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Analysis of Non-Linear Load Characteristics in Utility-Frequency Output

Capacitive Wireless Power Transfer System for Low-Power Devices

Masaya Tokuriki, Student member, Keisuke Kusaka, Member (Nagaoka University of Technology)

Shunji Yamamoto, Fellow (Tokyo Electric Power Company Holdings, Inc.)

This paper proposes a capacitive wireless power transfer system for low-power devices, enabling utility-frequency output.

Furthermore, the characteristics of the proposed system are evaluated when non-linear loads are connected. The proposed

system transmits power by directly injecting high-frequency waves into full-wave rectified sine waves. Therefore, this is

achieved by eliminating the capacitor in the DC link. On the secondary side, the waveform is regenerated to a full-wave rectified

sine wave through a diode rectifier and a filter. The utility-frequency output is obtained with the unfolder on the secondary side

without PWM. In addition, the proposed system aims to be able to operate with any load connected. Therefore, a capacitor-

input diode rectifier circuit was connected as the load in the experiment. The results showed that the current THD is reduced

by connecting them to the proposed system. In the high-crest factor range, input/output current THD could be reduced to 18.0%.
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Fig. 1. Proposed system capable of utility-frequency.
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Fig. 2. Applied capacitive power transmission circuit.
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Table 1. Simulation condition.

Parameters Symbol Value
Input voltage Vin 100 V]
Output voltage Viut 100 |V]
Proposed — Output power P 100 W/
system Utility frequency fa 50 |Hz
Resonant frequeney I 400 [kHz
DC link capacitor Clera 22 |nF
Unit capacitance constant Hyge 4.4 [pd [VA|
o Load inductor Ly 50 |l
Non-linear . |
load Load capacitance (& 54.8 [uF|

Crest factor CF 3.00 [+
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(a)Voltage and current waveform with non-linear load.
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(b) Primary and secondary transmit and receive voltages.
Fig. 4. Operating waveform of the proposed system with non-
linear load.
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(b) Comparison of THD at different capacitance.
Fig. 5. Non-linear load and the proposed system characteristics for
varying load capacitance.
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Fig. 6. Diode Rectifier Operation (CF = 1.87).
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Fig. 7. Operating waveform of the system when a nonlinear load

is connected.
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(b) Comparison of THD at different capacitance.
Fig. 8. Non-linear load and the proposed system characteristics for
varying load capacitance.
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Fig. 9. Connection of the proposed system and non-linear load.
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