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Study on electric field distribution characteristics of oil-paper and
cross-linked polythylene insulated HVDC cables
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Abstract: DC cable mainly uses oil-paper and crosslinked polyethylene (XLPE) as insulation, and the conductivity
characteristics of the two materials are different, which has a significant effect on the electric field distributions in cable. In
this paper, a finite element model was established based on the 500 kV typical DC cable structure, and the thermal-electrical
coupled simulation analyses were performed on the oil-paper and XLPE insulated cables. The electric field distribution
characteristics in the two insulation under different temperatures and temperature drops were studied, and the influences of
the conductivity temperature and electric field coefficient on the field strength distribution were analyzed. The conductivity
variations of oil-paper and XLPE insulations among the same temperature and field ranges were compared. The results show
that the electric field distribution in oil-paper insulation is affected by the insulation temperature difference in the electric
field strength range of 10-25 kV/mm and temperature range of 20-90°C, and hardly changes with the insulation temperature
under definite temperature difference, while the electric field distribution in XLPE insulation is affected by both insulation
temperature and temperature difference. In addition, the overall conductivity of oil-paper insulation is higher than that of
XLPE insulation, and its change amplitude with temperature and field strength is larger, which may be the reason why the
electric field inversion in oil-paper cable insulation occurs at a lower temperature difference. For the insulating materials
used in HVDC cables, the conductivity temperature coefficient should to be controlled small so as to reduce the temperature
sensitivity.
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Fig.1 The typical structure diagram of 500 kV DC cable
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Table 1 Dimensions and material parameters of

500 kV DC cable
— JEFE MR LA ﬁ%‘fg3
/mm  A(W/(m-K)) /(J/(kg'K)) /(kg/m®)
SRS 57.3 400 385 8700
YA 0.6 0.23 2700 1120
e G bR 2.0 02857 22748 1120
#a 2% ) 29.0 0.2857 2300 1200
- 3 L LK 22 2.0 0.23 2000 1150
HaEE 43 35 128 1134
ERES 4.4 0.5 1900 980
RSN 9.1 0.23 1850 910
A=t 6.5 58.2 450 778
VIS akS 4.0 0.23 1850 910
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Table 2 Conductivity measurement data of 4258 DC material
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Fig.2 Meshing diagram of the 500 kV DC

cable simulation model
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