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A Study on Modeling and Damping of High-Frequency Leakage Currents
in PWM Inverter Feeding an Induction Motor
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Abstract

A PWM inverter with 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 presents an equivalent circuit for high
frequency leakage currents in PWM inverter feeding
an induction motor, which forms an LCR series
resonant circuit. A conventional common mode
ckoke or reactor in series between the ac terminals
of a PWM inverter and those of an ac motor is
not elfective to reduce the rms and average values
of the leakage current, but effective to reduce the
peak value.

Furthermore, this paper proposes a leakage
current damper which is different in damping
prnciple from the conventional common mode
choke. It is shown theoretically and experimentally
that the leakage current damper is able to reduce
the rms value of the leakage current to 25 %,
where the core used in the leakage current damper
is smaller than that of the conventional common
-mode choke.

LA &

L35 EHEZH Aojr)e 7HH‘§ FEAF7I7F A
deoz dz E:Lil gem of FEHFVIE TEEE
Aetstz] A8 PWM Q8o e 7} *}%5]7 ATH

ojzlgk PWM Slvjelele] sejo] Fulg Trpz FAT
T 9 49 nFY FHAR(high frequency leakage
current)E HAA TG, o] 1FFH FHARFE AW Z=

A % (common made voltage)©] % 2712 294 FHE

Agkety] fEd 2y T nAz ALl Ei&
B (stray capacitors)® HAE F& 20h

dutd oz oz nFy FHAFE AAA7] 93
AN PWM ¢Hold 34 28 =3 2y 34 d8dx A}
olof AW ET ZI(common mode chock)E HE 2 |4
stod Abgste A7EH7E e QA 1]-14] g ole
2FE FAARY YRS 48 2xA7E de i34}
UAR, 2473 B HEAE FAaAIAE ook

mels] B =RdMqE LCR 24E FAF=2 #Fded S71
B2 E PWM dHAEZ FFHE FEAE7] AzddA
9 ¥ FAAFA e g Adsidn 1 FEA
o dfiME o] 2 4¥S 8 454 AR

a3 ol S EE 722 sty AW L= &3
of Waf LFH FAARE T8 AAANY £ Y&
e ole R Hu g4, AF R [dE F
AAF 747 (leakage current damper)& Eg A¢tsldn
A8E o9 1FES FAAFY HuA VD oh 4
X ¢ ATFAZ 4PFRE F2AZ F dE AL #9
A

2 wARRA AT AH Y mU

_18._



2% 12 379 d9eag Ager FIAY ZH
d A4 3 14E A89HE Yehdn gk
o] 7] A Vi, Vo, Vs D RIWoE &8 AAet
me ’ Vbn r V(n Tb] }E}-Z-]Ot]—
Vo AW 2= A
¥l 44 ng NEOE 3% AR ge
oJmE AW 2= A% v, & 4 () 2Y
ia+ Zb+ Z-c:O
14 v, Vip— V, V=V,
L1 ﬁ_I_ _’,27 L LJZ 1’=O
g Vﬂﬁ=_§( Vit Vit Vi) 1)
A (e A 297 AU Ra gAEas 4
T el A FE AYS 2T E HoFn Y
7R RE AYe AHEAAM 293 @ o =§it
~2extE 27|18 MAn 294 ez Wgsiot
22 FHHR 2y

a3

AlAdo|lr 7}

A],q] 7}‘;‘}
Rl
&71 9
Abelel

Heol A B AEHE 2

2v 19 FHUAR
A A A (virtual grounding point)&

A A (actual grounding point)® ~¢x WX
2 BEd Ateolol YR dujd el FEg 3
o A EYem BE Az P Zgd
LRIk _‘iﬂ]- %H‘_ 2 3y MHAAE (34
Aol AAdY e 111 o] A~
22 4%d 9 2 =%
W SR
TAE AE=Z o He

FEE

o ©

5% 39 2ol 338
%Lﬂiﬂiﬂlﬂ%ﬂ°1
7333 vsa)

g°] LCR 3}'%

PWNI Space Vecto
?_'H']DiEi PWM %L);} I)WML d
IGBT 3 ea
Collector-Emitler H <) 600 A
Collector A/ 50(<d &) A
100(s=3t 1lms)) A
2Ny F o 25 kit
=5 Ak 220/380 \%
A5 8.8/51 A
R 2.2 (3LHED KW
SRS 1735 rom
=T 4
1 WY ¢ 2E mtevE
TaX QIR 5.00MS/x 374 Acys B
L L i
N . 4
f\ TANN N ey
o VAN D i
..... _L_ 0.1 [Asdiv]
----------------------- e R
........ Dol &
i S m- L : ™ i“-“ﬂ" ﬂ“b li.lmg 12 Nov 19498
00:43:07
a4 3 F48 7E4F
=2dMe I 49 Zo] FEAF o

deje Sr1EzE A
AgdolAd A% 19 204 37

nyg Ao xR
1.65[ mH) 2 62[nF]
Y c }oan

@ R g 150[.0]

Zy = 194150, @ /27=T7[kHz], £=0095

2 49 7@0] LCR 138 FHI =z 2% zo]
AZAET 1> ¢ A% T2 AF (D= 4 @)
o Zo| #Hx},

{6 = go e "sin w,t (2)



Aole ddEx L Y ZdUn 42 928 2
A7 Auge gAAECIAARS A ADE &
e % A% 19 49 5482 29 L, C R &3
Adl AAHAT. wEA FAAZ B AHE2E
BHsH Qujolg Aolg Aolg ANYBAE dudty

AANE S AL mEY ST M2 42€
BA A e FEeRY 4BAYE 2 AnY

=

Ud

S A YD ZES EE A~ PP ko oS )
AR 2B FA FeL ¢ F A%
3. AW BE zad o FAAF A4

3.1 o]i% gﬂ)ﬂ

AR BE z3aE FAAFE A7) A8 =H
o} AHolE Aole] AZRT AW 2= 23S A
Qe 29 49 RGN d¥Ex L & F7HE
soletd Ag R 94 AW RE 2ANNY FHH

2 o d"eAg A
-@hﬂﬂ/ﬂ 9] L, Rel #l3)
747t o, m ME SANGn Adstn ZARFt F

7 P(DE A @)%

T Al r
2.
_~ E . — maatin Wy
7 () = 77170' va;t't (3)
Mot AEE L, AAAge 2, 3W AP
L, AgAE 4, @A ruz as dn

32 4% A

2% 5 AW 2= &3 PEANY FHAF A4F
9 Syigze Jehln ok 23 49 ¥asd
HAge AYae 140(m]dAM 65[mA)=, 2EAE
g 1282 72+ ZAasA "o o ol= A4
aAS AN g3t A dA o

Tak . WAMS, 388 Acip
WS e .,

AP NI ey, SITSEERTL Lo Sos s L
' Jo.1 14y
sereees e 10 [usidv]

W —n-tnrrm‘r“*mr 12 Nav 1938

032043

989 [t |

163 (mll] 262|nF}

=23 ¥4 FHAF L SR

4 FARAF ZA7C g FAEAAF AA

41 o] 24 &4

HéMs Ry

HR71 e

3$220[V)
60[Hz]

T

PratEaE

7447
34kl
A A] 7]

D )s[mll] 242 (eF)

=
2]

FHAAR

#47]
Za71 & —‘?‘-i}?&—% W vy
F7H8 28 vEpdaL R
24719 7] AeEx

fujos
td
nsi_l
(o
off
N
il

19 7.

a9y 7¢ FHEAAR
Fof thsk

FAAF

o
[

_te
—r
X,
c o~
Ein}
m
>

_20_



C(sL,+ R)E

I(5)= :
() SLLC+ s*(Lt+ L)CR,+ sL,+ R,

¥ 8& RE e duez & FHAF
ZHAYEE vehia gt

10"

R =507

a9 8 & AFZ(L,=8.95mH)

Wk R, = 0-94[Q] ol#HE @ Je) dov
7l #f’“ B222 /lNEg yHARE A5

1

HFF@e] Hu R, = 924—1587[Q] " 3742
°of AR metM FAAFE RC AEH 2o
? oHgel A7kE As 2L W FrA P s

_L
Pt

by f A

J

7Kt R, = 1587— [2] ¥, I(s) & 3 719
A2 5 Ao 3d Baog 7}2“4 upekA] A

2 = >
A/ TATATE w4

AT a7

27 W FHAF 7

?_].Li‘;lﬂf-‘- L,

24
1-'("1
[>
il
hazh
o A
—r
g
=
i
o
el
B

B
=
R
rr
[
(r

o 2
i
ok
Wi
i
1
4 &2
i
2
)

rr
+

2

A= K57t 37he]
ghol 2= ojAopt
dER 23| aMei
of eA a7 A8 R

A g A st E—

Ir i

dEZ 44 I 2
@(Breakdway Point) 4
T FHEWE, 4 (4o

e 4 G5 2

oL 2 o S
o,
>‘1-'__f
o, o r
)
:{

SLLC+s*(L,+ LYCRA+SL,+R, = 0 (5)
Cardan's 212 &g DI5I9}y, L,) L& 71A 3}
H R 4 (6)3% o] "t

9Zp < R, < %Zom (6)

92t RC 4RHZY A9 2o o A% THAR
£ 4 (D3 gol 24 9

i()=f I (7)

NARFI 297 FART BA Anw AHeR

TR QEgol 4 @) 23 4RTFRNN

Fat §o AN BT dge 294 PWM 2

AT 67t Ak WA RS Pue 4

), Q03 #3
(11), (12)sp 2o},

I, = ,/%fum D%t = E % (8)

A B)eZRE LSt O, 4

J

3CE*.,
Py = 6+ CEY, (10)
2
L, = AR*C = —BQQ—IEY’“— (11)
2 73
D = ICRE = 9%5—{— (12)

A7)k Zol TARFE Ay AP L, A 4

AR (Dmax: X“%'Ziﬁc} Rt: 7‘“%1—}’6&- )‘é—l\_:iﬂli%.j_/g P[E‘
FHRF 7o Zol2 MAEY 298 dek
g7} ¥o.

43 28 ¢ 45

£ 2% Fgo)E FZo] ALYE UEhlL U} A
B3 AAZ (3¢ 3[W1, 220[V], 30[ADS #=7}
30[mA] olB= 2, FHAFY HFEA [,,E 20 [nAl=2
A A Q) - (12 o Ads) 290 Asmo
2 R 869 (), Pre0.35[W, Lix& 7.9 [mH],
Poact= 908 [ WB]1E HT)

weEta Egold #H2olE FHoje HAF
Zold HetolE zol ALl o& Aol =
F AeEz 4 (13)% 21 FY £33 A% 2x=

L e
— E

_21._



2 (14)% 2.

=g ZW-47313-TC MAGNETICS
A 212 mm®
Iy 165 mim
AL 16.28+20% A
W, 177 g
B; 4300 25 C ol A) mT
250( 100°C =l 41) mT

X 2. EE0]E HFo|E

N = \}% = 22 (13)
wm&ﬂ(
Bpw = QA = 195mT (14)

29 9% 4Pl AEE FEAF
ASAY 2

#4718 ApRlel
AFAZ A &0 242 869
[Q), 036IW1Z A2 Hi7] el 10k), 5[W] ]
AEAGE 27 Ao % vl A

ARHo 2 FAUT ZA71E AAH A9 $A
AF H¥e 39 100 et 9n Algedola 2%
S 9 sk

Y 9 AF AMEE AR FH7) AR

33 Ao

Tax IR 5. 00MS/5
¥
Ty

................... b e 0.1 [ATV)
...................... B 110 [us/div]
i nb e L g R R 12 Nov 1998

05:46:14

a7 10 ¥HAF FHAE TRAL B wA
3

PWM ¢IMog =2 FEFHE
ol tﬁo}ccl A A A

O,M a4 7}

1) FEAF A F78l2= LCRIAZ §13
2

22 FHEEY A
2) -—ﬂfﬂ*‘*’ﬂl/ﬂ Ce nAA INFH By =zt
o] BHE&Feln Le AclEy g ze]H

A
o EE AY HEL AoE Bos ZHC Utk
3) FEAEZY JdHE: 2 ALAAFL FEAAR

Z
of dFE FA XTI

4) ANAQA AW R 2AFL FAAFY AEX
2 FEAE F2ATIeH e oy, Hd

5)

[1] Y. Murai, T. Kubota, and Y. Kawase, "Leakage
current reduction for a high—frequency carrier

induction motor.” IEEE
Trans. Ind. Applicat., Vol. 28, PP.858-863,
July/Aug. 1992.

[2] M. A. Jabbar and M. Azizur Rahman, "Radio
frequency

mverter feeding an

interferenice of electric motor and
associated controls,” IEEE  Trans. Ind.
Applicat., vol. 27, pp. 27-31. Jan./Feb. 1991.

[3] N. Mohan, T. M. Undeland, and W. P. Robbins,
Power Electronics: Converters, Applications
and Design. New York: Wiley, 1989.

[4] E. Zhong, S. Chen, and T. A. Lipo,
“Improvement in EMI performance of inverter
-fed motor drives,” in APEC 94 Conf. Rec,
vol. 2, pp. 608-614, 1994.

[6] Murray R. Spiegel "Mathematical handbook of

formulas and tables”, McGraw-Hill, 1968.

[6] I Suzuki, O. Aizawa, and F. Ishibashi,
"Inverter driven varnable speed induction
motor,” Toshiba Rev., vol. 37, no. 3, PP

246-250, 1982.

- 929 -



