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with TCIPC

0, TCIPC HL IS 1) & 1745 ik & 9 3R 5 Ha 9 22 [
YOG FR R,

BL<a):;T(1—2?a—}r—sin2a ) (6)
Hrf osas /2,

3 2 P V) AN [] 4 50 ) H 25 4 ok S0 B 2 ST B 4R
S BT 8 T X S EG AT H A T IRy
02 18 1 ) 2R 0 o0 e AN [ 2 FR 0 ) PR 2 B G 2
o, RPN RN -1 DHEAEIRWENIEE N B,
Mo — A AR ANE PN B/ 2, X FE LA 4R
AR BB EORY KN 20,

TCIPC HL 25 2 B ML A s B VI AL B S5l gl 2 TRl 7
KR M,

Bo=[n-1-|wC ()

A 3 A DAAS BB LK 2k 1 A9 Th TR Ry b,

p=Xu(@)UEsin(5+¢,) ~ X UEsin(5+¢,) 8)

X[ X (a)=X(] =X (@)X

Horb X, (o) AT BT, XA AT 2T, R
WHERL TPC, W X, (@) =X{ =Xipco
g 2 TCIPC 1) L REET AS a7 D el 1T 3
AR & LR R D) R Rk =,
PezsziUsinj)z—;'licos(a—g)l—;c&) 9)
WAL TCTF K R G A f e et K LR
B 1 R G S R T S

S()=w(t) —w,

(10)
(1) = (Pu=Py=P.)
Horp 85 NI (rad) s H 4 & FBLAL A 188 B 1) 5 4K
(s),P, AR HEHLE AP R (bR L8 ; P, HRED)
AR 48 ; Py MBI (bR 4 1H) ,Py=D[ (1) -
wo ]/ wy,D MFLJE Z%L,
A foE K LR A oL ORI PL A B A D% P, 1B
5 M42%E TCIPC M PAALTICSS KA G ] FLL T ARtk
AT REFR



(67) ® 0 8 & iR B

8335

S()=w(t) -w,

- _w _pot)-w, _

w(t)—?o[Pm D o (11)
2EU . sz—q?] 5_ ¢l+¢2
7XIPC sin 2 COS( 2 )}

Ho §5(1) () WIREAE & X A 2
R IPC MY HL T

/|

AR PR AR A
T (11) T LS R0 Gk 2k b 2 550,
x=f(x)+g(x)u (13)

Hrp RELHE x=[w,6]" HxeR", "TUMSH.

[ @[ Pu=D(w-wy) /wo]/H
)= o ] (14)
2w EU . b=, (s_bitdy
g(x)= i sin 3 005(5 2 ) (15)
0
22 ETFRERGEHEEMLFTENEEE TCIPC
E| ok

X EIRARLAE R G M Nk s HA e B 17 Ak
VEIAL L ME A | I $2e 2 P 42 i 3R A Oy ik AT 183 T,
BB 25 52 PR 22 58 0a A7 7R I B 30T L2t A Pl 1B IR 25
SUEE T A5 2 48 T IR AR X G 2 A T R G I R 1Y
FE PERE NS A BT, QSR AEHEAS (B 5 K )IRAS
23 (0] b RET th — Fh 3R v R ST RE A B e M A i 2R
W5 Fk Fh )y vk i AR G RS U RIS 2 1
AR AR TR R (13) RO W7 B AR Lotk R G kAT
AR I8 2 gk Re R UE AR ) R e s 1 H B A
RAF 88T,

Frobennius & P U225 H TR AS B G i £ 14 1k
LM B S fE4E%E TCIPC MEAHL TS K R 48
o, R BN s 2y R R R 0 05 ST AR R S

ARSI A FE R SR A X (16) P TE x=x°

AR AR S
C=[g(x),adg(x)] (16)
adyg(r)= 2800 ) - ). )=

2w, EU . b= . _ b+
I-; sin 22 1s1n(\5 > )

20 EUD . - +
(z)()[{2 d)zzd)l COS(S_Q‘)I_Zd)L) (17)

sin
S5— b1+, )
2

COs (

2(1)0EU . (bz - (b]
H sin 3

Ho ad,g(x) M i g(x) Wl i 5 f(x) 77 0] [ 2%
TR

¥ (14) . (155X ADHIRAK (16), B .
Cll Clz}
0 C»

C=[ (18)

Coim —20;3EU

_ —zonU . ¢2_¢1 . _ Sbl"’@z _
Cp= i sin > sm(5 > )

sin

(bzgfbl Cos(g_jbl_.;éi)

Zw(}f;UD sind)z;(b' cos(S—MHz_ 2 )

_2wykEU . - _$i+d
Cyp= ;] smd)zqu1 005(5 12 2 )

HATH KX BIE R .
det(C):_4“g§2U2 sinZ (bzgﬁbl 0052(5_4)1;&) (19)

A RMEEAP I Q=18 ,0| 0<8 <71} EATETF
LA FE B 8e (0°,180°) N, TCIPC dE4k
PR RGeS TR R M ey . R R0 B AR ME R
SARETNLEAL R R A TR 2SR (12)Fr
AR B AR G Mk 2R G0N 1 B MR AL M A i IS B SR AR oE
R Ds-160 ) 5 A i P A 2R R 2SO B RO AR S K R
B, BeJa ] RAS A L R .

Po-L Ao+ (A5+V/2 Aw)
u= @Wo @Wo (20)
ZEUsin@cos(a—%)

B LA AK (12) 1, IR P

2EUsin%cos(5—M

2
Xic= (21)
Po-L Ao+ (M54 2 Aw)
wy wy

M (10) A5,

P.=Hw(t)/wy+DAw/ wy+P, (22)
KX e)RAQHTA .,

2EUsinmcos(5— d)l;&)

XIPC= 2 (23)

prHOW) L H (A\5:~/2 Aw)
Wy

2 (23) B Fe & Fr A5 B ) TCIPC HL P IR &
PEPE S, e AT S B TCIPC AR dE il 2% /&l
4 R,

LR 2R
WERH e
R[]

‘iﬂl'lﬁ%ﬁ;*ﬁ%)ﬁﬂx 1) it I 45 fi
(23)Fi5E TCIPC [=S\ % o, i
SR X e i3 (25)80 | |

T ERY)
I 2 i 20

%ﬁ n

~
=

iy

4 TCIPC 3k 2k 1% = I 3R g
Fig.4 Nonlinear control strategy of TCIPC



E5H I RS RS MR IR R TCIPC JE LR P 4% ¥t @

MBS w Py by GE ST BT (23) T
RGN TCIPC Fr i B2 1 B BT X e, SR SRR AR L 1
Jr 23 (24) , VLB SE TCIPC 11 iy )4 1) fth 2 32 38 £
o, [F) R 3 20 (25 ) FT DA S 3 U0 0 i 28 S 2 0,

Xi(a) =X (24)
er:Xm': (25)

3 fHESH

PLEL 5 Bs B SHLTC ST K RS8R, %) TCIPC 7E
KTVAEH T & ms 7 Re Ve FEE T 50, AR
Ph— ST R AR R AE 0.1 s W & A2 = A0 S 2% 12 3
B ,0.2 s JEBCREDIBR . 43 5% TCIPC %% & R AR £k
PR G A P45 1 X SEAT 05 B, et Pr sl
K,=0.6,K,=17, ALl ik DL g ey
K X pe=0.0534 p.u.,

¢

Xi(a)
2 X Eso°
iXx
S;=2100 MV-A
U=735kV Xt X=j47 Q
H=3s
D=18 =

5 BIETCIPC HEANTES X REEE
Fig.5 Single-machine infinite-bus system

with TCIPC

K64 T P.=1200 MW B B 00 T 1 &
AL MAhge, MET T LUAE R A PTEGIRT &
GERFF R SRR HE AL IR 508 3 2%
% HH 0.6 s LUERGEARERE 1Mk H TCIPC
et hilnl , ZRe LA R0y e Be , Ik 5 7¢
0.3 s DU R gl SRS, Kk, ARG 4 6l
AT TCIPC 2 8 A4 M3 il 5 T DA% fnb 25 Hh i
BERTIER T REMREN,

40

PT 4 il
o 4 .
E 3 TCIPC JF 2 1 il
-30

0 0.2 0.4 0.6 0.8 1.0
t/s

6 P.=1200 MW B % B3935 %5 B 2
Fig.6 Power-angle curve of generator when

P.=1200 MW

K7 45T P.=800 MW I, >Rk TCIPC AE £k 1
A PT AR R 9 & AL A AR AR oL, N AT
PLE W Bl R G R T T k4 T2k, 5 PLix
il AH b, >R TCIPC JEZe vkl Ja R el & Btk it
PR Fa e | B R Gk ARRAS r FH () st ] B g s /b | 3%
A st R R4, UL i R G iE T T OL/E
FEAS AL R I TCIPC HE 4 M 45 1 &8 0T LA K i 5 Hb

20 Pl
~ T
:}f 0 ¥ TCIPC AE L4 il

0 0.2 0.4 0.6 0.8 1.0
t/s
7 P.=800 MW B %& F8. 41 Th f7 #h &%

Fig.7 Power-angle curve of generator when

P.=800 MW
4 Hig

-l

a. M4 IPC DR il R | BT Ui i T iR Al
IPC XJIRZE LR Ty 3 (1 18 17 e 1 FL AR I 7Y TPC 9%

b. BT T U] ARSI R AL 75 e | g 22 2 3%
AL TCIPC W ALIC S R R G R AR MRS T BERS 1
1k R £k 7 AR AR I R BT T R I TCIPC
R LR PR 5

c. LRI KRG # A TCIPC #4715 B, 45
REW 550 P4 §I #4540 L 3T TCIPC HE
L NEFE I AR AE R G0 & A K 3 5 BA e 4 B AF
H BEEE M R G T AR, AT LU I e = R
G AR E N T T DU I Ul Y R S is 17 7 5K
1254k

SEH .

[1] FARMAD M,FARHANGI S,AFSHARNIA S,et al. Application
of voltage source converter in interphase power controller for
power flow control and fault limitation[C] //34th Annual Con-
ference of IEEE Industrial Electronics. Orlando,FL,USA:IEEE,
2008:2301-2306.

(2] My 3C, B8P, T ) R E 20T 5 0 19 FACTS $AT

R[J]. dFHL4E,2004,32(6) :70-75.

HE Ruiwen,CAl Zexiang. A comment of flexible AC transmis-

sion system based on power system stability analysis and control [J].

Relay,2004,32(6) :70-75.

SYBILLE G,HAJ-MAHARSI Y. Simulator demonstration of the

inter phase power controller technology[J]. IEEE Transactions

on Power Delivery,2006,11(4):1985-1992.

ZEUR HRUBGE T Yy SRR IPC S B R RS [)).

F 301k 45,2008 ,28(10) : 49-52.

LI Juan,KANG Nana,YU Xuejun. Improve IPC to restrain over-

(98]
s

(4

—

voltage[J]. Electric Power Automation Equipment,2008,28(10):
49-52.
[5] SAMADI A,FARHANGI S. Analysis,control and modeling of
cascaded multilevel converter-based TPC[C]//34th Annual Con-
ference of IEEE Industrial Electronics. Orlando,FL,USA:.IEEE,
2008:3213-3218.
SR EH RGP SRARAR. FACTS #7 A8 #1119 2 e A8 1y F
2], RS A 8h14k6,2000,24(16) : 13-16.
ZHU Huiyu,TONG Luyuan,GUO Chunlin. System models for
transient stability control of FACTS [J]. Automation of Electric
Power Systems,2000,24(16):13-16.
(7] 4500, B0 Mids, AT 42 A ) 2 8 42 1 8% (TCIPC) 18 47 45 ¥k 43

[6

[}



(64] ® 0 8 & iR B

8335

[J]. 4kris%,2006,34(12):42-45.

LI Juan,ZHAO Lu,LIU Zhuo. Operation characteristic of thyris-
tor controlled interphase power controller[J]. Relay,2006,34(12):
42-45.

XIME T8 e 2 55 | R 002 | A5, R a) By 238 4 ol 45 100 0 O O 2 v e
BriJl. MR 2006,30(11):11-14.

LIU Xiukuan,JIANG Weiyong,ZHOU Suquan,et al. Enhancing
stability of interconnected power system with IPC[J]. Power Sys-
tem Technology,2006,30(11):11-14.

AU B SR UKUK S TR TS D A T R i) Dy 5 o 45
WHREEWESE ()], 07 F A4 ,2007,27(2) :16-18.

LI Juan,ZHAO Lu,ZHANG Bingbing,et al. Adjustment charac-

teristics of thyristor controlled interphase power controller based

—
o]
[}

—
o
—

on parameter coordination[]J]. Electric Power Automation Equip-
ment,2007,27(2):16-18.

[10] MOHAMMADI M,GHAREHPETIAN G B. Thyristor controlled
interphase power controller modeling for power system dynamic
studied[ C]//2004 IEEE Region 10 Conference. [S.1.]:IEEE,
2004 :355-358.

[11] Frafe LiE . ml s ep b i JE 2o Ve Pl 3 o 00 RGEFaE P
SENABIETE[)]. AT AR 1999, 14(3) :70-74.

YIN Jianhua,JIANG Daozhuo. TCSC nonlinear control influence
on power system stability[J]. Journal of Power Technology,1999,
14(3):70-74.

1993 :56-60.

PILOTTO A S,CARVALHO A R. The impact of different
TCSC control methodologies on the subsynchronous resonance
problem [ C ] Va Proceedings of EPRI Conference on FACTS.
Washington DC,USA: [s.n.],1996:145-152.

PILOTTO L A S. Impact of TCSC control methodologies on
subsynchronous oscillations[J]. IEEE Transactions on Power De-
livery,2003,18(1):243-252.

ZHE W] ARRMEE R RGP M) BRI S
BT, 2002,19(1) :15-20.

WU Jie,YANG Ming. Nonlinear control and its applications in

[13

[}

[14

[

=
&
Pl

power system[J]. Control Theory and Applications,2002,19(1):
15-20.

[16] EA Brbk. B0 R U OB R p e etk ()], T E
ML T AR 2441, 2001 ,21(8) 1 15-18.
WANG Jie,CHEN Chen. Nonlinear control of differential alge-
braic model in power systems[J]. Proceedings of the CSEE,2001,
21(8):15-18.

ERRE .
F 4A(1972-), % LA REMA KK EBAFEL A
Yo 3B AT ¥ ) & FACTS #F % (E-mail : hitljzgfy@yahoo.com.cn ) ;
275 (1986-) 4 ol A iEA LB R A A F b A
F Y2 47 42 %) A FACTS #F % (E-mail: yannaixinnedu@163.

[12] yHum Ahoese. Wy REE ARt (M ], JEaT, Bhoi i Rk com),
Nonlinear controller of TCIPC for improving power system stability
LI Juan',YAN Naixin', LANG Xuting’,ZHENG Ming’
(1. College of Electrical Engineering, Northeast Dianli University,Jilin 132012, China;
2. Hegang Power Plant, Jiamusi 154000, China;
3. Hengshui Power Supply Co.,Hengshui 053000, China)
Abstract ;

sensitivity of power regulation is compared between tuned IPC and non-tuned IPC,which shows the tieline

Based on the active power control characteristic of IPC(Interphase Power Controller),the

power regulation capability of tuned IPC is better than that of non-tuned IPC. The model of tuned
nonlinear system is derived based on the theory of affine nonlinear control for the TCIPC(Thyristor Control
Interphase Power Controller) and the single-machine infinite-bus system with serial tuned TCIPC is
simulated,which shows the tuned TCIPC designed has excellent damping performance during serious system
oscillation ,improving the system transient stability remarkably.

Key words: inter-phase power controller; affine nonlinear control; transients; stability; nonlinear systems;

linearization; damping



