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(57) ABSTRACT

Disclosed herein 1s a wireless electrical charging apparatus,
including: a power-supply unit configured to generate power
to be transferred to a power receiving apparatus; a power
transferring device configured to transfer power generated by
the power-supply unit to the power receiving apparatus; a
power relaying device capable of relaying power transierred
by the power transferring device to the power receiving appa-
ratus; and a power-relaying-device moving mechanism sec-
tion configured to move the power relaying device.
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FIG.15
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FIG.18
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ST18

MOVE POWER RELAYING COIL
TO OPTIMUM POWER RELAYING
COIL POSITION

START TRANSFER OF 100%
OF POWER AND ELECTRICAL [~—ST19
CHARGING OPERATION



U.S. Patent Oct. 14, 2014 Sheet 18 of 21 US 8,860,367 B2

FIG.19
>r<240
A




J1DIHIA IHL 40

JOV4dNS WOL109 IHL 40
1N0 S3ANYL0¥dd 110D 300 per
ONIAVIIY ¥IMOd JHL

J Yy

US 8,860,367 B2

A
_ oce RN I
@ |
=
=
2
=
72
-t OT¢
m J400¢
M.,
>
-
dvo
J00T

U.S. Patent

0C DI4



U.S. Patent Oct. 14, 2014 Sheet 20 of 21 US 8,860,367 B2

%_/310-4

— 0
i
™

L

-

-

i

L
-
-
. N
I N —
—
— +—i
— )
= |

/
|
240

230

FIG.21



U.S. Patent Oct. 14, 2014 Sheet 21 of 21 US 8,860,367 B2

200G

100G
_—
ii

CAR2
é!E;
Iii

FI1G.22



US 8,360,367 B2

1

WIRELESS CHARGING APPARATUS AND
WIRELESS CHARGING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wireless electrical charg-
ing apparatus adopting a noncontact power supplying method
allowing power to be transferred to a battery employed in an
electric car or the like as power to be supplied to the battery,
and relates to a wireless electrical charging system.

2. Description of the Related Art

Typically, a battery employed 1n an electric car 1s electri-
cally charged by adoption of a general method by which a
cable of an electrical charging stand 1s plugged into the bat-
tery in order to electrically charge the battery.

However, the amount of transferred power 1s large, requir-
ing a thick and heavy cable to be plugged into the battery and
connected to the battery. In addition, 11 the operation to elec-
trically charge the battery 1s carried out outdoors, rainwater or
the like makes the operation dangerous 1n some cases.

In order to solve the problem described above, the other
method has been proposed. In accordance with the other
method, two coils are exposed to each other so as to allow
power to be transferred from one of the coils to the other1n a
noncontact way also referred to as a wireless way. In this way,
it 1s possible to carry out a noncontact electrical charging
operation for electrically charging the battery without elec-
trical contact between metallic members of a wireless elec-
trical charging system. The proposed method has been
adopted for the purpose of testing the method.

This wireless transfer of power 1s briefly explained as fol-
lows.

In recent years, a wireless electric-charge supplying opera-
tion requiring no cable and a wireless electric-charge supply-
ing system for carrying out such a wireless supplying opera-
tion have been attracting attention. The wireless electric-
charge supplying operation 1s carried out by adoption of a
cableless method referred to as a magnetic-field resonance
method making use of an electromagnetic resonance phe-
nomenon.

At the present day, in the contemporary non-contact power
transferring system adopting the already widely used mag-
netic induction method, it 1s necessary to share magnetic
fluxes between a power supplier on the power supplying side
and a power receiver on the power receiving side so that, in
order to transier power from the power supplier to the power
receiver with a high degree of efficiency, 1t 1s necessary to
position the power receiver at a location very close to the
power supplier. In addition, when the power receiver i1s
coupled to the power supplier, 1t 1s important to align the axis
of the power recerver to the axis of the power supplier.

On the other hand, the non-contact power transferring sys-
tem making use of the electromagnetic resonance phenom-
enon offers a merit that the principle of the electromagnetic
resonance phenomenon allows power to be transferred over a
distance longer than the distance between the power supplier
and the power receiver 1n the non-contact power transferring
system adopting the magnetic induction method. In addition,
the non-contact power transferring system making use of the
electromagnetic resonance phenomenon also offers another
merit that the efliciency of the power transfer does not
decrease much even 1f the axis of the power receiver 1s not
aligned to the axis of the power supplier to a certain degree.

It 1s to be noted that, 1n addition to the magnetic-field
resonance method, an electric-field resonance method also
makes use of the electromagnetic resonance phenomenon.
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In addition, 1in recent years, there has been reported a wire-
less power transferring technology for transterring a power of

60 W over a distance of 2 m by adoption of a magnetic-field
resonance method which makes use of a magnetic-field reso-
nance phenomenon.

On top of that, there has also been reported development of
an eificient wireless power transferring system for driving
electronic apparatus separated from each other by a distance
of 50 cm 1n order to transfer a power of 60 W by adoption of
a magnetic-field resonance method.

As described above, the wireless power supplying (or
transferring) system of the magnetic-field resonance type 1s
the same as the wireless power supplying (or transiferring)
system of the electromagnetic induction type 1n that, in both
the systems, power 1s transferred by making use of a magnetic
field. In the case of the wireless power supplying (or trans-
ferring) system of the magnetic-field resonance type, how-
ever, the electromagnetic resonance phenomenon 1s used 1n
order to obtain a power-transier distance about 10 times the
power-transier distance of the wireless power supplying (or
transferring) system of the electromagnetic induction type.

FIG. 1 1s a diagram showing a typical configuration of a
wireless electrical charging system for electrically charging
generally the battery of an electric car by adoption of a wire-
less power transferring technique.

As shown 1n the figure, the wireless electrical charging
system 1 1s configured to include a wireless electrical charg-
ing stand 2 and the electric car 3.

The wireless electrical charging stand 2 has a power-sup-
ply unit 21 and a power transferring coil 22.

On the other hand, the electric car 3 includes a power
receiving coil 31, an AC (Alternating Current)-DC (Direct
Current) conversion circuit 32 and a battery 33.

In the wireless electrical charging system 1, in general, the
power transierring coil 22 also referred to as a power supply-
ing coil 1s 1nstalled on the surface of the ground whereas the
power receiving coil 31 1s incorporated on the bottom of a
vehicle which 1s the electric car 3 shown in the diagram.

In the case of a big-size vehicle such as a truck or a bus,
however, as shown 1n a diagram serving as FIG. 2, the bottom
of the vehicle 1s far from the surface of the ground. Thus, the
distance between the power transferring coil 22 and the power
receiving coil 31 1s undesirably long. As a result, the effi-
ciency of the power transfer between the power transferring
coil 22 and the power recerving coil 31 unavoidably becomes
extremely poor.

There have been proposed a variety of technologies for
solving the problems described above, for example, referring
to Japanese Patent Laid-open Nos. 2005-255144 (as Patent
Document 1), 2005-269687 (as Patent document 2), 2000-
152512 (as Patent Document 3), and 2000-0926135 (as Patent
Document 4).

Patent Documents 1 to 4 disclose methods each adopted for
moving the power transterring coil 22 to approach the power
receiving coil 31 by mechanically raising the power transier-
ring coil 22 from the surface of the ground 1n order to take the
power transferring coil 22 to a position closer to the power
receiving coil 31.

SUMMARY OF THE INVENTION

As shown 1n the diagram serving as FIG. 2, however, the
power transierring coil 22 1s connected to the power-supply
unit 21 by making use of a thick and heavy cable for supplying
large power from the power-supply unit 21 to the power
transterring coil 22. Thus, the methods disclosed 1n the Patent
Documents described above have a demerit that 1t 1s neces-
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sary to provide a large mechanism for mechanically moving
the power transferring coil 22. In addition, the methods also
have a demerit that 1t 1s quite within the bounds of possibility
that the cable gets deteriorated more and more due to repeated
operation for moving the power transferring coil 22.

Addressing the problems described above, inventor of the
present invention has proposed a wireless electrical charging
apparatus and a wireless electrical charging system which are
capable of transterring power by adoption of a wireless tech-
nique without making use of a cable for transferring the
power and capable of transferring the power with a high
degree of elliciency by making use of a simple configuration
which prevents the power transferring mechanism from
becoming complicated even if the distance between the
power transierring coil and the power receiving coil 1s long.

A wireless electrical charging apparatus according to a first
embodiment of the present invention includes: a power-sup-
ply unit configured to generate power to be transferred to a
power receiving apparatus; a power transierring device con-
figured to transier power generated by the power-supply unit
to the power receiving apparatus; a power relaying device
capable of relaying power transierred by the power transier-
ring device to the power receiving apparatus; and a power-
relaying-device moving mechanism section configured to
move the power relaying device. In the wireless electrical
charging apparatus, the power transferring device includes a
first resonance element configured to transfer power received
from the power-supply unit to the power receiving apparatus;
the power relaying device includes a second resonance ele-
ment configured to receive power supplied by the first reso-
nance element through a magnetic-field resonance relation
and transfer the power to the power receiving apparatus
through a magnetic-field resonance relation; and the power-
relaying-device moving mechanism section 1s capable of
moving the power relaying device between an area of a state
of not relaying power transferred by the power transferring
device to the power receiving apparatus and a predetermined
power-transfer allowing area of a state of relaying power
transferred by the power transferring device to the power
receiving apparatus.

A wireless electrical charging system according to a sec-
ond embodiment of the present invention includes: a wireless
electrical charging apparatus including a power-supply unit
configured to generate power to be used for electrically charg-
ing a battery included in a power recetving apparatus and a
power transferring device configured to transfer power gen-
erated by the power-supply unit to the power receiving appa-
ratus; a power relaying device configured to relay power
received from the power transierring device employed in the
wireless electrical charging apparatus to the power receiving
apparatus; and the power recerving apparatus including a
power recerving device configured to recerve power trans-
ferred by the power transierring device of the wireless elec-
trical charging apparatus through a magnetic-field resonance
relation or power relayed by the power relaying device
through a magnetic-field resonance relation and electrically
charge the received power into the battery. In the wireless
electrical charging system, the power transferring device
includes a first resonance element configured to receive
power supplied by the power-supply unit and transter the
power to the power receiving device; the power relaying
device includes a second resonance element configured to
receive power supplied by the first resonance element through
a magnetic-field resonance relation and relay the recerved
power to the power receiving device through another mag-
netic-field resonance relation; and the power receiving device
includes a third resonance element configured to receive
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4

power transierred by the power transferring device to the
power receiving device through the magnetic-field resonance
relation or power relayed by the power relaying device to the
power recerving device through the other magnetic-field reso-
nance relation.

By virtue of the present invention, it 1s possible to transier
power by adoption of a wireless technique without making
use of a cable for transterring the power with a high degree of
elfliciency by making use of a simple configuration which
prevents the power transierring mechanism from becoming
complicated even 1f the distance between the power transier-
ring coil serving as the first resonance element and the power
receiving coil serving as the third resonance element 1s long.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a typical configuration of a
wireless electrical charging system for electrically charging
generally the battery of an electric car by adoption of a wire-
less power transferring technique;

FIG. 2 1s an explanatory diagram to be referred to in
description of a power transier for a big-size vehicle in which
the distance between a power transferring coil and a power
receiving coil 1s undesirably long so that the efficiency of the
power transfer between the power transferring coil and the
power receiving coil unavoidably becomes poor;

FIG. 3 1s a diagram showing a first typical configuration of
a wireless electrical charging system according to a first
embodiment of the present invention;

FIG. 4 1s a diagram showing equivalent blocks of the wire-
less electrical charging system according to the first embodi-
ment,

FIG. 5 1s a diagram showing a configuration of the wireless
electrical charging system according to the first embodiment
making use of a power relaying device on the right-hand side
and a configuration of the wireless electrical charging system
according to the first embodiment not making use of the
power relaying device on the left-hand side;

FIG. 6 1s adiagram showing equivalent blocks of a wireless
clectrical charging system not making use of the power relay-
ing device;

FIG. 7 1s an explanatory diagram to be referred to in
description of an outline of a power transierring operation 1n
the wireless electrical charging system shown 1n the diagram
serving as FI1G. 6 for a case in which a resonance coil provided
on a power supplying side 1s separated away from a resonance
coil provided on a power receiving side, that 1s, for a case 1n
which the vehicle has a large size;

FIG. 8 1s adiagram showing equivalent blocks of a wireless
clectrical charging system making use of the power relaying
device;

FIG. 9 1s an explanatory diagram to be referred to in
description of an outline of a power transferring operation 1n
the wireless electrical charging system shown in the diagram
serving as FIG. 8 for a case in which a resonance coil provided
on a power supplying side 1s separated away from a resonance
coil provided on a power receiving side, that 1s, for a case 1n
which the vehicle has a large size;

FIGS. 10A and 10B are diagrams showing a first typical
configuration of a first power-relaying-device moving (in-
cluding and excluding) mechanism section employed 1n a
wireless electrical charging apparatus 1n accordance with an
embodiment;

FIGS. 11A and 11B are diagrams showing a typical con-
figuration of a second power-relaying-device moving (in-
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cluding and excluding) mechanism section employed 1n a
wireless electrical charging apparatus 1n accordance with the
embodiment;

FIGS. 12A and 12B are diagrams showing a typical con-
figuration of a third power-relaying-device moving (includ-
ing and excluding) mechanism section employed 1n a wireless
electrical charging apparatus 1n accordance with the embodi-
ment,

FIG. 13 1s a diagram showing a model of a first typical
wireless electrical charging system carrying out control to
move the power relaying device to an optimum power relay-
ing position in accordance with the embodiment;

FIG. 14 1s a block diagram showing a signal processing
system employed 1n the first typical wireless electrical charg-
ing system carrying out control to move the power relaying
device to an optimum power relaying position in accordance
with the embodiment;

FI1G. 15 shows a flowchart representing an outline of opera-
tions performed by the first typical wireless electrical charg-
ing system carrying out control to move the power relaying
device to an optimum power relaying position 1n accordance
with the embodiment;

FIG. 16 1s a diagram showing a model of a second typical
wireless electrical charging system carrying out control to
move the power relaying device to an optimum power relay-
ing position in accordance with the embodiment;

FIG. 17 1s a block diagram showing a signal processing
system employed 1n the second typical wireless electrical
charging system carrying out control to move the power
relaying device to an optimum power relaying position in
accordance with the embodiment;

FIG. 18 shows a flowchart representing an outline of opera-
tions performed by the second typical wireless electrical
charging system carrying out control to move the power
relaying device to an optimum power relaying position in
accordance with the embodiment;

FI1G. 19 1s a diagram showing a fourth typical configuration
of a power-relaying-device moving (including and exclud-
ing) mechanism section employed in a wireless electrical
charging apparatus 1n accordance with the embodiment;

FI1G. 20 1s a diagram showing a second typical configura-
tion of a wireless electrical charging system according to a
second embodiment of the present invention;

FIG. 21 1s a diagram showing a third typical configuration
of a wireless electrical charging system according to a third
embodiment of the present invention; and

FI1G. 22 1s adiagram showing a fourth typical configuration

of a wireless electrical charging system according to a fourth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention are explained below
by referring to diagrams.

It 1s to be noted that the embodiments are explained in
chapters arranged 1n the following order.

1. First Embodiment Implementing First Typical Configu-
ration of Wireless Electrical Charging System

2. Second Embodiment Implementing Second Typical
Configuration of Wireless Electrical Charging System

3. Third Embodiment Implementing Third Typical Con-
figuration of Wireless Electrical Charging System

4. Fourth Embodiment Implementing Fourth Typical Con-
figuration of Wireless Electrical Charging System
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1. First Embodiment

FIG. 3 1s a diagram showing a first typical configuration of
a wireless electrical charging system 100 according to a first
embodiment of the present invention.

FIG. 4 1s a diagram showing equivalent blocks of the wire-
less electrical charging system 100 according to the first
embodiment.

As shown 1n the figures, the wireless electrical charging
system 100 includes a wireless electrical charging apparatus
200 also referred to as a wireless electrical charging stand and
a power receiving apparatus 300 which 1s typically mounted
on an electric car.

The wireless electrical charging apparatus 200 employs a
power-supply unit 210, a power-supply cable 220, a power
transferring device 230 and a power relaying device 240.

The power-supply unit 210 includes an AC power genera-
tor 211 for generating high-frequency AC power to be trans-
ferred to the power receiving apparatus 300 by adoption of a
wireless power transferring technique.

The AC power generated by the AC power generator 211 1s
supplied to the power transierring device 230 through the
power-supply cable 220.

The power transferring device 230 employs an amplifier
231 and a power-supplying-side resonance coil 232 which
functions as a first resonance element.

The amplifier 231 1s a component for amplifying the AC
power supplied thereto by the AC power generator 211
through the power-supply cable 220 and supplying the ampli-
fied power to the power-supplying-side resonance coil 232.

The first resonance element serves as a power-supplying-
side resonator TX1. The power-supplying-side resonance
coil 232 functioning as the power-supplying-side resonator
TX1 transters the AC power supplied thereto by the amplifier
231 to the power recerving apparatus 300 by adoption of the
wireless power transferring technique with a high degree of
elficiency.

The resonance coil 1s also referred to as a ringing coil.
However, 1n this specification describing embodiments of the
present invention, the technical terms ‘resonance coil” and
‘resonance’ are deliberately used in place of the technical
terms ‘ringing coil’ and ‘ringing’ respectively.

The power relaying device 240 has a power relaying coil
241 functioning as a second resonance element which can be
coupled to the power-supplying-side resonance coil 232 of
the power transferring device 230 by making use of a mag-
netic-field resonance relation.

The second resonance element serves as an mtermediate-
stage resonator MX1.

When the self-resonance frequency of the power relaying
coil 241 matches that of the power-supplying-side resonance
coil 232 employed 1n the power transferring device 230, a
magnetic-field resonance relation 1s established, allowing
power to be transierred from the power-supplying-side reso-
nance coil 232 to the power relaying coil 241 with a high
degree of efliciency.

By the same token, when the self-resonance frequency of
the power relaying coil 241 matches that of a power-receiv-
ing-side resonance coil 311 employed 1n a power receiving
device 310 included 1n the power receiving apparatus 300, a
magnetic-field resonance relation 1s established, allowing
power to be transferred from the power relaying coil 241 to
the power-receiving-side resonance coil 311 with a high
degree of elliciency.

The power relaying device 240 1s a resonance circuit com-
posing of the power relaying coil 241 and a stray capacitor of
the power relaying coil 241 or a capacitor C241 which 1s
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connected to the power relaying coil 241 to form a parallel
circuit 1n conjunction with the power relaying coil 241.

The power relaying device 240 1s accommodated in a space
under the ground surface of an electrical charging area CARA
of the wireless electrical charging apparatus 200. IT necessary,
control 1s carried out to move the power relaying device 240
to a power relaying position between the power transferring
device 230 and the power receiving device 310 as shown 1n
the diagram which serves as FIG. 3.

Later description will explain details of a mechanism for
moving the power relaying device 240, the control carried out
to move the power relaying device 240 to the power relaying
position and other things related thereto.

The power receiving apparatus 300 mounted on an electric
car CAR employs the power recerving device 310 cited
above, an AC-DC conversion circuit 320 and a battery 330 to
be electrically charged with power recetved from the wireless
electrical charging apparatus 200.

The power recerving device 310 1s typically provided on
the bottom of the electric car CAR.

The power receiving device 310 employs the aforemen-
tioned power-recerving-side resonance coil 311 serving as a
power-receiving-side resonator RX1 which 1s a third reso-
nance element.

As described above, when the self-resonance frequency of
the power relaying coil 241 employed 1n the power relaying
device 240 matches that of a power-receiving-side resonance
coil 311, a magnetic-field resonance relation 1s established,
allowing power to be transferred from the power relaying coil
241 to the power-receiving-side resonance coil 311 with a
high degree of efficiency.

The AC-DC conversion circuit 320 1s a component for
rectifying AC (alternating current) power received by the
power receiving device 310 and outputting DC (direct cur-
rent) power as a result of the rectification to the battery 330
which serves as a load borne by the AC-DC conversion circuit
320. The DC power 1s supplied to the battery 330 as a voltage,
clectrically charging the battery 330.

As described above, the wireless electrical charging sys-
tem 100 according to this embodiment 1s configured to
include three resonators, 1.e., the power-supplying-side reso-
nator TX1, the intermediate-stage resonator MX1 and the
power-recerving-side resonator RX1 which function as the
first, second and third resonance elements respectively.

[ System Outline]

FIG. § 1s a diagram showing a configuration of a wireless
electrical charging system 100 according to the first embodi-
ment making use of a power relaying device 240 on the
right-hand side and a configuration of a wireless electrical
charging system 100 according to the first embodiment not
making use of the power relaying device 240 on the left-hand
side.

By providing a power relaying coil 241 for relaying power
from the wireless electrical charging apparatus 200 to the
power receiving apparatus 300 at a position between the
power-supplying-side resonance coil 232 and the power-re-
ceiving-side resonance coil 311 in the configuration of the
wireless electrical charging system 100 according to the first
embodiment, the power can be transierred from the wireless
electrical charging apparatus 200 to the power receiving
apparatus 300 with a high degree of efficiency even if the
distance between the power-supplying-side resonance coil
232 and the power-recerving-side resonance coil 311 1s long.
The power relaying coil 241 1s also referred to as a repeater
coil.

In addition, the power relaying coil 241 1s provided physi-
cally as a standalone element which does not require a con-
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nection cable at all. On top of that, the power relaying coil 241
1s configured to serve as a coil, the position of which can be
changed with ease. A position changing mechanism for
changing the position of the power relaying coil 241 will be
described later 1n detail.

The electrical circuit of the power relaying coil 241 1s
configured to compose of only an inductor L and a capacitor
C. The resonance frequency of the power relaying coil 241 1s
set at the frequency of a propagating AC magnetic field.

That 1s to say, 1n the wireless electrical charging system
100, by placing the power relaying device 240 at a selected
position between the power-supplying-side resonance coil
232 and the power-receiving-side resonance coil 311 as
shown 1n the right-hand side diagram of FIG. 5, the efliciency
ol a power transier between the power-supplying-side reso-
nance coil 232 and the power-receiving-side resonance coil
311 can be raised even if the vehicle has a large size. This 1s
because the power relaying device 240 1s a device for allow-
ing the power transier distance between the power-supplying-
side resonance coil 232 and the power-recerving-side reso-
nance coil 311 to be lengthened by relaying power transterred
by the power-supplying-side resonance coil 232 to the power-
receiving-side resonance coil 311.

Since the power relaying coil 241 employed 1n the power
relaying device 240 does not require a cable or the like to be
connected thereto and has an extremely simple structure with
a small weight, a mechanism for holding, moving and replac-
ing the power relaying device 240 can also be made very
simple as well.

In addition, as shown 1n the left-side diagram of FIG. 5,
when electrically charging a passenger car CAR, the power
relaying device 240 also referred to as a repeater 1s not
required. In such a case, the power relaying device 240 can be
saved 1n a space 1n the ground or the like so that power can be
transferred from the wireless electrical charging apparatus
200 to the power recerving apparatus 300 mounted on the
passenger car CAR by making use of only the power-supply-
ing-side resonance coil 232 and power-receiving-side reso-
nance coil 311. In an operation to transfer power from the
wireless electrical charging apparatus 200 to the power
receiving apparatus 300 mounted on a vehicle having a large
size, on the other hand, the power relaying device 240 1s
placed at the selected position between the power-supplying-
side resonance coil 232 and power-receiving-side resonance
coil 311 so as to electrically charge the power receiving
apparatus 300.

Thus, the passenger car CAR can be electrically charged by
making use of the power-supplying-side resonance coil 232
and power-recerving-side resonance coil 311 whereas a
vehicle having a large size 1s electrically charged by placing
the power relaying device 240 at a selected position between
the power-supplying-side resonance coil 232 and power-re-
ceiving-side resonance coil 311. In this way, the wireless
electrical charging system 100 can be used for electrically
charging a passenger car having a small size as well as a
vehicle having a large size.

The following description explains a case in which the
power relaying device 240 1s required for electrically charg-
ing a vehicle having a large si1ze and a case 1n which the power
relaying device 240 1s not required electrically charging a
passenger car having a small size.

FIG. 6 1s adiagram showing equivalent blocks of a wireless
clectrical charging system not making use of the power relay-
ing device 240.

On the other hand, FIG. 7 1s an explanatory diagram to be
referred to 1n description of an outline of a power transferring
operation 1n the wireless electrical charging system shown 1n
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the diagram serving as FIG. 6 for a case 1n which a resonance
coil 232 provided on a power supplying side 1s separated
away from a resonance coil 311 provided on a power receiv-
ing side, that 1s, for a case 1n which the vehicle has a large size.

In this case, the power-supplying-side resonance coil 232
employed in the power transferring device 230 generates AC
magnetic fluxes.

The power-receiving-side resonance coil 311 employed in
the power receiving device 310 recerves the AC magnetic
fluxes generated by the power-supplying-side resonance coil
232, generating an electromotive force 1n the power-receiv-
ing-side resonance coil 311.

If the power-supplying-side resonance coil 232 and the
power-recerving-side resonance coil 311 are separated away
from each other, the AC magnetic fluxes generated by the
power-supplying-side resonance coil 232 are dispersed to
result 1n a small magnetic-flux density.

It the density of the AC magnetic fluxes recerved by the
power-receiving-side resonance coil 311 1s small, the electro-
motive force generated by the power-receiving-side reso-
nance coil 311 1s also small.

Thus, 1f the power-supplying-side resonance coil 232 and
the power-recerving-side resonance coil 311 are close to each
other as 1s the case with a passenger car, power can be trans-
ferred from the power-supplying-side resonance coil 232 to
the power-receiving-side resonance coil 311 with a high
degree of efficiency even without inserting the power relaying
device 240 1nto a position between the power-supplying-side
resonance coil 232 and the power-recerving-side resonance
coil 311. If the power-supplying-side resonance coil 232 and
the power-recetving-side resonance coil 311 are separated
away from each other as 1s the case with a large-size vehicle
such as a truck or a bus, however, 1t 1s difficult to transfer
power from the power-supplying-side resonance coil 232 to
the power-receiving-side resonance coil 311 with a high
degree of elliciency unless the power relaying device 240 1s
inserted into a position between the power-supplying-side

resonance coil 232 and the power-recerving-side resonance
coil 311.

FI1G. 8 1s a diagram showing equivalent blocks of a wireless
electrical charging system making use of the power relaying

device 240.

On the other hand, FIG. 9 1s an explanatory diagram to be
referred to 1n description of an outline of a power transterring
operation 1n the wireless electrical charging system shown 1n
the diagram serving as FI1G. 8 for a case 1n which a resonance
coil 232 provided on a power supplying side 1s separated
away from a resonance coil 311 provided on a power receiv-
ing side, that 1s, for a case 1n which the vehicle has a large size.

In this case, the power relaying coil 241 employed 1n the
power relaying device 240 receives AC magnetic fluxes gen-
erated by the power-supplying-side resonance coil 232.

Since the power relaying coil 241 1s a resonance circuit
having a coil and a capacitor, the power relaying coil 241
generates an electromotive force with a shifted phase. Thus,
strong magnetic fluxes are generated also 1n a space surround-
ing the power relaying coil 241.

Since the power-recerving-side resonance coil 311
employed in the power receiving device 310 receives the AC
magnetic fluxes generated by the power relaying coil 241
separated away from the power-receirving-side resonance coil
311 by a short distance, the power-recerving-side resonance
coil 311 generates a large electromotive force.
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[Mechanism for Moving (Including and Excluding) Power
Relaying Device]

Next, the following description explains a mechanism for
moving (including and excluding) the power relaying device
240.

FIGS. 10A and B are diagrams showing a typical configu-
ration of a first power-relaying-device moving (including and
excluding) mechanism section 260 included in the wireless
clectrical charging apparatus 200 to serve as a section accord-
ing to an embodiment.

In the wireless electrical charging apparatus 200, a power-
supplying-relay accommodation section 250 for accommo-
dating an includable and excludable power relaying device
240 1s created 1n a space under the ground surface of an
electrical charging area CARA.

That 1s to say, the power relaying device 240 can be put 1n
the power-supplying-relay accommodation section 2350.

It 1s to be noted that, 1n this embodiment, the power-sup-
plying-relay accommodation section 250 has an area for set-
ting a state of not relaying power transierred from the power
transferring device 230 to the power receiving apparatus 300.

In addition, an area between the position of the power
transferring device 230 and the position of the power receiv-
ing device 310 1s a predetermined power relaying area allow-
ing power to be transferred from the power transferring
device 230 to the power receiving device 310.

As shown 1n the diagrams serving as FIGS. 10A and 10B,
a power-relaying-device moving mechanism section 260 for
moving the power relaying device 240 1s configured to func-
tion as a section which can be rotated around a rotation axis
261 all but parallel to the surface of the ground by a driving
motor not shown 1n the diagrams serving as FIGS. 10A and
10B.

When the power relaying device 240 1s not used, the power
relaying device 240 1s accommodated in the power-supply-
ing-relay accommodation section 250 1n such a state that a
coil parallel location surface 241a of the power relaying coil
241 1s oriented 1n a direction rotated by 90 degrees with
respect to a coil parallel location surface 232a of the power-
supplying-side resonance coil 232 as shown in the diagram
which serves as FIG. 10A. With the power relaying device
240 accommodated 1n such a state, there will be no effect on
the power-supplying-side resonance coil 232 employed 1n the
power transierring device 230.

In order to make use of the power relaying device 240 1n an
operation to transfer power from the power transferring
device 230 to the power receiving device 310, it 1s necessary
to rotate the power relaying device 240 from the accommo-
dation state described above by 90 degrees so that the coil
parallel location surface 241a of the power relaying coil 241
1s oriented 1n a direction parallel to the coil parallel location
surtace 232a of the power-supplying-side resonance coil 232.

Then, as shown 1n the diagram serving as FIG. 10B, an
clevating machine not shown 1in the diagrams serving as
FIGS. 10A and 10B raises the power relaying device 240
from the power-supplying-relay accommodation section 250
to a position separated away by a distance determined in
advance from the power-supplying-side resonance coil 232
employed 1n the power transferring device 230 which appears
on the ground, being located approximately on the surface of
the ground. That 1s to say, the power relaying device 240 1s
controlled to move to a power relaying position between the
power transferring device 230 and the power receiving device
310.

In order to accommodate the power relaying device 240
back 1n the power-supplying-relay accommodation section
250, the elevating machine lowers the power relaying device



US 8,360,367 B2

11

240 to place the power relaying device 240 inside the power-
supplying-relay accommodation section 250. Then, the
power relaying device 240 1s rotated so that the coil parallel
location surface 241a of the power relaying coil 241 1s ori-
ented 1n a direction rotated by 90 degrees with respect to the
coil parallel location surface 232a of the power-supplying-
side resonance coil 232 as shown 1n the diagram which serves
as FIG. 10A.

FIGS. 11A and 11B are diagrams showing a typical con-
figuration of a second power-relaying-device moving (in-
cluding and excluding) mechanism section 260 A included 1n
the wireless electrical charging apparatus 200A to serve as a
section according to the embodiment.

The second power-relaying-device moving mechanism
section 260A according to the embodiment has a supporter
264 on a main body 262 which 1s accommodated 1n a power-
relaying-device accommodation section 250. The supporter
264 can be rotated by a driving motor not shown in the
diagrams serving as FIGS. 11A and 11B around a rotation
axis 263 which serves as the center of rotation. The rotation
axis 263 1s all but parallel to the surface of the ground. The
power relaying device 240 1s attached to the end of the sup-
porter 264.

When the power relaying device 240 1s not used, the power
relaying device 240 1s accommodated inside the power-sup-
plying-relay accommodation section 250 as shown in the
diagram which serves as FIG. 11A. To be more specific, the
power relaying device 240 1s accommodated at a position
separated away from the power-supplying-side resonance
coil 232 employed in the power transferring device 230 so
that the power relaying device 240 gives no effect on the
power-supplying-side resonance coil 232. To be even more
specific, the power relaying device 240 1s accommodated 1n
the power-supplying-relay accommodation section 250 so
that the coil parallel location surface 241a of the power relay-
ing coil 241 1s oriented 1n a direction rotated by 90 degrees
with respect to the coil parallel location surface 232a of the
power-supplying-side resonance coil 232.

In order to make use of the power relaying device 240 1in an
operation to transfer power from the power transferring
device 230 to the power recerving device 310 1n this typical
configuration of the second power-relaying-device moving
mechanism section 260A, the rotation axis 263 of the second
power-relaying-device moving mechanism section 260A 1s
rotated by 90 degrees 1n the clockwise direction as shown in
the diagram which serves as FIG. 11B.

By rotating the rotation axis 263 of the second power-
relaying-device moving mechanism section 260A as
described above, the power relaying device 240 can be raised
from the power-supplying-relay accommodation section 250
to a position separated away by a distance determined in
advance from the power-supplying-side resonance coil 232
employed in the power transferring device 230 which appears
on the ground, being located approximately on the surface of
the ground. That 1s to say, the power relaying device 240 1s
controlled to move to a power relaying position between the
power transierring device 230 and the power receiving device
310. In order to accommodate the power relaying device 240
back in the power-supplying-relay accommodation section
250, the rotation axis 263 of the second power-relaying-
device moving mechanism section 260A 1s rotated by 90
degrees 1n the counterclockwise direction.

To put 1t in detail, the power relaying device 240 1s accom-
modated 1n the power-supplying-relay accommodation sec-
tion 250 as shown 1n the diagram which serves as FIG. 11A.
To be more specific, the power relaying device 240 1s accom-
modated at a position separated away from the power-sup-
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plying-side resonance coil 232 employed 1n the power trans-
ferring device 230 so that the coil parallel location surface
241a of the power relaying coil 241 1s oriented 1n a direction
rotated by 90 degrees with respect to the coil parallel location
surtace 232a of the power-supplying-side resonance coil 232
as shown 1n the diagram which serves as FIG. 11A.

FIGS. 12A and 12B are diagrams showing a typical con-
figuration of a third power-relaying-device moving (includ-
ing and excluding) mechanism section 260B included 1n the
wireless electrical charging apparatus 200B to serve as a
section according to a further embodiment.

The typical configuration of the third power-relaying-de-
vice moving mechanism section 2608 shown 1n the diagrams
serving as FIGS. 12A and 12B 1s different from the typical

configuration of the second power-relaying-device moving

mechanism section 260A shown in the diagrams serving as
FIGS. 11A and 11B 1n that, 1n the case of the embodiment
shown 1n the diagrams serving as FIGS. 12A and 12B, the
third power-relaying-device moving mechanism section
260B 1s configured to be movable 1n the X-axis direction
parallel to the surface of the ground over the bottom 251 of the
power-supplying-relay accommodation section 250B. In the
diagrams which serve as FIGS. 12A and 12B, the direction of
the X axis 1s the horizontal direction.

The movement of the third power-relaying-device moving
mechanism section 260B i1s controlled 1n order to place the
power relaying device 240 at an optimum power relaying
position between the power transferring device 230 and the
power receiving device 310 so that power 1s transferred from
the power transferring device 230 to the power receiving
device 310 with a high degree of efficiency.

In order to make use of the power relaying device 240 1n an
operation to transier power from the power transferring
device 230 to the power recerving device 310, the supporter
264 1s rotated 1n the clockwise direction by 90 degrees so as
to put the power relaying device 240 1n a state of being erected
as shown 1n the diagram which serves as FIG. 12A. With the
power relaying device 240 erected, the third power-relaying-
device moving mechanism section 260B 1s moved in the
horizontal direction toward the position of the power trans-
ferring device 230 as shown 1n the diagram which serves as
FIG. 12B.

Then, the optimum power relaying position between the
power-supplying-side resonance coil 232 and the power-re-
ceiving-side resonance coil 311 1s determined.

That 1s to say, the optimum power relaying position of the
power relaying device 240 1s determined by moving the
power relaying device 240 within a certain range 1n such a
way that the power received by the power-receiving-side
resonance coil 311 1s maximized.

The control carried out to move the power relaying device
240 to the optimum power relaying position 1s explained by
giving two concrete examples as follows.

FIG. 13 1s a diagram showing a model of a first typical
wireless electrical charging system 100C carrying out control
to move the power relaying device 240 to an optimum power
relaying position in accordance with the embodiment.

FIG. 14 1s a block diagram showing a signal processing
system employed 1n the first typical wireless electrical charg-
ing system 100C carrying out control to move the power
relaying device 240 to an optimum power relaying position in
accordance with the embodiment.

As shown 1n the block diagram which serves as FIG. 14, a
power recerving apparatus 300C mounted on an electric car
CAR has a power-recerving-side radio communication unit
340 for transmitting a power receiving state to a wireless
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electrical charging apparatus 200C (also referred to as a wire-
less electrical charging stand 200C) provided on the power
supplying side.

In addition, the power receiving apparatus 300C also
employs a level detection circuit 350 and a power-receiving-
side power-transier control section 360.

The level detection circuit 350 1s a section for detecting the
level of power received by the power-receiving-side reso-
nance coil 311 employed in the power receiving device 310 of
the power recerving apparatus 300C and supplying informa-
tion on the level of power received by the power-receiving-
side resonance coil 311 to the power-receiving-side power-
transier control section 360.

The power-receiving-side power-transfer control section
360 1s a section for carrying out control to drive the power-
rece1ving-side radio communication unit 340 to provide the
wireless electrical charging apparatus 200C (or the wireless
electrical charging stand 200C) provided on the power sup-
plying side with information which has been received by the
power-receiving-side power-transier control section 360
from the level detection circuit 350 as the information on the
level of power received by the power-receiving-side reso-
nance coil 311. The information indicates the power recerving
state cited above.

In addition, the power-recerving-side power-transier con-
trol section 360 also carries out control to drive the power-
receiving-side radio communication unit 340 to 1ssue a
request for an electrical charging operation to the wireless
electrical charging apparatus 200C (or the wireless electrical
charging stand 200C) provided on the power supplying side.

As shown in the block diagram which serves as FIG. 14, the
wireless electrical charging apparatus 200C employs a
power-supplying-side radio communication unit 270 and a
power-supplying-side power-transier control section 280.

The power-supplying-side radio communication unit 270
1s a umt for recerving radio information from the power-
receiving-side radio communication unit 340 employed in the
power receiving apparatus 300C.

The power-supplying-side power-transter control section
280 1s a section for controlling the movement of the third
power-relaying-device moving mechanism section 2608 and
controlling an operation carried out by the power transferring
device 230 to transier power to the power receiving apparatus
300C 1n accordance with the radio information received from
the power-supplying-side radio communication unit 270.

FI1G. 15 shows a flowchart representing an outline of opera-
tions performed by the first typical wireless electrical charg-
ing system 100C carrying out control to move the power
relaying device 240 to an optimum power relaying position in
accordance with the embodiment.

As shown in the figure, the flowchart begins with a step ST1
at which the wireless electrical charging system 100C includ-
ing the wireless electrical charging apparatus 200C provided
on the power supplying side starts execution of the opera-
tions. Then, at the next step ST2, the third power-relaying-
device moving mechanism section 260B restores the position
of the power relaying coil 241 to the original point.

As the power-receiving-side resonance coil 311 provided
on the vehicle CAR arrives at a position 1n close proximity to
the power-supplying-side resonance coil 232, putting the
power recerving device 310 1n a state of being capable of
receiving power from the power transferring device 230, at
the next step ST3, the power-receiving-side power-transier
control section 360 provided on the vehicle CAR notifies the
power-supplying-side power-transier control section 280
through a radio communication between the power-receiv-
ing-side radio communication unit 340 and the power-sup-
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plying-side radio communication unit 270 that the power
receiving device 310 has been put 1n a state of being capable
of receving power from the power transferring device 230.
Notified by the power-receiving-side power-transier con-
trol section 360 that the power receiving device 310 has been
put 1n a state of being capable of recerving power from the
power transierring device 230, the power-supplying-side
power-transfer control section 280 carries out control to
transfer power from the power-supplying-side resonance coil
232. The power 1s not 100% of power to be transierred from
the wireless electrical charging apparatus 200C to the power
receiving apparatus 300C. That 1s to say, the power-supply-
ing-side power-transier control section 280 carries out con-
trol to transier little power from the power-supplying-side
resonance coil 232 to the power receiving apparatus 300C. As

a result, at the next step ST4, the transter of the little power 1s
started.

The level detection circuit 350 detects the level of the
power received by the power receiving apparatus 300C
employed by the wireless electrical charging system 100C on
the power recerving side. The power receiving apparatus
300C transmits information on the level of the power recerved
by the level detection circuit 350 to the wireless electrical
charging apparatus 200C employed by the wireless electrical
charging system 100C on the power supplying side through
the radio communication between the power-recerving-side
radio communication unit 340 and the power-supplying-side
radio communication unit 270.

At subsequent steps STS to ST8, in the wireless electrical
charging apparatus 200C, while the power-supplying-side
radio communication umt 270 1s monitoring the information
on the level of the power received by the level detection circuit
350 provided on the power recerving side, the power-supply-
ing-side power-transier control section 280 controls the third
power-relaying-device moving mechanism section 260B so
as to move the power relaying coil 241 to a position within an
operating range and, then, the power-supplying-side power-
transfer control section 280 scans the monitored levels of the
power recerved by the level detection circuit 350 for a highest
power level 1n order to identify (or determine) the position of
the power relaying coil 241 for the highest power level. That
1s to say, the power-supplying-side power-transier control
section 280 1dentifies the position of the power relaying coil
241 as a position at which the power relaying coil 241 1s
located at the time the highest power level 1s detected.

Then, at the next step ST9, the power-supplying-side
power-transier control section 280 moves the power relaying
coil 241 to the identified position. Subsequently, at the next
step ST10, the power-supplying-side power-transter control
section 280 controls the power transferring device 230 so as to
carry out an electrical charging operation for transferring
100% of the power to the power receiving apparatus 300C.

FIG. 16 1s a diagram showing a model of a second typical
wireless electrical charging system 100D carrying out control
to move the power relaying device 240 to an optimum power
relaying position in accordance with the embodiment.

FIG. 17 1s a block diagram showing a signal processing
system employed in the second typical wireless electrical
charging system 100D carrying out control to move the power
relaying device 240 to an optimum power relaying position in
accordance with the embodiment.

The following description explains differences between
the second typical wireless electrical charging system 100D
shown 1n the diagrams serving as FIGS. 16 and 17 from the
first typical wireless electrical charging system 100C shown
in the diagrams which serve as FIGS. 13 and 14.
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In the case of the second typical wireless electrical charg-
ing system 100D, radio communications are not resorted to.
Instead, the wireless electrical charging apparatus 200D
employs an impedance matching detector 290 for detecting
an impedance state from a transferred-power signal generated
on the power supplying side. When the impedance state indi-
cates that impedance matching 1s optimum, the wireless elec-
trical charging apparatus 200D determines that power has
been transferred from the wireless electrical charging appa-
ratus 200D to the power receiving apparatus 300D with a high
degree of efficiency. A position at which the power relaying
coil 241 1s located at the optimum 1mpedance matching is
identified as the optimum power relaying position of the
power relaying coil 241.

By making use of typically a high-frequency coupler, the
impedance matching detector 290 measures a travelling-di-
rection power wave and a reflection-direction power wave,
computing a reflection ratio which 1s defined as a ratio of the
reflection-direction power wave to the travelling-direction
power wave.

A power-transfer control section 280D controls a third
power-relaying-device moving mechanism section 260B to
move the power relaying coil 241. A state providing a small-
est reflection ratio 1s determined as an impedance matching
state 1n which the power relaying coil 241 1s located at the
optimum power relaying position. In this way, the optimum
power relaying position of the power relaying coil 241 can be
determined.

In accordance with another method adopted for this other
embodiment, the impedance matching detector 290 measures
the waveform of a voltage and the waveform of a current.
Differences 1n phase between the wavetorm of the voltage
and the waveform of the current are then compared with each
other by making use of a phase comparator. A smallest dii-
ference in phase between the waveform of the voltage and the
waveform of the current indicates an impedance matching
state 1n which the power relaying coil 241 1s located at the
optimum power relaying position. In this way, the optimum
power relaying position of the power relaying coil 241 can be
determined.

FI1G. 18 shows a flowchart representing an outline of opera-
tions performed by the second typical wireless electrical
charging system 100D carrying out control to move the power
relaying device 240 to an optimum power relaying position in
accordance with the embodiment.

As shown 1n the figure, the flowchart begins with a step
ST11 when the wireless electrical charging apparatus 200D
employed in the wireless electrical charging system 100D to
serve as an apparatus on the power supplying side starts
execution of 1ts operations. Then, at the next step ST12, the
third power-relaying-device moving mechanism section
260B restores the position of the power relaying coil 241 to
the original point.

When an electrical charging start button employed 1n the
wireless electrical charging apparatus 200D 1s pressed, the
power-transier control section 280D carries out control to
transfer power from the power-supplying-side resonance coil
232 to the power recerving apparatus 300D 1n response to the
operation to press the electrical charging start button. The
power 1s not 100% of power to be transferred from the wire-
less electrical charging apparatus 200D to the power receiv-
ing apparatus 300D. That 1s to say, the power-supplying-side
power-transfer control section 280 carries out control to
transfer little power from the power-supplying-side reso-
nance coil 232 to the power receiving apparatus 300D. It 1s to
be noted that the electrical charging start button 1s shown in
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none of the figures. As a result, at the next step ST13, the
transfer of the little power 1s started.

The impedance matching detector 290 employed in the
wireless electrical charging apparatus 200D detects the level
of the impedance matching state.

At subsequent steps ST14 to ST17, 1n the wireless electri-
cal charging apparatus 200D, while monitoring the detected
levels of the impedance matching state, the power-transfer
control section 280D controls the third power-relaying-de-
vice moving mechanism section 260B so as to move the
power relaying coil 241 to a position within an operating
range and, then, the power-transfer control section 280D
scans the monitored levels of the impedance matching state
for a highest level 1n order to identily (or determine) the
position of the power relaying coil 241 for the highest level.
That 1s to say, the power-transier control section 280D 1den-
tifies the position of the power relaying coil 241 as a position
at which the power relaying coil 241 1s located at the time the
highest level 1s detected.

Then, at the next step ST18, the power-transier control
section 280D moves the power relaying coil 241 to the 1den-
tified position. Subsequently, at the next step ST19, the
power-transier control section 280D controls the power trans-
ferring device 230 so as to carry out an electrical charging
operation for transterring 100% of the power to the power
receiving apparatus 300D.

FIG. 19 1s a diagram showing a fourth typical configuration
of a power-relaying-device moving (including and exclud-
ing) mechanism section 260C according to the embodiment.

In the first to third typical configurations described before
as the configurations of the power-relaying-device moving
(including and excluding) mechanism sections 260, 260A
and 2608 respectively, the power relaying device 240 1s
raised and lowered in the vertical direction perpendicular to
the surface of the ground or rotated. In the case of the fourth
typical configuration of the power-relaying-device moving
(including and excluding) mechanism section 260C, how-
ever, the power relaying device 240 1s put 1n a position
between the power transferring device 230 and the power
recerving device 310 or taken out from such a position 1n the
horizontal direction parallel to the surface of the ground. The
fourth typical configuration of the power-relaying-device
moving mechanism section 260C typically includes a freely
folding supporter 255, at the end of which the power relaying
device 240 1s installed. The freely folding supporter 265 can
be expanded or folded manually or by making use of electric
POWE.

In the first embodiment described earlier, the power relay-
ing device 240 for allowing the power transfer distance to be
lengthened by relaying transferred power 1s placed at a
selected position between the power-supplying-side reso-
nance coil 232 and the power-receiving-side resonance coil
311. Thus, power can be transferred to even a vehicle having
a large size with a high degree of efficiency.

Since the power relaying coil 241 employed 1n the power
relaying device 240 does not require a cable or the like to be
connected thereto and has an extremely simple structure with
a small weight, a mechanism for holding, moving and replac-
ing the power relaying device 240 can also be made very
simple as well.

In addition, when electrically charging a passenger car
CAR, the power relaying device 240 also referred to as a
repeater 1s not required. In such a case, the power relaying
device 240 can be saved 1n a container in the ground or the like
so that power can be transierred from the wireless electrical
charging apparatus 200 to the power recerving apparatus 300
mounted on the passenger car CAR by making use of the
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power-supplying-side resonance coil 232 and power-recelv-
ing-side resonance coil 311. In an operation to transfer power
from the wireless electrical charging apparatus 200 to the
power receiving apparatus 300 mounted on a vehicle having
a large size, on the other hand, the power relaying device 240
1s placed at the selected position between the power-supply-
ing-side resonance coil 232 and power-receiving-side reso-
nance coil 311 so as to electrically charge the power receiving
apparatus 300 through the power relaying device 240.

Thus, the passenger car CAR can be electrically charged by
making use of the power-supplying-side resonance coil 232
and power-recerving-side resonance coil 311 whereas a
vehicle having a large size 1s electrically charged by placing
the power relaying device 240 at a selected position between
the power-supplying-side resonance coil 232 and power-re-
ceiving-side resonance coil 311. In this way, the wireless
electrical charging system 100 can be used for electrically
charging a passenger car having a small size as well as a
vehicle having a large size.

In addition, 1n the first embodiment, the power relaying coil
241 employed 1n the power relaying device 240 1s controlled
to move to an intermediate position between the power-sup-
plying-side resonance coil 232 employed 1n the power trans-
ferring device 230 and the power-recerving-side resonance
coil 311 employed 1n the power receiving device 310. The
power relaying coil 241 1s placed at the intermediate position
which 1s so selected that it 1s possible to obtain an optimum
power transier level or an impedance matching state.

Thus, power can be transferred from the wireless electrical
charging apparatus 200 to the power receiving apparatus 300

by way of the power relaying device 240 with a high degree of
elliciency and, 1 addition, the power transter distance can be
made longer by virtue of the power relaying device 240. As a
result, 1t 1s possible to obtain a power transier distance pro-
viding a power transferring capability which exceeds the
power transierring capability of the ordinary magnetic-field
resonance method.

2. Second Embodiment

FI1G. 20 1s a diagram showing a second typical configura-
tion of a wireless electrical charging system 100E according
to a second embodiment of the present invention.

The wireless electrical charging system 100E according to
the second embodiment 1s different from the wireless electri-
cal charging systems 100 to 100D according to the first
embodiment 1n that, in the case of the wireless electrical
charging system 100E according to the second embodiment,
a power relaying device 370 1s included 1n a power receiving
apparatus 300E mounted on the vehicle CAR.

In order to carry out an operation to electrically charge the
power recerving apparatus 300E for example, a charge switch
of the power receiving apparatus 300E 1s typically pressed.
When the charge switch 1s pressed, the power relaying device
370 1s automatically protruded out to a position between the
power-supplying-side resonance coil 232 employed 1n the
power transierring device 230 and the power-receiving-side
resonance coil 311 employed 1n the power receiving device

310.

In addition, 1n order to terminate the operation to electri-
cally charge the power recewving apparatus 300E, another
switch 1s pressed 1n order to accommodate the power relaying

device 370 1n a container provided at the bottom of the vehicle
CAR.

3. Third Embodiment

FIG. 21 1s a diagram showing a third typical configuration
of a wireless electrical charging system 100F according to a
third embodiment of the present invention.
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The wireless electrical charging system 100F according to
the third embodiment 1s different from the wireless electrical
charging systems 100 to 100D according to the first embodi-
ment and the wireless electrical charging system 100E
according to the second embodiment in that, in the case of the
wireless electrical charging system 100F according to the
third embodiment, a plurality of power receiving devices 310
are mounted on the vehicle CAR. In the case of the typical
configuration of the wireless electrical charging system 100F

according to the third embodiment, power receiving devices
310-1 to 310-4 are mounted on the vehicle CAR.

In this typical configuration, instead of installing the power
receiving devices 310 at the bottom of the vehicle CAR, the
power recerving device 310-1 1s mounted at on a bonnet on
the front surface of the vehicle CAR whereas the power
recerving device 310-2 1s mounted on the surface of a side
portion of the vehicle CAR. On the other hand, the power

receiving device 310-3 1s mounted on the rear end of the trunk
of the vehicle CAR on the rear surface of the vehicle CAR
whereas the power receiving device 310-4 1s mounted on the
upper surface of the ceiling of the vehicle CAR.

In a wireless electrical charging apparatus (stand) 200F, the
power transierring device 230 1s installed on a wall surface
WLL.

In addition, the power relaying device 240 1s provided 11
necessary.

4. Fourth Embodiment

FIG. 22 1s a diagram showing a third typical configuration
ol a wireless electrical charging system 100G according to a
fourth embodiment of the present invention.

The wireless electrical charging system 100G according to
the fourth embodiment 1s a wireless electrical charging sys-
tem provided by the present invention to function as a system
not designed for four-wheel vehicles, but designed for a two-
wheel electric bicycle, an electric scooter and an electric car
(an electric assist car) CAR2.

In a wireless electrical charging apparatus (stand) 200G,
the power transferring device 230 1s installed on a wall sur-
face WLL.

In addition, the power relaying device 240 1s provided 11
necessary.

The present application contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2010-017994 filed with the Japan Patent Office on Jan. 29,
2010, the entire content of which 1s hereby incorporated by
reference.

It should be understood by those skilled 1n the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:

1. A wireless electrical charging apparatus, comprising:

a power-supply unit configured to generate power to be
transferred to a power receiving apparatus;

a power transferring device configured to transier the
power generated by the power-supply unit to the power
receiving apparatus;

a power relaying device configured to relay the power
transierred by the power transierring device to the power
receiving apparatus;

a power-relaying-device moving mechanism section con-
figured to move the power relaying device;
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an 1mpedance matching detector configured to detect an
impedance matching state from a transferred-power sig-
nal generated in the wireless electrical charging appara-
tus; and
a power-transfer control section configured to control the
power-relaying-device moving mechanism section to
adjust a position of the power relaying device so as to
expose the power relaying device to the power transier-
ring device 1n order to provide the impedance matching
state 1n accordance with a result of detection carried out
by the impedance matching detector,
wherein,
the power transferring device includes a first resonance
clement configured to transier power received from
the power-supply unit to the power receiving appara-
tus,

the power relaying device includes a second resonance
clement configured to receive power supplied by the
first resonance element via a magnetic-field reso-
nance and transfer the power to the power receiving
apparatus via the magnetic-field resonance,

the power-relaying-device moving mechanism section
1s configured to move the power relaying device
between (1) a first state 1n which the power relaying
device does not relay the power transierred by the
power transferring device to the power receiving
apparatus and (11) a second state in which the power
relaying device relays the power transierred by the
power transierring device to the power receiving
apparatus, and

the power-relaying-device moving mechanism section
1s configured to at least adjust the position of the
power relaying device so as to expose the power relay-
ing device to the power transierring device.

2. The wireless electrical charging apparatus according to
claim 1, further comprising a power-relaying-device accom-
modation section configured to accommodate the power
relaying device when the power relaying device 1s not being
used, wherein:

(1) when the power relaying device 1s not being used to
relay the power transierred by the power transferring
device to the power receiving apparatus, the power-re-
laying-device moving mechanism section keeps the
power relaying device in the power-relaying-device
accommodation section so that the power relaying
device does not receive magnetic tluxes generated by the
power transferring device, and

(11) when the power relaying device 1s being used to relay
the power transferred by the power transierring device to
the power recerving apparatus, the power-relaying-de-
vice moving mechanism section moves the power relay-
ing device out of the power-relaying-device accommo-
dation section so that the power relaying device recerves
the magnetic fluxes generated by the power transferring
device.

3. The wireless electrical charging apparatus according to

claim 1, wherein:

the power-transfer control section 1s configured (1) to
receive mformation on a level of the power transterred
by the power transierring device to the power relaying
device and (11) to control the power-relaying-device
moving mechanism section to adjust the position of the
power relaying device so as to expose the power relaying
device to the power transierring device in order to raise
the level indicated by the received information.
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4. The wireless electrical charging apparatus according to

claim 1, wherein:

prior to an actual transfer of power from the power trans-
ferring device to the power receiving apparatus, the
power-transier control section 1s configured to control
the power transferring device to transier less power than
the power to be transferred in the actual transfer of
power, and, with the power transferring device con-
trolled to enter a state of transierring power less than the
power to be transferred 1n the actual transter of power,
the power-transier control section controls the power-
relaying-device moving mechanism section to adjust the
position of the power relaying device so as to expose the
power relaying device to the power transferring device
in order to provide the impedance matching state 1n
accordance with the result of detection carried out by the
impedance matching detector, and

the power-transier control section controls the power trans-
ferring device to transier regular the power 1n the actual
transier of power after controlling the power-relaying-
device moving mechanism section to adjust the position
of the power relaying device so as to expose the power
relaying device to the power transierring device.

5. A wireless electrical charging system, comprising;:

(1) a wireless electrical charging apparatus including

(a) power-supply unit configured to generate power to be
used for electrically charging a battery included in a
power recelving apparatus,

(b) a power transferring device configured to transfer the
power generated by the power-supply unit to the
power recelving apparatus,

(c) apower relaying device configured to relay the power
transferred by the power transferring device to the
power receiving apparatus,

(d) a power-relaying-device moving mechanism section
configured to move said power relaying device, the
power-relaying-device moving mechanism section
being configured to move the power relaying device
between (1) a first state 1n which the bower relaying
device does not relay the power transferred by the
power transierring device to the power receiving
apparatus and (11) a second state in which the power
relaying device relays the power transferred by the
power transferring device to the power receiving
apparatus, and

(¢) a power-relaying-device accommodation section
configured to accommodate the power relaying
device when the power relaying device 1s not being
used; and

(2) the power receiving apparatus including a power
receiving device configured to recerve the power trans-
ferred by the power transierring device of the wireless
electrical charging apparatus via a magnetic-field reso-
nance either directly from the power transferring device
or from the power relaying device, and to electrically
charge the battery,

wherein,

(a) the power transferring device includes a first reso-
nance element configured to receive power supplied
by the power-supply unit and to transter said power to
the power recerving device,

(b) the power relaying device includes a second reso-
nance element configured to receive power supplied
by the first resonance element via through the mag-
netic-field resonance and relay the received power to
the power receiving device via the magnetic-field
resonance,
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(¢) the power receiving device includes a third resonance
clement configured to receive the power transierred
by the transferring device to the power receiving
device via the magnetic-field resonance relation
either directly from the first resonance element 1n the
power transierring device or from the second reso-
nance element in the power relaying device

(d) the power receiving apparatus further includes
(1) a power-recetving-side radio communication sec-

tion configured to transmit a radio signal to the
wireless electrical charging apparatus,

(11) a level detection section configured to detect a
level of power received by the power receiving
apparatus, and

(111) a power-receiving-side power-transier control
section configured to control the power-receiving-
side radio communication section to transmit a
radio signal conveying information on a level
detected by the level detection section as the level
of power recerved by the power receiving apparatus
to the wireless electrical charging apparatus,

(e) the wireless electrical charging apparatus further
includes
(1) a power-supplying-side radio communication sec-

tion configured to receive the radio signal convey-
ing the mnformation on the level of power received
by the power receiving apparatus from the power
receiving apparatus, and

(11) a power-supplying-side power-transfer control
section configured to receive the information on the
level of power from the power receiving apparatus
through the power-supplying-side radio communi-
cation section and control the power-relaying-de-
vice moving mechanism section to adjust a position
of the power relaying device so as to expose the
power wer transierring device 1n order to raise the
level indicated by the received information,

(1) the power-relaying-device moving mechanism sec-
tion 1s configured to at least adjust the position of the
power relaying device so as to expose the power relay-
ing device to the power transierring device,

(g) when the power relaying device 1s not being used to
relay the power transferred by the power transferring
device to the power receiving apparatus, the power-

relaying-device moving mechanism section keeps the
power relaying device in the power-relaying-device
accommodation section so that the power relaying
device does not receive magnetic fluxes generated by
the power transferring device, and

(h) when the power relaying device 1s being used to relay
the power transierred by the power transferring
device to the power recerving apparatus, the power-
relaying-device moving mechanism section moves
the power relaying device out of the power-relaying-
device accommodation section so that the power
relaying device receives the magnetic fluxes gener-
ated by the power transtferring device.
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6. The wireless electrical charging system according to
claim 5, wherein:
prior to an actual transfer of power from the power trans-

ferring device to the power receirving apparatus, the
power-supplying-side power-transier control section 1s
configured to control the power transferring device to
transier less power than the power to be transferred in the
actual transfer of power, and, with the power transferring
device controlled to enter a state of transierring power
less than the power to be transierred in the actual transter
of power, the power-transier control section controls the
power-relaying-device moving mechanism section to
adjust the position of the power relaying device so as to
expose the power relaying device to the power transfer-
ring device 1n order to raise the level of power trans-
ferred by the power transierring device, and

the power-supplying-side power-transier control section

controls the power transferring device to transfer the
power 1n the actual transier of power after controlling
the power-relaying-device moving mechanism section
to adjust the position of the power relaying device so as
to expose the power relaying device to the power trans-
ferring device.

7. The wireless electrical charging system according to

claim 5, wherein the wireless electrical charging apparatus
further includes:
an impedance matching detector configured to detect an

impedance matching state from a transferred-power sig-

nal generated 1n the wireless electrical charging appara-
tus, and

a power-transier control section configured to control the

power-relaying-device moving mechanism section to
adjust the position of the power relaying device so as to
expose the power relaying device to the power transier-
ring device 1n order to provide the impedance matching
state 1n accordance with a result of detection carried out
by the impedance matching detector.

8. The wireless electrical charging system according to
claim 7, wherein:
prior to an actual transfer of power from the power trans-

ferring device to the power receirving apparatus, the
power-transier control section 1s configured to control

the power transferring device to transier less power than
the power to be transferred in the actual transier of

power, and, with the power transferring device con-
trolled to enter a state of transierring less power than the
power to be transferred 1n the actual transier of power,
the power-transier control section controls the power-
relaying-device moving mechanism section to adjust the
position of the power relaying device so as to expose the
power relaying device to the power transferring device
in order to provide the impedance matching state in
accordance with the result of detection carried out by the
impedance matching detector, and

the power-transier control section controls the power trans-

ferring device to transfer the power in the actual transter

of power after controlling the power-relaying-device
moving mechanism section to adjust the position of the

power relaying device so as to expose the power relaying
device to the power transferring device.
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