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‘This paper presents continuous dynamic powering to a manned electric motor cart using Via-Wheel Power
Transfer (V-WPT). We show technical feasibility of dynamic powering using V-WPT. First of all, we created a
via-wheel power transfer using 1/32 scaled model toy car. We prototyped a transmitting metal plates and a
receiving tire structure with a steel belt. The structure consisting of them is called V-WPT system. The V-WPT
system is evaluated with regard to maximum available power efficiency Nmax, Which means the power transfer
efficiency performed by a two-port system in case of perfect conjugate impedance matching with its source and
load. From the measured frequency response of 1)ma, We set the operation frequency at 52-MHz, where 1y, was
observed as 89%. To make the actual efficiency reach Tm., we next designed LC matching circuits for the
V-WPT system. If it were not for matching, the power reflection coefficient |S;| of the V-WPT system would be
99%, which means the efficiency is quite low. After matching, |Sy| successfully reduced to 0.7% and transfer
efficiency achieved 75%. We experimented power transfer from a prototyped RF inverter to an onboard motor
through the V-WPT system and a prototyped RF rectifier. We finally confirmed the onboard motor run. This is
the proof of power transfer using V-WPT system.

Next, we crated V-WPT to a manned battery-less electric cart from electrified floor panels. We specially
remodeled the structure of the cart to receive power by V-WPT. Particularly the metal front uprights were with
replaced by insulators made made from MC nylon. Operation frequency is decided as 7.05MHz, where Nmax
exceeds 80%. We designed and fabricate matching circuits for the V-WPT system. After matching, the exhibited
power transfer efficiency of the V-WPT is 67%. We constructed the entire power transfer system, and supplied
RF power of 120W to the manned electric cart from an RF inverter. Then, the cart ran by 80cm along the course
at 3km/h with total efficiency of 59%. To confirm the driver’s safety, we also measured an electromagnetic field
(EMF) leakage from the V-WPT system. Measured EMF is lower than the reference value of a radio wave
protection guideline suggested by the government of Japan. From these results, we showed the feasibility of
V-WPT to a manned electric motor cart running on an electrified floor.

Finally, we worked with a long-haul electrified roadway for continuous dynamic powering to an electric cart.
We found some voltage null points where power transfer efficiency severely suffers from unwanted standing
waves. These points appear periodically at A/4 and odd-number times A/4 far from the terminal of roadway,
where A designates the wavelength. The cart cannot be well powered in the vicinity of those null points. To solve
this problem, we proposed a new electrified roadway structure called Composite Right and Left Handed (CRLH)
electrified roadway. We divided the roadway into segments of A/10 in length or shorter, and connected them in
cascades by employing left-handed (LH) circuits. They compensate the phase delay caused by a long-haul
electrified roadway since the LH circuits are periodically inserted between segments. Thus, the voltage null
points standing wave nodes vanish from the roadway because each of the electric length is within A/10 without
regard to the total roadway length. We confirmed the viability of the CRLH technique in this experiment. For
comparison, an electrified roadway of over A/4 (14 m round) in conventional structure was constructed. Measured
Nmax ranges between 0% and 47% due to standing waves, where Ny, decreased to 0% at A/4 from an end. We
then designed and prototyped left-handed circuits and inserted them into electrified track periodically. Measured
deviation in nmax was alleviated from 47 point to 5.8 point, and 1. Was 55% in average. By this technique, the
manned cart ran on the CRLH circuit truck with V-WPT. We successfully performed continuous dynamic
powering to a manned electric cart on a long-haul electrified roadway. In conclusion, the developed technologies
in this work enable dynamic powering to electric vehicles, and consequently will contribute to our prosperous
future life on the low CO, blue planet.
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