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Abstract: Three-level inverters have attracted widespread attention in medium- and high-voltage applications.
However, traditional continuous pulse width modulation (CPWM) methods suffer from drawbacks such as high
switching losses, significant common-mode voltage (CMV) fluctuations and neutral-point voltage imbalance. To solve
these problems, based on the analysis of the generation mechanism for CMV, the suppression conditions for CMV are
derived based on discrete pulse width modulation (DPWM), and a modified DPWM modulation strategy is proposed,
which can reduce switching losses under DPWMO~DPWM3 modulations while suppressing CMV. In addition, based
on the proposed DPWM modulation strategy, the control method for neutral-point voltage is explored, and the
multi-objective optimal control of the three-level inverter is realized ultimately. Simulation and experimental results
verified the validity of the proposed DPWM control strategy.
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Fig. 1 Topology of NPC three-level inverter
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Tab. 1 Output states of NPC three-level inverter
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Tab. 2 Absolute values of common-mode voltagein

different basic vector states
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Tab. 3 Areaswith k=1 in first sector
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Fig. 2 Modulation waves and common-mode voltage
waveforms based on DPWMO0~DPWM 3
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Fig. 3 Switching sequences under in-phase
carrier modulation
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Fig. 4 Switching sequences under opposite-phase
carrier modulation
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Tab. 4 Common-mode voltage suppression conditionsin
different sectors
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Tab. 5 Changesin modulation wavesin first sector
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Fig. 5 Switching sequences under DPWM 1 modulation
in first sector
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Tab. 6 Expression of neutral-point current and its
influence on neutral-point voltage
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Tab. 7 Effects of different DPWM modulation methods on

neutral-point voltage
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Fig. 6 Flow chart of multi-objective optimization based on
modified DPWM modulation method
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Tab. 8 Experimental parameters
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Fig. 7 Phase voltage waveforms under DPWMO and
DPWM 3 modulations
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Fig. 9 Output waveforms under modified DPWMO and
DPWM 3 modulations and corresponding FFT analysis

4 Z5iE

ASCER X NPC = HL AR R OCHFE K 3t
B RS s s B AR S R, $R T 1
FhILT DPWM 55 1 2 BRI 4a il sk ms
3 3k R G5 43 B VR D8 S T PN 7 A AR R R U B L
B, RS T PR R e Bh ) A, PR LOR
% 7E DPWMO~DPWM3 %5 il )7 vk v HoA



54

Seff, A JETUGHE DPWM R = HF R G2 AU 87

SEAE. FEMCREADL E AT TR DPWM i e
ORI D % o e B, 35 -
ik, TN NPC =T SR o
SRR BRI AR T SVPWM 8
BOTHEIRIR T 1/3, ARSI U, /6 SR,
RSB T o T el

SE R

(1] TRIGEHE, T2, APEAR, 55, —H PWM S as Ay

LRI Tk 250R (0], v B LT AR 224, 2023, 43
(22): 8833-8850.
Xu Xiaona, Wang Kui, Zheng Zedong, et al. A review on
common-mode voltage reduction methods for three-phase
PWM converters [J]. Proceedings of the CSEE, 2023,
43(22): 8833-8850. (in Chinese)

(2] 243, W55, mhfls, 4. M) T A= P ge ki

HLHE I IR ISR S [0]. MR RBIAR, 2022, 48(7): 2826-
2839.
Li Shanshou, Tao Yong, Ye Wei, et al. Modulation stra-
tegy with reduced common mode voltage for T-type
three-level inverter [J]. High Voltage Engineering, 2022,
48(7): 2826-2839. (in Chinese)

[3] Tran V T, Nguyen M K, Do D T, et al. Space vector
modulation method-based common mode voltage reduc-
tion for active impedance-source T-type inverter [J]. IEEE
Access, 2022, 10: 10149-10159.

[4] B, B, 25—, A HET R A0LAS ) O i i ) SR

Mt 1439078 g A H TR A D7 vk D). BT E BB A,
2022, 42(3): 76-81, 96.
Wang Shun, Yang Shuying, Li Yi, et al. Suppression
method of inverter common-mode voltage based on
virtual space vector over-modulation strategy [J]. Electric
Power Automation Equipment, 2022, 42(3): 76-81, 96.
(in Chinese)

[5] Ohn S, Yu Jianghui, Burgos R, et al. Reduced common-
mode voltage PWM scheme for full-SiC three-level unint

erruptible power supply with small DC-link capacitors [J].

IEEE Transactions on Power Electronics, 2020, 35(8):
8638-8651.
[6] Li Shanhu, Wang Wensheng, Han Xu, et al. A DPWM

modulation strategy to reduce common-mode voltage for

indirect matrix converters based on active-current vector

amplitude characteristics [J]. IEEE Transactions on
Industrial Electronics, 2022, 69(8): 8102-8112.

[71 =, e, XI5tk 4. = WSP89 DPWM ]
BT[] TR, 2022, 56(9): 130-134.

Yuan Shuai, Jing Long, Liu Jingdou, et al. Research on
DPWM switching of three-level converter [J]. Power
Electronics, 2022, 56(9): 130-134. (in Chinese)

[8] Beig A R, Kanukollu S, Al Hosani K, et al. Space-vector-
based synchronized three-level discontinuous PWM for
medium-voltage high-power VSI [J]. IEEE Transactions
on Industrial Electronics, 2014, 61(8): 3891-3901.

[9]1 Alsofyani I M, Lee K B. Simple capacitor voltage
balancing for three-level NPC inverter using discontin-
uous PWM method with hysteresis neutral-point error
band [J]. IEEE Transactions on Power Electronics, 2021,
36(11): 12490-12503.

[10] Wang Jinping, Zhai Fei, Wang Jianing, et al. A novel
discontinuous modulation strategy with reduced common-
mode voltage and removed DC offset on neutral-point
voltage for neutral-point-clamped three-level converter
[J]. IEEE Transactions on Power Electronics, 2019, 34(8):
7637-7649.

[11] W/, sk, A, SEBUHAS Ry Heam il 5 v ik i

A T B = HOPE R DPWM SRIE[T]. HL R,
2024, 22(5): 133-142.
Ye Shaoxi, Zhang Xi, Zhu Chong. DPWM strategy for
T-type three-level inverter considering common-mode
voltage reduction and neutral-point voltage balance [J].
Journal of Power Supply, 2024, 22(5): 133-142. (in
Chinese)

[12] Asadi E, Farhangi S, Moradi G, et al. A modified
discontinues PWM to reduce common mode voltage and
switching loss for photovoltaic transformerless T-type
inverter [C]// 2020 11th Power Electronics, Drive Systems,
and Technologies Conference (PEDSTC). Tehran, Iran,
2020: 1-5.

[13] Yang Zhaoxia, Zeng Jianwu, Ren Qixing, et al. A
carrier-based discontinuous PWM for an 80 kW PV
inverter with the reduction of the DC-link voltage ripple

and common mode current [J]. IEEE Transactions on



88 H, T ¥ ik 8503 %

Industrial Electronics, 2023, 70(7): 6953-6963.
[14] Cui Dongdong, Ge Qiongxuan, Zhou Zhida, et al. A

tions of China Electrotechnical Society, 2023, 38(12):
3221-3233. (in Chinese)
[18] X7k, BHE, 420%, % JET RO kR H075 [A] 4 5 o i

novel voltage balance circuit for three-level diode-

clamped inverter with small inductor [C]/ 2017 IEEE
Energy Conversion Congress and Exposition (ECCE).
Cincinnati, OH, USA, 2017: 2093-2099.

[15] 5kPE, 250, AU, 5. Ul 90 = d b i p P

MR IEMIT R[], POl 5 TR, 2022, 19(1):
256-264.

Zhang Ze, Li Wei, Huang Quanwei, et al. Neutral-point
voltage self-balancing three-level topology for rolling
stock [J]. Journal of Railway Science and Engineering,

2022, 19(1): 256-264. (in Chinese)

[16] BUmk, w7, RIR. =HF Bt b s A s ol

IRAHT 5 A TSR], HLRSE R, 2024, 22(S1):
50-58.

Geng Houlai, Gao Ning, Wu Weimin. Analysis of
neutral-point potential shift mechanism and balance
method for three-level inverter [J]. Journal of Power

Supply, 2024, 22(S1): 50-58. (in Chinese)

[17] E4F, X, #, 55 P B R =i i Ar g 2k

T S 22 A R o SR W []. PR TR R AR, 2023,
38(12): 3221-3233.

Wang Jinping, Liu Bin, Dong Hao, et al. A modulation
strategy based on modulation wave decomposition for

neutral point clamped three-level inverter [J]. Transac-

(9 NPC = Pt As e rh s LA - B ST 0], R
#z, 2018, 16(1): 61-66.

Liu Yongchao, Huang Yong, Li Xing, et al. Research on
neutral-point potential of three-level NPC inverter based
on fuzzy virtual space vector modulation [J]. Journal of

Power Supply, 2018, 16(1): 61-66. (in Chinese)

EEEN:

SEHR(1989— ), &, Wi, SE
Uit WFFETTIO] A G i S AR s
1Ak, E-mail: chaijin@sdu.edu.cn,

TAE(1988— ), B, @it, T
eI, WM. 2 Pl g
E-mail : wangweisheng@aotaidianqi.com,

FIRIE2000— ), F, WL
Ao WEFE TS 2P R g
E-mail: 202234907 @mail.sdu.edu.cn,

XSE(1991— ), T, hEHEE
weh, WmEEE, W B
B EAR 5 Z 0P . E-mail .
tong@sdu.edu.cn,

BB (1976— ), Zr, AR
Foxmge b, Wi, B, T
AR RRIRAHBOR, R ZH
AR 4 AR . E-mail: chenalian@sdu.
edu.cn,

s

(DR FRElEl)





