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KEYWORD: ELECTROMAGNATIC INTERFERENCE (EMI) / COMMON-MODE VOLTAGE /

LEAKAGE CURRENT / PASSIVE AND ACTIVE EMI FILTERS
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FILTERS FOR SUPPRESSION OF CONDUCTED EMI IN ASDS. THESIS ADVISOR :
SOMBOON SANGWONGWANICH, 170 pp. ISBN 974-53-1177-4.

Using the PWM inverters in adjustable speed drives leads to high-frequency leakage
current problem. The flowing of the leakage current into the utility network can cause
conducted EMI and disturb the nearby equipments which are connected to common
ground. In this paper, the mechanism of the occurrence of the leakage current is studied,
and the characteristic of the leakage current is analyzed using a high-frequency model. The
filtering properties of output passive filters, i.e. the common-mode choke and the LC filter,
are investigated, and the design guidelines for these filters are also proposed. The proposed
design strategy is systematic and useful in real practice. Furthermore, a novel hybrid filter
which possesses the advantages of both the passive and active filters is introduced. The
proposed hybrid filter has the good filtering property in the high-frequency range of the
passive parts and uses the active parts to alleviate the resonant problem in the lower
frequency range. Simulation is carried out to confirm the validity of the theoretical results.
Experimental results with real motor drive systems illustrate the feasibility of the filters and

their designs in the industry.
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3.2 3929n5a4LuU LC (LC filter)
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Resistance Inductance Capacitance
n I— 3Cnf 'Ccf
Common-mode | R, =R = AN, =0 <
i “ 3 L LCf - 3Cnf +Ccf
3R 3L 2C
Normal-mode RE = S L e C, =—2
2 2 3
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Waritulaue e 9a999a UL [MNaTIN

ico SCO
Vo $'LgCoLliCo +5°RyCoLy Coy +82(LoCy + Ly Co # L Cy ) #SR.C, +1
Iy _ s°C,,L,C, +5°C,,R,C, +5C,,
vV, 5'LyCoL,,Cyr +5°RyColy,Cop +52(LoCo + Ly Co + Ly, Coy) + SR.Co +1
Wartulaug e ragNarwuL IMuntng
ic" an
Vo s LnCnanCnm +5S RnCn L..C..+S (L C,+L,C,+L,.C..)+sRC, +1

(3.5)
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(3.7)



43

s°’C,,L,C, +s°C,,RC, +sC,.

Inm nm~—n=—n

v. sLCLC +sRCL C.+s(LC +L C.+L C )+sRC, +1

nm n=—nm=nm n=~n=—nm>~nm
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B s°L,C, +SR,C, +1

$*LoCoLunCon + S°RoCo Ly Con +5°(LoCo + LinCo + LynCop ) + SR,Co +1

cm = cm cm = cm
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+Vbus/2
Ideal current

Transformer phase shifter
iS ib

L o>

i =i .

P Co: @ L ’\
0— B b Cat
o—— Ro —{—-o0

io = _iaf

o
-Vbus/2

31I7 4.10 Tasea¥ 1903999 snsasuann W 4lursasnsasuiulansn
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o
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o o
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= P (4.9)
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Ideal

Transformer

1
H- 2 Z/‘n
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gﬂ‘V] 4.14 2NATAAUINANIZLANNAN TN ANNULAUTUN TN URINIUTA LA DS
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=
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N i =N (4.10)

a a

= o ¥ a 2%
LB N b NS = mmm@m@wmmmmuﬂguqmLmznmmmmuu@LL‘]JmmzLL@

a

4
a a =<

wsilunedJiRuaomnduiuisendnanssuanul gunuas e iaviues fuA1AN
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D
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Tunstitisn Idmneainluuninfassdadeaunsuniuialiflfaaduwdiaatindy

1.4 mH Teaunsnuansdayauessamianiusazfnmnsl

sz lunalnfauin 0.86 mH (Fawnd)

AN9199 A.1 AaneazaN RN naslsfafin EE

Material N87

Core type E 55/28/21 (EPCOS)
Effective magnetic path length I, 124 mm

Effective magnetic cross section A 354 mm’

Effective magnetic volume V, 43,900 mm’
Approximate weight 219 g/set

Gap g 1.50+0.05
Inductance factor; A= L/N° 364 nH (approx.)

Relative effective permeability

101
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Dynamic magnetization curves
(lypical values)
(f=10kHz, T=25°C)
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Aatudaaidrtunalniuuim 0.5 mH (AatWg)

A1397 A.2 AneuzaNTRIaLN W aslsfain EC

Material N27

Core type EC 52/24/14 (EPCOS)
Effective magnetic path length I, 105 mm

Effective magnetic cross section A 180 mm’

Effective magnetic volume V, 18,900 mm’
Approximate weight 110 g/set

Gap g -

Inductance factor; A = L/N® | 3,400 nH (+ 30/- 20 %)
Relative effective permeability U, 1,570

Crynanic magnetizalion cunes
(rypical watoes]
{f =30 kHz, T = 25 “C)
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UN A4 pandngaessamtsainiiualn&awnn 0.5 mH

Aatudgu lunalnf bueasnsasuy o f. < f

cm? “nm SW

Aatutgu lunalnfuun 4 mH (Aatna)

A191497 A.3 AnenuzaNtRuasLnwneslafie Ul

Material N27

Core type U1'93/104/30 (EPCOS)
Effective magnetic path length l, 258 mm

Effective magnetic cross section A 840 mm’

Effective. magnetic volume V, 217,000 mm’
Approximate weight 1,100 g/set
Inductance factor; A= L/N* | 7,400 nH (+ 30/- 20 %)
Relative effective permeability L, 1,850
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U7 A5 nawdneassamiaati uaUnfug 4 mH

AaLudgu sy

PN N7 A4 Al ANTTRIaaLn e lsfananasas 6

Material

N30

Core type (Epoxy coating)

R 63x38x25 (EPCOS)

Effective magnetic path length h 152.1.mm
Effective magnetic cross section A 305.9 mm’
Effective magnetic volume V, 46,530 mm’
Approximate weight -

Inductance factor; A= L/N’ | 10,800 nH (£25%)

Relative initial permeability

Hi

4,300 (approx.)
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91 A.6 ntheanssamtantih uesaNwn 1.4 mH (12 sausiams)

g'ﬂﬁ A7 ANanga9Fqtatin uNaNaLnn 88.6 mH (70 salsea)
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