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Effect of plasma silicon deposition on XLPE/SIR interface discharge

YAN Yibo', XIA Guowei', DUAN Qijun’, LUO Liheng', YIN Guohua', XIE Qing'
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Baoding 071003, China;

2. Beijing Smart Energy Research Institute, Beijing 102209, China)

Abstract: Interfacial discharge between XLPE and SIR in cable joints is one of the main causes of cable failure. In order to
improve this phenomenon, the XLPE sample surface was treated by plasma silicon deposition with different time, and the
micro-morphology and interface discharge tests were carried out. The results show that the plasma silicon deposition
technology can effectively improve the voltage resistance of XLPE/SIR interface. With the increase of plasma silicon
deposition treatment time, the surface roughness of XLPE sample decreases at first and then increases, and its change trend
is the same as that of the initial discharge voltage, breakdown voltage, and voltage increase amplitude of XLPE/SIR
interface, and is opposite to that of the surface resistivity. The XLPE sample after 3 min of plasma silicon deposition has the
smallest surface roughness (R,=41.8nm) and the largest surface resistivity (857x10"* Q). Under this treatment time, the
XLPE/SIR interface has the largest actual contact area, the fewest micro-pores, and the largest increase in breakdown
voltage. Among them, the breakdown voltage increases by 66.7% compared with the untreated XLPE/SIR interface.
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Fig.1 Plasma silicon deposition experiment platform
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Fig.3 Surface charge dissipation experiment platform
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Table 1 Partial discharge test results of XLPE/SIR interface

with different processing time

kV
AP E)/min R AEE AR Th R {E
0 5.7 9.6 3.9
1 6.5 10.6 4.1
2 6.7 13.5 6.8
3 7.6 16.0 8.4
4 7.2 152 8.0
5 6.8 13.8 7.0
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Fig.4 PRPT spectra of XLPE/SIR interface with different

processing time
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Fig.5 SEM images of XLPE samples with different
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Fig.6 EDS images of XLPE samples with

different processing time
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Table 2 The relative content of main elements on XLPE

sample surface with different processing time
%

b BRI [R]/min C 0 Si
0 88.9 6.6 4.5
1 84.7 8.6 6.7
2 75.7 13.8 10.4
3 70.6 16.0 13.4
4 65.2 17.2 17.6
5 50.9 20.7 28.4
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Fig.7 Surface potential decay diagrams of XLPE samples

with different processing time
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different processing time



Me—TH AR, 5B T ARTE AR XLPE/SIR ST 55 H () 52 M JF 53

87

(KR RS B S B SEI JE 3G R s . SR TR
DU BRI S 72 XLPE L [ 5% F— 2 MR o 1
10 FH RS B2, XLPE 5% T 587 % i 1) 18 JI e 6 78 5
XLPE R JF A MG . N T RREERAE XLPE R 1H
(PR RS FE , v BT AN [R] 45 55 7 Ab BRI ] XLPE £ Jr
()2 RS B2 R, &5 B an & 10 fros . AV 10 7T BA
E th, XLPE A Jv [ 3R [ M RS FE R, B G 55 & TR Ak
FH T 8] 1) 3 0 S vk /N J5 B K, R, AR RS L A 41.8
~78.9 nm. R, {E AL [A] 5 0~3 min B — B 2 3
/N B, For AL PRI 1R) A 3 min 1) XLPE Ff 7 3%
T K B R, # /)N (41.8 nm) ; Ab LI ] 9 3~5 min
i, XLPE Ff Jy R MRS 2 R T U6 . BARSE
B REEDUAR REAE XLPE R [ 9% b — 2 78 5 55 3L
FH R A I ER R, (H Bl A S B A Ak B S ] ) 3
I, BUARAE XLPE 2 1 P i 1 1 38 15 BOR B AN 15 57
ST 4342 3 XLPE/SIR 5 [ J5CH

90
80
70
60
50
40
30
20
10

0

R,/nm

0 1 2 3 4 5
S5 B TR AL FRIN 6] /min

Bl10 FREIALIRATE XLPE # F A REAAREE
Fig.10  Surface roughness of XLPE samples with

different proceesing time
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