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Basic Study on Lightning Surge Mitigation in a Capacitive Wireless Power Transfer System

Using a Five-Plate Coupler with a Grounded Electrode

Masaya Tokuriki*, Keisuke Kusaka (Nagaoka University of Technology)

This paper proposes a capacitive wireless power transfer (CPT) coupler structure for mitigating lightning surge

effects. The proposed coupler structure is based on a conventional four-plate structure and incorporates an additional

grounded plate on the primary side. The grounded plate provides a path for surge currents to flow to ground, reducing

their influence on the secondary side. The separation condition of the proposed structure is derived and verified

through circuit simulations. Simulation results demonstrate that lightning surge currents are effectively diverted to the

grounded plate. Furthermore, the insulation breakdown factor on the secondary side remains approximately 0.2 under

high-voltage conditions, indicating that dielectric breakdown does not occur. These results confirm the effectiveness

of the proposed coupler structure for improving surge tolerance in CPT systems.
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(b)  Capacitive equivalent circuit model.

Fig. 1. 5-plate capacitive coupler model.
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Fig. 2. Impedance model of 5-plate capacitive coupler.
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Fig. 3. Simulation circuit configuration.

Table 1. Simulation conditions.

Parameters Symbol Value
Input voltage Vin 350 [V]
Output power P, 500 [W]
Resonant frequency fe 6.78 [MHz]
Primary side equivalent capacitance C, 200 [pF]
Secondary side equivalent capacitance C, 81.2 [pF]
Equivalent coupling capacitance Cn 74.6 [pF]
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Fig. 4. Simulation results of operating waveform in the proposed

system.
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Fig. 5. Lightning surge voltage model.
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Fig. 6. Simulation results of operating waveform in the proposed

system with lightning surge model.
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Fig. 7. Simulation results of electromagnetic analysis under

surge voltage conditions.



