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Abstract: Transmission equipment is mainly used for the XLPE (cross-linked polyethylene) insulation cable for ultra high

voltage power to minimize power loss. The experiment examined the partial discharge characteristics according to the insertion

of the bar electrode and needle electrode into the XLPE specimen and the air voids. XLPE insulation cable manufactured by T.

company and tungsten electrode material by K. company were used for specimens, by adhering conductive tape on the

semi-conductive material of the lower electrode of XLPE specimen with the dimension of 16x40x30 [mm] was used as

negative electrode. In order to investigate the PD with ¢-q-n of XLPE specimen according to the electrode shape and the size

of air voids. we examined the PD by varying the voltage after applying voltage of 3~20 kV on the electrode. Therefore, it was

confirmed from the result of PD characteristics of specimen that the larger the air void than the gap between electrode (+) and

electrode(-), the larger effect on the discharge when the bar electrode and needle electrode inserted into XLPE, and the closer

the distance between the insulation and the needle electrode, the faster insulation breakdown.
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Table 1. Kind of specimens.

Electrode Specimen Insulator Air void
shape thickness

N-I(1.0) - V(0.5) 0.5 [mm]

N-I(1.0) - V(1.0) 1.0 [mm] 1.0 [mm]

N-I(1.0) - V(1.5) 1.5 [mm]

Needle N-1(2.0) - V(0.5) 0.5 [mm]

N-1(2.0) - V(1.0) 2.0 [mm] 1.0 [mm]

N-1(2.0) - V(1.5) 1.5 [mm]

B-1(1.0) - V(0.5) 0.5 [mm]

B-1(1.0) - V(1.0) 1.0 [mm] 1.0 [mm]

Bar B-1(1.0) - V(1.5) 1.5 [mm]

B-1(2.0) - V(0.5) 0.5 [mm]

B-1(2.0) - V(1.0) 2.0 [mm] 1.0 [mm]

B-1(2.0) - V(1.5) 1.5 [mm]

Needle or Bar — Insulator[mm] - Void[mm]
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Fig. 1. ¢-g-n distribution of needle electrode I(1.0)-V(0.5). (a)
3.0[kV], (b) 5.0[kV].
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Fig. 2. ¢-g-n distribution of bar electrode 1(1.0)-V(0.5). (a)
3.0[kV], (b) 8.0[kV].

Table 2. PD characteristics of air void (0.5 mm).

) q [pC] n
Specimen  V[kV]
+qlola] =total +q:1vc =(ave +n -n
3.0 149,720 194,040 36 33 4,149 4,779
N-I(1.0)-V(0.5)
5.0 194,040 301,470 46 43 4,198 7,080
3.0 85,288 107,720 28 30 3,029 3,612
B-1(1.0)-V(0.5)
8.0 286,160 202,140 54 48 5,308 4,203
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Fig. 3. ¢-g-n distribution of needle electrode 1(1.0)-V(1.0). (a)
3.0[kV], (b) 6.5[kV].
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Fig. 4. ¢-g-n distribution of bar electrode 1(1.0)-V(1.0). (a)
3.0[kV], (b) 5.0[kV].
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Table 3. PD characteristics according to electrode shape of (@) Phase Angle (Degess)  Chage (picacoulombs) (b) Phose Angle (begess)  Charge (piocoulombs)
a) a0 s o 100 200 300 200 400 gop
XLPE with air void (1.0 mm). S ‘ 1 ‘

q [pC] n
F(total -(total Fdave -Cave +n -n
.0 200,130 245,980 44 37 4,537 6,707
5 665,810 801,480 61 73 10,898 10,926
3.0 218,080 280,270 51 78 4,235 3,608
5.0 458,640 393,300 52 58 8,826 6,840

Specimen  V[kV]

N-I(1.0)-V(1.0)

B-I(1.0)-V(1.0)

Fig. 5. ¢-g-n distribution of needle electrode I(1.0)-V(1.5). (a)
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Fig. 6. ¢-g-n distribution of bar electrode I(1.0)-V(1.5). (a)
3.0[kV], (b) 4.0[kV].
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a
S e © ¢-gn 222 FS4Y F900M YAV Table 4. PD characteristics according to electrode shape of

L4 200~300 olstoln, WSt 150[pCl F&E  void (1.5 mm).
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3.2 Holdl £ 2 mm 58 @

Aole HAA| XLPEQ] MIPAat Hol=o] mpe
Algo] BEYN EME RASH] st AXZ W
AL YA £ PRI HHE 2Amm2 2
AMeti, 27] HolEE 0.5~1.5 mmoAl ¢-g-ng &
st

(1) A4 2.0 mm Eo]E 0.5 mmo] ¢-q-n I

I 8(a)= AAA 2.0 mm, Eo]= 0.5 mm9] A]
=20 3[kV]E AXFo A7IE WQ ¢-g-n FEE

Eng., Vol. 29, No. 1, pp. 50-57, January 2016: J.-Y. Shin et al.

Phigge Angle (Degees)  Cnarge {picocaviombs)

(a) 0 1o 200 300
ot

Phose Angle (Degets)
o 20 W0

Sharge (picacaulombs)

o,

20 400 g

rﬁiﬁ

%0400 6o

Fig. 8. ¢-g-n distribution of needle 1(2.0)-V(0.5). (a) 3.0[kV],
(b) 9.0[kV].
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Fig. 9. ¢-g-n distribution of bar electrode 1(2.0)-V(0.5). (a)
3.0[kV], (b) 13.0[kV].
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Table 5. PD characteristics according to electrode shape of
XLPE with air void (0.5 mm).

C n
Specimen  V[kV] a [r€]
+qtotal 'qtotal +qave 'qave +n -n
3.0 39982 2141 40 19 1,011 110

N-1(2.0)-V(0.5)

9.0 1,010,000 115,900 77 86 13,130 13,396

3.0 27,399 17,833 22 21 1,235 866

B-1(2.0)-V(0.5)

13.0 232,480 612,180 37 88 6,357 6,990

d 9b)e e Al AY 13kVIE 7tEIAS o
B39 ¢o-q-n BEE2A FIY 99 150° #%011
A AR ESE 330 ol EA¥skl Y, WA
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Fig. 10. ¢-g-n distribution of needle electrode 1(2.0)-V(1.0). (a)
3.0[kV], (b) 4.5[kV].
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Fig. 11. ¢-q-n distribution of bar electrode 1(2.0)-V(1.0). (a)
3.0[kV], (b) 5.0[kV].

Table 6. PD characteristics according to electrode shape of
XLPE with air void (0.5 mm).
C
Specimen V[kV] a b€l 1
+qtotal 'qtotal +qave 'qave +n -n

3.0 112,600 178210 46 31 2,465 5823
N-1(2.0)-V(1.0)

45 312,800 284,440 98 70 3,193 4,060

3.0 204,600 114,740 72 74 2,848 1,554
B-1(2.0)-V(1.0)

5.0 297,810 190,430 89 91 3,354 2,058
olo= Aol Ao BASHA] ekoton, YRR s
© 180[pC] olst7t A& 1 1) Ze =
AolA A SkVIPE 7HE IS o $A=9 ¢-g-n
PEERA JIY JYAE PHUELTL 70 He
2 Q7PAY SkVIY et Blaah WSt T, WA
Mstare 500[pC] olsbt AEE Y. Eat, B2y o
Ao & WABIE AT} 90 e AIHuc 22 =
Al b, wAAstaEe 450[pC] olstt 7EE ol
Radat waxol Yo odoloa uepdt Aetrs
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BES % 2 Yotk HAA £ 2.0 mme} 37 B
o] 1.0 mmQl AR FIFPYo| BE LEYH S
Hzke Aeste & eu 2.

¢-g-n &

0 mm BOolE 1.5 mm A&

of HY 3kVIZ AKYE T AR g-qn HEE
T4 50~180 o]shrt &
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FIoA = YR =4
B8 =7 e
r2- 150[pC] olst7t 4
2 12(b)= 2o A 4kVIE <
B8 YoM YR =47 100 o]kt
Zol 250[pC] o] AZEE AU

g 254 FoiM e AN =7 Q7S 3[kV]
] jEC S71sto] 140 o]4f WSt 1L, Al sh=s

Fig. 12. ¢-q-n distribution of needle electrode 1(2.0)-V(1.5). (a)
3.0[kV], (b) 4.0[kV].
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Fig. 13. ¢-g-n distribution of bar electrode 1(2.0)-V(1.5). (a)
3.0[kV], (b) 4.0[kV].

Table 7. PD characteristics according to electrode shape of
XLPE with air void (0.5 mm).

q [pC] n

Specimen VIkV]

'qave +n -n

+qtotal 'qtmal +qave

265,400 317,850 57 63 4,659 5,053

N-1(2.0)-V(1.5)
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Fig. 14. Discharge current according to void of insulator.
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