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Common-Mode Voltage Suppression Strategy for
Three-Level Pulse Width Modulation Inverter
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Abstract: In view of the large amount of common mode voltage (CMV), high-frequency dv/d¢
and other harmonics generated during the operation of the three-level PWM inverter, a subregion
PWM modulation strategy is adopted to suppress the common mode voltage of the PWM convert-
er. The three-level space vector is redivided into several different modulation regions by modula-
tion index. In different modulation regions, the three-level PWM modulation algorithm is realized
by using large vector, medium vector, and small vector of four basic vector types. The subregion
PWM modulation strategy (Ma-PWM) divides the small region inside the sector into high and
low modulation regions, and uses the nearest basic voltage vector to synthesize the reference vec-
tor. The simulation results show that the common mode voltage amplitude of the proposed Ma-
PWM modulation strategy under different load types is 1/6 of the DC bus voltage. In addition,
the common mode voltage amplitude of the PWM inverter under variable speed load can be re-
duced to 1/2 of the original, and the total harmonic distortion (THD) of the output current wave-

form of the PWM inverter is less than 5%. This method can not only suppress the common mode
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voltage but also reduce the total harmonic distortion of the PWM inverter output current.

Keywords: three-level PWM inverter; common-mode voltage suppression; pulse width modulation;

sector division; voltage vector
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Fig. 1 Three-level diode neutral point clamp circuit
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Fig. 2 Three-level vector diagram
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Table 6 Comparison of PWM inverter output waveforms un-

der variable speed load

E R U AL I

PWM A A

h " AJILJ‘_ P )

HoEHE  EWEE/V O OIEE/A

2N -+m 4N -e+m

4 SVPWM  133. 33 4.08 5.52 2.75

Ma-PWM 66. 67 4.08 1.94 1.01

:k N

o éFI e

(D # L F A& 4 SVPWM 1§l 55 0% . Ma-PWM
] BE % S BKG PW M. 368 28 1) AT H PR B AR B
TR + V. /6,

(2)Ma-PWM ] il 5% W >R FHAE X FR = PWM 4R
LR ] A PWM 38 AR 28§ TG 16 78 1% 8 i X 58004 2 &
A ] DB Y AR H A — AR B DA A

(3) Al bb T Al 41 ) 3 AR B R B9 7 35, Ma-
PWM ] i 5% H v 2k dak >f 552 B0 7 AR 34 1 X3 e 795 A4~
A RO % e U T v R DXCSBCR N R B S
PG A~ A R R AR i i e U

(4) Ma-PW M ] i J5 7 38 2o e A0 81 i) DX 38k AR
B =M SVPWM i il w25 A B X /N X3 il
gy T A6 T = P PWM i 1 S s

S X

(1] ZEHapk, XI5, B, 5. PWM 845 2% i th LB ey
FE A e AR OF 5 (7] b B A L T AR 2l
2005, 25(9): 47-53.
JIANG Yanshu, LIU Yu, XU Dianguo, et al. Re-
search on common-mode voltage generated by a PWM
inverter and its cancellation technology [J]. Proceed-
ings of the CSEE, 2005, 25(9): 47-53.

[2] WANG Shuo, MAILLET Y Y. WANG Fei, et al. In-

vestigation of hybrid EMI filters for common-mode

EMI suppression in a motor drive system [J]. IEEE

Transactions on Power Electronics, 2010, 25 (4):

1034-1045.

BRI SR, AR AR Sl e AL AR v JE ol ) )7 R X v

WEoE [J]. KREHLEAR . 2020(4) : 45-51.

XUE Lichen. The research and analysis on the preven-

[3]

tion and test method of electric corrosion of converter
driven motor bearing [J]. Large Electric Machine and
Hydraulic Turbine, 2020(4): 45-51.

OLIVER J, GUERRERO G, GOLDMAN ]J. Ceramic
bearings for electric motors [ C]//2015 IEEE-IAS/
PCA Cement Industry Conference (IAS/PCA CIC).

[4]

(5]

(6]

[7]

(8]

[9]

(10]

[11]

[12]

http: // zkxb. xjtu. edu. cn

HEDAYATI M H, ACHARYA A B, JOHN V. Com-
mon-mode filter design for PWM rectifier-based motor
drives [J]. IEEE Transactions on Power Electronics.,
2013, 28(11): 5364-5371.

TR, KEM, HREF, 5. HRFERELKRS
IR R T WA T R (I WA m &, 2021
(12) . 15-16.

YU Donghai, ZHANG Xizhou, PAN Haoxuan, et al.
Research optimization of common mode voltage interfer-
ence in electric drive system of new energy vehicle [J].
Auto Electric Parts, 2021(12) . 15-16.

HE Jiangbiao, LI Cong, JASSAL A, et al. Multi-do-
main design optimization of dv/dz filter for SiC-based
three-phase inverters in high-frequency motor-drive ap-
plications [ C]//2018 IEEE Energy Conversion Con-
gress and Exposition (ECCE). Piscataway, NJ, USA:
IEEE, 2018: 5215-5222.

WOF ST, RS, ARG, W A A =R e LAY S
i SVPWM [J]. du s, 2021, 51(4); 8-12, 21.
XIE Fangfang, ZHENG Jian, LI Shengqing. Com-
mon-mode reduction SVPWM for inverter-fed three-
phase motor [J]. Electric Drive, 2021, 51(4). 8-12,
21.

(RETER  c S S N & A L P R )
M AR R S (7). ME AL, 2021, 54
(12): 66-70.

TIAN Guanzhi, YUAN Liwei, HUANG Yuping, et al.
Design and implementation of common mode voltage
suppression algorithm of permanent magnet synchro-
nous motor [J]. Micromotors, 2021, 54(12): 66-70.
HAN Yang. LU Haifeng. LI Yongdong. et al. Anal-
ysis and suppression of shaft voltage in SiC-based in-
verter for electric vehicle applications [J]. IEEE
Transactions on Power Electronics, 2019, 34 (7):
6276-6285.

THHE, TG, . AR LE R gL
LA B R BESE [T]. B R Ry 5 7E 6
2013, 41(2): 138-143.

ZHANG Yonggao, KUANG Guangjian. LONG Liz-
hong. Research of reduced common-mode voltage tech-
nique with nonzero vector pulse width modulation for
three-phase inverters [J]. Power System Protection
and Control,2013, 41(2) . 138-143.

BesCH s fsezh, Xz i, 45, 25 ) % b ik 58 R i
TR S =P rh S AL R R i As P R (T,
TSR F M. 2016, 50(11): 91-96.

DUAN Wenyan, HE Yingjie, LIU Yunfeng, et al.
Application of SVPWM in single phase three-level neu-

tral point clamped rectifiers [ J]. Journal of Xi’an Jiao-




172

PN

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

tong University, 2016, 50(11): 91-96.

GUPTA A K. KHAMBADKONE A M. A space vec-
tor PWM scheme for multilevel inverters based on two-
level space vector PWM [J]. IEEE Transactions on
Industrial Electronics, 2006, 53(5): 1631-1639.

YAQO Zhezhi, YI Lingzhi, PENG Hanmei, et al. Stud-
y of simplified SVPWM algorithm based on three-level
inverter [ C]//2009 IEEE 6th International Power E-
lectronics and Motion Control Conference. Piscataway,
NJ, USA: IEEE, 2009: 876-881.

WAL, AT, EW, & —F0E AT = Ak
WS AR A PWM SR [T, b AL TR SR
2019, 39(19): 5635-5643.

XU Junzhong. ZHA Xiaoyu, WANG Yong. et al. A
novel PWM method for SiC three-phase VSIs []J].
Proceedings of the CSEE, 2019, 39(19) . 5635-5643.
PREEME, Ak, MG, S5 —Fhm & £ 2 b F 2
i A MR (3 R SR (T, E E L AR AR
2022, 42(13): 4695-4705.

CHEN Jianan, JIANG Dong, SUN Wei, et al. A gen-
eral modulation strategy for suppressing common-mode
noise of odds multilevel converter [J]. Proceedings of
the CSEE, 2022, 42(13): 4695-4705.

R, AR, B BRE. SF. —F = WP b S
it R R IR S AR )2 e Dk TE R R M (T, B T
AR, 2021, 36(4): 831-842.

GAQO Zhan, LI Yaohua, GE Qiongxuan, et al. Im-
proved phase opposition disposition pulse width modu-
lation strategy for three-level neutral point clamped
converter [ J]. Transactions of China Electrotechnical
Society, 2021, 36(4) . 831-842.

W AR, B A TR A G AL 1 R 48 SVP-
WM Hems [J]. R R4, 2021, 44(8): 125-133.
REN Jiao, FU Guangjie. A virtual SVPWM strategy
to improve common-mode voltage and neutral-point po-
tential [J]. Journal of Chongqing University, 2021, 44
(8): 125-133.

TIAN Kai, WANG Jiacheng, WU Bin, et al. A virtual
space vector modulation technique for the reduction of
common-mode voltages in both magnitude and third-order
component [ J]. IEEE Transactions on Power Elec-
tronics, 2016, 31(1): 839-848.

U, AR B K. B IR B R A = P R U A
SVPWMHems [J]. A8 Tl K& A RBHED

http: // zkxb. xjtu. edu. cn

2020, 43(7): 919-926.
NIU Xuezhou, HOU Ruixin.

vector modulation with reduced common mode voltage

A novel virtual space

and eliminated neutral point voltage oscillation for neu-
tral point clamped three-level inverter [ J]. Journal of
Hefei University of Technology ( Natural Science) ,
2020, 43(7): 919-926.

[21] GAO Xuepeng, KONG Wubin, QU Ronghai. A non-
zero vector PWM method to reduce common-mode
voltage [C]//2020 IEEE 1st China International Youth
Conference on Electrical Engineering (CIYCEE). Pis-
cataway, NJ, USA. IEEE, 2020. 1-5.

[22] PIAO Chengzhu, HUNG J Y. A novel SVPWM over-

modulation technique for three-level NPC VSI [C]//

2015 IEEE Transportation Electrification Conference

and Expo (ITEC). Piscataway, NJ, USA. IEEE,

2015 1-6.

HEM, &, EEE, S A = O R R A g

e PR R [T]. B RGERIT 5#H . 2020,

48(21): 49-57.

MA Xinghe, REN Xin, YAN Bingyao, et al. Strategy

of reducing the common mode voltage modulation of a

[23]

three-level matrix converter [ J]. Power System Pro-
tection and Control, 2020, 48(21) . 49-57.

[24] HAVA A M, UN E. A High-performance PWM algo-
rithm for common-mode voltage reduction in three-
phase voltage source inverters [ J]. IEEE Transactions
on Power Electronics, 2011, 26(7): 1998-2008.

[25] OHN S, YU Jianghui, BURGOS R, et al. Reduced
common-mode voltage PWM scheme for full-SiC three-
level uninterruptible power supply with small DC-link
capacitors [ J]. IEEE Transactions on Power Electron-
ics, 2020, 35(8): 8638-8651.

[26] Wi, P22, B K, 55 =P AR B AT b

SRR A PWM #E 6B 5E (1], V6 2 283 K2

AR, 2013, 47(4): 64-72.

XIE Zhen, FU Lijun, XIAO Fei, et al. Neutral-point

balancing double phase-shift PWM controller for three-

level DC/DC converter [J]. Journal of Xi’an Jiaotong

University, 2013, 47(4) . 64-72.

WU Maogang, ZHAO Rongxiang. Method analysis

and comparison of SVPWM and SPWM [C]//Pro-

ceedings of the 29th Chinese Control Conference. Pis-

cataway, NJ, USA. IEEE, 2010. 3184-3187.

(g LA H)

(27]




