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Simulation on current capacity and temperature field distribution in
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Abstract: The flexible low-frequency transmission system is superior in enhancing transmission capacity, reducing line
charging reactive power, and improving voltage quality at the end of transmission channels, which can effectively meet the
urgent demand for efficient aggregation and transmission of medium- and long-distance offshore wind power. In order to
study the operating characteristics of submarine cables under low frequency condition, an electric-magnetic-thermal-flow
coupled finite element simulation model of 220 kV cross-linked polyethylene was built considering the influence of external
laying environment, and the steady-state ampacity and temperature field distribution of submarine cables operating at 50 Hz
and 20 Hz in different laying sections were analyzed. The finite element simulation was verified by building a steady-state
thermal path model of submarine cable on the basis of IEC 60287:1995 and previous simulation results of thermal field
distributions in submarine cable under low frequency. The results show that under different laying environments of land
section, sea section, and submarine section, the relative errors between the ampacity and temperature field distribution
calculation results of simulation model and the analytical equation of IEC are within 3%, indicating that the temperature
field simulation model of 220 kV cross-linked cable proposed in this paper has good accuracy and high efficiency.
Meanwhile, it is found that the frequency reduction can reduce the AC resistance of cable conductor, improve the current
distribution in the cable conductor, and reduce the operating loss of each part of cable, thereby the overall operating
temperature of cable is reduced eventually and the cable transmission capacity is improved favorably.
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Fig.1 Schematic diagram of submarine cable laying

environment
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Fig.2 Schematic view of research work
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Tab.l1 The main parameters of each layer structure of

AC submarine cable
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Fig.4 Submarine laying environment model
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Fig.5 Steady-state temperature field distribution in submarine cable under 50 Hz
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Fig.6 Steady-state temperature field distribution in submarine cable under 20 Hz
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Tab.2 The temperatures in different layers of AC submarine

cable with 700 A of current injected

.- LB BE/C IBIRBGRE/SC O NIEBURE/C
50Hz 20Hz 50Hz 20Hz 50Hz 20Hz
S4dn 531 443 438 337 501 41.1
Ayl 517 421 407 328 487 40.1
fgHMI 43.6 352 33.1 26.0 40.8 33.4
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Tab.3 The comparison of load capacity values for different

frequency simulations of submarine cables
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Fig.10 Effect of frequency change on the temperature

distribution of three-core submarine cable
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Tab.4 The operation losses in different sections of submarine

cable under different frequencies

it H B TR B NI B
A=
50Hz 20Hz 50Hz 20Hz 50Hz 20Hz
L HFE/(W/m)  55.033 51.134 51.489 47.904 53.382 49.773
Bl ZI0FE/(W/m) 14.671 4.750 7728 1.160 11.699 1.395
FEBEHUFE/(W/m)  0.011  0.003 0.007 0.002 0.008 0.002
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