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(54) POWER TRANSMISSION DEVICE AND POWER RECEIVING DEVICE

(57) A power transmission device (50) for transmit-
ting power to a power receiving device (10) in a noncon-
tact manner, including: a power transmission unit (400)
for transmitting power to the power receiving device (10)
in a noncontact manner; a power supply unit (300), con-
nected to an external power supply, for supplying power
to the power transmission unit (400), and a housing (600)
housing the power transmission unit (400) and the power
supply unit (300), wherein the power supply unit (300)

includes first devices (702a, 720) disposed around the
power transmission unit (400), and a second device (708)
disposed between the power transmission unit (400) and
a bottom surface (610), in a state where the power trans-
mission unit (400) and the power supply unit (300) are
mounted on the bottom surface (610) of the housing (600,
600A), and a height of each of the first devices (702a,
720) from the bottom surface (610) is higher than a height
of the second device (708) from the bottom surface (610).
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Description

[0001] This nonprovisional application is based on
Japanese Patent Application No. 2014-120366 filed on
June 11, 2014, with the Japan Patent Office, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a power trans-
mission device for transmitting power to a power receiv-
ing device in a noncontact manner, and a power receiving
device for receiving power from a power transmission
device in a noncontact manner.

Description of the Background Art

[0003] As disclosed in Japanese Patent Laying-Open
Nos. 2013-154815, 2013-146154, 2013-146148,
2013-110822, and 2013-126327, there have been known
power transmission systems using power transmission
devices and power receiving devices for transmitting and
receiving power in a noncontact manner. Japanese Pat-
ent Laying-Open Nos. 2014-011939 and 2014-011332
each describe a configuration in which a coil unit including
ferrite and a coil, and a capacitor connected to the coil
are provided, and the capacitor is housed in the same
housing where the coil unit is housed.

SUMMARY OF THE INVENTION

[0004] According to the configuration of each of the
above prior art documents, in the power transmission
device, a high frequency power source and the like need
to be provided in addition to the capacitor and the coil
unit. Therefore, a management side of a charging station
needs to install not only a power transmission device but
also a high frequency power source.
[0005] In the power transmission device described in
Japanese Patent Laying-Open No. 2014-011939, the ca-
pacitor is disposed at a position adjacent to the coil unit.
Similarly to this mounting method, when peripheral de-
vices such as a high frequency power source are dis-
posed around the coil unit, a size of a housing horizontally
increases, and an installation area increases.
[0006] On the other hand, when the peripheral devices
are simply disposed on the lower surface side of the coil
unit, a height of the coil unit becomes higher than a height
of the capacitor disposed around the coil unit, and the
coil unit largely protrudes upward. In a state where an
upper surface of the coil unit relatively protrudes upward,
when a vehicle runs on the power transmission device,
a large load is applied to the coil unit from wheels. A
problem that the coil unit includes a ferrite core, and is
damaged due to the application of the large load is
caused.

[0007] Also in the power receiving device, in a case
where the coil unit largely protrudes downward beyond
devices disposed around the coil unit, a problem that
when the power receiving device comes into contact with
unevenness (e.g., a railroad crossing) of the ground, a
falling object on the ground, or other obstacle, the coil
unit is damaged is caused.
[0008] The present invention has been made in view
of the above problems, and an object of the present in-
vention is to provide a power transmission device and a
power receiving device, each of which suppresses in-
crease in size in a case where peripheral devices are
housed in a single housing to be integrated, and sup-
presses damage of a coil unit when external power from
wheels of a vehicle is applied.
[0009] According to this power transmission device,
the power supply unit includes first devices disposed
around the power transmission unit, and a second device
disposed between the power transmission unit and the
bottom surface of the housing, in a state where the power
receiving unit and the apparatus unit are mounted on the
bottom surface of the housing, and a height of each of
the first devices from the bottom surface of the housing
is higher than a height of the second device from the
bottom surface.
[0010] According to this power transmission device, an
upper surface of the power transmission unit is approx-
imate to a height of an upper surface of each of the first
devices located around the power transmission unit, so
that the upper surface of the power transmission unit can
be inhibited from protruding upward. Consequently, even
when wheels of a vehicle run on the power transmission
device, a large load can be inhibited from being applied
to the power transmission unit. Furthermore, the second
device is disposed on a lower surface of the power trans-
mission unit, the height of each first device disposed
around the power transmission unit is made higher, and
installation areas of the first devices are reduced, so that
an installation area of a whole of the power transmission
device can be inhibited from increasing.
[0011] According to this power receiving device, the
apparatus unit includes first devices disposed around the
power receiving unit, and a second device disposed be-
tween the power receiving unit and a bottom surface of
the housing, in a state where the power receiving unit
and the apparatus unit are mounted on the bottom sur-
face of the housing, and a height of each of the first de-
vices from the bottom surface of the housing is higher
than a height of the second device from the bottom sur-
face of the housing.
[0012] According to this power receiving device, the
power receiving unit is inhibited from largely protruding
downward beyond the first devices located around the
power receiving unit. Consequently, even when the pow-
er receiving device interferes with the ground, a large
load is inhibited from being applied to the power receiving
unit. Furthermore, the second device is disposed on a
lower surface of the power receiving unit, and the height
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of each first device disposed around the power receiving
unit is made higher, and installation areas of the first de-
vices are reduced, so that an installation area of a whole
of the power receiving device is inhibited from increasing.
[0013] The foregoing and other objects, features, as-
pects and advantages of the present invention will be-
come more apparent from the following detailed descrip-
tion of the present invention when taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a diagram showing a power transmission
system in a first embodiment.
Fig. 2 is a perspective view showing a configuration
of a power transmission device employing a spiral
type coil, in the first embodiment.
Fig. 3 is a perspective view showing a configuration
of a power transmission device employing a wound
type coil, in the first embodiment.
Fig. 4 is a diagram showing placement of various
devices of a power supply unit of the power trans-
mission device in the first embodiment.
Fig. 5 is a sectional view taken along a line V-V in
Fig. 2.
Fig. 6 is a sectional view corresponding to the view
taken along line V-V in Fig. 2, in a related art.
Fig. 7 is a diagram showing a direction of a magnetic
flux in the wound type coil of the power transmission
device.
Fig. 8 is a sectional view taken along a line VIII-VIII
in Fig. 7.
Fig. 9 is a diagram showing a direction of a magnetic
flux in a case where placement of the wound type
coil of the power transmission device is changed.
Fig. 10 is a plan view of a power transmission device
in a second embodiment.
Fig. 11 is a sectional view taken along a line XI-XI in
Fig. 10.
Fig. 12 is an enlarged partially sectional view of an-
other mode of the power transmission device in the
second embodiment.
Fig. 13 is a perspective view showing a configuration
of a power receiving device employing a spiral type
coil, in a third embodiment.
Fig. 14 is a perspective view showing a configuration
of a power receiving device employing a wound type
coil, in the third embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] Exemplified embodiments based on the present
invention are hereinafter described with reference to the
drawings. In the following embodiments, when a number,
an amount or the like is mentioned, the scope of the
present invention is not necessarily limited to the number,

the amount or the like, unless otherwise specified. The
same reference numerals denote the same or corre-
sponding components, and overlapping description may
not be repeated. It is intended from the beginning to ap-
propriately combine and use the configurations in the em-
bodiments. In the drawings, illustration is not performed
at actual dimension ratios, but performed at the partially
different ratios in order to facilitate understanding of the
structure.
[0016] A configuration of a power transmission device
installed on a facility side
[0017] (parking area or the like), mainly described be-
low, is applicable also to a power receiving device mount-
ed on a vehicle side. In the power transmission device,
a bottom surface side means the facility (ground) side,
and a front surface side means a power receiving device
(vehicle) side. On the other hand, in the power receiving
device, a bottom surface side means the vehicle side,
and a front surface side means a power transmission
device (ground) side.
[0018] In each of the drawings used below, a direction
shown by an arrow F in the drawing indicates an entry
direction and an advancing direction (including retreat-
ing) of a vehicle, and a direction shown by an arrow W
in the drawing indicates a width direction of the vehicle.

[FIRST EMBODIMENT]

(POWER TRANSMISSION SYSTEM 1000)

[0019] With reference to Fig. 1, a power transmission
system 1000 for transmitting power in a noncontact man-
ner will be described. Power transmission system 1000
includes a power receiving device 10 mounted on an
electric vehicle 100, and a power transmission device 50
installed on a facility side such as a parking area. Electric
vehicle 100 includes power receiving device 10 and a
vehicle body 105.

(POWER RECEIVING DEVICE 10)

[0020] Power receiving device 10 includes a power re-
ceiving unit 200, and an apparatus unit 110 provided be-
tween power receiving unit 200 and a battery 150 serving
a storage device for storing power received by power
receiving unit 200. Power receiving unit 200 has a power
receiving coil 250 and a plate shaped ferrite core 260.
As described later, as power receiving coil 250, any of a
spiral type coil (see Fig. 2) and a wound type coil (see
Fig. 3) may be employed. Fig. 1 shows spiral type power
receiving coil 250. Apparatus unit 110 has a capacitor
120, a rectifier 130, a DC/DC converter 140, and the like.
Power receiving coil 250 and a capacitor 220 are con-
nected in series in the drawing, but may be connected in
parallel.
[0021] Vehicle body 105 includes battery 15 connected
to DC/DC converter 140 of apparatus unit 100, a power
control unit 160, a motor unit 170, a communication unit
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180, and the like.
[0022] The number of turns of power receiving coil 250
is appropriately set so as to increase a distance between
power receiving coil 250 and a power transmission coil
450 described later, a Q value (e.g., Q ≥ 100) showing
resonance strength of power receiving coil 250 and pow-
er transmission coil 450, a coupling coefficient κ showing
a coupling degree of the resonance strength, and the
like. Power receiving coil 250 is connected to rectifier
130. Rectifier 130 converts an AC current supplied from
power receiving unit 200 into a DC current, to supply the
converted DC current to DC/DC converter 140.

(POWER TRANSMISSION DEVICE 50)

[0023] Power transmission device 50 includes a power
transmission unit 400 and a power supply unit 300. Power
transmission unit 400 has power transmission coil 450
and a plate shaped ferrite core 460. As power transmis-
sion coil 450, any of a spiral type coil (see Fig. 2) and a
wound type coil (see Fig. 3) may be employed. Fig. 1
shows spiral type power transmission coil 450. Power
supply unit 300 includes a capacitor 420, a high frequen-
cy power device 310, a power transmission ECU 320,
and a communication unit 322. Power supply unit 300 is
detachably connected to an AC power supply 330 by
using an outlet plug 340 or the like. Power transmission
coil 450 and capacitor 420 are connected in series in the
drawing, but may be connected in parallel.
[0024] High frequency power device 310 converts
power received from AC power supply 330 into high-fre-
quency power, to supply the converted high-frequency
power to power transmission coil 450. Power transmis-
sion coil 450 transmits power to power receiving coil 250
of power receiving unit 200 in a noncontact manner by
electromagnetic induction.

(DETAILS OF POWER TRANSMISSION DEVICE 50)

[0025] With reference to Figs. 2 to 6, a detailed con-
figuration of power transmission device 50 according to
this embodiment will be described. Fig. 2 is a perspective
view showing a configuration of power transmission de-
vice 50 employing a spiral type coil as the power trans-
mission coil, Fig. 3 is a perspective view showing a con-
figuration of power transmission device 50 employing a
wound type coil as the power transmission coil, Fig. 4 is
a diagram showing placement of various devices of pow-
er supply unit 300, Fig. 5 is a sectional view taken along
a line V-V in Fig. 2, and Fig. 6 is a sectional view corre-
sponding to the view taken along line V-V in Fig. 2, in a
related art.
[0026] Power transmission device 50 has power trans-
mission unit 400 for transmitting power to power receiving
device 10 in a noncontact manner, and power supply unit
300, connected to the external power supply, for supply-
ing power to power transmission unit 400, as described
above, and these power transmission unit 400 and power

supply unit 300 are housed in a housing 600. Accordingly,
power transmission device 50 according to this embod-
iment has a configuration in which power transmission
unit 400 and power supply unit 300 are integrated.
[0027] With reference to Figs. 2 and. 3, in this embod-
iment, power supply unit 300 includes high frequency
power device 310, power transmission ECU 320, and
communication unit 322, as shown in Fig. 1, and com-
ponents configuring these devices are switching power
supplies 701, 702 and 703, a PFC sub-board 704, a fan
705, a DC/RF unit 706, a 5V/15V power supply 707, a
24V power supply 708, a resonance capacitor 709, a fan
710, a heat sink 711, a fan 712, a heat sink 713, fans
714 and 715, a filter inductor 716, a filter capacitor 717,
fans 718 and 719, a filter inductor 720, a filter capacitor
721, a SCU 722, an interface 723, an input controller
724, and the like. Switching power supplies 701, 702 and
703 configure an AC/DC unit, filter inductors 716, 717
and 720, and filter capacitor 721 configure a filter unit,
and DC/RF unit 706 configures a DC/RF unit. These de-
vices are mounted on a bottom plate 610 configuring a
bottom surface of housing 600.
[0028] With reference to Figs. 4 and 5, in this embod-
iment, power supply unit 300 can be roughly classified
into first devices disposed around power transmission
unit 400, and second devices disposed between power
transmission unit 400 and bottom plate 610 in a state
where power transmission unit 400 and power supply
unit 300 are mounted on the bottom plate of housing 600.
[0029] Herein, the "around power transmission unit
400" means that an area (A1) from an end of ferrite core
460 defining an outer shape of power transmission unit
400 to the outside, as shown in Fig. 5, and an area cov-
ered with ferrite core 460 in plan view is located at a
position between power transmission unit 400 and bot-
tom plate 610. These areas are similar to corresponding
areas in power receiving unit 200 of power receiving de-
vice 10 described later.
[0030] The first devices disposed around power trans-
mission unit 400 are a high part 701a of switching power
supply 701, FC sub-board 704, fan 705, fan 710, heat
sink 711, fan 712, heat sink 713, fan 714, 715, filter in-
ductor 716, filter capacitor 717, fans 718 and 719, filter
inductor 720, and the like.
[0031] The second devices disposed between power
transmission unit 400 and bottom plate 610 are a low
part 701b of switching power supply 701, 5V/15V power
supply 707, 24V power supply 708, resonance capacitor
709, filter capacitor 721, interface 723, input controller
724, and the like.
[0032] Herein, as shown in Fig. 5, heights (H1, H2) of
first devices 702a, 720, and the like from bottom plate
610 are higher than heights (H3, H4, H5) of second de-
vices 702b, 708 and 721 from bottom plate 610. Also in
switching power supply 701 which is the same device,
low part 701b is provided to be lower than high part 701a.
[0033] Thus, the heights of the first devices disposed
around power transmission unit 400 from bottom plate
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610 are made higher than the heights of the second de-
vices disposed between power transmission unit 400 and
bottom plate 610 of housing 600. Consequently, a posi-
tion of an upper surface of power transmission unit 400
located above the second devices is approximate to po-
sitions of the first devices disposed around power trans-
mission unit 400, so that the upper surface of power trans-
mission unit 400 can be inhibited from largely protruding
upward. Consequently, even when wheels of the vehicle
run on power transmission device 50, a load can be in-
hibited from concentrating on power transmission unit
400.
[0034] In power transmission device 50 according to
this embodiment, difference (unevenness) between the
heights of the devices housed in housing 60 is reduced,
and a whole of housing 600 is formed in a thin flat shape,
so that a load is inhibited from concentrating on a partic-
ular part of an upper surface of housing 600.
[0035] The first devices disposed around power trans-
mission unit 400 and the second devices disposed be-
tween power transmission unit 400 and bottom plate 610,
described above, are each an example, and are changed
in accordance with a specification required for power
transmission unit 400.

(PLACEMENT OF POWER TRANSMISSION UNIT 400)

[0036] Herein, in power transmission device 50, in a
case where power transmission unit 400 and power sup-
ply unit 300 are housed in housing 600, and power trans-
mission unit 400 and power supply unit 300 are integrat-
ed, it is conceived that power transmission unit 400 is
disposed on one side, and power supply unit 300 is dis-
posed on the other side as shown in Fig. 6.
[0037] However, in a case where power transmission
unit 400 and power supply unit 300 are disposed as
shown in Fig. 6, a center position CL1 of housing 600
that is the center of power transmission device 50 devi-
ates from a center position CL2 of power transmission
unit 400.
[0038] Therefore, in this embodiment, a configuration
in which the first devices disposed around power trans-
mission unit 400 are disposed on both sides of power
transmission unit 400 in a width direction of the vehicle
(arrow W direction in the drawing) when viewed from an
entry direction of the vehicle (arrow F direction in the
drawing) is employed, as shown in Figs. 2, 3 and 5.
[0039] In this embodiment, as the most preferable
mode, a configuration in which center position CL1 of
housing 600 that is the center of power transmission de-
vice 50 coincides with center position CL2 of power trans-
mission unit 400 is employed. However, center position
CL1 of housing 600 that is the center of power transmis-
sion device 50 does not always completely coincide with
center position CL2 of power transmission unit 400.
When compared to the configuration shown in Fig. 6, the
configuration in which the first devices disposed around
power transmission unit 400 are disposed on both sides

of power transmission unit 400 in the width direction of
the vehicle (arrow W direction in the drawing) when
viewed from the entry direction of the vehicle (arrow F
direction in the drawing) is employed.
[0040] By employing this configuration, it is possible to
guide (drive) the vehicle based on center position CL1
of housing 600 in a case where the vehicle mounted with
power receiving device 10 is aligned with power trans-
mission device 50, and it is possible to easily align power
receiving device 10 with power transmission device 50.

(PLACEMENT OF WOUND TYPE POWER TRANSMIS-
SION COIL 450)

[0041] With reference to Figs. 7 to 9, a case where a
wound type power transmission coil 450 (see Fig. 3) is
used in power transmission unit 400 of power transmis-
sion device 50 will be described. Fig. 7 is a diagram show-
ing a direction of a magnetic flux M in wound type power
transmission coil 450, Fig. 8 is a sectional view taken
along a line VIII-VIII in Fig. 7, and Fig. 9 is a diagram
showing a direction of magnetic flux M in a case where
placement of wound type power transmission coil 450 is
changed by 90°.
[0042] Also in a case where wound type power trans-
mission coil 450 shown in Fig. 3 is employed, the heights
of first devices disposed around power transmission unit
400 are made higher than the height of second devices
disposed between power transmission unit 400 and bot-
tom plate 610, similarly to the spiral type coil shown in
Fig. 5.
[0043] With reference to Figs. 5 and 7, in this embod-
iment, a height (H1) of each of the first devices located
in a direction orthogonal to a winding axis Al (arrow W
direction in the drawing) from bottom plate 610 of housing
600 is made higher than heights (H3, H4 and H5) of the
second devices from bottom plate 610 of housing 600.
With reference to Figs. 7 and 8, height (H4) of each of
the first devices located in an axial direction of winding
axis Al from bottom plate 610 of housing 600 is made
lower than a height (H6) from bottom plate 610 of housing
600 to a lower surface of ferrite core 460.
[0044] As shown in Fig. 7, height (H4) of each of the
first devices located in the axial direction of winding axis
Al from bottom plate 610 of housing 600 is low by em-
ploying the above configuration. As a result, magnetic
flux M generated in wound type power transmission coil
450 is inhibited from interlinking with the first devices lo-
cated in F direction in the drawing, and temperatures of
the first devices can be prevented from rising.
[0045] On the other hand, as shown in Fig. 9, in a case
where placement of wound type power transmission coil
450 is changed by 90° (axial direction of winding axis Al
coincides with the width direction W of the vehicle), the
high first devices exists in the axial direction of winding
axis Al. As a result, magnetic flux M generated in wound
type power transmission coil 450 easily interlinks with
the first devices located in direction W in the drawing,
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there is a concern about rise in the temperatures of the
first devices.
[0046] Height (H1) of each of the first devices located
in the direction orthogonal to winding axis Al (arrow W
direction in the drawing) from bottom plate 610 of housing
600 is made higher than heights (H3, H5) of the second
devices from bottom plate 610 of housing 600, so that
difference (unevenness) between the heights of the de-
vices housed in housing 60 is reduced, and a thin flat
shape of the whole of housing 600 can be employed. As
a result, even when wheels of the vehicle run on power
transmission device 50, trampling force can be inhibited
from concentrating on power transmission device 50.

[SECOND EMBODIMENT]

[0047] With reference to Figs. 10 to 12, a power trans-
mission device 50A according to this embodiment will be
now described. Fig. 10 is a plan view of power transmis-
sion device 50A in this embodiment, Fig. 11 is a sectional
view taken along a line XI-XI in Fig. 10, and Fig. 12 is an
enlarged partially sectional view of another mode of pow-
er transmission device 50A in this embodiment.
[0048] An internal mechanism of power transmission
device 50A according to this embodiment is the same as
that of the above first embodiment, and is different in a
configuration of a housing 600A employed in this embod-
iment. A heating value of the first devices disposed
around a power transmission unit 400 is sometimes larg-
er than a heating value of the second devices disposed
between power transmission unit 400 and a bottom plate
610. For example, a heating value of a high part 701a of
a switching power supply 701 configuring an AC/DC unit,
and a heat sink 713, filter inductors 716, 717, 720, and
the like configuring a filter unit is larger than the heating
value of the second devices disposed between power
transmission unit 400 and bottom plate 610.
[0049] With reference to Figs. 10 and 11, in power
transmission device 50A according to this embodiment,
heights H1 and H2 of first devices 702a and 720 from
bottom plate 610 are higher than a height H7 of an upper
surface of power transmission unit 400 from bottom plate
610. The upper surface of power transmission unit 400
means an upper end of power transmission coil 450. For
example, height H2 is set to be higher than height H7 by
about 5 mm or more and about 10 mm or less.
[0050] Housing 600A includes bottom plate 610 and a
cover case 615. Cover case 615 includes a resin cover
616 disposed above power transmission unit 400, and
metal covers 617 provided at adjacent positions in a width
direction W of a vehicle with respect to resin cover 616.
In this embodiment, metal covers 617 are disposed on
both sides in width direction W with respect to resin cover
616.
[0051] Metal covers 617 each include an upper wall
618 covering upper surfaces of first devices 702a and
720, a side wall 619 covering side surfaces of first devices
702a and 720, and is formed of, for example, a metal

material such as aluminum. First devices 702a and 720
are covered with metal covers 617 to be protected, and
therefore even when a vehicle treads metal covers 617,
a large load can be inhibited from being applied to first
devices 702a and 720.
[0052] A position of the upper surface of power trans-
mission unit 400 is lower than a position of the upper
surface of each of first devices 702a and 720, and there-
fore when metal covers 617 are trod, a large load is in-
hibited from being applied to power transmission unit
400. A length in width direction W of each of upper walls
618 is, for example, between about 180 mm and about
250 mm, inclusive, and a width of each upper wall 618
is formed to have at least a width of a general wheel.
Consequently, even when the vehicle runs on power
transmission device 50, wheels can be inhibited from
pressing resin cover 616, and an excessive load can be
inhibited from being applied to power transmission unit
400.
[0053] Two metal covers 617 are provided on both end
sides in width direction W of power transmission device
50, and formed so as to extend in a longitudinal direction
of the vehicle. Therefore, even when the wheels run on
from the vicinity of a corner in width direction W that is
an front end of power transmission device 50, and further
moves, metal covers 617 can protect the first devices.
[0054] Housing 600A employs a cooling structure in
which the first devices are held between a bottom plate
610 side of the first devices and a front surface 621 side
opposite to bottom plate 610. An area where the first
devices are held between bottom plate 610 side and front
surface 621 side coincides with an area around power
transmission unit 400, and the cooling structure is em-
ployed in each area Al of Fig. 11.
[0055] Specifically, the cooling structure is formed by
upper walls 618 of metal covers 617, side walls 619 of
metal covers, and bottom plate 610. An aluminum plate
excellent in heat radiation characteristics is used as bot-
tom plate 610, and the first devices are mounted on bot-
tom plate 610. Consequently, heat from the first devices
having a large heating value is radiated from upper walls
618 to the outside, and heat is further satisfactorily radi-
ated from bottom plate 610 that is a mounting surface for
the first devices. Thus, metal covers 617 each have both
a protective function of protecting the first devices, and
a cooling function of the first devices.
[0056] In front surface areas 620Ap located around
power transmission unit 400 in outer surfaces of metal
covers 617, unevenness structures are formed by a plu-
rality of grooves 620g. That is, grooves 620g are formed
by upper walls 618 and side walls 619 of metal covers
617. Grooves 620g are formed so as to extend in a di-
rection F as shown in Fig. 10. Grooves 620g are provided,
so that a surface area of a cover 620A is enlarged, and
a contact area with the air is increased. Consequently, it
is possible to enhance a heat radiation effect. In this em-
bodiment, in order to facilitate heat radiation from the first
devices, a heat radiation heat 730 having a sufficient heat
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transfer characteristic is interposed between an upper
surface of filter inductor 720 being an example of the first
device, and a lower surface of front surface area 620Ap
of cover 620A.
[0057] Furthermore, in this embodiment, unevenness
structures using a plurality of grooves 620g are formed
not only in a front surface side and a rear surface side of
the first devices located around power transmission unit
400 but also in side surface areas 620As of cover 620A.
[0058] Thus, in cover 620A of power transmission de-
vice 50A according to this embodiment, the aluminum
plate is used as bottom plate 610, the unevenness struc-
tures in which a plurality of grooves 620g are also formed
on the surfaces of aluminum plates in front surface areas
620Ap on a front surface side and side surface areas
620As are employed. Consequently, it is possible to ef-
fectively discharge head radiated from the first devices
to the outside. As a result, it is possible to inhibit temper-
ature rise of the first devices disposed around power
transmission unit 400.
[0059] In this embodiment, the aluminum materials
having sufficient heat radiation characteristics are used,
unevenness shapes in which the plurality of grooves
620g are formed are provided on the front surface side
and the side surface sides, and heat radiation sheet 730
is furthermore used. However, the present invention is
not limited to this configuration.
[0060] As shown in Fig. 12, it is possible to enhance
heat radiation performance, and to inhibit temperature
rise of the first devices located around power transmis-
sion unit 400, by providing only a flat aluminum plate
without providing grooves 620g in front surface areas
620Ap on the front surface side and side surface areas
620As. Any other materials having sufficient heat radia-
tion characteristics may be used, and the material is not
limited to an aluminum material.

[THIRD EMBODIMENT]

[0061] With reference to Figs. 13 and 14, a configura-
tion of a power receiving device 10 will be described as
a third embodiment. Fig. 13 is a perspective view showing
a configuration of a power receiving device 10 employing
a spiral type power receiving coil 250, and Fig. 14 is a
perspective view showing a configuration of a power re-
ceiving device 10 employing a wound type power receiv-
ing coil 250. Power receiving device 10 in each of Figs.
13 and 14 is illustration of a state where a facility side in
a case where power receiving device 10 is mounted in a
vehicle is an upper side (illustration of a state turned up-
side down). Accordingly, the top in the drawing is a lower
side (ground side) in the following description.
[0062] Power receiving device 10 basically has a con-
figuration similar to the configurations of the above power
transmission devices 50 and 50A, and has a power re-
ceiving unit 200 for receiving power from power trans-
mission device 50 in a noncontact manner, an apparatus
unit 110 provided between power receiving unit 200 and

a battery 15 for storing power received by power receiving
unit 200. Power receiving unit 200 and apparatus unit
110 are housed in any of housings 600 and 600A having
configurations similar to the housings used in the above
power transmission devices 50 and 50A. Accordingly,
power receiving device 10 according to this embodiment
has a configuration in which power receiving unit 200 and
apparatus unit 100 are integrated.
[0063] Apparatus unit 110 has a capacitor 120, a rec-
tifier 130, a DC/DC converter 140, and the like. First de-
vices disposed around power receiving unit 200 are rec-
tifier 130, DC/DC converter 140, and the like, and second
devices disposed between power receiving unit 200 and
a bottom plate 610 of housing 600 are capacitor 120 and
the like.
[0064] The first devices disposed around power receiv-
ing unit 200 and the second devices disposed between
power receiving unit 200 and a bottom plate 610 of hous-
ing 600, described above, are each an example, and are
changed in accordance with a specification required for
power receiving unit 200.
[0065] Thus, heights of the first devices disposed
around power receiving unit 200 (distances from bottom
plate 610 to lower surfaces of the first devices) are higher
(longer) than heights of the second devices disposed be-
tween power receiving unit 200 and bottom plate 610 of
housing 600 (distance from bottom plate 610 to lower
surfaces of the second devices). Consequently, power
receiving unit 200 disposed on a lower surface side of
the second devices can be inhibited from protruding
downward, difference (unevenness) between the heights
of the devices housed in housing 60 is reduced, and a
thin flat shape of the whole of housing 600 can be em-
ployed.
[0066] As a result, even in a case where power receiv-
ing device 10 is mounted on a vehicle side, it is possible
to reduce a protruding amount of power receiving unit
200 from the vehicle side to the lower side (power trans-
mission side). Consequently, power receiving unit 200
can be inhibited from coming into contact with uneven-
ness (e.g., railroad crossing) on the ground, a falling ob-
ject on the ground, or other obstacle, and contact force
can be inhibited from concentrating even in a case where
power receiving unit 200 comes into contact with the un-
evenness or the like.
[0067] Similarly to a case of power transmission device
50 shown in Fig. 6, by employing the configuration in
which the first devices disposed around power receiving
unit 200 are disposed on both sides of power receiving
unit 200 in a width direction of the vehicle (arrow W di-
rection in the drawing) when viewed from an advancing
direction of the vehicle (arrow F direction in the drawing),
it is possible to easily align power receiving device 10
with power transmission device 50 when the vehicle is
guided (driven) to power transmission device 50.
[0068] Similarly to a case of power transmission device
50 shown in Figs. 7 to 9, in a case where wound type
power receiving coil 250 is used, in the first devices dis-
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posed around power receiving unit 200, a height of each
of the first devices located in a direction orthogonal to a
winding axis Al from bottom plate 610 of housing 600 is
made higher than a height of each of the second devices
from bottom plate 610 of housing 600, and a height of
each of the first devices located in an axial direction of
winding axis Al from bottom plate 610 of housing 600 is
made lower than a height from bottom plate 610 of hous-
ing 600 to a lower surface of a ferrite core 260.
[0069] Consequently, a magnetic flux M generated in
wound type power receiving coil 250 is inhibited from
interlinking with the first devices located in an F direction
in the drawing, and temperatures of the first devices can
be prevented from rising.
[0070] In power receiving device 10, lower surfaces of
the first devices are located lower than a lower surface
of power receiving unit 200. Also in power receiving de-
vice 10, housing 600 includes bottom plate 610, and a
cover 620. Cover 620 includes a resin cover 616 dis-
posed above power transmission unit 400, and metal
covers 617 provided at adjacent positions in width direc-
tion W of the vehicle with respect to resin cover 616.
Metal covers 617 each include a lower wall 618A covering
the lower surfaces of the first devices, a side wall 619
covering side surfaces of the first devices 702a, 720, and
is formed of, for example, a metal material such as alu-
minum.
[0071] Consequently, when a projection on the ground
comes into contact with power receiving device 10, the
first devices are protected by metal covers 617, and
therefore the first devices can be inhibited from being
damaged. Furthermore, the lower surface of power re-
ceiving unit 200 is located above the lower surfaces of
the first devices and lower surfaces of metal covers 617,
and therefore a large load can be inhibited from being
applied to power receiving unit 200.
[0072] Also in power receiving device 10, a cooling
structure in which the first devices are cooled from upper
and lower surfaces by lower walls 618A and bottom plate
610 is formed. Both lower walls 618A and side walls 619
are formed with grooves 620g (unevenness structure)
extending in a direction F. Grooves 620g improve a cool-
ing efficiency.
[0073] Also in power receiving device 10, since a heat-
ing value of the first devices disposed around power re-
ceiving unit 200 is larger than a heating value of the sec-
ond devices disposed between power receiving unit 200
and bottom plate 610 of housing 600, the cooling struc-
ture shown in Figs. 10 to 12 is applied to housing 600,
so that heat radiated from the first devices can be effec-
tively discharged to the outside. As a result, temperatures
of the first devices located around power receiving unit
200 can be inhibited from rising.
[0074] Although the present invention has been de-
scribed and illustrated in detail, it is clearly understood
that the same is by way of illustration and example only
and is not to be taken by way of limitation, the scope of
the present invention being interpreted by the terms of

the appended claims.
[0075] A power transmission device (50) for transmit-
ting power to a power receiving device (10) in a noncon-
tact manner, including: a power transmission unit (400)
for transmitting power to the power receiving device (10)
in a noncontact manner; a power supply unit (300), con-
nected to an external power supply, for supplying power
to the power transmission unit (400), and a housing (600)
housing the power transmission unit (400) and the power
supply unit (300), wherein the power supply unit (300)
includes first devices (702a, 720) disposed around the
power transmission unit (400), and a second device (708)
disposed between the power transmission unit (400) and
a bottom surface (610), in a state where the power trans-
mission unit (400) and the power supply unit (300) are
mounted on the bottom surface (610) of the housing (600,
600A), and a height of each of the first devices (702a,
720) from the bottom surface (610) is higher than a height
of the second device (708) from the bottom surface (610).

Claims

1. A power transmission device (50) for transmitting
power to a power receiving device (10) in a noncon-
tact manner, comprising:

a power transmission unit (400), including a fer-
rite core (460) and a power transmission coil
(450), for transmitting power to said power re-
ceiving device (10) in a noncontact manner;
a power supply unit (300), connected to an ex-
ternal power supply, for supplying power to said
power transmission unit (400); and
a housing (600, 600A) housing said power trans-
mission unit (400) and said power supply unit
(300), wherein
said power supply unit (300) includes first de-
vices (702a, 720) disposed around said power
transmission unit (400), and a second device
(708) disposed between said power transmis-
sion unit (400) and a bottom surface (610) of
said housing (600, 600A), in a state where said
power transmission unit (400) and said power
supply unit (300) are mounted on said bottom
surface (610) of said housing (600, 600A), and
a height of each of said first devices (702a, 720)
from said bottom surface (610) of said housing
(600, 600A) is higher than a height of said sec-
ond device (708) from said bottom surface (610)
of said housing (600, 600A).

2. The power transmission device according to claim
1, wherein
said power transmission device transmits power to
said power receiving device (10) in a state of facing
said power receiving device (10) mounted on a ve-
hicle,
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the height of each of said first devices (702a, 720)
from said bottom surface (610) of said housing
(600A) is higher than a height of said power trans-
mission unit from said bottom surface (610) of said
housing (600A),
said first devices (702a, 720) are disposed adjacent
to each other on both sides in a width direction of
said vehicle with respect to said power transmission
unit (400), in a state where said power transmission
device and said power receiving device (10) face
each other, and
said housing (600A) includes metal covers (617) dis-
posed so as to cover upper surfaces and side sur-
faces of said first devices (702a, 720).

3. The power transmission device according to claim 1
or 2, wherein
a heating value of said first devices (702a, 720) dis-
posed around said power transmission unit (400) is
larger than a heating value of the second device
(708) disposed between said power transmission
unit (400) and said bottom surface (610) of said hous-
ing (600, 600A), and
said housing (600, 600A) includes a cooling structure
in which said first devices (702a, 720) are held be-
tween a side of said bottom surface (610) of said
housing (600, 600A), and a side of a front surface
(621) of said housing (600, 600A) opposite to said
bottom surface (610).

4. The power transmission device according to claim
3, wherein
said housing (600A) includes metal covers (617) dis-
posed so as to cover said first devices (702a, 720),
and a metal bottom plate (610) mounted with said
first devices (702a, 720),
said metal covers (617) have upper walls (618) to
radiate heat from upper surfaces of said first devices
(702a, 720), and
said cooling structure is formed by said metal cover
(617) and said bottom plate (610), and said metal
cover (617) is formed with an unevenness structure
(620g).

5. The power transmission device according to any one
of claims 1 to 4, wherein
said first devices (702a, 720) disposed around said
power transmission unit (400) are disposed on both
sides of said power transmission unit (400) in a width
direction of a vehicle when viewed in an entry direc-
tion of the vehicle.

6. The power transmission device according to any one
of claims 1 to 5, wherein
said ferrite core (460) is formed in a plate shape, and
said power transmission coil (450) is formed so as
to be wound around said ferrite core (460) about a
winding axis (Al), and

in said first devices (702a, 720) disposed around said
power transmission unit (400),
a height of each of said first devices (702a, 720) lo-
cated in a direction orthogonal to said winding axis
(Al) from said bottom surface (610) of said housing
(600) is made higher than a height of said second
device (708) from said bottom surface (610) of said
housing (600), and
a height of each of said first devices (702a, 720) lo-
cated in an axial direction of said winding axis (Al)
from said bottom surface (610) of said housing (600)
is made lower than a height (H5) from said bottom
surface (610) of said housing (600) to a lower surface
of said ferrite core (460).

7. A power receiving device (10) for receiving power
from a power transmission device (50) in a noncon-
tact manner, comprising:

a power receiving unit (200), including a ferrite
core (260) and a power receiving coil (250), for
receiving power from said power transmission
device (50) in a noncontact manner;
an apparatus unit (110) provided between said
power receiving unit (200), and a power storage
device (150) for storing power received by said
power receiving unit (200); and
a housing (600) housing said power receiving
unit (200) and said apparatus unit (110), wherein
said apparatus unit (110) includes first devices
(130, 140) disposed around said power receiv-
ing unit (200), and a second device (120) dis-
posed between said power receiving unit (200)
and a bottom surface (610) of said housing
(600), in a state where said power receiving unit
(200) and said apparatus unit (110) are mounted
on said bottom surface (610) of said housing
(600), and
a height of each of said first devices (130, 140)
from said bottom surface (610) of said housing
(600) is higher than a height of said second de-
vice (120) from said bottom surface (610) of said
housing (600).

8. The power receiving device according to claim 7,
wherein
said power transmission device transmits power to
said power receiving device (10) in a state of facing
said power receiving device (10) mounted on a ve-
hicle,
the height of each of said first devices (130, 140)
from said bottom surface (610) of said housing (600)
is higher than a height of said power receiving unit
from said bottom surface (610) of said housing (600),
said first devices (130, 140) are disposed adjacent
to each other on both sides in a width direction of
said vehicle with respect to said power receiving unit
(200), in a state where said power receiving device
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(10) and said power transmission device face each
other, and
said housing (600) includes metal covers (617) dis-
posed so as to cover upper surfaces and side sur-
faces of said first devices (130, 140).

9. The power receiving device according to claim 8,
wherein
a heating value of said first devices (130, 140) dis-
posed around said power receiving unit (200) is larg-
er than a heating value of the second device (120)
disposed between said power receiving unit (200)
and said bottom surface (610) of said housing (600),
and
said housing (600) includes a cooling structure in
which said first devices (130, 140) are held between
a side of said bottom surface (610) and a side of a
front surface (621) opposite to said bottom surface
(610).

10. The power receiving device according to claim 9,
wherein
said housing (600) includes metal covers (617) dis-
posed so as to cover said first devices (130, 140),
and a metal bottom plate (610) mounted with said
first devices (130, 140),
said metal covers (617) have lower walls (618A) to
radiate heat from lower surfaces of said first devices
(130, 140), and
said cooling structure is formed by said metal cover
(617) and said bottom plate (610), and said metal
cover (617) is formed with an unevenness structure
(620g).

11. The power receiving device according to any one of
claims 8 to 10, wherein
said first devices (130, 140) disposed around said
power receiving unit (200) are disposed on both
sides of the power receiving unit (200) in a width
direction of a vehicle when viewed in an advancing
direction of the vehicle installed with the power re-
ceiving device (10).

12. The power transmission device according to any one
of claims 8 to 11, wherein
said ferrite core (260) is formed in a plate shape, and
said power receiving coil (250) is formed so as to be
wound around said ferrite core (260) about a winding
axis (Al), and
in said first devices (130, 140) disposed around said
power receiving unit (200), a height of each of said
first devices (130, 140) located in a direction orthog-
onal to said winding axis (Al) from said bottom sur-
face (610) of said housing (600) is made higher than
a height of said second device (120) from said bottom
surface (610) of said housing (600), and
a height of each of said first devices (130, 140) lo-
cated in an axial direction of said winding axis (Al)

from said bottom surface (610) of said housing (600)
is made lower than a height (H5) from said bottom
surface (610) of said housing (600) to a lower surface
of said ferrite core (260).
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