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POWER SUPPLY APPARATUS, POWER 
SUPPLY SYSTEM, VEHICLE, AND 

ELECTRONIC APPARATUS 

BACKGROUND 

[0001] The present disclosure relates to a power supply 
system in Which poWer is contactlessly supplied (transferred) 
to a poWer receiving apparatus such as a vehicle or an elec 
tronic apparatus, and relates to a poWer supply apparatus, a 
vehicle, and an electronic apparatus Which are used in such a 
poWer supply system. 
[0002] In recent years, attention has been paid to poWer 
supply systems (contactless poWer supply systems, Wireless 
charging systems) in Which poWer is contactlessly supplied 
(transferred) to consumer electronics devices such as cellular 
phones or portable music players. In these poWer supply 
systems, charging can be started by simply placing an elec 
tronic apparatus (secondary apparatus) on a charging tray 
(primary apparatus) Without having to insert (connect) the 
connector of a poWer supply apparatus, such as anAC adapter, 
into the electronic apparatus. It is not necessary to connect 
together the terminals of the electronic apparatus and the 
charging tray. 
[0003] In addition to those for electronic apparatuses as 
described above, there have been proposed poWer supply 
systems for contactlessly supplying poWer to vehicles (elec 
tric vehicles) acting as a poWer receiver (poWer supply desti 
nation). (For example, see Japanese Unexamined Patent 
Application Publication No. 2010-226946.) For such a poWer 
supply system, a vehicle acting as a poWer supply destination 
is mainly placed outdoors, While a poWer supply apparatus is 
embedded in the ground With its poWer transfer surface 
(poWer supply surface) exposed. 

SUMMARY 

[0004] MeanWhile, in such a poWer supply system, a for 
eign object other than an apparatus acting as a poWer supply 
destination may be placed on the poWer transfer surface or the 
like of a poWer supply apparatus (in the vicinity of the poWer 
transfer path). In particular, When a metallic foreign object is 
placed, the metallic foreign object may be heated by altemat 
ing magnetic ?elds. 
[0005] Japanese Unexamined Patent Application Publica 
tion No. 2010-226946 proposes a method for detecting a 
metallic foreign object placed on the poWer transfer surface to 
take a measure such as a stop to the poWer supply operation. 
HoWever, this method is not enough to avoid the effect of a 
foreign object as described above and supply poWer favorably 
(properly), and a proposal for an improved method is desired. 
[0006] Accordingly, it is desirable to provide a poWer sup 
ply apparatus that can supply poWer properly When transfer 
ring poWer using magnetic ?elds, and a poWer supply system, 
a vehicle, and an electronic apparatus. 
[0007] A poWer supply apparatus according to an embodi 
ment of the present disclosure includes a poWer transfer unit 
that transfers poWer using magnetic ?elds; and a foreign 
object remover that removes a foreign object in the vicinity of 
a poWer transfer path When the poWer is transferred. 
[0008] A poWer supply system according to an embodi 
ment of the present disclosure includes one or more poWer 
receivers and a poWer supply apparatus that supplies poWer to 
the poWer receivers. The poWer supply apparatus includes a 
poWer transfer unit that transfers poWer using magnetic ?elds, 
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and the poWer receiving apparatuses each include a poWer 
receiving unit that receives poWer transferred by the poWer 
transfer unit. At least one of the poWer supply apparatus, the 
poWer receivers, and an apparatus different from the poWer 
supply apparatus and the poWer receivers includes a foreign 
object remover that removes a foreign object in the vicinity of 
a poWer transfer path When the poWer is transferred. 
[0009] A vehicle and electronic apparatus according to an 
embodiment of the present disclosure each include a poWer 
receiving unit that receives poWer transferred using magnetic 
?elds; and a foreign object remover that removes a foreign 
object in the vicinity of a poWer transfer path When the poWer 
is transferred. 

[0010] The poWer supply apparatus, the poWer supply sys 
tem, and the vehicle and electronic apparatus according to the 
embodiments of the present disclosure each include the for 
eign object remover that removes a foreign object in the 
vicinity of the poWer transfer path When the poWer is trans 
ferred. Thus, the adverse effect of a foreign object other than 
the poWer supply destination is avoided. 
[0011] According to the embodiments of the present dis 
closure, the poWer supply apparatus, the poWer supply sys 
tem, and the vehicle and the electronic apparatus each include 
the foreign obj ect remover that removes a foreign object in the 
vicinity of the poWer transfer path When the poWer is trans 
ferred. Thus, the adverse effect of a foreign object can be 
avoided. As a result, poWer can be supplied properly using 
magnetic ?elds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a block diagram shoWing a schematic 
con?guration of a poWer supply system according to an 
embodiment of the present disclosure; 
[0013] FIG. 2 is a schematic diagram shoWing a detailed 
con?guration of a main part of the poWer supply apparatus 
shoWn in FIG. 1; 
[0014] FIGS. 3A and 3B are schematic diagrams shoWing 
basic poWer transfer operations; 
[0015] FIGS. 4A to 4D are schematic diagrams shoWing a 
speci?c con?guration and functions of a foreign object 
remover shoWn in FIG. 1; 

[0016] FIG. 5 is a schematic diagram shoWing a foreign 
object entry prevention movement made by the container of a 
repeater device shoWn in FIG. 2; 
[0017] FIGS. 6A to 6C are schematic diagrams shoWing an 
alignment movement made by the repeater device shoWn in 
FIG. 2; 
[0018] FIG. 7 is a block diagram shoWing a schematic 
con?guration of a poWer supply system according to a modi 
?cation l; 
[0019] FIG. 8 is a block diagram shoWing a schematic 
con?guration of a poWer supply system according to a modi 
?cation 2; 
[0020] FIG. 9 is a block diagram shoWing a schematic 
con?guration of a poWer supply system according to a modi 
?cation 3; 
[0021] FIG. 10 is a block diagram shoWing a schematic 
con?guration of a poWer supply system according to a modi 
?cation 4; 
[0022] FIG. 11 is a block diagram shoWing a schematic 
con?guration of a poWer supply system according to a modi 
?cation 5; and 
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[0023] FIG. 12 is a perspective vieW showing an external 
con?guration of a poWer supply system according to a modi 
?cation 6. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0024] NoW, an embodiment of the present disclosure and 
modi?cation thereof Will be described With reference to the 
accompanying draWings. The description Will be made in the 
folloWing order: 
1. Embodiment (an example Where a repeater device and a 
foreign object remover are disposed in the primary apparatus) 

2. Modi?cations 

[0025] Modi?cation 1 (an example Where a repeater device 
and a foreign object remover are disposed in the secondary 
apparatus) 
[0026] Modi?cation 2 (an example Where a repeater device 
and a foreign object remover are disposed in a repeater 

device) 
[0027] Modi?cation 3 (an example Where a foreign object 
remover is disposed in the primary apparatus) 
[0028] Modi?cation 4 (an example Where a foreign object 
remover is disposed in the secondary apparatus) 
[0029] Modi?cation 5 (an example Where a foreign object 
remover is disposed in a foreign object remover) 
[0030] Modi?cation 6 (an example Where an electronic 
apparatus, instead of a vehicle, is used as the secondary appa 
ratus) 
[0031] Other Modi?cations 

Embodiment 

Con?guration of PoWer Supply System 4 

[0032] FIG. 1 is a block diagram shoWing a schematic 
con?guration of a poWer supply system (poWer supply system 
4) according to an embodiment of the present disclosure. The 
poWer supply system 4 is a system (contactless poWer supply 
system) that transfers poWer (supplies poWer) using magnetic 
?elds (using magnetic resonance or the like; same beloW). 
The poWer supply system 4 includes a poWer supply appara 
tus 1 (primary apparatus) embedded beloW a ground surface 
S0 (in the ground) and one or more vehicles (in this embodi 
ment, one electric vehicle 2; secondary apparatus) placed on 
the ground surface S0. 
[0033] In the poWer supply system 4, When an electric 
vehicle 2 is placed on (or comes close to) a poWer transfer 
surface (poWer supply surface) S1 of the poWer supply appa 
ratus 1, poWer is transferred from the transfer surface S1 of 
the poWer supply apparatus 1 to a poWer receiving surface S2 
of the electric vehicle 2. 

PoWer Supply Apparatus 1 

[0034] As described above, the poWer supply apparatus 1 
transfers poWer to the electric vehicle 2 using magnetic ?elds. 
The poWer supply apparatus 1 includes a poWer transfer unit 
10, an AC poWer supply 11, a foreign object remover 12, a 
poWer supply plug 19, a resonant capacitor C1 (capacitative 
element), and a repeater device (repeater) 3. 
[0035] The poWer transfer unit 10 includes a poWer transfer 
coil (primary coil) L1 for transferring poWer using magnetic 
?elds (generating magnetic ?ux). By using the poWer transfer 
coil L1 and a resonant capacitor C1, the poWer transfer unit 1 0 
transfers poWer to the electric vehicle 2 (speci?cally, a poWer 
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receiving unit 20 to be discussed later) using magnetic ?elds. 
Speci?cally the poWer transfer unit 10 has the function of 
generating magnetic ?elds (magnetic ?ux) from the poWer 
transfer surface S1 to a poWer receiving surface S2. For 
example, as shoWn in FIG. 2, the poWer transfer unit 10 is 
disposed as contained in a container 131 on the ground sur 
face S0. The container 131 is made of rubber or the like and 
also serves as a supporter for the poWer transfer unit 10. 

[0036] The AC poWer supply (high-frequency poWer gen 
eration circuit) 11 generates predetermined high-frequency 
poWer (AC signals) for poWer transfer using poWer supplied 
by, for example, a poWer supply (not shoWn) outside the 
poWer supply apparatus 1 via the poWer supply plug 19. 

[0037] The resonant capacitor C1 is a capacitive element 
for forming an LC resonator (main resonator, main resonant 
circuit) With the poWer transfer coil L1. It is disposed as 
electrically connected to the poWer transfer coil L1 in series, 
in parallel, or in a combination of series and parallel. In this 
embodiment, the resonant capacitor C1 is electrically con 
nected in parallel to the poWer transfer coil L1. The LC 
resonator composed of the poWer transfer coil L1 and the 
resonant capacitor C1 performs a resonant operation (main 
resonant operation) at a resonant frequency (main resonant 
frequency) f1 Which is composed of a frequency approxi 
mately the same as or close to the high-frequency poWer 
generated by the AC poWer supply 11. The capacitance of the 
resonant capacitor C1 is set such that the resonant frequency 
f1 as described above is obtained. Note that if the resonant 
frequency f1 as described above is obtained by the main 
resonant operation using parasitic capacitance components 
(stray capacitance components) composed of capacitances 
such as the line capacitance of the poWer transfer coil L1 and 
the capacitance betWeen the poWer transfer coil L1 and a 
poWer receiving coil L2 to be discussed later), it is not nec 
essary to dispose the resonant capacitor C1. 

[0038] The foreign object remover 12 has the function of 
removing a foreign object in the vicinity of the poWer transfer 
path from the poWer transfer surface S1 to the poWer receiv 
ing surface S2. This function is performed using, for example, 
the container 133 for a repeater device 3 to be described later. 
Details of the foreign object remover 12 Will be described 
later (FIG. 4). 
[0039] By performing a predetermined resonant operation 
(relay resonant operation), the repeater device 3 can relay 
poWer transferred by the poWer transfer unit 10 (can increase 
the poWer supply distance), as Will be described later. In this 
embodiment, the repeater device 3 includes one LC resonator 
(relay resonator, relay resonant circuit) composed of one 
relay coil (repeater coil) L3 and one resonant capacitor C3 
(capacitive element). The repeater coil L3 functions as, for 
example, a resonant element that can connect With the poWer 
transfer coil L1 in the poWer transfer unit 10 While generating 
magnetic resonance With the poWer transfer coil L1. This Will 
be discussed later. For the resonant capacitor C3 in the 
repeater device 3 also, it is not necessary to dispose it, for 
example, if predetermined parasitic capacitance components 
are used instead of it. A resonant frequency f3 of the LC 
resonator of the repeater device 3 and the resonant frequency 
f1(zf2) of the main resonant operation using the poWer trans 
fer coil L1 are approximately equal to each other ((f1,f2)zf3), 
preferably equal to each other ((f1,f2)zf3) When the poWer is 
transferred. The repeater device 3 and the poWer transfer unit 
10 are electrically (physically) insulated from each other. 
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[0040] For example, as shown in FIG. 2, the repeater device 
3 is disposed as contained in the container 133 on the ground 
surface S0 (speci?cally, on the container 131 containing the 
poWer transfer unit 10). The container 133 is also made of 
rubber or the like and also serves as a supporter for the 
repeater device 3. The container 133 is in the shape of, e.g., a 
belloWs and can move independently of the poWer transfer 
unit 10. Speci?cally, the repeater device 3 can move in accor 
dance With the positions of the poWer transfer unit 10 and the 
poWer supply destination (a poWer receiving unit 20 in the 
electric vehicle 2). Thus, a reduction in transfer e?iciency 
caused by a shift in the relative position is controlled. Details 
Will be described later. 

Electric Vehicle 2 

[0041] The electric vehicle 2 performs a predetermined 
operation (an operation for performing the functions of a 
vehicle) on poWer supplied by the poWer supply apparatus 1. 
The electric vehicle 2 includes the poWer receiving unit 20, a 
recti?er circuit 21, a charging circuit (voltage stabiliZation 
circuit) 22, a battery 23, and a resonant capacitor (capacitive 
element) C2. 
[0042] The poWer receiving unit 20 includes a poWer 
receiving coil (secondary coil) L2 for receiving poWer trans 
ferred by the poWer transfer unit 10 (through magnetic ?ux). 
The poWer receiving unit 20 has the function of receiving 
poWer transferred by the poWer transfer unit 10 of the poWer 
supply apparatus 1 using the poWer receiving coil L2 and the 
resonant capacitor C2. 
[0043] The recti?er circuit 21 recti?es poWer (AC poWer) 
supplied by the poWer receiving unit 20 to generate DC 
poWer. 

[0044] The charging circuit 22 performs a predetermined 
voltage stabiliZation operation on the basis of the DC poWer 
supplied by the recti?er circuit 21 and charges the battery 23. 
[0045] The battery 23 stores the amount of poWer corre 
sponding to charging by the charging circuit 22 and is com 
posed of a battery (secondary battery) such as a lithium ion 
battery. 
[0046] The resonant capacitor C2 is a capacitive element 
for forming an LC resonator (main resonator, main resonant 
circuit) With the poWer receiving coil L2 and disposed as 
electrically connected to the poWer receiving coil L2 in series, 
in parallel, or in a combination of series and parallel. In this 
embodiment, the resonant capacitor C2 is electrically con 
nected in parallel to the poWer receiving coil L2. The LC 
resonator composed of the poWer receiving coil L2 and the 
resonant capacitor C2 performs a resonant operation at a 
resonant frequency f2 Which is composed of a frequency 
approximately the same as or close to the high-frequency 
poWer generated by the AC poWer supply 11. That is, the LC 
resonator composed of the poWer transfer coil L1 and the 
resonant capacitor C1 in the poWer supply apparatus 1 and the 
LC resonator composed of the poWer receiving coil L2 and 
the resonant capacitor C2 in the electric vehicle 2 perform 
main resonant operations at the respective resonant frequen 
cies that are approximately the same (f1zf2). The capacitance 
of the resonant capacitor C2 is set such that the resonant 
frequency f2 as described above is obtained. Note that if the 
resonant frequency f2 as described above is obtained by the 
main resonant operation using parasitic capacitance compo 
nents composed of capacitances such as the line capacitance 
of the poWer receiving coil L2 and a capacitance betWeen the 
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poWer transfer coil L1 and the poWer receiving coil L2, it is 
not necessary to dispose the resonant capacitor C2. 

Functions and Advantages of PoWer Supply System 4 

1. Basic PoWer Transfer Operations 

[0047] In the poWer supply system 4, the AC poWer supply 
11 of the poWer supply apparatus 1 supplies predetermined 
high-frequency poWer (AC signals) for poWer transfer to the 
poWer transfer coil L1 and the resonant capacitor C1 (LC 
resonator) of the poWer transfer unit 10. Thus, the poWer 
transfer coil L1 of the poWer transfer unit 10 generates mag 
netic ?elds (magnetic ?ux). When the electric vehicle 2 acting 
as a poWer supply destination (charging destination) is placed 
on (or comes close to) the top surface (poWer transfer surface 
S1) of the poWer supply apparatus 1, the poWer transfer coil 
L1 of the poWer supply apparatus 1 and the poWer receiving 
coil L2 of the electric vehicle 2 come close to each other in the 
vicinity of the poWer transfer surface S1 and the poWer receiv 
ing surface S2. 
[0048] When the poWer receiving coil L2 is placed adjacent 
to the poWer transfer coil L1 generating magnetic ?elds (mag 
netic ?ux), electromotive force is induced in the poWer receiv 
ing coil L by the magnetic ?ux being generated by the poWer 
transfer coil L1. In other Words, magnetic ?elds are generated 
by electromagnetic induction or magnetic resonance as 
linked With the poWer transfer coil L1 and the poWer receiving 
coil L2. Thus, poWer is transferred from the poWer transfer 
coil L1 side, poWer supply apparatus 1, poWer trans 
fer unit 10) to the poWer receiving coil L2 (secondary side, the 
electric vehicle 2, the poWer receiving unit 20). At this time, 
the poWer supply apparatus 1 performs a main resonant 
operation (resonant frequency f1) using the poWer transfer 
coil L1 and the resonant capacitor C1, While the electric 
vehicle 2 performs a main resonant operation (resonant fre 
quency f2zf1) using the poWer receiving coil L2 and the 
resonant capacitor C2. 
[0049] Subsequently, in the electric vehicle 2, theAC poWer 
received by the poWer receiving coil L2 is supplied to a 
recti?er circuit 221 and the charging circuit 22, Which then 
perform the folloWing charging operation. That is, the recti 
?er circuit 21 converts the AC poWer into predetermined DC 
poWer and then the charging circuit 22 performs a voltage 
stabiliZation operation on the basis of the DC poWer and 
charges the battery 23. In this Way, the electric vehicle 2 
performs the charging operation on the basis of the poWer 
received by the poWer receiving unit 20. 
[0050] That is, in this embodiment, it is not necessary to 
connect together the terminals so as to charge the electric 
vehicle 2. Simply placing the electric vehicle 2 on the poWer 
transfer surface S1 of the poWer supply apparatus 1 (that is, 
bringing the electric vehicle 2 close to the poWer transfer 
surface S1) alloWs the electric vehicle 2 to start to be charged. 
(Contactless poWer supply is performed.) Thus, the load on 
the user is reduced. 

2. Functions of Repeater Device 3 

[0051] When the distance (poWer supply distance) betWeen 
the poWer supply apparatus 1 and the electric vehicle 2 is 
relatively short, the distance betWeen the poWer transfer unit 
10 and the poWer receiving unit 20 is also relatively short, for 
example, as shoWn in FIG. 3A. Accordingly, contactless 
poWer supply can be performed betWeen the poWer transfer 
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unit 10 and the power receiving unit 20 using magnetic ?elds 
(magnetic resonance, etc.). In other Words, in this case, even 
When a contactless power supply operation is directly per 
formed betWeen the poWer transfer unit 10 and the poWer 
receiving unit 20, high transfer ef?ciency is achieved. 
[0052] On the other hand, When the distance betWeen the 
poWer supply apparatus 1 and the electric vehicle 2 is rela 
tively long, the distance betWeen the poWer transfer unit 10 
and the poWer receiving unit 20 is also long, for example, as 
shoWn in FIG. 3B. Accordingly, When a contactless poWer 
supply operation is directly performed betWeen the poWer 
transfer unit 10 and the poWer receiving unit 20, transfer 
ef?ciency is reduced due to such as a reduction in magnetic 
?ux density caused by the dispersion of magnetic ?ux. For 
this reason, in this embodiment, When the poWer supply dis 
tance is relatively long as described above, a contactless 
poWer supply operation is performed using magnetic ?elds 
(magnetic resonance, etc.) via the repeater device 3 (relayed), 
Which performs a resonant operation (relay resonant opera 
tion) at a resonant frequency f3 Which is approximately equal 
to the resonant frequency f1 (zf2) of a main resonant opera 
tion When the poWer is transferred. As a result, even When the 
poWer supply distance is relatively long, a contactless poWer 
supply operation can be performed While high transfer e?i 
ciency is maintained. In other Words, use of the repeater 
device 3 as described above alloWs an increase in the effective 
poWer supply distance (transfer distance) When performing 
contactless poWer supply. As a result, a contactless poWer 
supply operation can be performed With high ef?ciency in 
both a case Where the electric vehicle 2 is a passenger car, 
Whose poWer supply distance tends to be relatively short, and 
a case Where the electric vehicle 2 is a large-siZe car (track, 
etc.), Whose poWer supply distance tends to be relatively long. 

3. Functions, Etc. of Foreign Object Remover 12 

[0053] MeanWhile, in the poWer supply system 4, a foreign 
object other than the apparatus to Which poWer is to be sup 
plied (in this embodiment, the electric vehicle 2) may be 
placed on the poWer transfer surface S1 or the like of the 
poWer supply apparatus 1 (in the vicinity of the transfer path 
from the poWer transfer surface S1 to the poWer receiving 
surface S2 When the poWer is transferred). In particular, When 
a metallic foreign object is placed, it may be heated by alter 
nating magnetic ?elds. For this reason, a method is consid 
ered for detecting a metallic foreign object placed on the 
poWer transfer surface to take a measure such as a stop to the 

poWer supply operation. HoWever, this method is not enough 
to avoid the effect of a foreign object as described above and 
supply poWer favorably (properly). 
[0054] For this reason, in this embodiment, as shoWn in 
FIG. 1, the poWer supply apparatus 1 includes the foreign 
object remover 12 having the function of removing a foreign 
object in the vicinity of the poWer transfer path from the 
poWer transfer surface S1 to the poWer receiving surface S2 
When the poWer is transferred. Thus, for example, even When 
a foreign object is placed in the poWer transfer path before 
starting to perform a poWer supply operation, the foreign 
object is excluded from the vicinity of the poWer transfer path. 
As a result, When the poWer supply operation is performed 
later, the adverse effect of a foreign object (heating of a 
metallic foreign object, etc.) as described above is avoided. 
[0055] Speci?cally, in the examples shoWn in FIGS. 4A and 
4B, at least one of a tilt movement, a rotation movement, and 
a vibration movement made by the container 133 containing 
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the repeater device 3 constitutes the foreign object remover 
12. These movements made by the container 133 and the 
repeater device 3 are realiZed by an actuator (not shoWn) 
Which uses a motor, solenoid, or the like. 
[0056] Speci?cally, in the example shoWn in FIG. 4A, the 
container 133 tilts or vibrates as shoWn by arroWs P21 and 
P22 in the ?gure. Thus, a foreign object 9 is removed from the 
poWer transfer surface S1 (poWer transfer path) of the con 
tainer 133. In the example shoWn in FIG. 4B, the container 
133 rotates as shoWn by an arroW P23 in the ?gure (that is, 
rotates in the horizontal plane). Thus, the foreign object 9 is 
removed from the poWer transfer surface S1 (poWer transfer 
path) of the container 133 by centrifugal force generated by 
the rotation. 
[0057] On the other hand, in the example shoWn in FIG. 4C, 
a Wiper 12A serving as the foreign object remover 12 is 
disposed on the poWer transfer surface S1 of the container 
133. When the Wiper 12A operates on the poWer transfer 
surface S1 (an arroW P24 in the ?gure), the foreign object 9 is 
Wiped out and removed from the poWer transfer surface S1 
(poWer transfer path). 
[0058] In the example shoWn in FIG. 4D, a squirt hole 12B 
(squirt hole of gas) serving as the foreign object remover 12 is 
disposed on the poWer transfer surface S1 of the container 
133. When gas (in this embodiment, air 12C) is ejected from 
the squirt hole 12B, the foreign object 9 is removed from the 
poWer transfer surface S1 (poWer transfer path) by a gener 
ated Wind load. 
[0059] For example, as shoWn in FIG. 5, after starting to 
perform a poWer supply operation, the belloWs-shaped con 
tainer 133 may extend toWard the poWer supply destination 
(electric vehicle 2) until it reaches the destination (an arroW 
P3 in the ?gure) and then may function as an enclosure for 
isolating the vicinity of the poWer transfer path from the 
surroundings. Thus, entry of a foreign object (e.g., a small 
animal) into the vicinity of the poWer transfer path after 
starting to perform a poWer supply operation is avoided (pre 
vented). That is, before as Well as after starting to perform a 
poWer supply operation, the adverse effect of a foreign object 
is avoided When the poWer is transferred. 

4. Alignment Function of Repeater Device 3 

[0060] In the poWer supply system 4, a misalignment 
betWeen the poWer transfer unit 10 and the poWer receiving 
unit 20 (a shift in relative position) may reduce transfer e?i 
ciency (poWer supply ef?ciency). Conceivable countermea 
sures include a method of informing the user (e. g., the driver) 
of information on the distance betWeen the poWer transfer 
unit 10 and the poWer receiving unit 20 using communication 
technology or the like. HoWever, the accuracy of alignment 
(an improvement in misalignment) performed based on this 
information largely depends on such as the driving technique 
of the driver. For this reason, this method is not so effective. 
Further, thick Wires and the like are generally connected to the 
poWer transfer unit 1 0. Accordingly, the entire poWer transfer 
unit 10 is dif?cult to move after installing the poWer transfer 
unit 10. 
[0061] For this reason, in this embodiment, a reduction in 
transfer ef?ciency caused by a shift in relative position is 
controlled using the folloWing method. That is, ?rst, the 
repeater device 3 and the belloWs-shaped container 133 con 
taining the repeater device 3 are con?gured to be movable 
independently in accordance With the relative position 
betWeen the poWer transfer unit 10 and the poWer receiving 
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unit 20. Speci?cally, as described in detail below, the repeater 
device 3 and the like can make at least one of movements in 
the horizontal direction, in the vertical direction, and a rota 
tion movement. These movements made by the container 133 
and the repeater device 3 are realiZed by the above-mentioned 
actuator (not shoWn). Due to these movements (movements 
toWard proper positions) made by the repeater device 3 and 
the like, one of the main parameters for determining transfer 
e?iciency, the coupling coe?icient (magnetic coupling coef 
?cient), does not easily vary even When the relative position 
changes. (The coupling coe?icient hardly depends on the 
relative position.) As a result, a reduction in transfer e?i 
ciency caused by a shift in relative position is controlled. 
[0062] Speci?cally, in the example shoWn in FIG. 6A, the 
repeater device 3 and the container 133 perform a displace 
ment movement in the horizontal direction (an arroW P41 in 
the ?gure). Subsequently, the repeater device 3 relays poWer 
transferred by the poWer transfer unit 10 as described above. 
As a result, a reduction in transfer ef?ciency caused by a shift 
in relative position along the horiZontal direction betWeen the 
poWer transfer unit 10 and the poWer receiving unit 20 is 
controlled. 

[0063] In the example shoWn in FIG. 6B, the repeater 
device 3 and the container 133 perform a displacement move 
ment in the vertical direction (an arroW P42 in the ?gure). 

Subsequently, the repeater device 3 relays transferred poWer. 
As a result, a reduction in transfer ef?ciency caused by a shift 
in relative position (an improper relative distance) along the 
vertical direction betWeen the poWer transfer unit 10 and the 
poWer receiving unit 20 is controlled. Thus, a contactless 
poWer supply operation can be performed With high transfer 
e?iciency, for example, regardless of the siZe (ground clear 
ance) of the electric vehicle 2. 

[0064] In the example shoWn in FIG. 6C, the repeater 
device 3 and the container 133 perform a rotation movement 
(in this embodiment, a rotation movement in the vertical 
plane With respect to the ground surface S0). (See an arroW 
P43 in the ?gure). Subsequently, the repeater device 3 relays 
transferred poWer. As a result, a reduction in transfer e?i 
ciency caused by a shift in relative position in the rotation 
direction betWeen the poWer transfer unit 10 and the poWer 
receiving unit 20 is controlled. 

[0065] The above-mentioned movements are preferably 
made in such a manner that the repeater device 3 is located 
approximately at the midpoint (preferably at the midpoint) 
betWeen the poWer transfer unit 10 and the poWer supply 
destination (poWer receiving unit 20). Thus, a reduction in 
transfer ef?ciency caused by a shift in relative position is 
controlled to the greatest degree. 

[0066] As seen, in this embodiment, the foreign object 
remover 12 that removes a foreign object in the vicinity of the 
poWer transfer path When the poWer is transferred is disposed. 
Thus, the adverse effect of a foreign object can be avoided. As 
a result, poWer can be supplied properly using magnetic 
?elds. Further, it is not necessary for the user (the driver, etc.) 
to check (e. g., visually) Whether a foreign object exists before 
or after starting to perform a poWer supply operation. Thus, 
user convenience can be enhanced. 

[0067] Further, if the container 133 containing the repeater 
device 3 is con?gured to function also as an enclosure for 
isolating the vicinity of the poWer transfer path from the 
surroundings, the adverse effect of a foreign object When the 
poWer is transferred can be avoided before as Well as after 
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starting to perform a poWer supply operation. As a result, 
poWer can be supplied more properly using magnetic ?elds. 
[0068] Further, the repeater device 3 and the container 133 
are con?gured to be movable independently in accordance 
With the relative position betWeen the poWer transfer unit 10 
and the poWer receiving unit 20. As a result, a reduction in 
transfer ef?ciency caused by a shift in relative position can be 
controlled, and poWer can be supplied more properly. 

Modi?cations 

[0069] Next, modi?cations (modi?cations 1 to 6) of the 
above-mentioned embodiment Will be described. Same com 
ponents as those in the embodiment are given same reference 
signs, and description thereof Will be omitted as appropriate. 

Modi?cation l 

[0070] FIG. 7 is a block diagram shoWing a schematic 
con?guration of a poWer supply system (poWer supply system 
4A) according to a modi?cation 1. As With the poWer supply 
system 4, the poWer supply system 4A according to this 
modi?cation is a system Where poWer is contactlessly trans 
ferred using magnetic ?elds. 
[0071] The poWer supply system 4A includes a poWer sup 
ply apparatus 1A (primary apparatus) and one or more 
vehicles (in this modi?cation, one electric vehicle 2A; sec 
ondary apparatus). The poWer supply apparatus 1A differs 
from the poWer supply apparatus 1 in that it does not include 
(omits) the foreign object remover 12 or repeater device 3; the 
other components are the same. The electric vehicle 2A dif 
fers from the electric vehicle 2 in that it additionally includes 
a foreign object remover 12 and a repeater device 3; the other 
components are the same. That is, the poWer supply system 
4A differs from the poWer supply system 4 in that the foreign 
object remover 12 and the repeater device 3 are disposed in 
the electric vehicle (secondary apparatus) rather than in the 
poWer supply apparatus (primary apparatus). 
[0072] This modi?cation thus con?gured can obtain simi 
lar functions and advantages to those of the embodiment. 

Modi?cation 2 

[0073] FIG. 8 is a block diagram shoWing a schematic 
con?guration of a poWer supply system (poWer supply system 
4B) according to a modi?cation 2. As With the poWer supply 
system 4, the poWer supply system 4B according to this 
modi?cation is a system in Which poWer is contactlessly 
transferred using magnetic ?elds. 
[0074] The poWer supply system 4B includes a poWer sup 
ply apparatus 1A (primary apparatus), one or more vehicles 
(in this modi?cation, one electric vehicle 2; secondary appa 
ratus), and a relay apparatus 5B including a foreign object 
remover 12 and a repeater device 3. That is, the poWer supply 
system 4B differs from the poWer supply system 4 in that the 
foreign object remover 12 and the repeater device 3 are dis 
posed in an apparatus (relay apparatus 5B) different from the 
poWer supply apparatus (primary apparatus) and the electric 
vehicle (secondary apparatus). 
[0075] This modi?cation thus con?gured can obtain simi 
lar functions and advantages to those of the embodiment. 

[0076] In this modi?cation, the foreign object remover 12 
and the repeater device 3 are disposed in the apparatus (relay 
apparatus 5B) different from the poWer supply apparatus and 
the electric vehicle. As a result, the above-mentioned advan 
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tages can be obtained by only adding the relay apparatus 5B 
to a related-art (existing) non-contact power supply system. 

Modi?cations 3 to 5 

[0077] FIG. 9 is a block diagram shoWing a schematic 
con?guration of a poWer supply system (poWer supply system 
4C) according to a modi?cation 3. FIG. 10 is a block diagram 
shoWing a schematic con?guration of a poWer supply system 
(poWer supply system 4D) according to a modi?cation 4. FIG. 
11 is a block diagram shoWing a schematic con?guration of a 
poWer supply system (poWer supply system 4E) according to 
a modi?cation 5. As With the poWer supply system 4, the 
poWer supply systems 4A, 4D, and 4E according to the modi 
?cations 3 to 5 also contactlessly transfer poWer using mag 
netic ?elds. 
[0078] The poWer supply system 4C according to the modi 
?cation 3 shoWn in FIG. 9 includes a poWer supply apparatus 
1C (primary apparatus) including a foreign object remover 
12; and one or more vehicles (in this modi?cation, one elec 
tric vehicle 2; secondary apparatus). The poWer supply sys 
tem 4D according to the modi?cation 4 shoWn in FIG. 10 
includes a poWer supply apparatus 1A (primary apparatus) 
and one or more vehicles (in this modi?cation, one electric 
vehicle 2D including a foreign object remover 12; secondary 
apparatus). The poWer supply system 4E according to the 
modi?cation 5 shoWn in FIG. 11 includes a poWer supply 
apparatus 1A (primary apparatus), one or more vehicles (in 
this modi?cation, one electric vehicle 2; secondary appara 
tus), and a foreign object removal apparatus 5E (an apparatus 
different from the poWer supply apparatus (primary appara 
tus) and the electric vehicle (secondary apparatus)). The 
poWer supply systems 4C, 4D, and 4E differ from the poWer 
supply systems 4, 4A, and 4B in that they do not include a 
repeater device 3; the other components are the same. 
[0079] As seen, a repeater device 3 does not have to be 
disposed as appropriate so long as at least one of the poWer 
supply apparatus, the poWer receiver (vehicle, etc.) and the 
apparatus different from the poWer supply apparatus and the 
poWer receiving apparatus includes the foreign object 
remover 12. 

Modi?cation 6 

[0080] FIG. 12 is a perspective vieW shoWing an external 
con?guration of a poWer supply system (poWer supply system 
4F) according to a modi?cation 6. The poWer supply system 
4F according to this modi?cation is also a system in Which 
poWer is contactlessly transferred using magnetic ?elds. It 
includes a poWer supply apparatus 1 (or poWer supply appa 
ratus 1A or poWer supply apparatus 1C; primary apparatus) 
and one or more electronic apparatuses (in this modi?cation, 
tWo electronic apparatuses 61 and 62; secondary appara 
tuses). The electronic apparatuses 61 and 62 are, for example, 
stationary electronic apparatuses, typi?ed by television sets, 
portable electronic apparatuses including a battery, typi?ed 
by cellular phones and digital cameras, or the like. 
[0081] In the poWer supply system 4F, When the electronic 
apparatuses 61 and 62 are placed on (or come close to) a 
poWer transfer surface S1 of a poWer supply apparatus 1 or the 
like, poWer is transferred from the poWer supply apparatus 1 
to the electronic apparatuses 61 and 62. The poWer transfer 
surface S1 of the poWer supply apparatus 1 is the form of a 
mat (tray) having a larger area than those of the electronic 
apparatuses 61 and 62 or the like acting as poWer supply 
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destinations, considering a case Where poWer is transferred to 
the multiple electronic apparatuses, 61 and 62, simulta 
neously or in a time-division manner (in sequence). 
[0082] As seen, even When electronic apparatuses, instead 
of a vehicle (electric vehicle), are used as poWer receivers, 
similar functions and advantages to those of the embodiment 
can be obtained. 

Other Modi?cations 

[0083] While the technology of the present disclosure has 
been described using the embodiment and the modi?cations 
thereof, this technology is not limited thereto, and various 
changes can be made thereto. 
[0084] For example, While the resonant device includes one 
LC resonator in the above-mentioned embodiment and the 
like, the resonant device is not limited thereto and may 
include, for example, multiple (tWo or more) LC resonators. 
While each coil (poWer transfer coil, poWer receiving coil, 
repeater coil) are in the form of a spiral (plane) in the embodi 
ment and the like, each coil may be in the form of, e.g., an 0t 
Winding, Where a spiral coil is disposed as turned back in tWo 
layers, a spiral in more than tWo layers, a helix, Where a coil 
is Wound in the thickness direction, or the like. Further, each 
coil (poWer transfer coil, poWer receiving coil, repeater coil) 
may be a Wound coil made of a conductive Wire material, as 
Well as a conductive pattern coil formed on a printed board, 
?exible printed board, or the like. The LC resonator may be 
composed of a conductive loop rather than an auxiliary coil. 
[0085] The foreign object remover described in the 
embodiment and the like has to be disposed in at least one of 
the poWer supply apparatus, the poWer receiver (vehicle, elec 
tronic apparatus, etc.), and the apparatus different from the 
poWer supply apparatus and the poWer receiver. Similarly, the 
repeater device has to be disposed in at least one of the poWer 
supply apparatus, the poWer receiver (vehicle, electronic 
apparatus, etc.), and the apparatus different from the poWer 
supply apparatus and the poWer receiver. 
[0086] While the components of the poWer supply appara 
tus, the poWer receiver, and the like have speci?cally been 
described in the embodiment and the like, the embodiment 
and the like do not have to include all the components or may 
further include other components. For example, the poWer 
supply apparatus, the poWer receiver, or the like may have a 
communication function or some control function, a display 
function, a function of authenticating the secondary appara 
tus, a function of determining Whether the secondary appara 
tus is disposed on the primary apparatus, a function of detect 
ing entry of a metallic foreign object or the like, an impedance 
matching circuit, or the like. 
[0087] While the vehicle (electric vehicle) and the elec 
tronic apparatuses are used as poWer receivers in the above 
mentioned embodiment and the like, the poWer receiver is not 
limited thereto and may be other types of apparatus. 
[0088] This technology can be con?gured as folloWs. 
[0089] (1) An energy transmitter comprising: 
[0090] a poWer transmission coil con?gured to Wirelessly 
transmit poWer; and 
[0091] a foreign object remover con?gured to displace a 
foreign object if the foreign object is Within a range of a 
Wireless poWer transmission. 
[0092] (2) The energy transmitter of (1), wherein the Wire 
less poWer transmission is de?ned by a magnetic ?eld gener 
ated by the energy transmitter. 
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[0093] (3) The energy transmitter of (1), further compris 
ing: a repeater device con?gured to (i) move relative to the 
power transmission coil, and (ii) generate a resonant fre 
quency approximately equal to a resonant frequency gener 
ated When poWer is transmitted, 
[0094] Wherein the relative movement of the repeater 
device is at least one of a horizontal movement, a vertical 
movement, and a rotational movement. 

[0095] (4) The energy transmitter of (1), Wherein the for 
eign object remover is con?gured to displace the foreign 
object by generating at least one of a tilt movement, a rotation 
movement, a vibration movement, a Wiping movement, and a 
discharge of gas. 
[0096] (5) The energy transmitter of (1), Wherein the for 
eign object remover includes at least one of (i) a Wiper con 
?gured to cause the foreign object to be displaced relative to 
the Wireless poWer transmission, and (ii) a gas outlet con?g 
ured to discharge a gas to cause the foreign object to be 
displaced relative to the Wireless poWer transmission. 
[0097] (6) The energy transmitter of (1), further compris 
ing: 
[0098] a container operable to extend and enclose at least a 
portion of an area adjacent to the poWer transmission coil. 

[0099] (7) The energy transmitter of (1), Wherein poWer 
transmission coil is con?gured to Wirelessly transmit poWer 
to a poWer receiver unit. 

[0100] (8) The energy transmitter of (7), Wherein the poWer 
receiver unit is spaced from the poWer transmission coil by an 
electric vehicle. 

[0101] (9) A poWer supply system comprising: 
[0102] a poWer transfer unit con?gured to transmit poWer 
Wirelessly; and 
[0103] a foreign object remover con?gured to displace a 
foreign object if the foreign object is Within a range of a 
Wireless poWer transmission. 

[0104] (10) The poWer supply system of (9), further com 
prising: 
[0105] a repeater device con?gured to (i) move relative to 
the poWer transfer unit, and (ii) generate a resonant frequency 
approximately equal to a resonant frequency generated by the 
poWer transfer unit When poWer is transmitted, 
[0106] Wherein the relative movement of the repeater 
device is at least one of a horizontal movement, a vertical 
movement, and a rotational movement. 

[0107] (11) The poWer supply system of (9), Wherein the 
foreign object remover is operable to cause the foreign object 
to be displaced relative to the Wireless poWer transmission by 
generating at least one of a tilt movement, a rotation move 
ment, and a vibration movement. 

[0108] (12) A method of displacing a foreign object near a 
poWer supply system, the method comprising: 
[0109] providing a poWer transfer unit con?gured to trans 
mit poWer Wirelessly to a poWer receiver unit; and 

[0110] displacing a foreign object via a foreign object 
remover if the foreign object is Within a range of a Wireless 
poWer transmission. 

[0111] (13) The method of (12), further comprising: 
[0112] generating a resonant frequency via a repeater 
device that is approximately equal to a resonant frequency 
generated by the poWer transfer unit When poWer is transmit 
ted, and 
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[0113] moving the repeater device relative to the poWer 
transfer unit, the relative movement being at least one of 
horiZontal movement, vertical movement, and rotational 
movement. 

[0114] (14) The method of (12), Wherein the foreign object 
is displaced relative to the poWer transfer by moving the 
foreign object remover With one of a tilt movement, a rotation 
movement, a vibration movement, and a Wiping movement. 
[0115] (15) An electric vehicle comprising: 
[0116] a poWer receiver unit con?gured to Wirelessly 
receive poWer from a poWer transfer unit via a magnetic ?eld 
generated betWeen the poWer receiver unit and the poWer 
transfer unit; and 
[0117] a foreign object remover disposed betWeen the 
poWer receiver unit and the poWer transfer unit, the foreign 
object remover con?gured to displace a foreign object if the 
foreign object is Within a range of a Wireless poWer transmis 
sion. 
[0118] (16) The electric vehicle of (1 5), further comprising: 
[0119] a repeater device con?gured to generate a resonant 
frequency approximately equal to a resonant frequency gen 
erated by the poWer transfer unit When poWer is transferred. 
[0120] (17) The electric vehicle of (1 5), Wherein the foreign 
object remover is con?gured to displace the foreign object by 
generating one of a tilt movement, a rotation movement, a 
vibration movement, a Wiping movement, and a discharge of 
gas. 
[0121] (18) An energy receiver comprising: 
[0122] a poWer receiving coil con?gured to Wirelessly 
receive poWer; and 
[0123] a foreign object remover con?gured to displace a 
foreign object if the foreign object is Within a range of a 
Wireless poWer transmission. 
[0124] (19) The energy receiver of (18), further compris 
ing: 
[0125] a repeater device con?gured to (i) move relative to 
the poWer receiving coil, and (ii) generate a resonant fre 
quency approximately equal to a resonant frequency gener 
ated When poWer is transmitted, 
[0126] Wherein the relative movement of the repeater 
device is at least one of a horiZontal movement, a vertical 
movement, and a rotational movement. 
[0127] (20) The energy receiver of (18), Wherein the for 
eign object remover is con?gured to displace the foreign 
object by generating at least one of a tilt movement, a rotation 
movement, a vibration movement, a Wiping movement, and a 
discharge of gas. 
[0128] The present disclosure contains subject matter 
related to that disclosed in Japanese Priority Patent Applica 
tion JP 2011-155360 ?led in the Japan Patent O?ice on Jul. 
14, 201 1, the entire contents of Which are hereby incorporated 
by reference. 
[0129] It should be understood by those skilled in the art 
that various modi?cations, 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 is claimed is: 
1. An energy transmitter comprising: 
a poWer transmission coil con?gured to Wirelessly transmit 

poWer; and 
a foreign object remover con?gured to displace a foreign 

obj ect if the foreign object is Within a range of a Wireless 
poWer transmission. 
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2. The energy transmitter of claim 1, Wherein the Wireless 
power transmission is de?ned by a magnetic ?eld generated 
by the energy transmitter. 

3. The energy transmitter of claim 1, further comprising: 
a repeater device con?gured to (i) move relative to the 
poWer transmission coil, and (ii) generate a resonant 
frequency approximately equal to a resonant frequency 
generated When poWer is transmitted, 

Wherein the relative movement of the repeater device is at 
least one of a horizontal movement, a vertical move 
ment, and a rotational movement. 

4. The energy transmitter of claim 1, Wherein the foreign 
object remover is con?gured to displace the foreign object by 
generating at least one of a tilt movement, a rotation move 
ment, a vibration movement, a Wiping movement, and a dis 
charge of gas. 

5. The energy transmitter of claim 1, Wherein the foreign 
object remover includes at least one of (i) a Wiper con?gured 
to cause the foreign object to be displaced relative to the 
Wireless poWer transmission, and (ii) a gas outlet con?gured 
to discharge a gas to cause the foreign object to be displaced 
relative to the Wireless poWer transmission. 

6. The energy transmitter of claim 1, further comprising: 
a container operable to extend and enclose at least a portion 

of an area adjacent to the poWer transmission coil. 
7. The energy transmitter of claim 1, Wherein poWer trans 

mission coil is con?gured to Wirelessly transmit poWer to a 
poWer receiver unit. 

8. The energy transmitter of claim 7, Wherein the poWer 
receiver unit is spaced from the poWer transmission coil by an 
electric vehicle. 

9. A poWer supply system comprising: 
a poWer transfer unit con?gured to transmit poWer Wire 

lessly; and 
a foreign object remover con?gured to displace a foreign 

object if the foreign object is Within a range of a Wireless 
poWer transmission. 

10. The poWer supply system of claim 9, further compris 
ing: 

a repeater device con?gured to (i) move relative to the 
poWer transfer unit, and (ii) generate a resonant fre 
quency approximately equal to a resonant frequency 
generated by the poWer transfer unit When poWer is 
transmitted, 

Wherein the relative movement of the repeater device is at 
least one of a horizontal movement, a vertical move 
ment, and a rotational movement. 

11. The poWer supply system of claim 9, Wherein the for 
eign object remover is operable to cause the foreign object to 
be displaced relative to the Wireless poWer transmission by 
generating at least one of a tilt movement, a rotation move 
ment, and a vibration movement. 

12. A method of displacing a foreign object near a poWer 
supply system, the method comprising: 

providing a poWer transfer unit con?gured to transmit 
poWer Wirelessly to a poWer receiver unit; and 
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displacing a foreign object via a foreign object remover if 
the foreign object is Within a range of a Wireless poWer 
transmission. 

13. The method of claim 12, further comprising: 
generating a resonant frequency via a repeater device that 

is approximately equal to a resonant frequency gener 
ated by the poWer transfer unit When poWer is transmit 
ted, and 

moving the repeater device relative to the poWer transfer 
unit, the relative movement being at least one of hori 
zontal movement, vertical movement, and rotational 
movement. 

14. The method of claim 12, Wherein the foreign object is 
displaced relative to the poWer transfer by moving the foreign 
object remover With one of a tilt movement, a rotation move 
ment, a vibration movement, and a Wiping movement. 

15. An electric vehicle comprising: 
a poWer receiver unit con?gured to Wirelessly receive 
poWer from a poWer transfer unit via a magnetic ?eld 
generated betWeen the poWer receiver unit and the poWer 
transfer unit; and 

a foreign object remover disposed betWeen the poWer 
receiver unit and the poWer transfer unit, the foreign 
object remover con?gured to displace a foreign object if 
the foreign object is Within a range of a Wireless poWer 
transmission. 

16. The electric vehicle of claim 15, further comprising: 
a repeater device con?gured to generate a resonant fre 

quency approximately equal to a resonant frequency 
generated by the poWer transfer unit When poWer is 
transferred. 

17. The electric vehicle of claim 15, Wherein the foreign 
object remover is con?gured to displace the foreign object by 
generating one of a tilt movement, a rotation movement, a 
vibration movement, a Wiping movement, and a discharge of 
gas. 

18. An energy receiver comprising: 
a poWer receiving coil con?gured to Wirelessly receive 

poWer; and 
a foreign object remover con?gured to displace a foreign 

obj ect if the foreign object is Within a range of a Wireless 
poWer transmission. 

19. The energy receiver of claim 18, further comprising: 
a repeater device con?gured to (i) move relative to the 
poWer receiving coil, and (ii) generate a resonant fre 
quency approximately equal to a resonant frequency 
generated When poWer is transmitted, 

Wherein the relative movement of the repeater device is at 
least one of a horizontal movement, a vertical move 
ment, and a rotational movement. 

20. The energy receiver of claim 18, Wherein the foreign 
object remover is con?gured to displace the foreign object by 
generating at least one of a tilt movement, a rotation move 
ment, a vibration movement, a Wiping movement, and a dis 
charge of gas. 
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