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Abstract

Simple equivalent circuit model is developed for wireless
energy transfer system via coupled magnetic resonances and
practical design method is also provided. Node equations for
the resonance system are built with the method expanding
transformer’s equations and the optimum distances of coils in
the system is derived analytically for optimum coupling
coefficients for high transfer efficiency. Moreover, to calculate
the frequency characteristics for a lossy system the equivalent
model is established at an electric design automation tool. The
model parameters of the actual system are extracted and the
results of modeling are compared with the measurement.
Through the developed model, we can understand the
principles that the system shows higher efficiency than
conventional magnetic coupling systems and impedance
matching is important to achieve high efficiency
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Fig. 1. (a) Schematic of wireless energy transfer system using coupled magnetic resonances. (b) Circuit of (a) with
compensation sources
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Loss =1—| 811 * for 1-port measurement (13)
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TABLE
EXTRACTED COIL PARAMETERS AND VALUES AFTER OPTIMIZATION

Coil Parameter | Raw opt. ETC
Lp 0475 0.475 uH  (Inductance)
Power Cp 3.70 3.70 pF  (Capacitance)
Rp 1.0E-09 | 1.0E-09 [ Ohm (Resistance)
p 120 120 MHz (Res. frequency)
Ld 0475 0.475
Cd 3.70 3.70
Load Rd 1.0E-09 | 1.0E-09
fd 120 120
Ls 14.9 14.9
. Cs 7.98 6.99
Sending 153 153
fs 14.6 15.6
Lr 14.9 149
Receiving Cr 7.98 6.99
Rr 15.3 15.3
fr 14.6 15.6
TABLE II
EXTRACTED COUPLING COEFFICIENT AND VALUES AFTER
OPTIMIZATION
Distance
3.0cm 15.0 cm 23.0 cm
Raw Opt. Raw Opt. Raw Opt.
Kps 0.370 0.343 0.229 0.217 0.162 0.176
Ksr 0.220 0.157 0.031 0.023 0.012 0.008
Krd 0.370 0.343 0.229 0.217 0.162 0.176
Kpr 0.090 0.090 0.013 0.014 0.005 0.005
Kpd 0.041 0.038 0.006 0.005 0.002 0.002
Ksd 0.090 0.090 0.013 0.014 0.005 0.005
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Fig. 2. Circuit with compensation sources for mutual

inductance induced by sending, receiving and load coils
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Fig. 4. Measured and simulated results for the system having
distance of 15.0cm between sending and receiving coils. (a)
S21. Transferred power (b) Transfer efficiency.





