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Tom tat:

Trong nhwng nam gan day, nhu cau dién nang da tang lén ding ké trong khi suw phat trién vé nguon
va dwong ddy truyen tai dién thi bi han che do nguon dau tw han hep va yéu té6 moi trmmg Do do, mot so
dwong ddy truyén tai di bi qua tdi ndng né va s on dinh ciia hé thong tré thanh mot yéu té khong thé kiém
sodt dwge. Bo thiét bi truyén tdi dién xoay chiéu linh hoat (FACTS) dwoc sir dung cho vzec truyén tdi a’ong
dién xoay chiéu, nang cao khd ndng dleu khién hé thong dién va tang khd nang truyén tai cong sudt trén
dwong day. Tuy nhién, cdc nghién ciu gan day cho thdy cdc b diéu khién FACTS cé thé dwoc sir dung dé
ting cuong tinh on dinh ciia hé thong dién bén canh chire ndng chinh ciia viée kiém sodt dong dién truyén
tai. Bai bdo trinh bay mét giai phdp ndng cao on dinh cho hé thong dién gom hai nguon sir dung cdc thiét

bi FACTS.

Tir khod: FACTS, SVC, STATCOM, 6n dinh hé thong dién, 6n dinh dién dp.

1. Giéi thi¢u

Nhitng nim gan déy, cung v6i su phat trién
cua khoa hoc cong nghé, dlen nang ngay cang dong
vai tro quan trong trong tat ca cac nganh kinh té.
Su phat trién ctia nhu cau tiéu thu dién ning danh
gia sy phat trién cua Xa hoi va nang cao doi séng
cua mét vung, mét quoc gla Do do, h¢ thong dién
cling ngdy cang phat trién ca vé quy md lan cong
ngh¢. Ngay nay da h1nh thanh nhiéu hé thong dién
lon trong pham vi qudc gia hoic lién qubc gia. Su
xuét hién nhiéu nha may nhi¢t dién, thuy dién lam
cho viéc Van hanh he thong dién tré nén phuc tap,
dic biét 1a van dé vé dong bo cung nhu tinh 6n dinh
cua hé thong. Theo Kundur “On dinh cua hé thong
dién 1a kha nang duy tri mot diém lam viéc can bang
trong diéu kién lam viéc binh thuong, va sau khi
chiu mot kich dong véi cac thong s6 hé théng thay
dbi trong pham vi cho phép dé ché d6 xac lap cua
hé théng duoc bao tdn” [1]. Sw 6n dinh ciia hé thong
duogc danh gid bdi cac dang 6n dinh sau: 6n dinh tan
s6, 6n dinh dién ap, va on dinh gbc 1¢ch rotor cua
may phat [2]. Bai bao nay nghién ctru ting dung cac
thiét bji FACTS vao hé thong dién nhim ning cao
kha ning 6n dinh cho hé théng ciing nhu tranh hién
twong tan rd hé thong.

Su phét trién nhanh chong ciia cong nghé
ché tao thiét bi dién tir cong sudt va vi xu ly, da va
dang c6 tac dong rat 1on dén cac thiét bi duge su
dung dé van hanh hé théng dién. Céc thiét bi dién
tir cong sudt 16n va vi xir ly da lam cho viée truyén
tai va phan phdi dién ning ngay cang tin cdy, kha
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nang diéu khién cao va dat dugc hiéu qua nhu mong
mudn [3]. Thuat ngit hé thdng truyén tai dién xoay
chiéu linh hoat FACTS (Flexible AC Transmission
System) da dan tré nén quen thudc hon. Vi cong
nghé FACTS cho phép chung ta diéu khién duoc
dong cong sudt, ting cuong kha ning truyén tai gita
cac ving v6i nhau va giam thiéu cac dao dong trong
hé théng [4].

Noi dung cua bai bio gdm: gidi thiéu tom
tat vé& cac thiét bi FACTS va kha nang tmg dung
ctia chung trong hé thong dién. Xay dung so d6 mo
phong cho mot hé théng dién gdm hai ngudn va
phan tich hiéu qua khi lip dat cac thiét bi FACTS.
Cubi cung 1a két luan.

2. Ho cic thiét bi FACTS va kha niing tng dung
cia chiung
2.1. Ho céc thiét bi FACTS

Céc thiét bi FACTS bao gdm:

Load tap changer (LTC) Thiét bi diéu chinh
nac phan ap may bién 4p, thiét bi nay c6 thé xem
xét 12 mot thiét bi FACTS khi n6 duoc diéu khién
bang Thyristor.

Thyristor controller reactor (TCR): thiét bi
diéu chinh cudn khang, TCR diéu chinh dong dién
chay qua cudn bang Thyristor dua trén nguyén tic
diéu chinh goc mé cia Thyristor.

Thyristor controller series capacitor (TCSC):
Thyristor diéu khién tu nbi tiép, n6 hiéu chinh tong
tré cua mang dién.
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Static compensator (STATCOM): thiét bi bu
dong bo tinh 13 mot trong cac thiét bi diéu khién
FACTS co ban nhét. Thiét bi nay hoat dong dua trén
bd bién ddi dong dién hodc dién ap.

Static Synchoronous Series Compensators
(SSSC): thiét bi bu tinh ndi tiép dong by, thiét bi
SSSC hoat dong khong can ngudn riéng, diéu chinh
dong dién trén duong diy lam thay dbi dién ap
dat 1én trén duong day, tir d6 diéu khién cong suat
truyén.

Unified Power Flow Controller (UPFC):
thiét bi diéu khién dong cong suat hop nhat, 1a sy
két hop giita thiét bji bu tinh STATCOM va thiét
bi SSSC dé diéu chinh dong cong suét tac dung va
phan khang truyén trén duong day.

Static Var Compensator (SVC): st dung dé
duy tri hodc diéu chinh mot sé thong sé cu thé cua
hé thong dién, chang han nhu dién ap ctia mot nat.

High voltage direct-curren (HVDC): h¢
thong truyen tai dlen mot chiéu cao ap, day 1a bo
diéu khién bao gom tram chinh luu va tram bién
ddi, duoc két ndi v6i nhau nhu mot “bd dém” -
(back to back) hodc cap dién mot chiéu. B bién ddi
¢6 thé co sir dung Thyristor hodc cac thiét bi ban
dan nhu GTOs, IGBTs.

2.2. Ung dung ciia cac thiét bi FACTS

Céc thiét bi FACTS cho phép thay ddi cac
tham s lién quan dén van hanh hé thong bao gom
dién khang duong day, di¢n 4 ap, dong dién, goc pha
va cac dao dong & cac tan s6 khac so voi tan sb
co ban. Cac thong sé nay duoc didu chinh khong
duoc vuot qua gia tri cho phép trong khi van duy
tri dugc do 6n dinh cta hé thong, noi cach khac 1a
khong lam giam kha nang truyén tai ciia duong day.
Bing cach thém vao cac thiét bi ¢6 tinh linh hoat
cao, thiét bi FACTS c6 thé cho phép mot dudng day
truyén tai dén sat gioi han nhiét ciia n6. Cong nghé
FACTS khong phai 1a mot thiét bi diéu khién cong
suit 16n riéng r€ ma la mdt tap hop nhiéu thiét bi
diéu khién, co thé duge st dung doc 1ap hoac Kkét
hop v6i nhau dé diéu chinh mot hay nhiéu cac tham
s6 hé thong di @& cap o trén. Viéc lua chon thiét bi
FACTS phu hop c6 thé giai quyét duoc nhitng han
ché truyén tai trén duong day do cau triic vat 1y cua
day dan va nang cao duoc 6n dinh hé thdng dién ma
cac yéu td quyét dinh ciia n6 13 6n dinh tan so; on
dinh dién ap va 6n dinh goc 1éch ctia roto may phat.

Viéc Gmg dung cac thiét bi FACTS vao hé
thong dién trong thoi gian gan day cho thiy HVDC,
SVC, STATCOM 1l nhitng thiét bi dugc st dung
rat hidu qua. Trong bai bao nay nhom tac gia s& mo
phong hiéu qua nang cao On dinh hé thong dién cua
hai thiét bi dai dién 1a SVC va STATCOM cho mot
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hé théng dién gdm hai ngudn duoc ndi véi nhau qua
mdt duong day lién keét.

3. On dinh h¢ théng dién hai nguén dung SVC
va STATCOM

Xem xét mot hé théng dién gom 2 nguon Iy
2 vung (ving 1 & ving 2), duoc két ndi boi mot
duong truyén dai nhu Hinh 1. Huéng dong cong
suat tir vang 1 dén ving 2. Pudng truyén duoc chia
thanh hai phan (doan 1 va doan 2). Trén duong
truyén dit 3 thanh gop B, B,, B, theo khoang cach
BB,=L,BB,=L,

B, L B, B;
Ving 1 | ! | ] / Vung 2
| Poan 1 '1 Poan 2 |
SvC
STATCOM

Hinh 1. Hé thong dién gom hai nguon

Céc thong s6 cua hé théng dién duogc su
dung trong mo hinh nhu sau:

Théng s6 mdy phat: M, = 1500MVA, M, =
1000MVA, V = 13,8kV, f = 50Hz, X, = 1,305Q,
X,'=0,296Q, X" = 0,255Q, Xgq = 0,474Q, Xq// =
0,243Q, X, =0,18Q

Théng s6 bién dp: T, = 1500MVA, T, =
1000MVA, 13,8/500kV, R, = 0,002€Q, L, = 0,12H,
R =500Q, X =5000Q.

Théng sé dwong ddy cho méi km:

R,=0,1755Q,R =0,2758 Q,L, =0,8737mH,

=3, 22mH C,=13,33nF, Co = 8,297nF.

Trong qué trinh truyén tai dién, hé thong
duoc 6n dinh nh SVC hodc Statcom véi cac thong
s sau:

Théng s6 ciia SVC: 500kV, £100 MVAr, T, =
4ms, V,  =1,X =003, K =3, K, =500.

Thong so cua STATCOM: 500kV,
£100MVAr, R = 0,071Q, L = 0,22, V, = 40kV, C
=375uF, V.= 1,0,K =50, K*IOOO

Hé thong hai nguon duoc dé xuat voi hai
may phat dién thuy luc la 1500 MVA va 1000 MVA
két ndi qua duong day truyén tai dai 600 km nhu
trong Hinh 2. Hai méy phat nay duoc trang bi tua-
bin thity dién va HTG, hé thdng kich hoat va bo 6n
dinh hé thong dién (PSS). Pau ra cong suét ban dau
cua may phat la P, = 0,7pu va P_, = 0,8pu. Ca
SVC va STATCOM su dung cho md hinh nay cé
clng cong suat £100 MVA va dién 4p tham chiéu
duoc dat 1a 1pu cho ca SVC va STATCOM. Mot
16i ba pha xdy ra & thanh gop B, trong khoang thoi
gian tir 0,5s+1s.
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Hinh 2. So' @6 mé phong ciia hé thong dién khdo sdt trong Matlab-Simulink

DPé minh hoa hiéu qua cua STATCOM, tai
trong mdi ving duoc thay dbi dé quan sat SVC va
STATCOM duy tri cong suét trong khoang 10,05pu

Ché a6 100% tdi:

Tai 1 coP=1000 MW, Q =200 MVAr
Tai2 c6 P=1500 MW, Q =500 MVAr
Ché a6 75% tai:

Tai 1 c6 P=750 MW, Q = 140 MVAr

Tai2 c6 P=1125 MW, Q =375 MVAr
Ché do 50% tai:

Tai 1 c¢6 P=500 MW, Q =100 MVAr

Tai 2 c6 P=750 MW, Q =250 MVAr
Két qua md phong nhu sau:

Béng 1. Pién dp cdc thanh gép trong cdc ché dd khi hé thong chiwa diege két noi thiét bi bi

V1 (pu) V2 (pu) V3 (pu)
50% 75% 100% 50% 75% 100% 50% 75% 100%
1,065 | 0,9747 | 0,9289 1,066 | 0,9692 | 0,9208 1,064 0,975 | 0,9298
V(pu) Ché d6 50% tai 096 - V(PY) Ché 4o 100% tai
107 o 1065 ; 1.064 0085  ~commmmm - G
105 --- Vo R - Z::: : 09289 09298
108 4 052 0.9208
1.01 A ’
091 -
099 -
0.9 . .
097 A vi v2 vz Thanh gép
0.95 T T ) Hinh 4. Dién dp cdc thanh gop trong ché do 100%
Vi v2 vs Thanh gép tdi khi hé théng chiea két ndi thiét bi b

Hinh 3. Pién dp cdc thanh gop trong ché dé 50% tdi
khi hé thong chua ket noi thiét bi bu

Tir d6 cac tac gia dé xuat dat thiét bi FACTS
tai thanh gop B2 dé c6 thé nang dién 4p cac thanh
gop (ddc biét thanh gop B2) & ché do qua tai, va
giam dién ap cac thanh goép (dac biét thanh gép B2)
& ché do non tai.

Béng 2. Pién dp cdc thanh gép trong cdc ché dg khi hé thong cé va khong két noi thiét bi bi

Vi(pu) V2(pu) V3(pu)
Ché do 50% 75% | 100% | 50% 75% | 100% | 50% 75% | 100%
Khong bu | 1,065 | 0,9747 | 0,9289 | 1,066 | 0,9692 | 0,9208 | 1,064 | 0,975 | 0,9298
SVC 1,030 | 0,9875 | 0,9572 | 1,027 | 0,9861 | 0,9536 | 1,031 | 0,9897 | 0,9597
Statcom | 1,024 | 0,9885 | 0,9588 | 1,022 | 0,9869 | 0,9555 | 1,021 | 0,9898 | 0,9598

Nhu véy khi hé théng dugc két ndi thiét b
bu, dién ap tit ca cac thanh gop déu nam trong giGi
han cho phép, tir 0,95pu dén 1,05pu, & tit ca cac
ché d¢ tai.
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Dién 4p trén thanh gop B2 trong cac ché do
khac nhau khi hé thong chua dugc bu, dugce bu boi
SVC va STATCOM.
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Hinh 5. Pién dp thanh gép B2 trong cdc ché d
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Nhu vdy khi hé théng chua dugc két ndi
thiét bi bu, dién ap trén thanh gop B2 thay doi rat
nhanh khi thay ddi cac ché do tai. Pién ap trén
thanh gop B2 6n dinh hon khi hé théng dugc két
nbi v6i STATCOM so véi khi h¢ thong dugc két
n6i voi SVC.

Gia thiét trong khoang thoi gian tir 0,4 dén
0,5 gidy xay ra 16i cham dit pha A.

Dien Ap Bus B2
1.4 T T T T T T T
Bu ding SVC
12 9 Knhong bi .
1 - .. PR — e O
. 08 Bu ding STATCOM _
3
[
> 06 -
04 —
02 -
0 [ | | | 1 1 |
0 0.5 1 1.5 2 2.5 3 35 4
Time (giay)

Hinh 6. Dién dp thanh gép B2 khi xay ra 16i cham ddt pha A, ¢é va khéng cé bii

Ta thdy, dién ap thanh gép B2 s& bi dao
dong khi hé thong chua duoc két ndi thiét bi bu.
Khi dugc bu bang SVC, dén thoi diém 1,25 gidy
dién ap thanh gép B2 s& dugc 6n dinh. Khi duoc
bu bing STATCOM, dién ap thanh gop B2 dugc on
dinh som hon vao thoi diém 1 gidy. Trong thoi gian
xay ra 16i luéi, STATCOM c6 tac dung duy tri dién

ap ludi bi sut nho nhat.

Hinh 7 cho thay, khi xay ra 18i cham dat pha
A, goc roto sé bi dao dong manh néu hé théng chua
dugc két ndi thiét bi bu. Khi dugc bu bang SVC,
va STATCOM bién do dao dong cua goc quay roto
giam di rat nhiéu. Piéu d6 dam bao cho luéi dién
hoat dong on dinh.

Rotor angle

80 T T

dhetal (deg)

Khéng bi

Time (giay)

Hinh 7. Dao déng ciia géc quay roto xdy ra l6i cham ddt pha A
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4. Két luan dong cong sut, céc thiét bi FACTS can duoc dat &

Bai bao da chimg minh tinh hiéu qua cia  trung tim dé dat dugc loi ich téi da. Két qua ciing
thiét bi FACTS dé cai thién sy 6n dinh tc thoi  cho thdy STATCOM c6 tac dung duy tri dién ap
trong hé théng dién hai nguén tai cac vi tri khac  trén duong tmyén 6n dinh hon so véi SVC. Pic
nhau cua thiét bi nay trong duong truyén. Bai bio  biét STATCOM con ning cao kha ning vuot qua
ciing chi ra rang khi c6 mot huéng dinh trudc ciia  cac su ¢b xay ra trén luéi dién.
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THE EFFECTIVENESS OF USING FACTS EQUIPMENT
TO IMPROVE THE VOLTAGE STABILITY FOR TWO-SOURCE POWER SYSTEMS

Abstract:

In recent years, power demand has increased substantially while the expansion of power generation
and transmission has been severely limited due to limited resources and environmental restrictions. As
a consequence, some transmission lines are heavily loaded and the system stability becomes a power
transfer-limiting factor. Flexible AC transmission systems (FACTS) controllers have been mainly used for
solving various power system steady state control problems. However, recent studies reveal that FACTS
controllers could be employed to enhance power system stability in addition to their main function of power
flow control. This paper presents the solution of a stabilise for your systems including two sources using
FACTSs device.

Keywords: FACTS, SVC, STATCOM, power system stability, voltage stability.
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