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Investigation of Dead Zone Improvement Method in Dynamic Wireless Power Transfer with Repeater Coil
Yutaka Shikauchi*, Osamu Shimizu, Sakahisa Nagai, Toshiyuki Fujita, Hiroshi Fujimoto (The University of Tokyo)
Hayato Sumiya (DENSO CORPORATION)

Reducing the number of inverters can decrease the cost of dynamic wireless power transfer system. The system with repeater coil
is attracting attention as reducing the number of inverters. However, this system has dead zone that makes power transfer difficult.
Dead zone is caused the high impedance and deterioration of power factor on transmitter side. It can be solved by changing the
operating frequency in transmitter side.
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Fig. 1. Each dynamic wireless power transfer system ((a) System with transmitter and receiver coil (b) System with transmit-
ter,receiver and repeater coil)
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Table 1. Parameters used in this paper
Parameter Symbol
Source voltage Vi
Output voltage of inverter Viny
Coil current I;
Coupling coefficient kij
Mutual inductance M;;
Self inductance of coil L;
Resonance capacitor C;
Impedance of L; and C; X;
Coil winding resistance R;
Load resistance RL
AC equivalent load capacitor Riac
Operating Angular frequency w
Operating Angular frequency of the proposed method |  wpo
Operating frequency f
Operating frequency of the proposed method Spro
Resonance frequency of each side fi
Input impedance of the entire circuit from the inverter Zin
Input impedance from inverter to receiver side Zs
Input impedance from inverter to repeater side Z3
Angular declination of Vj,, and I 0
Equivalent resistance ratio E,;
Equivalent load resistance ratio E,;
AC-AC efficiency n
Copper loss P;
Output power Py
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Fig.3. Wireless power transfer circuit with repeater coil
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Table 2. Theory calculation and Experimental parameters

Parameter Symbol | Value
Source voltage Vi 100V
Operating frequency f 83.7kHz
Resonance frequency of transmitter side h 83.7kHz
Resonance frequency of receiver side H 85.3kHz
Resonance frequency of repeater side f 83.7kHz
Self inductance of transmitter side coil L 142.2 uH
Self inductance of receiver side coil Ly 54.3uH
Self inductance of repeater side coil L3 138.7 uH
Transmitter side capacitor Cy 25.4nF
Receiver side capacitor Cs 64.1nF
Repeater side capacitor Cs 26.04 nF
Transmitter side resistance R 74.3 mQ
Receiver side resistance Ry 29.6 mQ
Repeater side resistance R3 74.5 mQ
Load resistance Ry 223Q
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Table 3. Vertical and horizontal dimensions of each coil used in
experiment(vertical[m]xhorizontal[m])

Coil Without case | With case
Transmitter coil | 0.405x0.285 | 0.605x0.36
Receiver coil | 0.185x0.185 | 0.23x0.25

Repeater coil | 0.405x0.285 | 0.605x0.36
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