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High-Efficiency Transmission Power Control at Low Load for Wireless In-Wheel Motor
Using Pulse Density Modulation

Daiki Tajima®, Osamu Shimizu, Hiroshi Fujimoto (The University of Tokyo)

Abstract

In order to eliminate the disconnection risk of in-wheel motors’ wire, wireless in-wheel motor has been developed. In

this system, chassis to wheel transmission power should be controlled correspond to consumption power. In this paper, a

novel control method using Pulse Density Modulation (PDM) is proposed to improve the transfer efficiency at low load.

Experiments proved its effectiveness.
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Fig. 1 W-IWM attached to the test vehicle.
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Fig. 2 Wireless power transfer via magnetic resonance
coupling.
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Fig. 3 WPT system with constant power load.
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Fig. 4 Control method for WPT system with constant power load.

Fig. 5 Equivalent circuit of wireless power transfer via
magnetic resonance coupling.
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Fig. 6 System configuration of W-IWM.
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Table 1 Specifications of W-IWM system.

Resonance frequency 86.8 kHz
Switching frequency of DC/DC converter | 86.8 kHz
Switching frequency of DC/DC converter | 85.0 kHz

Supercapacitor capacitance 125 F

Supercapacitor voltage reference vy 38V
Primary-side coil resistance Ry 242.0 m§2
Primary-side coil inductance L1 259.9 uH
Secondary-side coil resistance Rp 242.0 mQ
Secondary-side coil inductance Lo 259.9 pH
Coil gap 100 mm

Coil mutual inductance Ly, 53 pH
Smoothing capacitance C' 1100 pF
Inductance of DC/DC converter L 60.8 puF
ESR of inductor and Supercapacitor r 41.0 mQ2

Q
® o i e
5 e |
1} .o
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Fig. 9 Experimental setup.
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Fig. 10 DC power supply and power analyzer.
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Fig. 11 Measurement results of the proposed method.
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