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Miniaturized Operation Method for an Ultra-Fast Vacuum Switch
Based on Energy Recovery and Associated Test
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Abstract: Current SF breakers in direct current transfer switches (DCTSs) are not environmentally friendly and are
also slow acting. To address these limitations, ultra-fast vacuum switches (VSs) are used to replace SFy switches by
leveraging DC circuit breaker technical solutions. However, ultra-fast VSs based on Thomson coil actuators are typi-
cally large, costly, and inefficient, and require high capacitance energy storage. These limitations constrain the
widespread application of ultra-fast VSs in DCTSs. This paper proposed an ultra-fast VS operation method based on
energy recovery, which enabled continuous open and closed operations by recovering residual energy in the capacitor
bank. A mathematical model was established to characterize the sequential switching process of the ultra-fast VS, and
a prototype with rated parameters of 3.6 kV, 2.5 kA, and 1 ms was developed and subjected to stroke characteristic
testing. The results show a breaking time of 1 ms and a closing time of 19 ms using the proposed methods. Notably,
this approach reduces the required capacitance for continuous switching operations by 50%, while decreasing the
actuator’s volume and cost by approximately 40%, thus demonstrating significant technical advantages.
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Fig.1 Structure of the ultra-fast vacuum switch
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Fig.3 Drive circuit of ultra-fast VS based on energy re-
covery and its working characteristics
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