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Multicarrier PWM and PR control strategy of circulating current reduction
for grid-connected converters

CHEN Suhua
(College of Electricity and Information Engineering, Xuchang University, Xuchang 461000, China)

Abstract: The use of parallel three-phase converters has become more popular due to their simplicity, low cost, and
expandability. However, the pulse width modulation (PWM) switching of parallel three-phase converters causes
circulating current. The circulating current is mainly affected by the zero vectors. This paper proposes a multicarrier
PWM for parallel three-phase converters. The multicarrier PWM can synthesize the desired output voltage without using
zero vectors. Through the double loop control to realize circulation inhibition, outer ring in the zero sequence component
circulation is realized by using no beat; the inner ring uses the carrier to eliminate the effect of zero vector more time,
which can get very good restrain circulation. Furthermore, the structures and parameters of current controller are very
important for the system’s stability and the output current’s quality in the grid-connected inverter application. The PR
controller is used in the current loop which is in the af stationary reference frame. This method eliminates the complex
coordinate transformation while making the simple calculation. And the method does not need to add additional hardware,
which can suppress the circulation current well and have the advantages of quick dynamic response. Finally, simulation
and experiment results are presented to prove the validity of the theoretical analysis.

Key words: parallel inverters; circulating current; PR controller; multicarrier modulation

0 33

MBS A H 2™ 5, OB RESUR MR ) L 0%
B ARl B AR e AT 2L e Y i
J Iz R, AR S A ] SR A AR T S
0K, RZPIRERG], LSRN RS DL K
AR SEI K o ARHARIFIR T LU ok vy D5 25 44

HEEE. Mag A4 TR E (162102210301); TH 4
KB T 53T SAHRE (154470019)

FITAT St B R O (R RO ICAE /E P 378 1) R
MR AENS 5 FL T B R, 7 E N R R
APHIRESR IGBT 4. PRI ST A e o (R I HRIA U
PR B SERT,

K] A Ah s 0 A e IR T IR A A 12647 7K
AT SCRRT10- 1175 T R E ST b
Ap s 7 S CSEBIA PO ORI, RO 2 il e 1
B AT RGN, (HAE ORI T R GEA
SCHR[12-147 045 HY AT EUR AR E SR,
% e ERAT, sehrrh sl R LR R 2%



-130 - & 0% EP DA

SCHR[15-2014 7 — g2 % 1) % 1 0 1l 1) 2% Ok o
P, IR S, BB IROR, (R
1 SPWM AR L AR A%, SCHR[21-22]93 5
R T IEFH - P BES BEEAL IR 2 FBP IRl
TV 22 FL P IR SR, X ey
5, BORATLUR BRI, (HIE, Zitsos, MR
BEK e SCHRI23 0 KRR X2l 0% H R R G R
PHHT TS, P T IR ), (RIS AR
AT, JERCE S AR,

KL HEHT T = PWM A8 de IR SE
AL, AR5 RS ik, AMAR
HTEZE I RNE N 700 5 (0 7 VSRR, 72
1387 O T N i DU R L O A= -8 ST L | WA R
LEAR S BN AR SR AR AR 2 o e AE
4t PI 45 2% BREFS (s sT B v PR 45578, %354
PBENS STOL P R 22 IR . S I AL
AT T 5IE
1 ZHETHEFENEFINRIEE

AT IFIRAL e 2% AR GUR R B 1 5
ARG M W 1 P . BARKS O T IR RIS
DA SHCE B STENG, H2E PR O
NAEXBEE . FE PR DO LR AR IR A A 3R
S

R Su | Sul Sa
Y i ksl
i

1‘\
lyy 4— a1 R
CT A 5
Vi iy, 5 > Ik O—¢N
G ' f’b

3

F

i
K& Kzl
N 2 5;4 S{)-'» 524

1 =R SRF NG

Fig. 1 Topology structure of parallel connection system of

three-phase inverter
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Fig. 2 Average model parallel connection system of

three-phase inverter
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Table 1 Relation between switching states and circulating current

Vo Vi V, V3 \ Vs Vs \%i
Vo 0 -1 -2 -1 -2 -1 -2 -3
Vi 1 0 -1 0 -1 0 -1 -2
V, 2 1 -1 1 0 1 1 -1
V3 1 0 -1 0 -1 0 -1 -2
\ 2 1 0 1 0 1 0 -1
Vs 1 0 -1 0 -1 0 -1 -2
Vs 2 1 0 1 0 1 0 -1
\%i 3 2 1 2 1 2 1 0
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Fig. 3 Comparison between dual-carrier PWM and

modulating wave
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