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A Switching Method for Minimizing the Over Current in Transient Response of
3-phase Interleaved Bidirectional DC-DC Converter with Frequency Modulation

Jongwoo Bae', Hyesoo Jeong', Jae—Hun Jung', and Eui-Cheol Nho™

Abstract

This work deals with a switching method for minimizing overcurrent in a three—phase interleaved
bidirectional DC-DC converter with frequency modulation. Generally, a three—phase interleaved DC-DC converter
1s used to reduce a current ripple component. The combined operation of three—phase and two—phase converters
can significantly reduce the ripple component. However, the conventional PWM method cannot solve severe
overcurrent during phase transfer or frequency variation for power control. To overcome this problem, this
work proposes a new PWM switching method. A 3 kW DC-DC power converter is designed and implemented,
and the converter is operated in discontinuous current mode with varying switching frequencies for power
control. Simulation and experimental results show the validity of the proposed switching method. The proposed
switching method can be widely used in the field of current ripple reduction for three-phase interleaved

bidirectional DC-DC converters.
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Fig. 1. Circuit diagram of 3-phase interleaved bidirectional
DC-DC converter.
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Fig. 4. Waveforms of battery and inductor currents in
case of 3-phase operation mode.
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Fig. 5. Waveforms of battery and inductor currents in
case of 2-phase operation mode.
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Fig. 6. Magnitude of battery current ripple versus battery
voltage in 3-phase and 2-phase operation modes.
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Fig. 7. PWM signal generation for frequency modulation.
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Fig. 9. Waveforms of battery and inductor currents in
case of load and phase change (2.4 [kW]->1.2[kW], 3
phase —> 2 phase).
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Fig. 10. Waveforms of battery and inductor currents in
case of phase change (2 phase —> 3 phase).
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Fig. 11. Waveforms of battery and inductor currents in
case of load change (1.2 [kW]-> 2.4 [kW]).
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Fig. 13. Expenmental hardware.

TABLE 1
SYSTEM PARAMETERS
Parameter Value
Voe 400 [V]
Vg 176 ~ 280 [V]

L~ L. 1 [mH]
G~ G 2.2 [nF]

fs 10 [kHz] ~ 35 [kHz]
Py o 3 [kW]
Capacity of Bat. 40 [mF]
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Fig. 14. Experimental waveforms of battery and inductor
currents in case of load and phase change (2.4 [kW]->1.2
[kW], 3 phase -> 2 phase).
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Fig. 15. Experimental waveforms of battery and inductor
currents in case of phase change (2 phase —> 3 phase).
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Fig. 16. Experimental waveforms of battery and inductor
currents in case of load change (1.2 [kW] —> 2.4 [kW]).
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