TAP CHI KHOA HOC VA CONG NGHE NANG LUONG - TRUONG DAI HOC PIEN LUC
(ISSN: 1859 - 4557)

NG DUNG THIET Bl FACTS BE NANG CAO MO BUN DPIEN AP
TRONG VIEC ON DINH BIEN AP TRONG HE THONG DIEN

APPLICATION OF FLEXIBLE AC TRANSMISSION SYSTEM
(FACTS) FOR IMPROVEMENT OF VOLTAGE MODULE IN
POWER SYSTEM STABILITY CONTROL

Pham Ngoc Hung"", Nghiém Thi Thay Nga®, Hoang Minh Hai®

(I)Tru’(‘rng Pai hoc Dién luc,
@ Truong Pai hoe Sw pham ky thuit Nam Dinh,
OTrwong Cao ding Cong nghiép CAm Pha

Toém tat:

Céc thiét bj FACTS dugc st dung d& diéu khién dién ap, phan b8 cong suét, giam ton that phan
khang, va lam giam dao déng cong sudt cho cac mifc truyén tai cong suat cao. Nguyén nhan chinh
gdy mét 6n dinh dién 4p cla hé théng dién 13 thiéu cdng sudt phan khang. Biéu khién cong suét
phan khang ctia hé théng bang thiét bj FACTS |a mét bién phap dé& ngén chin mat &n dinh dién
ap va nang cao kha nang truyén tai cong suat cua dudng day dén murc gidi han nhiét cho phép.
Trong bai bdo nay, ching t6i str dung ngén ngif 1ap trinh MATLAB d& mé hinh héa va md phéng
diéu khién dién &p hé théng dién bang thiét bi FACTS .

Tu khoéa:
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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,
use the programming language MATLAB to modelling and simulation for voltage control of the
power system with FACTS.
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1. GIOT THIEU

Phén tich va diéu khién 6n dinh dién ap
tré nén rat can thiét khi hé théng dién
phai van hanh gﬁn to1 cac gioi han on
dinh ctia chung, ké cd gioi han On dinh
dién ap. H¢ thong dién phai lam viéc &
trang thai gan diém gi6i han dién 4p 1a do
thiu dau tu thiét bj FACTS cho mang
dién va cong sudt truyén tai gilta cac
vung 1a qua 16n. Dién ap khong 6n dinh
dang tro thanh moi quan tdm hang dau
trong van hanh hé théng dién. C6 nhiing
su ¢d mat dién da xay ra lién quan dén su
mét 6n dinh dién ap cua hé théng. Do do
viéc phén tich va diéu khién 6n dinh dién
ap nham nang cao do du trir 6n dinh cta
hé théng dién 1a rat can thiét [1], tranh
mat 6n dinh dién 4p xay ra khi xay ra su
bién dong ngiu nhién ctua mot trang thai
xac 1ap 13 hét strc quan trong.

Mot trong nhimg nguyén nhan chinh dan
dén mAt én dinh dién ap cua h¢ théng
dién 1a thiéu cong suat phan khang dé hd
trg cho hé théng. Viée cai thién kha ning
diéu khién cong suat phan khang ctia hé
thdng bang thiét bi FACTS (Flexible Ac
Transmission System) [2] & m{t bién
phap @ ngan chan mét 6n dinh dién ap
va hon nira 13 sup d6 dién ap. Trong bai
bao nay s€ trinh bay mo hinh ctia h¢
thong dién co cac bo diéu khién FACTS
dé mo phong 6n dinh dién ap cho hé
thong dién bang ngdén ngit lap trinh
MATLAB [4].

2. CO SO’ XAY DUNG MO HINH
PHAN BO CONG SUAT

2.1. Phuong trinh phan bo cong
suat

Phuong trinh phan bd cong sudt tai mot

thanh cai cho biét truéc cong suit phat,
phu tai va cic cong suét trao ddi chay
qua cac phan tir cia duong day truyén tai
két nbi dén thanh cai nay phai duoc cong
lai bang khong. Do 1a cac phuong trinh
diéu kién “phuong trinh d6 thay doi cong
sudt” tai thanh cai k c6 cong thirc nhu
sau:

AP]{ — PGk _PLk _Pcal — P;Ch _Pkca/ — 0’
AQ}( — QGk QLk _ cal _ l;rch _ /fa/ — 0

(1)
Trong do:

AP, va AQ, lan lugt 1a d6 thay doi cong
suét tac dung va phan khang tai thanh céi
k. P,va Qg;lan luot 1a cong suat tic
dung va phan khang dugc bom vao boi
may phat ¢ tai thanh cai k.

P, va 0, lan lugt 1a cong suét tac dung
va phan khang cua phu tai ¢ tai thanh
cai k.

Cong suat tac dung va phan khang da
biét trudce:

Pksch

=Py — Py > G/fCh =0 —Ou -

Cong suat tac dung va phan khang truyén
tai Pva Q" l1a nhimg ham cua cac
dién ap nit, téng trd va duogc tinh toan
bang cach su dung cac phuong trinh phan
bo cong suat.

Téng cong suit tac dung va phan khang
thuan bom vao ¢ thanh cai k la:

n
i cal Lal ical
-Sror -3e
k H .
i=1

M¢ rong, “phuong trinh do thay dobi cong
suat” cho truong hop tong quat la:

Pkcal (2)
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AP, =Py — P, =Y P =0,
i=1

k p[ cal
4 I
1 cal
n cal

(@

Pei

Pri
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A0, =04 ~0u - Y01 =0. ()

k Q A[ cal m

\ QI cal
k

Hinh 1. Cén bdng céng sudt tai thanh cdi k:
(a) cbng suét tdc dung, (b) céng sudt phdn khdng.

2.2. Phan bo cong suat theo
phucong phap Newton-Raphson

Co so dé mé phong bai toan 6n dinh dién
ap dua trén ma trdn dao ham riéng
Jacobian c6 duoc tir bai toan phan bd
cong suat Newton-Raphson. Phuong
trinh ma trdn mo ta sy thay d6i cong suat
ctia phuong phap lip phin bd cong suit
Newton-Raphson nhu sau:

) _
0 6_P a—PV Ao 1"
AP o0 oV
=- AV | @
AQ 90 Q| |7,
F(xUD)y 00 ov m
J(xU) A

Ma trin bién sb Jacobian cua bai toan
phan b6 cong suit Newton-Raphson c6
thé bao gdm (nb — 1) x (nb — 1) phan tur
c6 dang:

oF  OR,
o0, ov, "
(5
00, G&V
00, ov, "

trong 6 k =1, .., nb, vim =1, ..., nb
nhung bo qua thanh céi Slack (nb 1a sb
thanh cai).

Xem xét phan tir thir / két ndi giira thanh
cai k va thanh cai m trong Hinh 1, cac s6
hang Jacobian dugc cho nhu sau:

oP, :iaPk,, o, ,, =i oP, , .
0, 00,, v, ' vy,

k,1°
=1 =1

00, anan,/ 00, Vo Zn: an,/

TS0, v, Hor,,

— V.
0, = !

(6)
3. MO HINH CAC BQ PIEU
KHIEN FACTS
Trong nghién ciru 6n dinh dién ap, quan
tam dén bo didu khién bu tinh SVC va bd
diéu khién bu déng b6 STATCOM. M6
hinh ctia chiing duoc xay dung trén co s&
cac phuong trinh phan b6 cong sudt va
phuong phap phan bd cong suit Newton-
Raphson [5].
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3.1. Mo hinh bo bu tinh SVC

Trong hinh 2 by SVC c6 thé dugc xem
nhu 1a m§t cudn khang diéu chinh duogc
¢6 goc kich giéi han hodc tong tro gidi
han. Bing cach thay d6i goc kich - mo
cong tic diéu khién thyristor dé diéu
chinh tong din song song Bysc.

ISVCl

Bsy

Vi

Hinh 2. Mo’ hinh téng dén song song
thay déi cia bé SVC

Téng dan thay dbi theo goc kich- mé
o Thyristor cia by SVC la:

Bsvc =Bc—Brcr =

Vbe

- m& cong tic diu khién thyristor. Pham
vi diéu khién goc ag, lath 7/2 dén .

Cong suit phan khang cua bd SVC theo
goc kich—mo o, 1a:

_sz
XX,

0= {XL He [2(n—asyc)+sinaam)]}
T
®)

3.2. M6 hinh bd bu déng bd
STATCOM

Bo STATCOM ttnh bay trong hinh 3 bao
gdm mot bd chuyén d6i ngudn ap (VSC)
va mot may bién 4p lién két kiéu nbi
shunt.

Dién ap ddu ra ciia bd STATCOM la:
E,=V,(osd,+jsind,). 9

Cong suit cia bd STATCOM I:

X * * * *
! X, __C[z(”_asvc)+5in2asvc] S =Virlig =Vir Y Vg = V) (10)
XX, V4 )
(7) Cong suat tac dung va phan khang tai
| dau ra cia STATCOM:
Trong d6: Xp = wL, Xc = — , @, lan
luot 1a dién khang, dién dung va goc kich
B Bus k VL S y Bus k
VR VR VR = VR
+ I,/
T A= ro——
T -
m
2 IVR Vk
ViZ 6y
(@) | (®)
Hinh 3. So’ d6 khéi bé bl dong bé STATCOM
P = V\?z G +ViVi[G i 005(5\113 - Hk )+ B, Sin(é‘m - Hk )1, (1)
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QvR = _V\j{BvR + VVR Vk [GvR Sin(é‘vR - Hk ) - BvR COS(5VR - gk )]’

(ISSN: 1859 - 4557)

(12)

Cong suit tac dung va phan khang tai thanh cai nbi STATCOM:

P =V G, +V V4G, cos(0, —5,)+B,,sin(0, —5,)],

Qk = _VlszvR + Vk VvR [GVR Sin(ek - 5vR ) - BvR COS(ak - 5VR )]

4. KET QUA MO PHONG

Xem xét mang dién gém 5 nut [3], tién
hanh chay phdn mém mé phong duoc 1ap
trinh bang ngoén ngit MATLAB cho céc
truong hop khac nhau, thu dugc két qua
dién ap nut, trao luu cong suat, cong suit
bu, goc kich - mé thyristor, ton that cong
suat, dién ap ra STATCOM. Két qua

63+i21

(13)
(14)

phan bd cong sudt khi c6 SVC dit tai
thanh cai 4, phu tai tdng 40% so véi phu
tai & ché d6 van hanh thong thuong, SVC
phat cong sudt phan khang can thiét
49.55 MVAr, tng véi goc kich - md
thyristor 140.50° dé giir dién ap tai thanh
c4i 4 bang 1 p.u.

SvC

49.55 56+j7

28 ;
/I\ $ 5.30
40 57.26

Hinh 4. So’ dé phén bé céng sudt khi phu téi tdng 40%, c6 SVC tai thanh cdi 4
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Khi dat SVC tai thanh cai 3, mang dién
van hanh & cac ché do dic trung: binh
thuong, qua tai va non tai. BO diéu
khién SVC s& diéu chinh goc kich - mé
thyristor dé phat/hap thu luong cong
suat phan khang can thiét gitr dién ap
tai thanh cai c6 ndi SVC & gia tri dinh
muc.

Khi dat STATCOM tai thanh cai 3, &
ché d6 phu tai binh thuong, n6é phat
20.5 MVAr, dién ap dau ra 1 1.0205
p.u, dé gir 6n dinh dién ap thanh cai 3
bang gia tri dinh murc.

BIEUDO - DIEN AP THANH CAI

’5 T T T T
o | I Khong co FACTS [] Co SVC o TC3 [__]CoSVC o TC4 I Co STATCOM o TC3 |
a 1.05
©
C
Qo 1
o
o
=
Q2
m 09
1 2 3 4 5
Thanh cai so:
BIEU DO - GOC PHA DIEN AP
0
g L
[0}
k-
g -2
=4
k]
o
&4
o
Py
o
© 6
1 2 3 4 5
Thanh cai so:

Hinh 5. So sdnh bién dé, goéc pha dién dp thanh cdi khi vén hanh & ché dé binh thudong

BIEU DO CONG SUAT PHAN KHANG PHAT/HAP THU CUA SVC

Phu tai binh thuong Phu tai tang 20%

Phu tai he thong:
BIEU DO GOC KICH-MO THYRISTOR

Phu tai tang 40% Phu tai giam -50%

132 54"
TO4L.0%

135.69°

139.37

140

126.17°

120

100

Phu tai binh thuong

Phu tai tang 20%
Phu tai he thong:

Goc kich - mo Thyristor (deg) Cong suat phan khang bu (MVAD

Phu tai tang 40% Phu tai giam -50%

Hinh 6. Céng sudt phan khdng phat/ hép thu cia bé SVC theo phu tai hé théng dién
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5. KET LUAN STATCOM va nang cao 6n dinh cho hé

Bai bao da trinh bay mo6 hinh, mo

théng.

phong phan bb cong suit mang dién tir  Hudng phat trién ctia nghién ctru 1a xay
d6 danh gia va diéu khién én dinh dién  dung mé hinh d&& mo phong diéu khién
ap, cho thdy sy linh hoat diéu khién goc ~ 6n dinh dién ap va trio luu cong suat
kich - m& thyristor dé giir 6n dinh dién  trong h¢ théng dién.

ap cho thanh cai c6 nbi SVC,
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