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DC-link Capacitor Current Stress Minimization Strategy for
Three-phase Half-bridge Motor Drives
TONG Hao, WEI Bo, YAO Wenxi', LI Wuhua
(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, Zhejiang Province, China)

ABSTRACT: DC-link capacitors are one of the components
with the largest physical volume and highest failure rate in
motor drives, and current ripple is an important factor limiting
its performance. This paper establishes an optimization model
based on time domain analysis, which transforms the capacitor
current stress reduction into a linear programming (LP)
problem. Then a capacitor current stress minimization strategy
based on extended out-of-sector vectors is proposed for
three-phase half-bridge motor drives. First, an optimization
model in the time domain is established according to the
switching state, DC-link current, optimization objective
function, and constraint conditions, revealing that the vectors
outside the sector containing the reference voltage vector help
reduce capacitor current stress. Next, the model is solved by
the graphical method of LP to obtain the optimal vector time
allocation for capacitor current stress reduction. Further, vector
sequences with the non-action characteristics of single-phase
switching devices are designed for three modes: leading vector,
lagging vector, and conventional vector modulation. Finally,
the analysis and experiments show that the proposed method
can achieve the theoretical minimum capacitor current stress
for three-phase half-bridge motor drives. Compared with the
conventional method, this method can reduce the capacitor
current stress by about 30% at a high power factor.

KEY WORDS: motor drive; DC-link capacitor; current stress
reduction; modulation strategy
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Fig. 1 Three-phase half-bridge motor drives
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power factor on capacitor current RMS
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Table 3 Specific parameters of operation conditions
BATTH WG TN BREBHRHEEN IR Hz

OocC1 0.5 0.98 270 100
0oc2 0.8 0.98 190 100
0oC3 0.5 0.00 130 200
0C4 0.8 0.00 80 200
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Table 4 Experimental results of capacitor current RMS
L EFER AL AR RUE/A
oc1 0C2 (o]ex] 0C4

CSVM5  5.73(100%)  6.32(100%)  4.08(100%)  5.11(100%)
HBCCM  4.06(70.8%) 3.99(63.1%) 4.07(99.8%) 5.11(100%)
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Fig. 19 Capacitor current harmonic spectrum under OC2
3.2 AT LR

AR BT HR 7 10 B A2 I A S 1 R I AT
RIL, CSVMS [FIFEAE R EERT Ge i T i 7 ik
TE e DA RIHC A F A R AL 4 T BE R, AR
FEEF X v D 2R K B (cos @ = 0.98)HBEATHF 7T

AT RO R T BB B TR
IE A U Y s i UK 2R KCFE (total  harmonic
distortion, THD)Z 2R #H M52, SCHR[22]38 H
TR B THD BE bt HE A, W

KANFR, IXAFRIE A% M AL R B 15 DLt
%5 1E.



3

A5 UM A LK) A FU A FRLIALNE ) B/ SR 1201

THD:Il

o 1 RS RIS n OB BEIGIERE: V,
e RS TG H R S n G AR E

R Tk o 22 I A R PR SIS U8 T R AT R
BT mT CASRAS AT, IR0 (20) AT
B SR FH A R VR IR A i H L THD . 1] 20 42
il 1 cos ¢=0.98 I A2yt fi Hh FELIE THD BE VA I E AR
PRIk . B 4% T CSVM5 T HL THD 1 A2
FAHBATARHE . I EE IR B UTIE AR
CSVM5 EA 5w THD, B 1 il Ee i 38 o
PIFN TV (% B THD ST, XA 45 B2
AT ALY, BT T ik A A PR R i Ok i i s % o

Br-dsdy

n=2 n=2 n

ZHREAGM, RUREFRNSFHBHERE TR,
MNTTTAEE BT i VIR (R 15 0
2.0 . : v T T
a HBCCM
':l_: 161 4
512} \
gé 08| CSVM5 o o )
>
& 04|
0.0 A - . . - x
03 04 05 06 07 08 09 10

WHILE m

120 SR THD BEEHIE s
Fig. 20 Curve of AC current THD with modulation index
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