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Design of Stacked Underwater Capacitive Power Transfer Coupler and
Analysis of Propagation in Underwater Medium
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Abstract

This study theoretically analyzes the effect of a medium's electrical properties on electric field propagation. A medium with
conductivity and permittivity can be classified as a highly conductive medium or a low-loss dielectric depending on the ratio of
conduction current to displacement current. As conductivity increases, the electric field intensity decreases significantly with transmission
distance. This phenomenon was analyzed using four types of water with different conductivities. Additionally, a stacked capacitive
wireless power transfer (CPT) coupler structure was designed, and its underwater transmission characteristics were examined.
Consequently, even media with high permittivity may not be suitable for improving the performance of a system, depending on their
conductivity. Furthermore, unlike a parallel CPT coupler, the stacked CPT coupler was found to be relatively disadvantageous for use
in underwater environments.
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Fig. 1. Configuration of stacked underwater CPT system.
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Table 1. PEC Parameter Summary.

Components Notation | Value
Inductance of impedance matching Ln 110 nH
Capacitance of impedance matching Cn 300 pF
Resonant inductance Lies 10.2 uH
Underwater conduction resistance Rw 14 Q
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Table 2. Design specifications of stacked UCPT coupler.

Components Notation |Value (mm)
Width of front plate a 80
Width of Back plate b 100
Length of the impedance matching circuit
m; 18
board
Width of the impedance matching circuit
m 30
board
Length of acrylic case ci 105
Width of acrylic case o 110
Height of acrylic case G 75
Gap between front plate and back plate gap 2
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Table 3. Conductivity and permittivity of various types of
water at 25C.

Type of water Conductivity [S/m] peRHiiatttli‘;;y
Distilled water 0.0002 81
Tap water 0.02 81
River water 0.04 81
Sea water 4 )
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