E3BEEIH
® 2011538

% ) & & it S

Electric Power Automation Equipment

Vol.31 No.3
Mar.2011

6

A LC {EhENE 220 VSC-HVDC &S0 hiling

WEE KRIE BT KRAER
(AaXTF AFHNKFR ALIRZAAMNEERHNAFTRELERET X &% 210096)

WE, BN LCARBIE K B RIERE T 87 A0 5K Bk AR 6 R M %486 VSC-HVDC % %
MRS, AR RBLIFAT, 04 LCIKEEE £ VSC-HVDC A %R IR R4S A FLBEHE R
A FrH Bkt EARME Z%F %R R AR BN B R % BA) R T4 M ki &
PRGN RAE R B R T A AR R b R LT AR S A AR BRFOH SR, AR
PSCAD /EMTDC #4745 B ik e A5 25 R R | LC KB 38 0k B R T IE B 350K v IR 3% o A AR T 64 78 ok 2R |

FF BT R A 69 42 45 KA VSC-HVDC & 43R 4F 7 RAFH9 2 Hl 4t

KR, LERAZEAAN L, LCIRBIELE,
FESES. TM 7213

0 3l

K FH A W g L R R R B TR f R U Y
i FE LI H L (VSC-HVDC) & 4t 5 1% 48 9 HVDC
RGEA AR,

a. 530 3 28 I F I R U A AR

b. 43 sl BE v DL W TE Ty, ] DL & TR

c. AR ST 45 A Ty Teo,

d. 0 AR R 5 FE A5 A L PRI mT A g T U )
At

ITAESk fE VSC-HVDC R Gzt S 51, H
WAMNIF G BT V8 2 8 A A TAE, SCk (2%
X 1) JE U 25 i Y VSC-HVDC R4t iR T o
Uity AL R A AN A R 1 DL R A A T JE TR
R, SCHR[3 TR H VSC-HVDC # 4t 1 fa & 2
BERY BT TR N A A SR e SCER[4 148 1 VSC
-HVDC Z 5t 1l LA ) Xof o FR AR i 08 1Y) 67 for 2
AL AT 5E B R O 0 5 AR 45 i 2R 55 RN H R g
TR R e v R MR R, SCRR[5 7R %
TN X 3 g A B SR A AR A | ds R B et Ak
BB A B R AR B SEEE T A D) R R JE T
Tt PR fiPE AR A ] 5 A 2 AR DU) AR e AR B A R AR A
SRR BT A U R A AR L SCHR (6] & X
VSC-HVDC #8050 8 ) FHORS i e o e 1 4k
gt AR L kRl g8 S5 T VSC-HVDC R4
WA D JC U AR SCHR (7 141 X5 1) JC T ) 2% it

[

WK BH . 2010-06-04;f&E HEF.2011-01-17
EemBE.BARARKRMFLALA B (50507002,60974036) ; #
F AL & A 4R B (20090092110020)

Project supported by the National Natural Science Foundation
of China(50507002,60974036) and the Ph.D. Programs Foun-
dation of Ministry of Education of China(20090092110020)

A Gk, RIS
XEERIRAD, A

XEHS: 1006-6047(2011)03-0012-06

HL Y VSC-HVDC X FREL 22 A R R 08 R 48 07
PG R R G ML )E | R R S B B T
AR GE ) P A il

Har, %5 1) 7o U5 ™ 4% 4t L 1Y VSC-HVDC &
g, L3 AR vt 3 R SR FH O 106 v 3 U8 U ok DB R 0 AR
g AR R UCH RS TR IR v T IR A IO B R
o BB B BB 57 VSC-HVDC & 5t (1) 3 43
B A 0] D 220 W v 0 8 I A 1 B A R I B T
DI EE 2 W At HRIR Lo I ug e 2% % Tk
B e PWM A8 4 25 7= A 19 i UK HL R R O 10 9 R4
TARGE B U8 B AR . AR SR R L I 8 D AR
SRR A R P Ay EE IR Lo K Uk U A
KA — - LCMRE g A S5 e it 5 5
TR LCARIE B P AR Y L A SR W] L — e R K
¥ VSC-HVDC £ 5t [n] JG 5 99 2 {3k i %) 436 v el i D
/N TG VR sty 67 feg BE 2 kA R R s (H R 5
A LC {0 JE 3 #% A R b 38 i T VSC-HVDC %
BB AR,

8 LC 1% 38 U8 B A8 1 1) 0 R 45 It Y
VSC-HVDC R4t , 75 [l 25 Jig i Ak bn 22 T i B e 7l
B 2 AR JELtE RS SR AR T
R NS ASCE RS D7 5K VSC-HVDC i
R G VEAL A TR A 45 4 3 ) BRIS B T2 1
1k # J5 19 VSC-HVDC & 48 () P 3 ¥ il 4% . i
J& A OC R 5 FOR | IR T RTIR IR R &
ELAT P i sl 2 g gk R TR R Le g U AR ok
U8 B 30 A g A R R B AR AR T R A R R B SOR

1 BLCRBEIEKEIFH VSC-HVDC &% K
HEEEa

1.1 VSC-HVDC &%
F 1 B & Lo G I8 3 #% B9 VSC-HVDC &



%38

WA W LC IRIE IR I Y VSC-HVDC A 5t i35 B 4% il 5

Lio Lae

R

5%

u g —> —> —

+

A

T, |
% AC I A

L | [,

R +

@—@D—’_‘i : : J Cllh»jr Uyde R um»fcmp J@
H —

| B IR &R E VSC-HVDC RE 4 1aE
Fig.1 Block diagram of VSC-HVDC system supplying power to passive networks
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method for rectifier linearization
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Fig.5 Block diagram of rectifier control

R, L,
(=1 1abe Unahe G, Uiabe T
OJ_Cq AR |abc/dg‘ |abc/dq‘ I|ab_c/dq‘ : P
wor | I [ t | “‘"’ "
R l &
%
&| L& @’9‘:25 Vad ARG sy
' RS P .
K (16) v K23 [
1

B o HEREHIER

Fig.6 Block diagram of inverter control
3 REMERIE

3.1 RETESH

SRR UE LC I 3 8 U A 1 U R OR DA B R
Wil 77 2 AT AT B T R G805 B PSCAD /
EMTDC #4745 Hil % . VSC-HVDC 1) H % {5 1. 2
BOR L L R HL R 10 kV,L,=10 mH,R,=0.1 Q,
LI & L U, =25 KV, 2R AR 19 SPWM 28 0%
WA fi=3 kHz, HIHE A C4=Cuy=4700 uF, ELULH
AR R, =0.036 O/ kmx 10 km , 336 28 ] [ &
JE W 45 i i 1 2 % 4 8 10 kV,L,=0.65 mH,
R,=0.005 Q,C,=150 wF, i 25 & (1) SPWM 2 ¥ 41 2
fr=5.5 kHz, #2580 . PTIAY 25 09 HL 6 2 5L
k,=0.25, 0 S8 k= 0.2 4 728 45 0 £ 1l 8% 2 8
K1=Kk,=2500,,=£,=10,A,=2000,
32 RGEHESER

X 1) JCUR W 2% i HL () VSC-HVDC &4t , HH
T ) 3 AT 55 2 e N JC T AR A (SR R A B
2R H TR RSURE ) AR T LU T R TR RS | 1 0l AR
) 8 AT 45 ) 2 1) G U I 4% B 1R AR 0 Y = AT IE 5%
HLE

[l 7 & TR A E 67 fer (A7 2 5 MW JEY) 2 Mvar)
11T R 0 o) 57 T B 48 4 B VSC-HVDC R SE 17 HL 1Y
B, Hrh o484 A8 1 s B, A O Mvar By
BRE] 5 Mvar; 78 1.3 s B, )\ 5 Mvar B BK 2] -5 Mvar;
TE 1.6 s BTER R 0 Mvar, MW 7(a) (b) AT LAE
FF AN T LUK B R R AR B E 25 KV, LA SR



® BN R %31%
iUt [ E VG A 52 - [ 1 - 3 £ ST DR AS T 15T
<
Y 82 T T 4 3 FLE S0 th R A 00 T £, _f_]_J
AN B 7 (e) (d)FRW, VSC-HVDC 1Y i A2 S
\ ) A . ) 75 : : : : ‘
AT LA ) G Y P 28 B AR M R AR B 1E 5% L TR 05 10 15 20 25 30
255 t/s
= (b) 4% T i
= =
24.5 1 1 1 1 1 1 ] fj\ 100 L
06 08 10 12 14 16 18 20 g t
t/s = 95 . . 1 . |
() M6 00 358 7 B 05 10 15 20 25 30
t/s
7571
3 -_J-— () TCi i 2k i AT U
=
S
=
_75 I 1 I I 1 I ] .f
06 08 10 12 14 16 18 20 ; O
t/s =
-20 . | | . )
(b) % i TC T 0.96 0.98 1.00 1.02 1.04 1.06
t/s
1025 1 °
Z () JC VR it = A A2 I HL
\;é_‘ 10,00 e —————— 8 ZiEMALZTAFHMHELER
= 075 . . . . ) . | Fig.8 Simulative results of passive
: 06 08 10 12 14 16 18 20 network with variable load
t/s b A
(o) TSt A 4 mik

-20 L I I L )
1.00 1.02 1.04 1.06 1.08 1.10

t/s

() T U355 = AT 38 9 L P
H7 ZEMEEREHABESER

Fig.7 Simulative results of passive
network with constant load

& 8 J&VSC-HVDC Jo i Ml 61 far A5 b (3% i 45 &
ARV, VSC-HVDC #4605 B4y th i 8, Jo g 4
T B4R 7E 1 s B A DR S MW FrEkE 10 MW,
T G N 2 Mvar MM ER 2 4 Mvar, MIE 8 W71, 3K
it A W O TG T 46 A A 5% TG U vty £ A A8 Ak ) B2 ) 1T
LI A R I U i £ A BY BRI T S % T [
JE 42y 2 s Ja O R E BIBUEAE 25 kV Bk, G
U8 ity B0 far 1) B BR 186 im R AR 5 RS T a0 At — A L R
B /0N T R Bk EL At v e R LA 7 B 1) W
FlZ W, B EEA H BN A S

t/s

(a) BV A ELRL LK

AR ICIE ] LC AR 38 9 5 A oA B AR 302 45 i 1
J 19 o IR AT T 0 R R DB B R, . TR X
VSC-HVDC % 4t 15 Jie 5% A bR 22 T B B U 2 25 %L
SRR DL R AL 5 LC B U AR 0 7R i 2 A R
TSR 300 28 G875 0k A 235 ) 4 o LV 45 A 1 4
1l SR, 52 BT U N0 B B i 4 T T AR AR I
FRRRE 3908 A0 i) G U5 1) 6% Ak Pl 1 = AH 38 3 AL R R
E P H bR

SE k.

[1] REED G,PAPE R,TAKEDA M. Advantages of Voltage Sourced
Converter (VSC) based design concepts for FACTS and HVDC
dink applications[C]//Pro TEEE Power Eng Soc General Meeting.
Toronto,Canada: [s.n.],2003:1816-1821.

(27 BERC TS  SH MG 2= 3L, 1a) T IR M 45 ikl (1 VSC-HVDC 1897 4%
PERFSE ()], Aedb i 1R 22441, 2008 ,35(6) :39-43.
ZHAO Chengyong,MA  Guopeng,Ll Guangkai.
characteristics of regulation of VSC-HVDC supplying power to
passive network[ J ]. Journal of North China Electric Power
University,2008,35(6) :39-43.

[3] ZHANG Guibin,XU Zheng,LIU Hongtao. Supply passive networks
with VSC-HVDC[C]/IEEE Power Engineering Society Summer
Meeting. Vancouver,BC,Canada: [s.n.],2001:332-336.

[4] DU C,BELLON M H J,AGNEHOLM E,et al. A new control
strategy of a VSC-HVDC system for high-quality supply of
industrial plants[J]. IEEE Trans on Power Delivery,2007,22(4):
2386-2394.

[5] BRIGZR  TRE. n JCUR W 4% L vy (19 VSC - HVDC 3 46 1 4 il #% %
I, P E AL TR 224 ,2006,26(23 ) :42-47.

CHEN Hairong,XU Zheng. Control design for VSC-HVDC sup-

Proceedings of the CSEE, 2006,

Research  on

plying passive network [J ].



%38

WS, E LC IR IE I &) VSC-HVDC St A8 B4 7 il S i @

26(23):42-47.

[6] LIU Zhongqi,SHAO Wenjun,SONG Qiang,et al. A novel non-
linear decoupled controller for VSC-HVDC syslem[C}//Power and
Energy Engineering Conference. Wuhan,China:[s.n.],2009:1-5.

[7] 4588, £ 2%, m LFR ML AR A VSC-HVDC & 484 il 5 mk
[J]. HMHAR 2009,33(2):84-88.
70U Chao,WANG Ben,LI Tai. Control strategy of VSC-HVDC
system supplying passive networks[J]. Power System Technology,
2009,33(2) :84-88.

[8] STEINKE J K. Use of an LC filter to achieve a motor-friendly
performance of the PWM voltage source inverter[J]. IEEE Trans
on Energy Conversion,1999,14(3):649-654.

[9] SAPIN A,STEIMER P K,SIMOND ] J. Modeling,simulation,
and test of a three-level voltage-source inverter with output LC
filter and direct torque control[J]. IEEE Transactions on Industry
Applications,2007,43(2) :469-475.

[10] MARI K,KAZUFUMI H,YOSHITAKA K,et al. Novel vector
control system using deadbeat-controlled PWM inverter with
output LC filter[J]. IEEE Trans on Industry Applications,
2004,40(1):162-169.

performance analysis of a unified power-flow controller in a

novel control scheme[J]. IEEE Transaction on Power Delivery,

2007,22(3):1613-1619.

R XA TR A R PWM LR R AR 4R 0 LC 3k

Pear it (], W R ,2003,43(3):345-348.

SONG Qiang,LIU Wenhua,YAN Gangui,et al. LC filter design

for high-power PWM voltage source inverter[J]. Journal of Tsing-

hua University,2003,43(3) :345-348.

[16] e, AL R G MM A MW ER Irk(M]. dbat,
B2 i, 2005 :29-52.

[17] 243, mocH, 28 spd it i R rik (M), e,
A2 TR, 1991 :69-94.

(18] Wi MK, AL A5l sl f BIe R i h 75 12 (M ). db st BL2 i ik
1996:36-37.

(197 B e 3C, iK% Bk B kT B U 3 10 K i ] 20 v, Sl WL 8018
SR ()], o R AL TR AR, 2008,28(21) : 102-106.
DONG Kewen,ZHANG Xing,ZHANG Yu,et al. Sliding mode

variable structure control of permanent magnet synchronous

[15

—

machine based on a novel reaching law[J]. Proceedings of the

CSEE,2008,28(21) : 102-106.

[11] KWANG S K,BYUNG K K,CHANG H C. A novel control (. FAHK)
algorithm of a three-phase PWM inverter with output LC filter
[C]//IEEE Conference on Power Electronics and Applications.
Aalborg, Denmark : [ s.n. ],2007 : 1-6. EER T :

[12] VLADIMIR B,VIKRAM K. A new mathematical model and FEE(983-), 58, mAKA WHLEHTE FRT

control of a three-phase AC-DC voltage source converter [J].
IEEE Trans on Power Electronics,1997,12(1):116-123.

[13] I Al AR [ 45, VSC-HVDC 3% 25 I i) bR 2 2 i) 45
JHAE IR (], S E AL TR, 2005,25(18) :34-39.
YIN Ming,LI Gengyin,NIU Tongyi,et al.
state-space model of VSC-HVDC and its control strategy [J].
Proceedings of the CSEE,2005,25(18):34-39.

[14] LIU Liming,ZHU Pengcheng,CHEN Jian. Power flow control

1 o 71 & %42 %) (E-mail : huangchongxin128@126.com ) ;

KHE (1977 ), B T AR EA BAE R R T G
AW T RRAZH]

BE T (1954-). % L ARMA B HERTAS
VR o O R R I A o S

RAEE(1985-), B L R HWmA MR A2 BFRF
FMARS RAESI SN,

Continuous-time

Control strategy for VSC-HVDC system with LC low-pass filter
HUANG Chongxin,ZHANG Kaifeng, DAI Xianzhong,ZHANG Guanhu
(Key Laboratory of Measurement and Control of CSE,School of Automation,
Southeast University, Nanjing 210096, China)

Abstract; In order to improve the quality of power fed by VSC-HVDC(High Voltage Direct Current transmission
based on Voltage Source Converter) system to passive network,a LC low-pass filter is employed to eliminate
the high-order voltage harmonics generated by the inverter. The strong coupling and nonlinearity of
VSC-HVDC system with the LC filter in the synchronous rotating frame brings difficulty to the design of
its controller. The inverse system method is adopted to convert it into a pseudo linear and decoupled
system and the variable structure control is used to design its close-loop controllers,which lowers the design
difficulty and improves the dynamic performance of VSC-HVDC control system. Simulation is carried out
with  PSCAD/EMTDC and the simulative results indicate that,the LC low-pass filter eliminates the
high-order voltage harmonics effectively and the VSC-HVDC system with the proposed control strategy
achieves excellent control performance.
Key words: VSC-HVDC; LC low-pass filter; inverse system method; variable structure control



