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Simulation research on space charge and electric field distribution
characteristics of XLPE under impurity concentration gradient

SONG Ke, WANG Wei, QIAN Dingdong, BAO Guodong, JIN Yuzhi

(Beijing Key Laboratory of High Voltage & Electromagnetic Compatibility,
North China Electric Power University, Beijing 102206, China)

Abstract: The dissociation of impurities such as crosslinking by-products can easily lead to the accumulation of heteropolar
space charges, resulting in local field strength distortion. At the same time, after the cross-linked polyethylene (XLPE) DC
cables is degassing, the crosslinking by-product impurity in the insulating layer will form a concentration gradient
distribution of "high inside and low outside", and the effect of impurity concentration gradient on the space charge is still
unclear. Therefore, based on the bipolar charge transport model, the effect of cross-linked by-products impurity with uniform
distribution and gradient distribution on the XLPE space charge and electric field distribution were simulated and calculated,
and various factors affecting the gradient effect of impurity were analyzed. The results show that under the impurity gradient
distribution, the space charge and electric field distribution of XLPE show obvious impurity gradient effect, that is, there are
more opposite polarity charges accumulated on the low concentration side, which leads to the enhancement of the nearby
electric field. While the impurity dissociation barrier and the impurity distribution concentration are the main reasons of
affecting the impurity gradient effect. When the impurity concentration gradient is constant, the lower the activation energy,
the higher the temperature, the lower the dissociation barrier, and the lower the carrier mobility, which results in the impurity
gradient effect more obvious. The larger the insulation layer thickness, the higher the concentration of impurity distribution,
and the more obvious the impurity gradient effect.

Key words: XLPE; impurity; concentration gradient; space charge; electric field

M 2023,56(4)

0 318§

AZHR IR 407 (XLPED LI HL 45 08 . R4 f) F 2
P RESE 05 42 NP By FL 2 g v L (R LA A
R 2 G S WL BT TN L% 5T, S BB
PR AL TR A L BT R S5 DY T L 3 S A TR LA )
i, SERS A G LB 7. HHR, i

EE£WME:BRAHARHFEE TR A (51377056)

AL BT DL S IR R 24k B SR AR B S
Kb BE 5 2% 5 AE 48 2R B o AR AR AR A AR ST
B R REFVRA AT EIRRIEME B L LN
= RS B R RN R RS B AR ANR
M 1.16~1.80 1. &xifg 2 SEE R ZLAME IS
BB AL PG XLPE 48 2% J2 AN [A) A B AL 2K L AN A
L PR R ) BB S B TR AR BN R R O
BLAZAINER 1.36~2.40 15, N 2R R 1 & B 42



MR 2023,56(4) RIS JR RIS BRE T XLPE %5 1 LA 15 ) 405 R 07 LB 5 41

HME BT 1.02~1.40 fi5 o BRBH A L0550 28 6 R i<
Ab TR IR XLPE 3R AL HE 47 20 AM i R, i 50 #r &
P a-HJE T 20085 % G Al 2 T 3 R 22 K I P 4 2
BRI A E B EE AR IO 1.44.1.47.1.64, it W]
XLPE 4% = A WKEI = )k i &\ B IHEN E &
AN AR I ALRS BE A3 A RS S X IEEEFE H AR
W (10 kV/mm) T, AR N LA & AR iR N
BT AR 2 USRS A F AT, IR 2 2% 5 4k, 1T X A
S A R AT A AT DA DR A B A TR I 7 A e 4 A
PR R AR ) A T AR ) R

H BT 2 Ta) H A B I B 22 SR Bk o H R U
(PEA) S5 S50 I & 7 A , {5 FEAS B BLWL S e H 468 2%
JE N IR AT NS R . R, R A AL
52 S 2 A PR 1) A TGV AT I L AR P HU(E S b
A DA FL A7 R BOWL 32 B AT N 5 R AE B AR A 0
6] FEL 7 AR 52 o 1994 4F , 7 M ALISON 250 H XY
Wbk A IS AL, S L ROY Z50207F HsE AU S At |-
SINBLRE A AR . U M A AR 3 e
LRI N B HL - RS 7, IR 28 R A 2 2 N T 1) H
frj H4 %5 i FE , U Poole-Frankel A% . 56 B #4 B T &
SRF O JoAR AE H BS T F AT AE R R AR M
B B Aaf EATS A AE — s R BR 1 o g stk S g AR I7E X
AR i r A5 5] N % o R A S 5 s, TR G b A
P07 S AR s ) AT 2 B AT N, SR T IR R A
JoT A 5 R JBE DA S A BT 5 1 5 HL - R A G 8 1Y
AL

A SCAE UM 4 FE A T 24 JoiE 5 1 i 12 A B g ik
fili b, 25 R T AT IR ) % VR FE R E 23 A 5 2%
B B T B R ST 2R B RR R A A R )
78] H g7 55 L3 0 AR Y, 40 B AN [ 2% S5 A5 2 23 A
77 3T B 73 1) 7 5 F 37 40 AT R 1 DL SR
A IE B AT R, I — 2B i 24 i o FiE AL BE iR
R 246 25 J2 T 55 25 TR 2% %o 2% oA 288 2 FAD 52 T
1 =82S
1.1 ZEEKREHERNEL

it AL e, SE R A 2k AT O A
FE A, T B, HKEMENT
A6 1) JEE AT R DR TG BRAG , T BLA A S BRI ) 24k o
RSB 05 B bk B2 20 Aii 37, 7 BB Y W] BLK
FH — 2 18 7 AR R i AL AT e, 3Rk s =R (D
PR

aC (x,t) _p C(x,t)
ot 9x?

O CRZZHRENF= 4245 TR FE s x A% B AE i

(D

FEH T B B s ¢ 9 HU (] s D 9 B R 2

B IR A5 N 22 BRI 7= 4 2% o AE AR 9 382
I3 5 B C(x,0)=C, » C, N A8 B Bl 7= 1 2% Jo (I 9] 4 vk
FE AR MY B — BeiE ) ¢ 5, N2 R EE N C(0,6)=
Cor SNEWRE Ty Cd,0)=C,,» Ferh d AR EE . R
P SRR [15-16] [ 2 Bl <R B 8 70°C 9 B R E0h
5.54x10" m¥/s ARG IR E C,=3%10" m>. C,,=1x
10" m?, 8 i 4% i ) )2 R BE S I AC=C,,—C,,=ANx
10" m™ {3 B B B 5 ISR FH — IR ok 30L& 40 A i
24, K AR 5RE Ul 1 FoR.

2.0 C(x)=-17.69x>-0.74x+2

= AN=0.25
* AN=0.50
4 AN=1.00

—~

:E 1.8

C(x)=-8.94x%-0.35x+1.5

@1.4
:[% C(x)=-4.50x>-0.17x+1.25
=12
!
1.0
0 0.04 0.08 0.12 0.16 0.20
25 /mm

1 TEIREHE THRRS
Fig.1 Impurity distribution under different

concentration gradients

12 ZREREFIERFHESHER

B B 4% S5 S T A i T R — A IR T A — A
BT R T B ER—NERS S, IR
BRI B 30 1 R I 35 37 . 2 80 7738 B0 B 2%
BT ML, A B AR B T g sh i
J7 A AN PR/ R AR AR A, DA T w B30T 2% S
5 1 B L o BT, RV T8 1 B A, BT
HEFAEIBE -] T . B2 R4 T IES
TR TR R A IR R

H 8

4 v

2 REBTERFHOMSER

Fig.2 The scattering effect of impurity ions on carriers
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Fig.10 Impurity distribution under different thicknesses of

insulation layers
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Fig.11 The effect of insulation layer thickness on the space

charge and electric field distribution at AN=0.25
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