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Analysis of Phase Voltage Transfer Characteristics of a Three-Phase EMI Filter

Considering Source and Load Impedances
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Abstract

This paper presents a modeling approach for analyzing the impedance- and frequency-dependent phase voltage transfer characteristi
of a three-phase EMI filter with a bandwidth of 150 kHz to 30 MHz. The analysis focuses on predicting the output voltage and current
responses, as well as the output side voltage gain of the filter, when arbitrary frequency pulses are applied to the input side. A
system-level model is constructed using three cascaded ABCD-parameter networks representing the source, EMI filter, and load. This
study analyzed the EMI filter transfer characteristics under operating conditions, which demonstrate changes in the source and load
impedance, and provides a reliable analytical framework for evaluating the performance of EMI filters in actual circuit environments.
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Fig. 1. Arcing trace between the output phase terminal
and chassis ground in a three-phase EMI filter.

A0 & dote) o] o]} M| U9 A= Al
3% EMI ZH O A Ae 54 #4o] 27H.
AP O 2 EMI H 9 HE 542 &2 2 Fa) 9
gAA7F 7hzE 50 QY o] AHY =4 (insertion loss)E &
Aol ok EMI ZEY] 3 24 Al M E EE
@ ATEAE 50 Q02 AFste] 45 SAAT.
Ty AR Aol M = Ax B R8s dIE Tt o]
Aol7] ggom, ol Y AY SAd 9= v
AT olge] H AFoME [ECO & HFIA

Q38H= 150 kHz ©]4el| 4 <] EMI % o] ok 150 kHz
o)k o] AeA weks o) £ AT
olel E}E} EMI ZE 450 BAHA % | kHzRH F
7 ZARQ] 200 kHzZHA & #A FoiE A
B AFE AN % (small-signal) S-3FEbr]Elel] 7] % E
6x6 ABCD #etn|8 Hdg o]-&atod, 34 EMI ZE 9
125l A 225029 AE 2~ 9 Fope upE Agxd
G AL 54 FHFoE BXE] 93 /WS AL
At a2, FH, F315 27 ABCD JebvE 2 23
I, ol & A A(cascading)dte] AA AlaF HE 5

rz Jl

RS A AT A4 2 Bal ouEals dulael

Y 212 LHdte] AAsiglon, AQt Rdo] ot

ARz B Fuher Al A 34 EMI ZH 9| FH Y 2

A 542 A58 das Btk

ol 4 Tt 0 141 E GEE BV

24317, ]2 7]¥2Z 6x6 ABCD
4w

34

AN G, VAN E T 22 8 35
A ARl HoR A WA 27

II. 3&f EMI ZE{2| ABCD LiZt0(E]

9 29] 3% EMI ZH = A3 500 Vac, 250 A°]H, 150
kHz~30 MHz H9]olA AEA kol= 744 TS 7HA
™ 50/60 HzS] A Fopgeoll A F2Heit) ol g R,
S, TdolH U$HE 29 ©A= U, V, We 2 144
ok mEbx 34 EMI ZEE 3 XE 9833 XE 29
7HE 6 XE VESAR Ao=n XE 1, 2,38 AR,
S, T)oll, £E 4,5 6= (U, V, Wyell 2tz &5tk

S-stetv e S-S 98 7t XEo] SMA AYEHE &
251913, 232 E VNAS! AgilentA}2] E5061B ENA series
network analyzerE ©]-8-38Fe] 1~200 kHz7HA % 1,60171
IRES] Fug %% ZAL YA 4 Al AR
F 50 Qo7 Feete] JIPX v
FAaslstinh I8 3(a)<t ﬂol 2

}04 A 6x6 S-zHEtvlE PBE 4
37 flsiAe EE 8 BEE 23l tisf S4o] 3o
sttt olwf Zag 24 23 £ 157 2F6C2=15)0]
T 29 3(b)sh 2ol 22 E Z49) Wi ¢ AT 54S
235t 6x6 S-TtelmE fES FAY F 9ok

19 3@ 5% 2%l whet 9hAF &4 (return loss)>
TEHZ 53] BHE SHHET O7 49 LEQ ¥} &4

ofr
=L
>

o
o a2
S
e
DA

rir

fm - alo
=
aﬁ

|

>
ey
>
=
O
ofr

[Sul#h ISul= 531 54 A3 w2 dAEE BL, U
A ZESE T AFe @ C’Jé}ﬁt}. 14 5T 59

=

&7 AY S, S, S), 1 EA
(Sis, Sie, Sty Soe, Saa, S3s) e 04"7@‘:}. YA 4 A
1<

540 daFA veht A€ s-oerE e A

a8 2. 3% EMI ¥H
Fig. 2. Three-phase EMI filter.
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Fig. 6. 6-ports network.
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Table 1. Condition of 3-phase source voltages and impedance.

Condition Number of cases
Frequency 1~200 kHz -
Magnitude of LV i
VR, Vs, V1
Phase of Vg 0° -
_1 O,\,l o
Phase of Vs 80, 80 36
(10° interval)
—180°~180°
Phase of Vr . 36
(10° interval)
Source impedance
0 Q,5 Q 2x2x2=8
(Zr, Zs, Zr1)
Load impedance
50 Q, 1 MQ(open 2x2x2=8
(Zov, Zyw, Ziw) (open)
Total 82,944
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