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Fig.2 Connections between grounding transformer
and STATCOM with star configuration
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Fig.4 Phasor diagram of reference current
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Fig.5 Active power calculation method for
inter-phase DC voltage balance control
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Fig.6 Response waveforms when STATCOM
is put into operation
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Fig.8 Effect of inter-phase DC voltage balance control
HIL BT 950 V A4 ; Je FAH - Dy pe )i | 48 it
14 s 224 B VR | =R B R 3 f2 0 H AR A 9.2 kV,
FHIANAH 22 AN 100 V, P = dil RORIEH UL

Bk

TS UE bR B A S R By b #E T
KA STATCOM 42 A% i i b M o 3 122 J5 3 A
10kV &%, MHECE SHCHSEANT . KRG HE LN
10 kV;STATCOM % & A 2 Mvar /10 kV,STATCOM
HUAHEETTHCN 12 4, STATCOM # L 4TH 19.1 mH,
STATCOM ELViHLEZ %0 9.2 kV 3 # 4b 728 F 47 4 2
XN 400 KV - A/10 KV 5 BRAH HL BH £ £ 180 Q.

A FFY A Fi L 70 fr 25 BT I 2 4 A R SR B AR
C AHIAL, Ly A= AN 1) £ 4 L, STATCOM JF-
IBATIE e TARTEE TR, P T 2 U0 4k 21 671 1oy £ b
FEREE STATCOM T AFETE £t far b AR X i S5 B A i
FF Mz 3 % 1E e JC Dy L R R e L, A
Wk (6], FH 7R D% 254 48 2] 22 45 i W AR AR i D LI 9
Hop SEIE 1 N RS a A b M AL LR uy,, 18
B23 400N =MAEGHEI iy iy deo AWEIFTTLL
F ith ,STATCOM )45 3| 7 far AL S | RS0
N A AN P R A 3] L P, RS A D R

£ STATCOM Y1) 46 3| 7 1oy #b 2 A X5 | i 2o 5

4 EBR¥E

1:50 A/div;u:100 V/div

t:20 ms/ dlv

9 SKERFEE MK AME KT
Fig.9 Tested compensating waveforms
of real device



® ® 0 8 & iR B

F34 %

1] S B = A B R 43 3O 9.155 kV .9.119 kV
9.149 kV , 2 B AH 8] B3 H R 7 e 21 1 84
S-S R

5 IRENASHR

SR FH 18 0422 A% e 8 544 L rb P SSORH 3 1R
Fhgh g | o AL EE =X STATCOM # i T — bt A% 58
A B AME DI RERY 7 58 . A6 SE PR LRI H 1 et
D7 PR o] DRI A /Y 38 A R AR 0
K, PR 2 FhoF T A,

PL 10 kV/2 Mvar i 2445 X STATCOM #3752k
TR B EBUE RN 115 A, BRI (10), 3%
T AE AN T RO R R R R LR 2 £
PR I e KRB AMEE B 1 P HL RN 57 A, i T AR R
i TRk 0 5 T R U AT R O (R AR A PR U
BAREN IMV-A BT A 48 | 8% DKSC-
1000/10; A R FHBG TN A /Y M 4278 R4 0 7 %, e b
A 2MV-A TR A LS SCB9-2000/10,
2 M B A HORIEAR LR IL R 1,

£ 2HMMEFRHIRELLR

Tab.1 Comparison of engineering data
between two methods

SR VES! T2

J5 5 B A WA /Y 25 K2

LR DKSC-1000/10 SCB9-2000/10
R 10.1 777G 20.9 717G

]t 1390 rlnzrrgé ZnS[fl mm X 1700 rrllrg:OIHIHZHO mm X
75 RARFE 1.5 kW 347 kW
I ke 7.9 kW 153 kW

g 1690 kg 4200 kg

M1 o LIAE M, LA 2 Mvar /10 kV %) T2 20
S| R FH Y 02 b AR 2R 9 =X HGCR RS in A Y
A5 25 0 07 A A b B — 2 AR R )N
55 % Lk b, 723 a0 FE A 11 2k AR AR A B W I RIS

BLLF 2 HHEREW,

a. ML AR PR AR AE T A R 0 A A, AR
P TEEE Std €62.92.3—1993 H & F rpdE fi AN e b
F G0 AR TR AR B AR U | A [R5 ] T
M 5Z B8 IR —FE 10 s WIS ZRATEOT IR 10 5,2 h
WY A R AT IR 1.4 B HEHb R TR A RE A KK
Z RT3 T2 R | AT ik
— AR A

b. AT LUAR 3 5 s 1 FH H 75 22 4 2 Y )7 L
B R /0N 3 6 2 M AR T 2 25 B e b AR TR 2 A A
18 A LU LG STATCOM £ /0N, X s Al DATE 5 il S I
R PR e Fab B

6 it

ARSCHER T B8 STATCOM Fl4E Hh 2% R 2%

rhPE S5 (8 BT AR PS5 AL AT LS BN SF- £ £ o7 b
B I BT T AL B R O P R M
J5 =AU R R

a. FHEHER STATCOM HIH2 M AR JR % i Hh 7 o5
A S5, 78 iy 0 f 3 B T e A L Y
J7 Xl STATCOM B2 25 Hi it 1 B T4 A L R, A
(IR R al i A N AT T S R S i b I e 2
TR R A IR AE S T R I R (A [

b. TEXFH NG T AT — o EE
FF B P A 88 ) = AR R ) A T 90 PR S A

C. 7 MR TR 4 10 2 2 /N AT AR i S B 7 ZE b
P2 ) B0 R I K /IR SR TR

D5 BN HE AL 3K 2 B %0 ¥k A8 B RN A R b
HB I AT AT B AN A R 4 D2 5 R () O R
s i 4 - O R A g TORE R A A I 448
AR AR 0 G HINA /Y 3% 3748 R A8 7 5
FALE R RAS | SRR b 2 FA 3,

SEH .

[1] AKAGI H,INOUE S,YOSHII T. Control and performance of a
transformerless cascade PWM STATCOM with star configuration
[J]. IEEE Trans on Industry Applications,2007,43(4):1041-1049.

[2] PENG F Z,LAI J S,MCKEEVER J W,et al. A multilevel vol-
tage source inverter with separated sources for static VAR gene-
ration[J]. IEEE Trans on Industry Applications, 1996,32(5):
1130-1138.

(3] BdR T, VF M, VF A Bk, W KA B D-STATCOM = i B 11 L 4%
Sorr[)]. W1 A Sk 4 ,2011,31(6) :50-55.

YANG Zhenyu,XU Sheng,XU Xingtao. Comparison and analysis
of high-voltage large-capacity D-STATCOM main circuit[]].
Electric Power Automation Equipment,2011,31(6):50-55.

[4] SONG Q,LIU W H,YUAN Z C. Multilevel optimal modulation
and dynamic control strategies for STATCOMs using cascaded
multilevel inverters[]J]. IEEE Trans on Power Delivery,2007,22
(3):1937-1946.

[5] BB, X3 ATl 45, #E 0 STATCOM A BERL [T ],
[ i Pl TR 2442 ,2003,23(6) : 66-70.

GENG Juncheng,LIU Wenhua,YU Xufeng,et al. Modeling of
cascade STATCOM[J]. Proceedings of the CSEE,2003,23(6):
66-70.

(6] WU 5% skmede 45 AT 408 F STATCOM iy 4EZk
HEEEHITT]. WA Sl i 2012,32(2) :50-55.

GUO Yuanbo,ZHOU Xin,ZHANG Xiaohua,et al. Nonlinear
control of STATCOM under unbalance condition[]J]. Electric Power
Automation Equipment,2012,32(2):50-55.

[7] HAN C,YANG Z,CHEN B, et al. Evaluation of cascade multi-
level converter based STATCOM for arc furnace flicker mitigation
[J]. IEEE Trans on Industry Applications,2007,43(2):378-385.

[8] BLAZIC B,PAPIC I. Improved D-STATCOM control for opera-
tion with unbalanced currents and voltages[J]. IEEE Trans on
Power Delivery,2006,21(1):225-23.

(9] AR RBE X SCH A5 TR 7 i 00 b A2 1 R4 i D-
STATCOM EHUBEIESE[]]. RS A 311k ,2005,29(7) :58-64.



%28

BUEAE A — i R HE X STATCOM AP #b 2 157 37 4 @

ZHU Yonggiang,SONG Qiang,LIU Wenhua,et al. The analysis
of D-STATCOM’s circuit for large unbalance load compensation
[J]. Automation of Electric Power Systems,2005,29(7):58-64.
[10] A5, XS0 R 4. D-STATCOM AN T4 §7 fif b L 7L 1)
PEAkicit ()], I RS A ik ,2005,29(8) :65-70.
ZHU Yongqiang,LIU Wenhua,SONG Qiang,et al. The optimize
design of D-STATCOM for unbalance load compensation[]].
Automation of Electric Power Systems,2005,29(8):65-70.
[11] AAKHE. D-STATCOM A5 87 fif A0 i B 3 AP eitJr e (1.
W & 48 H 84k ,2007,31(1) . 75-79.
ZHU Yonggiang. Three design schemes of compensation current
for D-STATCOM used for unbalance load[J]. 2007,31(1):75-79.
[12] ER RFFE B, AP R 1k (] 25 4 5 1 43 A
EEHI[]]. 1A 3% 2007,27(9) :27-30.
WANG Jianze,FU Xiangyun,JI Yanchao. Individual phase con-
trol of D-STATCOM under unbalanced compensation[J]. Elec-
tric Power Automation Equipment,2007,27(9):27-30.
B X T, EKURAE. 35KV £200 Mvar STATCOM R 4t
BRBETET]. T A B ik A5, 2013,33(10) : 136-142.
HUANG Weixiong,LIU Jinning, WANG Yongyuan,et al. Overall
design of 35kV £200 Mvar STATCOM system|[]J]. Electric Power
Automation Equipment,2013,33(10):136-142.
R BRF BREFE. DSTATCOM #ME:AS - 4] 61 4% 43 )7 725 3¢
(1. W1 A3k ,2012,32(7) :36-41.
YANG Kun,CHEN Lei,CHEN Guozhu. Individual sequence
control of DSTATCOM compensation for unbalance load [J].
Electric Power Automation Equipment,2012,32(7):36-41.
[15] SONG Qiang,LIU Wenhua. Control of a cascade STATCOM
with star configuration under unbalanced conditions[J]. IEEE
Trans on Power Electronics,2009,24(1),45-58.
VERAE . BE T 1R [R5 A2 % I ST AR 5T (D). BT,
TR K2 ,2007.
XU Shukai. Research on cascaded STATCOM for arc furnace
load compensation[D]. Beijing:Tsinghua University,2007.

[13

[

[14

[

[16

[t}

[17] VRARE ARSR AR | A5, AN 1 b B 0 74 TS 38 Rl 5 20 i
X D-STATCOM MY AFFE[J]. b L T #2741 ,2006,26(9)
137-143.
XU Shukai,SONG Qiang,ZHU Yonggiang,et al. Research on
the transformer isolated multilevel H-bridges D-STATCOM for
unbalanced load compensation[]J]. Proceedings of the CSEE,
2006,26(9):137-143.
B, B2 B AT AR LT DSP AN T R A Al AR fb
AT L (R A R (D], D A Bk B4 ,2009,29(3) :51-55.
PAN Hongbin,LUO An,ZHAO Wei,et al. Unbalanced compen-
sation and simplex optimization of static var compensator on
DSP[J]. Electric Power Automation Equipment,2009,29 (3):
51-55.
(197 8, BRARER BI04 B Ik s TG 2y 2y 3 398 0 = Al A F- £
TR [T, H00 A 3k 4 ,2010,30(2) :59-63.
WEI Gang,CHEN Senhuan,CAI Yang,et al. Compensation for

three-phase unbalanced load based on instantaneous reactive

—
o]
[}

power theory[J]. Electric Power Automation Equipment,2010,30
(2):59-63.

EEE I .

A (1981-), %, i A W+
R BER T @ A & R P AME STATCOM
F A (E-mail : zhaoxianghua@tsinghua.orgcn ) ;

Mz (1977-), % kAN A HE
G w1 A R IR B & R AME A A R
PERBA

x) LA (1968-), F , # d e A B,
AT OAFREAMERAAE A BT

A3

b8

KA 977-), % ML FRA L AR FTOADE
T AME H R IEE AREEFEAMEE R,

% W (1977-), 3 T AL B BT e kB
IRAME B A XA AMEH K

New topology for unbalance compensation of cascaded STATCOM
with star configuration
ZHAO Xianghua',CHEN Yuanhua®,LIU Wenhua',ZHANG Xiujuan®,LI Gang’

(1. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
2. SiYuan Electrical Co.,Ltd.,Shanghai 201108, China)

Abstract: A new topology is proposed for the unbalance load compensation of cascaded STATCOM with
star configuration,which connects the neutral point of an additional grounding transformer with STATCOM to
form the pass of zero-sequence current needed by negative-sequence compensation. The way to generate the
reference current and the zero-sequence current is explained by the power analysis and the method to
control the DC voltage balance among phases is deduced. Simulative and experimental results show that,
with the proposed topology and control method,the negative-sequence current of load is preferably
compensated and the DC voltage balance among phases preferably satisfied. Engineering analysis shows
that,compared with the A/Y configuration,the proposed configuration is more cost-effective and space-
effective.

Key words: cascaded STATCOM with star configuration; grounding transformer; compensation; voltage
control ; topology
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