh cai ndi STATCOM:
P, =V Gy +V,Vy[Gg cos®, =8, )+ B, sin(®, =8, )],

O, =-V!B, +V.V,[G, sin(®, -8, )— B, cos®, =8, )].

)

(10)

(11)
(12)

(13)
(14)

Ham thuat toan tinh phan bd cong suét ctia bd STATCOM, khi bo qua dién dan tac dung

G

VR®

function[Psend, Osend, PSSC,QSSC] = SCPQPowers (VM, VA, NSSC, S

SCsend, Xvr,Vvr, Tvr) ;

for ii = 1 : NSSC
B(i1i)=1/Xvr;Al = Tvr(ii)-VA(SSCsend (1i1)) ;
A2 = VA (SSCsend(ii))-Tvr (ii);

PSSC (ii) = Vvr (1i) *VM (SSCsend (ii) ) * (B(ii) *sin (Al)) ;
QSsC(ii) = - Vvr (1i)"2*B(ii)

- Vvr (ii) *VM(SSCsend (ii))*(B(ii)*cos (Al));
Psend(ii) = VM(SSCsend(ii))*Vvr (ii)*(B(ii)*sin (A2));
Qsend(ii) = - VM(SSCsend(ii))"2*B(ii)

— Vvr (ii) *VM(SSCsend (ii)) * (B (ii) *cos (A2)) ;

end
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IV. KET QUA MO PHONG:

Xem xét mang dién gdm 5 nit, tién hanh chay phan mém mé phong duoc lap trinh
bang ngdn ngit MATLAB cho cac trudng hop khac nhau, thu duoc két qua dién ap nut,
trao luu cong sudt, cong sudt bu, goc kich-mé Thyristor, ton that cong sudt, dién ap ra
STATCOM.

Két qua phan b cong suét khi c6 SVC dit tai thanh cai 4, phu tai ting 40% so véi phu tai
& ché d6 van hanh thong thuong, SVC phat cong suat phan khang can thiét 49.55 MVAr,
g véi goc kich - mé Thyristor 140.50° dé gitr dién 4p tai thanh cai 4 bang 1 p.u.

g

T Jvr 5 1 &4
4
Hinh 4 So dé phén bo cong sudt khi phu tdi tang 40%, ¢d SVC tai thanh cdi

BIEU DO - DIEN AP THANH CAI

| I Khong co FACTS [ CoSVCoTC3 [__JCoSVCoTC4 [ Co STATCOM o TC3 |

Bien do dien ap (p.u)

1 2 3
Thanh cai so:
BIEU DO - GOC PHA DIEN AP

Goc pha dien ap (deg)

1 2 3 4 5
Thanh cai so:
Hinh 5 So sanh bién do, goc pha dién ap thanh cdi khi van hanh o ché dé binh thuong.
Khi dat SVC tai thanh céi 3, mang dién van hanh & cac ché d6 dac trung: binh thuong,
qué tai va non tai. Bo diéu khién SVC sé& didu chinh goc kich-mé thyristor dé phat/hap
thy Iugng cong suat phan khang can thiét giir dién ap tai thanh cai c6 nbéi SVC ¢ gia tri
dinh murc.



Goc kich - mo Thyristor (deg) Gong suat phan khang bu (MyAr
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BEUDO COMNG SUAT PHAN KHANG PHAT/HAP THU CUA SVG

i
Phu tai binh thuong

i i i
Phu tai fang 20% Fhu tai tang 40% Fhu fai giam -60%
Phutai be thong

BEUDO GOC KICH-MO THYRISTOR
T T

Phu tai binh thuong

Phu fai giam -50%

Phu tai fang 20% Fhutai tang 40%
Phutai he thong:
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Hinh 6 Céng sudt phan khane phat/ hép thu ciia b SVC theo phu idi hé

Khi dit STATCOM tai thanh cdi 3, ¢ ché do
phu tai binh thuong, n6 phat 20.5 MVAr,
dién ap ngd ra 1a 1.0205 p.u, dé giir 6n dinh
dién ap thanh ci 3 bang gia tri dinh mirc.

V. KET LUAN

Bai bao da trinh bay mo6 hinh, m6 phong
phan bé cong suat mang dién tir d6 danh gia
va diéu khién 6n dinh dién ap, cho théy su
linh hoat diéu khién goc kich-mé thyristor
dé giir On dinh dién ap cho thanh cai c6 nbi
SVC, STATCOM va nang cao 6n dinh cho
hé théng.

Huéng phét trién cua nghién ciu 1a xay
dung mo hinh dé mo phong diéu khién 6n
dinh dién ap va trao luu cong suit trong hé
thong dién.

TAI LIEU THAM KHAO

Enrique Acha, Claudio R. Fuerte-Esquivel,
Hugo Ambriz-Pérez, César Angeles-
Camaccho, “Modelling and
Simulation in Power Networks,”
John Wiley & Sons, Ltd, England,
2004.

K.R.Padigar, “FACTS Controllers in Power
Transmission and Distribution,”
New Age International (P) Limited,
India, 2007.

Thierry Van Cutsem, Costas Vournas,
“Voltage Stability Of Electric
Power System,” Kluwer Academis
Publishers, America, 4, 2003.



