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Interruption Characteristics of Oscillation-circuit-based Controllable Z-source DC
Circuit Breaker

YIN Jianning!, ZENG Xiaobao!, XU Ming?, LIU Xinghua'
(1. School of Electrical Engineering, Xi’an University of Technology, Xi’an 710054, China;
2. School of Science, Xi’an University of Technology, Xi’an 710054, China)

Abstract: With the continuous growth of photovoltaic (PV) power generation capacity and the gradual increase in DC
side voltage levels, new requirements have been imposed on circuit breakers to achieve rapid full-current interruption un-
der high-voltage conditions. To realize fast and arc-free interruption, this paper proposes an oscillation-circuit-based
controllable Z-source DC circuit breaker (OCZ-DCCB). In the proposed topology, by controlling the conduction of the
silicon controlled rectifier (SCR), the capacitor C in the pre-charging branch is charged during normal system operation.
This facilitates the generation of an oscillating current via the capacitor and inductor in the oscillation branch, thereby
achieving rapid interruption of the full load current (10 A to 10 kA) in the DC line. Furthermore, the proposed design ef-
fectively addresses the issues of thyristor self-commutation failure under insufficient fault current rise rates and transient
false triggering, which are common limitations in traditional Z-source DC circuit breakers. Compared with the active Z-
source DC circuit breaker (AZ-DCCB), the OCZ-DCCB reduces the fault current interruption time by a factor of 22 at
DC 150 V. Under a short-circuit fault condition at DC 1 500 V, the interruption time for forward and reverse energy flows
is 0.30 ms and 0.25 ms, respectively, verifying the rapidity and effectiveness of the proposed scheme. By integrating with
the fully controlled device insulated gate bipolar transistor (IGBT), the structure effectively utilizes the IGBT to meet
complex energy flow demands in DC microgrids, enabling proactive and scheduled current interruption. The OCZ-DCCB
is verified by simulation,and the results demonstrate its rapid interruption capability and adaptability to various DC grid
voltage levels. These findings confirm its effectiveness and applicability, providing a novel solution for reliable
full-current interruption of DC circuit breakers under high-voltage conditions.

Key words: Z-source DC circuit breaker; oscillation circuit; photovoltaic power generation; pre-charging; fault current
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Fig.1 Topology of the controllable Z-source solid-state DC

circuit breaker based on oscillating circuit
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Fig.14 Simulation results of current balancing
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Fig.15 Optimal determination process based on MOPSO
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Table 3 Experimental design parameters in reference [19]
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Table 4 Design parameters for the OCZ-DCCB simulation

experiment
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W7 i 75 LAY C/uF 5
7 it 25 FRLURK L/uH 35
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SCHR[241 0T B% #3577 S 1 88.2%, HE 1T 5 AT /& 0] 4 1%
HL IR T W FE B SR . [, OCZ-DCCB [l 45457
FEARXT R, HR AR T A ZSCB ikt
W7 A I B /NI D . OCZ-DCCB 75 46 B4 I
OCZ-DCCB FHAESCHR 11 3 Fhh 1 B A S A 1Y) i 1)
B B 1) FL S TR TR AR . OCZ-DCCB i 1 5 245 S [7]
TR AR £ 09 SCHR (22T 2% 25 77 S 1) 38.5%, £14
SCHR[23 7% 28 5 ZE 10 92.6%, 21N SCHR[24] 1K 4 28
J5 %1 88.3%.

6 %ZEip

I 45E IGBT Al W& s, At 1
OCZ-DCCB. 4r#f | Fr#E i) OCZ-DCCB ) T.AE
JREL . VRGN BRI Wik 72 DL g S 5 it
I B AE T A SR AT

#5 4MAF ZSCB I
Table 5 Comparison of four different topologies of ZSCB
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CHR[24] 1 0 5 1 2 & 209.69 0.3 0.36 N L3y 3181.42
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Fig. A1 Three typical ZSCB topologies
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Table A1 Design parameters of the topology of [22]
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Table A2 Design parameters of the topology of [23]
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Table A3  Design parameters of the topology of [24]
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R L Ry/Q 1
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