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Topological structure and control strategy of superconducting magnetic
energy storage system with large energy storage capacity
ZHANG Fang,SHEN Haoming, YANG Fengyu
(Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China)
Abstract: With the large-scale development of renewable energy,the demand of power grid for high-power
level energy storage system is increasing. Therefore,it is of great theoretical significance to study the topo-
logical structure and operation control strategy of SMES (Superconducting Magnetic Energy Storage) system
applied to high-power level situations. A topological structure of SMES system based on MMC (Modular
Multilevel Converter) is proposed,and a new-type chopper that allows multiple superconducting magnets to
be connected simultaneously to increase the energy storage capacity of the system by multiples is designed.
The new-type chopper adopts modular design and consists of multiple sub-modules connected in series,
which can be expanded to multiple voltage levels and power levels with MMC,and can balance the capacitor
voltage and magnet current of each sub-module. Considering that it is difficult to determine the number of
bypass sub-modules in the new-type chopper,a method for calculating the number of bypass sub-modules
is proposed. Based on LADRC(Linear Active Disturbance Rejection Control),the dual closed-loop controller
of MMC and the DC voltage controller of new-type chopper are designed, and the parameters of LADRC
controllers are set by complex frequency-domain analyzing method. The correctness and effectiveness of the
proposed topological structure and control strategy are verified by simulation.
Key words: superconducting magnetic energy storage ; chopper; topological structure; linear active disturbance

rejection control ; parameter setting
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Table B1 Parameters of SMES system
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Fig.Bl Pole-zero diagram of closed-loop transfer function with changed @,
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Fig.B2 Pole-zero diagram of closed-loop transfer function with changed @,
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Table B2 Parameters of controller
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Fig.D1 Topological structure of SMES system with extended sub-module for chopper in Reference [10]
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Fig.D2 Current waveforms of superconducting magnets with changed initial current
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Fig.D3 Capacitor voltage waveform of phase-a upper arm sub-module in MMC
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Fig.D4 DC side voltage waveforms of MMC with changed capacitor of new-type chopper
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