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Fig.1 Block diagram of multi- winding
- transformer - isolated converter
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Fig.2 Equivalent circuit of multi-winding
- transformer - isolated converter
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Fig.3 Principle diagram of single phase main circuit
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Fig.4 Voltage and current waveforms when
multi - winding transformer is quasi-ideal
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Fig.5 Voltage and current waveforms when
multi - winding transformer is unideal
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N T ARG R A R AR AR RE A9 AL I
(7] Fof B A 2040 1) 1 D 0 2 MR RS | 3 LR 1 e A
NG NN oy a7 R RN TR R = S R
PR 7 SEBOBETT 2R DR R A A A R T RIS R
B, d g B AR GEn] S AEAR E ST ) R GU AR B B A
FLR A PR S g A Ot I BR T, 25 AT nT LS AR — A
AL B RGEBCE M AR S8, Hob U W ER
FLAHL I 5 Q S HH G K 3R 5, 239 DA i L O
WA D3 BT o i s Uy U, S R G T
HOE A Do B TE S oy B U, U, R 78 6 28 i
R B D i M T N O 2 SR R R A

AKX B N =650 S X Bk = AR 1E 5% I8 1 I 1) A
(0 H VR L 56 o 7 4 g i L TR A58 R TR Y
ML 2 ;o 9 IESZ IR TP AL . 3R s (3) ~
(5) 7w

H= \4 Ui112+Uiq2 /(NU(IC) (3)
6=Uiq/Uid (4)
a=0+6 (5)

4 PiEZR

R T B UE AR Y DL 22 S AR T A B S T AR
o 25 Ry F A BT ) B 20 STATCOM. Ko H 48 il J7 8 1)
Al AT, 7E Matlab B 383455 F A A Simulink T 5 i
T 7B Eatr, B 7 A Em e e, L
REERIE,C O = A A A 25840 78 R A8 1
NG RZGEERH MBI T

[ | B
TW
C—= Wi

I

B 7 STATCOM = FB % 5 HI4E &
Fig.7 Block diagram of STATCOM main circuit

D5 ESHUNT B 2 LR BUE N 13.8 kV I
SR f=50 Hz, LI 2 %R 100 Mvar, 25 350K £, =
500 Hz, L% C=5000 pF, Bt A B R U,=2.5kV,
BANZHH A R R 0.1 pu., EHHEER
1 pH, 84 th T LIE T Ty HAs R,
f5 Erfr STATCOM iy i JE T M 0 BkZE %8 +100 Mvar, A
100 Mvar BFAEZ 0, ) 0 BFZE 2 -100 Mvar, FHEkRIF] 0,

} g NN
\\
-2 ' ' ' ' 1
0 0.1 02 03 04 05
t/s
(a) FCYIH
= 200
|y SN
N
2200 - : ; - ;
0 01 02 03 04 05
t/s

(b) o Ty B Bk iz
& 8 STATCOM {5 i
Fig.8 Simulative waveforms of STATCOM
MIEL 8 Fhal LU B, 2 G800 B BRI AR 5P
m B B ) AS 21 20 ms

5 45k

P T —ME i STATCOM =/ %4 dh , % H &=
F i 5 R RN B AR B R AT T 1 A 4 A, IR Matlab
X B AH SPWM. I il 5 i K R Ge g il 7 R AT T
15 B M, S5 RFH  FE T X FP L5 A9 STATCOM , R
FHAE B AH I SPWM I 1 5w n [8] i) 08 A6 i s A
K HR E I A RS 1 i 5 LR G A o R e iz PR



%12 8

XY, A BT 22 B8 4 A B e 2R 4 4% 1 5 50 STATCOM F 58 0

$E . PRSI RA BRI B ENAR K, A2
JE A0 R A5 2 A BR ), O EL s 17 A 2 A H TR A
R NITPN /TS DT o

SE Lk

[1] B R 2575, %, JH STATCOM 235 2 4 H K 55 45
M BRI ], i AL T AR 42, 1999,19(9) 146 - 49.
LI Chun,MA Xiao- jun,JIANG Qi-rong,et al. The experimental
research on STATCOM to mitigate the voltage sag under load
disturbance[J ]. Proceedings of the CSEE,1999,19(9):46-49.
AR, IR FFT R 4. STATCOM 2/ R 48 B ke sE R e
WSS SE[0]. P AL T R4, 1999, 19(12) :36- 40.
LI Chun,MA Xiao- jun,JIANG Qi-rong,et al. Transient stability
enhancement and damping improvement by STATCOM physical
experimental study[J]. Proceedings of the CSEE,1999,19(12):
36-40.
(3] PE3E, F MR, XA 45, KA HE STATCOM 2 HL B 45 4 19 ) 4
FLEE[T]. W1 &G A 31k ,2003,27(8):59- 65.
SHEN Fei,WANG Ya - lan,LIU Wen - hua,et al. Analysis and
comparison of large capacity STATCOM circuit configuration[]J ].
Automation of Electric Power Systems,2003,27(8):59-65.
[4] YU Qing - guang,LI Pei,LIU Wen - hua,et al. Overview of
STATCOM technologies [C] /IEEE International Conference on
Electric Utility Deregulation, Restructuring and Power Tech -
nologies,2004. Hong Kong,China:[s.n.],2004.:647 - 652.
LIANG Yi - qiao, NWANKPA C O. A new type of STATCOM
based on cascading voltage - source inverters with phase - shifted
unipolar SPWM [J]. IEEE Trans on Industry Applications
1999,35(9):1118-1123.
PENG Fang - zheng, LAl Jih - sheng. Dynamic performance and

—
[3%)
[}

—
W
—

—
=)}
[

control of a static var generator using cascade multilevel inver -
ters[ J ]. IEEE Trans on Industry Applications, 1997,33(3).
748 -755.

[7] PENG Fang - zheng, WANG Jin. A universal STATCOM with
delta - connected cascade multilevel inverter[C ] //IEEE Power
Electronics Specialists Conference,2004. Aachen,Germany: [s.n.],
2004 :3529-3533.

[8] BLSCHE , W SCHe Rk 4. T3 RS A - T ) i #
PWM # il 1ty 55 2 STATCOM 3l A& 4% il SR wF 5% [J]. v [ e AL
T R4 ,2005,25(3):23-28.

WEI Wen - hui,LIU Wen - hua,SONG Qiang,et al. Research on
fast dynamic control of static synchronous compensator using
cascade multilevel inverters [J ]. Proceedings of the CSEE,

2005,25(3):23-28.

(9] FRil, ShidE AN 55, = P b [ 2D k2 685 1 18 17 T BRATF Y
[J]. ARG A ML, 1999,23(7):28-33.
XU Zheng,HAN Zhen - xiang, TIAN Jie,et al. Analysis of the
three - level STATCOM operation principle[J]. Automation of
Electric Power Systems,1999,23(7):28-33.
[10] SHARMEELA C,UMA G,MOHAN M R,et al. Multi - level
distribution STATCOM for reducing the effect of voltage
sag and swell [C]//International Conference on Power System
POWERCON 2004. Singapore:[s.n.],2004:306-310.
EKANAYAKE J B,JENKINS N. Selection of passive elements
for a three- level inverter based static synchronous compensator
[J]. IEEE Transactions on Power Delivery,1999,14(2):655-661.
AR, XISCHE BRAR R, A B UM STATCOM 1A F- 4 1
oo S AME B 7 AT ST () ], B RHR ,2003,27(8) : 42 - 45.
ZHU Yong - qiang,LIU Wen - hua,QIU Dong - gang,et al.
Simulation of balancing compensation of unbalanced load based
on single phase STATCOMI[]].
2003,27(8):42-45.
[13] Aok, X34 AR5, 5. D - STATCOM AN - fif £t faf £h 4% it i
AP AL BET [T, M1 & 58 A 34k ,2005,29(8) :65- 70.
ZHU Yong - qiang,LIU Wen - hua,SONG Qiang,et al. Optional
design of compensation currents for D - STATCOM used for
unbalanced load[ ] ].
2005,29(8):65-70.
(14] 200, BT VAR, 55 S T3 A0 SPWM 20Tt X048 e 4%
ST [T ]. TR 4R 2005,39(5) :57- 59.
JIANG Xu,XIAO Xiang-ning,YIN Zhong- dong,et al. Harmonic
analysis for cascade multilevel converter based on carrier

- shifted SPWM[J ]. Power Electronics,2005,39(5):57-59.

[11

[l

—_
%)
[

Power System Technology ,

Automation of Electric Power Systems,

[15] BRI, B Fop—— i FAR S A P AR (M. db s .
AR R, 2002,
(RERE:- 7 %)
TEEE N .

X HK (1976 =), B AKX RAHEFT L, TR F
MAXRIFEEACTFHAREL A Z% T EA (E-mail
liucaifan@yahoo.com.cn) ;

2RM(1964-), B, KRA A WA R A F
WA R T A KRB RE R w AR KR
FHREVDZGEFTHRRAARY ) RAF B EF @GR,

fE28 8 (1956-), %, hd @A #HR , AT @ A8 N
E e s I

I A977-), 8,2 BmmAA WE MR T AALE
WG R B H b FHRAREE A ZRAE T ER

Research of STATCOM based on multi- winding - transformer - isolated converter
LIU Hai-bo,MAO Cheng-xiong,LU Ji- ming, WANG Dan
(Huazhong University of Science and Technology, Wuhan 430074 ,China)
Abstract: A main circuit topology of STATCOM (STATic synchronous COMpensator) is presented,

which has N cascaded multi - winding - transformer - isolated converters. Each converter consists of one

multi - winding transformer and M converters. Each multi - winding transformer has M secondary

windings connecting with M converters separately. MxN converters share one capacitor. The proposed

topology avoids both serial and parallel connection of devices,which improves device reliability

effectively. The phase - shifted SPWM is used to decrease the harmonics in both output voltage and

output current. The secondary windings of multi-winding transformer are not phase - staggered,which is

accomplished by the controller of converter. A decoupling control scheme under constant reactive

power operation mode is also proposed. Simulations with Matlab /Simulink verify the performance of
proposed topology and the effectiveness of proposed control scheme.
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Key words: multi- winding- transformer - isolated converter; cascade; phase - shifted SPWM; harmonic

distortion factor; static synchronous compensator



