£25E5E 41
2005 £ 4 A

Vol.25 No.4

® ) & % kB
Apr2005 €

Electric Power Automation Equipment

TCSC H i Jof i3 FE 422 ] 9% B v

FE R GRAE, K R
(1. AFEIRF FHAFKR,TH A% 210094;
2. AW IARFR WAHIEZ JLH & 210013)

FE . 4F2F 7T 38 $ B AMZ & TCSC (Thyristor Controlled Series Compensator) # 3 & it 42 Fo & ¥ AL
LR Z AR et sl 2 a9 0L 4 A TCSC I EMAEF RARA —ANZO e s L+w A A&
RiF AT kR T TCSC AR R B, EALBEAPTHET TCSC s A3 RNEET 244
EEMAFN ZR A E AR ERT AR Fe T A7 AS R AR TCSC 4852 42 4

BBk R IR G RIEENA T K RAAW T AT
K. TCSC; AL, AENFRT X, RHE LK

hESES. TM 712;0231.2

0 5l5

Al R ERAMEE AR TCSC (Thyristor Controlled Se-
ries Compensator ) ] T-HLJj R4t , LA
PR B IR s P = R g ta e v | BHLE W) 25
P37 (SSR) R A 41 375 | % 25 A1 77 R 42 61380 U 55 )
AE. SR, TCSC X LL4% 25 M HBURA0 5 TCSC 2 il #%
AX, SCHR[1,2RH T PID, BRI EfL (DFL)
S5 2t E R 5 7 it 7 TeSC A,
W& DFL b & 55 T 020 JUAR ¥ 3030t 5 58 07 4 19
BRI I TS R GG B AR R R R AW
LR R BIR X — RN B RGE A
MSECAEMER SRR B RELbRETTH
FEAE A RN E P bean HRE SR ] A 455 A8 s A A
SRS 28 R BRI 2 T DR o o i M AR
FEEGIIT Y BAS O B2 SCHER (4182 1 A T A2 4%
MR AR G HE R A IS L, 3G AR 4 Rk
WAt T TCSC WY A 3 N L, 3 #5451, X T S 8OR i
FE AT BA R e (B2 Ok B
s, B R 2%

WHER T e — R R G AR LR s Ty
2, B FE Lyapunov pREL S Bt S i 45 i 22 U7 —
& [T 25 B IS AL A AL S P R 4
il 2 FT LAORIE 52 90 2 8O AR v R G I AR
FEVEST T X 3R G 250 A8 A B A R4 1 & 11k
[] BF 12 5 ¥k AN 5 X I R e AT AT A Ze Ak, AL i
Al LRLSE A B R AR Lt R e AR M Bk
R, SCIR[6 ] AR E I8 T K L R By A
LDl o N DR B UK (i 9% 7 W R N S PV ol Kol R = L
BBTT TCSC i & (U2 A % 18 TCSC A &1y

7% HH#.2004-12-30
HETWE .t 48 &k A KXHAFHALR B (03KIB470035)F=
(04KJD470085)

MXERARIRED; A

XEHS . 1006-6047(2005)04 - 0059 - 03

D PSS U o DO N TR TSRS S K = R
WAV AR  ARSCHE T TCSC A S sh & it
K& TCSC MPLIE S K R 5 H—A =B i sy
Jr R R A B IS e 7 vk T TCSC FaE 2
il

1 & TCSC WHAHLTICTT R ARG

B TCSC S5 AH A — A BELAE 7T LA 2 A8 i ek | &%
TCSC W FRHLTCTT KRGS H B K 1 iR,

E‘I X1 Xde X1, U
OO

B 1 & TCSCMBNTS KRGS EBE R
Fig.1 Equivalent circuit of a single-machine
infinite-bus system with TCSC

TCSC A B 5 34 25 3o B2 F FH — B 150k #4815 4584,
FH SCRiR [4 4245 A9 TCSC BHLTC ST KRR .

8:0)—0)0
o=(wy/ T)P,~(D/ T)(0-wy) -
(wo/ T) E;Usydcsinﬁ (1)

Y= (=¥t Yaesttae) / Tae
X § W T 0 WABE ;0,=2 1f,; P, N1EE
) i A DL ) 28 7 SR PRI ) 8, D R FEE
FH; T, O TCSC BB IR a] 58 U, W JE g5 R
LK, U.=1.0 pu.sy,. =1/ (xhs—xa.) S EEA
ARG My, N HIREME . N TCSC B A5
EHYT, xls=x)+xr+x./ 2,5 WAL S
R oy HZ TSR I, v WERBRHHTE, N ¢

AR A L e, MR

2 e I R AR

PR 5 L BILBEL JE 2 5O LA afl il o) B A=A (1) 2
— M SEORTE AR R G, A () Frs iR



(60] % 0 6 % & iH B $25%
LM R BT AT Ltk Al A B 3 B A 3l iy 306 4 H 1t
Jr B TCSC A F il V1) =120 cazd 4112 21
/7'\.961 o - 60,.962—(() wWo,x3 = Y~ dﬁ,JJ‘t(l)‘J‘ . \
LN M 2=0 I, V2(1) <0,
. Zr=mzm—zi— 2+ (ko= ks )(ZZ_CIZI)
%=k Pt by x0+ k(x5 +y, )sin(x,+ 8y) (2) 23= 23— Ay =(= x5+ us)/ Tm—( 9z Zﬁ%éz)

.7&3:(_.%3+u(10>/‘[-dc
itqj k1=w0/T;k2=—D/T;k3:—w0E;US/ T,
AW AR GE A T I G A A A A A

SUBTEE ey

Xt —
T 30 T8 i A b e i o, B
& 1Y Lyapunov PREL V(1) BE

a. B 1o, EFz=x,20=0—a,

Z,=X,=2,+ (3)

o, Je— A E BT R B o, 1E N
il A = (3) i X 2, T RGERE , e
I Y Lyapunov PR%K .

Vi(t)=z1/2 (4)
D XS B 1] ) 5 8

Vl(t)zzlz2+zla| (5)

é’\ A =—C1X :—Clzl,C1>0,IjI\lJ

Vi(t)=z12,—c 2}

2 2,=0 i, V(t)<0
b. E2 4.

22:x2+c1x1:k1Pm+k2x2+

des

723 X3— a2 nlJ

Ysin(x;+ &) +¢12,—¢2 2=

kPt (ot e1) (22— ¢120)+
kg(z3+a2+yd%) Sin(xl +8Q>+

(ks = k) (2= €121)
EFEWT 1Y Lyapunov PREL .

VAD=VKD+%1§+%7Ma—@f
) e 5 5
Vz(t):—clz%'i‘Z]Zz'i‘ZzZ.z—
(1/7) (hka=Fa) by=—cy 23+

o zi+k Pot (122+ c1)(za—ciz1)+
dm) sin(x1+50)]

(1/7) (ky= k) [~

k3(z3+a2+y
2+r22(zz c1z1) ]
TEHE
i;Z:rzZ(zz_clzl) (6)
X B BBk, WA,
FIHE (6) BT 7 () H 38 1 3 E‘ﬂ’%%ﬂ%ﬁ%éﬁm
PEATSEBHAG T r>0, R FAE R £ R B
/7\ n; —k3 Sll’l(?ﬂ + 50) ,ﬁ*"“
az=—yd(,s—[zl+k1Pm+(122+cl)><

(za—c1z1) +cr20] /g, €2,>0

c. 3%, B Vi()=V,(1)+23/2, M

V3(t) =V2(t) +Z3é3=—01Z%—02Z%+

nyzz3+ 23 [ (=x3+ue) / Too —

s+ 0% ]

(Baz

622
Uge=%X3+ Tdc[( aaz zl+ aaz ZZ)_
d 1 (922
nzy = €323) c3>0 (7)

V3(t) :VZ(t) +2z3 Z’3=—Cl Z% —sz% —032% <0

. (8)
Z23=—N1Z2)—C323
TRMBBAIRNZIE RGN
21222—0121
Z-zznlza—zl—czzz"‘(kz—l;z)(22—0121) (9)

Z23=—N12,—C323

ézzrzz(zz—clzl)
A (8) AT Z AR G (9) AT ASRAR M R €
B2 (2) (7)) (9) VL Je o, BRI AT S, BT ikt
R4 ] 2 N
udl,=x3+Tdu{—[rx§+rclx1x§+(122+cl+cz)9é2+
(I+cicr)x ] /nmi+ [ (ciea+ 1) x+
(kytey+co)xy+ kPl nyxy /02—
ny(xa+c1xp)—c3x3—c3 iy YT +[ (creat+ Dxy+
(/‘22+C1+02)x2+k1PHJ/an (10)
n,=kycos(x,+ &)
M a8 1 Rk A H A R AR, X
BT AT & R AR BT R 400 I
A AR BB FRAR TR

3 fiES

P E RGN LEHE 1 iR, B85 Rk, 1 =
12.922 s,7,,=0.05 s,x,=0.104 5 p.u.,x;=0.029 2 p.u.,
%,=0.053 2 p.u.,U.=1.0 p.u.,

PiEh | FE N 25 S8 r=0.1; 8GRI E
fy=0,D =1, A8 26 HUR /NS i 1 BLE5 5, ) i
TTHN . 8,=0.229 8 rad ,E,=1.066 79 p.u., F & 1=0
IF, TE I SR 2 B 1Y Jh o A A2 — AR % L0 =0.10 s 1)
R s, U7 BA5 R ULIE 2, 45 3R W R AR i 1Y
LS R GEAE TCSC 1 4% (0 1 R AR Btk A £ — A
it R, m T (6) BT A iy 3 A
TLJXT%KT%%E@TSEE%/LA’}& HEATA T, BT LA



5 4 8

FAE A, TCSC A I i ) B i @

JE ARG E R B R AR BN D=1, Br st it i 2 il
o L B AT R B4 1 ORI DA 4 ) e B A XA
€ RES BN &N,

70
<50
~
“ 30
10 ' ' ;
0 2 4 6
t/s
N (a) & W i1 2%
T, 3
E 2
<1
S o
3 - - -
0 2 4 6
t/s
(b) o M iz Hh 2%
B2 TCSCIFEL&R
Fig.2 Simulative results of TCSC
4 g

FJETCSC A B 1 2h A 3 18 A & s ALFH e & 2K
AN BB A I S A 1 OO0, A ORI T 3 I 305 4E T 1
7 TCSC FsE Edl . h TIRA X FAEL RS
WUEAT LA, NI 58 R B T R G 0 AR et
MR AR TR L AR A e e Hik i R
B, AR IER TR RESE (e R
O WA E M A S 2 RES BB R AR
SRR, BT R AT LLE %A a8 w] DAOR
UEHL ) RGEAE Lyapunov & T BT A2 €, mi H. |
AP E A R LKW HRERIE R I RE W SRR
AEERL ) VAT YE N

SEH .

[1]TSO S K,LIANG J,ZHOU X X. Coordination of TCSC
and SVC for improvement of power system performance
with NN-based parameter adaptation[]]. Electrical Power

and Energy Systems, 1999,21(4).235-244.

[2] SRIVASTAVA P C,GHOSH A,KUMAR S V J. Model-based
control design of a TCSC-compensated power system[]].
Electrical Power and Energy Systems,1999,21(4):
299-307.

[3] =4 b ARGk f Be e B ) F geds i b

ZER[)]. W1 &R G A BI1k,2001,25(3) :1-10.

WU Qing-hua,JIANG Lin. Survey on nonlinear control

theory and its application in power system|[]]. Automation

of Electric Power Systems,2001,25(3).1-10.

XUETHE  FhoCTE | Rk AE 4. FACTS ) PCH BiAl 5 A i&

BEL, MW (=) WM [J. RS Ak,

2001,25(16):1-5.

LIU Qian-jin,SUN Yuan-zhang,SONG Yong-hua,et al. PCH

models of FACTS with adaptive L, gain control. Part two:

—
~
faa

Application[]J]. Automation of Electric Power Systems,
2001,25(16):1-5.
MASCOLO S,GRASSI G. Controlling chaotic dynamics
using backstepping design with application to the Lorenz
system and Chua’s circuit [J]. Int. J. Bifurcation and
Chaos, 1999,9(6) : 1425 — 1434.
(6] JFoCth, 2304  XIBeF  45. TCSC My AR &b i e[ 7.
ARALR 2224 (AR B4R ,2003,24(1) 4 - 6.
JING Yuan-wei,LI Wen-lei, LIU Xiao-ping,et al. Nonlinear
backstepping design for TCSC[J]. Journal of Northeas-
tern University (Natural Science),2003,24(1):4-6.
(REHRE . MEKX)

—
W
[

fEEE .

EERE(1968-),F T HGEEAN GIBK , FEHRT A,
TRHMRAFTE AL REES B RREZX RIS (E
-mail : wangbaohuaa@sohu.com) ;

MR AE(1936-), B i ThMmA ##E WEHE L F
L EBRHEFFRYFAR EBRBREFFAAN, KPR
FRAERZGEHES H, 54 65850 AHT R4
FH R,

K& (1959-), % i

B IR ONA B HAR AL EBH
R0 h e R RIE AT

I,

Design of adaptive backstepping controller for TCSC
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Abstract: A single-machine infinite-bus system with TCSC(Thyristor Controlled Series Compensator) ,

in which the dynamic process of TCSC and damping coefficient of generator are uncertain,is

represented by a three-order differential equation. A TCSC stability controller is designed based on

adaptive backstepping method. The dynamic process of TCSC is considered in the system model and

the nonlinear characteristic is reserved. An adaptive gain control law is applied to real-time para-

meter estimation. Simulative results show that the proposed controller suppresses oscillation rapidly

and ensures the transient stability of single-machine infinite-bus system.
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