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Abstract: Firstly, a corresponding simulation model was built on the basis of terminal structure of 220 kV high-voltage dry
cable, and combined with the nonlinear conductivity equation of insulating materials, the electric field distribution and
temperature distribution in the terminal with different reinforced insulating materials, ambient temperature, and applied
voltage were studied. And then, the electric field distributions of the terminal with defects such as misplacement of stress
cone installation, surface bulge, and bubbles in the reinforced insulation were compared and analyzed. Finally, the corner
shape of stress cone and the distance between stress cone edge and reinforced insulation were optimized, the electric field
distribution of the terminal after optimization was analyzed, and the optimal distance between stress cone edge and
reinforced insulation was proposed. The results show that the nonlinear silicone rubber insulating material can well
homogenize the electric field. The change of external ambient temperature will decrease the temperature difference between
the internal core and the external umbrella skirt, and the maximum field strength in terminal increases significantly with the
increase of ambient temperature. The stress cone installation dislocation makes the field strength at the three-phase junction
increase sharply. The bulge on stress cone surface makes the local field strength in terminal increase sharply. When there are
bubbles in reinforced insulation, the bubble size has little effect on the maximum field strength in the cable terminal. By
changing the corner shape of stress cone into a circular arc shape, the field strength at the corner decreases by 75.26%. By
increasing the distance between stress cone edge and reinforced insulation to 5 mm appropriately, the field strength at the
stress cone corner decreases.

Key words: XLPE dry cable termination; electric field distribution; defect; structure optimization



iy
oo

@ik 2023,56(1)

T4 2 220 kV 2 85 20 22 M B39 05 50 M S 2 R AR ik it 5t 103

0 5135

Ha, 205 ¢ iy ' Ay HEL R A% ) 38 G 11 EE B 2H R )
T L2 2 I 22 A U ik LR U T B R BEE A,
H A Fo & A R AR T R A S AT . K
BT ST AR I H 20 £ ity 1Y) AR 7 L 5 R A A 1Y
70% » PR M X6} H 5 24 i (A i 5 248 O B 02

HA, 205 2% iy 2 2 43 Dy 7 vt =X 4 4 i AT T 2U R
ikt . AL G0 e i =X R 2 i T WA A 4
GG, R A RO BB, BT & T TR
WA G RAEFR . 52 M, 2 4 2 um A
TR A Sk, Hoi T A 7 ) i R AR i A | 2 B
{7 67 S5 00 50 T R 52 1) DG Y

SRR W v R LA R FL A AT kR R AP
BRI, [ P Ak 2 23 6 78 I H 4 i T TR T
VFZ I, i e R S L T B B, W 70 T AN [ 4
GMORHE A AL T 1 L5 28 LGB X BRF 9 L3
DA, F 5 T A AR T A SR A R
R s T B W 45 ) LA S w5 TR XILPE HEL 4 Bt A v
[ EI7 o0 AT o 5 BRI B IO o 1 4 R R R AR
IRARE L VERERR IR A B s 4 2%, I AR R RE AR
I R A 200 bt o 3 A5 P 28 1 ek A s B PR 3 4 o () 1)
R A 28 N HLI A AR I B . R B AETITE A ) 4%
7R SR F R RS, BF 78 20 B = o0 ST IR 5 etk
FERS R (1 L SR M S5 00 1) R G &R, S 1 B4
SR Z 2 P o AR, B TR AR A
IS 77 4 ) LA Tl , e DA ST B 24 v 22 2% S [ D 491
W TE 50 BT B T HE 1) 22 25 R 22 V0 R . 4 TER F A TR
JCAT B ANSY'S, X L 45 £ 3 57 3 160 KV &
HAN TR 8 R AR SR I L3 AT HEAT 0 AT
3 AN [F) 28 05 FEL I T PR 2% i L 34 FL3 1) 40 A
. VLR SR B ANSYS, X H 4 28 i 7
AN T) A3 2 (1) B A 0 H T L P e 25 Ak 1 L3 4y
ARIEAT 538 FAEAL T 3 K AR 0 I g 5 TR Ha A 4
SREX P A L3 P S

4 H A ILLIAS 5" B A PR 7 07 32 3804 A
L5 BT T B IR H S B A o A b ) 1 DA R 4 %
JEFE SoF H 37 5 B 50 . H GHORBANT 250 57
TR TR A o TR R R 2 %
TR RE I R A R AL ER , TT DL F 3 A B R
REAR 47 47 1 B A2 fi 4% 70 Al . T CHRISTEN™1A Y
e PR L AL 466 2 R 4% E R AT AT B R A B B A A B
FATRIE I BT L5 G 75 AN PR B0 A )
P, AR BIRS H 15 A5 R

B BT 5 76 i H 45 24 oty &5 14y rP B3 90 A iR

V3% 3 A 25 [A) H faf 8RR L PN SIS B A 3 iR A rh 2
e 75 (1) 477 3553 A 45 SR BN B, T T e R 2
P 20 ¢ i P RS N ) 4 5 1 iR 48 2 Ak L 37 R AR AR 1)
RO, DA R 1) 3 2o R P 48 5 B o o L P BB FEL 3 o0 A
S W () A SR T 8 b . BT, A SCR ] COM-
SOL Multiphysics £ ¥ ¥ 37 #8 & i J 5 AF , & 57
XLPE 7 % i & - 2K 85 2 oty {5 LA Y, BF 2 AN [
TG IR 48 2 M4 KL AN [R] A 5L ER 85835 E  AS [A) 0k v
JEXT 220 kV - 2 HL 45 2% i A5 L 3% 23 AT R 5 0 [+
IR o v s 2 F 2 24 i P 1S 1 ) A £ B A AL N
HER T AEE RN R T i 80 2 4 B AR AR
A 5 SR B N 1) FRL3 0 AR 1 L IEAT IR N 0 BT, R AR
T EHFLAE R, 5 T 2 H 4 2 o 45 A ) Sk Uy
%, R R AR 0 2 I A B AR A T I %
iRt —E IRt .

1 YR EER

L1 BEMEHEL M B S4F 1

FERSIBAT IO ZRAF N BB S b T A&
PR E R DR AR 2 2 ) N e A T
Bf R o 2 R R 37 6 JRE X 466 5 b4 R A HL R AR AE
PR BIFEM 5 T 48 2 B RE A 38 1) PR 370 988 P 2 2 L 3
AR S DR PR AE 7 B0 A N 7 2 S AR L 3 R
AL o

RRAE SCHR13TRI S0 R SR L T Ry ik
JE TANE I 98 EH) R R A (D PR

-1

H(ET) = dexp| ~ pg(k,7)" [sinh (B E[)(| £])" (D

KOy HH TR, BALH S/ms A N5 MR
()5 B, AR VA(Q-m?) s k, A2 B R 25 2 0 8 HE
9 1.38x107% J/K; T M BHE B, 5467 9 K o L
RE, A N eVig TR E, AN C;B NG
R AN m/V S E 350, AN Vim,

7 B 5 Wi 75 25 B8 A B 5K M (XLPE) 48 444
RE 2 PEREAZ IS (SROMRE VAR ZE 1 SR A4 KL L 54
P MR A SCHR[14] 89058 45 5 mT i, 72 R 2 R 30°C
T0°CHF, FIR 3 M KL E S RAEAN R 58 k2
BAEZE M AR a3, @ i K (O A TR T LA
B 3 MR SR AR TR, 3 =R (2) ~ (4
FoR .

yXLPE(E’T) = 754exp(

~0.58 x 1.602 x 10*‘9)sinh(9.19 x IO'S\EI)(Z)
138 x 1057 |E|

Pappese( BT) = 1.4 %

-0.75 x 1.602 10“9)sinh(2.13 <109 £)) (3D

10°ex
p( 1.38 x 1057 |E]|




104 A& LA : 220 kv 3 S5 28 3 22 W B3 0 S0 Bt S S5 R AL Bkt 5t

izl 2023,56(1)

Vispese(E-T) = 2.03 x

076  1.602 x 10"° | sinh(1.48 x 107 £[) (4D
1.38 x 10T |E|

12 FREHRIGBRBEA TN
i v e AT A, H T LB A 5 R G TR
HeA RN (S PR .

V-(kVT)-i—pcp%:q(r)-l-QL (5

K H A FEN SRR 678 W/i(m-K);
e, ALY U E I EE R, SR 9 J(kg K) s q(r) N
HL L v O O A T R BGE, BA  W/m® s O, N FL B 2k
A TR AR G, AL Wm' s r NS Z
A, BTN m; p N LR R — N
8.96 kg/m’,
AR 2R A I A L R AT DA SRR
B2l T~ A #E O, WX (O s
0, =J%s (6)
36 =T R Rt R FRLAL S, A 9 A/ms
SN I HLF 3, AN S/m.
q(r) AT LA D THE, i o 3 2 ()36 22X
(D, J(r) Mt A5, E(r) N33t
q(ry=J(r)-E(r)=y(r)-(E(r))* D
T IR R AL I 20 PR 2R R (R o
2ary (r)E(r) =1 (8)
WAL (5~ (R F[ 15, 58 E(r) i B2 Tt
HLI 13 R O P HIR H R R .

10°exp

(aJE(r)) I %
E(r)e = 5 © )
B (O, fER S KM T R € s

B 24505 v T RN A BRI S A 3 5 A6 U e 8 1t
B3 BT R 24 i AL 3 A R 37 FE) 0 A 1 DL

2 FTREHZREHRGESH

2.1 {FEERENT

226 J N T A PR 220 kV T 2L 28 4 0 ST
15 B RS, H K FE A 2 150 mm , BARSEH a1 1
7R % [l COMSOL Multiphysics 1/ 2.4 4 7 4 & 1)
25 ] T HL 422 R SIZBR RS 45 LU A3 e 47 B A

FI I COMSOL H i1 5 5% 14 3% 1 1% 7€ XLPE 44

g RO 44 HE A TS A
1%
= ’
LEME WAL EU% Bt

E1 FREHLIREHREE

Fig.1 Schematic diagram of dry cable terminal structure
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Fig.2 Electric field strength at the stress cone of cable

terminal with different reinforced insulating materials
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Fig.3 Potential distribution of cables terminal with different

reinforced insulating materials
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stress cone under different reinforced insulating materials
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Fig.5 Temperature and electric field distribution in cable

terminal under different ambient temperatures

KT 33.92%, H i K am b 45 h 7EAR S REAZ IR
52 M, AR 2 SR HE 45 £ i N 3 5 e K W 2
PR 5 B0 AR 17 1 2 32 P 37 7 243 Y TR0 A 4 O o
3 HNEHMETHESERIENEBEIGSHH
=AU
3.1 NAOHEREEMNTERIHRABIGD R
B 205 2% i £F L FE 22 28 ), BT i DN G 2 3N
2, {15 H 4 2 i PN B g A e R A AV (R i N R )
HE 22 B (R A B T B I N 5 1 S LR



106 A& LA : 220 kv 3 S5 28 3 22 W B3 0 S0 Bt S S5 R AL Bkt 5t

izl 2023,56(1)

A7 :KV/mm

A7 :kV/mm

Y/mm

0 50 0 50 100
X/mm X/mm

(a)374 kV £&44% SR (b)374 kV FELZE 1% SR
FA7kV/mm FLAL:KV/mm

50
X/mm

(c)440 kV £ SR

0 50 100
X/mm

(d)440 kV FEZ 1% SR
Elo HIERELRIRET RIS

Fig.6 Influence of voltage amplitude on the

electric field distribution of terminal
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Fig.7 Electric field distribution in the terminal when the

stress cone is misaligned
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Fig.11 Electric field distribution before and after

changing the shape of stress cone corner
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