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Abstract

This article proposes a multi-phase bidirectional DC-DC converter for FCEV. The Signal Flow Graph
(SFG) models for CCM and DCM with bidirectional power flow are analyzed. Based on the transfer
function, the dual closed-loop controller is designed. Finally a prototype of 150 kVA DC-DC con-
verter is constructed.
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Figure 1. Multi Phase Bi-directional DC-DC converter
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Figure 2. PWM & inductor current of MPBC converter
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Figure 3. The unified SFG model for multi-phase DC-DC converter in CCM mode
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Figure 4. The DC, AC small signal, AC large signal model for multiphase DC-DC converter

in CCM mode
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Figure 5. The unified SFG model for multi-phase DC-DC converter in DCM mode
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Figure 6. The SFG model for MPBC converter in DCM mode with reverse power flow
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Table 1. Dual Transformation for MPBC
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Figure 7. BODE plot of the transfer function
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Figure 8. The dual-loop controller of the converter
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Figure 9. BODE plot of the closed loop system
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Figure 11. The waveforms of the DC-DC Converter working at two-phase condition
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