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Effect of coating silicone grease on electrical-thermal-mechanical
field at interface of 110 kV cable terminal joint under thermal ageing

ZHANG Wei', HAN Shengbin', LI Xiufeng', LIU Zhengdi', WEI Kai’

(1. College of Electric and Electronic Engineering, Shandong University of Technology, Zibo 255000, China;
2. Shandong Seven Star Electric Technology Development Co., Ltd., Zibo 255000, China)

Abstract: In order to study the effect of coating silicone grease on the distribution of multiple physical fields at the
crosslinked polyethylene/silicone rubber composite interface under thermal ageing, the electrical-thermal-mechanical multi-
physics field model of 110 kV cable terminal joints was established using COMSOL Multiphysics software. The distribution
of electric field, temperature field, and stress field at the composite interface before and after coating silicone under thermal
ageing was simulated. The results show that after coating with silicone grease, the sealing degree of the interface increases,
which decreases the distortion degree of the electric field and leads to the slight decrease of the temperature rise of the
interface, but the stress of the interface distributes unevenly. After ageing, the swelling of silicone grease on silicone rubber
increases the relative dielectric constant of silicone rubber, and the interfacial charge density, and causes the electric field
strength increase further. The increase of temperature promotes the penetration of silicone grease to silicone rubber, which
decreases the thermal conductivity of silicone rubbe and make the interface temperature higher than that before ageing.
Under thermal ageing, the elastic modulus of the silicone rubber coating with silicone grease decreases significantly and the
interfacial stress decreases further.

Key words: cable termination joints; electrical-thermal-mechanical; silicone grease; insulation ageing

—_

@GFRL 2024,57(6)

0 3l

P25 P 1 7 L TS PR R 8 b U T
A5 A, 2 PRAIE L) R S8 IR WIS AT A AT ek
(S L BES 3 o FEBE PR R 0 i B ] 2 Sk AT
HLE 2 o 1 S o o T P AR D 22 U A o 4 %

=

EEWH 81T K5 RARARA L it %R B (2021JSC
G0009) .

ZERU, SEPRIZAT I AR T AR HL L HR L ) RTER B R R 1
HEER T, ARSI 44 (XLPE) 48 4 Al
Bt R A e (SRO 48 2538 1 AR 2 AP, R BUE & 7
T A0 0 HEL AL 70 5 S I BRI s ) R 5 ) T

-

H Al BN o527 2 o) L 45 2 3 XLPE #1 SR &
A S I HL IR DR R R T T K R
T AR T = A A Sk R A% )R

g



MR 2024,57(6) BB B T URBIRENRAT 110 kv 15 2 Sk 1 -1 I 77

TR 7 4 S5 T H B9 R 7K Bk Bl s ) 11 W 3 93 A
R, 45 AR I 2 A 4 25 5 T H ISV R K BRI 22
i FLTH FL 37 R AR AR P BN ] SR LR R AR
HORCE . R AU I U B ) HE AL 48 R o RN
FL 38 23 10 4 TG L 8] DA B2 4 8 N g il 3, SR LA -
155 — FEL TR ) BV H 48 2 L I BEAT AR AL B
TR AT R . SRR T e
AR, 237 110 kv 7 i) 20 i 48 £ oty 422 3k T T
T4 FARE AL, R I FETH 775 N 77 HE 5 e
IEAHSG . E&A%NEN T A RSk IR g )5 M I
Ira) 51 T Y AP v 4 S U R 1 40 AT, 3 I AR
TRt 0 KH S PR AR AT, R T E R 4 SR S S Ak )
() 32 fih e 77 ) I L, 55 H 8 S R 20 TR )RR A
1ER,.

o A PR T 1) X R B R AE SEBR B AT I, O T 3
T e 255 A Ak 5 A ST A £ 2 Y, G R S TR Y
[ AL ¥R 7 — R REAR . AR AT K s AT i
TR, BRGNS NEERS R o 5 IR, T B0kE
B AR LB R R B . SCHR[12-13]13% B iR fek
JIE i) XLPE/SR F1HI 4 H B0 32 3 1) 25 1) B fig e 2 A
b, IF HEERR IR 0 Ty 2= Rt = R AE B . Xt H
Y3 A4k XLPE %64 2% /7 A4 Sk P9 AR 466 25 57 T U 7
WE g R A Ak 5 8 & i 32 3k T T b L 3 IR
UL e FHTHI N 3 () R E b

7 3 fd ) COMSOL Multiphysics % 4 , & 57
110 kV HL 85 28 i 45 Sk 01 LAY, WF FE iR B 1 R 24k
HIT Ji % L 205 28 i #9 Sk XLPE/SR & & Jt 1 B3 i FE
iy SR 743 A7 ()5 R

1 LI§

11 S &

XLPE A il 2% < 34 FH w5 o BT A1 Rt
PR 23 &) A 72 i) XLPE 48 4 8, 4l F 7 B 6% 1k WL 7E
175°C \ 15 MPa I & 11 ' IR il e N B EEZ N
1 mm 3R Fr o

SRARFEI & e I AR LEBESRHHE R ERR
2 E R AL SR AR R, A8 A SF AR B AL HLAE 135°C 15
MPa [£) 26 A5 T A 12 min, ¥ 20 3 min J5 BUH , 615
EHTNEEE N1 mm AR
1.2 MBI

TE ) & 1P AR O R R T 2 ik —
JERERG 28 JE K AR IR P Al R R B R R S 1R
IR O FE R TH b, B S 10 kg (19 BR AR ite
JE 77, 38 HORON 135°C #4324k 46 o on i # 4k
168 h.

1.3 MR AEE
13.1 Aasbiedd %

SR FH ] A4 48 25 0bF B} P 25 B A 0 R 2
(QS87 AL, Fifghy s 2 PR A "D X - A e
WHGEAT I . LI E N 1 kV, i FE B 42N 50
mm, JZ % N 1 mm.

132 HReFH

K =Wk RS (RN ZC36 B, il 5N
B AR AR, 76 23°C T Il & & R A 1
FHER (CHLBIECR AR S 230 . SIS H RN 1 kV, ik
FEE AN 50 mm, JEEE N 1 mm.

133 F#HZEK

K FHBOE TN 315 #4403 (LFA 467 HyperFlash 7Y,
i ] i 3t 2 ) 4 31000 vk 78 Ak 2 4k AT J5 XLPE
FTSR 5 # R B, W HL R 250V, ik gE A
400 ns.

134 #HtEs

181 FH i L% B8 GB/T 1040—2018 A1 GB/T 528
—2009 73 PR AT ISR 2 ARG R B B B i 5 Y
W 4 R R AT TT 28 7 8 0K B o SR ) T R il AL
(UTM2103 BY, IR = SR A =)D 3 B ok bs i 43
A6F XLPE Al SR AT (1) 4 M 45 & 147 I 5E , XLPE
AT SR Hr A 3 FE 43 il 1 8 SN 250 mm/min A1 500
mm/min. & EAELM S5 K, IR ICT BE 75 A
e R WA E T E A XD,

Ao

X COFENRED R s Ao Fl Ae 73 BN i
NIRRT
1.3.5 REpagE

FH R T 77 B8 (WY-6800-AFM Y, 43
L CRED A R A 7)) % XLPE #4826 KRS fE 35 4T
M o 7E $2 f 5 30 9490 B2 10 pmx 10 pm, 3

HE %4 0.03 nm, KP4 #F %8 0.2 nm, 314 A
H512%512,

IR SR AL SRR
e ERCE IR S TR 1. XLPE & i
HLKEE S B R 2 Fios

2 hEEE

2.1 HSKRIREHREESH

A SAEFH YILWO03-1x800 mm* %Y 110 kV Hi JE 2%
2% XLPE 4t & W45 A S R, RSP 2 8un 3k 3
Fime AT RSO T5 K v 40 2% i 45 14 1]
1, RHIME W B iR, R4 R8T BE0E
%%i&[”]o



78 i B BT IR RERERT 110 kv B85 280t 23k S H s - FA- 0 3 K 5

dsirRl  2024,57(6)

x1 MRITESH

Tab.1 Material simulation parameters
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Tab.2 Surface roughness parameters of XLPE
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Tab.3  Structural dimensional parameters of

110 kV power cables
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Fig.1 110 kV cable termination simulation model
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Tab.4 110 kV power cable simulation parameters

" e X 5 H
ZH o RBER LG IR

JF i

ARESEE/(S/m)  5.99x107 3.92x107"°* 1.57x10"°*  3.00
MR R 1.00x10*  2.15% 2.93%  1.00x10°
TH R #2/(J/(kg-K)) 3.85x10%  1.63x10°  2.00x10°  1.48x10°
SHAK/(W/(m-K)) 4.00x10>  0.30% 0.26* 0.29
% /(g/em?) 8.89 0.92 1.12 1.34
FAPEREE/MPa  1.26x10°  1.08x10%* 1.35% 1.14
A LL 0.34 0.37 0.49 0.49

T R S I -

Mg . TARAT IR AR A, AN ] FELAL 5 4 R 1)
FL A7 222 T () AR A Ll 35 224, 5 4k T B2 0 /s T
FHBE FL R 37 K S BT DAAEAT — I 1) AR A8 Ik FL S
W% R L3 AT AR AR i B, LR AR
A2,

V-H=J+%?ﬂ%3=0
3B 2
V'E=J+W;V-D=p
XF T & [ R A BT A (G~ (4D,
J=9yE (3)
D=£O£rﬁ 4

KD~ D JRIR IR E B H R W98 5 B
FORMLIRL IR L s D R BN SR TR B E SRR
R p KON AT L 1y RN TR 6, RN AT
I HLH B e TR AN A BB
23 mEBRE
T ) 7 i an = (5 PR
pCou - VT =V - (kVNT) + O (5)
KGO CARRE R NE 5 p R RVE Lk RoR
SIREGu RN s TRIRIRE s O .
R 28 2 i 7 AT N B R B AR AR H B
LA G AT FE T
X TR R, S R (6) s .
Q=TIR/S (6)
(6D v = O Jy B AL IR [A) P B A A BT A7 A )
s DN SR R R OB K JE SR AR
HLBH ; SO T RS Ak T AR
HGAFE T R R MK D PR
P = U?wCtand D
D U SR IR I AE H A BTH) F s s PR R 48 2%
PAER I CRINHBAN PR s 0 Rom AAIE
tand 7 7 A1 o 1% AE R 4



MR 2024,57(6) BB B T URBIRENRAT 110 kv 15 2 Sk 1 -1 I 79

24 NSHHE
N334 5 AR W = (8) Bz o
V-s+F =0
s=5,1TCi(&, = &, = &p)
C=C(ev) (8)
e = (Vu +(Vu)")/2
en=a(T)(T-T,)
KO H s RRN PR FRRIELL AR
o N B RUAR ) 77 55, 7R BT 5K B BTG E s e, R
NIRRT AR RS AR Y & e, RN
IS AR RH 5 €, 3% 78 AR 5K B (W] A1 s e Rom 1 IR AR
50 RN ) N AR R B u RN AR s A T
ZENM BN E o RN R T RRNAR
SR .
25 IBFFHFMERI S
MR = e FL 2 42 Sk S Bras 47 464, g W46
AR R BB A AR LA B N 64 KV, SR
W B N 50 Hz; 0 560N - 40 2 5t i 2 5 e th i A
90 BAL. IR E WG 55N BRI B
TR JE Y E N 293.15 K B 20°C 5 3 46 42 5k
525 BEMEERZENS RTINS E RIS
W/(m* K)o B35 MR %A BRI AR 5
i 25 25 A FTH W46 TR Y 0.25 MPal™?, 7t 25 HL 45
F 3 b Bl 1 A% A, RIZE A Bl ) 152 8 4 28 0530
AN BRI ML R AN E R EEMNE S
it 7, BB E D R
AR 34T 16 10 I A 1 23 Ab B fRT AL S RS
B 2 frs . BUE AL B DA ST, 7 HEAR 36 4 A
AU VRl 1) K B 210 mim 25 1] 5 T8I FE B B 2 H far 4%
FE L IR FE I LA 773 1) 43 A #h 4%

Omm 210mm

E2 REUMIEE 5 E
Fig.2 Model mesh profile

3 MEERSDH
3.1 SERERRE R XLPE/SR R HE A -7
P s DA

P25 P A Dy [ - ] (XLPE/SRO 4 5% 45 44, 8]
I TR AR T AR LE RS G, Fofge o 5 T A7 AR OR 9 8

Fs O, T S s b SRR ] A A 2 A L B
7], 75 FTH] 25 s 5 [ Ak 248 2558 A W) 5 51 % P37 Wi
A, SR G S . R, 8 I k78 A AR N S
2 W RSF B0k A RMOE 78, 8 i HL 4 PR ) S T R
SIERE

K 3R 2 SR &0 3% TR RS 5 2 80R SRk
[2 1] Hv 5 T 42 floh B0 (1) 7 S AR A, o SR B0 e A vy
JEE TR A s 22 (o) P20, 25 i (1) il 2R 2 42 (B 3R THI
2 BE G B SE ST 5 2 5 G T 4 ful i AR 1 B AE
A /AP, T F AR WX () ~UD FrR. HHt
HAERARANRAD P i E RIS E P ER d.

6=035/W>+8,> 9
_A+S?
Bu= R (10
n=12D* D= 1/AR (11
A JA, ~ 3.2 P, (12)
E' /o,
Jo> A, - A
nT
oss  (13)
n=12134, P,
(nof.)E" ) olp.,

D~ WHILS, 43 5l 72 2% 1 %€ 57 1= FE 11
BRI T AR s A TS, 23 5l D 3 THT %€ 35 56 B 1 7 1)
{ELRIT8) 75 R 5 R 2R 26 T 6 JB6 ik AR 5. 7 w8 FE (1~ S5 1
A JAN B ST S 2 2% R A AR 0 LA PR
G B A R 77 s BN ASHRER IR AR i 52 G i
PR .
IR AT S 2 s S A R S R
w5 BBEITHEE

Tab.5 Estimates of each parameter
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Fig.3 Schematic diagram of air gap cavity in

high voltage cable joint
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Fig.4 Interfacial electric field and temperature distribution
curves before and after interfacial cavity coated with

silicone grease
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Fig. 5 Interfacial stress distribution curve after

interfacial cavity coated with silicone grease
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Fig.6 110 kV cable terminal electric field distribution
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