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Research on Insulation Characteristics and Optimization Methods of Cable Intermediate
Joints Under Switching Overvoltage in Cable-overhead Hybrid Lines
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(1. State Grid Shaanxi Electric Power Co., Ltd., Xi’an Power Supply Company, Xi’an 710032, China; 2. State Grid Shaanxi Electric
Power Co., Lid., Electric Power Research Institute, Xi’an 710100, China; 3. State Grid Shaanxi Electric Power Co., Ltd.,
Xi’an 710048, China)

Abstract: Power cable is the critical medium for electric energy transmission and distribution, playing a vital role in
ensuring safe and stable operation of power grid. Cable intermaridate joints are identified as the most vulnerable
points prone to failures in cable systems. To address this issue, in this paper a research on the insulation characteris-
tics of intermediate joints under overvoltage conditions in cable-overhead hybrid lines is performed. In this paper, a
cable-overhead hybrid line in northwest of China is taken as the research object and the electric field of the cable in-
termediate joint is studied. The model of the cable intermediate joint is established and the simulation resultsthat the
maximum field strength inside the intermediate joint is lower than the conductor shield breakdown field strength are
obtained.It can be seen from the electric field distribution that the electric field near the stress cone and the high volt-
age shielding layer inside the intermediate joint changes obviously. For reducing the maximum field intensity around
the stress cone and the high voltage shielding layer the Monte Carlo algorithm is adoptedin the paper to optimize the
material parameters. A single control change is adopted , and other parameters remains unchanged to optimize the sin-
gle variable under study. Furthermore, The optimized values are compared with the special values in the parameter

range to get the optimal value. The optimization results show that the optimal values exist in the parameter range.
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When the relative dielectric constant of the stress cone is 30 and the tilt angle is 10°, the electric field at the fracture

of the semiconductor shield layer is the minimum. when the relative dielectric constant of the high voltage shield lay-

er is 20 and the radius of the shield pole is 10 mm, the electric field of the high voltage shield layer is minimum.

Key words: cable-overhead line hybrid line; cable intermediate joint; electric field distribution; optimization;

Monte Carlo algorithm
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Fig. 13 Electric field distribution in section B of cable joint
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33 MA#EREMNAEEE

2R ST AR A HLHBOR 30 B, eI 4t
PR EE o O T HE AL A7 T DB 141 A S5 e 255 SR
AR K ), — e 1o 7 4fE #R B3 BB oA 5°~30°, i 7]
HEANTRY R BER T 1 A P B LT 19, HIET 19
ALEN, JT 7 £ B SRy 10° 26 A B2 S 0 S5 i 22 7 11 &k
FL 78 B I KAB S B e/, O 6.27 kV/imm, {58}
BE 10022 J5 , W 171 4 1% B 37 8 B i A1 o o7 35 K
[[iip:

X 10

14r
1.3F

S lIO lIS 2IO 2IS 3I0
N2 HE /()
19 RA#REERAERET OLRZRAE
Fig. 19 The maximum value of electric field at fracture at

different tilt angles of stress cone
F T AR A2 o) L 3 90 A AR 220K, TEIIGRS 73
V73 R AR A I 2 5 A S5 2 B 11 Atk H 3 0 A

JEFFRFFE LI 20, H & 20 ] %0, 24 57 o HE fiit o
AR IR T 1Ak P 37320 AR K, ELWE 11 4 5 57 4
LRI G R, R E KR, 5 £ F
Wile, N THETARLA B 100 HE A B Sl 5O H 37 - i
H/N,

e SARBEZWT AR [ HL 7 3R ULE 21 R
PRI 21 BT, I 746 A 13 R 300 HeiF 11 42b i 378 2 L H:
EAEERARZ N THE A R 5OR 10°H AR/ I
VPR, 275 75 1821 SR BRZ W 11 b 5w i 45 4)
A BRI L 53T, T HEAUARHA R 10° £
3.4 BERGEREMEXEEHIERE

o0 5 JZ2 AN [R) AFGT A R 3R 2 T A P 3
HL 7 e KB DL TR 22 85 i B i J2 AT A H o 0
Bl 1~20, AT L H50CA 5 s g i B il 2 2 T L 3
KNG TP AT A5 P38 o 3 e KA A AE B A
XA ELH O BE R T/

AN [R) 15 5 G J2 P X A | ) v 3 0 A A
23, BIE R R 1~20, B i H 3 d R AR IR 5
5 RIS L o ) A8 —A~ e, R ) AR ) H 3 3 A R
AR (5 B2 AE A FL R B0k 1 g R,
FEAFXT A BB EICR 20 B FEL 3785/ ARG A LR O
5.10.20 B FRIGAHZEAS K MURARE R 20,



<164 - 20264E£10 J

inée

a2t 10

Hf7: Vim
X 10

8]
[\

OO = =N
ADNRON NSO

oS
(SN

(a) B2y HEIARL 11 95 —
i{j: V/m

7

o X
=

OO == == N
ANRON BN O

o
B

0.

() N JTHEMURH 150 o
Bfi7: V/m
X107

ANRDON N0 DO N

2
2.
1.
]
1.
L:
1.
0.
0.
0.
0.

4
2

(e) Wi JIHEMIAR M 19250
20 FSEFHEZEEOAREETSHE

Fig. 20 Diagram of the interfacial electric field distribution at the fracture of the semiconductor shielding layer

1.35X10°
= NI BRSO
L25F = N JpHEM R A10°
2 1.15F - N JIHEA EN15C

il ——
%0% - -
# 0.75 I8 5 £ P H920°

= N SIHE S 250

0.651 BIAHERER30° .
0.0 0.5 1.0 1.5 2.0 2.5 3.0
VA B T AR A2 K B /mm
21 FSEREHREHOLEEBEZS T
Fig. 21 Radial electric field distribution at the fracture of
the semiconductor shielding layer
e e B ARZ AR A B EON 1,510 20 1 /& s
B 2 Ak 7 oA UL 24 Fi L 24 AT AR L
RO, R L 380N AR A LB 1R,
JiE SR AN T A, % J] L L 3 W AN R, FE AR A
HL R 20 6], 78 8 RlZ P R R N e
GRS B2 2 AR L 7R AR (H ML 37
N Z5 BT R R AR A B i e A 20,

A7 V/im
X107

a

(b) N2 Fy AR A1 BE 9 10°

[
[

OO = N
DO BN O

$1ﬁ V/m
X 10

.

(d) BT EMR A L R200

58]
DR ON BN ON

OO == N

(=]
4

%ﬁi V/m
X 10

a

() N2 HEMARY #1118 A30°

S8
[\

OO = = = N
DR ON B NSO

(=]
=

6
0058 10

0.85}
s 075}
> 065}
0.55}

045}

035}

025} , , , :

0 5 10 15 20
TR0 3 AT XA L

E22 SERBEARENTEEYFNESRKE

Fig. 22 The maximum value of electric field when the

IRV

high voltage shielding layer is of different relative

dielectric constant
3.5 BERBREREFRRE
2B e R i Z AT X B R RO 20 B, R
WA, SIRGRRUZ R UL 25, =
B 2 A2V A 0~ 10 mm, B 2145 0 mm
W EA KT OB, 742 3 mm I,
J 2 5 R AEIR B /N, T8 L7 e KRS B
B/, NS R R B AE AN R



G R, PN K, EVEHT, SR AR RIS F AU T R R PRIk A S R A T AT . .
W5 50 W, PN, THUEIT, S MR SRR I R L FUR T S v Sk A R A AL g 165
X 10° X 10°
ol ~ HIXEA O] 7T
48 ~ XA B HONS il
—~ 4:6- ~ HIXF A HCN 10 —~ 6.0-
'S 44} FHXS A B H0CR20 's 55l
° 42h * L
2 Lol e 2 3ok ~ HIREA ]
= 380\" o T ir RN ~ HIRHA HLHHORS
E\J 342‘: \\\4‘ '@ 30} \‘\ % - »ﬂl?ﬂﬁ%méﬂ(jﬁo
3ok \\\ 2.5+¢ ‘\\ o
28} ST 2.0} e
2.6 L A o o o 2 = ' 1.5t L L ! J
0 50 100 150 200 0 5 10 15 20

1o B 2 el ) K B /mm
(@) AN[EIFH XS A B AT Sl ) B35 90 A

R R B AR ) KB /mm
(b) AN [EVAHXT A F 5 H i 428 1) B3 0 A

23 SERBEAENEEHNKREBRZS N
Fig. 23  Surface electric field distribution of high voltage shielding layer with different permittivity
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Fig. 24 Electric field distribution of high voltage shielding layer with different permittivity
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