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A Study on the Reduction of high frequency leakage current
in PWM i1nverter fed Induction Motor
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ABSTRACT

A PWM inverter for an induction motor often has a problem with a high frequency leakage current that
flows through stray capacitors between stator windings and a motor frame to ground. This paper proposes a
new type of Active Common Mode Voltage Canceler circuit for the reduction of common mode voltage and
high frequency leakage current generated by the PWM VSI-fed induction motor drives. The compensating
voltage applied by the common mode voltage canceler has the same amplitude as, but the opposite polarity to,
the common mode voltage by PWM inverter. Therefore, common mode voltage and high frequency leakage
current can be canceled. The proposed circuit consists of four-level half-bridge inverter and common-mode
transformer .Simulated and experimental results show that common mode voltage canceler makes significant
contributions to reducing a high frequency leakage current.

Key Words : Common-mode voltage canceler, High frequency leakage current, PWM inverter, Multi level half
bridge inverter, Conducted and Radiated EMI
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Fig. 2 PMM inverter—fed induction motor system
and the high frequency leakage current
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(b) Simulated waveform with active common mode
voltage damper

8 12 AlZ=old 23t
Fig. 12 Simulation results

AN RE Age ) A AW AT 29
Hog waksel, ol Me) 29 W vl wFa
AAR WATE & sk 29 1300 5E
AYAE BAYL wel AW RE A%} uF
SORAARE A¢ Aol AW ms dehe

AASThe] Aol Slad AUAE °F 0%l s
2 RAEe:, 7 A% aFs PHaTFe QLA
oF T0[%lel 3k A= ehi 3

52 &

°“ﬂE194 293 e o
= 71“.‘1_ ne Aty 51_7]7} Z+7 ;IL}do]
Hehe AAst nFs FHEAFY

R AS AA Ul e A ,H%L
WAL AASA. ol

E 3 Agof AlzH
of x|z E
Table 3 Parameters of tested PWM inverter and
induct ion motor

PN QBB % RE HES|

PWM | DPace Nector

pwM | TGBT@uji) & %
Inverter ™5 ik et 20 V]
-’:-CH A T 5 (ki)

47 =19k 220/380 A\

Xé HAF 8851 [A]

= A% 22 (3lhpD) | [kW]
fixad 3745 1735 |[opm)]

=T 4

usn

HHE

| remm
T |N (50 [mA/div])

(100 £v/divl)

Vnp 24

—_—
3
22
8210
In

i
il .

(2)

=
FEUE

(50 (mAvdivl)
J

ic JMMWMM, , v‘“»ﬁﬂ"

i HH ==
ha Fer
€100 [v/div])

Vnp Z*MAWWWMMW‘—I

Time [1 lﬁsec/divl
(b)

8 13 558 HHRE M 27| 271 M(a)
271 Z(p)al Ag #y

Fig. 13 High frequency leakage current and common
mode voltage waveforms without active common
mode voltage damper(a) and with it(b)



450 W SRR Gk S5 4R 2B 5 2000 4 10)]

e

=

A #7119 el
Z7kk Azl of
Efizyrie Y

of oA Hab &
Bl @1 AHERE
g3 Hma 2
A Alz=gl AAZE 7F

NI
=3

£oop BN

=22 olux BelBeel ouxl 7|
AE Moz ATHUS

—

Fo o2 o

f1] B.Heller and A.Veverka, Surge Phenomena in Electrical
Machine, Iliffe Books Ltd., 1963.

[2] S.Chen, T.ALipo, D.Fitzgerald, "Modeling of Motor
Bearing currents in PWM Inverter Driver.” IEEE
Trans. Industry Applications, vol.32, no.6,pp.1365-1370,
1996.

[3] Gary.L.Skibinsk , Russel.JKerkman and Dave Schlegel,
“EMI Emissions of Modern PWM ac Drives”, IEEE
Industry Applications Magazine,pp.47-81, Nov./Dec., 1999

[4] Ogasawara S., Ayano H., Akagi H. "An acctive circuit
for cancellation of common-mode voltage generated
by a PWM inverter” IEEE Transactions on Power
Electronics, Vol.13, no.5 , pp.835-841, 1998.
Swamy,M.M., Kume, T. "Common-mode current
attenuation techniques for use with PWM drives”
Applied Power Electronics Conference and
Exposition, 1999. APEC '99. Fourteenth Annual
Vol.2, pp767 -773, 1999.

Y.QXiang "A Novel Active Common-mode-voltage
Compensator (ACCom) For Bearing Current Reduction
of PWM VSI-Fed Induction Motors” Proceedings of
the Thirteenth Annual Applied Power Electronics
Conference and Exposition - Vol.2, pp.1003-1009, 1993.

[7} Oriti, G., Julian, AL., Lipo, T.A. "A new space vector

modulation strategy for common mode voltage

reduction” Power Electronics Specialists Conference,
1997. PESC '97 Record, 28th Annual IEEE Vol2,
pp.1541-1546, 1997.

[8] Yen-Shin Lai "Investigations into the Effects of PWM
Techniques on Common Mode Voltage for converter
-Controlled Induction Motor Drives” Proceedings of
the 1999 IEEE Power Engineering Society Winter
Meeting Vol.1, pp.35-40, 1999

[9] Jin-Whi Jun, Jae-Ho Lee, Sang-Hun Lee, Chul-U Kim
"A Study on the Simulation method for the common
mode voltage and current in the voltage fed PWM
inverter system” Transactions of KIPE vol5, no.3,
pp.246-253, June, 2000

X XA A

19734 93 274, 19994
o Holsstal ZA(SHAL.
7lE=tet A S (4 AD.

o job

[m]
Ay

M o |

NN
= = = ==

[ml

Ok et Ok O

>

o %713
N

[

e 4o




