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Abstract

This paper analyzes the advantages and disadvantages of current wireless energy transfer control
systems. In order to solve the detuning problem of the magnetic coupling wireless power transfer
system, the working principle of the system is theoretically analyzed, and a frequency tracking
control method based on variable mode digital phase locked loop is proposed. The influence of the
loop filter on the system response speed and steady-state error is analyzed by Simulink simulation,
and the phase-locked speed and phase-locking accuracy of the phase-locked loop are improved by
adding the error quantization link in the phase-locked loop. Finally, based on FPGA, the all-digital
WPT control system is designed to realize the automatic tracking of the resonant frequency of
WPT system, which increases the over-current and over-temperature protection functions of the
system. Through simulation and prototype production, it is verified that the system has fast
tracking speed and stability, the state error is small, safe and stable.
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Figure 1. WPT equivalent circuit diagram based on coupled mode theory
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Figure 2. Traditional phase-locked loop structure
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Figure 3. Phase-locked loop system step response diagram
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Table 1. Correspondence between k value and 7 value

F1LEES TENMRXER

K 2 8

1.6 x 10 1.3x10°
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Figure 4. Variable-mode all-digital phase-locked loop structure
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Figure 5. Phase detector simulation
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Figure 6. Frequency tracking control system structure diagram
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Figure 7. Phase-locked loop accuracy simulation diagram
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Figure 8. Phase-locked loop simulation
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Figure 9. Frequency tracking control system simulation diagram
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Figure 10. Prototype physical map
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Figure 11. Transmitting coil voltage and current waveform
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