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Simulation study on typical defects of 10 kV cable terminal based on
electro-thermo-mechanical field
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Abstract: In order to study the influence of typical defects at the silicone rubber/cross-linked polyethylene (SR/XLPE)
composite interface of cable terminal on the electric field, temperature field, and stress field distribution, a 10 kV cable
termination simulation model was established by using COMSOL Multiphysics simulation software. The electric-thermal-
force field distribution with metal particles, semiconducting particles, and scratch defects on the composite interface was
simulated. The results show that the electric field, temperature field, and stress field on the interface defect area are distorted
to different degrees when metal particles or semi-conductive particles exist on the composite interface of cable terminal, and
the influence of metal particles on the physical field distribution at the interface is more obvious. For the air gap defect
caused by the scratch of XLPE at the truncation of outer semiconductive layer, it is found that the electric field at the
interface air gap defects is distorted and local hot spots are generated. The coating of silicone grease on the interface can

obviously improve the distortion of electric field and temperature field at the scratch, but the stress distribution in the scratch
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area is not uniform due to the filling of silicone grease, and the stress is high at both ends and is low in the middle.

Key words: cable termination; typical defects; electric field distribution; temperature distribution; stress distribution

0 3518

T+ 5 A WUR R, ki i R &
IKPA B4 15 5 L 7 F 2 T A 28 2 2 B Ak i
BerE 25 1) 2 Eak T a0, PG AL EE VKW
Hohn, A E BRI 2 . B
HL 2 P () 2 3k DA B HE B ki B2 3k, 35 kV L DL R
T 55 2% FRL 5 B A K 22 168 P REAR RS VR B R 2 %, 7
B I A 2 TARE IR EE DL R it T 2 s, HEAR
52122 B 3R 2975 (SR/XLPE) B & Jt 1 4% 5 T s 1
B BE L 5 R A8 T, TR B L S PR B T SR R

HEHE KB RIS L E XA B (2021ISCG0009)

BLLk R L AIs AT R

AT, 5% T HL 28 PR A 7 i ook s (0 T 9 T B2 £ v
T ERBE XS ST LI o> A R . H G B AR
AP F RV > i SRR, B 5 R
)i 248 2 3 T 3 BRI A7 SRS, ol T R AR 1R AR
BATHBAR B fH 5, 5 BUBR R R AL 37y i A
=, I HL W A R B R R R R A 1 i 1 KB, ik
B, FLA B BT A7 AE O BT IR 2% BONTRORE 2% Joit
IS5 5 6 X 48R B F 37 56 S5 2 R AR AN R AR JEE A T
e IR 2% 0T Fa 37y 1 W AR A P B0 Y SR T
5 FL37 5 TR B 10.3 kV/mm ), 75 5 77 A R O
MR,



@R 2023,56(3)

AR T #7410 10 KV Hh B35 SR BRI i SO 9 101

FEL 28 A A 7 T AN 2 51 S e 3 AR, T L
=P BUR SR T AR ) B S8 ] L, 32 B T A
FHG M, AR B S O A5 R R 2 A5 5T 2 DA
(i) R PS8 R B8 AT o e T A Pk AT A s R ik

()3 22 7= A2 FANE D, AR RERR B 4 25 52 D34 I, e A
043 TR (1 P B AR B HE K, HEL T TR 5 SR A IR
Ry T RE DGR TR, g a2k A, T BB R
PR R,

AT, AN [7] 5 T S5k B ) H 28 B 5 T R L iR
FEE 39 CA T 7 3 3 (0 52 i 2 B F0AL BEAS [7) 8% {22
SO o e 2 )42 Sk 46 222 A0 6T A L T L AR
Ffs A FEL 37 43 AT RS EAT I E R I8 G AL AE S
T Ak H 37 3 P2 3 K. Rt A A A 0o P 20 248 g
A7 AE AN [ 25 7Y e b4 B 5 T80 1) BB — 8= 77 39 90 A Ak
—B W5 . A COMSOL Multiphysics 1/ 2 4%
1, % 5710 kV HL 88 2 3 /7 LA AL, B 5T SR/XLPE
A FHIHATAE 4 8 SOk 52 5 B ORI, g
15 B2 37 UL R RE 337 (0 43 A IR L, (R 25 & 4 3 W
2 A T Ak TR A2 Bk 2R 2 KA 5 BB B 1) A O
WF 70 4% 78 1k R A0 e F 3 AN IR B 37 I A8 Ak DL R iR
TR I Ah 7 3 37 () 3 A 5 LA S Ay v 0 24 i g e i R4
Wi LA AT 4E PR it 5% .
1 1=EBEN
1.1 HEZRIREHRRESH

LS YIV-8.7/10-1x240 A2 W 3R 205 HL ) B 4%
Be BB 1 10 KV & 46 7 402 i Nt FExE RgE A
FAA, I W B 1 TR 3R 1 NS4 BT A
EHO S5
1.2 JBYIBIHIETHI ST

HL 3 45 5 R S 2RO,

VXH:J+%?ﬂ%B:O

(D
0B
VXE:J+E;V-D:p
Xb 2% 1 [ A B A7 AE (2D ~ (3D TR
KA.

J=9E 2

i 2 3 i 5 6
LSRR 2.9k BRill: 3. AR LM 4%
AREMIE A 2, S N HHE; 6. 452 Bt

El1 10kVEHERIRHEER

Fig.1 10 kV cable termination simulation model
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Tab.1 Simulation parameters of main materials

R M EER BER(S/m)  FREH(W/(mK) EERE/I(kegk) FE/(gem’) HIEE/MPa  Jkath
&l 1.00x10* 5.80x107 4.00x10? 3.85x10? 8.94 1.26x10° 0.34
LR LI 2.09 3.92x10° 0.33 1.63x10° 0.92 1.08x10? 0.37
HERB IR 2.73 1.57x107" 0.45 2.00x10° 1.12 1.35 0.49
- 3 BT R 1.00x10? 3.00 0.29 1.48%10° 1.34 1.14 0.49
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Fig.3 Schematic diagram of defect location and interface

value location
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Fig.4 Electric strength distribution in the cable termination

with two types of particulate defect on the interface
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Fig.5 Potential and power line distribution in the cable

termination with two types of particulate defect on the interface
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Fig.6 Surface charge density distribution in the cable

termination with two types of particulate defect on the interface
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Fig.7 Temperature distribution in the cable termination with

two types of particulate defect on the interface
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Fig.9 Stress distribution in the cable termination with two

types of particulate defect on the interface
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Fig.10 Schematic diagram of scratch location and

value location
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of the main insulation with scratch
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Fig.12  Stress distribution and stress distribution curve in the

area coated with silicone grease

DX 35 195 i 14 82 3 B AS8 ek AR G 246 25 43 1 1) A FH )
RSB E I R S R PN R Sl
S IR, K HE I AR N IR IR AR T 48
o3I 055 N g ek AR 0 4 2 1) Z AP

3 %418

(1 HL 8 28 3 5245 % T A7 75 <82 J& ORL I, 7 Tl
R o [X I T P P K, L S A, LI
AR P B R K A AE - T FEORLIN

(2 F T < PR A~ 5 r lORE 1 3 B e 0 A
(7] , S 250 T I 73 0475 PR ORI a5 5 DX 3 L P
DATAFAEZE R -

(3D < JE TR LA B > 3 i SoE R I K 28 s A8
253 A PRR ORI AE AR B 5SS R R LI A & S
A LA S T 7 A B T AN TR S S ok B
BOK o HAER R, FHm 7 A N T

(4) ¥ 78 R A T W Sk o8 P 2 o b 3 LR
YT Ak 8] 52 Bk BR 2 0 248 2 ) 4 3 0B R g I
R 37 DA R il 88 e AR A7 0L (EL IR 78 ek i DX IR SR A7 A
2 T3 53 AT AN ST BB 1N 77 5 B0 S vy o (LA
oA B

SRk :

[1] R 2 XU, 30 6 30 V36 5, %5 XILPE i, g v 408 B8 Jo 3 e vl D 5
Sy HT ). B ML 2 ) 2 910,2016,20(6):94-101.



106 NSRRI 1 10 KV PR £ SR s 07 SO T iR 2023,56(3)

[2] S0 AW U, T SLBh, 55 . B T -5 R4 20 T 1) EPR R K H 136-143.

A5 2wty S i BT EL AT BRI D B B A6 #5,2020,40 [16] Zylk 2. FHHPRES K 3SR TR L0/ AR IR AUZ A I i Pk
(7):211-224. B2 (D). L i 20 8 K 5,2018.

[3]1 JHGEE AT, T A5 110k V HL 85 A [R] 422 Sk e Y 6l e v 3% [17] ZK U A E D7, 2242 1,55 XLPE 48 2% & i LI H 2 28 i P
ST T[T A KE2018,51(7):49-53. R of HL 37 23 A IR SE I [T]. FL AL S 78 1 241, 2018,22(12):62-67.

[4] S, R RIS 10KV 37 BE Fi 2 2% it S 7R i B T 0 s H [18] HLo6IB, 7 4, B o 45 . il 5 Rk AR T B A2 U B 0 A2 A x4
RHIERF FT[T]. 48461 K1,2019,52(3):51-57. L ST HE T B RE I [T, 48 206K 2022,55(11):100-108

[5] ke, 5kF6, ZE8005,5% . 10kV XLPE HL 25 2 vty S [ 5 1 5 35 o [19] k. HZiHk 5 G AU Ak 2 A0 B N 2% R 1 1) F 95 [D]. 1 %2
Br[J]. 42564 K1,2014,47(4):83-88. 754 TFE K %,2019.

[6] YANG H, LIU L, SUN K, et al. Impacts of different defects on [20] EBZREE 5K SC,F U, 55 . i A0 IR FE B R4 T 442K Si0, 2
electrical field distribution in cable joint[J]. The Journal of Engi- T 48 253 K 4> T BT R IR RS W [, 48 A R, 2021,54(3):
neering,2019(16):3184-3187. 36-41.

[7] EL-BAGES M, ABD-ALLAH M. Electric field distribution with- [21] MOHAMMAD A H, PILGRIM J, LEWIN P. Thermo-mechani-
in underground power cables in presence of micro cracks[J]. Inter- cal analysis of solid interfaces in HVAC cable joints[J]. IEEE
national Journal of Scientific and Research Publications, 2016, 6 Transactions on Dielectrics and Electrical Insulation,2019,26(6):
(1):160-165. 1779-1787.

[8] ol 5, AT 58 S sy L, 55 . St o6 s 0 o i) 8 S UL 4 A7 S T 1T [22] ORI AERA T . B T o B M. 1 22 78 22 28 38 K 2 tH iR
05 B FLI]. 45 26 81,2019,52(5):69-74. #£,1990.

[9] SR A00Ye, LB, 55 5T -G WA 7 BT ¥ EPR 1 & [23] 2525 R B %, R A T4 . PR B A P U 7 e T 1 R e R L
5 2% S e W A 0 B AT R ARAR D). T B B BE4,2020,40 WEFDUIR[T]. 4241 K,2021,54(10):13-19
(7):211-224. [24] XA B IURE, 2R A 2 AR R AR W M T I e R

[10] #5380 308, % i - A S EH N R R i B kg &2 P B St g 2 1 % 1 5 A [, i F R AR, 2020,46(12):4203-

SR 23 AT 07 FAE SE[T]. LS ) 4 4, 2020,24 4210.
(10):100-108. [25]  XUZR 58, 0% [ L ORERE 3 Al M), Bl AR AR T K2 R

[11] X ZE VP PR o, 3 ST, 55 . 268 25 52 A% H 5 o i) 422 Sk 57T #t, 2016.

W3 Ak HL 37 43 A1 TR RE T[], 482561 K1,2021,54(7):67-74. [26] Mka, 3% 5% B, £ B 45 AN R 8 2% A X XLPE/REAS i 97 i o

[12] &5, Dyi2E . TR s 3 e M) b ot @ S 80 B ARAL, ZE R (R [J]. 6 264 61,2013,46(5):66-69.

2000.
[13] e, 50O A EAR, 3 4 40 T e v 48 28 i b R RS Wk B EA:2022-03-22  {&E HHEE:2022-05-24
PEII T I - RS £ 5 07 LT T[], A8 504 84,2022,55(7):64-70 VEH BN %8 (1998-), B (k) LR F@aA Mt4L, 2%
[14] VLR %8 ST AE, S50, 25 T ANSY'S /) Hi 45 22 3k g 7 4 25 RGO A SR BGE A B B A (1974-) , %
S Be L - #0707 BURFE FE (0], R B TR 54l (B 28 F1H5),2019, () Ly A By AL, 8l 24% Pk, 2 BB 2 & Sk A 2
330):151-158. PGB S HR R L BAVR AR AR ) L ik
[15] B4, J8 R X 55 B ER 40 v g v B 1 e R R At

U6 Ke 3SR R AR AE [0, R [ R ML TR 2 4R, 2011,31(28):

s RALIL T,



