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Design of EMI filters for an Induction Motor DriVe System with Multi-level inverters

S E %L -EARE-AHEET & X ‘
(Yoon-Ho Kim - Soo~Hong Kim - Young~Oh Ahn - Sang-Seok Bang - Kwang-Seob Kim)

Abstract - In this paper EMI problems with induction motor drive system using multi-level inverters are investigated.
The high power multi-level inverter usually operates with low switching frequency and produces large noises. Generally,
EMI consists of the conduction component through source lines and emission component emitted to the space. This
conduction component can be classified to the common-mode between source line and ground, and the normal-mode
between lines. The EMI filters for the induction motor drive system are designed and implemented to reduce EMI noise.
Finally the designed system is verified by the experiment. The experimental results show that both the normal mode and
common mode noises are greatly reduced compared to the system without filters.
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Fig. 1 Block diagram of 3phase induction motor drive system
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Fig. 4 Multi-carrier switching method of H-bridge Cascaded
7-leve! inverter (reference signal : 60Hz, carrier signal :
1.2kHz)
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Fig. 5 7-level inverter system with EMI filter

s

L3 Lc
Van

3C
Motor
&Y I"”’"" Circuit

Rc Cc Ri3

|
-

a3, 6 HHIE ol Wi Sotslz
Fig. 6 Equivalent circuit for common-mode filter

St 2 ADEL, AHAEHCS AF R AWEE
gy TAH_AEen o83 TAHLAEL AW E & 4
AHe 130 AUERE H4E ZEAMAY 2 o] RL L.
>L/39 o Lot C.<3CY W Cats AegozA xdRE
g9 AUEE dEEY SH4U 534 7tsA § F 3
o ¥, 79 S/IEE L, C, RE FA4E 23
low-pass HEZtz ¥ F Aok dolrt Ao Fug
1.2KHze A C.o] &34 aldeixrt Lo f54 ddaa
o] W& u]$ A7} g Lol ZAAAM AWRE AQbo]
Bun AF7 gHudds AYUEE HYgol AY Yehtz
2e AL oHF FAEY uix] ZAFelr}, o|AL AWRE
ZBeo M AWRE HF 7t B2 ¢ AF7] HuldeA
el AURe Agel A9 glvke gnelt)

3.1 LY c He

Vnmi

Og. 7 Y2 =0 gt Sotg =2

Fig. 7 Equivalent circuit for normal-mode
=UE=E 9 HA A Z7], FA4, HEdEA s 8" s

L& 715d #FA UH=e 3o FRsith Oy 72 xEEE

o U FUIBRE HAFH oy =EEE JE4A AY

g9l AgAela gtgel Z2hzF 3127 20398 v Ea

2
-
S



1.2kHz9) 7N} F356A 30L/2>3/20Ce #A7 &43}
7] W2e] AF WEL AHAE Crb obd UdHE Leo] 2
Aok 33, 8ollA xEEE Aol Ves29 Z7)9k 1.2kHz
9 Ao F35E e Addn AFE 9 g gL
FAE Zen.

3L Vdc
2w X sz——"‘X[, > — 1
mxf 2 M 2\/5 )

7] A, Lge L>243mH o2& QB A zke 25mH7}
Hn x=drz "y 37 Fu4 P9 60Hze AWEH
&9 Fa49 12kHzY gl FH3E n85PE 9
500Hz~15kHzZ @t 33 F35E 580Hzol 2 watA A
HAIE Ce #< Aarstd 30uFel frh Z = VI/C o 93]
FolF s EAHL A9 9Qelzm M e YA gol
1Q0]98 Q factord A& 9o)t).

AWNRE HE T wE e AE7] Alele] AUEE QIYH
gt A e 9] F47 < H-bridge Cascaded JHE S 2 4
o] o lege] FA¥o2 d44" AFAE Co M3 R2 T+
.38, 79 B3 EAdA ANEE AYYE AHER
A& e AWRE A Vot AF7IZRE SAs:=

URE A Veeef] £ Ao AUEE o] EAQF) F
g AEe REL Auge 243 FI4 12kHz A&
o] 7} Ax, UydA AF/E 53 A AWz AG
Fo4E 180Hz 52 29 b4 Fa44Ee] TEHT do
o} ac¥S ZE AUEE A& PWM E3e) o3 @A
oz Watix AY(step-changed voltage)?] AL 24 8
th oac A€ 71EHE Ao Fa4 1.2kHze 23l acA
Fo] A9 Lol vehge 9, deAd RS AGAY Ceoll U
el ANEE Age 2 Ao Fas YRS AA
g3 2o A 2¥EY BA7|E B Ao JF
3le; (1.2kHz 7H2lolF a4, 60Hz9 &FF34, volt/hertz
Ae]) 2 A3} H-bridge 7-" AW E 9 HAHEEZ At9
a7zl 9 30V A=7F Bk 27|17 30V, 1.2kHze) F3545
zte AdArst dod, Heide] HAL AHUE] x5 69
AVEE AY Ven Alole] #AA LS G&7 2ot

1
b= Wf Vemdt @

A714, N& dHEe) A% ANSE ey AsUs
B: te3 2o

=£=L/
B=G=—= [ Vot @

A7 M, Ax :ols) geFeltt Aol Fs g Aw
B A ol FoJAW Buudl #E ANS FOoE EH
g} AT, ANS| F& 2ol B9 X3 AS5UE Bu
& 2F8x HES ANl Btk £, dRHO2 FFo)
gt AdHY Agus ge thed go] FojAth

HE|Y HEIS 0| &% 34 RS2 & M2 EM T M

Trans. KIEE. Vol. 55B, No. 5, MAY, 2006

o Wz Jehgth, 222, I3& ANe| gFel7] wiEe
UN g9 #l7k |t} 3l Aolst #4455 W4 N& 37t
stn AREE ARY A2 e FokAA Arh a2t ©
Fe 54 & mTeAT A F Qed oe @57 AR
o & o7k Wastm, 2 A% 2ol9 Holst § AXA
7l WEolh ol AgEHs =YY AR uet F$3
, A 2 AeE e AP AeHE N HH M)
ARhe AL omch o =g wgom
Aol 04T A A& U2g Ze AYHE
A2, ALgshTh el OR 63-25-38HZA] ferrite SM100
€ AT B 1€ o Az AVRE AGH G
sebul B E vehdch

o rlf i B

o
e

=]
=i

x 1 HHEE QIgE{e| ul2in|E
Table 1 Specifications of common-mode inductor

K3 Inductor Lc
Inductance 29 [mH]
Outer diameter 63 [mm]
Height 25 [mm]
Cross-sectional area 306 [mm?2]
Mean core length 152 [mm]
AL value 25700 [nH/N2]
Turn number per phase 34
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Fig. 8 Common—mode inductor and normal-mode filter
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