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Equivalent Circuit Modeling and Parameter Identification Method
for Single Capacitive Coupled Wireless Power Transfer

Kiyoto Shoji, Student Member, Takehiro Imura, Member, Yoichi Hori, Fellow

Single capacitive coupled wireless power transfer (SCC-WPT) is a technology that simplifies system structures by

utilizing only a single plate each for power transmission and reception. While existing studies often individually model

stray capacitances within these systems, a quantitative method to rigorously verify their assumed locations in

equivalent circuit models has remained lacking. In this study, we propose a parameter identification method using the

least squares approach to compare multiple candidate models, estimate physical parameters, and validate the selected

circuit structure. Specifically, a non-linear least squares algorithm was developed for an SP-compensated SCC-WPT

system, utilizing input impedance data across a wide range of varying load resistances. Electromagnetic field analysis

showed that the derived equivalent circuit model achieved high accuracy, recording a residual sum of squares of

1.37 X 10™* between the analytical and calculated input impedances. Furthermore, experimental results confirmed a

strong agreement between the calculated values and the measured trends. This demonstrates the proposed method's

ability to objectively derive effective circuit models for characteristic analysis and design optimization of SCC-WPT

systems.
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Fig. 7 Simulation model

Table 1 Analysis Conditions

Symbol Value
frequency 8.00 MHz
2 1.0Q
Ly 32.0 uH
Ty 1.0Q
L, 32.2pH
Cm 21.4 pF
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Table 2  Parameter Identification Results

Symbol Value
Cr1 -3.70 pF
Cra 59.88 pF
Crr 4.94 pF
residual sum of squares 1.47
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Fig. 8 Comparison of analytical and calculated values
in the conventional model

(top: real part, bottom: imaginary part)
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Table 3 Parameter Identification Results

Symbol Value
Cr 2.63 pF
(473 8.54 pF
Cp1 3.22 pF
Crs 0.82 pF

residual sum of squares 1.37 x 10™*
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Fig. 9 Comparison of analytical and calculated values
in the proposed model

(top: real part, bottom: imaginary part)
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(b) Circuit configuration

Fig. 10 Experiment System.

Table 4 Analysis Conditions

Symbol Value
frequency 7.36 MHz
Ty 260
Ly 70.66 uH
7 210
L, 63.70 uH
Cn 23.82 pF

Table 5 Resistance values used in the experiment

Resistance[(]
real part imaginary part

4.34 0.041

8.71 -0.0351
17.25 0.597
42.58 1.43
63.50 4.90
84.10 8.78
165.37 33.58

Table 6  Parameter Identification Results

Symbol Value
1 2.49 pF
Csp 0.93 pF
Cor 4.00 pF
Crr 0.30 pF
residual sum of squares 0.193
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® Simulated values (7points)
Calculated value
151
—_
Ci e
[S] Py =
Te10)
N
~—
©
o
5 [
0 L ‘ |
0 50 100 150 200
R [Q]
-4 : : :
®  Simulated values (7points)
Calculated value
_8 |-
o
~e-12f — -
N oe
£
,16 |
-20 : :
0 50 100 150 200
R [Q]
Fig. 11 ~ Comparison of measured and calculated values
in the proposed model
(top: real part, bottom: imaginary part)
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Table 7 Power transmission results

Symbol Value
frequency 7.08 MHz
Load resistance 356.9 +223.7Q
Input power 26.0 mW
Calculated output power 5.3 mW
Measured output power 5.0 mW
error rate 5.7%
efficiency 20.8 %
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