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Receiving Current Ripple Reduction of Pulse Density Modulation for Dynamic Wireless Power Transfer

Sakahisa Nagai Toshiyuki Fujita Hiroshi Fujimoto

Shogo Tsuge

Toshiya Hashimoto Shuntaro Okazaki

Dynamic wireless power transfer (DWPT) is a way to enhance the driving range of electric vehicles. The receiving current control is necessary

to protect the battery on the vehicles. This paper proposes a receiving current control method using pulse density modulation (PDM). The PDM

generally generates a large current ripple compared with pulse width modulation, however, reduces the switching loss. The proposed method can

reduce the current ripple by spreading the pulse position. The effectiveness is validated using a DWPT test bench whose receiver side equipment

rotates at high speed.
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Fig. 1 Double-sided LCC circuit for wireless power transfer
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(b) Short mode
Fig. 2 Modes of active rectifier
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(a) Concentrated pulse density modulation
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(b) Distributed pulse density modulation

Fig. 3 Ideal ket waveforms of pulse density modulation
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Fig. 4 Block diagram of receiving current control
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Fig. 5 High-speed DWPT rotary bench

Table 1 Circuit parameters

Parameter Symbol Value
DC voltage Vi, Va2 220V
WPT inductance Ly, L2 1297252 TJII_‘II
WPT resistance Ry, Rz 385 mQ, 1101 mQ
WPT capacitance C, C 18.0nF, 12.6 nF
Filter inductance L1, Le 25.5 uH, 51.0 pH
Filter resistance R, Re 68 mQ, 50 mQ
Filter capacitance Cn, Cr 141.0 nF, 69.5 nF
DC filter inductance Loc 10 pH
DC filter resistance Roc 20 mQ
DC filter capacitance Cbc1 210 uF
Resonant frequency | f (= w/2x) 84.5 kHz
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Table 2 Control parameters

Parameter Symbol Value
Feedforward controller Ct 1
Feedback controller (o IP :1%)
P:0.339
Feedback controller Chi - 2025
Control frequency 8.45 kHz
LPF cutoff frequency g 8500 rad/s
Sampling frequency 2 MHz
Of Irectand |f2

Table 3 Duty table for distributed pulse density modulation
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Fig. 6 Experimental results of static WPT

when 5tz =1.5 A

Table 4 Average and variance values of Ipce

in static WPT condition when /5¢:2 is changed.

et Concentrated PDM Distributed PDM
pe2 Average | Variance | Average | Variance
1.0 1.037 0.041 1.040 0.119
1.5 1.551 0.061 1.555 0.142
2.0 2.064 0.056 2.066 0.182
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Table 5 Average and variance values of Ibc2

in DWPT condition when B¢z is changed.

et Concentrated PDM Distributed PDM
D2 | Average | Variance | Average | Variance
1.0 1.027 0.035 0.966 0.099
1.5 1.570 0.047 1.630 0.142
2.0 2.074 0.044 2.131 0.427
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