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Electric vehicles (EVs) are expected to replace gasoline vehicles since electric
motors exhibit much higher energy efficiency than fossil fuel engines. However, the
EV has not been deployed for the moment. This is supposed to come from batteries,
which bring three problems: 1) short cruising range, 2) long battery recharging time,
and 3) high battery cost. With such background, Hanazawa and Ohira are working
on a technique for wireless power transfer to a running EV called Electric Railway
Electric Vehicle (EVER). They believe that this technology will become an initiator
for mass deployment of EVs. EVER has three advantages as follows: 1) Tolerant of
transverse drift of the vehicle thanks to the electrodes wider than the tires. 2)
Constant coupling capacitance between the feeder electrode and the tire since the
tire is always on the road surface without the air gap. 3) Less field emission since
the electric field concentrates between the electrode and the tire. They have carried
out demonstration experiments of EVER at EVs, such as 1/32 scale vehicle models
and electric carts.

This paper presents key technologies for practical implementation of EVER.
Chapter 1 describes that how EV is needed in our future society, what is wireless
power transfer, and history of research on wireless power transfer to traveling EVs.
Chapter 2 describes the background technologies related to my work. I explain that
what are EVER, Via-Wheel Power Transfer, kQ, and composite right- and
left-handed electrified roadway. Chapter 3 describes a nonlinear load impedance
measurement scheme using an oscilloscope and Mobius transformation. Power
transfer efficiency is one of the most important issues in RF system design.
Especially in RF power transfer systems, impedance matching is much more crucial
than that required in communication systems. This is because even small
mismatches may cause an unacceptable amount of reflection in power systems. I
present a new approach to high-power impedance measurement featuring an
oscilloscope and Mobius transformation. This enables us to observe a
power-dependent load as is exposed to RF power in the actual application level in




real time. Chapter 4 describes power transfer efficiency degradation caused by the
standing waves generated when the long section of the electrified roadway is
assumed. Previous work proposed the restraints of standing waves by the composite
right- and left-handed electrified roadway. However, this method needs periodically
buried high frequency circuits under the roadway surface. Therefore, I propose a
new scheme to obtain the maximum power transfer efficiency for the load placed at
an arbitrary position. The feature of the proposed system is to load a variable
reactor at the far end of the electrified roadway. This has a very simple configuration
and it is not necessary to periodically bury the circuit under the roadway. In the
simulation and demonstration experiments, I show that the proposed system works
as expected. Chapter 5 describes the demonstration experiment of EVER by general
purpose building materials. First, I describe a development of mortar-paved
electrified floor for dynamic powering to EV. I find that the power transfer efficiency
degradation stems from the mortar containing water inside. I propose a novel
mortar that employs ultra high strength fiber which has high dielectric constant
and low loss tangent simultaneously. I evaluate electrified floor structure by using
electromagnetic field analysis and discover a cross sectional structure that can
reach high power transfer efficiency. I fabricate a prototype of mortar-paved
electrified eight-shape course and demonstrate battery-less running of an electric
cart. As a result of running tests, I show that the electric cart continuously runs at 5
km/h and the EVER system with the mortar surface layer works well.

Second, I describe a development of asphalt-paved electrified roadway for dynamic
powering to EV. Like mortar, I evaluate materials and structures, and consider
materials and road cross-sectional structures that can achieve high power transfer
efficiency. Using the materials and structures developed, I made a straight 30 m
electrified roadway in the campus at Toyohashi University of Technology. I also
develop a far-end reactive matching (FERMAT) system to solve the problem of
standing wave. I made a running test of a 5 kW class battery-less EV on the
fabricated electrified roadway. As a result of running tests, the electric cart
continued running outdoors at 10 km/h and the EVER system with the asphalt
surface layer was successful. I believe that this is a major step of practical
application of EVER. Chapter 6 describes the conclusion and prospects for the
future.




