ERERER

Aleol el WEER KE#HE % X
HAXCle] 7)==

of 3 51C-10-5

A Basic Study on the Estimation of Discharge Current Waveform and the
Insulation Diagnosis by the Measurement of Electromagnetic Environment
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Abstract - This paper presents the method for an estimation of discharge current waveform in short gap discharge by

radiated electromagnetic fields.

field method ) with a measured electric or magnetic field at given field point by a time domain antenna.

The method of current waveform estimation is to use the one antenna method ( single

In order to

verify the availability of the estimation theory, the discharge current waveform estimation was performed by one
antenna methods using the measured electric fields of Wilson & Ma and compared with experiments. In addition
diagnosis technique for power equipments is able to prevent from large accidents by finding signs of the accidents
before they happen. From the results of the estimation of discharge current, we have a possibility for the application of

insulation diagnosis technique for power equipments using SFs gas.

From this point of view, this paper simulated discharge progress and partial discharge by using needle-plan electrodes
system in SFe, studied the distribution of frequency spectrum of the radiated electromagnetic waves using a biconical
antenna and a spectrum analyzer. From the experimental results of this study, according to the consideration of the
mutual relation between frequency spectrum of the radiated electromagnetic waves and discharge progress, it was
confirmed that detecting partial discharge and estimating discharge progress in SFe¢ could be possible.
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insulation diagnosis, frequency spectrum.

1M B
A g AAMAR i AeddRAgAY WY
7l B3 ge nAg A7 A P s

o] A Fo ol FFE HEE F 3 e
o] dws Fasith ol & A7 Ui
Ad 937t dojyd BE e o WAl AzRRE
WAsk A HEd, o] o dAstE HAAAE 77 R H
A3 XA AEsA 7]7]9 o] A
= ;7} _11’._1_5]_1_ ),113]-[1] [3]
T3 S AFEHE diHe FRAHAAY Fag
FAAAQA ZUE WRAAE 1Y DAL HAYY(FBT,
Fly Back Transformer)7} A @ Alel] Fdiqe] Fo
29Eedg X35 B8 ARG HESA FHed, o] B
Ab AA 7 AR Qo s AEste FHd FoA A
Z1Ax717] 2 ARAYZFA ol A WA HHEM],

C X 1o lo

“E g R HEEASE ERIEH HORE
IE @ R HEAER ETHEMTEY g TH
TE® R BE-KE ERTER #E
BXHT 1 20029F 64 3H
BESET ¢ 20029F 9H 2H

492

: Estimation of discharge cuwrrent, radiated electromagnetic waves, one antenna methods, partial discharge,

Electromagnetic Interference)& ¢2ozlt}, w#s FBT7
A4 #alo] o2y Ao A= HE FHg nP HE
34 FBTY dg& Atde] golie A2 ddd /&3t
o}, zalz, A7) WHA(ESD, Electrostatic Discharge)?)
ol M= ESDel o8 wAbE = HAAAZN We doge F
g4 2¥9EHS ey gEc FRAIYZA E HAUAE
27171 el Fdg #@Ag A4S oA dte Y
2 g3, 53 74 ESD(indirect ESD)Y Z $-ol& &
A ESD(direct ESD)¢] A$-2d t& Azte Axs 74
£ gozigE Aol &84 U
meta 2 =gdAE u7F uia $EA sty <
HUE AE3tY #5353 stve 3844 =& JAE ol &
gt BAAFE FAH3}E ‘1 <HEHYH(One Antenna
Method)”¢] “E #4 (Electric Field Method)” & “H 94
(Magnetic Field Method)"& ©]83to] WALA A HAA]
e dAAB By B3l AES G}

_7;:2-1%1 o]%Oi}ﬂ‘— Px_.%_ u}.o]l ndg :L,\],)\];q
Axd ¢uUd EA(EE ¢&A, forward problem)9l A
AAAZSE G4 ZA( A4, inverse problem)2}
FAANA e HAMAR B A& Fxda Urh
E floAM dEs F A9 FAY o &
A3t 54 %174] EE% AAZEEH BHAFo FF

Foyes A¥dAes vt

"
or

e

i
o
2
R

o v o

o



Ay o] el S Fasiyh

oleld AT AAE AR st ARFAY Ao T
dgdug AdAXG 7jgd 8IS 283 Fas4
oowebA B =EdAE 1 4 BorEA dAgngrta
AAANAZAGIS) 7Hd wol AlgHx 3= SF 7taE
o] &8 M A] 7]7le] A7 ojAF WA FubEE
dAgA Y HIFEY] & WHS A HdadFosw v
gto] SFe 7F2% wazidel uwe PAdAdE vydE: A
¢l wholzmuUAE <¢HUS spectrum analyzer® o] &3te] F}

FruEY RPESYS AT
= FAAARGS PAAAS) FFBAE nelgoz
GIS Wel #23d9 A& Hand yee Ao

21 Azl E XA

38 12 Y& BFE ze dHYs Zolrb 19 v
thol 22 7MAS Zolt o] Bde AAr] wde dTd
A Wilson & Ma®l =9 T NISTe 2d= 2 2gH
At o) vk tol&el AF 7t i s BE W At
o oE3te WA AxAE 4F HITANAM g 2o
TR

E(p,Z,t)=[3Ep+2Ez 6
H(p,z,t)=¢H, ©)
pz( 3i 1 di
E = LI
(P,Z )= 27, Rz( R2+c2R3u) (3)
322 1 z* 1 o
Ep,z)=—— e 2 [E- e —— Ll
P2 e H oR* cR2}+(c2R3 cZR]au] 7
I p 1 di
Hy(p,z,)=—5| 5 +——
o5 =0 R( cRBu] ®)
4
pp2)

{
1

a7 1 0ja2 YN cholE 2

Fig. 1 Dipols model of small gap discharge

\/y

O Oy

b

TEREBE BE 28 WEBBN AMHED HoAxcle 7% o7

Trans. KIEE. Vol. 51C, No. 10, OCT. 2002

A71A, Re WAYezRY #Z2H(p, o, 7HAY A
olm R=V 22+p2°]‘3}. u=t-R/
A7y FALEE vehd,

o]n:] ceE o—., E()“f

Jehe e ERE B35 AAA B L}E}w.

QObservation Operatg

Reconstruction

Operator
. Observed
Original Current Electromagnetic
Space Fields Space
a8 2 2N e He

Fig. 2 Definition of inverse problem

B2 AAA FTUAA 2R3 AAAZREE Lo wA
AFAELE A7 93 AFHFe BQ AAFge

2 Jehg = g,

H6)e Ao MF TUOoZREH BE AAA B
o A5 Yeguln ey, i WA
ARA, L FL& Jehlln 4 &

Bl #EFgsot (NE B2 AAA FRozrH
ddio) AR Froze B #AE Yz glen, &
2 Xt 77 B9 AR 2 B9xgaolr)

TE AHMAA FRAAM BFE A AAAZEH $RY
o AFuyge Bdse FAHA Pde gen %;E}. o]
3 o] AAH H-E AAEY #EFEE ne g Aoz
7} gt

23 1 HEjL (o FAHA Y )

PHYeRRE 423 Lol T B AFAN @ 7
o dEtg Agdtel BEY 24 AA EE: 24 A4S
olgsHE MWL 1 AEU ¥ EE B AAA Bold o
W1z @k oled 1 dHy We WAR ZYeE 7
29 AAE 2RHE A9 FEE & dbd, AAE 2

493



BRPERE 51CE 108 2002% 108

Py, AAE 5

ol

29 Aean oE
A FHA AG-AGA NG9S AAL ol g8
& ok 223, AA sl +4Y AA7t AAS
Aael 248 A7t o Golxe] gEHAR, H7
& Eue AP 5 mASd AAE 2AsE Aol w
gAstths AZAc F9ol Aol g P AAZES}

4 2
e 2

=
=
X
=

oL

mepg AT AAE Fste H wiel andd 3
= itk
231 E WY
Discharge Source Anienna
\ e
Ny \\K P
~ NI/ / L/

a8 3 1 e L
Fig. 3 one antenna method

Bet7) 9@ 7H%FC°lE}
AA 34§ dHYE

E,(t)g olgs® ZAslob ¥ WA
&% 2o & 5 Utk

Iy = FEO}
Zy(0) (8)
o 71 A,
/ 1 zJeR
Z = JE— (1) ——— c
+(©) 27, (cR2+ch2R ©)
R=rolx F& Fd W@&e Yehdd. agm, 499 o
4 Zg'(@) e E gyoldel Sdags Xol SRt
N(@®)L Afeld BaY e A3 go] ArFAelA
o TAARE 7 & Yot

i(t)=F{I(0)} 10)
4714, F'e dFed 982 Jehdo

232 H 9y

1 oted B4 3A AAE sl $H AFE

494

Aot H 98 A8ete 499 AF43 248 4
p:

ek =0p=r o AN A AA 4
Uz F3d Azrg4de AA Ho(t)_g_ o] &3}t A 3ok
g HAAFE AGRERY e Zo] & 4 gt
I((O) — F{Hq:(t)}
Zy(®) (1)
o 7] A,
7 1 1) =
n(@ )_2"R(R2 +1w5} (12)
o, R=r, 4(12)9) 4% Z; (@)= H wiolxe 247

& X AFech
AUDE AFeel WHIA e 4% Pol ARG ol
Aol g3 AFRE FE 5 Uk

ity = F {I(w)} (13)

q71M, F'e dF2d ¥ge yehd,

ol Az Zof, 1 ¢HelY Hells HAE AME3sH= E WA
AAE A HEHS A48 & gled, E 2oy H
P EE AF5Y 249 o289 A BHe ez
Usie 1 eyt He & sl GElUE ApgstE g
T FAol YA FEd WEH g AFeEld WHe AAHS
ARl stnz BHAAAHE Xstn ‘—t— o] gHd &
Art.

24 MR FHZEN ¢ HE
a9 4% Wilson & Ma“7l 4 712 wtege= 2E
|

At = A A SHZFHE vderdc. B A
ol & Ab&3ta] 1 ¢reHlY He] E Wioz

of

P rlr
o
s
£

Hu

g 4 %l
=3 'rar94 DR *’r"—zéxl“ Wilson & Ma2}
39 23Ye AFe 27 2 FAs et "]—}
o)zl glont v o Aol I EBuHm e ¥
. arzle zelzt e AL °]i AlAboll A
g Al mdo] AAle] WAL Ao)rt A& H, 2
o A dde HA FAHAC SAEE =4 o5 Azt
A3 P el WE 03 Fo] ddez HZH,
AFoE FAZAAY Felol IGuge N=1024719 HA
diojelo #3F o]k Fo wWHE FFT(fast Fourier
transform)& AH&3t9 Fh
Wilson & Max telEe] Zolg wWH3] Adg3dxn UA
RARE o5 HAEATNE o437 flsle E =FdA
Wilson & Ma®] AAZs 2 A¥AAE AAESAGD.
, Wilson & Ma7} &3 ‘”ow 23d AAZ=S A¥Z
% 2 =RdA A28 et AES A7, 44
tgolE B2 ZAE dds §& ol do|rt 58

of M oo > & durlr
pasa
o
2
e

o)

o B AN i rlr



cmd ZS- oA HAFAI} 2 LA
Ark2d 63 =)

A&ol s
Fujiwara® = ¥ =8¢ ZA3}e FU&

A#g mass o gy, B =FdHe §E dolZ
ZolE 58 cmE &Y WAL EA 2ANS AEST 9

o, 19 55 & dolE ZHo|E 5.
Ashol .

a9 528E ¢ 4 Uk AAY @ A dHUE A
dol ALY ARlN BEG %24 HAE ol gshw
AR F4(EDel A5 Ao 47ag B FH
Asstew 249 %@%ﬂ-é gxste PHde

e 9]

cm= st FH G

oo

o>
2

230]
2 sidro] FQ st}
5000
::Z: /_’\=‘° xr 4V Spark
2 3500 / \
3 2000 /
2500 l \
% 2000 I \
L 1500 / R
2 b K N\
§ 500 // =
@, ///<\ on

-500
0

5 10 15
Time (ns)

a3 4 Heloll wE YAIEA 2=
Fig. 4 Radiated electric fields as a function of distance

40 y oo
as Ong Antenna Msthod
30 4 kV_Spark
=20 cm
-~
< 25 e
Measured
20 // N
T s
- [ deas |
2, / ~ -
:L_’ P~
3
-5
-10 .
° 5 10 15
Time (ns)
(@ r=20cm
40 . . . oo
35 . One Antenna Mathod
20 . 4 KV Spark
. r=150 cm
< 25
Moasured
20 /’ <
T ~
.10 "
& / Evaluated >
5
4 //'
— /N—_'
5 o
[ o ~—_——
-5 :
10 N N N
0 5 10 15
Time (ns)
by r=150cm

375 ¢HERe sy Ao
Fig. 5 Estimated discharge current waveshapes by one-
antenna method.

EBREBSE AFo o/t MBER ERMAED HAZIES 72X AT

Trans. KIEE. Vol. 51C, No. 10, OCT. 2002

Zol7} 58 cm¥ W, A (2)ZHH
% AAREE 28 Ay Ao WA Rojth 1
2x9 d¥AE & X3 A SE ¢

% T

Sith. webA, 1 belY el E whde Agste] wdde
$7 ARHYE BAY A9, A9 AW 2dE o8P
tolZ 2o §& TolE Mol 58 cmZ W AW

dAzRY dde ARNP ke AARY HYe
4% % Ak

300 -
250 effective dipols length: 5.8 on
4 KV Spark
r=150 om
/E 200
; . Theory
~ 150 : ,:/'(\\(/
- 100 ? \ \ -
ry :
i 50 / \ :
° f\ﬁA__
oo / A \ i
-
Q
2 Measured \ 7
w 3
-100 b
5 10 15
Time (ns)

O3 6 HAIMAIZ TS o|EXe MY
Fig. 6 Comparison of theoretical electric field and
experimental resuilts.

3. SFe 7t 5 W zFol] o2 WANM A2 SH

o) wlazkZe AAFE FAEAY A% L AERA
SIS o] &% MAMAEZ Z4ol o8 APdule] AAR

o 7149 §&o FET JMeAH ol8H 2AF I
T 2 $8EE2A SF 7taF WA

Ao g ARG AAZEE AHFOEAM AR
A Ao mhete] FEE Jtedte ZEE ddeH ¢
U Hel s GIS ZAX G $837] HE 7|24 L ¢
R

BHo

o! Spectrum analyzer
L1} ! T e
IX1] i

B @ B
]
ag7 AEER RE
Fig. 7 Schematic diagram of experimental set up

R -

_L i‘oscnloséohngl r =

[SEF=N|

485



BRBEREE 51CH 105 2002F 108

a7 78 AYY AA HEZ=E deld Zold, <dstAY
< ZIF AP (Input : AC 200V 60Hz, Output: AC 50kV
60mA) S AHE&3tHT. =3 285s 1AYS FAs7] 9
& High voltage divider (Rz :R3=5000:1)8 A&3Fc) 3
E2xold Ri(502)2 MAHFAF S A3} AT FHe
Agoln WHA AF ¥ =AHL Digital storage type
oscilloscope (Lecroy 9350AL)$} Active probe(bandwith :DC~
1[GHz] Leroy AP020)E A3t}

ada AEA HAEE A2 357 9 aA
biconical antenna (EMCO model 3110, 30~300[MHz]) ¥
Spectrum analyzer ( Advantest R4131D)& o] &3} WA}

Aaste] 24 2UEY REE BRI

- .. P28

38 A8 ref GIS
Fig. 8 The imitation GIS for changing inner pressure

a9 8& 4A A g Zo GISE uEY ¥
. 29 GISY WFel 47149 SFe 7t2E FYstd 7Y
e fAFdAeH Ad-HH AFA 722 H gdon
ap AL dlmmlejvt. FHd FI AFE AL olfF:=
BE AAAA AGE AA3 F7 AR RELAe] x
1 @AeA Zddy Ade dAzA A g9 mer
7Vs3te ZF gAdE Aldzlae] EAS
Aojt), oz HAgoA GISE FXFE uad 2F
G225 g2 471948 FASS Mgtz 9.

aSt7tE Ad VAR EEWHAE RojsiHA REW
o] HAgA Hdsy HE gAEZ FAARGe] F3

2H9EY S BAEY) A8 A ALG Bk ¢e A

N ogr

A

T

& Q7 & <tElLbe Spectrum analyzer® o]
B3t o] 71x24¥E Ed AR A 5
2 2RFn5, PAAAT SPd 5 47
_—?__

Spectrum analyzer®] Sweeping Time 10&Zolx gt
%A 8= Max hold ¥2S A3 Fid4 296
223 dlo]g & Spectrum analyzerol X GPIBE t]o| g
AFE Asste EA A0,

o] i A FAFEY GHY Aol AYE ImlE2 nA
st T3 A¥EE 9. gEHuY s AFe 38 W
g Fd3tAl el disted FHoz wiasH T

tn wo wo

496

32 Az ¢ nF

Y 9% SFs 7hag REUAe) w44 2A%7A
o WAZA AGAR Hge dehileh 471del SFs 7
2% Gap Ammlel Aol BB AFAbo] 44 WA o]
HAF AARAALLE o 430kV] FEol

I AN ]

N
i 1 RN

2[ms/divl10[mA/div] 2[ms/divI10[mA/div]
{a) 12[kv] 17} (b) 18[kv] 2I7¢

L | [N
k

A " " { ive
Lt LA

2[ms/div], 10imA/div]
(c) 24lkV] 17}

2[ms/div], 10[mA/div]
(d) 30[kv] izt

il

\ 2an

2[ms/div], 1[A/div]
f) 42[kv] 217t

2[ms/div],10[mA/div]
(e) 36lkV] 217t

a8 9 SFe 7tAF REWH ZM™ol| s Mot M oy

Fig. 9 Current and voltage waveform of partial discharge

a3 109 (@A 12[kV] U7t A $EE B8

F "Havh 233y] AFsigdeh dubEel gyl Ee] BEa
A A g2 2EYAde B Zoaddd 2324 A
g2 F d2 WAFAFol velyA] &ka AF Ha
#¥ge A7|E ¢ S¥lAE A Jeldo) o]HL duk o
7150k AAdEn A A3 Ho] Aoz L& 11
9] SFe 7} WA ti7]|53 tdad @& LrtaAgtd
g B34 2o EfAd 22 JHE o)FE dAY ;=
UE X7 oy7) ezt dadd. Age v F
ZHAA RS AAAANE B dAEs Frlen
29 A77F F745A T 2 99 (e)9hD)e AN Be
vlel Zof Gap e EAwEE gwrH ez ) F3 vk
AR FH% A "ao BAHOIZA AAdgHgr) o]FoA
ok olgg AAL WEAFYL B3I BAdF aAZ AH
o] A=t

% 10& 1} SFe 7t2F FE%A A o &

o

°

=

1% of



AAA T F o tebd gtolth. EMI, EMC
%44 volmyd sl g4 F7) ey 2dw 29
EE £A01E gt - 10000MHa el 24 o
okz Zu g dolHe 4uEe Jxdd o
A3 29 109 2o 4712} SFs 7}* el A e
174 &g WAAAA 24 2 A2 190~210[MHz]
4 HAste gedd

D (o)
22U ERS

E-fisld

19008 19090 200 2000 2002 oase 19999 20000 20001 2002
frequency trequency

(b)12kv] 207t

!
B

E-fout
3 3 8 85 8 8 ¥ 8 8
£hakd
% 8

5900 "o 2000 20008 0002 9098 1990 000 20001 20002
froquency frequancy

(e} 13kv] ot (drelkvl 247t

E-fiold

5 8 ¥ &8 BE 8 3 B 8

3 %2 ¥ 5 5 8 ¥ g8 B

w950 e 20000 2001 0002 s o 20 20001 wosz
troquency fraquency

(e) 24[kv] 2i7t (f) 30[kv] 217t

Etout

3 8 8 8 8 8 3 B 8
e
3 ¥ ¥ 5 8 %

[y 000 2000 20001 ERT 19050 19090 20000 200 200

(@) 361KV 2!} (h) 42IKV] 217
O 10 Sk 7123 S 24N XHo ofst
Fug AHEH
Fig. 10 Distribution of frequency spectrum of
electromagnetic waves in SFs

AL Af a2

radiated

I F F4F3% 200[MHzlel o9 Zo] 50[kHzIY F
a4 gigel £ Ao 713 HAsig @ddH A ﬂff— A
A GIS A¥duld #H&37] YdMe T4 gde FI
o2 SHHUYE AFoE f2a § QHy BB Loo g <t
Hite] Azg golstA & £ Qo
¥ 109 (e 4T3 dgelM F9 Background
Noise 29 EHE &3 agoltt. FAHUY YA HAEd
HolelE A¥EY Sweeping Time(10&)F bl W37
o] Switching 2ol glo® AAZRE7F 35dB o2 Hel
EH7l #&EA &kt old At HAgs AAF A7t
ghol we) RiEwAe] WA RoF uw RREwde] whan

¢

BREBS NES ol NEER KFEHED HHdcte 71X o7

Trans. KIEE. Vol. 51C, No. 10, OCT. 2002

& & = 3BldBAN/mlel e wlolE(o] st
Ese) HE3 FE2WAdo] o= A& A€ dAge
o] 7b5%k B0[dBuV/miol 4ol wiolE](0]3t Esws)AE, BT
AA 508} Emean) 5 S £4183U T

I 109 (e 4GS MM FAAZ 76‘°
[(kV] 9718 B9-7H 35dB ol¢9 dolg7t 1007185 &
7l NSt en ofs RETH AL v A
S A7t Exadl dold & F7Mgt & FEW
o] WAL Esad® HEEA steto] Jheditta dddn.
WS ALste F7HAE o I™ 109 (e)llA
24[kV] 17}e] F¢HE FEMde] o= A= Jdd BH
dre HAAZE 50dB o144 delEst A&7 A#stdl
c}. %iﬁ’:}° o2y ANESFE Exd HolHE HEH F
€ UBAS 5§ Eswp® tlolE AEl A
L B°l Wol JAH HAgHe fgo] &3}

SA(TZE 109 e f @9 Bl et 1Y 109
(h)«] ZAF Aduy AAY TARZM Esas ©]4e] HelH
7V A7) B7rste 48747 AEHT) A FstET. A
2 F3o] Esws ©1739 o] oF 4070 A7t AEHT] Al
Fot Adddy uz Ao dAYGe] gdo] 7hedt

Lol EG

288 ¢%
1
|

&2 < [dBuv/m]

2

1
1
|
|
¥4 |
?
|
|
|
|
|

|
|
|
|
|
|
|
|
|
:
I
t
t

33 11 SFs 72T RE2Wd Z™ol olst WRUAUT
Fig. 11 The value of Emean With PD

ke
=
Q
«Q
=
[49]
w
7]

ol ol & % [EA]
8

QDM [KV]
a3 12 Sk 7tA3 22YH XMoo oS Esgs
o|ate| Hjolg
Fig. 12 Number of Esws data with PD progress in SFs

497



BRBGRXE 51CH 105 2002% 108

FEgdel 2AHAT L #EY HTHAZ
57} 8~10dB Bk F7istd dAgI el fgyel U o
Aol BEAAZEZL ¢ 10dB °l% F7HH€ ddaty
vz el dAQl Aoz dde] shEsi

a4 12& 399 SFs 7taF MASHS S7HA R E
Mol JdE B & S PAHE AR Fag A9
d & AAZE 50dB o|4e dlold & WEhd Aol
Esaap® ZAE0] AIZHY 27|98 FEWdo] dxdso dd
e fgdoel EAstE EA AR BIHI 1AV
F7kste] eF 407) o]/de dolEst AEH Aed HdA
o3 v e dAd Aoz dddrt

T

o

|

oy A

52 190~210[MHAS) F345 vl h5sn e
2 AYe FY 3% FAFHE7 2000MH]o]
W Fe 50kilz] FEolth ¥ 4¥s el
g% WadATte] AMEY PE 543 HAZE 35dB
ol4tel HlolE %, BEAAZE, 50dB o4} HolE &
& sejste FRuAs BN ddny A4 @A
% 9 gl Hsge Qs

ol @ Asti FEUE Abgste] WAUATHE
Hol og APPus ARG A2 ge] FoF 7]

A=z} Hele 428,

o ol

53 -

zAtel 2

2 d7E 4T T 2AF(HARE

: R01-2000-00245)2] Aol &3l o] Fojzl A+
2A, BARAN 24 =9y

498

g2 g H

[1] Matumura et.al., : Method of diagnostic detection by
radiated magnetic fields , Tech. Report of IEE Japan,
HV83-52, 1983.

{21 B. F. Hampton and R. J. Meats:
measurements at UHF in gas insulated substations,
IEE Proc., 135, Pt. C, No.2, 1988.

[3] K .Arai, X.Guoxiang and O. Sugimoto: Micro-gap
discharge waveshapes and radiated electromagnetic

Diagnostic

waves in atmospheric air and sulphur hexafluoride
gas ,Trans. of IEE Japan, Vol109-A, No.3, pp. 103-
110, 1989.

[4] P. F. Wilson and M. T. Ma: Field radiated by
electrostatic discharges , IEEE Trans. Electromagnetic
Compatibility, vol. 33, no. 1, pp. 10-18, Feb. 1991.

[51 O. Fujiwara:
indirect effect caused by electrostatic discharge ,
IEICE Trans. Commun., vol. E79-B, no. 4, Apr. 1996.

[6] Ki-Chai Kim, Kwang-Sik Lee and Dong-In Lee,
"Estimation of ESD current waveshapes by radiated
electromagnetic  fields” IEICE Trans.
Vol.E83-B, No.3, pp.608-612, March 2000.

An analytical approach to model

commun.,



4 ME# kB

19703 39 2344, 1997d HFduistn
Arlgets £, 19999 & e A
NAAFHRAAD, @A 5 sty w

AT,
Tel: 053) 815-7291, Fax: 053-813-8230
E-mail: aca28@hanmail.net

A 71 (e & R)

1959 10€ 19¢€4. 1984 <ddddista
AzEerE£q. 1986d YE Keio Univ.
sty A7|FH (A, 5 oEd A
71882 (). @A dgidda AR
AR Fety Fug,

Tel: 053)810-2583, Fax: 053-813-8230
E-mail : kckim@yu.ac.kr

Z ol = (& 7 H)

194613 99 30¢ A, 1969 Fddl =+
A7 Fska £, 1980 & izt A7
a2, dA AU "2
B33 pas

Tel : 063-830-7145, Fax : (053-850-7602
E-mail : Ikkim@bear kyungil.ac.kr

ERIIEE AEol oSt RBE HEMEN Aoy J|E o7

Trans. KIEE. Vol. 51C, No. 10, OCT. 2002

ut d F # Tt B

1954 39¥149 4, 19783 Jddisd A
7158y =4, 1992 EFEFSdE
k) 24 (FstaAb). dA Fdoidta
AAAH R FEGE uF

Tel: 053)810-2581, Fax: 053-813-8230
E-mail: wzpark@yu.ac.kr

ol & Al (F K #)

1948 10€¥ 20 A3, 19713 dddl ¥
O Arlssa 249, 19873 & Ed
AZ1FEs £33, 1988~19894
Nagoya Institute of Technology %%
M, 1998 ~ 1999 2E3] WA mddt
AT3 AbE €. A g &Y
AAE R n

Tel : 053-810-2486

E-mail : kslee@yu.ac.kr

499



