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Abstract

When the high-power onboard charger works as V2G mode, there will be an application scenario of
single-phase three-phase system switching. In this paper, a general three-phase system phase-
locked loop control method is proposed. This method regards the single-phase system as a special
case of three-phase unbalanced fault, and realizes the positive and negative sequence separation
of the voltage signal based on the phase-shift control method. The universal software phase-
locked loop makes it not only suitable for three-phase systems, but also compatible with single-
phase systems. Finally, through model simulation, for the application scenarios of three-phase vol-
tage unbalance and single-phase three-phase system switching, the simulation verifies the correct-
ness of the phase-locked loop design.
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Figure 1. Three-phase unbalanced voltage model of single-phase grid voltage
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Figure 2. Double synchronous rotating coordinate
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Figure 3. Discrete block diagram of a phase-shift controller
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Figure 4. Control block of phase-locked loop
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Figure 5. Phase-shift control based on second-order generalized integrator
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Figure 6. Software phase locked loop based on second order generalized integrator
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Figure 7. The simulated three-phase voltage
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Figure 8. The output of the phase-locked loop
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Figure 9. Single-phase three-phase voltage switching simulation waveform
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Figure 10. Phase-locked loop output when single-phase three-phase voltage switching
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