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The number of mobile devices powered by electricity, such as smartphones and electric cars,
has been increasing rapidly. In addition, there is a growing requirement for various sensors to be
installed in various locations for the recently developed IoT devices.

Wireless Power Transfer (WPT) systems are attracting attention as an efficient way to
transmit power to these devices without being constrained by the layout of power distribution
lines. There are various types of WPT systems, including the electromagnetic induction (EM)
system, the energy harvesting system which converts propagating electromagnetic waves into
electric power, and the systems using electromagnetic near-field coupling. Nowadays, a non-
contact power transfer system using EM induction phenomenon as a WPT system is already
practical use. However, this system has several disadvantages; the power transmission distance
is extremely short, and the power transmission efficiency declines rapidly if obstacles enter the
power transmission path and/or if there is axial or angular misalignment between the
transmitting (Tx) and receiving (Rx) units. For these reasons, Resonator-Coupled type Power
Transfer (RC-WPT) system has been proposed, in which resonators are embedded in Tx and Rx
units and power is transmitted by electrical or magnetic coupling between the resonators.

The RC-WPT system is capable of medium-range power transmission and is relatively
resistant to axial and angular misalignments between Tx and Rx units. The resonator used in this
study is a type of planar spiral resonator, which can be made compact. In the RC-WPT system, as
the transmission distance extends, the power transmission path becomes wider. The wider the
power transmission path, the greater the possibility for an obstacle will enter the power
transmission path. In addition, as the distance between Tx and Rx units increases, it is necessary
to clarify the effects and problems that may occur considering if there is a large gap such as sensors
for IoT devices as well as the ways to countermeasure. Therefore, in this study, considering the
practical application of RC-WPT system, the problems that need to be resolved for it to be realized
are discussed in detail.

First, in the RC-WPT system, the presence of a medium with dielectric or conductive losses
or lossy mediums around the system can significantly reduce the power transmission efficiency.
We attributed this to the effect of the electric field generated around the resonator in the RC-WPT
system. To avoid the effect of lossy mediums, a dual-spiral resonator is proposed that is capable to

confine the electric field inside the resonator without using electronic elements such as capacitors.

After the confirmation of the optimal layout of each element by examining in detail its quality
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factors (@-factors) and coupling coefficient between resonators, the power transmission efficiency
with and without lossy mediums in the power transmission path was compared. The results show
that the power transmission efficiency of RC-WPT system with lossy mediums using dual-spiral
resonators can be significantly improved compared to that of the system using the conventional
single-spiral resonators.

Next, the characteristics of the power transmission efficiency of RC-WPT system when
there is an angular misalignment between Tx and Rx units were investigated. It was observed
that the power transmission efficiency of RC-WPT system for single- and dual-spiral resonators
decrease as the angular misalignments increase. However, it has been shown that the degraded
power transmission efficiency due to angular misalignment for each spiral resonator can be
recovered by applying an appropriate axial displacement between Tx and Rx units.

In this thesis, the above discussion is presented in the following chapters. Chapter 1
describes the historical background of WPT systems, the types of RC-WPT system, and the
objective and significance of studying them. Then, Chapter 2 explains the principle of RC-WPT
system as well as the measurement system of @factors which indicated the performance of the
single-spiral resonator, the coupling coefficient, and the performance of the power transmission
efficiency between the resonators. Next, Chapter 3 discusses the effect of the lossy medium in RC-
WPT system. Based on the measured results, when lossy mediums existed in the system, the
leakage of electric field around the resonator acted as a loss and reduced the power transmission
efficiency. As a countermeasure, the author discusses a method to ensure that the RC-WPT system
was unaffected by lossy mediums by proposing the dual-spiral resonator. In addition, a
comparative study of the performance of RC-WPT system when tap or pure water-filled acryl bases
is inserted in the power transmission path for the conventional single-spiral and dual-spiral
resonator was conducted and discussed. Furthermore, Chapter 4 discusses the degradation of
power transmission efficiency when angular misalignment occurred between Tx and Rx units of
RC-WPT system, and discusses a method to improve this by shifting the position of the Rx unit
appropriately, which would enable the degraded power transmission efficiency to significantly
recover. Finally, Chapter 5 is the conclusions, in which has presented summary of this study and

also future perspectives.
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