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Changes in Input Impedance of the Wireless Power Transfer System according
to Changes in Coupling Coefficient and Coil Self-Inductance
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Abstract

In this study, the change in input impedance according to the coupling coefficient and self-inductance of the coil of a wireless power
transfer system is analyzed. The input impedance is the impedance of the power inverter that plays a decisive role in determining the
harmonic current of the coil. When the air gap between the transmitting and receiving coils decreased and the coupling coefficient of
the wireless power transfer system increased, the slope of the input impedance decreased, and ultimately, the input impedance in the
harmonic component decreased; moreover, the larger the inductance of the transmitting coil, the larger the input impedance of the
system. The change in the analyzed input impedance was verified through simulations and experiments. Ultimately, measurements proved
that the input impedance changes according to the change in the coupling coefficient and coil self-inductance, which affects the harmonic
current. As mathematically analyzed, the larger the coupling coefficient and the smaller the self-inductance of the coil, the lower the
input impedance of the harmonic component and the higher the harmonic current flowing in the coil, with a difference of less than
3 % between the simulation and experimental results.
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Table 1. Simulation design specifications.

Parameters Value
Turns of coil/layer 12 turns/1 layer
Wire diameter 2.8 mm
Coil outer diameter 240 mm
Coil inner diamter 172 mm
Operating frequency 60 kHz
TX coil inductance/resistance 35.6 1tH/60 mQ
TX coil inductance change step +0~+60 1H (6 steps)
Air gap 30~150 mm (5 steps)
Load 24 Q
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Table 2. Coupling coefficient value and mutual inductance
depending on the air gap between TX and RX

coils.
Air gap [mm)] | Mutual inductance [ H]| Coupling coefficient
30 18.15 0.51
60 10.68 0.30
90 748 0.21
120 498 0.14
150 3.56 0.10
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Table 3. Design specifications and measurements results for

experiments.
Parameters Value
Operating frequency 60 kHz

Turns of coil/layer 12 turns/1 layer

Type of wire 0.05 m/1,300 strands Litz
TX coil inductance/resistance 348 1 H/A8 mQ
TX coil inductance change step +H0~+90 «H (4 steps)
Air gap 30~90 mm (3 steps)
Load 24 Q
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