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Analysis on Temperature Field and Space Charge of High-voltage
DC Extruded Insulated Submarine-land Composite Cable
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(1. Jiangsu Frontier Electric Technology Co., Ltd., Nanjing 211100, China;
2. Zhongtian Technology Submarine Cables Co., Ltd., Nantong 226000, China)

Abstract: During the operation of high-voltage DC cables, space charge generates in the insulation layer, it leads
to electric field distortion and even insulation breakdown. In order to study the effect of space charge in the actual
operation of cable, we obtained the temperature field of high-voltage direct current submarine-land composite
cable under the conditions of rated current, maximum steady-state current, and short-term overload current,
respectively. According to the simulation results, the temperature difference in the space charge test was set as
10°C, 20°C, and 40°C, respectively, and then the temperature field of 400 kV high-voltage DC cable under
different condition was simulated. The results show that the temperature difference between the two sides of XLPE
insulation layer is 8.1°C and 18.7°C under rated current and the maximum steady-state current, respectively; while
the temperature difference is 61.1°C under the short-term overload for 1 hour; and that is 41.1°C under short-term
overload for 36 hours. The experimental results show that the temperature gradient enhances the accumulation of
heteropolar charge at the low temperature side of positive pole of XLPE, which leads to the distortion of electric
field. Through the correction computation of the electric field distortion rate, it is found that the maximum electric
field distortion rate has a linear relationship with the average electric field strength. With the increase of
temperature gradient, the electric field distortion rate also increases. The maximum electric field distortion rate is
1.68 under the temperature gradient of 40°C with the applied electric field of 50 kV/mm.
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Fig.1 Structure of DC extruded insulated sea-land

composite cable
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Tab.1 Physical parameters of submarine cable

SREH wE EERE EWUME

L
/(Wim'K)) /(kg/m®) /(J/(kg’K))  /mm
WiE+PP 4N 2 0.22 1900 1500 160
AR 50 7850 484 152
MR 0.22 1900 1500 142
PEH 2 0.29 930 2580 128
BEME 35.3 11370 127.50 120
e FARPHAKZE 0.17 930 2580 111.7
EE 9= 0.29 930 2580 107.7
Tk 400 9 000 383.33 47.6
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Fig.2 Schematic diagram of

submarine cable laying environment
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Fig.3 Finite element simulation model of cable on

land section and submarine section

2 HI R e A R FON 6.5 W/(m*K) , 1 7K 6 e
AN 200 W/(m?- K)o | T il b BRI BE T
SERIBONTE B, R SRR AT L TN B
WU N E 4, R = 4e R BT 5 5, W 4
Fiim o

4 NBEIBREBSIEE

Fig.4 Model of submarine cable into the sea
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Tab.2 Temperature value of each area of the cable
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Fig.5 The temperature field of the cable under the

steady state of the rated current
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Fig.6 Temperature field distribution in the section

entering the sea under rated current
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Tab.3 Temperature difference on both sides of the

insulation of each part of the cable
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Fig.7 Device diagram of PEA measurement

system suitable for temperature gradient
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Fig.8 Space charge measurement system of
improved PEA method
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the field strength is 40 kV/mm for 20 min

] 10 72 XLPE 7£ ifi £ B FEAT=40°C . 37 38 1 40
kV/mm. J1 s 20 min B (44 FLAR 3 A o AT 15 2]
(14 Sk FL AT 73 A R 25 st E A 06 F A, D T DA B SR
S0 I3 PN I AT AT

60— Al(+)20°C SC(-)60°C
] ' —— k2 b 4
o~ —— — RERA R A
"'E 40 |
)
i
e
'
®

500

JEPE /um
10 XLPE7EAT=40C,3738 4 40 kV/mm
JRE 20 min BB T 43
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Fig.11 The electric field distribution of XLPE before and
after XLPE correction when A7=40C and the field
strength is 40 kV/mm for 20 min
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under different temperature gradients
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Fig.13 The bulk charge distribution of XLPE materials
under different field strengths
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gradients after correction
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Tab.4 Electric field distortion rate of

XLPE material after correction

AT/C  10kV/mm 20 kV/mm 30 kV/mm 40 kV/mm 50 kV/mm

10 1.07 1.21 1.28 1.25 1.24
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40 1.25 1.36 1.39 1.63 1.68
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Fig.17 The relationship between the electric field

distortion rate and the average electric field after correction
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