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Numerical Simulation of Space Charge Transport Characteristics in Crosslinked
Polyethylene Samples
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Abstract: The accumulation of space charge in the insulation of extruded cross-linked polyethylene (XLPE) high voltage
DC cable will cause local field strength distortion and reduce the insulation performance of the material. The temperature
gradient generated by the thermal effect of the conductor in the cable in the insulating layer will further affect the charge
behavior. The modification of nanoparticles is an effective measure to suppress the space charge, whereas, how to realize
the inhibition, especially for the carrier transport process at the micro level, needs to be deeply analyzed. The numerical
simulation of space charge in the sample can explore the interaction and evolution process between various micro parti-
cles. Based on the bipolar charge transport model with limited carrier extraction, this paper studies the charge behavior
under temperature gradient and the effects of deep traps and shallow traps on the carrier migration process. The results
show that the low temperature side will accumulate heteropolar charges due to limited extraction, deep traps will limit
carrier transport, and there is a bottleneck in the role of deep traps. With the increase of mobility, the charge distribution
changes from homopolar to heteropolar. When the mobility is large enough, the heteropolar charge will not increase or
even begin to decrease.
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Fig.1 Internal energy band structure and bipolar charge

transport mechanism of polyethylene materials
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Table 1 Parameter values of the model

e Hfl B
R 500 pm
BHAR ELAL V 25 kv
BARIEE T 293.1 K
RS P EN o 23 1
BT ENAZ we 12 eV
2T TENIE 2 whi 1.22 eV
HERESos Siv S 1x1073 m3/(s-C)
HERHS 0 m?/(s-C)
HAMEHEE Wsem 0.6 eV
RFEMHRE Wen 0.95 eV
PRI . Nevne 1 C/m?
R S S 1.25 nm
{F3RRHL Bem 1x1073 S
i R EL Cen 0.5 1
101
-== AT=0°C
1 AT=10°C
- =AT=20°C
sk ! — -~ AT=30°C
. IR
T NN
g IR
S TeelllEES
= | TTeellln T =t - 4
®woor  TTTmeeninoil ~ e
= e
® )
]
,5 - I.
)
1 n 1 L 1 n 1 1 1 1 ]
0 100 200 300 400 500
B E B/ um

B2 [RGB B2 8] H A 3 A
Fig.2 Space charge distribution under different temperature

gradients



314 i LR AR

11T BH B A AR SR 11 A7 B 1 v ey o B S k> o i U
PERERIR 5, BHAR AL IEM P i fr it — b %,
HAEHEGER W oL, HARSEE
Bt e, MRFEH IER AT RN 2 . MRS
WINEAT=20 CHf, FIARATFER AR P F fer
T HLRFERR LR, iR Rk %, AT=30 CHY,
IR ) S A P FE A A SR A B 4.1 C/md, il
DRIV N A R i, RIARPE AT G 2, 3R
PR S FL A A P 5 v R P AR AR AR [, X 5 5
BESE N IS S50 45 SR AR — 3010120,

M 3 ATCAE tH,  BHAR AL (EAR P B AT 1155 T IR
MEHY, IRJERRELHOR, WS HEREIE, AT=30 C
i, EIZEREE /N A 22.5 kKV/mm. B HAR IR ) E
Wiz g, BIREMEEK, WA RRE
2, MR IR ALK, AT=30 CHi, Hlj
SRR A 62.5 kV/mm. il S et #8R T N
i s PO 11 e ) e e ] e S NI Y B
2, WS T rE B mk . \ERE T, XLPE
B R IR T s RS 2R, RS T
F R HL I, AR TR 52 21 T BHPA TR R
WetE gy, HBEERER R RmNE L. Tk
XoF i FEE A FEE ARl 52 RO T e Wl 1k v Ay R SR 1 DT R
RIS, B, NHERBIRERERRZm, A
NEGRT MM BT B AR AR R A2 B, B
W T A O 2R E O 1o SR AS R A
FE T 7 18] B At 1 43 A A 00 T B 4 B

M 4 BT, BT ER T RS B 2 X R
HASZATFIBAES, AT LS BRI B K AR A
YRR A SR/, AR AR P [ B P F A A BL T4l
HSZ BRI 2 . BEE BARIR B3GR, BRFRAL )
IR FAE 38 22, U P2 A FH T T I A T 6
P, BB R SR 2 N, A R AR
HLA K, i 21 B AR A I TE AR A R AR 22
R FERREEIABIAT=20 CI, ke i 844 (1) 25 8] ey
Faf o3 A AR N IEM I S A, ELIR B R Rk, IRE N
IR R A R . SRR, BAARIE N SR P
fup Az /N TR R O IE AR PR A, 6 AR S IR IR AR
(R AT A0 AT, AT=30 “CH, AR BH A fhUT t AR
R R 2 Cmd et B S NAEERE
RRL, ANH R T SZ IR . 15 PR Al
BN 20 °C, AR EH R C 5%
FEHN09. 0.7, 0.4, 0.1,

MBS TRAE H, Uiz 0.9 B, Hf 5

2023, 49(1)
65f
60}
551 E T T T T =
o 3 s T Eail R
E s0f « 27
S 4s5p -7 L,
N i 7/
w
R | /
o) Br o, - AT=0°C
30 / AT=10°C
L - =AT=20°C
250 — -+ AT=30°C
20}
| " 1 n 1 n 1 " 1 " ]
0 100 200 300 400 500
R R /um

B3 ARG ERGE T B L 9 L 20 A
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temperature gradients
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