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Abstract: To address the shortcomings of low DC voltage utilization and high insulated gate bipolar transistors (IGBT)
loss in the three-phase voltage source inverter applied by the space vector pulse width modulation (SVPWM) drive
method with constant switching frequency and rated DC bus voltage, permanent magnet synchronous motor (PMSM )
and output cycle-based IGBT loss control model is established, based on which the optimal switching frequency and DC
bus voltage for output cycle based IGBT loss are obtained by applying the dwarf mongoose optimization algorithm with
the output current quality as the constraint and the switching frequency and DC bus voltage as the constraint variables.
The proposed strategy is simulated and experimented to verify that the proposed strategy reduces loss and increases
reliability while maintaining control system performance by comparing the output current total harmonic distortion
(THD), current waveform and IGBT loss and junction temperature performance.
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Figure 8 A-phase output current waveform with different loads applying different algorithms
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Figure 9 Optimized line voltage
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Table 4 Modulation ratio of the motor in stable running

before and after applying the algorithm in this paper

g/ URE R DLARETM PRfRIE M E AR T
(Nem)  HBZHE/V il it T/ %
0.05 98 0.27 0.64 137.0
0.20 110 0.35 0.68 94.0
0.30 118 0.4 0.73 82.4
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Table 5

#r & &% THD
Output current THD of the inverter with

different loads by three algorithms

A G (N« m) F L THD/ %

EERR
0.05 0.20 0.30
RDBVCSFT 11.603 12.19 11.620
RDBVVSFT 10.400 10.07 9.423
ARSI 9.870 9.73 8.660
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Table 6 Comparison of IGBT losses reduction optimized

by the algorithm of this paper and motor output

power with different loads (in unit time)

R R WD B IGBT 165 #6
4%/ S T 8
(Nem) I(JBTbn, W i HL AL )R
N-m
/W HAE/ %
0.05 5.1 61 8.3
0.20 15.2 123 12.3
0.30 20.2 155 13.0
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Figure 10 Thermal rise obtained by three algorithms
with different loads

T8 A A S B B IE T AR SOOI B AT R R
AR

5 4iE

AR SR e A A AR =M H R VR AR 28 9 IGBT
PFE 1 1] 0, 4 HR 3l 2 ST K R TR 25 e ML A
IGBT B A, B0 LAk B Am R B 29 AR Fn 2y
SRR B, A O A Bk 6 T S A R R B R 2k
FL R [R] BF AT A Ak, 75 30 e fE B O B 26 F TR R G
W Il AT R LA AR 45 E

1) et 7 HL Y B BRI DG

e Be 08 O TR BE Hb R AIC IGB T S35 RE , DT B [
R IGBT R 25 i, $2 2 HL i 5 4
2) AN SO AR R Sy M R O R A SR R

R 1B B TR B R R S T A 4 A UK B
RETT .

SE Wk

(1] PRk, 38 SCRE TR M55 . 2 T 11 8 R 1 AU 00 45 #)

o L 2 = o ST O 9 390 4 5 O B KRR A2 T (. L
AR #4,2023,38(4):1010-1022.

XU Shuiqing, HUANG Wenzhan,HE Yigang,et al. Open-
circuit fault diagnosis method of neutral point clamped
three-level grid-connected inverter based on adaptive
of China
Electrotechnical Society,2023,38(4):1010-1022.

sliding mode observer[J]. Transactions

(2] R ER R A bR AE IR T A AR S I A5t
4 = AR 3902 g e A0 L 5 R D], R TR R 22 4R, 2022,37

(6):1473-1481.

LAN Ziran,HAO Ruixiang,JIAO Honglin,et al. Optimal

preview control of three-phase inverter based on
repetitive control and state-feedback[J]. Transactions of
China Electrotechnical Society,2022,37(6):1473-1481.

(3] WRAR#E M B, A BRIR, S LC IE Il B0 AR A8 A XL R

AR TR T R 7 Bk (00, Y B 7,2023,51(12):94-

100.

GUO Leilei, TAO Ziheng, LI Yanyan, et al. Weighted

double-vector model predictive control method for LC-

filtered inverters[J].Smart Power,2023,51(12):94-100.

VF SR, 5K 45 = R T 45 .k T 40 e A% AR 42 1 1 BUA IR

M 4 T AR 3 1Y d /)N [T 9 2y 25 42 11 (0], v O R

2022,43(8):113-119.

XU Chongfu, ZHANG Weichen, CHEN Gan, et al.

(4]

Minimum return power control of DAB full soft-

switching mode based on extended phase-shift control[J].



#3955 11 ¥

1, 45 T = A0 AR A A8 T S A A AR LU Rk L TR Y PMSM 47 i

233

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

Electric Power Construction,2022,43(8):113-119.
o, 2, E W R, 58 BT R A A A ) Y v

DABZE e &% ZVS #21l J5 ¥ [7]. fi ) 5 4% 3%,2023,60(8):

7-13.

YIN Yaozong,GONG Jinwu, WANG Minglong,et al.ZVS

control method of high frequency DAB converter based

shift

Measurement & Instrumentation,2023,60(8):7-13.

T e B I B, A8 AR AR I AT R e TR A

HFFE[I]. 4L H,2022,39(8):3-14.

XU Longwei, SUN Yuanyuan, MA Zhao,et al. Study on

on extended phase control[J]. Electrical

voltage level in low voltage direct current supply and
utilization system[J]. Distribution & Utilization,2022,39
(8):3-14.

e fid AR AR, RS R HERY R R IGBT IR IR 3l {5 458
AR S R AOE AWFFE[T]. 5 R HL#8,2023,59(1):43-48.
ZHANG Jian, YU Chaoyun,ZHAN Cao,et al. Study on
evolution and failure mode of gate drive signals of high
voltage press-pack IGBT[J]. High Voltage Apparatus,
2023,59(1):43-48.

L0, X e A L 2 S A R R R A
HBECIGBT ¥R J7 ¥ [J]. B I R 4L A 311K,2022,46(2):
163-170.

LI Kefeng,XIAO Fei,LIU Jilong,et al. Voltage balancing
method of series-connected IGBTs for multi-level active
neutral point clamped inverter[J]. Automation of Electric
Power Systems,2022,46(2):163-170.

SR A N AL . e T et st A% P HE A2 428 ) B9 = R 06 A8
38 IF B2 [0, H ) BHF 1 1R 2 4],2021,36(6): 151-
156.

WU Bin, YANG Xuhong. Research on grid-connected
three-phase inverter based on improved genetic PI and
repetitive control[J]. Journal of Electric Power Science
and Technology,2021,36(6):151-156.

JE e AR LA 8 AT B 6,4 IGBT JF G T 7= AR WL
e B A T L 6 OF 5 (D). WL 0 22 5 BOR 7 41, 2022,37
(6):116-124.

ZHOU Yanan, HU Yi, HE Yunze, et al. Low voltage
experimental studies on mechanical stress wave induced
by IGBT switch[J]. Journal of Electric Power Science
and Technology,2022,37(6):116-124.

JIANG D,WANG F. Variable switching frequency PWM
for three-phase converters based on current ripple
prediction[J]. IEEE Transactions on Power Electronics,
2013,28(11):4951-4961.

CAO W C, WANG F, JIANG D. Variable switching
frequency PWM strategy for inverter switching loss and

system noise reduction in electric/hybrid vehicle motor

[13]

[14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

drives[C]//2013 Twenty-Eighth Annual IEEE Applied
Power Electronics Conference and Exposition (APEC),
Long Beach,USA,2013.

JIANG D,WANG F.Variable switching frequency PWM
for three-phase converter for loss and EMI improvement
[C]//2012 Twenty-Seventh Annual IEEE Applied Power
Electronics Conference and Exposition (APEC),Orlando,
USA,2012.

MAO X L, AYYANAR R, KRISHNAMURTHY H K.
Optimal variable switching frequency scheme for
reducing switching loss in single-phase inverters based
on time-domain ripple analysis[J].IEEE Transactions on
Power Electronics,2009,24(4):991-1001.

ONEDERRA O,KORTABARRIA I,DE ALEGRIA I M,
et al. Three-phase VSI optimal switching loss reduction
using variable switching frequency[J].IEEE Transactions
on Power Electronics,2017,32(8):6570-6576.

BB X - Ak Ak TR H AL U S U
AT A2 T S0 4 ik e 58 2 R 1 [J]. L C R 22 4%,2020,
35(20):4373-4383.

HUANG Peng, LIU Heping, MIAO Yiru, et al. Variable
switching frequency pulse width modulation for
induction motors based on current ripple peak value[J].
Transactions of China Electrotechnical Society,2020,35
(20):4373-4383.

WANG X B,WANG X M,YUAN X.An optimal DC bus
voltage control method to improve the junction
temperature of IGBTs in low speed operations of traction
applications[C]//2016 IEEE 2nd Annual Southern Power
Electronics Conference (SPEC),Auckland,New Zealand,
2016.

PAN C T,CHEN T C,HONG Y H,et al. A new DC-link
converter for induction motor drives[J]. IEEE
Transactions on Energy Conversion,1995,10(1):71-77.
CHAI J Y, LIAW C M. Development of a switched-
reluctance motor drive with PFC front end[J]. IEEE
Transactions on Energy Conversion,2009,24(1):30-42.
LEMMENS J, DRIESEN J, VANASSCHE P. Dynamic
DC-link voltage adaptation for thermal management
of traction drives[C]//2013 IEEE Energy Conversion
Congress and Exposition,Denver,USA,2013.

E I, H AR AT R I R 4 TR K R R B AR A
FEMG[T]. B KR 224 4R,2011,34(11):94-99+116.

WANG Mingyu, XIAO Dazheng. Vector control of
permanent magnet synchronous motor with variable DC-
link voltage[J].Journal of Chongqing University,2011,34
(11):94-99+116.

(T#% 284 M Continued on page 284)



284 B B % 5 R % 20244E1 H
of Railway Science and Engineering, 2023, 20(2): 714- [D].Qinhuangdao:Yanshan University,2021.
722. [24] KB PN Ik T 0 22 I 4 00 B IR AR 25 R A it

[20] PAN M Y,SUN J,YANG Y H,et al.Improved TQWT for 545 A1), A3k 5188 32,2023(2):46-50.
marine moving target detection[J]. Journal of Systems ZHANG Hongming,SUN Min.Design and simulation of
Engineering and Electronics,2020,31(3):470-481. digital image neoising algorithm based on neural network

[21] MR, ¥R 2,254 ,% CEEMDAN 748 [E 4 ¥R 3 [J].Automation & Instrumentation,2023(2):46-50.
5 4R B R R (0], 75 e 5 A ,2022,39(3): (251 i AT T A . 5 T e KON S Ui 2 fifp 45 AR AT A2 1A 48 A B3k
459-468. 5 HREI2 T [I]. M 5 IR Bl ,2022,42(5):154-158.
SHANG Haikun, XU Junyan, LI Yucai,et al. Application LIU Feng,REN Lijia. Weak fault diagnosis of planetary
of CEEMDAN in vibration signal extraction of gearboxes based on maximum correlation kurtosis
transformer[J]. Control Theory & Applications, 2022, 39 deconvolution[J]. Noise and Vibration Control, 2022, 42
(3):459-468. (5):154-158.

[22] BRFH B S AR 2 B0 LR /DN BB T SR R RO R {5 [26] JA &% H #2455 BT NS-APSO B i R JE 4% )

$E P R [T]. F ) &R 48 B A 36 2% 41,2004, 16 PR FL R P R S 7 ¥R (D). L S 43 ,2022,59(8):155-
(4):16-19+76. 160.
OUYANG Mingjian, DU Boxue, WEI Guozhong. ZHOU Jing,LUO Richeng, HUANG Jun,et al.Ultrasonic
Application of wavelet transform in acoustic signal location method of partial discharge in transformer
extraction of partial discharge[J].Proceedings of Electric based on NS-APSO algorithm[J].  Electrical
Power System and Automation,2004,16(4):16-19+76. Measurement & Instrumentation,2022,59(8):155-160.

[23] 5K 4R . 5T RE & U5 )RR AE A DA 4 2R N 0E T BE A2 W [27] LI J L,WANG H Q,SONG L Y.A novel sparse feature
W5 [D]. % 2 5 31 1) k27,2021, extraction method based on sparse signal via dual-
ZHANG Yajuan. Diagnosis of speech disorders in channel self-adaptive TQWT[J]. Chinese Journal of
Parkinson’s disease based on energy direction features Aeronautics,2021,34(7):157-169.

(J‘_«‘fiﬁg 233 W Continued from page 233) WU Fuzhuan, WANG Peng, DUAN Shuaishuai, et al. A

[22] ZEA . RS 728 IGBT b 45 I T8 R Th RIGHE S half-bridge Bi-directional DC/DC conversion unified
TPEAL [D]. B P K 24,2014. control analysis and implementation[J]. Journal of
QIN Xing. Calculation of junction temperature and Zhongyuan University of Technology,2016,27(4):28-32.
assessment of power cycling capabilities of IGBT [27] &FH . —F PWM WK 35 25 (1) i 7 3 25 0 W 5 X
modules for wind power converter[D]. Chongqing: T [D]. WA R I WG 7R I Tk K 2%,2016.

Chongqing University,2014. ZHAO  Chunyang. Electromagnetic  compatibility

(23] EARAR . —HTHL R PWM 2245 215 30 i 7 2 K i 2 analysis and design of PWM motor driver[D]. Harbin:
W AF5E [D]. T PR KK 2%,2016. Harbin Institute of Technology,2016.

WANG Yuedong. PWM techniques and current ripple [28] FARA &2 R PH, AR B, AE . RS DC/DC AR Hi 550 2 52 i)
analysis of three-phase voltage source converters[D]. SIFTII]. % B AR 2023 ,44(4):576-582.
Chongging:Chongqing University,2016. WU Fuzhuan, L1 Haoyang, WU Xi, et al. Influence of

[24] BRASE . = At PWM B2 38 ok BB AT S inductance on DC/DC conversion efficiency[J]. Power

HIHFFE[D]. MR Tk R 52,2021, _

TAN Qilun.Analysis and suppression of current ripple in Generation Technology.2023,44(4):376-582.

three phase two level PWM inverter[D]. Guangzhou: [29] W3, BT R MU 5 o A B 9 LU T
Guangdong University of Technology,2021. B TE D ) 06 OR AR BE (9], LI T e IR, 2022,38

[25] AGUSHAKA J O, EZUGWU A E, ABUALIGAH L. (9):134-142.

Dwarf mongoose optimization algorithm[J]. Computer CHEN Bin, WANG Junjiang, WANG Jinghua, et al.
Methods in Applied Mechanics and Engineering, 2022, Research on photovoltaic system of constant DC voltage
391:114570. and reactive power control based on voltage
[26] AAAHE M B i, 2 245 X DC/DC 2R # 45 — 458 compensation[J]. Power System and Clean Energy,2022,

il 43 B 5 S BLI]. W T 24 e 2 4R,2016,27(4):28-32.

38(9):134-142.



