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Resonant Frequency Extraction of the Receiving Side through Voltage and
Current Phase Analysis of the Transmitting Coil of the WPT System
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Abstract

This study proposes a method of identifying the resonant frequency of the receiving side in a wireless power transfer (WPT) system,
adopting a double-sided LCC topology. The resonant frequency of the receiving side must match the system’s operating frequency.
However, in many cases, determining the resonant frequency of the receiving side from the inverter at the transmitting side is
challenging. The method proposed in this study changes the operating frequency of the inverter at the transmitting side, and by observing
the phase difference between the voltage and current at the transmitting coil side, the resonant frequency of the receiving side can be
identified. Therefore, the WPT system adopting the proposed method does not require additional communication systems at the
transmitting and receiving sides. The proposed method was analyzed using equations and validated through simulations and experiments.
The proposed method can accurately extract the resonant frequency of the receiving side with an error of less than 0.4 %.
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Table 2. Changes in the phase difference of TX coil voltage and current according to the relative magnitude of the coupling

coefficient and how to find the RX resonant frequency accordingly.

Frequency where the TX coil voltage and current

Relative coupling coefficient .
ping phase difference becomes zero

How to find the RX resonant frequency by
observing the phase difference of the TX coil
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- lowest.
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(two different complex frequencies)
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Table 3. Design specifications of WPT coil simulation.

Parameters Value
Turns of coils 13 turns / 1 layer
Type of wire Litz wire
(0.05 mm, 1,300 strands)
Relative permeabililty of ferrite 3,200
Frequency 85 kHz
Air gap 40 mm and 80 mm
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Table 4. Resonant circuit values of the double-sided LCC
topology in Fig. 2.

Parameters Value
Ll, Lz [/IH] 41.5
Ri, R, [Q] 0.08

0.356 (Air gap=40 mm)

Coupling coefficient k 0.110 (Air gap=80 mm)

Critical coupling coefficient

0.136
(kcritical)
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Cp [nF] (ESR [Q]) 180 (0.01)
Ly [1H] (ESR [Q)]) 114 (0.1)
Cs, [nF] (ESR [Q]) 120 (0.01)
Cp, [nF] (ESR [Q]) 330 (0.01)
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Fig. 12. Change of phase difference of voltage and current
across TX coil according to frequency sweep.
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Fig. 13. WPT coils and resonant circuits board actually
fabricated for the experiments.
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Table 5. Values of actually fabricated WPT coils and
resonant circuit board.

SR E HES &

Parameters Value
L], Lz [,UH] 442
R, R [Q] 0.09

0.31 (Air gap=40 mm)

Coupling coefficient k 0.12 (Air gap=80 mm)

Critical coupling coefficient

(ko) 0.149
Lsi [1H] (ESR [Q]) 19.9 (0.13)
Cs [nF] (ESR [Q)) 180 (0.015)
Cp [nF] (ESR [Q]) 182 (0.012)
Ly [#H] (ESR [Q]) 10.3 (0.12)
Cs, [nF] (ESR [Q)) 121 (0.011)
Cpy [nF] (ESR [Q]) 330 (0.013)
RX side frequency (frn) [kHz] 80.4

__ DC power
= supply

Function g%
generator

X WPT coils RX
= resonant resonant
board board

Inveter
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Fig. 14. Experimental setup for phase change measurements.
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Fig. 17. When the coupling coefficient is greater than the
critical coupling coefficient (A>keica), actual mea-
surement waveform of TX coil voltage and current
phase difference according to operating frequency
change.
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Fig. 18. Principle of the control system on the RX side
that can turn on the switch depending on whether
the power is supplied or not.
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