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Electrical Properties of 320 kV XLPE Insulation DC Cable

MEI Wenjie!, DI Jian', LI Wenpeng’, SUN Dawei', PAN Wen', LIANG Keyun'
(1. Hengtong Submarine Power Cable Co., Ltd., Suzhou 215537, China; 2. State Key Laboratory of
Advanced Power Transmission Technology (Global Energy Interconnection Research Institute Co., Ltd.),
Beijing 102209, China)

Abstract: When we design and optimize the insulation structure of a DC cable, its electric field distribution
characteristics is an important reference basis. A simplified model of 320 kV DC cable was established by
COMSOL simulation software, and its steady-state and transient electrical characteristics were studied. Then the
reliability of the simulation model was verified by experiments. The result shows that the maximum temperature of
conductor and the maximum temperature difference between inner and outer surfaces of insulating layer were used
as the constraint conditions, when the ambient temperature is lower than 12°C, the decisive factor of DC cable
ampacity is the tem-perature difference between inner and outer surface of the insulating layer (20°C). When the
ambient temperature is higher than 12°C, the decisive factor of DC cable ampacity is the maximum operating
temperature of conductor (70°C). In the process of simulated switching impulse test, lightning impulse test, and
load cycle test under 30°C of insulation temperature difference, the maximum transi-ent and steady-state
breakdown field strength are 58 kV/mm and 25 kV/mm, respectively. According to the performance parameters of
DC insulating material, the DC cable structure can meet the design requirements. The test results indicate that the
COMSOL multi-physical field simulation has important guiding significance for the structure design of DC cable.
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Fig.1 The section structure of cable and

its equivalent model
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Tab.1 Equivalent model structure parameters

AR TR FRAR - /mm FRFRAME/mm
PHK 54K — 51.5
LTI B 22 55.9
XLPE #i%% 26.0 107.9
LRAG B 2.7 1133
e 4.0 121.3
PE% 4.0 129.3

22 BRFHEIUSYH

TR LG BRI O 2, BRI LR 5
40°C , LB AN AR Y A E AR, FLAE A AR AN T
] 3 PR BE AR ) B B SR SRR R 2
Pt o

*2 RAFGUFVEEEMRIMSH
Tab.2 Physical property parameters of each layer for the

simplified model

R SR [HERAE N FE SHRAH
BN ASm)  /(J/(kg'K) FHHEE  /kg/m®) /(W/(m-K))
WS 5.998x107 385 1.00 8 960 400
B3 XN
2405 2.25 1055 10

B
XLPE 4% — 2302 2.30 930 0.46
R 3

. 2 405 2.25 1055 10

B

RS 4.55%x10° 127 1.00 11 340 353

PE & 1x1018 2302 2.25 935 0.46
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Fig.3 Cloud diagram of electric field distribution under different temperature gradients at steady state
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Tab.3 Characteristic parameters of standard lightning

shock wave and standard operation shock wave

W U/kvV A/(us™) Blus) T /(us™) &

1.2/50 ps 800 —0.014 659  —2.4689 2.089 0.9641

250/2500 us 700  -3.169 6x10* -0.0160  250.0 0.9055
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Tab. 4 Actual withstand voltage under superimposed

impulse voltage (AL KV)
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HE kV kV kV kV kV kV
+ - - + - +
1 380 1008 380 1021 800 823
2 379 1013 383 1027 796 793
3 370 1043 383 1032 798 796
4 371 1 040 384 1017 794 800
5 377 1019 382 1021 793 795
6 374 1022 383 1022 791 797
7 370 1020 381 1027 793 797
8 381 1033 382 1022 788 799
9 379 1026 382 1021 795 799
10 374 1021 382 1026 791 796
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