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Study on Electro-Thermal Coupling Model of HTS Cables during Quench Process
Zhao Zhijie,Sun Rong,Ma Tao,Wang Xiaofeng,He Xingjiong
(State Grid Chong Qing Electric Power Company, Jiangbei Branch, Chong Qing 401179 China)
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ABSTRACT: In recent years, high-temperature superconducting (HTS) cables expand widely used in power system owing
to a variety of remarkable merits, such as much higher transmission capacity and lower losses compared to the traditional
power cables. However, HTS cables may be subjected to the over-current when some major faults happened. The HTS
materials will quench when the carrying fault current exceeds the certain permitted value. The temperature of HTS tapes will
increase rapidly because of the increasing resistance. As a result, HTS tapes may suffer from damage when temperature
exceeds the critical temperature and the stability of power system may be affected. To protect the operation safety of HTS
cable system, the over-current protection should cut off the faulty HTS cable in a certain time. In this paper, according to the
applicable electro-thermal coupled principle, the transient temperature of HTS cable is simulated by COMSOL Multiphysics.
The current distribution and temperature rise of each layer is investigated when HTS cable subjected to the fault current.
Meanwhile, the temperature rise along radial direction is discussed. Through the temperature rise and Joule heat of the
superconducting layer, the protection action time is proposed for the safe operation in the HTS cable system.

KEY WORD: HTS cable; Electro-thermal coupled; Characteristics of temperature; Quench protection
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Fig.1 Configuration of a typical HTS cable
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Fig.2 Configuration of the second generation high
temperature superconducting tape
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Tab 1 Specifications of HTS cable
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Tab 2 Thermal parameters
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Tab 3 Parameters of the superconducting tape
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Fig. 3 Schematic diagram of liquid nitrogen flow in
superconducting cable
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Fig. 4 Current distribution of conductive layer under
the fault current
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Fig. 8 Thermal field of HTS cable
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Fig. 9 The joule heat generated by the YBCO tape

under the 20 kA fault current
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Tab 5 Protection action time under different fault

currents
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