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A Novel Direct-Current-Resonance ZVS Wireless Power Transfer System
with an Electromagnetic Resonance Field and a 10MHz-Class Experiment
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Abstract We propose a novel direct-current-resonance ZVS wireless power transfer system with an electromagnetic resonance field.
The direct-current-resonance method is a new system technology to convert direct-current electric energy into electromagnetic field energy
directly. In the direct-current resonance system the resonant current is generated from direct current voltage using the switching techniques
and the electromagnetic resonance field is formed in space. The electromagnetic resonance field has vibrational energy in space itself and it
is expanded by the interaction of an electromagnetic field. We analyze the electromagnetic field resonance coupling using the equivalent
LCR series resonant circuit and derive a law of energy conservation from the analysis of the electromagnetic field energy density. We study
the flow of the electric power in space using the Poynting vector. In the 10MHz-class experiment we have achieved 74.0% of system power
efficiency in 75SW of power supply. We prove that a direct-current-resonance system is an epoch-making and effective new technology.
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(a) Direct-current-resonance system (b) Low efficiency 50Q2 system
Fig. 1 Anovel direct-current-resonance WPT system.
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Fig. 2 Multi-resonant ZVS wireless power transfer system.
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Table 1 Equivalent input voltage v;, and output voltage v,
no state Vie | Voo | Q| Q2 | Q3 | Qu
1 on-period 1 V; Vo on off | on off
2 on-period 2 Vi 0 on off | off | on
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5 deadtime 1 Vied Vo off | off | on off
6 deadtime 2 Vied 0 off | off | off | on
T
Vs '0 on la_off on
v’““zo ] off on off
Vs) _\ fon B
0
Vds2 Lon
0
Iy Lo
0
state 1 2 3 4 1 2 3
1 Y2 [ his

i3, id\/\/\/\/
0

Fig.3 Switching waveforms.
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Fig. 4 Equivalent circuit with coupling coefficient £.
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Fig.12 Experiment of the direct-current-resonance system.



