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(54) WIRELESS POWER FEED SYSTEM

(57) Provided is a wireless power supply system that
supplies AC power to a power reception apparatus by
using resonance of an electromagnetic field between a
power transmission element and a power reception ele-
ment. The wireless power supply system includes a
changing circuit that changes a frequency of AC power
supplied to the power transmission element, and a con-
trol device including (A) a frequency changing unit that
adjusts the changing circuit to change the frequency of
AC power supplied to the power transmission element in
a manner capable of being controlled, (B) a frequency
measurement unit that measures a first frequency and a

second frequency when a state of power supply to the
power reception apparatus varies between a state in
which AC power is actually supplied and a state in which
AC power is not supplied in accordance with the changing
of the frequency of AC power, and (C) a frequency de-
termination unit that determines the frequency of AC
power during supply of AC power to the power reception
apparatus to a frequency between the first frequency and
the second frequency. According to this, the frequency
of AC power during power supply can be appropriately
adjusted, and thus it is possible to efficiently supply power
to the power reception apparatus.
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Description

Technical Field

[0001] The present invention relates to a wireless pow-
er supply system that supplies AC power to a power re-
ception apparatus by using resonance of the electromag-
netic field between a power transmission element and a
power reception element.

Background Art

[0002] Examples of a wireless power supply system
include a system that supplies AC power to a power re-
ception apparatus by using resonance of the electromag-
netic field between a power transmission element and a
power reception element. The system, which performs
power supply by using the resonance of the electromag-
netic field, is capable of supplying power to the power
reception apparatus even when the power transmission
apparatus and the power reception apparatus are sepa-
rated to a certain extent. Accordingly, the recently devel-
oped system is considered as a power supply system
with high convenience. The following Patent Literatures
disclose a technology relating to the power supply system
using the resonance of the electromagnetic field.
[0003]

PTL 1: JP-A-11-155245

PTL 2: JP-A-2007-228794

Summary of Invention

Technical Problem

[0004] In the wireless power supply system using the
resonance of the electromagnetic field, when power is
supplied to the power transmission element, the electro-
magnetic field is formed between the power transmission
element and the power reception element, and power is
supplied to the power reception apparatus by using the
resonance of the electromagnetic field. That is, when a
resonance frequency of the power transmission appara-
tus and a resonance frequency of the power reception
apparatus are equal to each other, the power transmis-
sion element and the power reception element resonate
and are electromagnetically coupled to each other, and
thus power is supplied to the power reception apparatus.
Therefore, for example, in a case where the resonance
frequency of the power reception apparatus varies and
thus the frequency range of AC power capable of being
supplied to the power reception apparatus varies, there
is a concern that efficiency in power supply to the power
reception apparatus may decrease, or power may not be
supplied to the power reception apparatus.
[0005] The invention has been made in consideration
of the above-described circumstances, and an object

thereof is to provide a wireless power supply system ca-
pable of efficiently supplying power to a power reception
apparatus even when a frequency range of AC power
capable of being supplied to the power reception appa-
ratus varies.

Solution to Problem

[0006] To accomplish the above-described object, ac-
cording to the present invention, there is provided a wire-
less power supply system including: (a) a power trans-
mission apparatus including a power transmission ele-
ment and a power transmission circuit that supplies AC
power to the power transmission element; and (b) a pow-
er reception apparatus including a power reception ele-
ment that is disposed to be spaced away from the power
transmission element. AC power is supplied to the power
reception apparatus by using resonance of an electro-
magnetic field between the power transmission element
and the power reception element. The power transmis-
sion apparatus includes a changing circuit that changes
a frequency of AC power supplied to the power transmis-
sion element, and a control device including (A) a fre-
quency changing unit that adjusts the changing circuit to
change the frequency of AC power supplied to the power
transmission element in a manner capable of being con-
trolled, (B) a frequency measurement unit that measures
a first frequency that is a frequency of AC power during
supply state variation in which a state of power supply to
the power reception apparatus varies between a state in
which AC power is actually supplied to the power recep-
tion apparatus and a state in which AC power is not sup-
plied in accordance with the changing of the frequency
of AC power by the frequency changing unit, and a sec-
ond frequency that is a frequency different from the first
frequency and is a frequency of AC power during the
supply state variation, and (C) a frequency determination
unit that determines a frequency during supply, which is
the frequency of AC power during supply of AC power to
the power reception apparatus, to a frequency that cor-
responds to a value between a value of the first frequency
and a value of the second frequency.
[0007] Preferably, according to a first preferred aspect
of the present invention, in such a wireless power supply
system the frequency determination unit may determine
the frequency during supply to a frequency that corre-
sponds to a half of a value obtained by adding the value
of the first frequency and the value of the second fre-
quency to each other.
[0008] According to another preferred embodiment,
forming a second preferred aspect, the power reception
apparatus of the new wireless power supply system may
include a transmitter that detects whether or not AC pow-
er is supplied to the power reception apparatus and trans-
mits a detection result to the control device, and the fre-
quency measurement unit may measure the first frequen-
cy and the second frequency on the basis of the detection
result from the transmitter.
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[0009] Moreover, preferably, according to a preferred
third aspect, when the first frequency and the second
frequency are measured, the frequency changing unit
may adjust the changing circuit in such a manner that
the frequency of AC power supplied to the power trans-
mission element is raised.
[0010] It is, moreover, preferred that, according to a
fourth preferred aspect of the present invention, when
the first frequency and the second frequency are meas-
ured, the frequency changing unit may adjust the chang-
ing circuit in such a manner that the frequency of AC
power supplied to the power transmission element is low-
ered.
[0011] According to another favorable fifth aspect of
the present invention, the control device may include a
storage unit storing the frequency while being supplied,
said frequency being determined by the frequency de-
termination unit, and the wireless power supply system
may be configured in such a manner that AC power of
said frequency which is stored in the afore-indicated stor-
age unit is supplied when power is supplied again to the
power reception apparatus (memory function).
[0012] According to another favorable sixth aspect of
the present invention, the frequency changing unit may
include a power supply stopping unit that stops power
supply to the power reception apparatus by changing the
frequency of AC power supplied to the power transmis-
sion element to a frequency corresponding to a value
different from a value between the value of the first fre-
quency and the value of the second frequency.

Advantageous Effects of Invention

[0013] In the wireless power supply system according
to the present invention, the frequency of AC power when
the state of power supply to the power reception appa-
ratus varies between the state in which AC power is ac-
tually supplied to the power reception apparatus and the
state in which AC power is not supplied is measured. The
frequency of AC power when the state of power supply
to the power reception apparatus varies between the two
states includes the first frequency and the second fre-
quency, and a frequency during supply, which is the fre-
quency of AC power during supply of AC power to the
power reception apparatus is determined to a frequency
that corresponds to a value between a value of the first
frequency and a value of the second frequency. Accord-
ing to this, the frequency of AC power transmitted from
the power transmission element can be appropriately ad-
justed, and thus even when a frequency range of AC
power that can be supplied to the power reception appa-
ratus varies, it is possible to efficiently supply power to
the power reception apparatus.
[0014] In addition, in the wireless power supply system
according to the first preferred aspect, the frequency dur-
ing supply is determined to a frequency that corresponds
to an average value of a value of the first frequency and
a value of the second frequency. In a case where the

frequency of AC power transmitted from the power trans-
mission element is the first frequency or the second fre-
quency, power supplied to the power reception apparatus
is typically zero, and in a case where the frequency of
AC power transmitted from the power transmission ele-
ment is a frequency corresponding to an average value
between a value of the first frequency and a value of the
second frequency, power supplied to the power reception
apparatus typically becomes the largest power. Accord-
ingly, according to the wireless power supply system ac-
cording to its first preferred aspect, it is possible to supply
power to the power reception apparatus in the most ef-
ficient manner.
[0015] In addition, in the wireless power supply system
according to its second preferred aspect, a transmitter
that detects whether or not AC power is supplied to the
power reception apparatus and transmits a detection re-
sult to the control device is provided. According to this,
it is possible to reliably determine the timing of one state
in which AC power is supplied to the power reception
apparatus and another state in which AC power is not
supplied varies to the other state, or the timing at which
the other state varies to the one state, and thus it is pos-
sible to appropriately measure the first frequency and the
second frequency.
[0016] In addition, in the wireless power supply system
according to a third preferred aspect thereof, when the
first frequency and the second frequency are measured,
the changing circuit is adjusted in such a manner that the
frequency of AC power transmitted from the power trans-
mission element is raised. Moreover, it is advantageous
in the wireless power supply system according to a fourth
preferred aspect thereof, when the first frequency and
the second frequency are measured, the changing circuit
is adjusted in such a manner that the frequency of AC
power transmitted from the power transmission element
is lowered. According to this, it is possible to measure
the first frequency and the second frequency in a rela-
tively simple manner.
[0017] In addition, in the wireless power supply system
advantageously designed further according to a fifth pre-
ferred aspect, the determined frequency during supply
is stored in said frequency storage unit for storing the
supply frequency while, additionally, also AC power of
the frequency during supply which is stored in the fre-
quency storage unit is supplied when power is supplied
again to the power reception apparatus. According to
this, it is possible to perform power supply to the power
reception apparatus without performing measurement of
the first frequency and the second frequency, and the
like (memory function), and thus it is possible to shorten
the time necessary for adjustment of the frequency of AC
power to be transmitted from the power transmission el-
ement.
[0018] In addition, in the wireless power supply system
according to the preferred sixth aspect thereof, when ter-
minating power supply to the power reception apparatus,
the frequency of AC power transmitted from the power
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transmission element is changed to a frequency corre-
sponding to a value different from a value between the
value of the first frequency and the value of the second
frequency. According to this, it is possible to easily stop
the power supply to the power reception apparatus with-
out turning off a main power source, and the like.
[0019] Hereinafter the present invention is explained
by means of an example thereof in conjunctions with the
accompanying drawings, wherein:

Brief Description of Drawings

[0020]

FIG. 1 is a perspective view illustrating an electronic
component mounter machine provided with a wire-
less power supply system that is an example of the
present invention;
FIG. 2 is a perspective view illustrating a moving de-
vice and a mounting head which are provided to the
electronic component mounter machine shown in
FIG. 1;
FIG. 3 is a block diagram illustrating a mounter mod-
ule control device provided to the electronic compo-
nent mounter machine shown in FIG. 1;
FIG. 4 is a block diagram illustrating the wireless
power supply system that is an example of the
present invention;
FIG. 5 is a graph illustrating a relationship between
a frequency of AC power transmitted from a power
transmission apparatus and power supplied to a
power reception apparatus; and
FIG. 6 is a flowchart illustrating a frequency calibra-
tion program.

Description of Embodiments

[0021] Hereinafter, as embodiments for carrying out
the invention, examples of the invention will be described
in detail with reference to the attached drawings.

<Configuration of Electronic Component Mounter Ma-
chine>

[0022] An Electronic component mounter machine
(hereafter, abbreviated to "mounter machine" in some
cases) 10 is shown in FIG. 1. The drawing is a perspective
view with some parts of external components of the
mounter machine 10 omitted. The mounter machine 10
includes one system base 12 and two electronic compo-
nent mounter modules (hereafter, abbreviated to "mount-
er modules" in some cases) 16 which are arranged above
the system base 12 to line up side by side adjacently to
each other, and is used to perform the mounting work of
electronic components on a circuit board. In the following
description, a direction in which the mounter modules 16
are lined up side by side is referred to as an X-axis di-
rection and a horizontal direction perpendicular to the X-

axis direction is referred to as a Y-axis direction.
[0023] Each of the mounter modules 16, which are pro-
vided to the mounter machine 10, mainly includes a
mounter module main body 24 including a frame portion
20 and a beam portion 22 suspended above the frame
portion 20; a conveyance device 26 that conveys a circuit
board in the X-axis direction and fixes the circuit board
to a position that is set; a mounting head 28 that mounts
an electronic component on the circuit board fixed by the
conveyance device 26; a moving device 30 that is dis-
posed in the beam portion 22 and moves the mounting
head 28 in the X-axis direction and the Y-axis direction;
and a supply device 32 that is disposed on a front side
of the frame portion 20 and supplies the electronic com-
ponent to the mounting head 28.
[0024] The conveyance device 26 includes two con-
veyor devices 40 and 42, and the two conveyor devices
40 and 42 are disposed at the central portion of the frame
portion 20 in the Y-axis direction and extend in the X-axis
direction to be parallel with each other. Each of the two
conveyor devices 40 and 42 is configured to convey the
circuit board supported by each of the conveyor devices
40 and 42 in the X-axis direction by using an electromag-
netic motor (refer to FIG. 3) 44, and to retain the circuit
board at a predetermined position in a fixing manner.
[0025] In addition, the supply device 32 is disposed at
an end portion on a front side of the frame portion 20.
The supply device 32 is configured as a feeder-type sup-
ply device, and includes a plurality of tape feeders 50
that retains a taped electronic component and transmits
the electronic component one by one. In addition, the
supply device 32 is configured to supply an electronic
component to a supply position for the mounting head
28 by each of the plurality of tape feeders 50.
[0026] In addition, the mounting head 28 mounts an
electronic component on the circuit board retained by the
conveyance device 26, and includes a suction nozzle 52
thereof that suctions the electronic component on a lower
surface. The suction nozzle 52 communicates with and
is subject to negative and positive pressure by means of
a negative pressure air path and a positive pressure air
path through a positive and negative pressure supply de-
vice (refer to FIG. 3) 54, and has a configuration in which
the electronic component is suctioned and retained at a
negative pressure, and when a slight positive pressure
is supplied, the retained electronic component is de-
tached therefrom. In addition, the mounting head 28 in-
cludes a nozzle raising and lowering device (refer to FIG.
3) 56 that raises and lowers the suction nozzle 52, and
a nozzle rotating device (refer to FIG. 3) 58 that allows
the suction nozzle 52 to rotate around the axial center
thereof. The mounting head 28 can change a position of
the retained electronic component in a vertical direction,
and a retained posture of the electronic component.
[0027] In addition, the suction nozzle 52 is detachably
attached to the mounting head 28, and the suction nozzle
52 can be modified in accordance with the size, the
shape, and the like of the electronic component.
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[0028] The mounting head 28 can be moved to an ar-
bitrary position on the frame portion 20 by the moving
device 30. Specifically, as shown in FIG. 2, the moving
device 30 includes an X-axis direction slide mechanism
60 that moves the mounting head 28 in the X-axis direc-
tion, and a Y-axis direction slide mechanism 62 that
moves the mounting head 28 in the Y-axis direction. The
Y-axis direction slide mechanism 62 includes a Y-axis
slider 64 provided to the beam portion 22 in a manner
capable of moving in the Y-axis direction, and an elec-
tromagnetic motor 66 as a drive source. The Y-axis slider
64 can be moved to an arbitrary position in the Y-axis
direction by the electromagnetic motor 66. In addition,
the X-axis direction slide mechanism 60 includes a Y-
axis slider 68 that is provided to the Y-axis slider 64 in a
manner capable of moving in the X-axis direction, and
an electromagnetic motor (refer to FIG. 3) 70 as a drive
source. The X-axis slider 68 can be moved to an arbitrary
position in the X-axis direction by the electromagnetic
motor 70. The mounting head 28 is mounted on the X-
axis slider 68, and thus the mounting head 28 can be
moved to an arbitrary position above the frame portion
20 by the moving device 30. In addition, the mounting
head 28 is detachable from the X-axis slider 68 in a one-
touch manner, and can be changed to a different kind of
working head, for example, a dispenser head.
[0029] In addition, as shown in FIG. 3, the mounter
module 16 includes a mounter module control device 72.
The mounter module control device 72 includes a con-
troller 74 is substantially constituted by a computer pro-
vided with a CPU, a ROM, a RAM, and the like, and a
plurality of drive circuits 76 that correspond to the elec-
tromagnetic motors 44, 66, and 70, the tape feeder 50,
the positive and negative pressure supply device 54, the
nozzle raising and lowering device 56, and the nozzle
rotating device 58, respectively. In addition, drive sources
of the conveyance device, the moving device, and the
like are connected to the controller 74 through the re-
spective drive circuits 76, and thus the controller 74 can
control the operation of the conveyance device, the mov-
ing device, and the like. In addition, a power source 78
is connected to the drive circuits 76 that correspond to
the conveyance device 26 and the supply device 32, re-
spectively, and power is supplied to the conveyance de-
vice 26 and the supply device 32 from the power source
78. On the other hand, the power source 78 is connected
to the drive circuits 76 corresponding to the mounting
head 28 and the moving device 30, respectively, through
a wireless power supply system 80, and power is supplied
to the mounting head 28 and the moving device 30 from
the power source 78 through the wireless power supply
system 80.

<Configuration of Wireless Power Supply System>

[0030] The wireless power supply system 80 includes
a power reception apparatus 82 that is connected to the
respective drive circuits 76, and a power transmission

apparatus 84 that supplies power from the power source
78 to the power reception apparatus 82 in a wireless man-
ner. As shown in FIG. 4, the power reception apparatus
82 includes a power reception element 86 which receives
power supplied from the power transmission apparatus
84, a power reception circuit 88 to which power is sup-
plied through the power reception element 86, and a
transmitter 90 that determines whether or not power is
supplied to the power reception circuit 88 and transmits
the determination result to the power transmission appa-
ratus 84. The power reception circuit 88 is connected to
the power reception element 86 and the respective drive
circuits 76, and can supply power which the power re-
ception element 86 receives to the respective drive cir-
cuits 76. The power reception circuit 88 is also connected
to the transmitter 90, and the transmitter 90 can detect
whether or not power is supplied to the power reception
circuit 88.
[0031] In addition, the power transmission apparatus
84 includes a power transmission circuit 92 that is con-
nected to the power source 78, a changing circuit 94 that
changes a frequency of AC power, a power transmission
element 96 that transmits power to the power reception
element 86, a receiver 98 that receives the detection re-
sult transmitted from the transmitter 90 of the power re-
ception apparatus 82, and a power supply control device
100 that adjusts the changing circuit 94. The changing
circuit 94 is connected to the power transmission circuit
92 and the power transmission element 96, and can
change a frequency of AC power supplied from the power
source 78 through the power transmission circuit 92 and
supply AC power to the power transmission element 96.
The power supply control device 100 is connected to the
changing circuit 94, and the frequency of AC power trans-
mitted to the power transmission element 96 is changed
by the power supply control device 100 in a manner ca-
pable of being controlled. In addition, the receiver 98 is
connected to the power supply control device 100, and
the detection result transmitted from the transmitter 90
is input to the power supply control device 100.
[0032] The power transmission element 96 of the pow-
er transmission apparatus 84 is constituted by a plate-
shaped electrode, and is disposed on an upper surface
of the Y-axis slider 64 of the moving device 30 to extend
in the X-axis direction as shown in FIG. 2. On the other
hand, the power reception element 86 of the power re-
ception apparatus 82 is also constituted by a plate-
shaped electrode, and is disposed to the X-axis slider 68
in a state of facing the power transmission element 96
through a gap. The power transmission element 96 ex-
tends across a region of the X-axis slider 68 which is
capable of moving in the X-axis direction, and even when
the X-axis slider 68 is moved in the X-axis direction, a
state in which the power reception element 86 and the
power transmission element 96 face each other is re-
tained. In this state, power transmitted from the power
transmission element 96 is supplied to the power recep-
tion apparatus 82 through the power reception element
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86, and is supplied to the respective drive circuits 76 of
the moving device 30 and the mounting head 28.

<Control of Wireless Power Supply System>

[0033] In the wireless power supply system 80, an elec-
tric field is formed between the power transmission ele-
ment 96 and the power reception element 86 by supply
of power to the power transmission element 96, and pow-
er is supplied to the power reception apparatus 82 by
using resonance of the electric field. In wireless power
supply using the resonance of the electric field, when a
resonance frequency of a power transmission side de-
vice and a resonance frequency of a power reception
side device are equal to each other, the power transmis-
sion element 96 and the power reception element 86 res-
onate and are electromagnetically coupled to each other,
and thus power is supplied to the power reception appa-
ratus 82. Accordingly, it is necessary to transmit AC pow-
er of a frequency, at which the power transmission ele-
ment 96 and the power reception element 86 are capable
of resonating, to the power reception apparatus 82 from
the power transmission apparatus 84, and the power re-
ception apparatus 82 is configured to receive AC power
of a frequency in a specific range.
[0034] Specifically, in a case where a frequency f of
AC power, which is transmitted from the power transmis-
sion apparatus 84, is equal to or higher than a first fre-
quency f1 and is equal to or lower than a second frequen-
cy f2, power can be supplied to the power reception ap-
paratus 82. In addition, a relationship between the fre-
quency f of AC power transmitted from the power trans-
mission apparatus 84 and the power supplied to the pow-
er reception apparatus 82 is as indicated by a solid-line
of FIG. 5. When the frequency f of AC power becomes
a frequency corresponding to a half of a value obtained
by adding the first frequency f1 and the second frequency
f2 to each other, it is possible to supply power to the
power reception apparatus 82 in the most efficient man-
ner. The frequency at which power can be supplied in
the most efficient manner is set as a frequency f* during
power supply, and when power is supplied to the power
reception apparatus 82, the changing circuit 94 is adjust-
ed by the power supply control device 100 in order for
AC power of the frequency f* during power supply to be
transmitted to the power transmission element 96.
[0035] As described above, when AC power of the fre-
quency f* during power supply is transmitted to the power
transmission element 96, it is possible to supply power
to the power reception apparatus 82 in the most efficient
manner. However, when load applied to a device to which
power is supplied by the wireless power supply system
80, specifically, the moving device 30 and the mounting
head 28 varies, the frequency f* during power supply also
varies. Specifically, the mounting head 28 is detachable
from the moving device 30, and when a working head
different from the mounting head 28, for example, a dis-
penser head may be mounted on the moving device 30

in some cases. In addition, the suction nozzle 50 of the
mounting head 28 can be changed, and thus, for exam-
ple, a light suction nozzle may be changed to a heavy
suction nozzle. In this case, load applied to the moving
device 30 and the mounting head 28 varies, and thus the
relationship between the frequency f of AC power and
supply power to the power reception apparatus 82 varies,
for example, as indicated by one dot chain line of FIG. 5.
[0036] As can be seen from the drawings, when load
applied to the moving device 30 and the like varies, power
of only approximately 1/3 times the power, which is sup-
plied to power reception apparatus 82 (solid line) before
load variation, is supplied to the power reception appa-
ratus 82 (one dot chain line) after load variation during
supply of AC power of the frequency f* during power sup-
ply. Therefore, in a case where load applied to the moving
device 30 and the mounting head 28 varies, and the like,
it is necessary to adjust the frequency f* during power
supply, and thus in the wireless power supply system 80,
frequency calibration control for adjusting the frequency
f* during supply is performed.
[0037] In the frequency calibration control, first, a fre-
quency of AC power during supply state variation, in
which a state of power supply to the power reception
apparatus 82 varies between a state in which AC power
is actually supplied to the power reception apparatus 82
and a state in which AC power is not supplied, is meas-
ured. Specifically, a first frequency f1 that is a frequency
of AC power during variation from a state in which a cur-
rent does not flow to the power reception circuit 88 to a
state in which a current flows, and a second frequency
f2 that is a frequency of AC power during variation from
a state in which a current flows to the power reception
circuit 88 to a state in which a current does not flow are
measured. In addition, an adjustment switch 110 (refer
to FIG. 4), which is connected to the power supply control
device 100, is provided to the wireless power supply sys-
tem 80, and in a case where the adjustment switch 110
is operated by an operator, adjustment of the frequency
f* during power supply is performed.
[0038] When measuring the first frequency f1, a fre-
quency of AC power, which is transmitted to the power
reception apparatus 82 from the power transmission el-
ement 96, is adjusted to an initial frequency α that is set
to a relatively low frequency. The initial frequency α is
set to a value at which the power reception apparatus 82
cannot receive power, and power is not supplied to the
power reception apparatus 82, and thus a current does
not flow to the power reception circuit 88. The transmitter
90, which is connected to the power reception circuit 88,
can detect flow of a current inside the power reception
circuit 88, and a detection result is transmitted to the pow-
er supply control device 100. That is, when AC power of
the initial frequency α is transmitted to the power recep-
tion apparatus 82 from the power transmission element
96, a detection result indicating that power is not supplied
to the power reception apparatus 82 is transmitted to the
power supply control device 100.
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[0039] Next, a frequency of AC power, which is trans-
mitted to the power reception apparatus 82 from the pow-
er transmission element 96, is adjusted to a frequency
obtained by adding a specific frequency Δf to the initial
frequency α, and a detection result obtained by the trans-
mitter 90 is transmitted to the power supply control device
100. In a case where the detection result indicates that
power is not supplied to the power reception apparatus
82, the specific frequency Δf is added to the frequency
that is adjusted at the immediately previous time, and
thus AC power is adjusted to a frequency to which the
specific frequency Δf is added. AC power is adjusted in
such a manner that the frequency is gradually raised,
and thus a detection result obtained by the transmitter
90 varies from a result indicating that power is not sup-
plied to the power reception apparatus 82 to a result in-
dicating that power is supplied. A frequency of AC power
when the detection result varies is measured as the first
frequency f1.
[0040] Subsequently, as is the case with the measure-
ment of the first frequency f1, AC power is adjusted in
such a manner that a frequency is raised by the specific
frequency Δf so as to measure the second frequency f2.
However, a detection result obtained by the transmitter
90 when the second frequency f2 is measured at first is
a result indicating that power is supplied to the power
reception apparatus 82, and when the frequency is grad-
ually raised, a detection result varies from the result in-
dicating that power is supplied to the power reception
apparatus 82 to a result indicating that power is not sup-
plied. A frequency of AC power when the detection result
varies is measured as the second frequency f2.
[0041] In addition, when the first frequency f1 and the
second frequency f2 are measured, the frequency f* dur-
ing power supply is calculated by the following equation:

[0042] AC power of the calculated frequency f* during
power supply is transmitted from the power transmission
element 96 to the power reception apparatus 82, and
thus it is possible to effectively supply power to the power
reception apparatus 82.
[0043] In addition, when the frequency f* during power
supply is determined, the determined frequency f* during
power supply is stored in the power supply control device
100, and AC power of the stored frequency f* during pow-
er supply is transmitted from the power transmission el-
ement 96 to the power reception apparatus 82 during
power re-supply. According to this, measurement of the
first frequency f1 and the second frequency f2, and the
like may be omitted during power re-supply, and thus
shortening of calibration of the frequency f* during power
supply may be realized. However, in a case where the
adjustment switch 110 is operated by an operator, the
frequency f* during power supply is determined again in

the above-described order. As a result, even when the
working head, the suction nozzle, and the like are ex-
changed, the frequency f* during power supply is appro-
priately adjusted, and thus it is possible to effectively sup-
ply power to the power reception apparatus 82.
[0044] In addition, in a case where it is necessary to
exchange the working head, the suction nozzle, and the
like during power supply to the power reception appara-
tus 82, it is necessary to stop power supply to the power
reception apparatus 82. In this case, in the wireless pow-
er supply system 80, a frequency of AC power transmitted
from the power transmission element 96 to the power
reception apparatus 82 is changed to a frequency lower
than the first frequency f1, or a frequency higher than the
second frequency f2. According to this, it is possible to
stop the power supply to the power reception apparatus
82 without turning off a main power source. In addition,
a stop switch 112 (refer to FIG. 3), which is connected
to the power supply control device 100, is provided to the
wireless power supply system 80, and in a case where
the stop switch 112 is operated by an operator, frequency
change is performed, and thus power supply to the power
reception apparatus 82 is stopped.

<Control Program>

[0045] The above-described calibration control of the
frequency f* during power supply is performed when a
frequency calibration program shown in a flowchart of
FIG. 6 is executed by the power supply control device
100.
[0046] First, in the frequency calibration program, in
step 1 (hereinafter, simply abbreviated to "S1". This is
true of other steps), it is determined whether or not the
adjustment switch 110 is operated by an operator. In a
case where it is determined that the adjustment switch
110 is operated, in S2, the changing circuit 94 is adjusted,
and thus the frequency f of AC power transmitted from
the power transmission element 96 to the power recep-
tion apparatus 82 is adjusted to the initial frequency α.
Next, in S3, it is determined whether or not power is sup-
plied to the power reception apparatus 82. Specifically,
it is determined whether or not the detection result trans-
mitted from the transmitter 90 of the power reception ap-
paratus 82 indicates that power is supplied to the power
reception apparatus 82. In a case where it is determined
that power is not supplied to the power reception appa-
ratus 82, in S4, the changing circuit 94 is adjusted, and
the frequency f of AC power transmitted to the power
reception apparatus 82 is changed to a frequency ob-
tained by adding the specific frequency Δf to the frequen-
cy f of power that is actually supplied to the power recep-
tion apparatus 82. In addition, in S3, it is determined
whether or not power is supplied to the power reception
apparatus 82, and the processes in S3 and S4 are re-
peated until it is determined that power is supplied to the
power reception apparatus 82.
[0047] In S3, when it is determined that power is sup-
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plied to the power reception apparatus 82, in S5, the fre-
quency f of AC power when it is determined that power
is supplied to the power reception apparatus 82 is stored
as the first frequency f1. Next, in S6, the changing circuit
94 is adjusted, and the frequency f of AC power trans-
mitted to the power reception apparatus 82 is changed
to a frequency obtained by adding the specific frequency
Δf to the frequency f of power that is actually supplied to
the power reception apparatus 82. In addition, in S7, it
is determined whether or not power is supplied to the
power reception apparatus 82.
[0048] In S7, in a case where it is determined that pow-
er is supplied to the power reception apparatus 82, the
process returns to S6, and the changing circuit 94 is ad-
justed, and the frequency f of AC power transmitted to
the power reception apparatus 82 is changed to a fre-
quency obtained by adding the specific frequency Δf to
the frequency f of power that is actually supplied to the
power reception apparatus 82. In addition, in S7, it is
determined whether or not power is supplied to the power
reception apparatus 82, and the processes in S6 and S7
are repeated until it is determined that power is not sup-
plied to the power reception apparatus 82.
[0049] In S7, when it is determined that power is not
supplied to the power reception apparatus 82, in S8, the
frequency f of AC power when it is determined that power
is not supplied to the power reception apparatus 82 is
stored as the second frequency f2. In addition, in S9, the
frequency f* during supply is calculated by the above-
described equation, and is determined as a calculation
value thereof. Subsequently, in S10, the determined fre-
quency f* during supply is stored in the power supply
control device 100, and in S11, the changing circuit 94
is adjusted, and thus AC power of the frequency f* during
supply is supplied to the power reception apparatus 82.
[0050] Subsequently, in S12, it is determined whether
or not the stop switch 112 is operated by an operator,
and in a case where it is determined that the stop switch
112 is not operated, the processes in S11 and S12 are
repetitively performed. In addition, in a case where it is
determined that the stop switch 112 is operated, in S13,
the changing circuit 94 is adjusted, and the frequency f
of AC power that is transmitted from the power transmis-
sion element 96 to the power reception apparatus 82 is
changed to a frequency lower than the first frequency f1
or a frequency higher than the second frequency f2.
Through the above-described processes, the calibration
control is performed. In addition, in S1, in a case where
it is determined that the adjustment switch 110 is not
operated, the processes subsequent to S11 are per-
formed.

<Functional Configuration of Power Supply Control De-
vice>

[0051] The power supply control device 100 that exe-
cutes the frequency calibration program may be consid-
ered as a device having a functional configuration shown

in FIG. 4 when considering an execution process thereof.
As can be seen from the drawing, the power supply con-
trol device 100 is provided with a frequency changing
unit 120 as a function unit that executes the processes
in S4, S6, S11, and S13, that is, as a function unit that
adjusts the changing circuit 94 to change the frequency
of AC power supplied to the power transmission element
96, a frequency measurement unit 122 as a function unit
that executes the processes in S5 and S8, that is, as a
function unit that measures the first frequency f1 and the
second frequency f2, a frequency determination unit 124
as a function unit that executes the process in S9, that
is, as a function unit that determines the frequency f*
during supply on the basis of the first frequency f1 and
the second frequency f2, and a frequency storage unit
126 as a function unit that executes the process in S10,
that is, as a function unit that stores the determined fre-
quency f* during supply, respectively. In addition, the fre-
quency changing unit 120 is provided with a power supply
stopping unit 128 as a function unit that executes the
process in S13, that is, a function unit that adjusts the
changing circuit 94 to change the frequency of AC power
supplied to the power transmission element 96 to a fre-
quency lower than the first frequency f1 or a frequency
higher than the second frequency f2.
[0052] In addition, in the example, the wireless power
supply system 80 is an example of a wireless power sup-
ply system, and the power reception apparatus 82 and
the power transmission apparatus 84, which constitute
the wireless power supply system 80, are examples of a
power reception apparatus and a power transmission ap-
paratus. In addition, the power reception element 86 and
the transmitter 90, which constitute the power reception
apparatus 82, are examples of a power reception ele-
ment and a transmitter. In addition, the power transmis-
sion circuit 92, the changing circuit 94, the power trans-
mission element 96, and the power supply control device
100, which constitute the power transmission apparatus
84 are examples of a power transmission circuit, a chang-
ing circuit, a power transmission element, and a control
device. In addition, the frequency changing unit 120, the
frequency measurement unit 122, the frequency deter-
mination unit 124, the frequency storage unit 126, and
the power supply stopping unit 128, which constitute the
power supply control device 100, are examples of a fre-
quency changing unit, a frequency measurement unit, a
frequency determination unit, a storage unit for storing
values of a supplied frequency (frequency storage unit),
and a power supply stopping unit.
[0053] In addition, the invention is not limited to the
above-described example, and may be executed by var-
ious aspects in which various changes and modifications
are made on the basis of knowledge of a person skilled
in the art. Specifically, for example, in the example, as
the power transmission element and the power reception
element, a flat plate-shaped electrode is employed, but
a coil may be employed. However, in a case of employing
the coil as the power transmission element and the power
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reception element, AC power is supplied to the power
reception apparatus by using resonance of the magnetic
field between the power transmission element and the
power reception element.
[0054] In addition, in the example, when measuring the
first frequency f1 and the second frequency f2, the chang-
ing circuit is adjusted in such a manner that the frequency
of AC power supplied to the power transmission element
96 is raised, but the changing circuit may be adjusted in
such a manner that the frequency of AC power is lowered.
However, in a case where the changing circuit is adjusted
in such a manner that the frequency of AC power is low-
ered, it is necessary to set an initial frequency of the AC
power when the measurement is initiated to a relatively
high frequency β. In addition, the changing circuit may
be adjusted in such a manner that the frequency of AC
power is raised or lowered. Specifically, for example, the
first frequency f1 is measured by adjusting the changing
circuit in such a manner that the frequency of AC power
is gradually raised from the initial frequency α. Then, the
second frequency f2 may be measured by adjusting the
changing circuit in such a manner that the frequency of
AC power is gradually lowered from the initial frequency
β.
[0055] In addition, in the example, the frequency f* dur-
ing supply is determined as an average value between
the first frequency f1 and the second frequency f2, but
may be determined as an arbitrary value as long as the
value is a value between the first frequency f1 and the
second frequency f2. Specifically, for example, an aver-
age value obtained by applying weighting to any one of
the first frequency f1 and the second frequency f2, and
the like are also possible. Specifically, the frequency f*
during supply may be calculated by the following expres-
sion. 

[0056] Here, a and b are not negative real numbers,
and at least one of a and b is not zero.

Reference Signs List

[0057]

80: Wireless power supply system
82: Power reception apparatus
84: Power transmission apparatus
86: Power reception element
90: Transmitter
92: Power transmission circuit
94: Changing circuit
96: Power transmission element
100: Power supply control device (control device)
120: Frequency changing unit
122: Frequency measurement unit

124: Frequency determination unit
126: Frequency storage unit (storage unit of frequen-

cy during supply)
128: Power supply stopping unit

Claims

1. A wireless power supply system comprising:

(a) a power transmission apparatus including a
power transmission element and a power trans-
mission circuit that supplies AC power to the
power transmission element; and
(b) a power reception apparatus including a
power reception element that is disposed to be
spaced away from the power transmission ele-
ment,
wherein AC power is supplied to the power re-
ception apparatus by using resonance of an
electromagnetic field between the power trans-
mission element and the power reception ele-
ment, and
the power transmission apparatus includes, a
changing circuit that changes a frequency of AC
power supplied to the power transmission ele-
ment, and a control device including (A) a fre-
quency changing unit that adjusts the changing
circuit to change the frequency of AC power sup-
plied to the power transmission element in a
manner capable of being controlled, (B) a fre-
quency measurement unit that measures a first
frequency that is a frequency of AC power during
supply state variation in which a state of power
supply to the power reception apparatus varies
between a state in which AC power is actually
supplied to the power reception apparatus and
a state in which AC power is not supplied in ac-
cordance with the changing of the frequency of
AC power by the frequency changing unit, and
a second frequency that is a frequency different
from the first frequency and is a frequency of AC
power during the supply state variation, and (C)
a frequency determination unit that determines
a frequency during supply, which is the frequen-
cy of AC power during supply of AC power to
the power reception apparatus, to a frequency
that corresponds to a value between a value of
the first frequency and a value of the second
frequency.

2. The wireless power supply system according to
Claim 1,
wherein the frequency determination unit deter-
mines the frequency during supply to a frequency
that corresponds to a half of a value obtained by
adding the value of the first frequency and the value
of the second frequency to each other.
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3. The wireless power supply system according to
Claim 1 or 2,
wherein the power reception apparatus includes a
transmitter that detects whether or not AC power is
supplied to the power reception apparatus and trans-
mits a detection result to the control device, and
the frequency measurement unit measures the first
frequency and the second frequency on the basis of
the detection result from the transmitter.

4. The wireless power supply system according to any
one of Claims 1 to 3,
wherein when the first frequency and the second fre-
quency are measured, the frequency changing unit
adjusts the changing circuit in such a manner that
the frequency of AC power supplied to the power
transmission element is raised.

5. The wireless power supply system according to any
one of Claims 1 to 3,
when the first frequency and the second frequency
are measured, the frequency changing unit adjusts
the changing circuit in such a manner that the fre-
quency of AC power supplied to the power transmis-
sion element is lowered.

6. The wireless power supply system according to any
one of Claims 1 to 5,
wherein the control device includes a frequency-dur-
ing-supply storage unit storing the frequency during
supply which is determined by the frequency deter-
mination unit, and
the wireless power supply system is configured in
such a manner that AC power of the frequency during
supply which is stored in the frequency-during-sup-
ply storage unit is supplied when power is supplied
again to the power reception apparatus.

7. The wireless power supply system according to any
one of Claims 1 to 6,
wherein the frequency changing unit includes a pow-
er supply stopping unit that stops power supply to
the power reception apparatus by changing the fre-
quency of AC power supplied to the power transmis-
sion element to a frequency corresponding to a value
different from a value between the value of the first
frequency and the value of the second frequency.
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