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XAY DUNG DIEU KHIEN TRUOT

CHO THIET BI BU DIEU KHIEN DONG CONG SUAT UPFC

SLIDING MODE CONTROLLER DESIGN FOR UPFC POWER LINE CONTROL COMPENSATION DEVICE

DOI: http://doi.org/10.57001/huih5804.2024.202

TOM TAT

Trong nhiing ndm gan day, kiém sodt dong dién ngay cang tré nén quan
trong trong linh vuc hé thdng truyén ti dién théng minh. B diéu khién dong
cong sudt hop nhat (UPFC) cung cdp kha néng diéu khién dong cong sudt tac dung
va phan khang theo thdi gian thuc. Bai béo trinh bay két qua tong hgp b diéu
trugt (SMC) cho thiét bi bu diéu khién dong cong sudt (UPFC). B diéu khién da
gidip 6n dinh cong sudt ludi dién, gidm anh hudng cla tai phi tuyén va hién tugng
s6ng hai dén tinh 6n dinh cta ludi dién. Chat luong ctia b diéu khién dé xuat dugc
dénh gia thong qua két qud mo phdng hé truyén ti ludi dién 500kV bang phan
mém Matlab-Simulink.

Tir khéa: Thiét bi bir dong cong sudt; diéu khién truot; cong sudt; truyén tdi
dién ndng.

ABSTRACT

In recent years, power flow control has become increasingly important in the
field of intelligent power transmission systems. The Unified Power Flow Controller
(UPFC) provides real-time control of active and reactive power flows. This article
presents the results of synthesizing a sliding regulator (SMC) for a power flow
control compensation device (UPFC). The controller has helped stabilize grid
capacity, reducing the influence of nonlinear loads and harmonic phenomena on
grid stability. The quality of the proposed controller is evaluated through
simulation results of the 500kV power grid transmission system using Matlab-
Simulink software.

Keywords: Unified power flow controller; sliding mode control; power;
electricity transmission.
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1.PAT VAN BE

Trong nhiing nam gan day, nhu cau dién nang ngay cang
tang khién duang day truyén tai trong tinh trang qua tai va
dan dén mat 8n dinh hé théng dién. Chinh vi vay can c6 cac
gidi phap thiét thuc dé cai thién kha nang truyén tai dién va

34 | Tap chi Khoa hoc va Cong nghé Trugng Dai hoc Cng nghiép Ha Noi

Hoang Thi Thu Ha", Tran Thi Kim Thanh?", Ta Tuan Hiru?,
Nguyén Van Canh?, Nguyén Trung Hiéu?

van hanh dudng day hién cé. Trong cac phuong phap truyén
théng, viéc s dung may bién ap léch pha, tu dién song song
va tu dién ndi ti€p giup tang kha nang truyén tai dién va cai
thién tinh n dinh clia hé théng dién [1]. Thiét bi FACTS
(Flexible alternating current transmission system) da dugc
dé xuat cho viéc truyén tai dién, nham tang luu luong dién
va cong suat dudng day ciing nhu cai thién dé én dinh cuta
hé théng. Trong s6 céc thiét bi thuc té, UPFC la thiét bi diéu
khién luéng céng suét, tao ra dong cong suat tac dung va
céng suat phan khang doc lap trong dudng day truyén tai.
Viéc cdi thién tinh 6n dinh ctia hé théng phu thudc vao viéc
st dung phuong phap diéu khién phu hgp clia bé diéu khién
UPFC [2]. C6 nhiéu ky thuat diéu khién khac nhau da dugc
phat trién dé cai thién hiéu sudt ca UPFC. Phuong phap
Lyapunov truc tiép [3], b6 diéu khién dua trén ly thuyét diéu
khién théng thudng nhu PID [4], mang noron [5], logic m&
[6] va diéu khién du bao [7] Ia mot s6 phucong phéap da duoc
phat trién trong tai liéu.

Trong moét hé théng dién, cé chia nhiéu bat dinh do
nhiing thay ddi vé thong sé, dac tinh clia hé théng, su thay
déi cha phu tai va cac sai s6 trong mé hinh hoa nén cac diém
van hanh c6 thé thay déi. Vi vay can mét bo diéu khién phu
hop dé diéu khién UPFC. SMC Ia mét phuang phap diéu
khién hién dai da dugc ing dung trong nhiéu hé théng ky
thuat. SMC c6 kha ndang khac phuc yéu t6 bat dinh cia mé
hinh déng. Bai viét nay trinh bay mét phuang phéap diéu
khién trugt cho UPFC, nhdm dam bao su én dinh nhat thoi
cho lugi dién truyén tai.

2. MO HINH UPFC TRONG HE THONG DIEN

UPFC dugc st dung dé diéu khién dong cong suét trong
hé théng truyén tai bang cach diéu khién trg khang, cudng
do dién ap va goc pha. Bo diéu khién nay mang lai nhiéu uu
diém vé van hanh tinh va dong clia hé théng dién. Cau tric
co ban ctia UPFC bao gom hai bo bién tan ngudn ap (VSI);
trong d6 mét bd chuyén déi dugc mic song song véi dudng
truyén, mot bd chuyén déi kia mac néi ti€p véi dusng day
truyén tai. Hinh 1 thé hién mach tuong duong ctia UPFC. Méi
b6 chuyén d&i ctia UPFC 6 thé tao ra hodc hap thu céng
suat tac dung hodc céng suadt phan khang tu dudng day
truyén tai mét cach doc lap.

Tap 60 - S0 6 (6/2024)
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Hinh 1. Mach tuang duang UPFC

Trong dé: Chi s “abc” biéu thi cac bién trong toa d6 ba
pha; it 1a dong dién di vao bién tan néi ti€p; ug, us la dién ap
dau ra bién tan ndi ti€p va bién tan Shunt;

Theo [8], phuong trinh can bang dién ap dau vao UPFC
c6 dang:

. di
u1:RE|E+LEd—:+uE (1)

di
U, =—U, +Rgiy +L,—+u 2
1 B B'B B dt 2 ( )
Cac bién tan dugc két ndi véi mang dién qua may bién
ap, vivay:
|UE| = Uy Kemg (3)
|UB| = uchBmB (4)

Dién ap bién tan néi ti€p va shunt ciing nhu dién ap dau
vao va dau ra cé:

Uy, =u8, (5)
U, =[u,[8, 6)
Ug, =[Ue[8 7)
Ug, = us |4 (®)

Trong cac phuong trinh trén (mg,8; ) va (mg,8; ) laty sé
diéu ché va goc pha; (K K¢ ) la ty s6 bién d6i cta bo bién
déi ndi tiép va bd chuyén ddi song song tuang tng.

Bang cach viét phuong trinh (1) va (2) theo truc d-q, c6:

. di .
Uy, = —Ugy +Ryigg +LBd_id_w|Bq +U,, (9)

Uy = —Ug, + Rgi

dqu .
B + Ly _dt = Wig, + Uy,

di
_ . Bd .
U, =Reigy +L; _dt ~ Wigy + Ugg

. dqu .
Uy, = REIEq +Lg _dt — Wigy + Ug,

C6 thé thu dugc ug, ue theo truc d-q nhu sau:
Ug, =u,K;m, cosd,

Ug, = U, Kgmg sind,

Ug, =u, Kimg cosd,

Ug, = U, Kemg sind,

Vol. 60 - No. 6 (June 2024)

TU cac phuong trinh (1)-(16) va xem xét dong dién trén
hai truc d-q trong cac bd chuyén déi néi tiép, Shunt va dién
ap lién két DC nhu cac bién trang thai, ta c6 phuong trinh
trang thai sau:

R @ 0 0o U
LB wb LB
-R
X, ) —2 0 0 Y X,
X Le Le X
w2l o o R @ uflt
).(3 £ w, L X3
)~(4 0 0 v Re W x4
° wb LE LE °
3 3 3 3 —C
—u,C ——u,C uC —ulC —
| 2 2 R, | (17
l 0 _—1 0 O
LB LB
o L o 2o Vi,
L L
B B V
1 1
+(J.)b L_ 0 0 0 0 V2d
E
1 Vag
0O — 0 0 O0fo
LE
0 1 0 0 O
L. |

Trong d6: X=[lyy ly ly lgg lic |i u, =K,m,cosd,;
u, =K;mz cosd,; u, =K.m; cosd, ; u, =K.m; cosd,
3. XAY DUNG BO PIEU KHIEN SMC
Phuang trinh dong luc hoc phi tuyén ctia hé théng:
X=f(X)+g(X)
Trong d6, f(X), g(X) 1a cac ham phi tuyén va bat dinh, X la
bién trang thai.
B6 diéu khién dugc thiét ké dadm bao cho bién trang thai
bam theo tin hiéu dat, bién sai léch dugc dinh nghia nhu sau:
e=X-X* (19)
Chon mat trugt cé dang:

(18)

s=é+he (20)
VGi A la tham s6 thiét ké. Diéu kién trugt dugc xac dinh:
1d . )

Eas2 <-n|S|=SS<-n|S|= S <-nsgn(S) (21)

D& hé 6n dinh tiém can, chon luat diéu khién nhu sau:

u=-g(X) f(X)+ (K, +K,[(X=x*)dt+nsgn(s))  (22)

Trong d9, K va K; 1a cac thong s6 thiét ké. Cong suat tac
dung va cdng suit phan khang cia bd bién ddi ndi tiép duoc
dinh nghfa la cac bién trang thai cia hé thdng X =P, QS]T.
Sai s6 theo bién trang thai dugc xac dinh nhu sau:

Sy =Epy + &y, =(B =B )+ A (P —PY) (23)
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Sas = &g, +Méq, =(Qs — Q7 )+ A (Q, - Q)

Vi P, Q; lan lugt la cdng suat tac dung va céng suat phan
khang. Néu ching ta xem xét diéu khién ché d6 trugt bac hai
cho c6ng suat tac dung va phan khang, su bién déi clia bé
mat trugt dua trén (6) va (7) sé dugc dinh nghia nhu cac
phuang trinh sau:

5, =(B,—52) +A(B, 5%

(24)

. (25)
<-nsgn(S, ) =-nsgn((B ~P¢ )+ A(P, —P¢))
So, =(Qs - +M Qs &)
L . (26)
< —r]sgn(SQS ) :—nsgn((QS —Q§)+)\(Q5 —Qg))
Mat khac ta co:
x=ale(t)[" sgn(e(t))+bJ; sgn(e(s))ds (27)

Thay (25) va (26) vao (27), thu dugc phuong trinh mat
truot bac hai. Mat truot trén dugc xac dinh nhu sau:

1 if S¢>¢
sat(Si)z%K it |S¢|>¢ (28)
-1 if Sy <¢

Trong (28), ¢ la giGi han dao dong. Bién ap tham chiéu ug

va ugr dugc xac dinh:

H_ K (R 4K (R 2 )+t S5, )+, fsat(S,

e (KB -R) K [Q -G (s, #, sty
Theo luat diéu khién dugc xac dinh trong (29), v6i K;, Kq,

Kos, Kgs 12 tham s thiét k&, dam bao hé 8n dinh va gidm hién

tuong dao déng cla diéu khién truct.

4. KET QUA MO PHONG

Hinh 2. M@ phdng hé thdng truyé‘n tai 500kV dung UPFC

B6 diéu khién luéng céng suit hop nhat (UPFC) dugc st
dung dé diéu khién luéng cong suét trong hé théng truyén
tai 500kV. UPFC ndm & dau bén tréi ctia dudng L2 dai 75km,
gilta bus B1 va B2 500kV, dugc st dung dé diéu khién céng
suat tac dung va phan khang chay qua bus B2 trong khi diéu
khién dién ap & bus B1. N6 bao gém hai b6 chuyén ddi dua

36 | Tap chi Khoa hoc va Cong nghé Trudng Dai hoc Cng nghiép Ha Noi

trén GTO 100MVA, ba cap, 48 xung, mét bo dugc ndi song
song & bus B1 va mét bé dugce néi néi tiép gitta bus B1 va B2.
B6 chuyén déi song song va néi ti€p cé thé trao d6i ngudn
dién théng qua bus DC. B& chuyén déi néi ti€p co thé dua
t6i da 10% dién ap noi dat danh dinh (28,87kV) néi ti€p vao
dudng day L2.

Truong hop 1: Cong sudt tac dung va phan khang
dat ban dau, P =+8,7pu/T00MVA (+870MW) va
Qrer = -0,6pu/T00MVA (-60Mvar). Tai t = 0,25 gidy, P dugc
déi thanh +10pu (+1000MW). Sau d6, tai thai diém t = 0,5
gidy, Q.r dugc déi thanh +0,7pu (+70Mvar). Dién ap tham
chiéu ctia bd chuyén déi shunt sé dugc gilt khéng ddi &
Vief = Tpu trong toan bé qua trinh mo phong (thai gian budc
= 0,3 * 100> thai gian diing mo phong (0,8 giay).

o

©
o

Cong suét tac dung [pu]

8.5 Cbng suét tac dung dap (ng

— — -Cong subt diit

I I I | I | I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.4
Thoi gian [s]

Hinh 3. Dap ting cong suat tac dung

o
o

o

S
o

C6ng suét phan khang [pu]

Cong subt phan khang dap ung

= = -Céng suét phan khang dat
15 . |

L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Thai gian [s]

Hinh 4. Dap Uing cong suat phan khang

:
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o 9001 P q
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Hinh 5. (ong suat tdc dung trén cdc nhanh dudng day truyén tai

Cbng sut phan khang L1
— = -Céng suét phan khang L2
Cbng suét phan khang L3

Céng suét phan khang [Mvar]
°
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-
\
\
’
o
e
. & 5
55
£
22
1

1 1 1 1 L
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Hinh 6. Cong sudt phan khang trén cac nhanh dudng day truyén tai
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Trudng hop 2: Gia tri tham chiéu [T1 T, Q Ql]

duagc dat [0,3 0,5 +0,8 -0,8 1. G ché do nay, UPFC duagc van
hanh nhu mét nguén céng sudt phan khang thay déi. Ban
dau, Q dugc dat thanh 0, sau d6 tai T; = 0,3 gidy Q dugc tang
Ién +0,8pu (UPFC hap thu cong suat phan khang) va tai
T, = 0,5 giay, Q dugc ddo ngugc thanh -0,8pu (UPFC tao ra
céng suat phan khang). Chay moé phong va quan sat phan
héi déng ctia UPFC. Khi t = 0,5 gidy, Q dugc thay ddi tu
+0,8pu thanh -0,8pu. Khi Q = +0,8pu, dién ap tré so véi dong
dién, cho thay UPFC dang hap thu cong suat phan khang.
Khi Qyef dugc thay ddi tir +0,8 thanh -0,8, d6 dich pha hién tai
déi véi dién ap tré 90° trong mot chu ky. Viéc diéu khién
céng suat phan khang dat dugc bang cach thay déi dé I6n
cla dién ap thu cap Vs dugc tao ra bdi bd chuyén déi song
song trong khi van git né cing pha véi dién ap thanh cai B1
V,. Su thay déi cudng d6 V, dugc thuc hién bang cach diéu
khién dién ap bus DC. Khi Q thay d6i tir +0,8pu thanh -0,8pu,
Vg tang tu 17,5kV 1én 21kV.

15 T T T
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o

Dong dién, dién ap [pu]

S
o

! | | | 1 1 1 |
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Hinh 7. Cudng do dong dién, dién ap dau ra UPFC

22

21

Pién ap mét chidu [V]
©

Il 1 1 Il 1 1 1
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Hinh 8. Dién dp mot chiéu

Cong suat phan khang [pu]

Rl I I I |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Thoi gian [s]

Hinh 9. Cong sudt phén khéng
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Nhan xét:

K&t qua sau khi mé phéng cho thay boé SMC da gitp UPFC
dat dugc cac yéu cau ctia mot thiét bi bu diéu khién dong
cdng sudt. Khi cong sudt tac dung va céng sudt phan khang
trén dudng truyén thay ddi, hé théng nhanh chéng dap ting,
vGi thai gian qua d6 I6n nhat la 1,5 giay, sai s6 0,01pu, khong
c6 dao dong.

5. KET LUAN

Bai bdo da mé hinh héa thiét bi bu UPFC, trén co s do
dé xuat luat diéu khién SMC. K&t qua sau khi khao sat cho
thay thiét bi bu dam bao dugc yéu cau chat lugng, dam bao
duy tri dugc cong suat truyén tai. C6 thé ing dung trong hé
thong truyén tai dién nang quéc gia nhu dudng day 500kV
va cac dudng day truyén tai khac.
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