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Abstract

To address the non-unified control structure and insufficient harmonic suppression of a single-phase
bidirectional On-Board Charger (OBC) operating in both Grid-to-Vehicle (G2V) charging and Vehicle-
to-Load (V2L) supplying modes, this paper investigates a cascaded topology consisting of a single-
phase H-bridge AC/DC stage and an isolated CLLLC resonant DC/DC stage, and proposes a unified cur-
rent control strategy for the front-end AC/DC converter based on a Multi-Quasi-Proportional Reso-
nant (Multi-QPR) controller. In both modes, the same control core—an outer voltage loop plus an inner
current loop implemented by PI in parallel with Multi-QPR—is reused, while only the outer-loop con-
trolled variable and the current-reference generation method are switched. Specifically, in G2V mode,
a DC-bus voltage PI regulator together with a Phase-Locked Loop (PLL) generates the sinusoidal cur-
rent reference; in V2L mode, a QPR-based output-voltage loop produces the current reference to syn-
thesize a 220 V/50Hz sinusoidal output. The proposed Multi-QPR includes resonant channels at the
fundamental and selected 3rd/5th/7th harmonics, providing high gain at targeted frequencies for
selective compensation. Simulation results demonstrate that, compared with conventional PI control,
the proposed strategy significantly reduces the grid current THD in G2V mode and improves the output
voltage THD in V2L mode, thereby enhancing the overall power quality.
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Figure 1. Main circuit topology diagram of single-phase bidirectional On-Board Charger
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Figure 2. Unified control framework diagram for the front-end AC/DC
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Figure 3. PI parallel Multi-QPR current inner loop structure diagram
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Figure 5. Voltage and current waveforms in G2V mode
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Figure 6. Comparison diagram of current spectrum in G2V mode
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Figure 7. DC bus voltage waveform in V2L mode
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