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(57) ABSTRACT

There 1s provided a secondary coil module recerving supply
of electric power via a primary coil by contactless power
transfer technique. The secondary coil module includes a
core formed of magnetic material, the core having a tubular
portion 1n the form of a tube and a bottom portion formed
integral with the tubular portion in such a manner as to close
an opening of the tubular portion formed at one axial end
portion thereof, a storage battery accommodated within an
accommodation space provided inside the tubular portion
and configured to be charged by the power via the primary
coil and a coil winding disposed outside the core and on the
side of the bottom portion of the core.
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SECONDARY COIL MODULE

TECHNICAL FIELD

[0001] The present invention relates to a secondary coil
module receiving supply of electric power via a primary coil
by contactless power transfer technique.

RELATED ART

[0002] Conventionally, there has been used a contactless
power transier (non-contact power transfer) technique con-
figured to supply power to a storage battery incorporated 1n
a terminal device without contact between the terminal
device and a charging station via terminals. As some
examples of such contactless power transter technique, there
are known e.g. electromagnetic induction technique, radio
wave technique, and electromagnetic field resonance tech-
nique. In the case of the electromagnetic induction tech-
nique, a secondary coil 1s provided on a terminal device side
and a primary coil 1s provided on a charging station side. For
power supply (transfer) from the charging station to the
terminal device, the charging station and the terminal device
will be arranged 1n such a manner to dispose the primary coil
and the secondary coil 1 opposition to each other. In this
state, as a current 1s supplied to the primary coil, a magnetic
flux 1s generated 1n this primary coil. And, this magnetic flux
generates an electromotive force in the secondary coil by the
electromagnetic induction, which 1n turn supplies power to
a storage (rechargeable) battery. An exemplary technique
relating to such magnetic induction technique 1s known from
Patent Document 1.

[0003] A secondary battery module described in Patent
Document 1 1s configured such that a secondary battery, a
charging control circuit and a control circuit board are
accommodated 1n a case body. The charging control circuit
includes a power receiving coil and a resonance capacitor.
[0004] The secondary battery and the power receiving coil
are disposed 1n opposition to each other via a ferrite sheet
and a shock absorber.

PRIOR-ART DOCUMENT

Patent Document

[0005] Patent Document 1: Japanese Unexamined Patent
Application No. 2013-196883

SUMMARY

Problem to be Solved by Invention

[0006] In the technique disclosed 1in Patent Document 1,
the power receiving coil and the secondary battery are
accommodated within a single case body and disposed 1n
opposition to each other via a ferrite sheet and a shock
absorber. As shown 1in FIG. 1 1n Patent Document 1, the
ferrite sheet 1s configured to form a gap relative to an 1nner
wall face of the case body. For this reason, 1f leakage
magnetic flux 1s generated in this gap and an alternating
magnetic field due to this leakage magnetic flux reaches the
secondary battery, eddy current may be generated in e.g.
terminal electrodes and/or a metal casing of the secondary
battery. And, this eddy current may lead to heat generation
in the secondary battery.

[0007] Inview of the above, there 1s a need for a secondary
coll module capable of suppressing heat generation 1n a
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storage battery at the time of charging of this battery by the
contactless power transfer technique.

Solution

[0008] According to a characterizing feature of a second-
ary coil module relating to the present invention, there is
provided a secondary coil module receiving supply of elec-
tric power via a primary coil by contactless power transier
technique, the secondary coil module comprising:

[0009] a core formed of magnetic material, the core having
a tubular portion 1n the form of a tube and a bottom portion
formed integral with the tubular portion 1n such a manner as
to close an opening of the tubular portion formed at one axial
end portion thereof;

[0010] a storage battery accommodated within an accom-
modation space provided inside the tubular portion and
configured to be charged by the power; and

[0011] a coil winding disposed outside the core and on the
side of the bottom portion of the core.

[0012] The above-described characterizing arrangement
can avoid formation of any gap between the tubular portion
and the bottom portion, which portion 1s present on the
disposing side of the coil winding in the core. Thus, it
becomes possible to increase magnetism collecting etlect for
the magnetic flux generated from the primary coil of the
core. Theretfore, power transier efliciency from the primary
coil to the secondary coi1l module can be increased. Further,
with the avoidance of gap formation, 1t becomes also pos-
sible to reduce leakage magnetic flux due to magnetic field
generated between the primary coil and the coil winding.
Theretore, even 1f the terminal electrodes and the case of the
storage battery are formed of metallic material, 1t 1s still
possible to suppress heat generation in the battery due to
eddy current resulting from the leakage magnetic flux.

[0013] Preferably, the other axial end portion of the tubu-
lar portion of the core i1s opened, which other axial end
portion 1n turn 1s closed with a Iid member formed of
magnetic material.

[0014] The above arrangement allows covering of the
inside space (accommodation space) of the tubular portion
of the core. As a result, damage to the components accom-
modated within the core can be suppressed and leakage of
magnetic flux to the outside can be suppressed also.

[0015] Preferably, the coil winding 1s wound 1n a spiral
form to surround the tubular portion.

[0016] With the above arrangement, since the coil winding
1s wound around the core collecting magnetic flux from the
primary coil, the electromotive force generated in the sec-
ondary coil can be increased. Therefore, the power transfer

efliciency from the primary coil to the secondary coil
module can be further enhanced.

[0017] Alternatively, the coil winding can be wound 1n a
swirl form and disposed 1n opposition to the bottom portion
of the core.

[0018] With the above arrangement, the height of the coil
winding can be reduced, whereby the disposing space of the
coll winding can be reduced correspondingly. Therefore, the
secondary coil module can be formed compact.

[0019] Preferably, the core 1s formed of resin containing
soit magnetic material.

[0020] With the above arrangement, with forming of the
core by resin molding technique, formation of gap between
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the tubular portion and the bottom portion can be avoided.
Therefore, a core having superior magnetic characteristics
can be fabricated easily.

[0021] Preferably, the accommodation space further
accommodates a power storage control circuit for control-
ling charging of the storage battery.

[0022] With the above arrangement, the power storage
control circuit can be protected from exposure to magnetic
field. Therefore, occurrence of an erroneous action, damage
or deterioration, etc. of the power storage control circuit due
to magnetic field can be suppressed.

BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG. 1 1s a view showing a secondary coil module,
[0024] FIG. 2 1s a side view of the secondary coil module,
[0025] FIG. 3 1s another side view of the secondary coil
module,

[0026] FIG. 4 1s a view showing a charging mode of a
storage battery,

[0027] FIG. 5 1s a view showing heat generation state of

the storage battery,

[0028] FIG. 6 1s a view showing a secondary coil module
relating to a further embodiment, and

[0029] FIG. 7 1s a view showing a charging mode of the
secondary coil module relating to the further embodiment.

EMBODIMENT

[0030] An embodiment of a secondary coil module relat-
ing to the present invention will be explained. The secondary
coll module 1s provided on a terminal side unit of a charger
system of the contactless power transfer type including a
charging station side unit and a terminal side unit. The
secondary coil module 1s configured to be capable of sup-
pressing heat generation at the time of charging of a storage
battery provided in the terminal side unit. Next, a secondary
coil module 20 according to the instant embodiment will be
explained.

[0031] FIG. 1 shows an exploded perspective view of the
secondary coil module 20. FIG. 2 1s a side view showing the
secondary coil module 20 as seen along a y-direction in FIG.
1. FIG. 3 1s another side view showing the secondary coil
module 20 as seen along an x-direction 1n FIG. 1. Further,
FIG. 4 shows a charging mode of the storage battery 30
provided 1n the secondary coil module 20.

[0032] As shown in FIG. 1 and FIG. 4, the secondary coil
module 20 receives supply of electric power via a primary
coll 1 provided 1n the charging station side unit by the
contactless power transfer technique, which power 1s to be
used for charging the storage battery 30 having a metal case
31. According to the contactless power transfer technique,
power from an AC power source to be supplied to the
charging station side unit 1s transierred to a secondary coil
2 via the primary coil 1 provided in the charging station side
unit to charge the storage battery 30, without any terminal
contact between a primary coil module 10 provided in the
charging station side unit and the secondary coil module 20
provided i1n the terminal side unit. Power transfer and
reception between the primary coil 1 and the secondary coil
2 are eflected by the electromagnetic induction. The sec-
ondary coil module 20 includes such secondary coil 2.

[0033] The secondary coil module 20 according to the
instant embodiment includes the secondary coil 2, the stor-
age battery 30 and a circuit board 41 mounting a power
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storage control circuit 40. The secondary coil 2 includes a
core 21, a coil winding 22 and a lid member 23.

[0034] The core 21 includes a tubular portion 24 and a
bottom portion 25 which are formed of magnetic material.
The tubular portion 24 has a tubular or cylindrical form and
its ner side defines an accommodation space 26 which
accommodates the storage battery 30. The bottom portion 25
1s formed integral with the tubular portion 24 1n such a
manner to close an opening of the tubular portion 24 at an
end thereof in the axial direction. For this reason, the one
end portion of the tubular portion 24 in the axial direction 1s
opened, and the tubular portion 24 and the bottom portion 25
are formed like a cup, without forming any gap between the
tubular portion 24 and the bottom portion 25. Specifically,
such core 21 1s formed of resin containing soit magnetic
material. More particularly, the core 21 1s formed by 1njec-
tion molding using such resin containing magnetic material.
As such soft magnetic material, powder of Ni-based soft
magnetic material or Mn-based soft magnetic material can
be employed for example. Further, the resin material can be
polyphenylene sulfide (PPS), epoxy resin, silicone resin,
polyoxymethylene (POM), cycloolefin polymers (COP),
polystyrene resin, ABS resin, AS resin, acrylic resin
(PMMA), polybutylene terephthalate (PBT) resin, liquid
crystal polymer (LCP), phenol resin, melamine resin, urea
resin, unsaturated polyester resin, alkyd resin, polyurethane
resin, polyimide resin, polyethylene resin, polypropylene
resin, polystyrene resin, polysulione resin, polyether sulfone
resin, polyacrylate resin, aromatic polyether ketone resin,
etc. With this, 1t 1s possible to form the core 21 having a
radial thickness of 1 mm or less (preferably, a thickness
ranging from 0.3 to 0.5 mm approximately) at its tubular
portion 24.

[0035] The coil winding 22 1s formed of conductive mate-
rial and disposed on the outer side of the core 21 on the
bottom portion 235 side of the core 21. As the conductive
material, e.g. enameled wire can be used. In the instant
embodiment, the coil winding 22 1s configured such that the
above enameled wire 1s wound 1n a spiral form to surround
the tubular portion 24 of the core 21. The coil winding 22
can be constituted of winding of enameled wire by a
plurality of turns directly around the outer circumierential
face of the tubular portion 24. Alternatively, the coil winding
22 can be wound by a plurality of times to form an air core
coil and the core 21 can be 1nserted to the radial inner side
of this air-core coil. In either case, the coil winding 22 will
be disposed with an offset toward the bottom portion 25 side
of the core 21. A pair of terminal ends of the coil winding
22 (a winding start end and a winding finishing end) are
connected to a pair of electrodes 42A, 42B of a coil

connecting portion 42 (to be described later) provided in the
lateral face of the core 21 (see FIG. 2).

[0036] The lid member 23 1s formed of magnetic material
and closes the other axial end portion of the tubular portion
24. The lid member 23 too can be formed of soit magnetic
resin, like the core 21. Needless to say, it can also be any
other material such as ceramic-based ferrite or amorphous
type magnetic material, etc. The lid member 23 1s provided
in a form of a sheet using such magnetic material. The other
axial end side of the tubular portion 24 noted above means
one of the axial opposed end portions of the tubular portion
24 which end portion 1s different from the end portion where
the bottom portion 25 1s formed. The lid member 23 1s
formed 1nto a shape 1n correspondence with the shape of the



US 2018/0123394 Al

opening (the end portion where the bottom portion 25 1s not
formed) provided in the tubular portion 24. In the instant
embodiment, a disc-like member 1s employed as this lid
member 23. As such lid member 23 1s bonded to the end
portion of the tubular member 24, the opening portion of the
core 21 can be capped. In this, a double-sided adhesive tape
formed of magnetic material or an adhesive agent containing

magnetic material will be used to eliminate any gap between
the core 21 and the lid member 23.

[0037] The storage battery 30 includes the metal case 31
and a pair of terminal electrodes 32 formed of metal (a
positive terminal and a negative terminal provided in the
storage battery 30). The metal case 31 1s used for covering
the storage battery 30 and metal may be exposed or not
exposed 1n the case 31. Although 1ts shape 1s not particularly
limited, as the storage battery 30 1s to be accommodated 1n
the accommodation space 26 of the tubular portion 24, the
shape can be caused to comply with the shape of the
accommodation space 26. When the storage battery 30 1s to
be accommodated 1n the accommodation space 26, the
battery 30 can be aflixed to the face of the bottom portion 25
facing the accommodation space 26 with using a double-
sided adhesive tape 80. Since the storage battery 30 1s
configured to be enclosed within the core 21 as described
above, the secondary coil module 20 can be formed com-
pact. And, such storage battery 30 corresponds to e.g. a
lithtum polymer battery as a charging object by the contact-
less power transier, which 1s charged by power supplied via
the primary coil 1.

[0038] The power storage control circuit 40 1s connected
to the coi1l winding 22 and accommodated within the accom-
modation space 26 of the tubular portion 24 and controls
charging of the storage battery 30. By electromagnetic
induction, power 1s generated 1n the coil winding 22. This
power 1s transierred to the power storage control circuit 40.
The power storage control circuit 40 converts such power
into a DC power of a predetermined voltage value suitable
for charging of the storage battery 30.

[0039] Such power storage control circuit 40 1s mounted
on a circuit board 41. In the instant embodiment, this circuit
board 41 1s constituted by using a printed circuit board. To
this circuit board 41, a coil winding connecting portion 42
formed by using flexible printed circuits (FPC), a storage
battery connecting portion 43 and an output terminal form-
ing portion 44 are solder-welded. Together with these com-
ponents, 1.e. the coil winding connecting portion 42, the
storage battery connecting portion 43 and the output termi-
nal forming portion 44, the circuit board 41 1s disposed
between the storage battery 30 and the inner wall of the
tubular portion 24, and will be disposed within a column-
like space, namely, the aforementioned accommodation
space 26, formed by the core 21 and the lid member 23.

[0040] To the power storage control circuit 40 mounted on
the circuit board 41, there 1s transferred via the coil winding
connecting portion 42, power generated in the secondary
coil 2 due to the electromagnetic induction. As shown 1n
FIG. 2, at the coil winding portion 42, there are formed a pair
of electrodes 42A, 42B to which the pair of end portions of
the co1l winding 22 described above are connected. The coil
winding connecting portion 42 1s bent at a predetermined
position 1n the circuit board 41 and exposed in the surface of
the core 21 (the outer circumierential face of the tubular
portion 24). With this, the coil winding connecting portion
42 1s exposed on the outer side of the core 21.
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[0041] The storage battery connecting portion 43 1s bent at
a predetermined position 1n the circuit board 41 to be
connected to one of the pair of terminal electrodes 32 of the
storage battery 30. Further, though not shown, the other one
of the pair of terminal electrodes 32 1s also connected to the
circuit board 41 with using e.g. a flexible printed circuit
board, a conductive tape, etc. With this, the power generated
in the secondary coil 2 can be stored via the power storage
control circuit 40 1n the storage battery 30.

[0042] The output terminal forming portion 44 1s bent at a
predetermined position 1n the circuit board 41 to be exposed
on the outer side of the core 21. At the output terminal
forming portion 44, there are formed a pair of output
terminals 70 when bent to be exposed in the outer circum-
ferential face of the core 21. These pair of output terminals
70 are connected via the storage battery connecting portion
43 to the pair of terminal electrodes 32 of the storage battery
30 and can output charged power to the storage battery 30.
With this, power charged in the storage battery 30 can be
readily taken out.

[0043] As shown in FIG. 4, in case the primary coil
module 10 provided in the charging station side unit includes
the primary coil 1 formed by winding the coil winding 12
about the core tubular portion 11, a magnetic flux i1s gener-
ated by the power supplied to the primary coil 1 along the
axial direction of the tubular portion 11. Therefore, with
arrangement of the secondary coil module 20 such that the
above magnetic flux extends through the radial inner side of
the secondary coil 2, the power by the magnetic induction
can be transferred in an eflicient manner to the secondary
coil 2. Accordingly, in case the primary coil 1 1s formed by
winding the coil winding 12 around the tubular portion 11 of
the core, the secondary coil module 20 will be disposed 1n
such that the secondary coil 2 1s positioned on the axis of the
primary coil 1. With this, charging of the storage battery 30
1s made possible.

[0044] FIG. 5 1s a characteristics diagram showing change
in the surface temperature of the storage battery 30 when this
storage battery 30 1s charged by the secondary coil module
20. The horizontal axis represents lapsed period from start-
ing of charging, whereas the vertical axis represents a
relative change relative to the temperature at the time of start
of charging. The characteristics obtained when using the
secondary coil module 20 relating to the instant embodiment
1s 1ndicated with “I” in FIG. 5, whereas characteristics
obtained when the core 21 is not provided 1s indicated with
“II”’. As shown in FIG. 5, 1t has been found that by the
arrangement of forming the tubular portion 24 and the
bottom portion 235 integrally with each other so as not to
form any gap therebetween at the time of forming the core
21, temperature rise after start of charging can be sup-
pressed.

Other Embodiments

[0045] In the foregoing embodiment, 1t was explained that
the coi1l winding 22 1s wound 1n the spiral form to surround
the tubular portion 24. Instead, the coil winding 22 can be
wound 1 a swirl form. FIG. 6 shows a secondary coil
module 20 using such coil winding 22. In this case, advan-
tageously, the coil winding 22 can be placed on a protective
film 33 formed of magnetic material and can be bonded to
the outer face of the bottom portion 235 of the core 21 with
a magnetic sheet with a double-sided adhesive tape 34. The
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coill winding 22 can be formed with patterning of a metal
layer of the printed circuit board in a swirl form.

[0046] With such modified secondary coil module 20
described above also, as shown in FIG. 7, charging of the
storage battery 30 1s made possible by arranging the primary
coil module 10 such that the coil winding 22 may be located
on the axis of the primary coil 1.

[0047] Further, the coil winding 22 can be configured by
serial connection of a spiral coi1l winding 22 and a swirl coil
winding 22 to each other. Further alternatively, such spiral
coill winding 22 and a swirl coil winding 22 can be con-
nected 1n parallel with each other.

[0048] In the foregoing embodiment, it was explained that
in the core 21, the other axial side end portion of the tubular
portion 24 1s closed by the lid member 23 formed of
magnetic material. Instead, the core 21 can be configured
such that the other axial side end portion of the tubular
portion 24 1s not closed by the lid member 23.

[0049] In the foregoing embodiment, it was explained that
the core 21 1s formed of resin containing soft magnetic
material. Instead, the core 21 can be formed of other
magnetic material than such soft magnetic matenal.

[0050] In the foregoing embodiment, 1t was explained that
in the accommodation space 26, the power storage control
circuit 40 for controlling charging of the storage battery 30
1s also accommodated. Alternatively, the power storage
control circuit 40 can be disposed outside the core 21, rather
than being accommodated 1n the accommodation space 26.
[0051] In the foregoing embodiment, it was explained that
the storage battery 30 includes the metal case 31 and the pair
of terminal electrodes 32 formed of metal. In this regard, 1t
should be noted that 1t will suflice 1f at least one of the case
31 and the terminal electrodes 32 1s/are formed of metal. In
such case too, although there 1s the possibility of heat
generation 1n the storage battery 30 due to eddy current due
to leakage magnetic flux, heat generation can be suppressed
by the inventive secondary coil module 20 above.

INDUSTRIAL APPLICABILITY

[0052] The present invention can be used 1n a secondary
coill module which receives supply of electric power via a
primary coil by contactless power transier technique.

DESCRIPTION OF REFERENCE
MARKS/NUMERALS

[0053] 1: primary coil
[0054] 20: secondary coil module
[0055] 21: core
[0056] 22: coi1l winding
[0057] 23: lid member
[0058] 24: tubular portion
[0059] 25: bottom portion
[0060] 26: accommodation space
[0061] 31: case
[0062] 30: storage battery
[0063] 40: power storage control circuit
1. A secondary coil module receiving supply of electric
power via a primary coil by contactless power transier
technique, the secondary coil module comprising;
a core formed of magnetic material, the core having a
tubular portion 1n the form of a tube and a bottom
portion formed integral with the tubular portion 1n such
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a manner as to close an opening of the tubular portion
formed at one axial end portion thereof;

a storage battery accommodated within an accommoda-
tion space provided inside the tubular portion and
configured to be charged by the power; and

a coil winding disposed outside the core and on the side
of the bottom portion of the core.

2. The secondary coil module of claim 1, wherein the
other axial end portion of the tubular portion of the core 1s
opened, which other axial end portion 1n turn 1s closed with
a lid member formed of magnetic material.

3. The secondary coil module of claim 1, wherein the coil
winding 1s wound 1n a spiral form to surround the tubular
portion.

4. The secondary coil module of claim 1, wherein the coil
winding 1s wound 1n a swirl form and disposed 1n opposition
to the bottom portion of the core.

5. The secondary coil module of claim 1, wherein the core
1s formed of resin containing soft magnetic material.

6. The secondary coil module of claim 1, wherein the
accommodation space further accommodates a power stor-
age control circuit for controlling charging of the storage
battery.

7. The secondary coil module of claim 2, wherein the coil
winding 1s wound 1n a spiral form to surround the tubular
portion.

8. The secondary coil module of claim 2, wherein the coil
winding 1s wound 1n a swirl form and disposed 1n opposition
to the bottom portion of the core.

9. The secondary coil module of claim 3, wherein the coil
winding 1s wound 1n a swirl form and disposed 1n opposition
to the bottom portion of the core.

10. The secondary coil module of claim 7, wherein the
coll winding 1s wound 1n a swirl form and disposed 1n
opposition to the bottom portion of the core.

11. The secondary coil module of claim 2, wherein the
core 1s formed of resin containing soit magnetic material.

12. The secondary coil module of claim 3, wherein the
core 1s formed of resin containing soft magnetic material.

13. The secondary coil module of claim 7, wherein the
core 1s formed of resin containing soit magnetic material.

14. The secondary coil module of claim 4, wherein the
core 1s formed of resin containing soft magnetic material.

15. The secondary coil module of claim 8, wherein the
core 1s formed of resin containing soft magnetic material.

16. The secondary coil module of claim 9, wherein the
core 1s formed of resin containing soft magnetic material.

17. The secondary coil module of claim 10, wherein the
core 1s formed of resin containing soit magnetic material.

18. The secondary coil module of claim 2, wherein the
accommodation space further accommodates a power stor-
age control circuit for controlling charging of the storage
battery.

19. The secondary coil module of claim 3, wherein the
accommodation space further accommodates a power stor-
age control circuit for controlling charging of the storage
battery.

20. The secondary coil module of claim 7, wherein the
accommodation space further accommodates a power stor-
age control circuit for controlling charging of the storage
battery.
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