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(57) ABSTRACT

A first coil device includes a first coil portion that faces a
second coil portion of a second coil device in a first direction
and includes a conductive wire, and at least one nonmag-
netic member that includes a protrusion protruding to an
outside of the first coil portion in a second direction orthogo-
nal to the first direction. The nonmagnetic member includes
an eddy current interrupter that interrupts a part of an eddy
current generated in the nonmagnetic member.
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COIL DEVICE

TECHNICAL FIELD

[0001] This application relates to a coil device. This
application is based upon and claims the benefit of priority
from the prior Japanese Patent Application No. 2015-
114046, filed on Jun. 4, 2015, the entire content of which is
incorporated herein by reference.

BACKGROUND ART

[0002] A wireless power transfer system includes a power
transmission coil device which is a part of a power trans-
mitter and a power reception coil device which is a part of
a power receiver, and implements wireless power transmis-
sion using magnetic coupling between coils of an electro-
magnetic induction scheme, a magnetic resonance scheme,
etc. For example, the wireless power transfer system is
applied to a power feeding system of an electric vehicle or
a plug-in hybrid vehicle. In this case, the power reception
coil device is installed in a vehicle.

[0003] In a known conventional scheme, a conductive
plate, etc. is provided to each of a power transmission coil
device and a power reception coil device to prevent mag-
netic flux from leaking to the surrounding (for example, see
Patent Literature 1). The conductive plate (aluminum plate
60) described in Patent Literature 1 is provided to prevent
leakage of a magnetic field to the outside. In this way,
magnetic flux generated from the power transmission coil
device is prevented from passing through an iron plate
included in a floor surface of a vehicle.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: Japanese Unexamined Patent
Publication No. 2014-96982

SUMMARY OF INVENTION

Technical Problem

[0005] Incidentally, when a shield larger than a power
reception coil is provided in the power reception coil device,
magnetic flux generated from a power transmission coil and
swollen to the outside is interlinked with the shield. Then,
eddy current-dependent magnetic flux is generated, and this
magnetic flux cancels the magnetic flux from the power
transmission coil. As a result, the magnetic flux returning to
the power transmission coil decreases, and an inductance of
the power transmission coil decreases.

[0006] Here, a height of the power reception coil device
from a ground may vary according to a type of a vehicle on
which the power reception coil device is mounted or a load
amount in the vehicle. When the height of the power
reception coil device changes, a distance (gap) between the
power transmission coil device and the power reception coil
device changes. When the gap changes, the amount of
magnetic flux between the coil devices interlinking with the
shield changes. In response to change of the amount of
magnetic flux interlinking with the shield, the amount of
magnetic flux interlinking with the coil changes. That is, the
change of the amount of magnetic flux interlinking with the
shield causes a change in inductance of the coil. Power
transmitted between the coils varies depending on the induc-
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tance of the coils, and an optimum inductance value is
determined from a viewpoint of transmission power for each
system. For this reason, it is desirable to suppress an
unintended inductance change.

[0007] This disclosure describes a coil device that can
suppress a change in inductance of a coil even when a gap
changes.

Solution to Problem

[0008] A coil device according to an aspect of this disclo-
sure is a first coil device, which faces a second coil device
in a first direction and wirelessly performs power transmis-
sion or power reception, including a first coil portion that
faces a second coil portion of the second coil device in the
first direction and includes a conductive wire, and at least
one nonmagnetic member that includes a protrusion pro-
truding to an outside of the first coil portion in a second
direction orthogonal to the first direction, in which the
nonmagnetic member includes an eddy current interrupter
that interrupts a part of an eddy current generated in the
nonmagnetic member.

Effects of Invention

[0009] According to an aspect of this disclosure, a change
in inductance of a second coil portion corresponding to the
other side with regard to power transmission and reception
is suppressed even when a gap changes.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a side sectional view schematically illus-
trating a wireless power transfer system according to a first
embodiment of this disclosure.

[0011] FIG. 2 is a plan view illustrating a power reception
coil device of FIG. 1.

[0012] FIG. 3 is a diagram for description of magnetic flux
generated in the wireless power transfer system of FIG. 1.
[0013] FIG. 4 is a diagram for description of magnetic flux
generated in a wireless power transfer system according to
a comparative example.

[0014] FIG. 5 is a side sectional view schematically illus-
trating a wireless power transfer system according to a
second embodiment of this disclosure.

[0015] FIG. 6A and FIG. 6B are side sectional views
illustrating other modes of the power reception coil device,
respectively.

[0016] FIG. 7 is a side sectional view schematically illus-
trating a wireless power transfer system according to a third
embodiment of this disclosure.

[0017] FIG. 8 is a side sectional view schematically illus-
trating a wireless power transfer system according to a
fourth embodiment of this disclosure.

[0018] FIG. 9 is a side sectional view schematically illus-
trating a wireless power transfer system according to a fifth
embodiment of this disclosure.

DESCRIPTION OF EMBODIMENTS

[0019] A coil device according to an aspect of this disclo-
sure is a first coil device, which faces a second coil device
in a first direction and wirelessly performs power transmis-
sion or power reception, including a first coil portion that
faces a second coil portion of the second coil device in the
first direction and includes a conductive wire, and at least
one nonmagnetic member that includes a protrusion pro-
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truding to an outside of the first coil portion in a second
direction orthogonal to the first direction, in which the
nonmagnetic member includes an eddy current interrupter
that interrupts a part of an eddy current generated in the
nonmagnetic member.

[0020] When the nonmagnetic member includes the pro-
trusion, magnetic flux generated by the second coil portion
of the second coil device is likely to interlink with the
protrusion. When a distance between the first coil portion
and the second coil portion, that is, a gap decreases, a
tendency of the magnetic flux to interlink with the protrusion
increases. According to the first coil device according to the
aspect of this disclosure, when the eddy current interrupter
is provided in the nonmagnetic member, a part of the eddy
current generated in the nonmagnetic member is interrupted
and flows to detour around the eddy current interrupter. In
this way, a distance of a flow of the eddy current increases,
magnetic resistance increases, and the eddy current is
reduced. Here, eddy current-dependent magnetic flux can
cancel coil-dependent magnetic flux generated by the second
coil portion. When the eddy current decreases as described
above, the eddy current-dependent magnetic flux decreases,
and a decrease in magnetic flux interlinking with the second
coil portion (that is, magnetic flux generated from the second
coil portion which returns to and interlinks with the second
coil portion) is suppressed. According to such a coil device,
a change in inductance of the second coil portion corre-
sponding to the other side with regard to power transmission
and reception is suppressed even when the gap changes.
[0021] In some aspects, the eddy current interrupter is
provided in the protrusion. Magnetic flux from the second
coil portion is likely to interlink with the protrusion. For this
reason, an eddy current generated in the protrusion tends to
increase. When the eddy current interrupter is provided in
the protrusion, in the protrusion, a part of an eddy current is
interrupted, and the eddy current flows to detour around the
eddy current interrupter. The effect of reducing the eddy
current-dependent magnetic flux is more remarkably exerted
by the eddy current interrupter provided in the protrusion,
and a decrease in inductance of the second coil portion is
efficiently suppressed.

[0022] In some aspects, the first coil portion is smaller
than the second coil portion in the second direction. When
the first coil portion is smaller than the second coil portion,
magnetic flux generated from the second coil portion is more
likely to interlink with the nonmagnetic member when
compared to a case in which the first coil portion is the same
as or larger than the second coil portion. For this reason,
providing the eddy current interrupter is significant.

[0023] Insome aspects, the nonmagnetic member includes
a hollow portion recessed to an opposite side from a side
facing the second coil portion in the first direction, and the
first coil portion is located in the hollow portion. When the
first coil portion is located in the hollow portion, a part or a
whole of the first coil portion is accommodated in the
nonmagnetic member. Therefore, the first coil portion may
be inhibited from protruding in the first direction.

[0024] In some aspects, the first coil portion and the
second coil portion are circular type coils. When the circular
type coils are used, a direction of magnetic flux is close to
the first direction, and thus magnetic flux generated from the
second coil portion is likely to interlink with the nonmag-
netic member. For this reason, providing the eddy current
interrupter is significant.
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[0025] In some aspects, the eddy current interrupter is a
hole penetrating the nonmagnetic member in the first direc-
tion or a concave portion recessed in the first direction.
When the hole or the concave portion serving as the eddy
current interrupter is provided in the nonmagnetic member,
it is possible to reliably and easily interrupt a part of the eddy
current and change a path of the eddy current in the
nonmagnetic member.

[0026] In some aspects, the at least one nonmagnetic
member includes a first nonmagnetic member and a second
nonmagnetic member disposed adjacent to the first nonmag-
netic member on a side away from the second coil portion
when compared with the first nonmagnetic member, the
eddy current interrupter includes a first hole provided in the
first nonmagnetic member to penetrate the first nonmagnetic
member in the first direction, and a second hole provided in
the second nonmagnetic member to penetrate the second
nonmagnetic member in the first direction, the first coil
device further includes a moving mechanism that moves the
second nonmagnetic member in the second direction, and
the moving mechanism moves the second nonmagnetic
member such that overlapping between the first hole and the
second hole decreases as a distance between the first coil
portion and the second coil portion decreases. In this case,
an overlapping state of the eddy current interrupter may be
changed by adjusting a position of the first nonmagnetic
member and/or the second nonmagnetic member. In this
way, the path of the eddy current changes. When the first coil
portion and the second coil portion are separated from each
other to some extent, magnetic flux from the second coil
portion rarely interlinks with the nonmagnetic member. For
this reason, an overlapping state between the first hole which
is the eddy current interrupter of the first nonmagnetic
member and the second hole which is the eddy current
interrupter of the second nonmagnetic member is decreased,
and a penetration part as a whole of the plurality of non-
magnetic members is decreased. In this way, a function of
preventing magnetic flux from leaking to the surrounding
(that is, a shielding function) is ensured. Here, the nonmag-
netic member originally has this function. When the first coil
portion and the second coil portion approach each other, an
influence of the eddy current increases. The overlapping
state between the first hole which is the eddy current
interrupter of the first nonmagnetic member and the second
hole which is the eddy current interrupter of the second
nonmagnetic member is increased, and the penetration part
as a whole of the plurality of nonmagnetic members is
increased. In this way, a function of blocking an eddy current
is exerted.

[0027] In some aspects, the at least one nonmagnetic
member includes a first nonmagnetic member and a second
nonmagnetic member disposed adjacent to the first nonmag-
netic member on a side away from the second coil portion
when compared with the first nonmagnetic member, the
eddy current interrupter includes a hole provided in any one
of the first nonmagnetic member and the second nonmag-
netic member to penetrate the one nonmagnetic member in
the first direction, and a convex portion provided on the
other one of the first nonmagnetic member and the second
nonmagnetic member to fit to the hole, the first coil device
further includes a moving mechanism that moves the second
nonmagnetic member in the first direction, and the moving
mechanism moves the second nonmagnetic member such
that overlapping between the hole and the convex portion
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decreases as a distance between the first coil portion and the
second coil portion decreases. When the first coil portion
and the second coil portion are separated from each other to
some extent, magnetic flux from the second coil portion
rarely interlinks with the nonmagnetic member. For this
reason, the hole and the convex portion are fit to each other
using the moving mechanism to reduce overlapping thereof,
thereby decreasing a gap (a space in which the hole is left).
In this way, a function of preventing magnetic flux from
leaking to the surrounding is ensured. Here, the nonmagnetic
member originally has this function. When the first coil
portion and the second coil portion approach each other, an
influence of the eddy current increases. The gap increases
when a fit degree between the hole and the convex portion
is loosened using the moving mechanism. In this way, a
function of blocking an eddy current is exerted.

[0028] In some aspects, the first coil device further
includes an electrically conductive sheet member provided
between the first nonmagnetic member and the second
nonmagnetic member and allowed to come into close con-
tact with the first nonmagnetic member and the second
nonmagnetic member. It is possible to ensure electric con-
nection between the first nonmagnetic member and the
second nonmagnetic member by providing the sheet mem-
ber that can come into close contact with an uneven shape
of the first nonmagnetic member and the second nonmag-
netic member.

[0029] Hereinafter, embodiments of this disclosure will be
described with reference to drawings. In description of the
drawings, the same reference numeral will be assigned to the
same element, and a repeated description will be omitted. In
addition, the respective drawings are prepared for descrip-
tion, and illustrated to particularly emphasize a part to be
described. For this reason, a ratio of dimensions of respec-
tive members in the drawings may not be the same as an
actual ratio. In description below, a left-right direction X, a
front-rear direction Y, and a vertical direction Z refer to
directions based on an electric vehicle EV.

[0030] A description will be given of a wireless power
transfer system 1 of the present embodiment and a power
reception coil device (first coil device) 5 applied thereto with
reference to FIG. 1. The wireless power transfer system 1
includes a power transmission coil device (second coil
device) 4 and the power reception coil device 5, and is a
system for wirelessly supplying power from the power
transmission coil device 4 to the power reception coil device
5. The power transmission coil device 4 and the power
reception coil device 5 are separated from each other in the
vertical direction Z (first direction). For example, the power
transmission coil device 4 is installed on a road surface R of
a parking lot, etc. For example, the power reception coil
device 5 is mounted in the electric vehicle (movable object)
EV. The wireless power transfer system 1 is configured to
supply power to the electric vehicle EV arriving at the
parking lot, etc. using magnetic coupling between coils of a
magnetic resonance scheme, an electromagnetic induction
scheme, etc.

[0031] The power transmission coil device 4 is provided to
protrude upward from the road surface R. For example, the
power transmission coil device 4 has a shape of a flat
frustum or a rectangular parallelepiped. A controller, an
inverter, etc. (not illustrated) is connected to the power
transmission coil device 4. Desired AC power generated by
a DC power source or an AC power source is sent to the
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power transmission coil device 4. When the AC power is
sent to the power transmission coil device 4, the power
transmission coil device 4 generates magnetic flux. The
power transmission coil device 4 may be buried in the road
surface R rather than protruding from the road surface R.
[0032] The power transmission coil device 4 includes a
flat plate-shaped power transmission coil portion (second
coil portion) 13 that generates magnetic flux, and a housing
10 that accommodates the power transmission coil portion
13. For example, the housing 10, which is flat, includes a
base 11 fixed to the road surface R and a protective cover 12
fixed to the base 11 to form an accommodation space
between the protective cover 12 and the base 11. For
example, the base 11 and the protective cover 12 are made
of resin. Alternatively, the base 11 not facing the power
reception coil device 5 may be embodied using a nonmag-
netic and electrically conductive material (for example,
aluminum).

[0033] For example, the power transmission coil portion
13 is a circular type coil. The power transmission coil
portion 13 includes a ferrite plate 15 which is a rectangular
plate-shaped magnetic member and a spirally wound con-
ductive wire 14 fixed on the ferrite plate 15. For example,
the conductive wire 14 is a litz wire and is wound in a
rectangular shape or a circular shape. The ferrite plate 15 is
disposed on a rear surface side of the conductive wire 14. In
the left-right direction X and the front-rear direction Y (each
of which corresponds to a direction orthogonal to the first
direction, that is, a second direction), the ferrite plate 15 may
have the same size as the spirally wound conductive wire 14
or may be smaller than the conductive wire 14.

[0034] The power reception coil device 5 is attached to a
bottom surface of a vehicle body (ion chassis C, etc.) of the
electric vehicle EV, and faces the power transmission coil
device 4 in the vertical direction Z. A direction (first direc-
tion) in which the power reception coil device 5 faces the
power transmission coil device 4 refers to a direction
perpendicular to the road surface R on which the power
transmission coil device 4 is provided from the power
reception coil device 5. When the power transmission coil
device 4 and the power reception coil device 5 are mis-
aligned, the direction in which the power reception coil
device 5 faces the power transmission coil device 4 is the
direction perpendicular to the road surface R, not a direction
directed from the power reception coil device 5 to the power
transmission coil device 4 to be oblique with respect to the
road surface R.

[0035] For example, the power reception coil device 5 has
a shape of a flat frustum or a rectangular parallelepiped. A
controller, a rectifier, etc. (not illustrated) is connected to the
power reception coil device 5. The power reception coil
device 5 generates an induced current when the magnetic
flux generated by the power transmission coil device 4
interlinks with the power reception coil device 5. In this way,
the power reception coil device 5 wirelessly receives power
from the power transmission coil device 4. The power
received by the power reception coil device 5 is supplied to
a load (for example, a battery).

[0036] The power reception coil device 5 includes a flat
plate-shaped power reception coil portion (first coil portion)
23 that generates an induced current and a housing 20 that
accommodates the power reception coil portion 23. For
example, the flat housing 20 includes a base 21 fixed to the
vehicle body of the electric vehicle EV and a protective
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cover 22 fixed to the base 21 to form an accommodation
space between the protective cover 22 and the base 21. For
example, the base 21 and the protective cover 22 are made
of resin. Alternatively, the base 21 not facing the power
transmission coil device 4 may be embodied using a non-
magnetic and electrically conductive material (for example,
aluminum).

[0037] For example, the power reception coil portion 23 is
a circular type coil. The power reception coil portion 23
includes a ferrite plate 25 which is a rectangular plate-
shaped magnetic member and a spirally wound conductive
wire 24 fixed on the ferrite plate 25. For example, the
conductive wire 24 is a litz wire and is wound in a rectan-
gular shape or a circular shape. The ferrite plate 25 is
disposed on a rear surface side of the conductive wire 24. In
the left-right direction X and the front-rear direction Y (each
of which corresponds to the direction orthogonal to the first
direction, that is, the second direction), the ferrite plate 25
may have the same size as the spirally wound conductive
wire 24. The ferrite plate 25 may be smaller than the
conductive wire 24 or larger than the conductive wire 24.
[0038] In the wireless power transfer system 1, a shape
and a size of the power transmission coil portion 13 are
equal to a shape and a size of the power reception coil
portion 23. A common coil device may be used as the power
transmission coil device 4 and the power reception coil
device 5. When a center of the power reception coil device
5 in the front-rear direction Y is aligned with a center of the
power transmission coil device 4 in the front-rear direction
Y, positions of both ends of the power transmission coil
portion 13, that is, a front end 14a and a rear end 145 of the
conductive wire 14 in the front-rear direction Y match
positions of a front end 24a and a rear end 245 of the
conductive wire 24 in the front-rear direction Y.

[0039] Further, a gap G corresponding to an interval in the
vertical direction Z is formed between a surface of the power
transmission coil portion 13 of the power transmission coil
device 4 (that is, an upper surface of the conductive wire 14)
and a surface of the power reception coil portion 23 of the
power reception coil device 5 (that is, a lower surface of the
conductive wire 24). This gap G is a minimum distance
between the power transmission coil portion 13 and the
power reception coil portion 23. When the movable object is
the electric vehicle EV, the gap G may vary according to a
model, an automobile rank, etc. of the electric vehicle EV.
[0040] The power reception coil device 5 includes one
shield plate (nonmagnetic member) 30 disposed between the
vehicle body (ion chassis C, etc.) of the electric vehicle EV
and the power reception coil portion 23. The shield plate 30
is a nonmagnetic and electrically conductive member, and is
made of, for example, aluminum or copper. The shield plate
30 is disposed on an opposite side of the power reception
coil portion 23 from a side facing the power transmission
coil portion 13 of the power transmission coil device 4. In
other words, the shield plate 30 is provided between the base
21 of housing 20 and the chassis C made of iron (that is, on
a rear surface side of the power reception coil portion 23).
The shield plate 30 may include one plate material or a
combination of a plurality of plate materials.

[0041] As illustrated in FIG. 1 and FIG. 2, in the left-right
direction X and the front-rear direction Y (each of which
corresponds to the second direction orthogonal to the first
direction), the shield plate 30 protrudes to the outside of a
rectangular region in which the power reception coil portion
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23 is provided. In other words, the shield plate 30 protrudes
outward from an outer periphery of the power reception coil
portion 23 over the entire circumference. In other words, the
shield plate 30 includes protrusions 31a, 315, 31¢, and 31d
(whole circumferential protrusion) protruding over the
entire circumference. In this way, when the power reception
coil portion 23 is projected in the vertical direction Z, the
shield plate 30 covers a projection region. An area of the
shield plate 30 is wider than a projected area of the power
reception coil portion 23 in the vertical direction Z.

[0042] The shield plate 30 is a shield member provided to
prevent the magnetic flux generated by the power transmis-
sion coil device 4 from leaking to the electric vehicle EV
side. It is considered that the magnetic flux generated by the
power transmission coil device 4 is likely to leak to the
electric vehicle EV side since the power reception coil
device 5 is close to the iron chassis C. However, leakage of
the magnetic flux may be prevented by providing the shield
plate 30. In the shield plate 30 of the present embodiment,
the possibility of misalignment of the power reception coil
device 5 with respect to the power transmission coil device
4 is taken into consideration. The shield plate 30 can prevent
the magnetic flux generated by the power transmission coil
device 4 from leaking to the electric vehicle EV side when
the misalignment of the power reception coil device 5 with
respect to the power transmission coil device 4 occurs. In
addition, since the magnetic flux from the power transmis-
sion coil device 4 bulges outward from the power transmis-
sion coil device 4, the shield plate 30 may prevent the
magnetic flux generated by the power transmission coil
device 4 from leaking to the electric vehicle EV side not only
when the misalignment occurs but also when no misalign-
ment occurs.

[0043] In the front-rear direction Y, the shield plate 30
protrudes from a front end of the power reception coil
portion 23, that is, the front end 24a of the conductive wire
24 corresponding to the front end of the power reception coil
portion 23. In other words, the shield plate 30 includes the
protrusion 31a protruding to the outside of a front end of the
projection region of the power reception coil portion 23. For
example, a length L of the protrusion 31a (a distance from
the front end 24a to a front end 30a) may be greater than or
equal to a sum of the gap G and a maximum permissible
misalignment amount allowable between the power recep-
tion coil portion 23 of the power reception coil device 5 and
the power transmission coil portion 13 of the power trans-
mission coil device 4. The length L of the protrusion 31a
may be less than the sum of the maximum permissible
misalignment amount and the gap G.

[0044] In the front-rear direction Y, the shield plate 30
protrudes from a rear end of the power reception coil portion
23, that is, the rear end 245 of the conductive wire 24
corresponding to the rear end of the power reception coil
portion 23. In other words, the shield plate 30 includes the
protrusion 315 protruding to the outside of a rear end of the
projection region of the power reception coil portion 23. A
length L of the protrusion 315 (a distance from the rear end
24b to a rear end 305) may be greater than or equal to the
sum of the maximum permissible misalignment amount and
the gap G. The length L of the protrusion 315 may be less
than the sum of the maximum permissible misalignment
amount and the gap G.

[0045] As illustrated in FIG. 2, in the left-right direction
X, the protruding length of the shield plate 30 is set in the
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same manner as described above. That is, the shield plate 30
includes the protrusion 31c¢ protruding to the outside of a
right end of the projection region of the power reception coil
portion 23. The shield plate 30 includes a protrusion 31d
protruding to the outside of a left end of the projection
region of the power reception coil portion 23. Each of
lengths L of the protrusions 31¢ and 314 (a distance from a
right end of the conductive wire 24 to a right end 30c and a
distance from a left end of the conductive wire 24 to a right
end 304) may be greater than or equal to the sum of the
maximum permissible misalignment amount and the gap G.
Each of lengths L. of the protrusions 31¢ and 31d may be less
than the sum of the maximum permissible misalignment
amount and the gap G.

[0046] For example, the maximum permissible misalign-
ment amount is a maximum value in a range of a misalign-
ment amount determined in advance to be able to satisfy
predetermined power efficiency. Specifically, a misalign-
ment is changed to measure power efficiency in advance,
and the maximum permissible misalignment amount is set to
a maximum value in a range of a misalignment amount in
which power efficiency of a certain level or more is obtained.
As another example of the maximum permissible misalign-
ment amount, for example, the maximum permissible mis-
alignment amount may be set to a maximum value in a range
of a misalignment amount in which a decrease in power
efficiency with respect to maximum power efficiency is less
than or equal to 5% or 10%. The power efficiency refers to
a ratio of power at a certain place inside a power receiver
including the power reception coil device 5 to power at a
certain place inside a power transmitter including the power
transmission coil device 4. For example, power efficiency
corresponds to a ratio of power of an output of the rectifier
of the power receiver to power of an input of the inverter of
the power transmitter. Herein, the inverter of the power
transmitter generates desired AC power, which is transmit-
ted from the power transmission coil device 4 to the power
reception coil device 5, from DC power (an output from the
DC power source, power obtained by rectifying an output
from the AC power source, etc.). The rectifier of the power
receiver converts the AC power received by the power
reception coil device 5 into DC power (for example, power
input to the battery).

[0047] Alternatively, the maximum permissible misalign-
ment amount may be defined as a maximum value in a range
of a misalignment amount in which the power receiver
including the power reception coil device 5 may supply
predetermined power (for example, 3 kW) to a load con-
nected to the power receiver rather than a maximum value
in a range of a misalignment amount determined to be able
to satisfy the predetermined power efficiency.

[0048] Further, another example of the maximum permis-
sible misalignment amount is a misalignment amount
descried in a specification, a usage manual, etc. of the
wireless power transfer system 1 in terms of a usage mode
of the wireless power transfer system 1 determined in
advance. Even though the maximum permissible misalign-
ment amount may vary according to a model, an automobile
rank, etc. of the electric vehicle EV, examples thereof
include a numerical value of 100 mm in the front-rear
direction Y and 200 mm in the left-right direction X. In this
case, the usage manual may state that “Please use the
wireless power transfer system such that the misalignment
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falls within a range of 100 mm in the front-rear direction Y
and 200 mm in the left-right direction X”.

[0049] When the misalignment is not present, this case
may mean a positional relation between the power trans-
mission coil device 4 and the power reception coil device 5
in which maximum power efficiency of the present wireless
power transfer system 1 is implemented. Alternatively, when
the misalignment is not generated, this case may mean that
a center of a surface of the power transmission coil portion
13 in the front-rear direction Y and a center of a surface of
the power reception coil portion 23 in the front-rear direc-
tion Y match each other in the vertical direction Z. Alter-
natively, when the misalignment is not generated, this case
may mean a positional relation between the power trans-
mission coil device 4 and the power reception coil device 5
defined as no misalignment in the specification, the usage
manual, etc. of the wireless power transfer system 1. A shift
from these reference positions indicating no misalignment is
set as a misalignment.

[0050] Different numerical values may be set in the front-
rear direction Y and the left-right direction X as the maxi-
mum permissible misalignment amount. In a movable object
such as the electric vehicle EV which runs in the front-rear
direction Y, the maximum permissible misalignment amount
in the front-rear direction Y may be determined to be smaller
than the maximum permissible misalignment amount in the
left-right direction X.

[0051] According to the power reception coil device 5
including the protruding shield plate 30, even when an
alignment corresponding to the maximum permissible mis-
alignment amount occurs in the front-rear direction Y, the
shield plate 30 directly faces the power transmission coil
device 4. Therefore, even when the power reception coil
portion 23 does not fully directly face the power transmis-
sion coil portion 13 due to occurrence of an misalignment of
the power reception coil device 5 in the front-rear direction
Y, magnetic flux from the power transmission coil portion 13
is inhibited from leaking to the electric vehicle EV by
shielding effect of the shield plate 30. As a result, the
magnetic flux from the power transmission coil portion 13
easily passes through the power reception coil portion 23,
and a decrease in power efficiency is suppressed.

[0052] The shield plate 30 exerts shielding effect not only
when a misalignment occurs, but also when the gap G
changes. Moreover, the shield plate 30 of the present
embodiment is configured to suppress a change in induc-
tance of the power transmission coil portion 13 in the power
transmission coil device 4 corresponding to the other side
with regard to power transmission and reception even when
the gap G changes. Hereinafter, a description will be given
of'a configuration that can suppress the change in inductance
of the power transmission coil portion 13.

[0053] Asillustrated in FIG. 1, and FIG. 2, the shield plate
30 includes an eddy current interrupter 40 that changes a
state of an eddy current that may be generated in the shield
plate 30. The eddy current interrupter 40 interrupts a part of
the eddy current generated in the shield plate 30 and causes
the part of the eddy current to detour, thereby changing the
state of the eddy current. For example, eddy current inter-
rupter 40 includes a plurality of holes 41 penetrating front
and rear surfaces of the shield plate 30. That is, the holes 41
penetrate the shield plate 30 in the direction (the first
direction) in which the power transmission coil device 4
faces the power reception coil device 5.
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[0054] The eddy current interrupter 40 will be described in
more detail. The plurality of holes 41 are formed in the
shield plate 30. For example, each of the holes 41 is an
elongated hole (slit) and extends in one direction. For
example, the plurality of holes 41 has substantially the same
length, is parallel to each other, and is arranged at approxi-
mately equal intervals. Each of the holes 41 extends up to
positions close to the both ends of the shield plate 30 (from
the right end 30c¢ to the left end 304) in the left-right
direction X. Each of the holes 41 extends longer than the
power reception coil portion 23 (conductive wire 24). The
plurality of holes 41 is provided across the projection region
obtained by projecting the power reception coil portion 23 in
the vertical direction Z and the protrusions 3la to 31d
protruding from the projection region. In other words, the
eddy current interrupter 40 is provided in the above-men-
tioned projection region and in the protrusions 31a to 31d as
well.

[0055] Various shapes may be adopted for the holes 41 of
the eddy current interrupter 40 when a part of the eddy
current generated in the shield plate 30 may be interrupted
and caused to detour, and the state of the eddy current may
be changed when compared to a case in which a slit 40q is
not present. The holes 41 may extend long in the left-right
direction X as illustrated in FIG. 2, and may extend long in
another direction, for example, the front-rear direction Y. For
example, the holes 41 may not be formed parallel to each
other, and may be formed in a cross shape extending in the
left-right direction X and the front-rear direction Y, or
formed to radially extend from a center position of the
conductive wire 24. The holes 41 may not be continuously
provided across the projection region and the protrusions
31a to 31d, and may be separately provided in each of the
projection region and the protrusions 31a to 31d. The holes
41 may not be provided in the projection region, and may be
provided only in the protrusions 31a to 314. In this way, it
is possible to ensure strength of the shield plate 30 when
compared to a case in which the holes 41 are provided in the
projection region while interrupting the eddy current gen-
erated in the shield plate 30. A width or a length of each of
the holes 41 may be appropriately changed according to a
position at which each of the holes 41 is provided.

[0056] Next, a description will be given of effects of the
shield plate 30 and the eddy current interrupter 40 included
in the power reception coil device 5. When the shield plate
30, which is a nonmagnetic member, includes the protru-
sions 31a to 31d, the magnetic flux generated by the power
transmission coil portion 13 of the power transmission coil
device 4 is likely to interlink with the protrusions 31a to 314.
When the distance between the power reception coil portion
23 and the power transmission coil portion 13, that is, the
gap G decreases, a tendency of the magnetic flux to interlink
with the protrusions 31a to 314 increases. According to the
power reception coil device 5 of the present embodiment,
when the eddy current interrupter 40 is provided in the shield
plate 30, a part of the eddy current generated in the shield
plate 30 is interrupted and flows to detour around the eddy
current interrupter 40. In this way, a distance of a flow of the
eddy current increases, magnetic resistance increases, and
the eddy current is reduced. Eddy current-dependent mag-
netic flux can cancel coil-dependent magnetic flux generated
by the power transmission coil portion 13. However, when
the eddy current decreases as described above, the eddy
current-dependent magnetic flux decreases, and a decrease
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in magnetic flux interlinking with the power transmission
coil portion 13 (that is, magnetic flux generated from the
power transmission coil portion 13 which returns to and
interlinks with the power transmission coil portion 13,
so-called self-return) is suppressed (see FIG. 3). According
to the power reception coil device 5, a change in inductance
of the power transmission coil portion 13 corresponding to
the other side with regard to power transmission and recep-
tion is suppressed even when the gap G changes.

[0057] As illustrated in FIG. 4, it is possible to consider a
wireless power transfer system 100 including a shield plate
130 which has a protrusion 131 and is not provided with an
eddy current interrupter in the shield plate 130. Magnetic
flux generated by a power transmission coil portion 13
interlinks with the protrusion 131. In particular, when a gap
G between the power transmission coil portion 13 of a power
transmission coil device 104 and a power reception coil
portion 23 of a power reception coil device 105 becomes
small, interlinkage of the magnetic flux is likely to occur.
Further, when eddy current-dependent magnetic flux is
generated in the shield plate 30, this magnetic flux cancels
magnetic flux from the power transmission coil portion 13.
As a result, magnetic flux returning to the power transmis-
sion coil portion 13 (self-returning magnetic flux) decreases,
and inductance of the power transmission coil portion 13
decreases. According to the shield plate 30 in which the eddy
current interrupter 40 is provided, a decrease in inductance
of the power transmission coil portion 13 is suppressed even
when the gap G changes.

[0058] In addition, magnetic flux from the power trans-
mission coil portion 13 is likely to interlink with the pro-
trusions 31a to 31d. For this reason, eddy currents generated
in the protrusions 31a to 31d tend to increase. In the power
reception coil device 5, the eddy current interrupter 40 is
provided in the protrusions 31a to 31d. In this way, in the
protrusions 31a to 31d, a part of an eddy current is inter-
rupted, and the eddy current flows to detour around the eddy
current interrupter 40. The effect of reducing the eddy
current-dependent magnetic flux is more remarkably exerted
by the eddy current interrupter 40 provided in the protru-
sions 31a to 31d. A decrease in inductance of the power
transmission coil portion 13 is efficiently suppressed.

[0059] Since the power transmission coil portion 13 and
the power reception coil portion 23 are circular type coils, a
direction of magnetic flux is close to the vertical direction Z.
Therefore, the magnetic flux from the power transmission
coil portion 13 is likely to interlink with the shield plate 30.
On the other hand, when the coil portions are of solenoid
type, a direction of magnetic flux is close to the left-right
direction X or the front-rear direction Y. For this reason, it
is considered that the magnetic flux from the power trans-
mission coil portion 13 rarely interlinks with the shield plate.
In this regard, the eddy current interrupter 40 provided to the
circular type power reception coil portion 23 is particularly
meaningful and effective.

[0060] When the holes 41 serving as the eddy current
interrupter 40 are provided in the shield plate 30, it is
possible to reliably and easily interrupt a part of the eddy
current and change a path of the eddy current in the shield
plate 30. Since the eddy current interrupter 40 includes the
holes 41 which are through-holes, air passes through the
inside of the shield plate 30 and a temperature rise of the
shield plate 30 is suppressed.
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[0061] A description will be given of a wireless power
transfer system 1A according to a second embodiment with
reference to FIG. 5. The wireless power transfer system 1A
is different from the wireless power transfer system 1 of the
first embodiment in that a power transmission coil device 4A
larger than the power reception coil device 5 is provided
instead of the power transmission coil device 4 having the
same shape and the same size as those of the power
reception coil device 5. The power transmission coil device
4A includes a power transmission coil portion 13A having a
conductive wire 14A and a ferrite plate 15A. In the front-rear
direction Y and the left-right direction X, the power trans-
mission coil portion 13A of the power transmission coil
device 4A is larger than the power reception coil portion 23
of the power reception coil device 5. A housing 10 of the
power transmission coil device 4A is larger than the housing
20 of the power reception coil device 5. In other words, the
power reception coil portion 23 of the power reception coil
device 5 (the size of the conductive wire 24 in the case of a
circular type) is smaller than the power transmission coil
portion 13A of the power transmission coil device 4A (the
size of the conductive wire 14A in the case of a circular
type).

[0062] A shield plate 30A may be larger than the shield
plate 30 of the power reception coil device 5 of the first
embodiment or may have the same size as that of the shield
plate 30. The shield plate 30A includes protrusions 31a to
31d. The shield plate 30A protrudes to the outside of a region
in which the power transmission coil portion 13 of the power
transmission coil device 4A is projected in the vertical
direction Z. An eddy current interrupter 40A including a
plurality of holes 41 is provided in the shield plate 30A. The
eddy current interrupter 40A may be the same as the eddy
current interrupter 40 of the first embodiment. In the eddy
current interrupter 40A, the number of holes 41 or a total
size of the holes 41 may be larger than that of the eddy
current interrupter 40.

[0063] The same effect as that of the wireless power
transfer system 1 of the first embodiment is exhibited by the
wireless power transfer system 1A including the power
transmission coil device 4A and the power reception coil
device 5. In addition, when the power reception coil portion
23 is smaller than the power transmission coil portion 13A,
magnetic flux generated from the power transmission coil
portion 13A is likely to interlink with the shield plate 30A.
For this reason, in the wireless power transfer system 1A, the
significance of providing the eddy current interrupter 40A is
more remarkable.

[0064] Modifications below may be adopted as modifica-
tions of the power reception coil devices in the first embodi-
ment and the second embodiment. For example, as illus-
trated in FIG. 6A, it is possible to adopt a structure in which
a power reception coil device 5B is embedded in a rectan-
gular parallelepiped-shaped depression formed in the chas-
sis C of the electric vehicle EV. In this case, a shield plate
30B of an eddy current interrupter 40B includes a hollow
portion 33 fit to the depression of the chassis C. The hollow
portion 33 is recessed to an opposite side from a side facing
the power transmission coil portion 13 in the vertical direc-
tion Z. A power reception coil portion 23 is located in the
hollow portion 33. Further, the shield plate 30B includes
protrusions 31a to 31d protruding in the front-rear direction
Y and the left-right direction X in a portion other than the
depression of the chassis C (the protrusions 31¢ and 31d are
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the same as those illustrated in FIG. 2). A lower surface 22a
of'a housing 20 may be flush with lower surfaces 31f of the
protrusions 31a to 314 or positioned on the hollow portion
33 side of the lower surfaces 317, The power reception coil
device 5B is located at a higher position than a minimum
ground clearance of the electric vehicle EV.

[0065] The eddy current interrupter 40B includes a plu-
rality of holes 41. For example, the holes 41 are formed on
a rear surface side of the power reception coil portion 23,
and the holes 41 are further formed in the protrusions 31a to
31d. The holes 41 may be formed or may not be formed in
a side wall 32 extending along the vertical direction Z.

[0066] According to the power reception coil device 5B,
the same effects as those of the power reception coil devices
5 and 5A and the wireless power transfer systems 1 and 1A
of the above embodiments are exhibited. In addition, when
the power reception coil portion 23 is located in the hollow
portion 33, a part or a whole of the power reception coil
portion 23 is accommodated in the shield plate 30B. There-
fore, the power reception coil portion 23 is inhibited from
protruding downward.

[0067] Furthermore, the eddy current interrupter 40B is
provided in the protrusions 31a to 314 extending in a flange
shape. In the shield plate 30B having a shape including the
hollow portion 33, magnetic flux from the power transmis-
sion coil portion 13 is likely to particularly interlink with the
protrusions 31a to 31d. For this reason, the eddy current
interrupter 40B provided in the protrusions 31a to 31d is
particularly effective from a viewpoint of decreasing an
eddy current reducing eddy current-dependent magnetic
flux. Alternatively, the eddy current interrupter 40B may be
provided only in the protrusions 31a to 314. In this way, it
is possible to ensure strength of the shield plate 30B when
compared to a case in which the holes 41 are provided in the
hollow portion 33 while interrupting the eddy current gen-
erated in the shield plate 30B. For example, the hollow
portion 33 may be recessed in a shape of a truncated square
pyramid.

[0068] Alternatively, as illustrated in FIG. 6B, a part of a
hollow portion 33 may be disconnected, and a shield plate
30C including a discontinuous portion 34 may be used. An
eddy current interrupter 40C including the shield plate 30C
is similar to the eddy current interrupter 40B except for the
above point. The same effect as that of the power reception
coil device 5B including the eddy current interrupter 40B
may be exhibited by a power reception coil device 5C
including the eddy current interrupter 40C. Since the dis-
continuous portion 34 is provided, a shielding function of
the shield plate 30C slightly deteriorates. However, the
shield plate 30C is advantageous in terms of processability
and ease of installation.

[0069] A description will be given of a power reception
coil device 5D according to a third embodiment with refer-
ence to FIG. 7. The power reception coil device 5D is
different from the power reception coil devices 5 and 5A to
5C of the above embodiments in that a first shield plate (first
nonmagnetic member) 51 and a second shield plate (second
nonmagnetic member) 52 which are a plurality of nonmag-
netic members are included, and a moving mechanism 70 for
relatively moving the second shield plate 52 with respect to
the first shield plate 51 is included. An eddy current inter-
rupter 40D including a hole (first hole) 61 and a hole (second
hole) 62 is provided in the first shield plate 51 and the second



US 2018/0166210 Al

shield plate 52. A sheet member 53 is provided between the
first shield plate 51 and the second shield plate 52.

[0070] The second shield plate 52 is disposed adjacent to
the first shield plate 51 on a side away from the power
transmission coil portion 13 when compared with the first
shield plate 51. For example, the first shield plate 51 is
attached to the chassis C of the electric vehicle EV so as to
be suspended by a mounting member (not illustrated). The
second shield plate 52 and the sheet member 53 are disposed
between the first shield plate 51 and the chassis C. A slight
space S may be formed between the second shield plate 52
and the chassis C.

[0071] Moving mechanisms 70 and 70 are provided at
both ends of the second shield plate 52. The moving
mechanism 70 includes a fixed portion 71 fixed to the
chassis C and a moving portion 72 movable in the front-rear
direction Y with respect to the fixed portion 71. For example,
the fixed portion 71 is made of a nonmagnetic material. For
example, the moving portion 72 is made of a screw member
such as a bolt. For example, the moving portion 72 is made
of' a nonmagnetic material. The second shield plate 52 may
be moved in the front-rear direction Y by rotating the
moving portion 72. A configuration of the moving mecha-
nism is not limited to a mode in which the screw member is
used.

[0072] A plurality of parallel holes 61 and 62 is formed in
the first shield plate 51 and the second shield plate 52,
respectively. The holes 61 formed in the first shield plate 51
and the holes 62 formed in the second shield plate 52 are
formed in the same pattern. More specifically, the holes 61
and the holes 62 are equal in size, shape, and number. The
first shield plate 51 includes protrusions 51a and 515. The
second shield plate 52 includes protrusions 52a and 52b.
Although not illustrated, the first shield plate 51 and the
second shield plate 52 may include protrusions protruding in
the left-right direction X as illustrated in FIG. 2. The holes
61 of the first shield plate 51 are provided across a projection
region obtained by projecting a power reception coil portion
23 in the vertical direction Z and the protrusions 51a and
51b. The holes 62 of the second shield plate 52 are provided
across the projection region obtained by projecting the
power reception coil portion 23 in the vertical direction Z
and the protrusions 52a and 525.

[0073] The sheet member 53 may be made of an electri-
cally non-conductive material or an electrically conductive
material. When the sheet member 53 is the electrically
non-conductive material, magnetic flux enters the second
shield plate 52 through the holes 61 of the first shield plate
51 and the sheet member 53. The amount of magnetic flux
entering the second shield plate 52 changes due to a differ-
ence in area of the second shield plate 52 overlapping the
holes 61 of the first shield plate 51, and thus a magnitude of
an eddy current generated in the second shield plate 52
changes.

[0074] The sheet member 53 may not be provided between
the first shield plate 51 and the second shield plate 52, and
the first shield plate 51 and the second shield plate 52 may
be in direct contact with each other.

[0075] In addition, when the sheet member 53 is electri-
cally conductive, the same effect as that in the case in which
the first shield plate 51 and the second shield plate 52 are in
direct contact with each other is obtained. Here, when the
first shield plate 51 and the second shield plate 52 are in
direct contact with each other while the first shield plate 51
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and the second shield plate 52 have unevenness, electric
contact between the first shield plate 51 and the second
shield plate 52 may be insufficient. Then, an eddy current
generated in the first shield plate 51 rarely moves to the
second shield plate 52. Therefore, a path of the eddy current
rarely changes even when an overlapping state of the holes
61 and 62 of both the first shield plate 51 and the second
shield plate 52 changes.

[0076] When the electrically conductive sheet member 53
is provided, the sheet member 53 may closely come into
contact with (that is, come into close contact with) the first
shield plate 51 and the second shield plate 52. It is possible
to ensure electric connection between the first shield plate 51
and the second shield plate 52 by providing the sheet
member 53 that can come into close contact with an uneven
shape of the first shield plate 51 and the second shield plate
52. The sheet member 53 may be a deformable material, for
example, a gel-like material containing metal powder.
[0077] According to the power reception coil device 5D,
an overlapping state of the eddy current interrupter 40D may
be changed by adjusting a position of the second shield plate
52 with respect to the first shield plate 51 using the moving
mechanism 70. In this way, the path of the eddy current
changes. When the power transmission coil portion 13 and
the power reception coil portion 23 are separated from each
other to some extent, the magnetic flux from the power
transmission coil portion 13 rarely interlinks with the first
shield plate 51 and the second shield plate 52. For this
reason, an overlapping state between the holes 61 which is
an eddy current interrupter of the first shield plate 51 and the
holes 62 which is an eddy current interrupter of the second
shield plate 52 is decreased, and a penetration part as a
whole of the plurality of shield plates 51 and 52 is decreased.
In this way, a function of preventing magnetic flux from
leaking to the surrounding (that is, a shielding function) is
ensured. Here, the shield plates 51 and 52 originally have
this function. When the power transmission coil portion 13
and the power reception coil portion 23 approach each other,
an influence of the eddy current increases. The overlapping
state between the holes 61 which is an eddy current inter-
rupter of the first shield plate 51 and the holes 62 which is
an eddy current interrupter of the second shield plate 52 is
increased, and the penetration part as a whole of the plurality
of'shield plates 51 and 52 is increased. In this way, a function
of blocking an eddy current is exerted.

[0078] A description will be given of a power reception
coil device 5E according to a fourth embodiment with
reference to FIG. 8. The power reception coil device 5E is
different from the above-described power reception coil
device 5D in that a second shield plate (second nonmagnetic
member) 56 provided with a convex portion 63 fit to a hole
61 of a first shield plate 51 is included instead of the second
shield plate 52 provided with the holes 62, and a moving
mechanism 80 for moving the second shield plate 56 in the
vertical direction Z is included instead of the moving
mechanism 70. An eddy current interrupter 40E including
the hole 61 and the convex portion 63 is provided in the first
shield plate 51 and the second shield plate 56.

[0079] Moving mechanisms 80 and 80 are provided at
both ends of the second shield plate 56. The moving
mechanism 80 includes a plurality of bimetals 81 provided
on an upper surface side and a lower surface side of the both
ends of the second shield plate 56. The bimetals 81 can be
deformed according to a temperature change. More specifi-
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cally, both ends of the bimetal 81 are fixed to pins, etc. (not
illustrated) attached to the chassis C around a corner of the
second shield plate 56, and are normally wound around the
pins, etc. For example, a cooling device (not illustrated)
including a Peltier element is connected to the bimetal 81.
When a temperature of the bimetal 81 is controlled by the
cooling device, the second shield plate 56 is pressed by
deformation of the bimetal 81 and is moved by a predeter-
mined distance. Such a configuration enables the second
shield plate 56 to move in the vertical direction Z. The
moving mechanism 80 moves the second shield plate 56
such that overlapping between the hole 61 and the convex
portion 63 decreases as a distance between a power trans-
mission coil portion 13 and a power reception coil portion
23, that is, a gap G decreases. For example, the gap G is
measured by a height sensor (not illustrated). For example,
the height sensor is provided in a suspension of the electric
vehicle EV, and detects a change in vehicle height by
measuring a sinking amount of the vehicle with respect to a
predetermined reference position as a magnetic displace-
ment or a resistance displacement. In addition, a laser
displacement meter installed on the bottom surface of the
vehicle body may be used as the height sensor to directly
measure a change in the distance to the road surface.

[0080] The convex portion 63 of the second shield plate 56
is provided to correspond to the hole 61 of the first shield
plate 51. For example, the convex portion 63 is equal in size
and number to the hole 61. The second shield plate 56
includes protrusions 564 and 565. Although not illustrated,
the second shield plate 56 may include a protrusion that
protrudes in the left-right direction X as illustrated in FIG.
2. The convex portion 63 of the second shield plate 56 is
provided across a projection region obtained by projecting
the power reception coil portion 23 in the vertical direction
Z and the protrusions 564 and 565. A hole may be provided
in the second shield plate 56 and a convex portion may be
provided on the first shield plate 51.

[0081] According to the power reception coil device 5E,
when the power transmission coil portion 13 and the power
reception coil portion 23 are separated from each other to
some extent (when the gap G is large), magnetic flux from
the power transmission coil portion 13 rarely interlinks with
the first shield plate 51 and the second shield plate 56. For
this reason, the hole 61 and the convex portion 63 are fit to
each other using the moving mechanism 80 to reduce
overlapping thereof, thereby decreasing a gap (a space in
which the hole 61 is left). In this way, a function of
preventing magnetic flux from leaking to the surrounding is
ensured. Here, the first shield plate 51 and the second shield
plate 56 originally have this function. When the power
transmission coil portion 13 and the power reception coil
portion 23 approach each other (when the gap G decreases),
an influence of the eddy current increases. The gap increases
when a fit degree between the hole 61 and the convex
portion 63 is loosened using the moving mechanism 80. In
this way, a function of blocking an eddy current is exerted.
[0082] Even though the embodiments of this disclosure
have been described above, the invention is not limited to
the above embodiments. For example, the nonmagnetic
member may not have the rectangular shape. When an
obstacle is present in the vehicle body (movable object), a
notch, etc. may be appropriately provided in the nonmag-
netic member. The nonmagnetic member may not have the
plate shape, and may have a block shape. The nonmagnetic
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member may not be provided as a separate body separated
from the housing 20. For example, the base 21 of the
housing 20 may be made of a nonmagnetic material, and the
base 21 may protrude from a region of the power reception
coil portion 23. It is possible to provide the base 21 made of
the nonmagnetic material and another nonmagnetic member
disposed around the base 21. In this case, eddy current-
dependent magnetic flux may be reduced even when the gap
G changes by providing the eddy current interrupter in the
nonmagnetic member disposed around the base 21.

[0083] The power transmission coil portion 13 of the
power transmission coil device 4 and the power reception
coil portion 23 of the power reception coil device 5 may be
solenoid coils.

[0084] In the above embodiments, a description has been
given of a case in which the elongated hole is formed in the
nonmagnetic shield plate as the eddy current interrupter.
However, the hole is not limited to the elongated hole, and
it is possible to provide a circular or oval hole or provide a
square hole. In addition, as the eddy current interrupter, the
hole may not be formed, and a concave portion not pen-
etrating therethrough may be provided. A groove that is a
concave portion extending in a predetermined direction may
be formed as the eddy current interrupter. In these cases, the
concave portion is formed in a shape recessed in a facing
direction (first direction) of the coil device.

[0085] For example, as illustrated in FIG. 9, it is possible
to use a shield plate 30F provided with a concave portion 43
as an eddy current interrupter 40F instead of the holes 41 of
the eddy current interrupter 40 (see FIG. 1 and FIG. 2). In
apower reception coil device SF of a wireless power transfer
system IF, for example, the concave portion 43 forms a
groove shape extending similarly to the hole 41. Since an
eddy current flowing through the shield plate 30F flows on
a side at which magnetic flux interlinks, that is, a power
transmission coil device 4 side in the shield plate 30F, when
the concave portion 43 is provided on the power transmis-
sion coil device 4 side of the shield plate 30F, the eddy
current needs to detour around the concave portion 43. As a
result, a distance of a flow of the eddy current becomes
longer, and the eddy current becomes smaller. A depth of the
concave portion 43 in the vertical direction Z may be twice
or more a skin depth inherent to a material of the shield plate
30F. When the depth is defined in this way, it is possible to
inhibit the eddy current from flowing. In addition, since the
concave portion 43 does not penetrate the shield plate unlike
the holes 41, magnetic flux from the power transmission coil
device 4 is prevented from leaking to the electric vehicle EV,
and a shielding function is ensured.

[0086] A water or air cooling device may be combined
with the bimetal 81 of the fourth embodiment as a movement
control mechanism. A pneumatic actuator may be used as the
moving mechanism. In this case, a pump may be included.
[0087] This disclosure is not limited to the vehicle body of
the vehicle traveling on the ground, and may be applied to
another movable object such as an underwater vehicle, etc.
A type of movable object is not limited, and examples
thereof may include a motorcycle, a bicycle, a train, a water
cruiser, an underwater vehicle, and an airplane. A route
along which the movable object travels may be a land route,
a waterway, or an air route. Even when the movable object
is the water cruiser or the underwater vehicle, the gap G may
change according to a degree of approach of the movable
object with respect to the power transmission coil device 4.
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[0088]

In the above embodiments, a description has been

given of a case in which the wireless power transfer system
is applied to a system (device) for charging a battery
mounted in a vehicle (movable object) such as an electric
vehicle, hybrid vehicle, etc. However, the invention is not
limited thereto. For example, the invention is applicable to
a wireless power transfer system for charging a battery
provided in a consumer appliance such as a household
electrical appliance, a wireless power transfer system for
supplying power to drive industrial equipment (for example,
a stage, an arm, a crane, a robot, etc.).

[0089]

The nonmagnetic member including the eddy cur-

rent interrupter may not be applied to the power reception
coil device. The nonmagnetic member including the eddy
current interrupter may be applied to the power transmission
coil device. In this case, the power transmission coil device
corresponds to a first coil device of claims.

[0090]

INDUSTRIAL APPLICABILITY

According to some aspects of this disclosure, a

change in inductance of a second coil portion corresponding
to the other side with regard to power transmission and
reception is suppressed even when a gap changes.

[0091]
[0092]
[0093]
[0094]
device)
[0095]
[0096]
[0097]
[0098]
[0099]
[0100]
[0101]
[0102]
[0103]
[0104]
portion)
[0105]
[0106]
[0107]
[0108]
[0109]
[0110]
[0111]
[0112]
[0113]
[0114]
[0115]
[0116]
[0117]
[0118]
[0119]
[0120]
[0121]
[0122]
[0123]
[0124]
[0125]
[0126]

REFERENCE SIGNS LIST

1 wireless power transfer system

1A wireless power transfer system

1F wireless power transfer system

4 power transmission coil device (second coil

4A power transmission coil device

5 power reception coil device (first coil device)
5A power reception coil device

5B power reception coil device

5C power reception coil device

5D power reception coil device

5E power reception coil device

5F power reception coil device

10 housing

13 power transmission coil portion (second coil

13A power transmission coil portion
14 conductive wire

14A conductive wire

15 ferrite plate

15A ferrite plate

20 housing

23 power reception coil portion (first coil portion)
24 conductive wire

25 ferrite plate

30 shield plate

30A shield plate

30B shield plate

30C shield plate

31a protrusion

316 protrusion

31c¢ protrusion

31d protrusion

40 eddy current interrupter
40A eddy current interrupter
40B eddy current interrupter
40C eddy current interrupter
40D eddy current interrupter
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[0127] 40E eddy current interrupter

[0128] 41 holes

[0129] 43 concave portion

[0130] 51 first shield plate (first nonmagnetic member)
[0131] 51a protrusion

[0132] 515 protrusion

[0133] 52 second shield plate (second nonmagnetic mem-
ber)

[0134] 524 protrusion

[0135] 525 protrusion

[0136] 53 sheet member

[0137] 56 second shield plate (second nonmagnetic mem-
ber)

[0138] 564 protrusion

[0139] 565 protrusion

[0140] 61 hole (first hole)

[0141] 62 hole (second hole)

[0142] 63 convex portion

[0143] 70 moving mechanism

[0144] 71 fixed portion

[0145] 72 moving portion

[0146] 80 moving mechanism

[0147] 81 bimetal

[0148] C chassis

[0149] EV electric vehicle (movable object)

[0150] G gap

[0151] X left-right direction (second direction)

[0152] Y front-rear direction (second direction)

[0153] Z vertical direction (first direction)

1. A first coil device that faces a second coil device in a
first direction and wirelessly performs power transmission or
power reception, the first coil device comprising:

a first coil portion that faces a second coil portion of the
second coil device in the first direction and includes a
conductive wire; and

at least one nonmagnetic member that includes a protru-
sion protruding to an outside of the first coil portion in
a second direction orthogonal to the first direction,

wherein the nonmagnetic member includes an eddy cur-
rent interrupter that interrupts a part of an eddy current
generated in the nonmagnetic member.

2. The first coil device according to claim 1, wherein the

eddy current interrupter is provided in the protrusion.

3. The first coil device according to claim 1, wherein the
first coil portion is smaller than the second coil portion in the
second direction.

4. The first coil device according to claim,

wherein the nonmagnetic member includes a hollow
portion recessed to an opposite side from a side facing
the second coil portion in the first direction, and

the first coil portion is located in the hollow portion.

5. The first coil device according to claim 1, wherein the
first coil portion and the second coil portion are circular type
coils.

6. The first coil device according to claim 1, wherein the
eddy current interrupter is a hole penetrating the nonmag-
netic member in the first direction or a concave portion
recessed in the first direction.
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7. The first coil device according to claim 1,

wherein the at least one nonmagnetic member includes a
first nonmagnetic member and a second nonmagnetic
member disposed adjacent to the first nonmagnetic
member on a side away from the second coil portion
when compared with the first nonmagnetic member,

the eddy current interrupter includes

a first hole provided in the first nonmagnetic member to
penetrate the first nonmagnetic member in the first
direction, and

a second hole provided in the second nonmagnetic mem-
ber to penetrate the second nonmagnetic member in the
first direction,

the first coil device further comprises a moving mecha-
nism that moves the second nonmagnetic member in
the second direction, and

the moving mechanism moves the second nonmagnetic
member such that overlapping between the first hole
and the second hole decreases as a distance between the
first coil portion and the second coil portion decreases.

8. The first coil device according to claim 1,

wherein the at least one nonmagnetic member includes a
first nonmagnetic member and a second nonmagnetic
member disposed adjacent to the first nonmagnetic
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member on a side away from the second coil portion
when compared with the first nonmagnetic member,

the eddy current interrupter includes

a hole provided in any one of the first nonmagnetic
member and the second nonmagnetic member to pen-
etrate the one nonmagnetic member in the first direc-
tion, and

a convex portion provided on the other one of the first
nonmagnetic member and the second nonmagnetic
member to fit to the hole,

the first coil device further comprises a moving mecha-
nism that moves the second nonmagnetic member in
the first direction, and

the moving mechanism moves the second nonmagnetic
member such that overlapping between the hole and the
convex portion decreases as a distance between the first
coil portion and the second coil portion decreases.

9. The first coil device according to claim 7, further

comprising

an electrically conductive sheet member provided
between the first nonmagnetic member and the second
nonmagnetic member and allowed to come into close
contact with the first nonmagnetic member and the
second nonmagnetic member.

#* #* #* #* #*



