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Fig.1 3D model of cable intermediate joint
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Table 1 Parameters of model materials
HBAL MAHEE JERE/mm EE/mm KA/ /mm
Sk 10 000 9.3

R 10 000 3.4 118
il R 10 000 0.28 (k£ 5S
L BIRER 1 000 0.3 268
kNg 5 0.3 A B 5L
daL;ia 1 000 10.3 57.4
=5 1
FER R 2.8 13/10 158
XLPE %% 2.5 5.8 268
e 1 000 2.8 11.8
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Fig.2 Clouds of electric field distribution under
different conditions of silicone grease coating
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Fig.3 Electric field distribution under different
silicon grease coating conditions
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Fig.4 Electric field distribution at
different positions of air gap
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Fig.5 Electric field distribution at the same position of
main insulation scratches and normal conditions
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Fig.6 Electric field distribution of main insulation
scratches at different positions
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Fig.7 Electric field distribution at the same position
under damp and normal conditions
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Fig.8 Electric field distribution in different
position of joint affected by moisture
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Fig.9 Schematic diagram of the pulse current method
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Fig.10 The relationship between local
discharge current and phase
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Fig.11 The relationship between discharge and phase

X [A] 2 AL P E 0°~90° 180° ~270°, H.[X [a] P £ 4
AEAERT 7 8 R F AT R 22 [ AH 25 AN K, 43 A 3 1
7o F1OE 32 8 R B T80 H BB R 1 DX TR /0N, T
200° ~270°Z 1] , H i B B eI IX ] A e B

THAAREAE 20 /N JE1 I PN B0 OB, JE 5 TG ik
VA BERR TR KA 57 3k 52 W 5 3 4 2 X0 s 5 B
A3 2 YR \224 IR \T5 YRR 510 IR . I URE A AT
Al BRFGI  FERUE i Uy T ILT A R4 . 1
BRENRIRIRAN Y 5] 2 B4 g X0 3 PP Rs nT
S RRE 1) & S A A B B 24 2 T A B PR 1 248
S P T RS, VA LA SR TR B LR IS [ R
B AH L o AR A TR B, TR R — H s
SR Ui, F 48 230 1 R e S B0 T R BSOS TG ke
BT 255 A5, T 4 3k 32 W AR AR U RN 24 50 BB
U590 Ry TE 5 1 O R OB Y 37.5 A A 122 A
AR, EY R G R XLPE 4625 1) 5% i B B S
TR, H S 2 0 6 446 5% 58 85 1 5% ) U e /N, ik TR U R
ANBIST R AR B Ak T 3 2 ]
3.4 IHEFFBEBFLEBIFIAER R

S5 IR LR K 3 R R
SRR I AN 2 iR

F2 HESKBIL

Table 2 Comparison of simulation and experiment

e ERHERE/(MV-m™) 53 Yok
Fe 2 0.659 75
RERRR A5 1.140 224
F YU R 5 2.385 510

B 3 Mk T 05 BO TR RS TSR
FEL T JR S e P a0 A L B, A B e R A i
FIRIRANEY 5] B3k 32 3 Fhis e 07 H 4 R AR



119 P £ T 4210 KV LA [R5 SK LR it T BRBE 14 3 SR R PRI

SRRl RGBS XLPE 425262
SR E SR B K, He Sk 2 XLPE 268 2% 1% 28 2 o

ARG
4 £

SCHIFRE T 10 KV LS v ] Sk MURL it T
HL 7 L, BRADL T ) TR I G, 5 30 9 45 SR 0 £
T W 22 B AR RV B, B v vl A 4 Sk T Sk AL
AEEES, BT

(1) GERRIRIRA I ST, 25 SBR[l
I FRL 37 W A g Ry ™ T, T L 5 N ) A, )37 5 0
BN o PR A A Sk A A A R v R B HE A R )
ARENR RS IR RIS

(2) FHZRIGI, B 372 B o ™ 5, 25 SR
TESM1- T V) B b 37 58 s Ko 300 49 o7 7 3 W 3 25 47
L FUIMAL , 35758 B/ 0N o i 4 Sk s I A 200 HE
EIZAL R A I .

(3) Bk WG , K B T 7 g e BT v, 37 g
SRR RE B Ry S B 32 T T 5 0L T, DU KR 4 Sk
LS5 M ki /)N o % % 0 ) ) e A P, 465 4 % 28 4o 3
B T Dl X

(4) FELZN0; FENRIRIRAY S Bk 2 3
e g 18y 25 3 A% Sk 2B ™ H I R AR TR . 3 Al
I S P45 B B 1) 5 0 U DB/ IS, £ L 5 T 2
K-,

Sk

(1] Bz L. mAHEL MR ER ISR [ D], Kb K
YRR T KA, 2016.

HE Yunjiu. Research on partial discharge on-line monitoring of
cable joints[ D]. Changsha: Changsha University of Science &
Technology ,2016.

[2] STANCU C,NOTINGHERP V,CIUPRINA F,et al. Computation
of the electric field in cable insulation in the presence of water
trees and space charge[ J]. IEEE Transactions on Industry App-
lications, 2009 ,45 (1) :30-43.

[3] SHAWM T,SHAW S H. Water treeing in solid dielectrics[ J].
IEEE Transactions on Electrical Insulation, 1984(5) ;419-452.

(4] m5E5E, B, BEER . bR RERFE X I XLPE B 45 2 i
BRI [T, H o TR ,2018,37(4) 1 137-142.

YE Guanhao, LYU Lixiang, HONG Lu. Effect of grounding
defect on high-voltage XLPE cable terminal[ J]. Electric Power
Engineering Technology ,2018 ,37(4) :137-142.

[5] W5uog , 25 W%, BRZS, 5. 220 KV AL 25 4R BE A b 45 1L

3FrLT]. M TREHIAR ,2018,37(6) : 151-155.
CAO Jingying, ZHAXianguang, CHEN Jie, et al. Terminal fault
and simulation analysis of 220 kV cable line[ J]. Electric Power
Engineering Technology ,2018,37(6) ;:151-155.

(6] A JHHL, 20, 5. UL SRR 3% i 48 20 < B Y =)

RO R RALFLLT]. S AR ,2014,40(12) :3709-3716.
WAN Li,ZHOU Kai,LI Xutao,et al. Toward understanding de-
velopment mechanism of partial discharge in air gap defects in
cable termination by analysis of electric field characteristics[ J].
High Voltage Engineering,2014,40(12) ;3709-3716.

[7] MEZIANI M, MEKHALDI A, TEGUAR M. Effect of space
charge layers on the electric field enhancement at the physical
interfaces in power cable insulation[ J]. IEEE Transactions on
Dielectrics and Electrical Insulation,2016,23(6) :3725-3733.

[8] WML, B2k, e, &5, P IRACHR AL S5k A2 5 5L T 32 W1 Bk

BT BTSEL )], m AR ,2014,50(5) : 1-5.

YANG Fan,ZENG Chun,RUAN Ling,et al. Study on diagnostic
method of compound boundary in medium voltagecross-linked
cable joints moistened [ J]. High Voltage Apparatus, 2014, 50
(5):1-5.

[9] PERKEL J, DEL VALLE Y, HAMPTON R N, et al. Inter-
pretation of dielectric loss data on service aged polyethylene
based power cable systems using VLF test methods[ J]. IEEE
Transactions on Dielectrics and Electrical Insulation, 2013, 20
(5):1699-1711.

[10] A 7K. W dih 3k RAS BB AT [ D] R Fo 4K
2£,2018.

CEN Jie. Research on partial discharge of cable intermediate
joint[ D]. Chengdu:Xihua University,2018.

[11] 2530, 200K, 80 8, 46 B FHR B Y XLPE i g2l ik o

F1 R BB AT T [T ] 4 b8}, 2014,47(2) 2 71-
75,83.
LI Huan,LI Xin, LI Weiwei, et al. Frequency dependence cha-
racteristic study of breakdown behavior of XLPE cable insula-
tion with needle defect[ J]. Insulating Materials,2014,47(2) .
71-75,83.

[12] R 5. 5 FL 538 BE X B S i AR o Al e v

WA R BIFFEL D] W R W /R I LR, 2017.
XU Zhiyong. Research on the effects of molecular structure and
cross linking degree on the water-resistant tree aging properties
of polyethylene[ D]. Harbin:Harbin University of Science and
Technology ,2017.

(137 FRE, Bk, RIGEHE, 45, 10 kV 1L BRI B2 Bl o 7 2

SYLEHEATT]. 42K, 2011,44(4) :67-69.
ZHOU Fengzheng , MENG Qinglin,ZHU Xiaohui, et al. Simula-
tion of typical defects and analysis of insulation breakdown in
10 kV cable accessory[ J]. Insulating Materials,2011,44(4) .
67-69.

[14] Jrgte ittt W . 10 kv i 2 v a] 42 Sk #8704

FOMRLT]. =Rz 4R ( A SRR , 2016,38(2)
55-59.
FANG Chunhua, TANG Shixiang, PAN Minglong. Simulation
analysis of typical defects in 10 kV cable joints[ J]. Journal of
China Three Gorges University ( Natural Sciences) ,2016,38
(2) :55-59.

[15] #Wed, e, B R0, 45 35 kV il ST 858 4[] 4%
S AR A T RO T [ T]. AR, 2015,48



2 HEHEAR 120

(11) :59-63,68.

JIANG Xiaojuan, LIANG Weigang, XIA Junfeng,et al. Electric
field calculation of typical defects in 35 kV power cable joints
and fault analysis[ J]. Insulating Materials,2015,48(11) :59-
63,68.

KEERAR T S R ERLT]. R AL 4% ,2018,54(7) :87-97.
CAO Junping,JIANG Yukuan, WANG Shaohua,et al. Analysis
and prospect of defect detection key technology for XLPE
power cable joints[ J]. High Voltage Apparatus,2018,54(7) .
87-97.

[16] Z R4 ATmizh, B LA, 5. 0.1 Hz A1 50 Hz B JE T XIPE
HLEJR A e b Xt [T ] i R4 AR, 2010, 36 (8)
2000-2004.

LUO Junhua, FU Liwei, TAO Shili, et al. Comparing tests of

[20] ZRHA. foy HESTIOR 3R M v 07 v 2 0 S 240 25 AR A D) B 1)
WHFE[D]. TR FPORA:,2013.
WEI Gang. Study of detecting and recognition of insulating de-
fectin high-voltage XLPE power cable joint[ D ]. Chongging:
partial discharge on XLPE power cable at 0.1 Hz voltage and Chongqing University ,2013.
50 Hz voltage[ J]. High Voltage Engineering,2010,36(8) : [21] farBs g 1], 45, 2%, XLPE /55 [ v, 7 o 45 JR 3 s e 46 ) oy
2000-2004. BT, W5 E SRR ,2016,32(5) :27-33.
[17] X, Fm52, 25300, 10 kV XLPE #4552 3k 1 f SR 0y v HE Cong, YUAN Chuan, ZENG Wei, et al. Detection method
WoR[T]. &R ,2016,52(4) 130-35.
LIU Ying,SU Yu, LI Wenpei. Research on electrical field si-

for partial discharge of XLPE high-voltage power cable[ J].
Power System and Clean Energy,2016,32(5) :27-33.

mulation of 10 kV cable joints[J]. High Voltage Apparatus,
2016,52(4) :30-35. YEHZ T
(18] E&h, F48, 5kAT, 55, 10 kV 52U L Jy i 4ivd 4 =0 b Al e Sk
HIFE[T]. ) 48 77,2018,31(12) . 127-133.
WANG Jin, QIN Yu,ZHANG Hang,et al. Simulation on elec-
tric field of cold shrinkable intermediate connector of 10 kV
AC power cable [ J]. Guangdong Electric Power, 2018, 31
(12) :127-133, 7
[19] BRF-, ¥ fm 5, £ 2. XLPE R Jg B 48 132 Sk e b G b 7

PE 7 (1995) , 3 A7 52, BF 55 0 1)
HL TR RS 2 M I ( E-mail ; taoyuning12@
163.com) ;

W 5 3% (1997) , 55 B AEBE , BIFSE 5 1)
L TR A RS TE R MR 5

BXE AR (1979) , 55, B4, W 9 LRI, A
FrH A RS E LR I TAE

Electric field and local discharge characteristics of typical construction

defects of 10 kV cable intermediate joint
TAO Yuning', CHEN Huangxi', ZHAO Guowei’, FANG Chunhua'
(1. School of Electrical and New Energy, Three Gorges University, Yichang 443000, China;

2. State Grid Datong Power Supply Company of Shanxi Electric Power Co.,Ltd.,Datong 037000, China)
Abstract: The paramount reason for the malfunction of a center connecting joint,where considers to be the major fault point of
power cables,is construction deficiencies. As a result,a three-dimensional finite element model is generated in order to evaluate
hazards of the construction deficiency towards the intermediate joint of the cable. Furthermore,this article analyzes the patterns
of electric field distribution when three kinds of construction-deficiencies occurs including uneven application of silicone grease,
scratches on the surface of major insulation and moisture into the intermediate connector. The last but not least, the article
explores the relation of the fault location to the field strength. Additionally,a platform for partial discharge test in the context of
alternating voltage is established for verifying samples. The results show that the most significant electric field distortion appears
when the silicone grease is unevenly applied and the air gap emerges near the stress cone. While oppositely, the field strength
decreases gradually when the air gap position is away from the siress cone. Besides,the most serious electric field distortion is
visible while the major insulation has scratches. Also the field strength is maximized at the cut-off of the outer semi-conducting
layer. Moreover,the most intense electric field distortion arises from when water membrane is close to the stress cone due to
moisture ingress into the joint. In addition,numbers of discharge increase successively in the partial discharge test conducted at
the same voltage and under the circumstances of above mentioned three kinds of construction deficiencies.

Keywords : power cable ;intermediate joint;typical defects;damp joint;electric field distribution ;partial discharge
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