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Abstract; To address the issues of contact-gap reignition and prolonged interruption time-duration during
low-current interruption in conventional mechanical direct current(DC)circuit breakers, as well as
the strong dependence of existing oscillatory topologies on fully controllable power electronic devices, an
oscillatory-commutation DC circuit breaker consisting of a main current branch, a commutation
branch, an oscillation-source module, and an energy-dissipation branch is proposed. An analytical
model of the excitation current is established under the assumption that circuit losses are
negligible. The excitation current generated by the oscillation source in the vacuum interrupter is

expressed as the difference between two sinusoidal components with distinct characteristic
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frequencies. Based on this representation, the effects of capacitance and inductance parameters on
the characteristic frequencies and artificial current-zero capability are investigated. The results
show that, under constant excitation voltage and commutation-branch inductance, a smaller
frequency difference between the two sinusoidal components leads to stronger interruption
capability. Increasing the capacitance and inductance parameters reduces the oscillation frequencies,
while increasing the commutation-branch inductance and the oscillation-source-module inductance can
further decrease the frequency difference between the two sinusoidal components. An experimental
circuit was constructed, and the bidirectional interruption of a 17 kA fault current was
successfully achieved, verifying the feasibility of the proposed topology for generating artificial
current zeros and realizing bidirectional interruption. The proposed oscillation-source module
employs only thyristors and diodes, thereby reducing the dependence on fully controllable power
electronic devices and offering a new technical solution to the cost-effective design of mechanical
DC circuit breakers.

Keywords: direct current circuit breaker; oscillatory commutation; vacuum interrupter; bidirectional

interruption; artificial current zero
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Fig. 1 Mechanical DC circuit breaker topology
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Fig. 2 Oscillating commutation DC circuit breaker topology
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Fig. 3 Interruption process of the oscillating commutation

1

DC circuit breaker
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Fig. 4 Time-domain model of excitation current induced by

pre-charged capacitor
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pre-charged capacitor
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Fig. 6 Waveform of the difference of two sinusoids with different

frequencies and amplitude-frequency proportionality
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Fig. 7 Forward and reverse breaking waveforms under the

proposed topology
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on the frequency of sinusoidal components
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