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Abstract An efficiency characteristics of wireless power transfer via magnetic resonance coupling is expressed by
k@ product, which is given by coupling coefficient and quality factors of a transmitter and receiver. This paper
focuses on the input impedance of the wireless power transfer system and proposes a simplified measuring method of
k@ product based on the shorted load and the opened load without changing the system structure. The effectiveness
of the proposed method was verified by experiments with an impedance analyzer and an oscilloscope.
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Fig. 1 Wireless power transfer via magnetic resonance coupling.

Fig. 2 Transmitter and receiver coils.

Tab. 1 Specifications of coils.

Primary side | Secondary side

Resistance Ry, Ro 1.00 Q 1.05 Q

Inductance L1, Lo 618 pH 619 pH

Capacitance C1, Co 4020 pF 3990 pF
Resonance frequency fi, f2 101.3 kHz 101.3 kHz

Quality factor Q1, Q2 393 375
77.9 pH (Gap: 200 mm)
37.7 uH (Gap: 300 mm)
0.126 (Gap: 200 mm)
0.061 (Gap: 300 mm)
440 mm
50 turns

Mutual inductance L,

Coupling coefficient k

Outer diameter

Number of turns
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Fig. 3 Load resistance Ry vs. transmitting efficiency 7.
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Fig. 4 kQ product k2Q1Q2 vs. maximum transmitting efficiency
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(a) Positive phase.

(b) Negative phase.

Fig. 5 Measuring method of mutual inductance Ly, .
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(a) Open circuit.

(b) Short circuit.

Fig. 6 Measuring method of coupling coefficient k.

in
1--=>

R,

™~
N
=
N
Ap
5

Z,

R
[ Sy

P

(a) T-type equivalent circuit.
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(b) Input impedance.

Fig. 7 Equivalent circuit of wireless power transfer via magnetic resonance coupling.
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Fig. 8 Load resistance Ry, vs. input impedance Ziy.
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(a) T-type equivalent circuit.

(b) Input impedance.

Fig. 9 Input impedance of wireless power transfer system with short circuit.
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(a) T-type equivalent circuit.

(b) Input impedance.

Fig. 10 Input impedance of wireless power transfer system with open circuit.
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Tab. 2 Experimental results of kQ product measurement

(Gap: 200 mm).

Calculation | Impedance analyzer | Oscilloscope

from Tab. 1 (Prop. 1) (Prop. 2)
Vin_s [V] - - 20.0
Iin_s [mA] - - 9.9
Zin_s (€] - 2095 2020
Vino [V] - - 1.00
Iin_o [mA] - - 863
Zino [ - 1.00 1.16
k2Q1Q2 2335 2094 1742

(error ) (-) (-10.3 %) (-25.4 %)
Rpopt (9] 50.8 48.1 43.8

(‘error ) (-) (-5.31%) (-13.8% )
Tmax 0.959 0.957 0.953

(‘error ) (-) (-0.209 % ) (-0.626 % )

Tab. 3 Experimental results of £Q product measurement
(Gap: 300 mm).

Calculation | Impedance analyzer | Oscilloscope

from Tab. 1 (Prop. 1) (Prop. 2)
Vins [V] - - 20.0
Iin_s [mA] - - 41.3
Zin_s [ - 498 484
Vinoo [V] - - 1.00
Iino [mA] - - 850
Zino [9 : 0.99 1.18
k2Q1Q2 549 502 410

(‘error ) (-) (-8.56 % ) (-25.3% )
Rpopt [ 24.6 23.5 21.3

(error ) (-) (-4.47 %) (-13.4 %)
TNmax 0.918 0.915 0.906

(‘error ) (-) (-0.327 %) (-1.31 %)
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Fig. 13 Comparisons of maximum transmitting efficiency nmax

among measuring methods.
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Tab. 4 Experimental results of maximum transmitting efficiency
Nmax and optimized transmitting efficiency nopt with op-

timum load Rpop: (Gap: 200 mm).

VNA | Calculation | Impedance analyzer | Oscilloscope
(Exp. ) | from Tab. 1 (Prop. 1) (Prop. 2)
Nmax | 0.956 0.959 0.957 0.956
(-) ( 40.003 ) ( +0.001) ( 0.000)
Nopt - 0.956 0.956 0.956
(‘) (:nmax) (:Wmax) (:nmax)

Tab. 5 Experimental results of maximum transmitting efficiency
Nmax and optimized transmitting efficiency nopt with op-

timum load Rpope (Gap: 300 mm).

VNA | Calculation | Impedance analyzer | Oscilloscope
(Exp. ) | from Tab. 1 (Prop. 1) (Prop. 2)
Nmax | 0.909 0.918 0.915 0.906
(-) ( 4+0.009 ) ( 4+0.006 ) (-0.003)
Nopt - 0.909 0.909 0.908
(-) | (= 7max ) (= Nmax ) (& Nmax )
&t [
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