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Control strategy of circulating current for parallel PWM converters
LI Hui, WANG Yi, YANG Xiaoping

(Faculty of Water Resources and Hydroelectric Engineering, Xi”’an University of Technology, Xi’an 710048, China)
Abstract: The direct parallel of converters can improve the reliability and efficiency of the system.,
and reduce the costs, and it is convenient for modular design. But the switching motion and the
inconsistency in control parameters may lead to circulation, whereby causing loss increase and
force the converters to operate in a low level. For this reason, the control of circulating current is
an important goal in the design of parallel converters. In this paper, the circulation mathematical
model of three-phase PWM converter parallel system is established. Aimed at the problem of cir-
culation, the factors affecting the size of circulation are analyzed. It is found out that the changes
in zero vectors distribution in one PWM cycle will not affect control objectives. Controlling the
operation time of zero vectors during every PWM cycle of space vector pulse width modulation
(SVPWM) can suppress the circulating current. Finally, the effectiveness of control strategy is
verified by Matlab simulations in this paper.
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Fig.1 Common DC-bus in parallel three-phase rectifier

system schematic diagram
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Fig. 2 Three-phase rectifier average model in the

three-phase static coordinate system
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Fig. 4 Parallel three-phase rectifier average model under

synchronous rotating coordinate system
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Fig.5 The SVM modulation of the waveform duty ratio
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Fig. 7 With a zero vector control principle diagram of

system control

HEIA b BUEFT R A I, e Bl i
SVPWM R i 50 3k 7+ 5 Hh % K i 5 A UK AR
Sl To Ty Ty o il To 43 2 Vo (111D B A FT s 1)
BTy« SR 5 THIR HE 2% Bt DXk infr U] 480 IF 22 47 4 Jik o A
X S 2 e A AR B AZ

LR T O o 1 5 — B X 01 AR 4 P 6, mT A5 2]
S5 1 e DX bk A2 1k 2 o (5 RS RS AN P 8 B L ]
T T T T T T T Ty 435 B 6 g A
FRXs LA 8 AN ], T, (T, 23 53 o Br 75 31 58 A
ROR AR /R I TE]

:k X
. Io.s [7.1]
(7] <1 ]
1t
L. +
N 7]
7]
Lp
[T + L7:]

&8 55 1 B DXk 7] 48t B 221 45 AR AR
Fig. 8 The first | sector pulse switch time simulation

model



RN A5 AR T s IR I AT B UL 0 7 SR

293

4 HELERESH

WA 2 B R 34 B 7 3% 78 Matlab/Simulink
S A A O B A IR A o
BEH 1S B 86 O 5 B k=0, 55 BB 2 A
PO F R IR R FR i IR 5 R (0 %,
B2 P B85 5] ko phy & oA T B0 TF 3
B 220 BATT 25 09000 3R 00 H 1. 7 BB 3 1
B %

F1 HEBETISE

Tab.1 The simulation model parameters

WH ZHH
= LR A AU 150 V
LI A R @ 50 « 2x rad/s
LA Ly /L, 3 mH/3.02 mH
BB R /R 0.7 Q/0.8 Q
B C 6 800 uF
PP 5 kHz

i AR A 9 PR AE T F R i H R,
FEAE— M RAI B 2 H L8 A% LAY HL U RO PR 0
XPAH LI 201 v 2 EAT A 053 87, 45 3 7, 89 THD
(Total Hormonic Distortion) =5. 98% ,7,, i THD
=5.03% , VB I A — 2 T I AL

800002 0.040.06 0.080.100.12 0.14 0.16 0.18 0.20
t/s

(a) affl L i

0 0.020.040.060.080.100.120.14 0.16 0.18 0.20
t/s

(b) FFPHRi

B9 EERREERRESBNEIE
Fig. 9 Current waveform of the system without zero

vector control

R G0 A F R A DL 45 T An
10 i . M AT 28 5 2 O 5 A 45 2040 )
S AE S W0 B i 8L i B9 THD = 2.91% 540 1Y
THD=2. 94 % , A HL i W5 A5 5 A8 /1N, % 15 31 B 5
B

-80

0 0.020.040.060.080.100.120.14 0.16 0.18 0.20
t/s

(a) afflFL

30r . i 1
20F
10p 1
A
-10F -
20k
-30

0 0.020.040.060.080.100.120.14 0.16 0.18 0.20
t/s

(b) F )7t

Bl 10 AFREE S R GA IR

Fig. 10 The current waveform of the system with zero

I/A

vector control

HI 9,10 B9 & ORI a4 B9 BT AT T 7 3R
TH AR A E R 5 AR Y T o X U] BRI A 22
Ao v T PP R O A A B R U T K T I 2 45 IR
&S AU GIPNGS RN CEUE K R NTIR S AN
Rt

B 25 T IFER R G A = AR AR A/ G
TR BRI dg

401 | | | 1 | | | |

35 A ]
A

30

25 i i -

<\,:20

~15F
10F i

5t X

0 ’

-5

q

Il Il 1 Il Il 1 Il Il 1 1
0 0.020.040.06 0.080.100.120.140.16 0.18 0.20
t/s

(a) Jo5% 5% bt 10 R d gl LR
40p

35 | | | /’ | | | | | -
mﬁwmwmmmwmmewmmwM
25 g

<\C20-

le_ -
10f i

5t /

0

-5

0 0.020.040.060080100.120.140.16 0.18 0.20
tls

(b) A7 2 5 bk 5 il i) gl PR
BT Bids 2 A/ BEREESIN dg iR
Fig. 11 The presence or absence of zero vector control of

rectifier 2 dq shaft current



294

VU223 TR 22447 (2015) 48 31 B4 3

F T AT A A2 R A A O o il L O O D
AT B/ 3 1 I e AR e o AT A/ 2R 4 HL
WAz A, [ 1L W R Y i S dg Rl
FHEL ST 2 B 3 47 1) B AR S e B B AR dg
U AN A o A o e S A o TR R
AN AT A2 o Y NSRS

5 & it

ARSCAHT T ORI R G T I A R, AR
KR = R A A T B R Y S b ST T R T AR
ARl R E RV, (LD TE— A FFC
JEVI v 4 FH B T SR A ikl SR 3 . M B85 R T LU
SR I AT B AT R . R e A R U R A SRR
I I0UE T RGBS A 22 5K DL T 46 1l 5 s 1)
1 A RO .

S E WK

[1] Birk J, Andresen B. Paralle-] connected converters for
optimizing efficiency, reliability and grid harmonics in a
wind turbine [J]. Proceedings of 2007 European Con-
ference on Power Electronics and Applications, 2007,
1(7) . 2-5.

[2] Dixon J] W, Ool B T. Series and parallel operation of
hysteresis current-controlled PWM rectifiers [J]. IEEE
Transactions on Industry Applications, 1989, 25(4):
644 -651.

[3] Matsui K, Murai Y, Watanabe M, et al. A pulsewidth-
modulated inverter with paralle-l connected transistors
using current-sharing reactors [ J]. IEEE Transactions
on Power Electronics, 1993, 8(2): 186-191.

(4] SI4ER, EBR, BN IE, 5. B IRK B A S E R ) & i

R Z )y AW R (I o E BT R ¥R,
2009, 29(27): 99-105.
Hu Weihao, Wang Yue, Yao Weizheng, et al. Zero-se-
quence current in direct drive variable-speed constant-
frequency wind energy conversion systems [ J]. Pro-
ceedings of the CSEE, 2009, 29(27): 99-105.

[5] Mazumder S K. Continuous and discrete variable-struc-
ture controls for parallel three-phase boost rectifier [J].
IEEE Transactions on Industrial Electronics, 2005, 52
(2): 340-354.

[6] VPgkis, B WM. BE T o 3 4k 42 1l &% 09 25 )% 26 3t 0 1)
L] BpLS &G4, 2012, 16(11): 64-69.

Xu Tieyan, Luo Yaohua. The zero sequence circulating

current suppression based on quasi resonant controller

[J]. Electric Machines and Control, 2012, 16(11): 64-
69.

[7] Pan C T, Liao Y H. Modeling and coordinate control of
circulating currents in parallel three-phase boost rectifi-
ers [ J]. IEEE Transactions on Industrial Electronics,
2007, 54(2): 825-838.

[8] Ye Z H, Boroyevich D, Choi ] Y, et al. Control of cir-
culating currentin two parallel three-phase boost rectifi-
ers [ J]. IEEE Transactions on Power Electronics,
2002, 17(5): 609-615.

(9] Hiz, BRAFFRE, RUMSE. I I = 108 4% 5 0t 09 45 )

()], MRHEH 2. 2010, (1) 42-45.
Xiao Bing, Chen Xiangwang, Yu Shitang. Control of
circulating current in parallel three-phase grid-connected
inverter [J]. Low Voltage Apparatus., 2010, (1) 42-
45,

(10 oW, Frng s, AR@AN. 0048 4% IF B 8 3 R g B i 4

il Bk o M L1, @ Al IR 2R, 2009, 35(11)
2846-2852.
Shen Zhe, Qiao Mingzhong. Zhu Junjie. Circulating-
current restrain and stability analysis of parallel invert-
er variable-speed system [ J]. High Voltage Engineer-
ing, 2009, 35(11). 2846-2852.

[11] sk T, A EHE. 2T DSP 8L A 23 18] 4 5 ik 5 98 41
e (1], BB TR 2224, 2006, 28(6) : 80-83.
Zhang Weifeng. Yu Yuehui. Research on optimal
space vector PWM based on DSP [J]. Journal of Wu-
han University of Technology, 2006, 28(6): 80-83.

[12] #5554, XM, REE. 4G 3 = A 28 25 IF B 4 il
FeARWETE [T]. 74K, 2012, 46(1): 99-101.
Pei Xuejun, Liu Mingxian, Kang Yong. Research on
technique of parallel control for combined three-phase
inverters [ J]. Power Electronics, 2012, 46(1): 99 -
101.

[13] ZFAR, B8 L. FIp it B kmr [J]. @i
<, 2011, 30(4): 58-61.

Li Xudong, Guo Luyi. Analysis of methods for calcu-
lating zero sequence current [ J]. Building Electricity,
2011, 30(4). 58-61.

[14] Jiang Y, Xiong S, Huang S D, et al. Control of circu-
lating current in parallel three-phase inverter in MW
wind power system [ C]// Proceedings of the 2010 In-
ternational Conference on Electrical Machines and Sys-
temsc (ICEMS 2010) ,Incheon,2010.:133-136.

(Gt





