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A Method to Suppress the Start-up Inrush Current of PWM Rectifier Based on Modulation Ratio Soft Start
LI Changhui, ZHENG Lijun, LU Shixuan, SONG Jiancheng, TIAN Mugin
( Shanxi Key Laboratory of Mining Electrical Equipment and Intelligent Control
Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: When the three-phase PWM rectifier starts, it will generate a large inrush current on the AC side.
Excessive inrush current will not only cause electromagnetic interference and damage the switching device, but even
trigger the overcurrent protection to threaten the system operation. At present, a method of slowly giving a voltage
or current reference value is generally used to suppress the starting inrush current, but the suppression effect of this
method is limited, and it is difficult to suppress the inrush current in the first few switching cycles after the rectifier
is started. Aiming at this problem, the generation mechanism of the inrush current was deeply analyzed from the
perspective of the rectifier switching mode, and the mathematical model of the switching mode duration and
modulation ratio was derived. The relationship between the modulation ratio and the inrush current was obtained,
and a modulation ratio soft start method which can supress inrush current was proposed. Finally, the experimental
results show that the proposed method can fundamentally eliminate the inrush current during the startup of the PWM
rectifier.
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Fig.1 Main circuit diagram of three-phase PWM rectifier
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Fig.2 Switching model circuits in interval 2
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Tab.l  Current rate of change under different switching modes
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Fig.3 Simulated waveforms with direct start
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Fig.4 The principe of rule sampling
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Fig.5 Integral control block diagram of PWM rectifier
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Fig.6  The soft start curve of modulation ratio

H 1 6 53 il He R 4 sRBan T
ky, =1
i = kz_tl—tot ty<t<t, (6)
1 >t

A 21, PWM R FLAR S S TE] 52, S )] E AR
ZE AU ]

HRIEE 5 Bl s 2 Ry T Al 5 A X
K,
= (K + — )1~ uye)

K;
m, =e, + (L)L]l.,] - (KiP + T )(I’;d -1

. Kil ok .
m, =e, — wL i, — (K, +T)(L -1,)

"=kC,,[m
KKy, Ky, Koo Ky 5302 B RSN IR L3 N 2R
LU R B R0

M5 3 PWM B s i, R 25l u) #5018
RGN B 25 7€ 18, W] LA/ IN G B 20 1) 2
LA i, TR B >0, BT DA ), 2535 K
my,» DT 388 KR e m, , my, o m,, 182938 1 G AT 2R
T HH /NGB, BT LAFE S 3l BT LA OC SR
ST AT — ARG (R AL I LS Bl R A

6

[ m, m, m, ] mq ] !

ke AT DAAR G b it e L R REHE S SR 2 38 KA
Bl At 2 A R L, 2B — 2 L RSt ) o FL O

D] kg A SCOR A S ARE Y Ha, 6 e 43 o o v
TR P= A ALER T DSP 428 ] 1 A2 3 57 BPIR S AR
RITHEL, T AR MERS i o 75 21 38 1) L5 7 852t
111,000 (B SC R . N T USSR AR wh i LI
POHIRCRE 1% i 26 1 900 46 (8, AR 1 E RO
] Ae,=t,—t, i T Z2 405 553 Hr A5 25 R
WK 7 /iR .

BT b U 5 BOR 28 K0 ke, AT T L ARR I TR) A, 195G
Fig.7 The realationship among inrush current and modulation

depth and time of adaptive duty cycle
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Fig.8 Voltage and current experimental

u, /V (50 V/H%)
iw,igh,ig‘/A(S A/Jrﬁ)

waveforms with direct start
P19 g2k P A% GE 3008 AP R Bt 2 A A v
S HEMRBIPEIE B shhdi B 5 A %07
P WD o - L 1 = ) R R R



RHE R TR B 0 PWM A B B3 b A s ok

wAEF 2021 H51E 138

u, /V(50 V/%)
iyl A(S AVKR)

t/ms(50 ms/k%)
B9 HURBUE A L IR SR B IR
Fig.9 Voltage and current experiment waveforms

with voltage soft start
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Fig.10  Voltage and current experimental waveforms with

soft start of modulation ratio and voltage

A SC N A A A IR AT T
PWM B it 4 i 2l s f W AR LB 3 S T
IRAGE S S B[] A ] 1L A B A 19 8 T
A LG 5 b O Y DG FR DT S — A
Lb 5 195 3l s s A k. IR A
PWM Ji sl 152 5 HL 2 25 {1 4 BEURL S ith 4k 2212
B TR) AR A o 28 A B A o D e L) £k
PR AR 2 U 38 1 FR) ) AR B o, A5 30 ) O A I8
P o) = AR S O, MARAS I BR T PWM
FEU A B e LU, SE IS B TR T
B Rk

B E 3k

[1] Kolar ] W, Friedli T. The essence of three-phase PFC rectifier
systems—part I[J]. IEEE Transactions on Power Electronics,
2013, 28(1):176-198.

[2] Sato A, Noguchi T.Voltage-source PWM rectifier inverter based
on direct power control and its operation characteristics|J]. IEEE
Transactions on Power Electronics, 2011, 26(5):1559-1567.

[3] Zhou K, Wang D. Relationship between space-vector modula-
tion and three-phase carrier-based PWM: a comprehensive
analysis [three-phase inverters][J]. IEEE Transactions on Indus-
trial Electronics, 2002, 49(1) : 186-196.

[4] Hartmann M , Ertl H , Kolar J] W . Current control of three-
phase rectifier systems using three independent current control-
lers[J]. IEEE Transactions on Power Electronics, 2013, 28
(8):3988-4000.

[5] EG, JkHSC, . —Fh PWM 5 5 2% 2 Ak BE otk 75361
RMET. h I AL T AR 2247, 2012,32(21) : 194-202.

[6] Dannehl J, Fuchs F W. Flatness-based voltage-oriented control
of three-phase PWM rectifiers[C]//2008 13th International Pow-
er Electronics & Motion Control Conference, IEEE,2008.

(7] AIESR LT M LR B E 1] 1) PWM & i i 428 1l O e AT 5 ).
AL RGeS, 2014,42(21) : 105-109

(8] HRFEF, I e, FSWTIT . — b = A H F U528 PW M i 2% 22
I TR THOR, 2014, 48(2):24-27.

(9] VR PWM A& Ui 4 A5 Sl R I P AL 2o oo ) 2 SRt 0], P DA
A, 2015, 39(1):158-160, 164

[10] #hipk, FEAFVL, B UG . =0 DR K VSR S 3l i
BB AN AT THOR, 2013, 47(5):32-34.

[11] HeJ, JunY, Gong B, et al. Analysis of start-up inrush current
and its mitigation control strategy for grid connected voltage
source inverter[C]//2014 TEEE Conference and Expo Transpor-
tation Electrification Asia—pacific, IEEE, 2014.

[12] XBSCIR, #AEeAe, S0 5, 45 AR R PWM B I & 1)
SrBUR SRR AR TEAR 2014, 48 (1):30-32.

[13] WhZEH:, AL, #3530, B8 = A0 i 28 PWM B Il s 2l 2
PERERIBIETELI]. HL TR, 2016,31(21):169-175.

[14] XU, DEHEAT, AR IR . —Fhdm ] PWM A ke 3 ikt
HYGRLE TR, TR, 2018, 33(12):2758-2766

WOk H 9 :2019-11-13
&80k H #1:2019-12-02





