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Design of a 4-Plate Parallel Dynamic Capacitive Wireless Power Transfer

Coupler for Mobile Robot Applications
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Abstract

This study proposed a design of a 4-plate parallel capacitive dynamic wireless power transfer (WPT) coupler applicable to mobile
robots. The practical equivalent circuit model incorporated the loss resistance of the coupler to achieve good agreement with the
electromagnetic simulations. The overall S-parameter of the coupler was calculated as the product of the S-parameter of each network.
When comparing the transmission coefficients derived from the practical equivalent circuit model and electromagnetic simulations, the
maximum value exhibited excellent agreement at 6.35 MHz with a value of 0.86. Additionally, null-power points where the transmission
coefficient decreased to zero owing to transmitter-receiver misalignment were observed, corresponding to locations where the mutual
capacitance converged to zero. These findings contribute to the design of wireless power transfer systems for mobile robots, particularly
for analyzing interference and parasitic components.
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Fig. 1. Configuration of CPT system.
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Fig. 3. The overall structure of the 4-plate parallel DCPT.
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Table 1. Design specifications of 4-plate parallel DCPT
coupler.
Component Notatino| Value
Width of the Tx and Rx board L 90 mm
Length of the Tx TW | 165 mm
Length of the Rx RW | 75 mm
width of the Tx and Rx metal plate 30 mm
length of Rx metal plate b 120 mm
Distance between two metal plates c 10 mm
Distance between transmitter and receiver | gap | 10 mm
Ltm Ltr Cm Lrr Lrm

" [Ta] [Tb] [Tc]

J8 4. 44 5713 Z(PEC) BY
Fig. 4. Practical equivalent circuit model.
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# 2. PEC 32tr]E Q0o
Table 2 PEC parameter summary.

Component Notatino Value
Coupler intrinsic capacitance of Tx Crx 3.504 pF
Coupler intrinsic capacitance of Rx Cry 1.292 pF
Coupler intrinsic resistance Rrx, Ry 1 Q
Tx’s Lumped L L 56 uH
Rx’s Lumped L L, 350 uH
Tx’s Impedance matching L Ly 43 uH
Rx’s Impedance matching L Ly 650 nH
Tx’s Impedance matching C Cm 100 pF
Rx’s Impedance matching C Com 750 pF
Mutual capacitance Cy 043 pF
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