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Study on capacitive switching inrush currents in vacuum circuit breakers considering their

transient physical characteristics
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Abstract: Vacuum circuit breakers, as the core switching devices for switching capacitor banks in distribution networks up to 35kV,
frequently generate high-amplitude, high-frequency closing inrush currents when energizing unloaded capacitor banks. These cur-
rents can easily lead to the burnout of switch contacts and failures of capacitor banks, seriously threatening grid safety.As the ideal
switch model fails to consider practical parameters like closing speed, dielectric recovery strength, and contact materials, it can't pre-
cisely depict the transient characteristics during vacuum circuit breaker closing operations.This study takes a 40.5kV vacuum circuit
breaker switching parallel capacitor banks as the research scenario and uses the PSCAD simulation platform to build a customized
simulation model integrating pre-breakdown characteristics, dielectric recovery properties, and high-frequency arc-quenching ability.
The simulation carried out closing inrush current tests by setting up vacuum circuit breakers under various typical closing situations,
including different closing velocities, contact materials, existence of residual voltage in capacitor banks, back-to-back switching, and
series reactors. The findings of the research show that the pre-breakdown phenomenon is the main reason for the closing inrush cur-
rent.Raising the closing speed speeds up the restoration of dielectric strength in the contact gap, which can effectively decrease both
the peak value of the inrush current and the dispersion of three-phase closing times. Reverse residual charges in capacitor banks
greatly increase the closing inrush current and overvoltage.Under back-to-back closing circumstances, the peak of the inrush current
can reach dozens of times that of a single-capacitor bank, which is the most serious switching situation for capacitor banks.The opti-
mal solution for suppressing closing inrush current in 35kV distribution networks (dominated by the fifth harmonic) is the 5%-7% re-
actance range.It can offer stable suppression under conventional, residual-voltage, and back-to-back closing conditions, and it also
has high reliability and engineering applicability. This research finding offers theoretical foundation and data support customized to
actual operational scenarios for optimizing the closing speed of vacuum circuit breakers, designing inrush current suppression
schemes, and improving the engineering performance of reactive power compensation devices.
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Fig. 1 Vacuum Circuit Breaker Closure Flowchart
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Table 1 A, B, C, D typical values

B E %% A(V/1s) B(kV) Cc(A/ns?) D(A/ps)
& E 17 3.4 -0. 034 255
+ JE 13 3.4 0.31 255
KJE 0.47 0.69 1 190
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Fig. 2 Principle of Test and Connection of Related Line Parameters
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Table 2 device parameter list

&S S #H KA 5 ¥ S H K A EX
BE R 35kV HEEE 20016kvar
FHEEREA
A A E 52 uF ¥4 77 A Y

2.1 HBKBERB[EMESLESFT
XF T I B R A ) e A R 2 T B R = A R 1 O X, LA R 2 R A S R
XFARIE , = AH RLC HL B AT 55 20O 5 AH RLC £ 1B B 0 AT 20 B, B0 AH S 80 % 40 1 3 s

Us(t) K R

L C

B3 $hbsmMEAeiR

Fig. 3 Equivalent circuit diagram for single—phase closing
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Fig. 4 The current wave shape in the absence of pre-breakdown
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Fig. 5 The surge current waveform when the contact material is Cu-25Cr
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Fig. 6 The surge current waveform when the contact material is Cu-50Cr
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Fig. 8 The surge current waveform at a closing speed of 0.4 m/s
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Fig. 9 The surge current waveform at a closing speed of 0.5 m/s
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Fig. 10 The surge current waveform at a closing speed of 0.7 m/s
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Fig. 11 The surge current waveform at a closing speed of 0.8 m/s
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Table 3 Peak inrush currents at different closing speeds
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Table 4 BC2 Test Data of Three—phase Capacitor Bank (Single) Opening and Closing Test
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Fig. 12 Transient voltage and current waveform diagrams when the residual voltage circuit

breaker closes for a capacitor bank with residual voltage
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Fig. 13 Transient voltage and current waveform diagrams when the circuit breaker closes

without residual voltage in the capacitor bank
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Table 5 Overvoltage multiples and peak inrush currents under different conditions
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Fig. 14 The equivalent circuit of back—to—back current flow
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Fig. 15 Waveform diagram of the closing surge current when the contacts are closed back-
to—back
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Fig. 16 Changes in inrush current under three different closing conditions at various re -
actance rates
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Table 6 Amplitudes of closing inrush currents under three operating conditions with
different reactance ratios
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Fig. 17 Peak inrush current during normal closing under different reactance rates
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Fig. 19 Peak inrush current during back-to—back closing under different reactance rates
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Fig. 20 Equivalent circuit diagram for filtering
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Fig. 21 Waveforms corresponding to different reactance ratios(K=I1/n?)
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