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Experimental Verification of Receiving Current Control by Pulse Density Modulation

Using High Speed Rotation Test Bench for Dynamic Wireless Power Transfer

Sakahisa Nagai, Toshiyuki Fujita, Hiroshi Fujimoto (The University of Tokyo)
Shogo Tsuge, Toshiya Hashimoto, ShuntaroOkazaki (TOYOTA MOTOR CORPOLATION)

Dynamic wireless power transfer (DWPT) technique is actively studied to extend the cruising range of electric vehicles all over

the world. This paper focuses on the receiving current control by pulse density control and shows the experimental results using a

high speed rotation test bench for the DWPT.
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Fig. 1. Circuit diagram of magnetic resonant wireless power transfer using double-sided LCC.
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Fig.2. Ideal rectified current waveforms.
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Fig.3. Rectifier operation modes in pulse density modulation.
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Fig.4. High-speed DWPT test bench
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Table 1. Experimental parameters.

Parameters Symbols Values
DC voltage Vbei, Vbez 220V,220V
WPT inductance Ly, Ly 194.8 uH, 279.4 uH
WPT resistance R,R; 385 mQ, 1101 mQ
WPT capacitance C,Cy 18.0 nF, 12.6 nF
Filter inductance Ly, Ly 25.5 uH, 51.0 uH
Filter resistance R¢1, Ry 68 mQ, 50 mQ
Filter capacitance Cs1,Cp 141 nF, 69.5 nF
DC filter inductance Lpc 10 uH
DC filter resistance Rpc 20 mQ
DC filter capacitance Cpc 210 uF
Resonant frequency f(=w/2n) 84.5 kHz
Number of pulses in PDM N 10
AD conversion frequency 2 MHz
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Table 2.  Average of Ipcz [A]. (40 km/h)

CPDM DPDM
Duty || 0.11s 0.12s 0.14s | 0.11s 0.12s 0.14s
0.25 - - - 0.673 0.832  0.567
0.5 || 0.679 0.868 0.524 | 1.63 1.94 1.33
0.75 || 0.883  1.58 0.3 2.62 3.06 2.02
1.0 3.68 427 3.14 | 3.68 4.27 3.14
#3 FHELAEZTa2—7 . (K3 40 km)
Table 3. Calculated duty ratio. (40 km/h)
CPDM DPDM
Duty || 0.11s 0.12s 0.14s [ 0.11s 0.12s 0.14s
0.25 - - - 0.183  0.195 0.180
0.5 || 0.185 0.203 0.167 | 0.444 0454 0.424
0.75 || 0.240 0.370 0.096 | 0.713 0717  0.643
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