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Electric Field Distribution and AC Dielectric Breakdown Properties
according to Needle Electrode in EHV Insulators of XLPE
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Department of Electrical Engineering, Kwangwoon University

i

Abstract : 22 MHLRY ZFW CUE0 J10|2 2839 JHIAE A DENEHMFIO ME0l SIGIRA2
M, 2 S0 IH9 SHI HEHSAM #HI2H HANES 20t =560, 1=5t0f =08 HoiS
o M2 A JIRENE0 AEHUXID UACH 00 2 =R0MAHs ZUAHSE AOSUHA EAMEZ
MNBED U= NDENELHXLPE) USEHNSE * M EetIel A2AAAE LOI2I] Ao ACEH B &3
£ HYUSIH SHE 05, 1, 1.5[m]HSAIH MIUANAE ESIRASH, L& A0I2 S Se B L
cHOIEE &SI, AI2di0ld MYz AIZotALH AMEd0ld ZHIRAMBEM)E 0IE8 AR &AM
2802 X AGHILH

o

Key Words :
breakdown

EHV insulators, Electric field distribution, boundary elemental method, needle electrode, dielectric

1.AE
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g0l 7LD UYL SCINEH2 W Sast A
HEE I USH, 2estol Oist etz#4dy &I,
38, QE S0 het S40l 610, MOt WF02
Z deiCable2 M 2 Il MEZ ZEHA 51 ASE
Ch E8t A8 % 2L HYE S22 82 S
O A5 AJI2te HIIA StressOl A8 CrackOl &
M5le OFOl UCH XLPEE HUT ZFZINERM (Low
density Polyethylene : LOPE)OI 2I2 KI(DCP)E &85}
O JIN&HIZ LDPES JtRAAH E2I0€d X8 AE
AEOIR ME)ZE S0 ZB20EA0 AL HE
d 4E2 208 WSR2 02 S X9 dHixs Jtw
HEH s =2ogEd 2= Ot B2log
(Cross-Linked Polyethylene : XLPE)O| S0 Jing =
clOEaE 248 SN 54 L HIIF HHO ML
E}“'Z’.

E =20AME =Y A0S EHUUMEZ AL D Ue
XLPEOH CH&H0H AC 1A &0 BEM(Boundary Element
Method)& O3 AIBAOI® ZE2IMUE A3t XLPE
SH Hste mE FHHENAH FAHRZE ZHFSIACH
XLPE S0l &8t & d32 SHE ZH6IH £F8 AC
MANAS HHEI0 22 FWE A0E 22X HMSH It
WSS P62 1 &2 Simulation programOit &880
2t SHOA XLPES Ml HAgte 78t 208 AMSICh
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2.1 AC Breakdown Test

8 18 ANg % d=3ge 8§ el wen, OJ8
(b= 154 [W] HSAHOISOICt HOIES HHES 16x
40x30 [mf] AJ|2 RASIAUCH. E8 XLPE LIS O &gt
B 32 A | (o] EAY WA HisS o=
os B HdC [EVHA 30 [m]22 ZHEIH ALY E
g 0I88lo AIBURM FHE 0.5~2.0 [nm]2 Z=H5H0
AABIHUC. X & @32 UR B SXE0 =&Y |0
o8 XY S0 ALSSHRACH

(a) Needle electrode

(b) insulators
1. g & d3FY 2K
Fig. 1 Specimens and electrode device

(c) Inserting tool
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2.2 Simulation

BEM(Boundary Element Method) 0l 28t 'IES(Integrated
Engineering Software)'Al9} 3D ASdi0l&d Z2¥
‘Coulomb'S AIE5I0I DB20lM2 20! R LHE 30
[m]o] AR & H2U AZHAS OlE & & H38 A
Z U0l &, B82S SHE 0.5~1.5 (m]2 HE8 &
et & ACTHY MBS Soi0 22 2 S ¢ Iy 8
2(FI4 60[HZ])S R0 QOIGID S Y & HSTOHA
2H HAUMNKL dHSEE ZAMSGIALL ot2ie H12 &
0 OE ey ICEE UEIND YLD, OIS
o 242 HAUST ZAM 018U

H1 ANgE4
Table 1.Physical properties of specimen

& 1.006 1 2.4 2.782

o [8/m] |1x107™ ] 1x10"7 [ 1x107'®| 5.8x107"®

Tungsten electrode

Ly XLPE

Semmiconductive
layer

g2 NEdiolde Mg
Fig . 2 Shape of needle electrode in simulation

= AEdoIdN ARE AR PEXEAZ LIEL
2 2 [w]o BIETHEE TESID U= XE 15
0113 [mm] XLPEOH & HIZELHAN T2t &g
$0l D 30[m]~50[#m].-l [EWIE N XS 1

19 €AH BHIS LEMWCH QIDIMUS ACTHIA
g8 SotH g2 HIOIE1§ JIZEZ GIALY.
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3.1 AC Breakdown Test
H 2= SHO 02 ACEHIINAME LIEIY 222 &

ol = & ¥ zlaagt

XHBHOIA 108 Ol SEE
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Table 2. AC breakdown test

. Qi 0.5 1.0 15
Test . :

1 14 17 13
2 15 17 13
3 16 20 14
4 16 21 14
5 17 22 15
6 18 22 15
7 19 22 15
8 19 23 15
9 24 24 16
10 25 24 16

Avg. 16.4 21.2 14.6

0i@J 2 HOIHER LEN2Z MBI 2220 A
Jl 2ol SAXNelE otol O 422 FAFHCR Y
R0t AL CIOIE HMelol o18sts #88Zs A0S

PR, EAEE N+, 202X S U= UL O F

BN BASNMME BREZL 4018 BZIH &
0] 018X UCH O ABMAE 2VYII L&SAH
JHY B0l MA0I= 018 2ZE ASSIAT. A0E EX
= AN YAERY 2l Balll, 1 »Ha82RE:=
BEHS X dHEt 8 x2tl) ot

F(x)=1—exp|:—(x—%)m] x 2x,)

=0 x<x))

2 OBED 28es X2 &80l x016t2 He &80
F(x}e! g abistlt. HIIMH x. x, me 22 94X
parameter, & & parameter, 8 A parameter2 X1
ACtx & 0 2t Ol3to A= é‘EHE HHOY S #40]
HASHA =0l 28 & s aHEt0IC .= X
g 63.2%00 AYSIH, BN MUAT UESHD U
Ch Ol 2%, NS0 B VE QI8 Mo SETIUEE
FVIJI 20l 220 ME Mol=s AXMMAFIACFE 510]
Lg A2Z H8isilh.

F(V)=1—cxp[—(V_%)m] vVzV)

=0 (V<V)
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AEE Sot0 20 IoIEDH Of 2A0lE BXM THED
2 Jr86t0] Bl Es, m 8 FHELH 2HAFE fI6h 91X p
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OIDIA n@ IOIE] #=0ICH[5] #4lst HE 2A0IE #EX
of 2B2E8HE 0 IOIE &) Oiste NHeR MRESEHD,
1 mHol HENEFE #alparameter(m)E 1 B
F=63.2%(V=VSE € 02 Fg)& uilsl=s & 9 &2
2 B parameter® Q&0

H32 A0iE HM0 <8 MEMADIE RS LIERE 20l
Ct.

E 3. sHgae) o ey
"Table 3. Applied voltage according to thickness

- oim)

I

Velkv]

ACIHZIAE S S50 B2 puNL2 05 [m}d o
16.4 [W1, 1.0 [mm]2 @ 21.2 [W], 1.5 [mm]Q @ 14.6
[W]g 242 YD 0f HIOIHE S0l BUEMASN 22
MM 05 [m]Yy O 15.4 (W], 1.0 [l O 18.6
(W], 1.5 [nm]2 O 23.18 [KV]S UL

AN DUEZALY S HAIYY Xs 22 05
{mm]2d @4 1 {], 1.0 [en] & O 2.6 [WV], 1.5 [an]@ T
23.18 [W]ES UL AN HINAD HE NNEAY
BXE 05 [me]2 @ 0.707, 1.0 (o] @ 1.84 ,1.5 [mn]
2 M 6.0622 HWHEIALL SHO St S U0
EcE ENUEE 50T, Ol28 B9 Mad &
TE BIA3ID 202t M2 0O

3.2 Simulation

08 38 BHE SHo HE #HEE Contour?t &3
HOZEBO HART  Contowr® HHUSIH 248 A
SAGIRLH (B2 HHe dd2 dU0A LIEHUDH
08 {(a)= HOS SHIL 0.5 [mm]2 WS 8AREE 3
G0l F U &=1.012E+02~1.265E+02[kv/mm] S} BT 8 L}
EHAZ 2D D& (b)= HUSEN 1.0 [on]Y OS] HHE
T2 FHSY MY =1.275E+02~2.0126+02{w/m]Sf &
T2 SHsuen, 18 ()= EUE SHNE 1.5[m]E
BOIANZIE @I &Cg9 MASRE BUs AN
1.435E+02 ~2.869E+02[KW/m}Z2 O S8t A 2 =+
UCH

(c) 1.5 [mm]
38 3. SO mE ™A Contour
Fig. 3 Contours of electric field due to thickness
8 4= SHO OE I @MHE LEHHE Jd2
OICH HOIESN 05 [mm]eaiel BME AU 69.5
[k/mm], SR THSHH) Bt 2.22 [K/mn]
2 UERC. BESSNH 1.0 [m]Lmel Heg JHUS
72.8 [W/mn], EAESR(S SEBAY) AU 2.01
[k/om] 2 LIEHACH HASEH 1.5 [mlUme L B
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Fig. 4 Vertical electric field values due to
Insulator thickness
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{b) bottom surface
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Fig. 5 Horizontal electric field values due to
Insulator thickness
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Table 4. Breakdown electric field value at needle tip

O [mm] 0.5 1.0 15

E{v/mm) | 6.95%10% | 7.28x10% | 7.30%10*

4. 2 E

Mo Mf 2= OSD 20
IDAES S50 B2 BUEYS 0.5 [mlY o

16.4 (W], 1.0 [me]Q W 21,2 [W], 1.5 {mm)Q T 14.6
[Wig 202t 290 0l HIOIEE Qo2 2RAsi0 2
MUY 0.5 [m]Q @ 15.4 (W], 1.0 [m)Y @ 18.6
[&], 1.5 [m]Q @ 23.18 [W]2 HULCH

AR DUEAIYD HE BHUIAY He 1A 05
[mnled W 1 (W], 1.0 [mel2 @ 2.6 (W], 1.5 (]2 O}
2318 (W]l UC &H BAFMYSL 6= MAIYSY
EXs 0.5 {mm]2 @4 0.707, 1.0 [me] Y @ 1.84 ,1.5 [mm]
o [ 6.0628 #8I5HRULE

olE BENNCIZRH A MIUNYE ABYHNE
D203 oJlmol I3 2D XLPEY FHZ Mol
2O A M 70 [W/mm]Dt EICHs 0B AU

&30 28
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