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Fig.3 Schematic diagram of AC magnetic

field switching flux pump
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Fig.4  Self-switching transformer rectifier

flux pump structure diagram'™
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Fig.5 Self-switching transformer rectifier flux pump circuit

principle diagram and secondary side waveform diagram'®’
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Research progress and development trend of high temperature
superconducting flux pump technology

ZHAI Yu-jia"?, LIU Xin-yi', WANG Feng', LIU Jian-hua®, WANG Qiu-liang
(1. School of Electrical and Information Engineering, Hunan University, Changsha 410082, China;
2. Institute of Electrical Engineering, Chinese Academy of Sciences, Beijing 100190, China)

Abstract; The high-temperature superconducting( HTS) flux pump is a contactless charging device for high-temper-
ature superconducting magnets ( HTSM) based on the law of electromagnetic induction. The magnetic flux can be
pumped into the superconducting closed loop coil without any direct electrical or physical contact to achieve the
purpose of compensating for the current attenuation of the HTSM system and ensuring the stability of the magnet’s
magnetic field. Thus, the HTSM can work in persistant current mode and provide technical support for the realiza-
tion of steady state strong magnetic field. Superconducting flux pumps can replace expensive HI'SM current leads in
the future, effectively improving the energy efficiency and reliability of wireless power supply equipment under the
premise of reducing size and weight, and reducing the use of 2G HTS tapes and the power of refrigerators. It will
greatly promote the wide application of HTSM, and will contribute to technological innovation in aerospace, national
defense and military, public transportation, biomedicine, high-energy physics and other engineering application.
This paper summarizes the design schemes, technical characteristics and the latest research progress of different
types of HTS flux pumps. The advantages and disadvantages of various types of superconducting flux pumps and
their application prospects are compared and analyzed. The potential development trend of the magnetic flux pump
in the application fields of superconducting magnets and superconducting motors is described, which provides theo-
retical support and technical prospects for wireless DC power technology of HTSM.

Key words: superconducting flux pump; high temperature superconducting magnet; contactless magnetization

technology ; wireless DC power supply; closed loop operation



