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Table 1 The materials parameter of 500 kV DC XLPE
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cable
sk SEREY R/ THIRHA SR/
(Wm'K") (kgm?®) Jkg'KH (Sm?)
il 4k 401 8 940 385 —
SR RRE 0.28 1120 2 700 0.1
XLPE4:%% 0.29 980 2200 o(T, E)
Y 25 B 0.28 1120 2 700 0.1
FHAKZ 0.08 200 60 —
&EEIE 250 8 940 385 —
S 0.29 968 2532 —

i FH A5 BR JC 47 EL 4K 4 COMSOL Multiphysics X
HAE TR EE A R A 05 L. RS PRERIREE R 30 °C,
S EXT S MG R RS 10 W (m2K) ,
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1 BEHRFREESS
Temperature distribution of the cable under full-
load condition

Fig. 1
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Fig. 2 Distribution of the electric field strength in the
uniformly insulated cable under zero load and
full load conditions

*k2 BABMBRIIELEZRIFE
Table 2 Electric field strength at the inner and outer lay-
er of the insulation

2GRV -mm™) /(Y -mm )

frE

10U, 145U, 185U, 10U, 145U, 185U,

NZ4%  19.17  27.81 3550 1340 19.50  24.77
BONRML: 1484 2149 2743 19.68 2849  36.41
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Fig. 3 Temperature change of cable insulation under
crosslinking process
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Fig. 4 Temperature change of cable insulation under
degassing process
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Table 3 Gel content of insulation at different radial posi-
tions

SEHREE %
NS A 4B
W% hsg SMEZ NBRG TRE SMEZ

BSHT  66.01 6544 6224 8527 8451  83.86
WSS 6658 6593  63.14 8582  84.63  83.88
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Table 4 Crystallinity of insulation at different radial posi-
tions

o B Ll

LERE %

LA HAEA 4B

WAz i ML N4 % SME%

JRASHT 4007 3925 3877 2801 3041  27.50
BSJE 4097 4021  40.18 3670 3337  36.64

k5 AEGZEEMNEAZTE~HENEE
Table 5 Relative content of the by-products in insula-
tion at different radial positions

A=A
R s HAIA H145B
A LR N R SR/
Al 033 034 033 044 046 043
JBE SR LT 0.75 097 042 1.60 242 225

o-HHHKZIE 066 0.68 066 087 096 0.93
Al B 0.30 030 031 032 040 031
KT 0.57 056 043 1.13 155 1.06

o-HHAZIE 000 000 000 079 0.87 0.77
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Fig. 5 DC conductivity of cable A insulation
after degassing
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Fig. 6 Space charge density of the cable A insulation
after degassing
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Fig. 7 Average charge density of different radial
positions of the cable A insulation after degassing
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* 6 BEEHESABZERLFHR
Table 6 DC breakdown strength of the cable A insula-
tion after degassing
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R7 BRRTESABZKENESEUSER
Table 7 Fitting results of the cable A insulation conduct-
ivity before degassing

H S5/ (kV -mm-) ) 30 °C 50~90 C
R EE/C ez VA
Ry Ros Rys Ry Ry u a b u a b
30 507.7 533.8 535.2 540.4 542.4 Ro; 2.14x1073 0.0274 2.1674 1.22x102° 0.0191 1.4245
70 207.2 213.1 212.3 231.4 214.8 Rog 1.96x1073° 0.0100 1.9519 4.10x102% 0.0355 1.2904
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Zx sz o A &l 8 FAL 9 BT R .

JiE AR FL AR A S BRI B AR N 4 gk
Yo o A B 8 it o AR L 48 A 45 2 v bk
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WA T AMULE 2 (300 L S AR E P B . X
S TS A LG B RAEAR 1) b B P e Ak
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Yol o v BE SR i R A AR R SR kPRI
JiE [ R S B B RN &5 R s A TH v, rE AR T 4
G R KA, TS B & b A A K
ARk
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Rys 7.73x103! 0.0401 1.4354 6.55x102* 0.0481 0.4300
Ry, 1.52x102> 0.0186 0.8384 5.87x10% 0.0663 0.3427
Ry 8.94x1037 0.1053 1.0031 8.94x10°7 0.1053 1.0031

*8 BMEFBRHFALZRAENESEUSER
Table 8 Fitting results of the cable A insulation conduct-
ivity after degassing

30 C 50~90 C

YA E

u a b u a b

Ry 3.53x10% 0.0022 1.4894 8.86x103 0.0777 1.1552
Rog 2.34x1072° 0.0095 1.4213 1.27x103° 0.0698 0.9658
Rys 1.59x10% 0.0067 1.3303 4.86x10¢ 0.0934 1.1739
Ry, 4.43x10%7 0.0028 1.5336 6.89x10%2 0.0773 0.9265
Ry 1.13x102! 0.0045 0.6967 1.16x10* 0.0969 1.8248
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Fig. 8 Distribution of electric field in the cable A
insulation before degassing
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Fig. 9 Distribution of electric field in the cable A
insulation after degassing
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Table 9 Maximumelectric strength in cable insulation

Tk%E: HELESEERBHATES NAPHE @ EM

ZSIRITE o/ (KV-mm ) JHERATE, . /(kKV-mm )

1.0U, 145U, 185U, 1.0U, 145U, 185U,
Yoz pd 1917 27.81 3549 19.68 2849 36.41
SATHAEA  26.88 4055 52.80 34.55 46.80 56.45

AEHEEA 3261 5267 7128 2935 3926 46.94
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The Radial Gradient Effect of HVDC Extruded Cables in
Manufacturing and Application

LI Fei!, ZHONG Lisheng', LT Wenpeng'?, GAO Jinghui', REN Haiyang', ZHANG Chong?

(1. State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University, Xi'an 710049, China;
2. State Key Laboratory of Advanced Power Transmission Technology, Global Energy
Interconnection Research Institute Co., Ltd., Beijing 102211, China)

Abstract: Extruded cables are widely used in HVDC projects, but the gradient effect in manufacturing and application affects their
DC electrical performance significantly. The 500 kV XLPE DC cable was studied in this paper. Firstly, the field strength distribution
in the uniformly insulated cable was simulated. Secondly, the temperature distribution of the insulation in the process of cross-linking
and degassing was calculated, and the phase structure, by-product content and DC electrical performance of the insulation of cable at
different radial positions were also measured. Finally, the field strength distribution of the insulation was simulated. The results show
that there is a temperature gradient of cable insulation in the process of cross-linking and degassing, and the phase structure, and DC
electrical properties of the insulation are non-uniformly distributed in the radial direction. The gradient distribution of the insulation
conductivity in the radial direction results in the distortion of the field strength, in which the field strength of outer layer of insulation
is greater than that of inner layer, and the field strength of the outer layer of insulation is greater than that the maximum electric
strength in the uniform insulation.

This work is supported by National Key Research and Development Program of China (No.2016YFB0900702), Science and
Technology Project of SGCC (No.SGZJ0000KXJ1900243).

Keywords: HVDC cable; extruded insulation; gradient effect; DC electrical properties; field strength distribution
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Effect of DC Pre-stress on Space Charge and Electrical Tree in XLPE with
Needle-Plate Electrodes
XU Xiaobin!, LIU Aijing', LE Yanjie?, LIU Hechen', GUO Zhanpeng', LTU Yunpeng'

(1. North China Electric Power University, Hebei Provincial Key Laboratory of Power Transmission Equipment Security Defense, Baoding
071003, China; 2. State Grid Zhejiang Electric Power Company Zhoushan Power Supply Company, Zhoushan 316000, China)

Abstract: Space charge is one of the main factors that affect the electrical tree characteristics of HVDC cable insulation. Based on
the bipolar charge transport model, this paper simulates the space charge distribution characteristics of the two-dimensional needle
plate electrode model under +20 kV. £22.5 kV and £25 kV DC pre-stress with a duration of 3 600s, and makes a comparative
analysis between the space charge distribution characteristics and the DC grounded electrical tree initiation characteristics. The
results show that the space charge density and injection depth increase with the increase of the pre-stress and time, and the initiation
length of DC grounded electrical tree increases with the increase of pre-stress duration and amplitude. There is a high similarity
between space charge distribution characteristics and electrical tree initiation characteristics. The space charge distribution near the
needle tip is the main reason for the difference in the initiation characteristics of the grounded electrical tree.

This work is supported by Open Fund of State Key Laboratory of Power Grid Environmental Protection (No.GYWS51201901087),
Natural Science Foundation of Hebei Province (No.E2018502133), Fundamental Research Funds for the Central Universities
(N0.2018MS079), National Key Research and Development Program of China (No.2016YFB0900705).

Keywords: space charge; DC pre-stress; XLPE; bipolar charge transport model; COMSOL; polarity effect
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