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Study on Failure Mechanism of 35 kV Prefabricated Cable
Terminal Under Impulse Voltage

XIE Shuning, SUN Ming, ZHANG Lei, SUN Kang, ZHANG Zhousheng
(Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: The simulation model of 35 kV prefabricated cable terminal was established to simulate and calculate
the electric stress, thermal stress, and mechanical stress distribution of the cable terminal under the impulse
voltage. The electric field, temperature, and stress of body insulation, semi-conductive layer, and shielding layer
were calculated and analyzed, and the influence of harmonic wave with different frequency on the electric field
distribution was considered. The results show that the influence of high frequency signal on permittivity does not
lead to large distortion of electric field intensity, and the change of electric field intensity is not obvious. At the
same time, the temperature rise of cable terminal caused by impulse voltage is small, and its influence can be
ignored. The impulse voltage increases the mechanical stress at the intersection of the semi-conductive layer and
the stress cone, and the maximum radial strain reaches to 2.54%, which makes the position of the semi-conductive
layer prone to produce air gap and is the main cause of cable terminal damage. It is concluded that not only the
electric field optimization but also the elastic strain of the material should be considered in the material selection
and structural design.
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Tab.1 Material parameters for

each part of the cable terminal
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peak time of impact voltage
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Tab.2 Electric field strength of body insulation,

I~10RERIER T AR &L FFEER

semi-conductive layer and shielding layer under

1-10 harmonic action

3 58 FE/(kV/m)

n W RV

ENURCE S S LY Bz
1 185.3 11.911 23.579 25.833
2 33.7 2.178 4284 4.693
3 64.5 4.175 8.209 8.994
4 16.8 1.084 2.131 2.336
5 38.6 2.497 4911 5.380
6 10.9 0.707 1.389 1.522
7 273 1.767 3.475 3.809
8 7.9 0.370 0.728 0.797
9 21.0 0.512 1.922 2.924
10 6.0 0.391 0.798 0.844

®3 FEFAETHSHEERSE

Tab.3 Harmonic components of the

semi-conductive layer in different methods

n E,/(kV/m) E,/(kV/m) BAEE Y%
1 23.587 23.579 0.034
2 4.286 4.284 0.047
3 8.212 8.209 0.036
4 2.132 2.131 0.047
5 4.912 4911 0.020
6 1.390 1.389 0.072
7 3.477 3.475 0.057
8 0.728 0.728 0

9 1.922 1.922 0
10 0.798 0.798 0
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Fig.6 Distribution of electric fields of section line at n=1

ME 6 7T LUE H, 4R 2 b g s FEAE 1 5
JZ 55 L3 HE AR A2 Ak B 319 K 9 5 I 7 HE R R A
Wy A, 5 R = 5 N ) o R e ) P 3 0 EE S T Uk
INELR /N T FE RO G248, 3R T N HE AR AE
oA LN A R R LR G B T Sy i AR A
LR 1 7 5 B AE E i T o B 3 2 1 9K, A I



53 R bt U R 35 kv i 28 40 £ R LI A

iRl 2022,55(10)

JIHEAZ S A I I 9N 5 1 FE R T2 b L 3 e AR 1 5
Wi, ISR EE R K. Bk 4.5 6 TEN HHEE RS
HLJZ2 A A8 Ak R AR WA W AR R A S BT R T HE )
FEAE, 55) 1 M8 v o 3 L JZ 1) ML o0 AT, AT
T H 7 10 5 H 3 R R BRI, DAL A2 4 PR 37 B FE R
RN, HOR T 82k 6 L7 IR
22 HSERIRRIAN DS

P25 32 A7 I R e M DAk B K AR SRR e A e
o PR X P 20 2% B 1Y) 52 ) E PR ER R b R
[i] A A SRS I TR AT A o A SOV PR 4 L
] 46 A8 N =R 293.15 K, &5 X i HGE B
8 W/(m’*-K) , 4 s b B a0 X (7D Fr s

W= jwu(t)z/Rdt D
0

DA u() b s R N HTES HELBE
T HEAE R S i AR AR 2R 4.5, 6 b L
J5E AR Ak B 18 FE A AR AR AN ] 7 B

298 — k4
- S
- -Hke
2961
X
2
uc]
294
292 : , . ,
0 0.005 0.010 0.015 0.020
12 H)/m
(@) 2k 4.5.6 T Z /3 A
20000- __aa
! — - ks
' - - #i%6
“E 15000 !
]
100001
®” |
Jgg( {
Z8 5000+
|

0 . . . .
0 0.005 0.010 0.015 0.020
&1 /m

(b)Y 4.5 6 i LA B2 43 AT
7 B4 5. 0REREERESM
Fig.7 Distribution of temperature and temperature

gradient of section line 4, 5, and 6
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Tab.4 Stress coefficient of different harmonic components

n M, /(mm?*/kV?) M,/(mm?*/kV?)
1 -17.714 -5.910
2 -4.428 -1.479
3 -2.072 -0.692
4 -0.993 -0.332
5 -0.601 -0.201
6 -0.441 -0.148
7 -0.306 -0.102
8 -0.196 -0.066
9 -0.110 -0.037
10 -0.049 -0.017
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