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Evaluation of Transfer Characteristics of Wireless Power Transfer Using Impedance Map Methodology

for Combination of Coils for Stationary and Dynamic Charging

Hayato Ota®, Ryotetsu Sakurai, Takehiro Imura, Yoichi Hori (Tokyo University of Science)

The compatibility between SWPT and DWPT is not confirmed while DWPT is researched. The methodology of evaluating

quantity and efficiency of power transfer using impedance map for combination of SWPT and DWPT coils is proposed. The

evaluation methodology is validated by comparing results from experiment, circuit simulation and proposed evaluation

methodology.
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Table. 1 Coils used in this research.

i Size pitch . SIf
Coil type [mm] Turns [mm] inductance
[uH]
SWPT 650 B
Transmitter X 500 5 15 L, =393
SWPT 380 B
Receiver X 380 8 15 L, =412
DWPT 1700
Transmitter X600 7 25 Ly =133
DWPT 800
Receiver X 600 7 11 L, =116
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Table. 2 Capacitance of resonant capacitor with each type of coil.

Coil type Capacitance[nF]

SWPT Transmitter c, = 89.64
SWPT Receiver c, =85.23
DWPT Transmitter C, = 26.46

DWPT Receiver C, =30.22
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(b) T-type equivalent circuit diagram.
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Fig.2 S-S topology WPT circuit.
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Table. 3 Explanations of parameters in Fig. 2.

Parameter Explanation
Vin Alternating voltage source
Ly Current from alternating voltage source V;,
Zin Input impedance
R Series internal resistance of resonant capacitor
G in transmitter side
C; Resonant capacitor in transmitter side
Ry, Series internal resistance of transmitter coil
Ly Inductance of transmitter coil
7 Reflected impedance which is equivalent
ref impedance of receiver seen from transmitter
Mutual inductance of transmitter and receiver
Ly, .
coil
Zy Combined impedance of receiver circuit
L, Inductance of receiver coil
Ry, Series internal resistance of receiver coil
C, Resonant capacitor in receiver side
R Series internal resistance of resonant capacitor
€2 in receiver side
Rioaa Load resistance
Vout Voltage of the load R4
Tout Current in the load R; ;44
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Fig. 3 Circuit diagram describing measurement method of coupling

(b) Short receiver coil.

coefficient k (Internal resistances of coils are omitted).
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(a) SWPT transmitter and SWPT receiver.
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(c) DWPT transmitter and SWPT receiver.
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(b) SWPT transmitter and DWPT receiver.
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(d) DWPT transmitter and DWPT receiver.
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Fig. 5 Impedance maps which indicates power transfer efficiency 7 (indicated by shape color) and output power P, (indicated by black lines with power

value) in the WPT system.
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Table. 4 Range of Z.; with which the WPT system has good power

transfer characteristics.

i Range of Z,..¢
Transmitter ~ Receiver : High transfer ~ High output
i efficiency power Py
SWPT SWPT 0.8[Q] < Ryep  11[Q] < Ryef
SWPT DWPT | Whole range 1[0] < Ryf
DWPT SWPT L5[Q] < Reey  11[Q] < Rypf
DWPT DWPT | Whole range 1[Q] < Ryef
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