US 20140361632A1

a2y Patent Application Publication (o) Pub. No.: US 2014/0361632 Al

a9 United States

OBAYASHI et al.

(43) Pub. Date: Dec. 11, 2014

(54) LEAKAGE PREVENTING DEVICE OF
ELECTROMAGNETIC WAVE

(71)  Applicant: KABUSHIKI KAISHA TOSHIBA,
Tokyo (JP)

(72) Inventors: Shuichi OBAYASHI, Yokohama-Shi
(IP); Tetsu SHIJO, Tokyo (JP); Makoto
HIGAKI, Tokyo (IP)

(21) Appl. No.: 14/299,528
(22) Filed: Jun. 9, 2014
(30) Foreign Application Priority Data

Jun. 11,2013 (JP) et 2013-122831

Publication Classification

(51) Int.CL

H02J 17/00 (2006.01)

(52) US.CL
[ SR H02J 17/00 (2013.01)
1673 G 307/104
(57) ABSTRACT

There is provided a leakage preventing device of electromag-
netic wave for a first resonator to perform wireless power
transmission with a second resonator. A first conductor plate
is provided on a first side of the first resonator, the first side
being an opposite side of a second side where the first reso-
nator is opposed to the second resonator. First and second
conductive objects are connectable to the first conductor plate
at first ends and electrically connectable to a second conduc-
tor plate at a second ends respectively. The second conductor
plate is provided on a third side of the second resonator. The
third side of the second resonator is an opposite side of a
fourth side of the second resonator where the second resona-
tor is opposed to the first resonator. The first and second
conductive objects form a conductive loop together with the
first conductor plate and the second conductor plate.
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LEAKAGE PREVENTING DEVICE OF
ELECTROMAGNETIC WAVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No, 2013-
122831, filed Jun. 11, 2013; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] An embodiment described herein relates to a leak-
age preventing device of electromagnetic wave.

BACKGROUND

[0003] Conventionally, a wireless power transmitting sys-
tem which performs non-contact charging using a transmis-
sion/reception antenna of microwaves of 2.45 GHz for
instance is known. The system includes a transmission
antenna which outputs microwaves from an output surface, a
reception antenna which is disposed at a position opposed to
the output surface during transmission and receives the
microwaves outputted by the transmission antenna on an
input surface, and a shield part which electromagnetically
shields a space between the transmission antenna and the
reception antenna from the outside. The shield part is config-
ured as the one for which a brush-like conductive object
formed by bundling many wire-like or rod-like conductors is
disposed in an area surrounding the output surface of the
transmission antenna.

[0004] Also, as a different wireless power transmitting sys-
tem, the one in which a coil spring for shielding electric waves
is attached so as to surround the transmission antenna instead
of the brush-like conductive object for the intention of more
surely preventing leakage of microwaves is known.

[0005] However, in the case of a non-contact charging
device using a frequency of a long wave band of 10-200 kHz
for instance, even if shielding is performed simply with a
conductive brush or a coil spring or the like, when there is a
gap by recesses and projections under a vehicle body or a
dielectric layer by a plastic casing, electromagnetic waves
leak.

[0006] Inanon-contactcharging device in which about 100
kHz is a transmission frequency and non-contact power sup-
ply is performed between upper and lower resonators, a mag-
netic field distribution in the case of providing a metal plate
respectively on the upper resonator and under the lower reso-
nator and surrounding the upper and lower resonators by a
metal shield having a cross section of a square-shaped ring
further is considered. It is assumed that there is no gap
between the lower metal plate and the metal shield but there is
a gap of 5 mm between the upper metal plate and the metal
shield. The surrounding magnetic field distribution in this
case becomes the magnetic field distribution with a small
difference compared to the case that there is no metal shield
having the cross section of the square-shaped ring. For
instance, at the position of2 m to the left from the center of the
resonator, a magnetic field in the case that there is the metal
shield has the reduction effect of about one third of the mag-
netic field in the case that there is no metal shield, that is a
little less than —10 dB.
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[0007] In such a manner, a conventional technology has a
problem that electromagnetic waves leak when there is a gap
by recesses and projections under a vehicle body or a dielec-
tric layer by a plastic casing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates an electromagnetic leakage pre-
venting device according to a first embodiment;

[0009] FIG. 2 illustrates an electromagnetic leakage pre-
venting device according to a second embodiment;

[0010] FIG. 3 illustrates an electromagnetic leakage pre-
venting device according to a third embodiment;

[0011] FIG. 4 illustrates a simulation result of a magnetic
field leakage preventing effect by the second embodiment;
[0012] FIG. 5 illustrates an electromagnetic leakage pre-
venting device according to a fourth embodiment;

[0013] FIG. 6 illustrates an electromagnetic leakage pre-
venting device according to a fifth embodiment;

[0014] FIG. 7A illustrates an electromagnetic leakage pre-
venting device according to a six embodiment;

[0015] FIG. 7B illustrates the electromagnetic leakage pre-
venting device according to the sixth embodiment;

[0016] FIG. 8A illustrates an electromagnetic leakage pre-
venting device according to a seventh embodiment;

[0017] FIG. 8B illustrates the electromagnetic leakage pre-
venting device according to the seventh embodiment;
[0018] FIG. 9A illustrates an electromagnetic leakage pre-
venting device according to an eighth embodiment;

[0019] FIG. 9B illustrates the electromagnetic leakage pre-
venting device according to the eighth embodiment;

[0020] FIG. 10 illustrates an electromagnetic leakage pre-
venting device according to a ninth embodiment;

[0021] FIG. 11 illustrates an electromagnetic leakage pre-
venting device according to a tenth embodiment; and
[0022] FIG. 12 illustrates an electromagnetic leakage pre-
venting device according to an eleventh embodiment.

DETAILED DESCRIPTION

[0023] According to one embodiment, there is provided a
leakage preventing device of electromagnetic wave for a first
resonator to perform wireless power transmission with a sec-
ond resonator disposed so as to be opposed to the first reso-
nator, the first resonator including a first magnetic material
and a first coil wound around the first magnetic material. The
leakage preventing device includes: a first conductor plate
and first and second conductive objects.

[0024] The first conductor plate is provided on a first side of
the first resonator, the first side being an opposite side of a
second side of the first conductor plate where the first reso-
nator is opposed to the second resonator.

[0025] The first and second conductive objects are electri-
cally connectable to the first conductor plate at first ends and
be electrically connectable to a second conductor plate at
second ends respectively. The second conductor plate is pro-
vided on a third side of the second resonator. The third side is
anopposite side of a fourth side of the second resonator where
the second resonator is opposed to the first resonator. The first
and second conductive objects form a conductive loop sur-
rounding a periphery of the first and second resonators
together with the first conductor plate and the second conduc-
tor plate, when the first ends are electrically connected to the
first conductor plate and the second ends are electrically
connected to the second conductor plate.
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[0026] The embodiment of the present invention relate to a
leakage preventing device which prevents electromagnetic
wave leakage to the surroundings when performing wireless
power transmission between a primary resonator and a sec-
ondary resonator. This leakage preventing device is suitable
when used to prevent leakage of electromagnetic waves to the
surroundings in the case of performing wireless power trans-
mission for non-contact charging using a primary resonator
installed to a parking surface and a secondary resonator
installed at the lower part of a vehicle such as an electric
automobile, for instance. The embodiments of the present
invention are applicable also to leakage prevention of elec-
tromagnetic waves when performing wireless power trans-
mission to various kinds of electric devices operated by a
battery charger, in addition to a moving body such as an
electric automobile or a train.

[0027] Hereinafter, the embodiments of the present inven-
tion will be described with reference to drawings.

First Embodiment

[0028] FIG. 1(a) illustrates a top view of a wireless power
transmitting device (secondary transmitting device) includ-
ing a leakage preventing device according to a first embodi-
ment and a secondary resonator. FIG. 1(5) illustrates a front
view for the time when a wireless power transmitting device
(primary transmitting device) including a primary resonator
is made to be opposed to the wireless power transmitting
device in FIG. 1(a).

[0029] This leakage preventing device includes a conductor
plate 102 and conductive objects 103 and 104. In this
example, the conductive objects 103 and 104 have the form of
a conductive wire.

[0030] A secondary resonator 106 includes a magnetic core
106A, and a transmission coil 106B wound around the mag-
netic core 106A. The magnetic core 106 A has an approxi-
mately flat shape. The transmission coil 106B has an approxi-
mately flat upper cross section.

[0031] The conductor plate 102 is disposed on the back
surface side of the secondary resonator 106, that is, on the
opposite side of the side where the secondary resonator 106 is
opposed to a primary resonator 105.

[0032] The conductive wire 103 is disposed away from the
secondary resonator 106 in a direction parallel to a width
direction of the coil 106B. One end of the conductive wire 103
is connected to the conductor plate 102, and the other end of
the conductive wire 103 is electrically connectable and sepa-
rable to/from a conductive plate 101 by being brought into
contact or non-contact with the surface of the conductive
plate 101. The other end is curved in a J shape at one end and
is to be in contact with the conductive plate 101 at the curve
part. In FIG. 1(5), a connected state is illustrated.

[0033] The conductive wire 104 is disposed away from the
secondary resonator 106 in a direction approximately oppo-
site to the conductive wire 103. Between the conductive wires
104 and 103, the secondary resonator 106 is positioned. One
end of the conductive wire 104 is connected to the conductor
plate 102, and the other end is electrically connectable and
separable to/from the conductive plate 101 by being brought
into contact or non-contact with the surface of the conductive
plate 101. The other end is curved in a 3 shape at one end and
is to be in contact with the conductive plate 101 at the curve
part. In FIG. 1(5), the connected state is illustrated. Also, the
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other ends of the conductive wires 103 and 104 are in the form
of being suspended from the conductive plate 102 on the
upper side.

[0034] While one end of the conductive wires 103 and 104
is fixedly connected to the conductive plate 102 in FIG. 1(b),
however, a connectable and separable configuration may be
adapted as well. Also, the conductive wires 103 and 104 may
be disposed approximately in parallel to the conductive plate
102 and turned to the state that both ends are released in
non-use (when not performing the wireless power transmis-
sion) and turned to the form that the other end is suspended
from the conductive plate 102 and one end is automatically
connected to the conductor plate 102 as in FIG. 1(b) in use.
[0035] The primary resonator 105 includes a magnetic core
105 A, and a reception coil 105B wound around the magnetic
core 105A. The magnetic core 105A has an approximately
flat shape. The reception coil 105B has an approximately flat
upper cross section. By the magnetic cores 105A and 106A
disposed at the center of the respective coils of the primary
resonator 105 and the secondary resonator 106, a coupling
coefficient between the resonators can be increased during the
wireless power transmission.

[0036] Sincethe other ends of the conductive wires 103 and
104 are connected to the conductive plate 101 on the primary
side, a conductive loop is formed so as to surround a resonator
pair by the conductive wires 103 and 104 and the conductive
plates 101 and 102. The conductive loop surrounds the entire
resonator pair so as to go around the left, right, up and down
of'the resonator pair along a paper surface of FIG. 1(4). In an
illustrated example, the conductive loop is approximately
parallel to a winding direction of the coils 106B and 105B.
However, being parallel is not essential. By the conductive
loop, the leakage of the electromagnetic waves to the sur-
roundings is reduced during the wireless power transmission
from the primary side to the secondary side.

[0037] The reason is that, during the wireless power trans-
mission, magnetic fluxes are generated mainly longitudinally
and vertically between the upper and lower resonators, and
when the magnetic fluxes move to and from the upper and
lower resonators in an unbalanced manner, an induced current
corresponding to a magnetic flux density for the unbalance
flows to the conductive loop, and functions to cancel the
magnetic fluxes for the unbalance.

[0038] Itis said generally that there is no effective absorber
for the frequency of the long wave band of 10-200 kHz. In
such a low frequency magnetic area (near field), generally
two important magnetic shield methods are the use of a high
permeability ferromagnetic material (ferrite or the like)
which changes the flow of the magnetic fluxes, and the use of
a short-circuit loop which generates a magnetic field in an
opposite direction. In this embodiment, attention is paid espe-
cially to the short-circuit loop, and the short-circuit loop is
easily configured at a part distant from the resonator pair,
where there is little influence on the wireless power transmis-
sion. Therefore, effective magnetic shielding is made pos-
sible, and the leakage of the electromagnetic waves to the
surroundings is prevented.

[0039] While the conductive wire is installed to the second-
ary conductor plate 102 in FIG. 1(e) and FIG. 1(b), conduc-
tive wires 103A and 104A may be installed to the primary
conductor plate 101 as illustrated in FIG. 1(¢).

[0040] In this case, one end of the conductive wires 103A
and 104A is connected to the conductor plate 101, and the
other end is electrically connectable and separable to/from
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the conductor plate 102. Specifically, when a secondary trans-
mitting device is oppositely disposed during the wireless
power transmission, the other end of the conductive wires
103A and 104A is electrically connected to the secondary
conductive plate 102. The state at the time is illustrated in
FIG. 1(¢). The conductive wires 103A and 104A are in the
form of rising from the conductive plate 101 on the lower side.
In such a manner, even when the conductive wire is formed on
the primary conductive plate, since a conductive loop is
formed around the resonator pair, a magnetic shielding is
effectively formed, and the leakage of the electromagnetic
waves to the surroundings is prevented.

[0041] While one end of the conductive wire 103 is con-
nected to a surface on the side opposed to the conductor plate
102 of the conductor plate 101 in the example illustrated in
FIG. 1(b), the configuration of being connected to a surface
onthe opposite side is also possible. Forinstance, a small hole
may be formed on the conductor plate 101, one end of the
conductive wire 103 may be made to pass through the hole
and one end of a J-shape may be brought into contact with the
surface on the opposite side. An oblong hole may be formed
in accordance with the width of a J shape and the thickness of
the wire, and the wire may be made to pass through the hole
and then rotated by 90 degrees around an axis or the like so
that the wire is prevented from easily getting off. The con-
ductive wire 104 may be configured similarly to the conduc-
tive wire 103.

Second Embodiment

[0042] FIG. 2 illustrates a wireless power transmitting
device including a leakage preventing device according to a
second embodiment and a resonator. The resonator may be
either primary resonator or secondary resonator.

[0043] To a resonator 205 including a magnetic core 205A
and a coil 205B, the leakage preventing device is disposed.
The leakage preventing device includes a conductor plate 201
and a set of a plurality of conductive wires 203 and 204 whose
one end is connected to the conductor plate 201. The other end
of'them is brought into contact with the conductor plate on a
back surface of the resonator that is arranged oppositely dur-
ing power transmission and is electrically connected with the
conductor plate. Thus, during the power transmission, a plu-
rality of short-circuit loops are formed at different parts in a
longitudinal direction. Therefore, there is a function of can-
celing the magnetic fluxes for the unbalance at different loca-
tions in the longitudinal direction, and a leakage magnetic
field to the surroundings can be reduced more.

[0044] Using FIG. 4, a simulation result indicating a mag-
netic field leakage preventing effect by the second embodi-
ment will be described. FIG. 4(a) illustrates a simulation
result by a configuration of the second embodiment. Five
loops are disposed at the interval of 10 cm. FIG. 4(5) illus-
trates a simulation result by a configuration (conventional
configuration) for which all the conductive wires 203 and 204
are removed from the configuration in FIG. 2. In the conven-
tional configuration, the conductive loop is not formed.
[0045] As illustrated in FIG. 4(a), when five loops are dis-
posed at the interval of 10 cm, the surrounding magnetic field
can be reduced greatly. For instance, at the position of 2 m to
the left from the center of the resonator, the magnetic field in
FIG. 4(a) can obtain the reduction effect of about %20 of the
magnetic field in FIG. 4(b), that is —=26 dB.

[0046] Also, as a related technology, a configuration of
disposing a conductive brush and a coil spring densely so as
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to surround a resonator pair is known. It is forming a sealed
space around the resonator pair by respective metal wires
configuring the conductive brush and the respective coil
springs, and prevents the leakage of the electromagnetic
waves. Only when the condition that the respective metal
wires and the respective coil springs are brought into electric
contact with both metal plates disposed above and below the
resonator pair is satisfied, a magnetic shielding effect is gen-
erated. In the configuration, the conductive brush and the coil
spring have to be densely disposed, causing problems of
weight increase and cost increase. Also, in terms of the con-
figuration, a gap from the metal plate tends to be generated. In
contrast, in this embodiment, there is no need of densely
disposing the conductive loops, and a gap from the conduc-
tive plate is not easily generated. Therefore, a high shielding
effect can be obtained with few loops even when they are
sparsely disposed. Also, this effect can be obtained similarly
in the first embodiment as well.

Third Embodiment

[0047] FIG. 3 illustrates a wireless power transmitting
device including a leakage preventing device according to a
third embodiment and a resonator. The resonator may be
either primary resonator or secondary resonator. The same
symbols are attached for the parts similar to FIG. 2 and
redundant descriptions are omitted.

[0048] The conductive plate 202 is provided on a back
surface side (a back side toward the paper surface) of the
conductive plate 201. The conductive plate 202 may be
formed integrally with the conductive plate 201 or may be
provided on a front surface side (a front side toward the paper
surface) of the conductive plate 201.

[0049] In a direction parallel to a length direction (longitu-
dinal direction) of the coil 205B of the resonator 205, a
conductive object 207 is disposed away from the resonator
205. A conductive object 208 is disposed away from the
resonator 205 in a direction approximately opposite to the
conductive object 207. One end of the conductive objects 207
and 208 is connected to the conductive plate 202, and the
other end of the conductive objects 207 and 208 is brought
into contact with the conductor plate on the back surface side
of'the resonator that is arranged to be opposed to the resonator
205 during the power transmission and is electrically con-
nected with the conductor plate. Thus, a loop that goes around
in a vertical direction (longitudinal direction) along the paper
surface is formed. The loop is approximately perpendicular to
the five loops formed by the conductor wires 203 and 204.
[0050] During the power transmission, the magnetic fluxes
in the opposite direction and the longitudinal direction of the
pair of the upper and lower resonators are generated. During
the power transmission, especially when positions in all
directions of the upper and lower resonators are shifted or
when the arrangement or the like of objects around the upper
and lower resonators is not symmetrical, the unbalance of the
magnetic fluxes in a horizontal direction is generated. At the
time, the loop in the longitudinal direction of this embodi-
ment functions to cancel the unbalance. Thus, the leakage
magnetic field to the surroundings can be reduced.

Fourth Embodiment

[0051] FIG. 5 illustrates a wireless power transmitting
device including a leakage preventing device according to a
fourth embodiment and a resonator. The resonator may be
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either primary resonator or secondary resonator. The same
symbols are attached for the parts similar to FIG. 3 and
redundant descriptions are omitted.

[0052] While there is one set of the conductive wires 207
and 208 in the third embodiment illustrated in FIG. 3, a
plurality of sets are provided in this embodiment. Thus, short-
circuit loops in the longitudinal direction are formed at dif-
ferent parts in the horizontal direction during the power trans-
mission. Therefore, the magnetic fluxes for the unbalance at
the different locations in the horizontal direction are canceled
and the leakage magnetic field to the surroundings can be
reduced further.

Fifth Embodiment

[0053] In FIG. 6(a), FIG. 6(5), FIG. 6(c) and FIG. 6(d), a
front view of a wireless power transmission system including
a leakage preventing device according to a fifth embodiment
is illustrated. The same symbols are attached to elements
corresponding to FIG. 1 and redundant descriptions are omit-
ted. A modification of the conductive object in the first
embodiment is illustrated in all of FIG. 6(a), FIG. 6(5), FIG.
6(c) and FIG. 6(d).

[0054] In a configuration of FIG. 6(a), one end of conduc-
tive wires 301 and 302 is connected respectively to the con-
ductive plate 101 on the primary side, and a J-shaped hook-
like part (hook part) is formed at the other end. One end of
conductive wires 303 and 304 is also connected respectively
to the conductive plate 102 on the secondary side and the
J-shaped hook-like part (hook part) is formed at the other end.
By locking the hook part at the other end of the conductive
wires 301 and 302 rising from the conductive plate 101 on the
primary side and the hook part at the other end of the conduc-
tive wires 303 and 304 suspended from the conductive plate
102 on the secondary side, the short-circuit loop is formed.
[0055] In a configuration of FIG. 6(5), lengths of the con-
ductive wires on the primary side and the secondary side are
different from that in FIG. 6(a). In FIG. 6(a), the conductive
wire connected to the conductive plate 101 on the primary
side is shorter than the conductive wire connected to the
conductive plate 102 on the secondary side. In contrast, in this
example, conductive wires 311 and 312 connected to the
conductive plate 101 on the primary side are longer than
conductive wires 313 and 314 connected to the conductive
plate 102 on the secondary side.

[0056] In a configuration of FIG. 6(c), one end of conduc-
tive wires 321 and 322 is connected respectively to the con-
ductive plate 101 on the primary side, and a spherical projec-
tion is formed at the other end. One end of conductive wires
323 and 324 is also connected respectively to the conductive
plate 102 on the secondary side, and a semispherical recess to
be engaged with the projection is formed at the other end.
[0057] By bringing the projections of the conductive wires
321 and 322 rising from the conductive plate 101 on the
primary side and the recesses of the conductive wires 303 and
304 suspended from the conductive plate 102 on the second-
ary side into contact so as to be engaged, the short-circuit loop
is formed.

[0058] In a configuration of FIG. 6(d), a relationship
between the recesses and the projections formed at the con-
ductive wires on the primary side and the secondary side is
opposite to that in FIG. 6(¢). In FIG. 6(c), the projection is
formed at the other end of the conductive wire connected to
the conductive plate 101 on the primary side and the recess is
formed at the other end of the conductive wire connected to
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the conductive plate 102 on the secondary side. In contrast, in
this example, the recess is formed at the other end of conduc-
tive wires 331 and 332 connected to the conductive plate 101
on the primary side, and the projection is formed at the other
end of conductive wires 333 and 334 connected to the con-
ductive plate 102 on the secondary side.

[0059] Regarding the configurations of FIG. 6(¢) and FIG.
6(d), the need of determining the size of the projection to be
about the same as an allowable range of displacement in all
directions of a structure including the upper and lower reso-
nators is generated. In contrast, in the configurations illus-
trated in FIG. 1(b) and FIG. 1(c¢) in the first embodiment, the
conductor plate 101 or the conductor plate 102 is provided
with an area corresponding to the allowable range of the
displacement in all directions. Therefore, in the configura-
tions of FIG. 1(4) and FIG. 1(c), there is an advantage that the
configuration such as the size of the conductive wire is not
greatly restricted.

Sixth Embodiment

[0060] InFIG.7A(a) and FIG. 7B(a), a top view of a wire-
less power transmitting device including a leakage preventing
device according to a sixth embodiment and a secondary
resonator is illustrated. A front view of a configuration in
which a primary resonator is made to be opposed to the
secondary resonator is illustrated in FIG. 7A(b) and FIG.
7B(b), and a side view of the configuration is illustrated in
FIG. 7A(c) and FIG. 7B(c). FIGS. 7A(a)-(c) illustrate a state
in non-use of this leakage preventing device, and FIGS.
7B(a)-(c) illustrate a state in use of this leakage preventing
device. Hereinafter, the case that the secondary resonator and
the leakage preventing device are disposed at the lower part of
a vehicle or the like and the primary resonator is disposed on
a parking surface will be assumed and described.

[0061] While a short-circuit loop is formed of a set of
conductive wires and upper and lower conductive plates in the
embodiments so far, in this embodiment, a conductive loop
itself is disposed at a position away from a resonator pair.
Thus, magnetic fluxes leaking from a certain specific position
among positions surrounding the resonator pair can be can-
celed. Hereinafter, details of this embodiment will be
described.

[0062] Asillustrated in FIG. 7A(a), a conductor loop 701 is
disposed away from the resonator 106 in a direction parallel
to the width direction of the coil 106B of the secondary
resonator 106. The conductor loop 701 is formed on a surface
of a support 711. The support 711 may be constituted of a
dielectric for instance.

[0063] Also, a conductor loop 721 is disposed away from
the resonator 106 in a direction approximately opposite to the
conductor loop 701. The conductor loop 721 is formed on a
surface of a support 712. The support 712 may be constituted
of a dielectric for instance.

[0064] The supports 711 and 712 have an approximately
flat shape. Postures of the supports 711 and 712 are control-
lable. As indicated by broken lines in FIG. 7A(b), the postures
are changeable so that loop surfaces of the conductor loops
701 and 702 is opposed to the resonator pair or a space
between the resonators. The loop surface is a surface that
coincides with an area on the inner side of the loop including
the conductor loop.

[0065] During the time of non-use, the loops 701 and 702
and the supports 711 and 712 are housed in a form of being
along the lower part of a vehicle or the like, and the loop
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surface and the surface of the magnetic core 106A are
approximately parallel (FIG. 7A). During the time of use, as
illustrated in FIG. 7B, the conductor loops 701 and 702 and
the supports 711 and 712 thereof are suspended approxi-
mately vertically from a state of being approximately parallel
to the surface of the magnetic core 106A. At the time, the
conductor loops 701 and 702 and the supports 711 and 712 are
disposed in a space between the lower part of the vehicle or
the like and the parking surface, and the loop surfaces of the
conductor loops 701 and 702 is perpendicular to the width
direction of'the coils of the respective resonators. At the time,
when the wireless power transmission is performed from the
primary resonator 105 to the secondary resonator 106, an
induced current corresponding to the magnetic fluxes passing
through the loops 701 and 702 flows in the loop so that the
leakage of the magnetic fluxes to the outside from between
the lower part of the vehicle and the parking surface can be
reduced.

[0066] While two loops are provided in the example illus-
trated in FIG. 7A and FIG. 76, just one loop may be provided.
[0067] Conversely, it is also possible to add loops to the
front and back additionally to the loops illustrated in FIG. 7A
and FIG. 7B. Or, it is possible to add loops to the front and
back in addition to the left and right of the secondary resona-
tor. Thus, the induced current corresponding to the magnetic
fluxes passing through the added part flows and the magnetic
fluxes can be canceled. Therefore, the leakage magnetic field
to the surroundings can be reduced further.

Seventh Embodiment

[0068] InFIG. 8A(a)and FIG. 8B(a), a top view of a wire-
less power transmitting device including a leakage preventing
device according to a seventh embodiment and a primary
resonator is illustrated. A front view of a configuration in
which a secondary resonator is made to be opposed to the
primary resonator is illustrated in F1G. 8 A(b) and FIG. 8B(b),
and a side view of the configuration is illustrated in FIG.
8A(c) and FIG. 8B(c). FIGS. 8A(a)-(c) illustrate a state in
non-use of this leakage preventing device, and FIGS. 8B(a)-
(c) illustrate a state in use of this leakage preventing device.

[0069] While the conductive loop and the support are dis-
posed on the secondary side (vehicle or the like) in the sixth
embodiment, in this embodiment, conductive loops 801 and
802 and supports 811 and 812 thereof are disposed on the
primary (parking surface or the like). Otherwise, it is similar
to the sixth embodiment.

[0070] During the time of non-use, as illustrated in FIG.
8A, the loop surfaces of the loops 801 and 802 are approxi-
mately parallel to the surface of the magnetic core 105A. For
instance, the loops 801 and 802 and the supports 811 and 812
are housed in the form of being along the parking surface.

[0071] During the time of use, as illustrated in FIG. 8B, the
conductive loops 801 and 802 and the supports 811 and 812
thereof are erected approximately vertically from a state of
being parallel to the surface of the magnetic core 105A, and
the respective loop surfaces of the conductor loops 801 and
802 is perpendicular to the width direction of the coil. When
the wireless power transmission is performed from the pri-
mary resonator 105 to the secondary resonator 106 in the
state, the induced current corresponding to the magnetic
fluxes passing through the loops 801 and 802 flows in the
loops so that the magnetic fluxes leaking to the outside can be
reduced.
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Eighth Embodiment

[0072] InFIG.9A(a) and FIG. 9B(a), a top view of a wire-
less power transmitting device including a leakage preventing
device according to an eighth embodiment and a secondary
resonator is illustrated. A front view of a configuration in
which a primary resonator is made to be opposed to the
secondary resonator is illustrated in FIG. 9A(b) and FIG.
9B(b), and a side view of the configuration is illustrated in
FIG. 9A(c) and FIG. 9B(c). FIGS. 9A(a)-(c) illustrate a state
in non-use of this leakage preventing device, and FIGS.
9B(a)-(c) illustrate a state in use of this leakage preventing
device. Hereinafter, the case that the secondary resonator and
the leakage preventing device are disposed at the lower part of
a vehicle or the like and the primary resonator is disposed on
a parking surface will be assumed and described.

[0073] While a single conductor loop is disposed to a single
support in the sixth embodiment illustrated in FIG. 7A and
FIG. 7B, in this embodiment, a plurality of conductor loops
are disposed to the single support. Specifically, the plurality
of conductor loops 701 A and 701B are disposed to the single
support 711. The plurality of conductor loops 701A and 701B
are disposed along a direction parallel to the length direction
of'the coil. Through the resonator 106, on the opposite side of
the conductor loops 701A and 701B and the support 711, the
plurality of conductor loops 711A and 711B are disposed to
the single support 712. The conductor loops 711A and 711B
are disposed along the direction parallel to the length direc-
tion of the coil.

[0074] Inthis configuration, compared to the sixth embodi-
ment, the magnetic fluxes that cross the loops are reduced,
and the induced current is reduced. Depending on transmis-
sion power between the resonators or the like, the flowing
induced current becomes too big by the single loop and there
is the need of increasing the thickness and conductivity of a
conductor configuring the loop. In contrast, by the plurality of
loops as in this embodiment, the limitation can be mitigated.
However, since a gap is generated between the plurality of
loops, the magnetic fluxes passing through the gap cannot be
captured. Therefore, there is the case that a better effect can be
obtained in the sixth embodiment.

[0075] While the leakage preventing device is disposed on
the secondary side in this embodiment, the configuration of
disposing it on the primary similarly to the seventh embodi-
ment illustrated in FIG. 8A and FIG. 8B is also possible.

Ninth Embodiment

[0076] FIG. 10 illustrates a wireless power transmission
system including a leakage preventing device according to a
ninth embodiment. In this embodiment, when a vehicle body
of a car or the like is constituted of a conductor, the conductor
of the vehicle body, a metal plate (conductor plate) laid in a
parking space, and two conductive wires are used to configure
a short-circuit loop. A primary resonator is disposed on a
parking surface, and a secondary resonator is disposed at the
lower part of the vehicle body so as to be opposed to the
primary resonator.

[0077] FIG. 10(a) illustrates a state in non-use of the leak-
age preventing device, and FIG. 10(5) illustrates a state in use
of an electromagnetic wave leakage prevention function.
[0078] As illustrated in FIG. 10(a), during the time of non-
use of the leakage preventing device, conductive wires 801
and 802 at two parts to be used for forming the short-circuit
loop are housed at the lower part of a vehicle body 804.
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During the time of use of the leakage preventing device, as
illustrated in FIG. 10(5), one ends of the conductive wires 801
and 802 at two parts are lowered to ametal plate 803 laid in the
parking space and connected to the metal plate 803. Thus, by
the conductive wires 801 and 802, the metal plate 803 and the
conductor of the vehicle body, the short-circuit loop is formed
s0 as to surround the periphery of the resonator pair. During
the wireless power transmission, since the induced current
according to the magnetic fluxes passing through the short-
circuit loop flows, the leakage of the magnetic fluxes to the
outside can be reduced.

[0079] Also, while the short-circuit loop is formed utilizing
the conductor of the vehicle body in this embodiment, the
configuration of separately disposing a metal plate on a lower
surface of the vehicle body and utilizing it is also possible.
[0080] As a modification, the configuration of disposing
the conductive wire along the parking surface, springing up
(or rising up) one end from below and connecting it to the
conductor of the vehicle body as in the first embodiment
illustrated in FIG. 1(b) is also possible. Or, as in the fifth
embodiment illustrated in FIG. 6, the configuration of install-
ing the conductive wires to both of the vehicle body and the
metal plate of the parking surface and connecting the one ends
of both (the recess and the projection with each other, or the
hook parts with each other) is also possible.

Tenth Embodiment

[0081] FIG. 11 illustrates a wireless power transmission
system including a leakage preventing device according to a
tenth embodiment. In this embodiment, when a vehicle body
of'a train or the like is constituted of a conductor and a wheel
can be considered as a conductor in the view from transmis-
sion signals further (for instance, when a surface of the wheel
is the conductor), the rail of the train, the wheel and conduc-
tive wires at two parts are used to configure a short-circuit
loop. The primary resonator is disposed at the rail, and the
secondary resonator is disposed at the lower part of the
vehicle body of the train so as to be opposed to the primary
resonator.

[0082] The vehicle can be an automobile or the like, not the
train, as long as a conductor is formed in a circulating shape
on the surface of a wheel, and in this case, a metal plate
disposed on a parking surface may be used instead of the rail.

[0083] FIG. 11(a) illustrates a state in non-use of the leak-
age preventing device, and FIG. 11(5) illustrates a state in use
of'the leakage preventing device. As illustrated in FIG. 11(a),
during the time of non-use of the leakage preventing device,
conductive wires 901 and 902 at two parts to be used for
forming the short-circuit loop are housed at the lower part of
a vehicle body 907. During the time of use of the leakage
preventing device, as illustrated in FIG. 11(b), one ends of the
conductive wires 901 and 902 at two parts are lowered to
wheels 904 and 905 and electrically connected to the surface
of'the wheels 904 and 905. At the time, by the wheels 904 and
905, the conductive wires 901 and 902, the rail and the vehicle
body, the short-circuit loop is formed so as to surround the
periphery of the resonator pair. During the wireless power
transmission, since the induced current according to the mag-
netic fluxes passing through the short-circuit loop flows, the
leakage of the magnetic fluxes to the outside can be reduced.
[0084] Also, a conductive shaft connecting conductive
wheels with each other may be used instead of the rail to form
the short-circuit loop. Also, the wheels to be utilized for
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forming the short-circuit loop may not be front and rear
wheels of the train but may be left and right wheels.

[0085] Inthe above-described first to tenth embodiments, a
monitor which monitors the induced current flowing in the
short-circuit loop can be provided.

[0086] For instance, when the displacement in the upper
and lower resonators is large, the monitor value becomes
large.

[0087] Then, by performing displacement correcting work

while observing the monitor value, confirming that the moni-
tor value has lowered, and ending the correction of the dis-
placement, power efficiency can be improved more.

[0088] Also, when the monitor value is large, there is the
case of exceeding the reference of electromagnetic field leak-
age. Then, by raising and lowering transmission power while
observing the monitor value, larger power can be transmitted
within the reference. Thus, charging time can be shortened.
[0089] Also, acancellation current generator may be added
to the short-circuit loop, and an additional current may be
impressed further in addition to the induced current when the
monitor value is large. Thus, the magnetic fluxes can be
efficiently canceled.

[0090] In the above-described first to tenth embodiments,
the induced current flows in the conductive objects and the
conductor plates forming the short-circuit loop. Therefore,
depending on a flowing current amount, there is the possibil-
ity of causing an electric shock or the like by a human body or
the like being brought into contact when exposed. In order to
prevent that, covering parts other than the part with the pos-
sibility of being in mutual contact with the conductive objects
or the conductor plates with an insulator of a resin or rubber
or the like may be taken into consideration.

Eleventh Embodiment

[0091] In this embodiment, differently from the embodi-
ments so far, the configuration of preventing the leakage of
the electromagnetic waves using a high permeability ferro-
magnetic material (ferrite or the like) which changes the flow
of magnetic fluxes of two important magnetic shield methods
in a low frequency magnetic area (near field) described in the
descriptions of the first embodiment is illustrated.

[0092] FIG. 12 illustrates a wireless power transmission
system including the leakage preventing device according to
an eleventh embodiment.

[0093] FIG. 12(a) illustrates a state in non-use of the leak-
age preventing device, and FIG. 12(5) illustrates a state in use
of'the leakage preventing device. Drawings on the upper side
of FIG. 12(a) and FIG. 12(b) are top views and drawings on
the lower side are side views.

[0094] Horizontally wound primary resonance coil 1204
and secondary 1205 are oppositely disposed. A conductive
plate 1202 is disposed on the back surface side of the primary
resonance coil 1204, and a conductive plate 1203 is disposed
onthe back surface side of the secondary resonance coil 1205.
Also, on the primary side, a magnetic material block 1201 is
disposed.

[0095] The magnetic material block 1201 has a columnar
shape. On the conductor plate 1202 on the primary side, a hole
that the magnetic material block 1201 passes through is
formed. The hole of the conductor plate 1202 and a through-
hole of the primary resonance coil 1204 are positioned, and
the magnetic material block 1201 is capable of passing
through the hole of the conductor plate 1202 and moving
inside the primary resonance coil 1204. Further, when the
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secondary resonance coil 1205 is disposed to be opposed to
the primary resonance coil 1204, the magnetic material block
1201 can be inserted also to the inside of the secondary
resonance coil 1205. The magnetic material block 1201 may
be moved by a mechanical, magnetic or electrical method.
This leakage preventing device may include a moving unit for
the magnetic material block 1201.

[0096] As illustrated in FI1G. 12(a), during the time of non-
use of the leakage preventing device, a large part of the
magnetic material block 1201 is housed at the lower part of a
parking surface, and a part passes through the primary reso-
nance coil 1204 and enters a space between the resonators
1204 and 1205.

[0097] During the time of use of the leakage preventing
device, as illustrated in FIG. 12(4), the magnetic material
block 1201 is elevated so as to pass through the inside of the
lower resonance coil 1204, the space between the resonators
1204 and 1205, and the inside of the resonance coil 1205, and
the one end is brought into contact with the conductive plate
1203. In the state that the magnetic material block 1201 is
elevated in such a manner, by transmitting power from the
primary side to the secondary side, a large part of the mag-
netic fluxes flows in the magnetic material block 1201. Thus,
the effective magnetic shielding is made possible. Also, in
this case, the effects of improving a coupling coefficient
between the upper and lower resonators 1204 and 1205 and
also improving power transmission efficiency are generated.
In addition to the magnetic shielding of the magnetic material
block 1201, the leakage of the electromagnetic waves in the
vertical direction of the resonator pair is prevented by the
conductive plates 1203 and 1202 as well.

[0098] The magnetic material block does not always need
to be present inside the upper and lower coils during the time
of use, and when it is present in at least a part of the space
between the upper and lower coils at least, the effect of
preventing the electromagnetic wave leakage can be
obtained. For instance, in the case that a cover is put on the
resonator coil on the secondary side attached to the vehicle
side or the like, even when the magnetic material block does
not reach the inside of the coil inside the cover, it is sufficient
when the magnetic material block is elevated to the surface of
the cover or the vicinity thereof. Since a large part of the
magnetic fluxes intensively flows in the magnetic material
block to the upper end of the magnetic material block, a
magnetic shielding effect is generated. Also, the magnetic
material block may be shortened such that the magnetic mate-
rial block is not present inside the upper and lower coils and
the magnetic material block is present only in the space
between the upper and lower coils.

[0099] That is, the magnetic material block is moved so as
to increase an area occupied in the space between the reso-
nators during the time of use rather than during the time of
non-use. Thus, the magnetic material block is prevented from
significantly projecting from the parking surface and getting
broken during the time of non-use, and it is projected from the
parking surface to dispose more part in the space between the
resonators during the time of use, thereby sufficiently dem-
onstrating a magnetic shielding function.

[0100] While the magnetic material block is disposed on
the primary side in the above-described example, it may be
disposed on the secondary side. Or, the magnetic material
block may be disposed on both of the primary side and the
secondary side, and in this case, during the time of use, both
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magnetic material blocks are moved inside the coil on the
primary side and the coil on the secondary side and sent out to
the space between the coils.
[0101] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
1. A leakage preventing device of electromagnetic wave for
a first resonator to perform wireless power transmission with
a second resonator disposed so as to be opposed to the first
resonator, the first resonator including a first magnetic mate-
rial and a first coil wound around the first magnetic material,
comprising:
a first conductor plate provided on a first side of the first
resonator, the first side being an opposite side of a sec-
ond side of the first resonator where the first resonator is
opposed to the second resonator; and
first and second conductive objects configured to be elec-
trically connectable to the first conductor plate at first
ends and electrically connectable to a second conductor
plate at second ends respectively, the second conductor
plate being provided on a third side of the second reso-
nator, the third side being an opposite side of a fourth
side of the second resonator where the second resonator
is opposed to the first resonator, wherein the first and
second conductive objects form a conductive loop sur-
rounding a periphery of the first and second resonators
together with the first conductor plate and the second
conductor plate when the first ends are electrically con-
nected to the first conductor plate and the second ends
are electrically connected to the second conductor plate.
2. The device according to claim 1,
wherein
the first ends of the first conductive object and the second
conductive object are fixedly connected to the first
conductor plate, and

the second ends of the first conductive object and the
second conductive object are connectable and sepa-
rable to/from the second conductor plate.
3. The device according to claim 1,
wherein
the first conductive object is disposed away from the first
resonator in a direction parallel to a width direction of
the first coil, and

the second conductive object is disposed away from the
first resonator in a direction approximately opposite
to the direction in which the first conductive object is
away from the first resonator.
4. The device according to claim 1,
wherein
the first conductive object is disposed away from the first
resonator ina direction parallel to a length direction of
the first coil, and

the second conductive object is disposed away from the
first resonator in a direction approximately opposite
to the direction in which the first conductive object is
away from the first resonator.
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5. The device according to claim 1, comprising
a plurality of sets of the first conductive object and the
second conductive object.
6. The device according to claim 1,
wherein
the second end of the first conductive object is config-
ured to be connectable with a first end of a third
conductive object a second end of which is connected
to the second conductor plate, and
the second end of the second conductive object is con-
figured to be connectable with a first end of a fourth
conductive object a first end of which is connected to
the second conductor plate.
7. The device according to claim 6,
wherein a projection or a recess is formed at each of the
second ends of the first and second conductive objects,
and the projection or the recess is connectable with a
recess or a projection formed at each of the first ends of
the third and fourth conductive objects.
8. The device according to claim 6,
wherein a hook part is formed at each of the second ends of
the first and second conductive objects, and the hook part
is lockable with a hook part formed at each of the first
ends of the third and fourth conductive objects.
9. The device according to claim 1,
wherein
the first conductive plate, the first conductive object and
the second conductive object are disposed at a lower
part of a vehicle, and
the second ends of the first conductive object and the
second conductive object are configured to be con-
nectable to the second conductive plate disposed on a
parking surface.
10. The device according to claim 1,
wherein
the first conductive plate, the first conductive object and
the second conductive object are disposed on the
parking surface, and
the second ends of the first conductive object and the
second conductive object are configured to be con-
nectable to the second conductive plate disposed at
the lower part of a vehicle on the parking surface.
11. The device according to claim 9,
wherein the first conductive plate forms a part of a vehicle
body of the vehicle.
12. The device according to claim 1,
wherein
the first conductive plate, the first conductive object and
the second conductive object are disposed at a lower
part of a train present on a rail, and
the second ends of the first conductive object and the
second conductive object are configured to be con-
nectable to surfaces of front and rear wheels of the
train, or left and right wheels of the train, respectively.
13. The device according to claim 12,
wherein the first conductive plate forms a part of a vehicle
body of the train.
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14. A leakage preventing device of electromagnetic wave
for a first resonator to perform wireless power transmission
with a second resonator disposed so as to be opposed to the
first resonator, the first resonator including a first magnetic
material and a first coil wound around the first magnetic
material, comprising:

a first conductive loop part a loop surface of which is
opposed to the first resonator and the second resonator,
away in a direction perpendicular to a direction in which
the first resonator and the second resonator are opposed
to each other.

15. The device according to claim 14, further comprising

a second conductive loop part a loop surface of which is
opposed to the first resonator and the second resonator,
away in a direction approximately opposite to the direc-
tion in which the first conductive loop part is away from
the first resonator and the second resonator.

16. The device according to claim 14,

wherein one of the first resonator and the second resonator
is disposed at the lower part of a vehicle, the other one is
disposed on a parking surface, and the first conductive
loop part is disposed so as to be opposed to the first and
second resonators between the lower part of the vehicle
and the parking surface.

17. The device according to claim 14,

wherein the first conductive loop part is disposed in a way
that a loop surface thereof is along a lower part of a
vehicle, and
the first conductive loop part is sent out from the lower

part of the vehicle so that the loop surface is opposed
to the first and second resonators between the lower
part of the vehicle and a parking surface.

18. The device according to claim 14,

wherein the first conductive loop part is disposed in a way
that a loop surface is along a parking surface, and
the first conductive loop part is sent out from the parking

surface so that the loop surface is opposed to the first
and second resonators between a lower part of the
vehicle and the parking surface.

19. The device according to claim 14,

wherein the plurality of first conductive loop parts are
disposed along a direction parallel to the length direction
of the first coil.

20. A leakage preventing device of electromagnetic wave
for wireless power transmission between first and second
coils disposed to be opposed to each other, comprising:

a magnetic material block movable inside the first coil or
the second coil, wherein the magnetic material block is
disposed so as to occupy at least a part of a space
between the first coil and the second coil during wireless
power transmission, and is moved to an inside of the first
coil or the second coil during non-wireless power trans-
mission so as to reduce an area occupied in the space
compared to a time of the wireless power transmission.
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