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(57) Abrégé/Abstract:

A wireless power supply coil unit (100) for transmitting or receiving power wirelessly includes a coil (15) having a hollow portion and
a coil axis in a vertical direction, a first magnetic body (11) having an opening (11a) at a position corresponding to the hollow portion
of the coil (15), a second magnetic body (12) having a plate-like shape and arranged in the hollow portion of the coil (15) on one
side of the first magnetic body (11), and an insulating plate (14) interposed between the first magnetic body (11) and the second
magnetic body (12). The coil unit has high surface stiffness of the magnetic bodies and prevents or reduces dielectric breakdown
between contact surfaces of the magnetic bodies.
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ABSTRACT

A wireless power supply coil unit (100) for transmitting or receiving power
wirelessly includes a coil (15) having a hollow portion and a coil axis in a vertical
direction, a first magnetic body (11) having an opening (11a) at a position
corresponding to the hollow portion of the coil (15), a second magnetic body (12)
having a plate-like shape and arranged in the hollow portion of the coil (15) on one side
of the first magnetic body (11), and an insulating plate (14) interposed between the first
magnetic body (11) and the second magnetic body (12). The coil unit has high surface
stiffness of the magnetic bodies and prevents or reduces dielectric breakdown between

contact surfaces of the magnetic bodies.
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1
DESCRIPTION

WIRELESS POWER SUPPLY COIL UNIT

TECHNICAL FIELD
[0001]

The present invention relates to a wireless power supply coil unit used for

wirelessly charging a battery mounted on a vehicle.

BACKGROUND ART
[0002]

A wireless power supply coil unit mounted on a vehicle preferably has a -
structure having a hollow projection in cross section in the middle which is a space for
installing a capacitor so as to reduce the entire thickness. Patent Document 1 discloses
a wireless power supply coil unit of this type. The coil unit disclosed in Patent
Document 1 is used for a mobile phone to supply power wirelessly, and includes a
ferrite material (a magnetic body) used for a coil and having a projection in cross
section in the middle on which wire is wound. A ferrite material, if used in a wireless
power supply coil unit for a vehicle, inevitably has a larger size than that for a mobile
phone, and can have less surface stiffness when having a projection in cross section.
[0003]

Patent Document 2 discloses a coil unit including a plurality of flat ferrite
materials brought in surface contact to partly overlap with each other so as to entirely
define a projection in cross section. However, the surface contact between the ferrite
materials may cause dielectric breakdown across a gap if the surfaces in contact with

each other would be partly separated.

CITATION LIST
PATENT LITERATURE
[0004]
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2

Patent Document 1: Japanese Unexamined Patent Application Publication No.
2008-294385

Patent Document 2: Japanese Unexamined Patent Application Publication No.

2015-106939

SUMMARY OF INVENTION

[0005]
As described above, the magnetic body (the ferrite material) having a

projection used for a wireless power supply coil unit mounted on a vehicle has a
problem of being damaged by external stress. In addition, the use of the plural ferrite
materials brought in surface contact to provide a projection has a problem of causing
dielectric breakdown between the surfaces of the ferrite materials in contact with each
other.
[0006]

To solve the conventional problems described above, the present invention
provides a wireless power supply coil unit having high surface stiffness of ferrites and
avoiding dielectric breakdown between contact surfaces of the ferrites.

[0007]

A first aspect of the present invention provides a wireless power supply coil
unit including a coil having a hollow portion and a coil axis in a vertical direction, a
first magnetic body having an opening at a position corresponding to the hollow portion
of the coil, a second magnetic body having a plate-like shape and arranged in the hollow
portion of the coil, and an insulating plate interposed between the first magnetic body

and the second magnetic body.

ADVANTAGEOUS EFFECTS
[0008]
The coil unit according to the first aspect of the present invention has high

surface stiffness of ferrites and prevents or reduces dielectric breakdown between

contact surfaces of the ferrites.
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BRIEF DESCRIPTION OF DRAWINGS

[0009]

[Fig. 1A] Fig. 1A is a bottom view of a coil unit according to a first embodiment of the
present invention.

[Fig. 1B] Fig. 1B is a lateral cross-sectional view of the coil unit according to the first
embodiment.

[Fig. 2A] Fig. 2A is a view illustrating an overlapping part between a first ferrite and a
second ferrite.

[Fig. 2B] Fig. 2B is a view illustrating magnetic flux flowing through the overlapping
part between the first ferrite and the second ferrite, showing a state in which an
overlapping width is greater than or equal to a plate thickness of the first ferrite.

[Fig. 2C] Fig. 2C is a view illustrating magnetic flux flowing through the overlapping
part between the first ferrite and the second ferrite, showing a state in which the
overlapping width is less than the plate thickness of the first ferrite.

[Fig. 3] Fig. 3 is a view illustrating a voltage applied to an insulating plate.

[Fig. 4] Fig. 4 is a view illustrating an overlapping part between a first ferrite and a
second ferrite of a coil unit according to a second embodiment of the present invention.
[Fig. 5] Fig. 5 is a view illustrating an overlapping part between a first ferrite and a
second ferrite of a coil unit according to a third embodiment of the present invention.
[Fig. 6] Fig. 6 is a view illustrating an overlapping part between a first ferrite and a

second ferrite of a coil unit according to a fourth embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS
f0010]

Hereinafter, embodiments according to the present invention will be described
with reference to the drawings.

[First Embodiment]

Fig. 1A is a bottom view of a wireless power supply coil unit (hereinafter

referred to as a “coil unit”) according to a first embodiment of the present invention, and
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Fig. 1B is a lateral cross-sectional view of the coil unit.  Fig. 1A is a view as viewed in
the direction indicated by arrow A in Fig. 1B. The coil unit is a power receiving coil
unit installed on the base of a vehicle to receive power transmitted from the ground side.
[0011]

As shown in Fig. 1A and Fig. 1B, the coil unit 101 includes a flat base plate 13
made of aluminum and fixed to the base of the vehicle. The coil unit 101 further
includes a first ferrite 11 (a first magnetic body) having a plate shape and arranged on
the bottom side of the base plate 13, and a second ferrite 12 (a second magnetic body)
having a plate shape and arranged on the bottom side (on one side) of the first ferrite 11.
[0012]

The first ferrite 11 is provided with a rectangular opening 11a in the center,
and the second ferrite 12 is located at a position corresponding to the opening 11a.
[0013]

A flat insulating plate 14 including insulating material such as plastic or resin
is arranged between the first ferrite 11 and the second ferrite 12. A coil 15 with wound
litz wire (electrical wire) is placed at the periphery of the first ferrite 11 on the bottom
side. The coil 15 has a coil axis in the vertical direction, and has a hole in the center.
The position at which the second ferrite 12 is arranged corresponds to the hole of the
coil 15. The coil 15 is connected to a capacitor (not shown) to implement a resonance
circuit for receiving power.

{0014]
The coil unit 101 is fabricated such that the base plate 13, the first ferrite 11,

the insulating plate 14, and the second ferrite 12 are sequentially arranged, and the coil
15 is further placed thereon so as to be filled with resin around the entire circumference
to be fixed together. The coil unit 101 is positioned to face a power transmitting coil
(not shown) placed on the ground side, so that magnetic flux, which is output from the
power transmitting coil upon excitation, links with the coil in the coil unit 101, thus
receiving the power wirelessly.

[6015]

<Positional Relationship between First Ferrite 11 and Second Ferrite 12>
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A positional relationship between the first ferrite 11 and the second ferrite 12
is described below. The second ferrite 12 has a slightly larger size than the opening
11a provided in the center of the first ferrite 11. The second ferrite 12 is arranged such
that the center conforms to the center of the opening 11a of first ferrite 11, so that the
periphery of the second ferrite 12 overlaps with the circumferential part around the
opening 11a. The overlapping part is illustrated in Fig. 1B as indicated by reference
sign P1.

[0016]

According to the present embodiment, as illustrated in Fig. 2A, an overlapping
width YOL between the first ferrite 11 and the second ferrite 12 is set to be greater than
or equal to a plate thickness TFe of the first ferrite 11, as given by YOL =TFe. The
overlapping part between the first ferrite 11 and the second ferrite 12 provides a
magnetic flux path equivalent to the first ferrite 11 having the plate thickness TFe, so as
to allow the magnetic flux to flow through, as illustrated in Fig. 2B. A magnetic flux
density in the first ferrite 11 thus can be substantially equalized with that in the
overlapping part. This can avoid a concentration of the magnetic flux to prevent heat
generation accordingly.

[0017]

If the relationship as given by YOL =TFe is not fulfilled, the magnetic flux
density in the overlapping part P1 increases, as illustrated in Fig. 2C, causing heat
generation to increase a loss. The present embodiment fulfills the relationship as given
by YOL =TFe so as to avoid such a problem.

[0018]

<Relationship between Overlapping Width, Plate Thickness of Insulating Plate
14, and Plate Thickness of First Ferrite 11>

A relationship between the overlapping width YOL, a plate thickness of the
insulating plate 14 as indicated by sign Tb, and the plate thickness TFe of the first
ferrite 11, as shown in Fig. 2A, is described below. The insulating plate 14 may cause
dielectric breakdown to lead a corona discharge to occur if a voltage applied between

the first ferrite 11 and the second ferrite 12 increases. A minimum plate thickness Tb0



10

I5

20

25

30

CA 03051820 2019-07-26

6

sufficient to prevent the corona discharge can be represented by the following formula

(@:

Tb0 = VLmax / o ey

where VLmax is the applied voltage, and o is a threshold (kV/mm) of the
corona discharge. The applied voltage VLmax is the maximum voltage between the
first ferrite 11 and the second ferrite 12. Setting the plate thickness Tb of the
msulating plate 14 to greater than or equal to the minimum plate thickness Tb0 as
represenied by the formula (1) when the applied voltage is VLmax, can avoid the
occurrence of the corona discharge.

[0019]

A minimum overlapping width YOLmin is equal to the thickness TTe of the
first ferrite 11, since the relationship as given by YOL > TFe is fulfilled, as described
above. The minimum overlapping width YOLmin is thus represented by the following
formula (2):

YOLmin = TFe @)

A minimum niagnetic resistance Rm_min of the overlapping part, which is a
magnetic resistance when the overlapping part has the minimum overlapping width
YOLmin (= TFe), is represented by the following formula (3):

Rm min=1/(p-S)=Tb0/(n-X-TFe) (3)

where 1 is a distance between the first ferrite 11 and the second ferrite 12,
which is the plate thickness of the insulating plate 14, p is magnetic permeability, S is
an area of the overlapping part, and X is a length of the overlapping part in depth in the
horizontal direction.

{0020]

For the use of the insulating plate 14 having an optional plate thickness Tb, the
magnetic resistance Rm can be represented by the following formula (4):

Rm=Tb/(n-X-YOL) 4

where YOL is the overlapping width.

[0021]

To achieve the minimum magnetic resistance or less using the insulating plate
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14 having an optional plate thickness Tb according to the formulae (3) and (4), the

overlapping width YOL can be set to fulfill the following formula (5):

YOL > (Tb/ Tb0) - TFe 5

The overlapping width YOL between the first ferrite 11 and the second ferrite
12 is determined in accordance with the plate thickness TFe of the first ferrite 11 and
the plate thickness Tb of the insulating plate 14.
[0022]

The above maximum voltage VLmax can be a voltage applied to the coil.
For example, as illustrated in Fig. 3, the voltage applied to the coil is 1.5 kV, . which is
set as the maximum voltage VLmax. When the threshold of the corona discharge is
set to three (kV/mm), for example, the minimum plate thickness Tb0 of the insulating
plate 14 results in Tb0 = 0.5 mm in accordance with the formula (1). The overlapping
width YOL thus can be calculated by substituting, in the formula (5), 0.5 for Tb0, the
actual plate thickness of the insulating plate 14 for Tb, and the actual plate thickness of
the first ferrite 11 for TFe.
[0023]

- The operational effects of the coil unit 101 according to the present
embodiment are described below. The coil unit 161 configured as described above is
positioned to face a power transmitting coil unit on the ground side, so that the magnetic
flux generated by the power transmitting coil unit links with the coil unit 101. The
magnetic flux then flows through the overlapping part. The overlapping width YOL
set to greater than or equal to the plate thickness TFe of the first ferrite 11 can avoid an
increase in the magnetic flux density to prevent heat generation. The first ferrite 11
and the second ferrite 12 are arranged with the insulating plate 14 interposed
therebetween so as not to be in direct contact with each other. This also prevents heat
generation due to a concentration of the magnetic field.

[0024]
Setting the plate thickness Tb of the insulating plate 14 to fulfill the formula
(5) can prevent dielectric breakdown of the insulating plate 14 to avoid occurrence of a

corona discharge.
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[0025]

The coil unit 101 according to the first embodiment includes the first ferrite 11
and the second ferrite 12, which is arranged on one side of the first ferrite 11 at the
position corresponding to the opening 11a, and further includes the insulating plate 14
including insulating material such as resin and interposed between the first ferrite 11
and the second ferrite 12.  Avoiding direct contact between the first ferrite 11 and the
second ferrite 12 can prevent or reduce the dielectric breakdown at the contact surfaces
between the first ferrite 11 and the second ferrite 12.  Further, avoiding the use of the
entirely-integrated ferrite structure, as described iﬂ the conventional case, increases the
surface stiffness of each ferrite.

[0026]
The arrangement of the second ferrite 12 partly overlapping with the first

ferrite 11 allows the magnetic flux to flow through the overlapping part, so as to
mmprove the efficiency of transmitting and receiving power.

[0027]
The overlapping width YOL between the first ferrite 11 and the second ferrite

12 which is set to greater than or equal to the plate thickness TFe of the first ferrite 11,
enables the density of the magnetic flux flowing through the first ferrite 11 to be
substantially equivalent to that of the magnetic flux flowing through the overlapping
part, avoiding the problem of causing heat generation to decrease the power supply
efficiency accordingly.
[0028]

The overlapping width YOL between the first ferrite 11 and the second ferrite

12 is set to increase as the plate thickness Tb of the insulating plate 14 increases, as
indicated by the formula (5), so as to allow the magnetic flux to flow through more
efficiently. |
[0029]

While the above embodiment has been illustrated with the case of the power
receiving coil unit mounted on the base of a vehicle, the present invention is not

mtended to be limited to this case, and may be applied to a power transmitting coil unit
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placed on the ground side. In such a case, the arrangement direction of the coil unit
ilustrated in the first embodiment is vertically inverted.
[0030]

[Second Embodiment]

A second embodiment according to the present invention is described below.
Fig. 4 is a partial cross-sectional view of a coil unit 102 according to the second
embodiment. The second embodiment uses litz wire, composing the coil 15 wound
around the second ferrite 12, provided with a covering 22. The insulating plate 14 is
not placed on the first ferrite 11 on the outside of the second ferrite 12.  As illustrated
in Fig. 4, the insulating plate 14 is arranged only on the upper surface of the second
ferrite 12.

[0031]

Such arrangement also enables the coil 15 to be insulated without the
insulating plate 14 arranged in the region on which the coil 15 is wound, so as to
achieve the effects similar to those of the above first embodiment.  This arrangement is
advantageous to the case of using the covered litz wire to compose the coil 15.

[0032]

{Third Embodiment]

A third embodiment according to the present invention is described below.
Fig. 5 is a partial cross-sectional view of a coil unit 103 according to the third
embodiment. The third embodiment differs from the above first embodiment in
climinating the arrangement of the insulating plate 14 at a position corresponding to the
hollow of the first ferrite 11. In particular, the insulating plate 14 is arranged only in
the region at which the first ferrite 11 overlaps with the second ferrite 12 and in the
region on the first ferrite 11 on which the coil 15 is wound, while the insulating plate 14
Is not arranged at a position corresponding to the opening 1la. This structure
decreases the arrangement area of the insulating plate 14, reducing the amount of the
material used accordingly.

[0033]
[Fourth Embodiment]
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A fourth embodiment according to the present invention is described below.
Fig. 6 is a partial cross-sectional view of a coil unit 104 according to the fourth
embodiment. The coil unit 104 according to the fourth embodiment includes an
insulating plate 14a provided with grooves 21 having an arc shape in cross section in a
region on which the coil 15 is wound. The grooves 21 for winding the coil 15 are
formed on the insulating plate 14a arranged on the surface of the magnetic body (the
first ferrite 11). The coil 15 is placed to fit in the grooves 21. The insulating plate
14a provided with the grooves 21 for coil winding thus serves as a bobbin for holding
the coil 15.

[0034]

The fourth embodiment having the above structure can also achieve the effects
similar to those of the first embodiment. The insulating plate 14a also serving as a
bobbin facilitates the process of winding the coil 15 on the surface of the first ferrite 11.
[0035]

Alternatively, the litz wire composing the coil 15 wound around the second
ferrite 12 may be provided with the covering 22, and the first ferrite 11 may be provided
on the surface with grooves so as to fit the coil 15 in the grooves. This structure
allows the first ferrite 11 to also serve as a bobbin, so as to facilitate the process of
winding the coil 15 on the surface of the first ferrite 11.

[0036]

While the wireless power supply coil unit according to the present invention
has been described above by reference to the respective embodiments as illustrated in
the drawings, it should be understood that the present invention is not intended to be
limited to those embodiments, and the configurations of the respective clements can be

replaced with optional configurations having similar functions.

REFERENCE SIGNS LIST
[0037]
11 FIRST FERRITE (FIRST MAGNETIC BODY)

1la OPENING
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SECOND FERRITE (SECOND MAGNETIC BODY)

BASE PLATE
INSULATING PLATE
COIL -

GROOVE

- COVERING

101, 102, 103, 104 COIL UNIT
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

[Claim 1]

A wireless power supply coil unit for transmitting or receiving power wirelessly, the
coil unit comprising:

a coil having a hollow portion and a coil axis in a vertical direction;

a first magnetic body having an opening at a position corresponding to the hollow
portion of the coil;

a second magnetic body having a plate-like shape and arranged in the hollow
portion of the coil on one side of the first magnetic body; and

an insulating plate interposed between the first magnetic body and the second

magnetic body.

[Claim 2]
The wireless power supply coil unit according to claim 1, wherein the second

magnetic body partly overlaps with the first magnetic body.

[Claim 3]
The wireless power supply coil unit according to claim 2, wherein an overlapping
width between the first magnetic body and the second magnetic body is greater than or equal

to a plate thickness of the first magnetic body.

[Claim 4]
The wireless power supply coil unit according to claim 2 or 3, wherein an
overlapping width between the first magnetic body and the second magnetic body increases

as a plate thickness of the insulating plate increases.
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[Claim 5]
The wireless power supply coil unit according to any one of claims 1 to 4, wherein
a surface of the first magnetic body or the insulating plate arranged on the surface of the first

magnetic body is provided with a groove for coil winding.

[Claim 6]

The wireless power supply coil unit according to claim 1, wherein an overlapping
width YOL between the first magnetic body and the second magnetic body is set to fulfill
the following formula:

YOL > (Tb/ Tb0) - TFe

where Tb is a plate thickness of the insulating plate, Tb0 is a minimum plate
thickness sufficient to avoid occurrence of a corona discharge in the insulating plate, and

TFe is a plate thickness of the first magnetic body.

[Claim 7]

The wireless power supply coil unit according to claim 1, wherein:

a minimum plate thickness Tb0 of the insulating plate is calculated according to the
following formula:

Tb0 =VLmax /o

where VLmax is a maximum voltage applied between the first magnetic body and
the second magnetic body, and a is a threshold (kV/mm) of a corona discharge; and

a plate thickness of the insulating plate is set to greater than or equal to the

minimum plate thickness TbO0.
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