Hols FEM =9

M| XA R 83 2001 S FHBEUE =

o
23

HAZE Alsgol4

Electric Field Distribution Simulation of the Cable Joint Materials
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Abstract

The insulation materials of cables used for underground power transmission requires a higher
insulating capability, and the most popular method to examine the cable is partial discharge test due

to applying variation voltage.

In the thesis, air void, silicone oil, of which may possibly exist real cables, are simulated by Electro
2D program. Also the relations between calculated field strength and the void defect type in the cable

joint materails.

In the modeling, electic field inner to the cable joint material composed by XLPE and EPDM is

modeling simulated.

We obtained the electric field distribution in void due to two conditions.

Key Words : underground power transmission, partial discharge, electic field, cable joint material

LAME

A2 2ge FEY AT =49 I3, 3
Pl

2 AT AFs2 d3teq AZe] AaelN FF
7HA 9] WA 717 oiE#3, 2aAYgtE A
gdAF A

, HAE dgsejEa AF3

=
F
o FRTH AYASY AHY Fu Y
%
2 ek AFBIRAA Aol

G B HSA 1B HEA Aoz A
dAste 4% EEEY EYF AolE HAdz &

* 0 3Lt n Ar)Feta
(AEA =97 9AF 47-1,
Fax : 02-915-4630
E-mail : ealab@daisy.gwu.ac.kr)
** 0 A&t 21523}
*xx 0 FFUEW A7) FEt

A HdFez A3 e EPDM 9A8E A
Ho g Aztste] FUHAEAE Zdgdstzm, P48
oA B Ao st HABREEZ 43}
7} fgte] HFE AlFHINE T3 Zdgor
Bol=g FAWM HANFTEEE #HAsd
=3

2.4 ¥
2.1 Al mH =}
2 AYdAE nEa Aay HEud =
H2o3te] XLPE(X)9 EPDM(E) AlRE Abgs}

oX

8 o

ol

- 601 -



=d], A129 A Z& XLPE pellet¥} EPDM-& A2}
AgE A F, & ZelX(hot press)E ol &,
7t AEstq FA 1mle) ANEEZ AFStI D
TP HAARY A0 dFE vAE HolE ¥
o]EAE dAZd 49std, 2 17} o] Hol
o H7]E AA 1 [m]2 AFsYR, AEHo
AL Hol= Yo F7], A& i?J_" Y3 =2
3]stk

1 [zn]

3 [mn] 1 [mm]

v 1 fmml
,— 1 [on ¢]

a9 1 A&E9 A%

a9n FRAEAR) dE AA REE
Net7] 9N AA eagel 9@ 249 =
23Sl Electro-2DE ol 43 A EYo)Hd md
g 5o, gelAst gol B NEst NE
o A&, A3Aztel P2 2 AR YR
ol=elq uetE dA EEE AC 3], 5
[kV], 100kv1s) A Algel A7bstd g wist
379 dolojz 748 Az wde I 17
ol ARRAS A4 AAZEREE H4
shsich

X 1. A8 wWe

3 kvl | 5[kV] | 10 [kV]
X-E-X | X-E-X | X-E-X
E-X-E | E-X-E | E-X-E
Silicone Oil -| X-E-X | X-E-X | X-E-X

Void E-X-E | EX-E | E-X-E

Air - Void

3. 23 Y o

Aoy F3 HLEAMEE FAEE EPDMA 9
AolE AdAZ FASHE XLPE A713 EAq
nXe 9% nHE7] Hsld BFE AR o
Ag B3 AARE A8 syt
3.1 Air — Void M A Al=dol™
gt oz ANFHMZM Aol HHZAYS
& A9 M gol LAY £ U= 2HF9 sy
7t AlelE FEo| 9} uRe) Jgoz sl
Bol= defectE2M4 Air7l EoldE ALE 2o}

pia=2
o e
.:_gi;,"_%_._‘ ‘:'“ L @{::_2
l o |
( \‘;_.,‘:.’ i i
'I ‘l r it ' 7
(a) E-X-E (b) X-E-X
a9 2. A7FASE 3[kV] Al Ed ol
{ 3
Wy s
T
b
i
P .
(a) E-X-E (b) X-E-X

Y -

A s ,’.a..ﬁ o
i« ] ) «l i S 1

Sl i Tho i

P S e

J" )]"
(a) E-X-E (b) X-E-X

a9 4 A7HA 100kV] A B el

a9 2, 3% 45 ARl Air Zol=t 9lE
A E-X-E¢ X-E-X2 F49 2Zd¢& HFH
Algdol & FaHA AlgUFe] RolEdAg A
ALEZE Jebd agolth 2d 244 (b)2 74

- 602 -



AR Edo] HolE R MARYE o]
(Bt} $3s5ln AAN} FH2 124 EEXHT
AE FA4E ez ol dAg £ vheleja
WL AHEY (a)9 Zde oF 285%10°[V/mlA
X9 AZIE JHAE vde (b 9 281X
10°V/m]e) 2712 714E &4 & AU o=
ZANEE FA49Y EPDMe] XLPERT =T o
AAE HASAHE 71X2 e Relgd Atz
a9 3% 4= AALS 5kVig 10kVIZ 9
st FARE AFeoldez 7o Y
Azol A5g Aol 93 AAREEE A A
& BdFm ok

1.06407

8.0E+06

6.0E+06

E{v/m]

4.0E+06

206406 :\-«ww — — I
0.06+00
o = = = ) ]
g 3 5 5 8 8 8 8 8 8 8
4 & b & & & & 3 & &
B 08 ¥ oW @ ¥ o§ Y ou @ B
s s 8 3 22 2T SIS
D{mm]

o 5 E-X-E AA X34 (3, 5 10kVD

1.0E+07
e
sei-a
awe
B.0E«06 LU ] T
x R
. BOE+OB il
£
5 o]
“ 40e408 1
,—<7 \I>-—L
206406 — F
0.0E400
P c, o
$§ 237 %8388 3 8% 8
g 8 8 8§ ¥ ¥ § ¢ ¥ ¥ 8
o @ © o - - - o~ o~ o ©
Dlmen]

a8 6. X-E-X dA EEZA (3,5, 10[kV]D

a9 59 6& J% BEANRE B WRE Bo
E Y3 Ae AAE FEHez H4F a9
Oi z2dg EM" AlgofA xFL& HolE F%
& ZAoz FLA43) 15(m]e I7Z AE Ao
y&EL ojuj o] AAZS vebd afeldh a9
59} 6 AAHo =z Ao BY E-X-EE 74
d A'7} X-E-X2 FAY 2F ¢ AAN =4
423 ASS & 4 ded, oJH& EPDMe &

o2 sy AAs &= gEez Algy

oo

I, $¢9 Bol= AANAML HAge] e R
o EA UES B80T & 3, olAL Hel=
Z4EIL AAV AFHI| ol

3.2 Void Y5 Silicone Oil M A AlgajolH

2 doAe AddES FUHEA kite] 4dstd

ZJAE & 35 Ao B AE5F AAS
gaatr] A oz Aolee e = F
E AdEeds F+E ndstAd defecto] 4
gEedo] FIE A& AolEou HEAY
Fdel 42 F e BolEe] HIAI 29l A
A4 & A+E 23U
- "m _
(a) E-X-E (b) X~E-X

a¥ 7. 3[kVIAM e AA AlEd el

L"M—M ..
(a) E-X-E (b) X-E-X
a9 8 5kvidlAMe AA Algzeld
b %
| 4 ' s 1
e Al N
lass ‘ih“ g am
(a) E-X-E (b) X-E-X

ay 9 10[kVIdlA e BA Al &efeld

¥ 7, 8% 98 Hol= Wife] HeZoUoe] AY
A & A$ E-X-E9 X-E-XZ T4¥ 2dg
AFE Agdolde TaA AU Hol=d
A HALZE veid 2gelck 27 7414 (b)

- 603 -



E FA4dE 2Yo] Hol= Ui HAERE Aol
Air 2oj=¢} ntRrA g (a)uch 8353 AA7}
FH92 12/ £XIHD g J4§ 2ol Yt
AAZ X golojals AHRA (3)9 g
o 273x10°[V/mIA £ 2718 YA R (h)e
ok 257X10°V/m]e} 27)E WS A% F 3l
=0, o)A Hol= Yo AR de] AP
o2 QA AR Ade] £EHA P} AAE
Egkol HojRrk ojAL xE3I} FHE: MNEE T
Ad¥ EPDM°] XLPEXT 23 ¢ 43 ALE
AE A QeFelat AARHY, Air Bo==2
T8 A8 2dy AEdeldd uimsz] B
< 9, & 48] o] AMAYI EAHS HAY #
gtk 2 8% 9= 4/bAEME Skvist 10(kV]
2 s¢std Agel AW XLPEE y52o=2

EPDM2 x%202 AHAMN EXgEE 9% + ¢
et
’DE.O.’ -
e ﬂ T ]
T
— B0E+06
E
2
Y o8
I I l}
20E+08 T
i i I !
D.0E+0C
2 3 3 &8 &8 § 8 g g 2
§ 5§ % 5 & 4 3 2 ¥ & o
Dlmm]

a3 10. E-X-E A4 4G, 5, 10kVD

106407 —ae
PN
L o o
80E+06 i
—uin
e
— GOE+08
£
2
Y a0
T if I
206408 [ t t r
" I!L J\\' -
0.0E400
2 5 35 5 8
g £ 8 58 8 8 8 38 8 8
w w w uw uw w w w w w w
o 9 < < L ] « = - ~ <
S 4 8 & =~ & 2 & & & @
Ofmm]

29 11 X-E-X A7 2XFH(E, 5, 10kVD

29 103} 11& Air Bo)=9} it 2 3[kV],
5kV], 10[kVIZ AL F5AAE H ¢ W—i o
2 4% g 299 xFo4M & UmlF

# 2lmlTA A HAge] S B4 LAEe

Bgol vdehtsd ole 2dystE Fo] Algg
Alzete) 243 1mle) Hel A5t g A4
o] Yehte Aoz Algdd, 29 1034 11&
AHez nlwste By w372 E-X-E2 T
HE NE7 X-E-XE2 A" 22 9 AA7 =
AV d&s ¢ F7 Aok

4. 2 B
2 =&9A4 XLPESt EPDM2Z w48 AFA
A2 SHSA WRA e dATE s
of Algdeldd At

1L AR Witel Bolurl gl $E2 Hol=
T FET vzdgds o, dddes g2
Aol AEHA.

2. Bol= U} BEEEo] EAgtyet: EPDMo]
XLPERT ©& AAE g&A3S A £
AT,

3. Air BojERT HolE Yo HFE 29
AR de AS AAZC] @vtstA FAH
Adgz 284S JALGS & F AU

4. Hol= 243 Hojx NEE xFo2 B

S 3% AAZ SnEA olFojxm YL ¢

& A

it

Ho
ret

a

(1] I. W. McAllister, Electric Field Theory and
the Fallacy of Void Capacitance, IEEE Trans.
ElL, Vol. 23, No. 4, 1983

[211  Franta, Rubber
compounding Materials”, p. 133, Elsevier,
Amsterdam, 1989

{31 F. W. Barlow, "Rubber Compounding”, p. 68,
Marcel Dekker Inc. New York, 1988

[4] L. Corbelli "Developments in Rubber
Technology”, ed. by A. Whelan and K. S.
Lee, wvol. 2, p. 120, Applied Science
Publishers, London, 1985

[5] J. D. Andraded, "Polymer Surface and
Interface Dynamics”, Plenum Press, 8, 1983

[6] ASTM D 2303, “Standard Test Method for
Liquid-Contaminant, Inclined ~Plane Tracking
and Erosion of Insulating Materials”

[7] G. Geuskens and M. Kabamba, Polymer
Degradation and Stability, 4, 69, 1982

"Elastomers and

- 604 -



