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CONTACTLESS POWER SUPPLY SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a contactless power
supply system that has a primary coil, and a resonance coil
and a secondary coil to be arranged at a distance from the
primary coil, and that contactlessly sends electric power from
the primary coil to the secondary coil, and the present inven-
tion especially relates to a contactless power supply system in
which efficiency of power supply from a primary coil to a
secondary coil has been improved.

BACKGROUND ART

[0002] Asasystem for contactlessly sending electric power
to service vehicles and cars in a factory, as described in Patent
Literature 1, there is proposed a contactless power supply
system in which electric power is sent from a primary coil to
a secondary coil by arranging the primary coil and the sec-
ondary coil with a space in between and providing a reso-
nance coil (tertiary coil) having a capacitor for resonance
connected thereto on a secondary side.

[0003] Also, in Patent Literature 2, there is proposed a
contactless power supply system for a ground moving body in
which rise in voltage of pickup coils is regulated by regarding
a power feed line arranged along a travel path as a primary
side, regarding pickup coils wound around iron cores pro-
vided to a ground moving body as a secondary side, forming
a resonance circuit by parallelly connecting a resonance
capacitor to output terminals of the pickup coils, parallelly
connecting a saturable reactor to the pickup coils, self-induc-
tance of the saturable reactor lowering by being magnetically
saturated upon rising of voltage of the pickup coils, and
increasing electric current flowing to the saturable reactor in
association with lightening of weight of a load.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: Japanese Patent No. 4318742
[0005] Patent Literature 2: Japanese Patent No. 3442937
SUMMARY OF INVENTION
Technical Problem
[0006] However, in a technique described in Patent Litera-

ture 1, there is a problem of inefficiency in electric power to be
supplied from the primary coil to the secondary coil.
Additionally, when contactlessly supplying a large amount of
electric power, there is a problem in that heat generation in the
primary coil due to resistance loss and eddy-current loss
increases, and electric current flowing to the resonance coil
also increases, which makes the resonance coil generate
excessive heat, and also causes electric power consumption
due to resistance existing on the resonance circuit.

[0007] Moreover, in a technique described in Patent Litera-
ture 2, since the distance between the power feed line and the
pickup coils is nearly constant, magnetic connection between
the power feed line and the pickup coils is constant. In Patent
Literature 2, since overvoltage becomes generated in the
pickup coils at the time of lightening of weight of a load, in
order to prevent this, a saturable reactor that becomes self-
saturated by overvoltage is used. However, a problem to be
solved in Patent Literature 2 is different from that in the
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present invention, and in Patent Literature 2, a resonance coil
is not used aside from the pickup coils, and thus a structure
thereof is also different from that of the present invention.

[0008] The present invention has been made in view of the
above circumstances, and an object thereof is to provide a
contactless power supply system in which electric power is
efficiently supplied to a secondary-side circuit having a reso-
nance circuit (resonance coil) independently from a second-
ary coil, and in which heat generation and loss in a primary
coil, the secondary coil, and the resonance coil are reduced.

Solution to Problem

[0009] In order to achieve the above object, according to a
first aspect of the present invention, there is provided a con-
tactless power supply system including a primary coil to be
connected to a high-frequency power source, a secondary coil
to receive electric power generated from the primary coil, and
aresonance coil arranged in direct contact with the secondary
coil in between the primary coil and the secondary coil,
wherein

respective planarly-viewed areas of the secondary coil and
the resonance coil are equal to or smaller than a planarly-
viewed area of the primary coil,

the primary coil is formed by planarly and spirally winding a
first litz wire, the resonance coil is formed by tandemly wind-
ing coils in a double layer, the coils being formed by planarly
and spirally winding a second litz wire, and in the case of the
secondary coil, two third litz wires are parallelly arranged and
planarly and spirally wound.

[0010] According to a second aspect of the present inven-
tion, in the contactless power supply system of the first aspect
of'the present invention, the first litz wire of the primary coil,
each wind of which adjacent to one another, is arranged at
intervals (e.g., 1 to 5 mm).

According to a third aspect of the present invention, in the
contactless power supply systems of the first and second
aspects of the present invention, the primary coil, the second-
ary coil and the resonance coil are formed in an outlined
rectangular shape (an oblong or a square shape) with corner
portions thereof having a roundish shape in planar view.
[0011] According to a fourth aspect of the present inven-
tion, in the contactless power supply system of the third
aspect of the present invention, the contactless power supply
system is for charging a battery of a service vehicle moving
inside a factory, the primary coil is to be arranged along a lane
of the service vehicle, and the secondary coil and the reso-
nance coil are to be mounted on the service vehicle.

[0012] According to a fifth aspect of the present invention,
in the contactless power supply system of the fourth aspect of
the present invention, output from the secondary coil
becomes rectified and charges the battery, and an adjustment
of the charging current is performed by controlling electric
current flowing to the resonance coil.

[0013] According to a sixth aspect of the present invention,
in the contactless power supply systems of the fourth and fifth
aspects of the present invention, 1) respective dimensions of
the primary coil, the secondary coil, and the resonance coil
along a width of the lane are in the range of 350 to 600 mm in
planar view, 2) a length of the primary coil along the lane is in
the range of 350 to 800 mm in planar view, and 3) lengths of
the secondary coil and the resonance coil along the lane are in
the range of 350 to 650 mm in planar view.

[0014] According to a seventh aspect of the present inven-
tion, in the contactless power supply systems of the first to
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sixth aspects of the present invention, a plurality of rod-like
ferrite cores are provided on the back of the primary coil in a
state of crossing a winding wire of the primary coil. It is
preferable for the rod-like ferrite cores to be rectangular in
cross-section.

[0015] According to an eighth aspect of the present inven-
tion, in the contactless power supply system of the seventh
aspect of the present invention, an aluminum plate holding the
primary coil and the rod-like ferrite cores and having a plate
thickness of 3 to 10 mm is provided on the back of the rod-like
ferrite cores.

Advantageous Effects of Invention

[0016] In the case of the contactless power supply system
according to the present invention, since litz wires are used
for the primary coil, the secondary coil and the resonance coil,
even when high frequency current flows, skin effect does not
occur easily. Therefore, power loss lessens, which makes the
contactless power supply system efficient.

Additionally, since the respective planarly-viewed areas of
the secondary coil and the resonance coil are equal to or
smaller than the planarly-viewed area of the primary coil,
leakage magnetic flux decreases, enabling to efficiently sup-
ply electric power.

Since the resonance coil is formed by tandemly winding the
coils in a double layer, the coils being formed by planarly and
spirally winding the litz wire, it is possible to form the reso-
nance coil compactly by increasing the number of turns.
[0017] Especially, in the case of the primary coil, when the
litz wire is arranged at intervals, cooling effect becomes
enhanced, and interference among the litz wire decreases as
well.

Additionally, when the shapes of the primary coil, the sec-
ondary coil and the resonance coil are made to be a rectangle
with corner portions thereof having a roundish shape, a com-
paratively large area can be secured in accordance with
widths and traveling of a service vehicle, a car and the like,
improving transmitting efficiency.

[0018] When arranging rod-like ferrite cores on the back of
the primary coil, leakage magnetic flux occurring due to the
primary coil can be lessened, power loss can be alleviated,
and transmitting efficiency can be improved at the same time.
Additionally, when providing an aluminum plate having a
plate thickness of 3 to 10 mm on the back of the rod-like
ferrite cores, the primary coil and the rod-like ferrite cores can
be assembled on or under the aluminum plate, and the alumi-
num plate also works effectively as a supporting member for
the primary coil.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG.1(A)is a side view of a primary coil used for a
contactless power supply system according to one embodi-
ment of the present invention; and 1(B) is a plan view of the
same primary coil.

[0020] FIG. 2 is a layout drawing of the same contactless
power supply system on which an examination has been
performed for the confirmation of function effects.

[0021] FIG. 3(A) is a side view of a resonance coil of the
same contactless power supply system; and 3(B) is a plan
view of the same resonance coil.

[0022] FIG. 4is a plan view of a secondary coil of the same
contactless power supply system.

Jul. 23,2015

[0023] FIG. 5 is a general block diagram of the same con-
tactless power supply system.

[0024] FIGS. 6(A) to 6(C) are waveform charts each illus-
trating an operating condition of the same contactless power
supply system.

DESCRIPTION OF EMBODIMENTS

[0025] Next, with reference to the accompanying drawings,
descriptions will be given on embodiments of the present
invention.

As illustrated in FIGS. 2 and 5, a contactless power supply
system 10 according to one embodiment of the present inven-
tion includes a primary coil 12 to be connected to a high-
frequency power source 11 consisting of an inverter (prefer-
ably, of 8 to 50 kHz), a secondary coil 13 to receive electric
power generated from the primary coil 12, and a resonance
coil 14 arranged in direct contact or contiguity with the sec-
ondary coil 13 in between the primary coil 12 and the sec-
ondary coil 13.

[0026] A rectifier circuit 16 is connected to the secondary
coil 13, and output from the secondary coil 13 is converted to
direct current and supplied to a secondary battery 17 which is
a load. Electric voltage and electric current of direct current
rectified by the rectifier circuit 16 are detected and input into
a controlling circuit 18. The detected electric voltage and
electric current of the direct current are digitally processed in
the controlling circuit 18, and through a photocoupler 19,
supplied to a switching element circuit 20.

[0027] In the switching element circuit 20, by generating
on-signals and off-signals to be divided based on a duty ratio,
increasing and decreasing of electric current flowing through
the resonance coil 14 are performed. A capacitor 22 and a
resistance 23 are tandemly connected to the resonance coil
14.

When illustrating this state in FIG. 6(C), during a period oft2,
the switching element circuit 20 is turned off and only the
resistance 23 is tandemly connected to the resonance coil 14.
However, during a period of t1, the switching element circuit
20 is turned on, and a different resistance is applied in parallel
with the resistance 23. Thus, by changing the ratio of lengths
of tl and t2, resonance current can be controlled.

[0028] Since electric current flowing into the resonance
coil 14 and electric current flowing through the secondary coil
13 increase linearly, by detecting output current of the recti-
fier circuit 16 and feeding back the detected output current of
the rectifier circuit 16 to the resonance coil 14, electric current
passing through the rectifier circuit 16 can be kept constant
(or at a constant value or less).

Also, by detecting output voltage of the rectifier circuit 16 by
the controlling circuit 18 and feeding back the detected output
voltage, the output voltage of the rectifier circuit 16 can be
controlled to be at a constant value or less. When the second-
ary battery 17 becomes close to being fully charged, electric
voltage increases. Thus, by detecting this, charging current
can be reduced or even made to be at zero.

FIG. 6(A) illustrates output voltage of the high-frequency
power source 11; and

FIG. 6(B) illustrates electric current flowing through the reso-
nance coil 14.

Additionally, a capacitor for resonance 18a is tandemly con-
nected to the resonance coil 14, and electric current flowing
through the resonance coil 14 is made to resonate with oscil-
lating frequency f of the high-frequency power source (an
inverter) 11. By adjusting the capacitor for resonance 18a,
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resonance frequency fl formed by the resonance coil 14 and
the capacitor for resonance 18a can also be made to be (0.9 to
1.05) 1.

[0029] Next, descriptions will be given on the primary coil
12 attached to a fixed object (e.g., fixed to a building or
arranged along a lane of a service vehicle), and the secondary
coil 13 and the resonance coil 14 to be mounted on a vehicle
driven by the secondary battery 17 (e.g., a service vehicle
moving inside a factory). When charging the secondary bat-
tery 17, avehicle becomes parked at a specific location, and as
illustrated in FIG. 2, the resonance coil 14 and the secondary
coil 13 fixed to the vehicle become faced with the primary coil
12 attached to a ceiling portion (see the upper half of FIG. 2).
It is preferable for respective planarly-viewed areas of the
secondary coil 13 and the resonance coil 14 to be equal to or
smaller than a planarly-viewed area of the primary coil 12,
and it is also preferable for the primary coil 12 to cover the
resonance coil 14.

[0030] The planarly-viewed secondary coil 13 and the pla-
narly-viewed resonance coil 14 have an outlined rectangular
shape with arc-like corner portions (rounded), have the same
forms and areas, and are arranged in a stacked state. In the
case of the planarly-viewed secondary coil 13 and the pla-
narly-viewed resonance coil 14, in FIGS. 3(A), 3(B) and 4,
widths a and b are in the range 0f 350 to 600 mm, and lengths
¢ and d are in the range of 350 to 650 mm.

On the other hand, as illustrated in FIGS. 1(A) and 1(B), a
width e of the primary coil 12 consisting of an outlined
rectangle with arc-like corner portions in planar view is in the
range of 350 to 600 mm, and a length fthereof'is in the range
01350 to 800 mm.

Additionally, the lengths mean lengths with respect to a mov-
ing direction of the vehicle (i.e., lengths along the lane of the
vehicle), and the widths mean lengths in a direction perpen-
dicular to the lengths (i.e., lengths along a width of the lane).
[0031] The primary coil 12 is formed by planarly and spi-
rally winding a first litz wire 25, the resonance coil 14 is
formed by tandemly winding coils 27 and 28 in a double
layer, the coils 27 and 28 being formed by planarly and
spirally winding a second litz wire 26, and in the case of the
secondary coil 13, two third litz wires 29 and 294 are paral-
lelly arranged and planarly and spirally wound. Thicknesses
of'the first to third litz wires 25, 26, 29 and 29q are determined
by flowing electric current, however, when charging the sec-
ond battery 17 of the vehicle in a factory, for example, it is
preferable to adopt those of 100A specifications (with a diam-
eter of about 8 to 9 mm, and 14 to 22 SQ).

[0032] Asillustrated in FIGS. 1(A) and 1(B), on the back of
the primary coil 12, a plurality of rod-like ferrite cores 31 are
provided at intervals of about 10 to 50 mm in a state of
crossing a winding wire (the first litz wire 25) of the primary
coil 12. These rod-like ferrite cores 31 completely cover the
winding wire, and also stick out toward the inner and outer
sides of the winding wire. This prevents magnetic field gen-
erated by the primary coil 12 from leaking on the back side of
the primary coil 12 as much as possible.

Between winds of a winding wire of the primary coil 12, each
wind of which adjacent to one another, i.e., between winds of
the first litz wire 25, spaces S are provided, which prevent
interference among the first litz wire 25 as much as possible.
Each of the spaces S is, for example, about 2 to 5 mm.
[0033] The primary coil 12 is fixed on an insulating plate
(e.g., a glass epoxy board) 33, the rod-like ferrite cores 31 are
provided on the back of the insulating plate 33, and an alu-
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minum plate 35 of 3 to 10 mm (preferably, 5 to 8 mm) is
provided on the back of the rod-like ferrite cores 31 on the
back of the insulating plate 33. This aluminum plate 35 is for
fortifying the whole of the primary coil 12 through the rod-
like ferrite cores 31, and can be fixed with screws to a ceiling,
a wall and the like of a building.

[0034] The secondary coil 13 is, as illustrated in FIG. 5,
formed by winding twisted or parallelly-arranged two litz
wires 29 and 29q (the third litz wires). The litz wires 29 and
29a on one side are connected and used as a center tap,
composing the rectifier circuit 16 consisting of two diodes 37
and 38.

[0035] Next, with reference to FIG. 2, descriptions will be
given on an example of an experiment performed to confirm
the functions and effects of the present invention.

As illustrated in FIG. 2, in the case of the primary coil 12, a
width e is 400 mm, a length fis 600 mm (see FIG. 1), and the
first litz wire 25 having a diameter of 8 to 9 mm was planarly
and spirally wound ten turns.

[0036] The resonance coil 14 was arranged right below the
primary coil 12, and the secondary coil 13 was arranged in
contact with the resonance coil 14. An interval between the
resonance coil 14 and the primary coil 12 was 50 mm. Plane
dimensions of the resonance coil 14 and the secondary coil 13
were the same, and the widths a and b were 400 mm and the
lengths were 600 mm. The resonance coil 14 is made to be a
double layer by connecting coils 27 and 28 in series, these
coils 27 and 28 each being formed by winding eight turns of
the second litz wire (a diameter of 8 to 9 mm) 26.

[0037] The secondary coil 13 was made by superposing or
twisting and planarly and spirally winding the third litz wires
29 and 294, and the number of coil turns was three.

As illustrated in FIG. 2, as a result of measuring after provid-
ing a terminal box 40 on the near side of the primary coil 12
and connecting an alternating current integrating wattmeter
41, and providing a terminal box 42 on an output side of the
rectifier circuit 16 and connecting a direct current integrating
wattmeter 43, electric power on the side of alternating current
was 4.591 kw, and electric power on the side of direct current
was 3.504 kw. Therefore, when simply calculating an effi-
ciency (n), the efficiency is 76%, however, in actuality, by
adjusting the interval between the primary coil 12 and the
secondary coil 13, it becomes possible for the efficiency to be
up to about 70 to 90%. Also, the oscillating frequency of the
high-frequency power source was 10 kHz.

[0038] Due to the above matters, litz wires are used for the
primary coil, the secondary coil and the resonance coil.
Therefore, the efficiency of the contactless power supply
system is made to be enhanced by avoiding loss (intrinsic
deflection) due to eddy current as much as possible.

The present invention is not limited to the above embodi-
ments, and the structure thereof can be changed within the
scope which does not alter the gist of the present invention.
For example, in this embodiment, a primary-side resonance
coil is not provided to the primary coil, however, it can be
provided as needed. In this case, since electric power is con-
sumed by the primary-side resonance coil, it would appear
that the efficiency becomes lowered, however, the interval
between the primary coil and the secondary coil can be made
wider.

INDUSTRIAL APPLICABILITY

[0039] In the case of the contactless power supply system
according to the present invention, since the coefficient of use
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of a conductor is high, loss is relatively little, and when
applied to, for example, an automobile, an in-plant vehicle,
other moving trucks and the like, electric power can be sup-
plied to them contactlessly and efficiently.

REFERENCE SIGNS LIST

[0040] 10: contactless power supply system, 11: high-fre-
quency power source, 12: primary coil, 13: secondary coil,
14: resonance coil, 16: rectifier circuit, 17: secondary battery,
18: controlling circuit, 18a: capacitor for resonance, 19: pho-
tocoupler, 20: switching element circuit, 22: capacitor, 23:
resistance, 25: first litz wire, 26: second litz wire, 27, 28: coil,
29, 29q: third litz wire, 31: rod-like ferrite core, 33: insulating
plate, 35: aluminum plate, 37, 38: diode, 40: terminal box, 41:
alternating current integrating wattmeter, 42: terminal box,
43: direct current integrating wattmeter

1-8. (canceled)

9. A contactless power supply system, comprising:

a primary coil to be connected to a high-frequency power
source;

a secondary coil to receive electric power generated from
the primary coil;

a resonance coil arranged in direct contact with the sec-
ondary coil in between the primary coil and the second-
ary coil; and

arectifier circuit to convert output generated in the second-
ary coil to direct current, wherein

the primary coil, the resonance coil and the secondary coil
are formed by planarly and spirally winding a first litz
wire, a second litz wire and third litz wires, respectively,

a capacitor and a resistance are tandemly connected to the
resonance coil, a switching element circuit is parallelly
connected to the resistance, by detecting output current
and output voltage of the rectifier circuit by a controlling
circuit, feedback control that changes a duty ratio of ons
and offs of the switching element circuit is performed,
and each of the output current and the output voltage of
the rectifier circuit is controlled to be at a constant value
or less.

10. The contactless power supply system according to

claim 9, wherein

the resonance coil is formed by tandemly winding coils in
a double layer, the coils being formed by planarly and
spirally winding a second litz wire, in the case of the
secondary coil, two third litz wires are parallelly
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arranged and planarly and spirally wound, and the first
litz wire of the primary coil, each wind of which adjacent
to one another, is arranged at intervals.

11. The contactless power supply system according to
claim 9, wherein the primary coil, the secondary coil and the
resonance coil are formed in an outlined rectangular shape
with corner portions thereofhaving a roundish shape in planar
view.

12. The contactless power supply system according to
claim 10, wherein the primary coil, the secondary coil and the
resonance coil are formed in an outlined rectangular shape
with corner portions thereofhaving a roundish shape in planar
view.

13. The contactless power supply system according to
claim 9, wherein,

the contactless power supply system is for charging a bat-

tery of a service vehicle moving inside a factory, the
primary coil is to be arranged along a lane of the service
vehicle, and the secondary coil and the resonance coil
are to be mounted on the service vehicle.

14. The contactless power supply system according to
claim 13, wherein

1) respective dimensions of the primary coil, the secondary

coil, and the resonance coil along a width of the lane are
in the range 0350 to 600 mm in planar view, 2) a length
of the primary coil along the lane is in the range of 350
to 800 mm in planar view, and 3) lengths of the second-
ary coil and the resonance coil along the lane are in the
range of 350 to 650 mm in planar view.

15. The contactless power supply system according to
claim 9, wherein

a plurality of rod-like ferrite cores are provided on the back

of the primary coil in a state of crossing a winding wire
of the primary coil, and an aluminum plate holding the
primary coil and the rod-like ferrite cores and having a
plate thickness of 3 to 10 mm is provided on the back of
the rod-like ferrite cores.

16. The contactless power supply system according to
claim 14, wherein

a plurality of rod-like ferrite cores are provided on the back

of the primary coil in a state of crossing a winding wire
of the primary coil, and an aluminum plate holding the
primary coil and the rod-like ferrite cores and having a
plate thickness of 3 to 10 mm is provided on the back of
the rod-like ferrite cores.

#* #* #* #* #*



