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Nomenclature

Single Conductor of Radius
Capacitance per unit length
ABCD Matrix

Frequency

Relaxation Frequency
Conductance

Current

Common—Mode Current
Differential-Mode Current
Lumped Current

Relative Permeability in DC
Inductance per unit length
Finite Line of length
Mutual Inductance
Resistance per unit length
Transmission Coefficient
Voltage

Common-Mode Voltage



Differential-Mode Voltage
Lumped Voltage
Admittance

Impedance

Phase Constant
Propagation Constant
Permittivity

Permittivity of Vacuum
Wavelength
Permeability

Trutial Permeability
Permeability of Vacuum
Conductivity

Magnetic Flux
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Abstract

Recently, as the number of usage of various electronic devices
increases rapidly, the demand for the power is also growing
very much. ‘Therefore, to supply electricity of high quality
steadily and minimize the power loss, the voltage of power
transmission and distribution is getting higher and higher to the
maximum, and the demand for heavy electric machines such as
high power transformer, instrument transformer, and breaker, is
also increasingl1]. The heavy electric machines includes all of
machines and tools to transfer the electricity generated from the
power plants to houses or factories. It must be insulated well in
the high voltage, and do its functions properly even in the
extreme working conditions.

Therefore, in this dissertation, the EMC filter in the high
power breaker, one of the heavy electric machine, was suggested
as a countermeasure for conductive noises. And the suggested
EMC filter in the high power breaker was attenuated 25 ~ 70
dB in the range of 10 MHz = 1.5 GHz When the EFT of 4 KV
in the level 4 of IEC 61000-4-4 was induced, it was soon
suppressed to 600 V, and the filter was also verified its
excellence by satisfying the level 4 of IEC 61000-4-4. Hence,
the best feature of it was to prevent the Ileakage of
electromagnetic noise by enhancing immunity of houses or
factory machines. Go forward the suggested EMC filter can be
applicable not even for electronic - information devices, but also
electronic - control devices as the very innovative countermeasu—
re, namely, the range of its application can be expected very
broad.
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Fig. 4. 1 ‘Transmission line of parallel two-wire line.
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I 419 42014 Hi= uleh o] V= B a8es T4

L20] BHOE A AY, Vy & B0

KRy
12 1o & 248 4oz £ a88E =AE feed-back
o2 @ AR Iy & % %A

e o TAMTHS feed-backdli= ZAiFolt). 2 (4.4),
2 (45), A (46) H 4 (47=FH

b

—dV(2)/dzl = (Z,+ Z,)1(2) } (4.8)

—[dI(2)/dz] = (Y, + Y, ) V(2)

—[dVy(2)/dz] = (2, — Z, ) I\(2) } (4.9)

—ldI(2)/dz] = (Y, = Y,,) Vy(2)
2 51, (Ve Ip)xs (Vy, Iy )22 23
(VN’IN )T: HE Ex]_xqog ;q %O]—

=

o dif REE 3% RE

RE, (Vy, Iy)el 93 Ay nes 45 =
=2} Fuh 2 (48)% 2] (49)=FE,

PV(2)/d? =(Z,+7Z,)(Y,+ Y, ) V(z) } (4.10)

&I (2)/d =(Z,+ Z,)(Y,+ Y, (2)

d*Vy(2)/d?=(2,— Z, )(YlYm)VN(z)} (4.11)

II(2)/d = (2, — Z,)(Y, = Y, ) 1y(2)
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Vo(z) = V(;)gvnz + V((/;)E%Z (4.12)
I(2) = IS 7 + 156 }

vo= 2+ Z)(Y, +Y,)

Vala) = VA + Ve 413)
Iy(z) = I ™ 11 }

W= V4-2,)Y,-Y,)

v yO o 1O v po) 10 10w aeg za
o2 AsAE PFelt

AN Ve, Io, Vi, Iy 9 Al 1 @2 + 2z 3ele] xads,
A2 e —z W

ol o]t} o5 ol thafA,

1=V Zoe 1 ==V Zpe } (4.14)

= V) o 10 = Vi) 7o

_27_



Zoe= 2, +2,)/(Y,+Y,) (4.15)

Zon=\(2-2,)/(Y,—-Y,) (4.16)

olth, whetA], 2 (4.12)¢F 2 (4.13)& 2 41D 2 (4.18)F L}
@5 AT 27]

Volz) = VEDe @ 4 viee (4.17)

(VEDe " + VEE Zoe

N
&
i

Vy(z) = Ve ™+ v e (418)

W E
o AT ARHA @ob AAY] st LA},
Ak - AR dej2 el r] el EMC

weo] Wk tde] Wt

_28_



4.2 EFT(Electric Fast Transient)® &4

Sols 3t = 3
At Mg T T A9 I8 A T HFAQ 8l oF
cbdA BE= gA A o® w2 A dAlste] T i o] FolHTE o
HrH24]
F 4.1 EFTQ) IEC 6100-4-4] tha A1 g sehv]g
Table 4.1 Test parameter for IEC 61000-4-4 of EFT.
t,=15ms; ¢,=300ms, ¢,=5ns ¢,=50ns
Test voltage on
Test voltage on| | t,
level line(kV) signal/data/contr
power fne ol line(kV) i
1 0.5 0.25 200
2 0.5 200
3 2 400/200
4 4 2 400
Tolerance for ¢, and ¢, is 20%;
tolerance for f, and f,; is 30%
Tolerance for test voltage is +10%:;
tolerance for f, is +20%
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3] wol HAHY Qv RN #. 194 HE el 2o
TEC 61000-4-4°] 93] #&3ti Qom 4dAZ 2 FEg e 4
R
oot
V(t)=AV,(1—e" )e " (4.16)

o] 7|4 Ax A

2 ARt A3 vag
t, = 35 ns, t, = 55.6 ns

EFT w89 82 2 (4.16)3% 721, 28 449 EFT A5 E A}
&8k A wEHQd MAE §FHQ ATe Tl 74
b Aoz AAFe eEztel i WAdS Wrksky] s Al
Aot 9ok 2& EFT Age Z2AA Aloj7]7]7F 713 7] (Relay)
2 aAERY AL E dSHQd A H AAe] W HAE S
Grretr] 1% Aoz, ZRAME AojH= Asr]7]e] Qs
FEAACE Aok @A rdE AzdEde g9y wEFgs
o] WA el ek o] A el o] o= AF FHol W
4 EE 7 E F e AR Eu8]
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Several nanosecond )
duration pulses in a burst 0.9

b ‘ti

0.5

| ‘H ’ ‘
| | t 0.1 \
‘ ‘ milliseconds ‘ t t [ns]
(a)F 20 WAE (b)yF 2] w5 3y
E

E
Threshold ‘

(O 2E A HAe] 14 (d)d el box-car buildup

29 404 A R MAE XSV 6 HAE 14,

tr; B2 AR, ta; B2 ASAZD

Fig. 4. 4 Waveform of electrical fast transients(¢, ; burst
duration, ¢; ; burst interval, ¢, ; pulse interval, ¢ ;

pulse rise time, tq ; pulse duration).
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Ag oF AAVE gloj® HgolE YRl Ar|od AAE &
Ak Bel A 2AeFe THAge] E4dhE Aol Fu3
ATH28]. of 7]l A HEto] Ee] HANFAES AW o] o]go o5
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Vi) 1= (/1,2 + i/ f2)

=1+ (4.27)

= FFHA 301

432 dztelE o] duda 2] 34

defole wi=g FHAF wHe nFw Jdudas pIvh o,
714 =Ae) EANAFHTE o5 vzl G g snsol
FTEE 2 FuFE dgor b =l PAI el wse
@3t A2 S A FEAS 29 450 ek gy =
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1" Ferrite core

= Wire
d 2 “ /
o atN A
QG j : - —>Y

2a

O
A
A

O 4.5 ALQA A HElolE vj=e] 9y 9 Hi
Fig. 4. 5 External appearance of ferrite bead inserted in the

power line and analysis of coordinates.

oluf FaHolE 7Hxl AolE yelA HEfe]lE HE Lol gl A
ol oA FAHE AAl= A (429)004

a4 Jsina I
H= /% - da= = [cosa1+cosa2] (4.29)

0y, ay¥ EAY i g P7l R Ao AAg o zholuk

y (I—y)
COSQ; = —F—=——, COS Oy = (4.30)
' \/:c2+y2 ? \/$2+(l—y)2

2 (4.29)°] 4 (430)= HAsH 4 43Ds 7€ & Ak

I Y l—y
H= + (4.31)
4”‘{ Vat+if  VaP+(1—y)?
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14 4/1+(2)?
. d I d o
Z=jwpgl + w—|Iny o +4/1+ (%)
2 2a d 21
1+ 1+(—l)
d
av . d 1 p T 1+(_l)
— 1—|—(—) —(———) +jwpl « — Iny— -
I 2l 1 o d D
1+ H(g)

14 4/1+ (=)
+ jwpl + = [Iny — 21 1+(£)2
: 1+ 1+(£)2 2
2l
dw ,D d
TRy 22)}
=jwl, +jwplK = jwLu, (4.32)

_37_



i)
M
o,
£y
%)
o)
~
>
h
i
s
o
o,

m
3
I
o
Do
1y
iz
2,
>
ki
e
L

9% Qegzoly, K u=e gl s Faixe deolrh 4
(432 et We FHA mAe] dudrsl BA e 95
QeE el o3 elofHagh setolE W= P o)s] WA E
o maph AE2 HE AL dehla gk teoR, Fas B
ol 9@ P2 S AR A U2DS A (13D WYt

W A (433)e.= A

Mg Hopm
+
Vi) 1= (/1) 45 G/ 02

Z=jwL 1+

JOlKpfopy  JOlK ., folt,

=jwl, + ;
fotif fo P+ inf
1 1
J fotif S Rl
JolBpfobe  juikp, f2u,
1
= jwl
jwlL,+ 1 1
jolKup,  2wlKp,.fop,
. 1
1 ’ 1
B f

| +
JOlKp e jolKp fip, 21lKu. fiu,

_38_



_ij€+L+1+1+1+1
R .]st ]wLm Cm Rm
Z=jwL, + i-i— 1 71-1— L-|— jwC —f—L o (4.33)
TR, L, R, 7T jwL, |
o} 714,
L :u7mlu0lK
LS = IU”I‘SILLOZK 9
Cm (2 f )/:u’rrmu’()lK
Rs = 27Tf51u7'51u0lK "

R = 27Tfmlu7 mMOlK/’Y

=5
r I
(it
=
)
q;
o)

339 e Alge THe AgEse] o

e LS o At AR (R oV LA
T
A e BN
N Do
o> o
A H rlo
my [
o ns)
0o T L
tob
el
(o3
i
o7
Sl\=
> oL
4z
_O|L
kol
k)
o,
Bl
N9
w
o

o«

H

uE
oo fo
24
ot
o
rO
AR}
it}
>
N X‘E
N
é
>~
(-
>
lo
ok
uE
tob
fu
i

o

_39_



Rm
Cm

Al
Lm

Rs
Ls

break out equivalent circuit.
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Fig. 4. 6 Ferrite bead has been inserted in the power line
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Fig. 4. 7 mounting on metal enclosure of the Feed-through

capacitors.

Insertionloss = VO%%% AAAT} oS (4.34)
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Frequency

TkHz 3 10kHz 30 100kHz 300 1MHz 3 10MHz 30 100MHz 300 1GHz
0 . 0
F A N ~ N
T q \ N \ N NA
5 \ \\~ \\\\ \\ <\ 5
\\ N I NN \\ \\
N N h
1 i O\ \\3 N
N L NN
15 . \ \\\\ \\\ \ 15
B NN W
20 \\ N \ 20
Vo |
xc 4 N N\ W N
25 25
R Ry \ N \ \
30 Xc N\ N \\ \ 30
: N\
s\ 77 T \ 35
40 N 40
Capacitor | 10.000pF | 1000pE| 100pF || |\
45 H 45
R.=R =1Q C A \
50 R, =R, =502 F D B \\ \ 50
o LR =R, =100 G E C \ 55
R,=R,=IkQ| H G | E
60 T T IIIT0T T T IIT70T T T IITT0T | 60
1kHz 3 10kHz 30 100kHz 300 1MHz 3 10MHz 30 100MHz 300 1GHz
R; #R;, enter the smaller of the two Frequency

¥ A8 BEF AdA A

Al 0]

H

H

£24(1000 pF)

Fig. 4. 8 Variable insertion loss of feed-through capacitor.
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Fig. 4. 9 Common mode filter.
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Fig. 4. 10 Construction of the High Power Breaker EMC filter.
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Fig. 4.11 Equivalent circuits of the High Power Breaker EMC
filter(Part-EF) and transmission line(Part-TL).
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(b) &% EE=(Common-Mode)

2% 4. 12 EMC #¥ 539 573 Z(Part-EF)
Fig. 4. 12 Equivalent circuits of the EMC filter(Part-EF).

(4.40)2] 4%74] TS A7) 984 28 4129 5713

o] g3l 7 mtol dlgk ABCD WlEZ~E Ttk WA s
of #3 ABCD vlE= 2= 24 (4.35)9] 98 +& 4 Uk
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Apy Bp 1 011 Z 1 Z,;
= = (4.35)
CDM DDM YC1 1 0 1 Ycl Ychf—l_l
o] 7] A,
Y. =j2nfC

-1
: ) (4.36)

2 Zyls R 28 4.12(b)
o]=¢] #3 ABCD W&

H o

EESSR
= = (4.37)
CauDed [2Yc 110 1 2Ye YeZ,+1
H AL w2 4 (438) o8] &dd 5 AvH25]
7]
(4.38)

S W S
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I

A7NA, puE 2 FAL, f,2 TEFRE, aga f AT
| 2ho]l E W) =(u,=2000)8 A}-&3%)

ot 2 (4.34)el 9@ f,=3.12 MHzo] i, %3t & Iagry 5L 2

(4.39)l Fof .

©

otf. ¥ =HeIAE Ni-ZnAED
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C, =2,000 [pF]

L,=2x10"% u”  pyln (b/a) < 1 [H/m] (4.39)
Ry =2rf 1 o LK [2/m]

L,=u"  uyl K [H/m]

A7IA, a2t b #HEolE vl=9 WA (0.0056 m)¥ €] 74(0.012
m)°]ar, [ Fgol= nlx=e] Zol(0.0093 m)olH, K& I golE 4]
£9o Xpof ofF] AAEHE FtelH, 1 gk 0.0030] T

A (4.40)° A2 didgre=s 7

2 (4.35)9F (4.37)l 3k e 4
A& T UTH3EBL

Zeo gk dgAls TS

2 .
T(dB) = 20log| — it i=DMor CM  (440)

A7IA, o, AL A £4(dB)o] T
A= 2y ge EMCY 2o AgATE 5317 93k
2 (4.35), A (4.36)...(4.40)8 MATLAB 221802 AAakst9luh

_49_



-10

-20

-30

-40

50 44
I

60 Jf

704

Transmission coefficient (dB)
-~

Calculated by eq.(5.6)

-80

T i T T
10 150 300 450 600 750 900 1050 1200 1350 1500
Frequency (MHz)

2% 413 HAdY EMC 299 Agr= AddAFA & ol4)
Fig. 4.13 Differential-mode Transmission coefficient of EMC

filter(Simulation).
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Fig. 4.14 Common-mode Transmission coefficient of EMC

filter(Simulation).
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Al 5 A= EMC 289 A1z 31 5454
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Fig. 5. 1 The photograph of the fabricated EMC filter.
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sHAAN 2RY S A7) WA HE SRl A
T MHz7HA 9] W9lel ZA, Fidoeltt A=A EMIE HE ]
e Wl Qol A FA O Xk giFEY wdl - A rHS @A
150 kHz ~ 30 MHz®] F3t W oA dmAd WALE dE3
I glov o Fag HYE do] 10 MHz ~ 150 MHz 9o A
EMI ZA43 A= HA Fesixi vt 2 FAWS 150 klz
~ 30 MHz 9 olA e} FA8HE

-

AA7] Asle vdAAelg & F dE ¥F% =9 fAAdE
e A mEdA e A4 AF 4o deE 7R
S gtk ¥% mEg A% Br 4P Aele 41d9 dA$Re
ol Zo A AFIFH A, e 29 419 =A|H At FE Z=)
e BE QRS Aty diel sl Aol ozl
11_12
Uy=U—U, and I;= 2 (5.1)
U, + U,
UCZT and I.=1 +1, (5.2)

ol 7)1, U, = differential mode A3}t A+

I = A% BE AR 4R
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Fig. 5. 5 Set—up to analyze the frequency characteristics of
proposed the High Power Breaker EMC filter.
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