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(54) INDUCTION-HEATING DEVICE AND INDUCTION-HEATING COOKER

(67)  Aninduction-heating device 1 has a heating coil
3 with a coil winding of the heating coil 3 including at least
one wire. The induction-heating device 1 comprises a
coil connection terminal 6 having a groove part 6¢ capa-
ble to accommodate the wire 4a at an end 4 of the coll
winding and electrically connecting to a control unit for
supplying the heating coli 3 with a current, and a lid body
9 capable to at least partly be disposed in the groove part
6¢ of the coil connection terminal 6 so as to cover the

wire 4a of the coil winding accommodated in the groove

part 6¢ of the coil connection terminal 6. The wire 4a, the
coil connection terminal 6, and the lid body 9 are joined
together by welding. The welding is performed with the
lid body 9 disposed in the groove part 6¢ of the coil con-
nection terminal 6 pressing the wire 4a accommodated
in the groove part 6c¢.

[Fig. 1]
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Description
Technical Field

[0001] The invention relates to an induction-heating
device used as a heat source and an induction-heating
cooker therewith.

Background Art

[0002] Conventionally, an induction-heating device,
which is used as a heat source such as heat source in
an induction-heating cooker for home use, has a heating
coil for generating a high frequency magnetic field. To
an end of a coil winding of the heating coil, a control unit
supplying a high frequency currentis electrically connect-
ed. For example, wires contained within the coil winding
of the heating coil are joined to a connection terminal
electrically connected to the control unit.

[0003] For example, patent documents 1 and 2 dis-
close a method for joining wires and a connection termi-
nal.

[0004] Patentdocument 1 discloses a method for join-
ing wires made from aluminum or aluminum alloy and a
connection terminal made from a material such as copper
or stainless material by TIG (Tungsten Inert Gas) weld-
ing. Specifically, the connection terminal has a tubular
part. The wires and an added metal piece such as silver
or silicon, which enhances a strength of a joint part by
improving brittleness, are inserted in the tubular part of
the connection terminal. The TIG welding is performed
with the wires and the added metal piece being within
the tubular part of the connection terminal, and thereby
joins the wires and the connection terminal.

[0005] Patent document 2 discloses a method for ul-
trasonic-welding a core wire made by twisting aluminum
wires to a metal terminal made from a material different
from aluminum. Specifically, a portion of the core wire
having an insulator coating is fastened to the metal ter-
minal with a swage. Uncoated portions of the wires are
placed on a portion of the metal terminal set on an anvil,
and then a welding horn continues to presses the wires
to the metal terminal and supplies it with a high frequency
vibration. Consequently, the core wire and the metal ter-
minal are joined together.

Prior Art Document(s)

[0006]

¢ Patent Document 1: Japanese Laid-Open Patent
Publication No. 2010-251067

e Patent Document 2: Japanese Laid-Open Patent
Publication No. 2009-259702
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Summary of the Invention
Problems to be solved by the Invention

[0007] However, the joining method disclosed in patent
document 1 depends heavily on the added metal. That
is, the brittleness improving effect generated by the add-
ed metal is insufficient depending on material of the wires
or the connection terminal. Depending on a combination
of the wires, the connection terminal, and the added met-
al, there is a possibility that a crack or separation occurs
in a joint part (boundary) between the wire and the con-
nection terminal. Also, there is a possibility that a crack
or separation occurs in a boundary between melted por-
tions and unmelted portions of the wires.

[0008] In the joining method disclosed in patent docu-
ment 2, a wire contacting with the metal terminal melts
and thus joins to the metal terminal, while a wire away
from the metal terminal hardly melt. It causes anincrease
in contactresistance between the core wire and the metal
terminal or an occurrence of a variation in contact resist-
ance. In case that a large current flows between the core
wire and the metal terminal, the joint part produces an
abnormal heat due to the increase or variation in contact
resistance.

[0009] In the light of a reliability, it is not preferable to
employ the joining method disclosed in patent documents
1 and 2 on the joining the coil winding of the heating coil
and the connection terminal supplying the coil winding
with a current.

[0010] Accordingly, it is an object of the invention, in
an induction-heating device having a heating coil sup-
plied with a current and used in an induction-heating
cooker and like, to secure a high reliability of a joint be-
tween a coil winding of the heating coil and a connection
terminal supplying the heating coil with a current.

Means to Solve the Problems

[0011] Inordertoachieve the above object, the present
invention has the following constitutions.
[0012] Inone aspect of the invention, there is provided
an induction-heating device having a heating coil with a
coil winding of the heating coil including at least one wire,
the induction-heating device comprising:

a coil connection terminal having a groove part ca-
pable to accommodate the wire at an end of the coil
winding and electrically connecting to a control unit
for supplying the heating coli with a current; and

a lid body capable to at least partly be disposed in
the groove part of the coil connection terminal so as
to cover the wire of the coil winding accommodated
in the groove part of the coil connection terminal,

wherein the wire, the coil connection terminal, and the
lid body are joined together by welding and
wherein the welding is performed with the lid body dis-
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posed in the groove part of the coil connection terminal
pressing the wire accommodated in the groove part.

[0013] In another aspect of the invention, there is pro-
vided an induction-heating cooker comprising an induc-
tion-heating device and a control unit described above.

Effects of the Invention

[0014] Accordingtothe invention, in aninduction-heat-
ing device having a heating coil supplied with a current,
a joint between a coil winding of the heating coil and a
coil connection terminal for supplying the heating coil with
a current can has a high reliability.

Brief Description of the Drawings

[0015] The above aspects and features of the present
invention will become more apparent from the following
description of preferred embodiments thereof with refer-
ence to the accompanying drawings, and wherein:

Fig. 1 is a perspective view showing a portion of an
induction-heating device according to a first embod-
iment of the invention,

Fig. 2 is a perspective view showing a joint part be-
tween an end of a coil winding of a heating coil and
a coil connection terminal,

Fig. 3 is a cross-section view showing a state before
joining wires at the end of the coil winding of the
heating coil and the coil connection terminal,

Fig. 4 is a cross-section view showing, after having
joined the wires at the end of the coil winding of the
heating coil and the coil connection terminal, the joint
part between the end of the coil winding and the coil
connection terminal,

Fig. 5 is a cross-section view showing a joint part
between an end of a coil winding of a heating coil
and a coil connection terminal in an induction-heat-
ing device according to a second embodiment of the
invention,

Fig.6 is a cross-section view showing a joint part be-
tween an end of a coil winding of a heating coil and
acoil connection terminal in an induction-heating de-
vice according to a third embodiment of the inven-
tion,

Fig.7 is a view for showing a coil connection terminal
of an induction-heating device according to a fourth
embodiment of the invention,

Fig.8 is a perspective view showing a portion of an
induction-heating device according to a fifth embod-
iment of the invention,

Fig.9 is a perspective view showing a portion of an
induction-heating device according to a sixth embod-
iment of the invention,

Fig. 10 is a perspective view showing a joint part
between an end of a coil winding of a heating coil
and a coil connection terminal according to the sixth
embodiment of the invention, and
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Fig.11 is a further perspective view showing the joint
part between the end of the coil winding of the heat-
ing coil and the coil connection terminal according
to the sixth embodiment of the invention.

Embodiments for Carrying out the Invention

[0016] A aspectoftheinventionis aninduction-heating
device having a heating coil with a coil winding of the
heating coil including at least one wire, the induction-
heating device comprising:

a coil connection terminal having a groove part ca-
pable to accommodate the wire at an end of the coil
winding and electrically connecting to a control unit
for supplying the heating coli with a current; and

a lid body capable to at least partly be disposed in
the groove part of the coil connection terminal so as
to cover the wire of the coil winding accommodated
in the groove part of the coil connection terminal,

wherein the wire, the coil connection terminal, and the
lid body are joined together by a welding and

wherein the welding is performed with the lid body dis-
posed in the groove part of the coil connection terminal
pressing the wire accommodated in the groove part.
[0017] According to the aspect of the invention, in the
induction-heating device having the heating coil supplied
with a current, a jointbetween a coil winding of the heating
coil and the coil connection terminal for supplying the
heating coil with a current can have a high reliability.
[0018] In the induction-heating device, preferably, a
cross-section of the groove part of the coil connection
terminal has a shape in which a groove width is larger
than a groove depth. Consequently, a number of the
wires contacted with the coil connection terminal and the
lid body is increased, and thus the wires easily melt at
short times. Therefore, in addition to that the wires are
further unified, the melted wires can contact with the coil
connection terminal and the lid body through a large con-
tact area. Thereby further secures a high reliability in the
joint between the coil winding and the coil connection
terminal.

[0019] Intheinduction-heating device, the coil connec-
tion terminal and the lid body may be made from a same
material different from a material from which the wire of
the coil winding of the heating coil is made. Therefore,
the coil connection terminal and the lid body are unified,
and thus difference in specific resistance therebetween
becomes zero. Thereby suppresses an occurrence of an
abnormal heat due to a high current flow and secures a
higher reliability in the joint between the coil winding and
the coil connection terminal.

[0020] Intheinduction-heating device, the coil connec-
tion terminal, the lid body, and the wire of the coil winding
of the heating coil may be made from a same material.
Differences in specific resistance between the coil con-
nection terminal, the wire of the coil winding, and the lid
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body become zero. Thereby further suppresses the oc-
currence of the abnormal heat due to the high current
flow and further secures a high reliability in the joint be-
tween the coil winding and the coil connection terminal.
[0021] The induction-heating device may have a sub-
strate having the coil connection terminal and a unit con-
nection terminal mounted thereon and having a wiring
pattern electrically connecting the coil connection termi-
nal and the unit connection terminal. In this case, the unit
connection terminal is electrically connected to the con-
trol unit.

[0022] The induction-heating device may have a sub-
strate holder on which the substrate is placed. In addition
to this, the coil connection terminal may be mounted on
the substrate with the groove part not overlapping with
the substrate in a vertical direction, the substrate may be
placed on the substrate holder with groove part not over-
lapping with the substrate holder in the vertical direction.
Consequently, an anvil can contact with the groove part
of the coil connection terminal from below when an ultra-
sonic-welding is performed. That is, with the substrate,
on which the coil connection terminal is mounted, being
placed on the substrate holder part, the ultrasonic-weld-
ing for joining the groove part of the coil connection ter-
minal, the wires of the coil winding, and the lid body can
be performed.

[0023] Intheinduction-heating device, the coil connec-
tion terminal may include a first coil connection terminal
joined to one end of the coil winding of the heating coil
and a second coil connection terminal joined to the other
end of the coil winding of the heating coil, and the sub-
strate may include a first substrate on which the first coll
connection terminal is mounted and a second substrate
on which the second coil connection terminal is mounted.
Thereby improves an ease of assembly in comparison
to the case that the first and second coil connection ter-
minals are mounted on a single substrate.

[0024] Intheinduction-heating device, the lid body and
the wire of the coil winding of the heating coil may be
made from a same material, the control unit may have a
current supply terminal contacting with the coil connec-
tion terminal and supplying the coil connection terminal
with a current, and the coil connection terminal is made
from a cladding material made by joining at least two
materials including afirst material identical to the material
of the wire of the coil winding of the heating coil and a
second material identical to a material of the current sup-
ply terminal. In this case, the wire of the coil winding of
the heating coil is joined to the groove part of the caoil
connection terminal made from the first material and the
current supply terminal is connected to a portion of the
coil connection terminal made from the second material.
Consequently, the joint between the coil connection ter-
minal and the coil winding can have a high reliability, and
the connection between the coil connection terminal and
the current supply terminal can have a high reliability.
[0025] Intheinduction-heating device, the coil connec-
tion terminal and the lid body may have engagement
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parts engaging with each other, and the engagement part
of the coil connection terminal and the engagement parts
of the lid body may be configured such that the lid body
is located with respect to the groove part of the coil con-
nection terminal. Consequently, the groove part of the
coil connection terminal, the wires of the coil winding ac-
commodated in the groove part thereof, and the lid body
can be stably joined.

[0026] Another aspect of the invention is an induction-
heating cooker having the induction-heating device and
the control unit described above.

[0027] According to the another aspect of the inven-
tion, the induction-heating cooker can have a high relia-
bility.

[0028] Hereinbelow, embodiments of the present in-

vention will be described with reference to the accompa-
nying drawings. ltis noted that the invention is not limited
by the following embodiments.

(First Embodiment)

[0029] Fig.1is a perspective view showing a portion of
an induction-heating device according to a first embodi-
ment of the invention.

[0030] The induction-heating device shown in Fig.1 is
used as a heat source such as heat source of heat in an
induction-heating cooker for home use. The induction-
heating device 1 has a coil base 2 made from a plastic
material, a heating coil 3 placed and fixed on the coil
base 2 and generating a magnetic field, and coil connec-
tion terminals 6, 7 joined to ends 4, 5 of a coil winding of
the heating coil 3.

[0031] The heating coil 3 is made of, for example, a
coil winding made by twisting a plurality of wires made
from aluminum or aluminum alloy and coating the twisted
wires with an insulating material (for instance, electrical
insulating enamel). The wires of the heating coil 3 may
be made from a material other than aluminum or alumi-
num alloy, for example, copper.

[0032] One end 4 of the coil winding of the heating coil
3 is joined to one coil connection terminal 6. The other
end 5 of the coil winding is joined to the other coil con-
nection terminal 7. In this embodiment, the coil connec-
tion terminals 6, 7 are fixed to a terminal holder part 8
integrally formed and laterally placed on the coil base 2.
When viewed from above, the coil connection terminals
6, 7 fixed to the terminal holder part 8 are positioned the
outside of the heating coil 3 placed on the coil base 2.
The coil winding passes through the coilbase 2 in adown-
ward direction and then extends toward the terminal hold-
er part 8 in order to join one end 4 and the other end 5
of the coil winding of the heating coil 3 and the coil con-
nection terminals 6, 7.

[0033] Next, joints of the ends 4, 5 of the coil winding
of the heating coil 3 and the coil connection terminals 6,
7 are explained.

[0034] Fig. 2 is a perspective view sowing a portion of
the induction-heating device according to the first em-
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bodiment. Fig. 2 also shows a joint between one end 4
of the coil winding of the heating coil 3 and one coil con-
nection terminal 6. One coil connection terminal 6 and
the other coil connection terminal 7 are about the same
in configuration, and thus are the same in joint to the coil
winding. Therefore, the joint between one coil connection
terminal 6 and one end 4 of the coil winding is only ex-
plained.

[0035] As show in Fig. 2, the coil connection terminal
6 is made by press-cutting a thin plate in a desired con-
figuration and then folding the press-cut plate partly. Spe-
cifically, the coil connection terminal 6 has a body part
6a and two wall parts 6b erecting from the body part 6a
in parallel to each other. That is, the coil connection ter-
minal 6 has a groove part 6¢ defined by the body part 6b
and two wall parts 6b. A groove part of a coil connection
terminal according to an embodiment of the invention
however is not limited to the groove part defined by the
body part and two wall parts thereof.

[0036] Fig. 3 shows the wires 4a(5a) at the end 4(5) of
the coil winding of the heating coil 3 and the groove part
6¢(7c¢) of the coil connection terminal 6(7) when viewed
in an extending direction of the groove part 6¢(7c) of the
coil connection terminal 6(7). Fig. 3 also shows a state
right before joining the wires 4a(5a) and the coil connec-
tion terminal 6(7).

[0037] The wires 4a (5a) at the end 4(5) of the coil
winding of the heating coil 3 are accommodated in the
groove part 6¢(7c) of the coil connection terminal 6(7).
Specifically, the insulating material is removed from the
end 4(5) of the coil winding (that is, the end is uncoated),
and thereby exposes the wires 4a(5a) to outside. The
exposed wires 4a(5a) are accommodated in the groove
part 6¢(7c) of the connection terminal 6(7).

[0038] As shown in Fig. 3, a lid body 9(10) covers the
wires 4a(5a) at end 4(5) of the coil winding of the heating
coil 3 accommodated in the groove part 6¢(7c¢) of the coll
connection terminal 6(7). Specifically, the lid body 9(10)
is a plate-like member as show in Figs. 1 and 2, and has
a configuration capable to at least partly be disposed in
the groove 6¢(7c¢) of the coil connection terminal 6(7) as
shown in Fig. 3. That s, the lid body 9(10) has a config-
uration capable to contact with the coil connection termi-
nal 6(7) and the wires 4a(5a) accommodated in the
groove part 6¢(7c¢).

[0039] The lid body 9(10), the wires 4a(5a) at the end
4(5) of the coil winding of the heating coil, and the caoil
connection terminal 6(7) are joined together.

[0040] The lid body 9(10), the wires 4a(5a), and the
coil connection terminal 6(7) are joined together, by weld-
ing, for example, ultrasonic welding. In the ultrasonic
welding, the welding is performed according to the fol-
lowing procedure.

[0041] Firstly, the wires 4a(5a) at the end 4(5) of the
coil winding of the heating coil 3 are accommodated in
the groove part 6¢(7C) of the coil connection terminal
6(7), and then the lid body 9(10) is partly disposed in the
groove part 6¢(7c) so as to cover the wires 4a(5a) ac-
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commodated therein.

[0042] Secondly, asshowninFig. 3, an anvil 11is con-
tacted with the coil connection terminal 6(7) from below
while a ultrasonic-welding horn is contacted with the lid
body 9(10) from above. The lid body 9(10), the wires
4a(5a) of the coil winding of the heating coil 3, and the
groove part 6¢(7¢) are sandwiched between the anvil 11
and the ultrasonic-welding horn 12, and thereby com-
presses the wires 4a(5a) into the back of the groove part
6¢c(7¢) through the lid body 9(10). Consequently, the
wires 4a(5a) possibly close up in the groove part 6¢(7¢)
of the coil connection terminal 6(7) and thus the coil con-
nection terminal 6(7a) and the lid body 9(10) are contact-
ed with as much as possible of the wires.

[0043] Subsequently, the ultrasonic-welding horn 12
keeps moving so as to press the wires 4a(5a) of the coil
winding of the heating coil 3 through the lid body 9(10)
and vibrating at ultrasonic frequency. Therefore, the
wires 4a(5a) surrounded by the coil connection terminal
6(7) and the lid body 9(10) melt and thus the lid body
9(10) moves in the back of the groove part 6¢(7c) of the
coil connection terminal 6(7). Eventually, as shown in
Fig. 4, the wires 4a(5a) accommodated in the groove part
6¢(7¢) of the coil connection terminal 6(7) are unified by
melting itself and joined to the coil connection terminal
6(7) and the lid body 9(10). Also, the coil connection ter-
minal 6(7)and the lid body 9(10) are joined together. Con-
sequently, a joint part 13 formed by mutually and inte-
grally joining the wires 4a(5a), the groove part 6¢(7c) of
the coil connection terminal 6(7), and lid body 9(10).
[0044] The joining of the ends 4, 5 of the coil winding
of the heating coil 3 and the coil connection terminals 6,
7 may be performed after the heating coil 3 has been
placed on the coil base 2 and the coil connection termi-
nals 6, 7 have been mounted on the terminal holder part
8 or before placing and mounting thereof. Alternatively,
the joining of the ends 4, 5 of the coil winding and the
coil connection terminals 6, 7 may be performed with the
heating coil 3 having been placed on the coil base 2 and
the coil connection terminals 6, 7 not mounted on the
terminal holder part 8.

[0045] The joining of the ends 4, 5 of the coil winding
of the heating coil 3 and the coil connection terminals 6,
7 is not limited to ultrasonic welding. For example, it is
possible to use welding such as resistance welding or
TIG welding. That is, the welding can at least achieve a
mutual joint of the wires 4a, 5a at the ends 4, 5 of the coil
winding, the coil connection terminals 6, 7 (the groove
parts 6¢(7c¢) thereof), and the lid body 9, 10.

[0046] Even if the coil winding of the heating coil 3 has
a single wire, the single wire can be joined to the groove
part of the coil connection terminal, as well as a plurality
of wires. That is, a coil winding according to an embod-
iment of the invention has at least one wire.

[0047] As shownin Fig. 1, the coil connection terminal
s 6, 7 joined to the ends 4, 5 of the coil winding of the
heating coil 3 are connected to crimp-type terminals 15
as current supply terminals. For example, screws 16 in-
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serted in through-holes of the crimp-type terminals 15
engage with threaded parts 6d, 7d formed on the con-
nection terminals 6, 7 (See Fig. 2) and thereby connects
the crimp-type terminals 15 and the coil connection ter-
minals 6, 7.

[0048] Leads 17, 18 extend from a control unit (not
shown) of the induction-heating cooker are attached to
the crimp-type terminals 15 connected with the coil con-
nection terminals 7, 8. The leads 17, 18, for example, are
swaged to the crimp-type terminals 15.

[0049] The leads 17, 18 of the control unit are leads
for supplying the heating coil 3 with a high frequency
current. The control unit supplies the heating coil 3 with
the high frequency current through the leads 17, 18, the
crimp-type terminals 15, the coil connection terminals 6,
7, and the wires 4a, 5a in the groove part 6¢(7c) of the
coil connection terminals 6, 7.

[0050] According to the first embodiment, the induc-
tion-heating device 1, which has the heating coil 3 sup-
plied with a current and is used in the induction-heating
cooker and like, can has a high reliability of the joint be-
tween the coil winding of the heating coil 3 and the caoil
connection terminals 6, 7 for supplying the heating coil
3 with a current.

[0051] Specifically, as shownin Fig. 3, the wires 4a(5a)
of the coil winding of the heating coil 3 accommodated
in the groove part 6¢(7c) of the coil connection terminals
6(7) are, duringwelding, in a state that peripheries thereof
are covered and contacted with the coil connection ter-
minal 6(7) and the lid body 9(10). It therefore is easy for
the wires to melt uniformly. Thereby avoids a presence
of unmelted portions of the wires after the wires 4a(5a)
has unified. Consequently, it is suppressed that a crack
or separation occurs in a boundary between melted por-
tions and unmelted portions of the wires. Thus, the joint
between the coil winding of the heating coil and the coil
connection terminal for supplying the heating coil with a
current can secure a high reliability.

[0052] Since the wires 4a(5a) melt with it pressed by
the lid body 9(10) during welding, the wires 4a(5a), which
are unified by melting, can stably contact with the coil
connection terminal 6(7) and the lid body 9(10) through
a relatively large contact area. Therefore, contact resist-
ances between the wires 4a(5a) (that is, the coil winding)
and the coil connection terminal 6(7) and between the
wires 4a(5a) and the lid body 9(10) approach zero, and
a variation in contact resistance is suppressed. Conse-
quently, an occurrence of an abnormal heat due to a high
current flow is suppressed. Thereby secures a high reli-
ability in the joint between the coil winding of the heating
coil and the coil connection terminal for supplying the
heating coil with a current.

[0053] A cross-section of the groove part 6¢(7¢) of the
coil connection terminal 6(7) (a cross-section perpendic-
ular to an extending direction thereof) preferably has a
shape in which a groove width is larger than a groove
depth, in order to join the coil connection terminal 6(7)
and the wires 4a(5a) of the heating coil 3 accommodated
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in groove part 6¢(7c¢) of the coil connection terminal 6(7)
at short time with high reliability. Consequently, a number
of the wires 4a(5a) contacted with the coil connection
terminal 6(7) and the lid body 9(10) is increased, and
thus the wires 4a(5a) easily melt. Therefore, in addition
to that the wires 4a(5a) are easily unified, the melted
wires 4a(5a) can contact with the coil connection terminal
6(7) and the lid body 9(10) through a large contact area.
The cross-section shape of the groove part 6¢(7c) of the
coil connection terminal 6(7) is not limited to a rectangular
shape elongated in a groove width direction and may be
any shape as long as the groove part 6¢(7¢) accommo-
dates the wires 4a(5a) of the coil winding and a great
number of wires contact with the coil connection terminal
6(7) and the lid body 9(10).

(Second Embodiment)

[0054] Fig.5is across-section view showing ajoint part
between an end of a coil winding and a coil connection
terminal in an induction-heating cooker according to the
second embodiment. Elements identical to the elements
of the first embodiment have same reference numbers.
[0055] Configurations of a coil connection terminal
26(27) and a lid body 29(30) of the second embodiment
are the same as the configurations of the coil connection
terminal 6(7) and the lid body 9(10) of the first embodi-
ment. However, as shown in Fig. 4, in the first embodi-
ment, the coil connection terminal 6(7) and the lid body
9(10) are made from different materials. Also, the mate-
rials of the coil connection terminal 6(7) and the lid body
9(10) are different from a material of the wires 4a(5a) of
the coil winding of the heating coil 3. On the other hand,
in the second embodiment, the coil connection terminal
26(27) and the lid body 9(10) are made from a same
material different from a material from which the wires
4a(5a) of the coil winding are made. For example, the
coil connection terminal 26(27) and the lid body 29(30)
are made from a stainless material or copper phosphate,
in contrast to the wires 4a(5a) of the coil winding made
from aluminum or aluminum alloy.

[0056] By welding similar to the first embodiment, the
coil connection terminal 26(27) and the lid body 29(30)
made from a same material are unified as shown in Fig.
5. Difference in specific resistance of the coil connection
terminal 26(27) and the lid body 29(30) becomes zero.
Consequently, an occurrence of an abnormal heat due
to a high current flow is further suppressed. Thereby se-
cures a high reliability in the joint between the coil winding
of the heating coil and the coil connection terminal for
supplying the heating coil with a current.

(Third Embodiment)

[0057] Fig. 6 is a cross-section view showing a joint
between an end of a coil winding of a heating coil and a
coil connection terminal in an induction-heating cooker
according to the third embodiment. Elements identical to
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the elements of the first embodiment have same refer-
ence numbers.

[0058] Configurations of a coil connection terminal
36(37) and a lid body 39(40) of the third embodiment are
the same as the configurations of the coil connection ter-
minal 6(7) and the lid body 9(10) of the first embodiment.
However, as shown in Fig. 4, in the first embodiment, the
coil connection terminal 6(7) and the lid body 9(10) are
made from different materials. Also, the materials of the
coil connection terminal 6(7) and the lid body 9(10) are
different from a material of the wires 4a(5a) of the coll
winding of the heating coil 3. On the other hand, in the
third embodiment, the coil connection terminal 36(37),
the lid body 39(40), and the wires 4a(5a) of the coil wind-
ing are made from a same material. For example, the
coil connection terminal 36(37) and the lid body 39(40)
are made from aluminum or aluminum alloy as well as
the wires 4a(5a) of the coil winding.

[0059] By welding similar to the first embodiment, the
wires 4a(5a) of the coil winding of the heating coil 3, the
coil connection terminal 36(37), and the lid body 39(40)
made form a same material are unified. Tripartite differ-
ences in specificresistance become zero. Consequently,
an occurrence of an abnormal heat due to a high current
flow is further suppressed. Thereby secures a high reli-
ability in the join between the coil winding of the heating
coil and the coil connection terminal for supplying the
heating coil with a current.

(Fourth Embodiment)

[0060] Fig.7 schematically shows a coil connection ter-
minal 46 of an induction-heating device according to the
fourth embodiment. In drawings, elements identical to
the elements of the first embodiment have same refer-
ence numbers.

[0061] As shown in Fig. 2, in the first embodiment, the
coil connection terminals 6, 7 are made by press-cutting
a thin plate in desired configuration and then folding the
press-cutplate partly, thatis, made from a single material.
On the other hand, in the fourth embodiment, the coil
connection terminal 46 is made from a cladding material
made by joining at least two materials, as shownin Fig. 7.
[0062] Specifically, the coil connection terminal 46 is
made from the cladding material made by joining a ma-
terial (a first material) identical to a material of the wires
4a of the coil winding of the heating coil 3 and a material
(a second material) identical to a material of the crimp-
type terminal 15 connected to the control unit (not
shown).

[0063] For example, the coil connection terminal 46 is
made from the cladding material made by joining a first
member 46a made from aluminum which is the material
of the wires 4a of the coil winding of the heating coil 3
and a second member 46b made from a stainless mate-
rial or copper phosphate which is the material of the
crimp-type terminal 15.

[0064] A groove part 46¢ joined to the wires 4a of the
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coil winding of the heating coil 3 is formed on the first
member 46. The lid body 9 disposed in the groove part
46¢ is made from the material identical to the materials
of the wires 4a and the first member 46a, for example,
aluminum. A joining of the wires 4a, the groove part 46¢,
and the lid body 9 is performed in the same manner as
the first embodiment.

[0065] Ontheotherhand, athreadedpart46d engaged
with the screw 16 passing through the through-hole of
the crimp-type terminal 15 is formed on the second mem-
ber 46b. A washer 50 is disposed between the crimp-
type terminal 15 and the second member 46b.

[0066] The material of the second member 46b is not
required to be identical to the materials of the crimp-type
terminal 15, the screw 16, and the washer 50 and may
be any material having a small ionization tendency dif-
ference and a small potential difference with respect to
the crimp-type terminal 15, the screw 16, and the washer
50 and having a small specific resistance.

[0067] According to such coil connection terminal 46,
the joint between the wires 4a of the coil winding of the
heating coil 3 and the coil connection terminal 46 can
have a high reliability and can suppress an occurrence
of an abnormal heat, as well as the third embodiment.
[0068] Moreover, according to such coil connection
terminal 46, differences in specific resistance between
the second member 46b of the coil connection terminal
46, the crimp-type terminal 15, screw 16, and washer 50
become zero. Thereby suppresses an occurrence of an
abnormal heat due to a high current flow and an occur-
rence of an electrical corrosion in a contact region be-
tween the crimp-type terminal 15 and the coil connection
terminal 46. Consequently, a connection between the coil
connection terminal 46 and the crimp-type terminal 15
can have a high reliability.

(Fifth Embodiment)

[0069] Fig. 8 is a perspective view showing a portion
of an induction-heating device according to the fifth em-
bodiment. Elements identical to the elements of the first
embodiment have same reference numbers.

[0070] The induction-heating device 51 has a sub-
strate 52. The substrate 52 is placed and fixed on a sub-
strate holder part 53 integrally formed on the coil base 2.
[0071] A coil connection terminal 54 joined to one end
4 of the coil winding of the heating coil 3 (specifically, to
wires at the end 4) and a coil connection terminal 55
joined to the other end 5 (specifically, to wires at the end
5) are mounted on the substrate 52. Unit connection ter-
minals 56, 57 are mounted on the substrate 52 and elec-
trically connected to the crimp-type terminals 15 attached
to the leads 17, 18 of the control unit (not shown) for
supplying the heating coil 3 with a current. The substrate
52 has a wiring pattern (not shown) for electrically con-
necting one coil connection terminal 54 and one unit con-
nection terminal 56 and a wiring pattern (not shown) for
electrically connecting the other coil connection terminal
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55 and the other unit connection terminal 57. The wiring
patterns are, for example, patterns made from copper.
[0072] The coil connection terminals 54, 55 mounted
on the substrate 52 have groove parts 54c, 55¢c accom-
modating wires at the ends 4, 5 of the coil winding of the
heating coil 3, as well as the coil connection terminals 6,
7. In the groove parts 54c, 55c, lid bodies 58 59 as well
as the lid bodies 9, 10 of the first embodiment are dis-
posed.

[0073] The joining of the coil connection terminals 54,
55 mounted on the substrate 52, the wires of the coil
winding of the heating coil 3 accommodated in the groove
parts 54c, 55c thereof, and the lid bodies 58, 59 are mu-
tually joined by welding, as well as the coil connection
terminals 6, 7, the wires 4a, 5a accommodated in the
groove parts 6¢, 7c thereof, and the lid bodies 9, 10 of
the first embodiment.

[0074] The ends 4, 5 of the coil winding of the heating
coil 3 and the coil connection terminals 54, 55 may be
performed after the heating coil 3 has been placed on
the coil base 2 and the substrate 52 has been placed on
the substrate holder part 53 or before placing thereof.
Alternatively, the joining of the ends 4,5 of the coil winding
and the coil connection terminals 54, 55 may be per-
formed with the heating coil 3 having been placed on the
coil base 2 and the substrate 52 not placed on the sub-
strate holder part 53.

[0075] The crimp-type terminals 15 attached to the
leads 17, 18 of the control unit (not shown) are connected
to the unit connection terminals 56, 57 mounted on the
substrate 52 by, for example, screws.

[0076] The control unit supplies the heating coil 3 with
a high frequency current through the leads 17, 18, the
crimp-type terminals 15, the unit connection terminals
56, 57, the wiring patterns on the substrate 52, the coil
connection terminals 54, 55, and the wires in the groove
parts 54c, 55c¢ of the coil connection terminals 54, 55.
[0077] Thejointbetween the coil winding of the heating
coil 3 and the coil connection terminals 54, 55 in the fifth
embodiment can have a high reliability, as well as the
joint between the coil winding of the heating coil 3 and
the coil connection terminals 6, 7.

(Sixth Embodiment)

[0078] Fig. 9 is a perspective view showing a portion
of an induction-heating device according to the sixth em-
bodiment. Elements identical to the elements of the fifth
embodiment have same reference numbers.

[0079] In the fifth embodiment, as shown in Fig. 8, the
coil connection terminals 54, 55 and the unit connection
terminals 56, 57 are mounted on the single substrate 52.
On the other hand, in the induction-heating device 61 of
the sixth embodiment, the coil connection terminals 54,
55 are mounted on separate substrates 52A, 52B differ-
ent form each other.

[0080] The two substrates 52A, 52B are fixed on the
substrate holder part 53 with a gap 62 therebetween.
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[0081] The coil connection terminal 54 and the unit
connection terminal 56 are mounted on the substrate
52A. The substrate 52A has a wiring pattern (not shown),
such as pattern made from copper, electrically connect-
ing the coil connection terminal 54 and the unit connec-
tion terminal 56.

[0082] The coil connection terminal 55 and the unit
connection terminal 57 are mounted on the substrate
52B. The substrate 52B has a wiring pattern (not shown),
such as pattern made from copper, electrically connect-
ing the coil connection terminal 55 and the unit connec-
tion terminal 57.

[0083] According to the sixth embodiment, as well as
the fifth embodiment, the joint between the coil winding
of the heating coil 3 and the coil connection terminals 54,
55 for supplying the heating coil 3 with a current can have
a high reliability.

[0084] The substrates 52A, 52B respectively are more
compact than the substrate 52 of the fifth embodiment.
Also, the coil connection terminals 54, 55 are mounted
on separate substrates 52A, 52B different from each oth-
er. Therefore, the induction-heating device of the sixth
embodiment is easier in assembly than that of the fifth
embodiment.

[0085] Forexample,firstly, one end 4 ofthe coil winding
of the heating coil 3 is joined to the coil connection ter-
minal 54 mounted on the substrate 52A and then the
substrate 52A is fixed on the substrate holder part 53.
Next, the other end 5 of the coil winding is joined to the
coil connection terminal 55 mounted on the substrate 52B
and then the substrate 52B is fixed on the substrate hold-
er part 53. Such method is easier in assembly than the
case that the substrate 52 joined to both ends 4, 5 of the
coil winding is fixed on the substrate holder part 53.
[0086] The invention has described with reference to
the embodiments described above, however, the inven-
tion is not limited to the embodiments.

[0087] For example, Figs. 10 and 11 are perspective
views showing the joint part between one end 4 of the
coil winding of the heating coil 3 and the groove part 54c
of the one coil connection terminal 54 in the induction-
heating device according to the sixth embodiment.
[0088] Preferably, a coil connection terminal and a lid
body respectively have engagement parts engaging with
each other, and the engagement parts are configured
such that the lid body is located with respect to a groove
part of the coil connection terminal, as well as the groove
part 54c of the coil connection terminal 54 and the lid
body 58 of the sixth embodiment shown in Figs. 10 and
11.

[0089] As shown in Fig. 11, in the sixth embodiment,
the lid body 58 forms a shape having two protrusions 58a
projecting in a width direction of the groove part 54c of
the coil connection terminal 54, more specifically, is
formed in the shape of "T". On the other hand, slots 54d
capable to engage with the protrusions 58a of the lid body
58 are formed on wall parts 54b defining the groove part
54c.
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[0090] Arelative position of the lid body 58 with respect
to the groove part 54c of the coil connection terminal 54
(a position in an extending direction of the groove par
54c) is unambiguously defined by engaging the protru-
sions 58a of the lid body 58 with the slots 54d of the wall
parts 54b. Thereby suppresses a movement of the lid
body 58 in the groove part 54c when the groove part 54c
of the coil connection terminal 54, the wires of the coil
winding accommodated in the groove part 54c thereof,
and the lid body 58 are joined. Consequently, the groove
part 54c, the wires, and the lid body 58 can be stably
joined.

[0091] Engagement parts of a coil connection terminal
and a lid body are not limited to the slots 54 and the
protrusions 58a. For example, in the second embodiment
shown in Fig. 2, the lid body 9 has recesses 9a opposite
each other (that is, is formed in the shape of "H"). The
wall parts 6b of the coil connection terminal 6 engage
with the recesses 9a thereof.

[0092] For example, in the case that a coil connection
terminal is mounted on a substrate (in the fifth and sixth
embodiments), preferably, the coil connection terminal
is mounted on the substrate with a groove part thereof
not overlapping with the substrate in a vertical direction,
and the substrate is placed on a substrate holder part
with the groove part of the coil connection terminal not
overlapping with the substrate holder part in the vertical
direction.

[0093] Forexample, in the sixth embodiment shown in
Fig. 10, the coil connection terminal 54 is mounted on
the substrate 52A such that the groove part 54c of the
coil connection terminal 54 is not overlapping with the
substrate 52A in the vertical direction. That is, in the sixth
embodiment, the substrate 52A has a shape in which a
portion thereof positioned under the groove part 54¢ of
the coil connection terminal 54 is eliminated.

[0094] Also, the substrate 52A is placed on the sub-
strate holder part 53 such that the groove part 54c of the
coil connection terminal 54 is not overlapping with the
substrate holder part 53 in the vertical direction. That is,
in the sixth embodiment, the substrate holder part 53 has
a shape in which a portion thereof positioned under the
groove part 54c of the coil connection terminal 54 is elim-
inated.

[0095] As shown in Fig. 10, there are no portions of
the substrate 52A and the substrate holder part 53 under
the groove part 54¢ of the coil connection terminal 54.
Therefore, the anvil 11 can contact with the groove part
54c of the coil connection terminal 54 from below when
an ultrasonic-welding is performed. That is, with the sub-
strate 52, on which the coil connection terminal 54 is
mounted, being placed on the substrate holder part 53,
the ultrasonic-welding for joining the groove part 54c of
the coil connection terminal 54, the wires of the coil wind-
ing, and the lid body 58 can be performed.

[0096] Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it
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is to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the append-
ed claims unless they depart therefrom.

[0097] The entire disclosure of Japanese Patent Ap-
plications No. 2013-001488 filed on January 9, 2013 and
No. 2013-001489 filed on same day, 2010, including
specification, claims, and drawings are incorporated
herein by reference in its entirety.

Industrial Applicability

[0098] Aninduction-heating device according to the in-
vention having a high reliability can be used in, for ex-
ample, an induction-heating cooker using an induction-
heating device as a high heat source by supplying a heat-
ing coil of the induction-heating device with a high current.

Embodiments

[0099] The present invention relates to the following
embodiments:
[0100] According to a first embodiment, there is pro-

vided an induction-heating device having a heating coil
with a coil winding of the heating coil including at least
one wire, the induction-heating device comprising: a coil
connection terminal having a groove part capable to ac-
commodate the wire at an end of the coil winding and
electrically connecting to a control unit for supplying the
heating coli with a current; and a lid body capable to at
least partly be disposed in the groove part of the coil
connection terminal so as to cover the wire of the coil
winding accommodated in the groove part of the coil con-
nection terminal, wherein the wire, the coil connection
terminal, and the lid body are joined together by welding,
wherein the welding is performed with the lid body dis-
posed in the groove part of the coil connection terminal
pressing the wire accommodated in the groove part,
wherein the coil connection terminal and the lid body have
engagement parts engaging with each other, and where-
in the engagement part of the coil connection terminal
and the engagement part of the lid body are configured
such that the lid body is located with respect to the groove
part of the coil connection terminal.

[0101] According to a second embodiment, the induc-
tion-heating device according to the first embodiment is
provided, wherein a cross-section of the groove part of
the coil connection terminal perpendicular to an extend-
ing direction of the groove part has a shape in which a
groove width is larger than a groove depth.

[0102] According to a third embodiment, the induction-
heating device according to the first or second embodi-
ment is provided, wherein the coil connection terminal
and the lid body are made from a same material different
from a material from which the wire of the coil winding of
the heating coil is made.

[0103] According to a fourth embodiment, the induc-
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tion-heating device according to the first or second em-
bodiment is provided, wherein the coil connection termi-
nal, the lid body, and the wire of the coil winding of the
heating coil are made from a same material.

[0104] According to a fifth embodiment, the induction-
heating device according to anyone of the first to fourth
embodiments is provided, further comprising a substrate
having the coil connection terminal and a unit connection
terminal mounted thereon and having a wiring pattern
electrically connecting the coil connection terminal and
the unit connection terminal, wherein the unit connection
terminal is electrically connected to the control unit.
[0105] Accordingto a sixth embodiment, the induction-
heating device according to the fifth embodiment is pro-
vided, further comprising a substrate holder on which the
substrate is placed, wherein the coil connection terminal
is mounted on the substrate with the groove partnot over-
lapping with the substrate in a vertical direction, and
wherein the substrate is placed on the substrate holder
with the groove part of the coil connection terminal not
overlapping with the substrate holder in the vertical di-
rection.

[0106] Accordingto a seventh embodiment, the induc-
tion-heating device according to the fifth or sixth embod-
iment is provided, wherein the coil connection terminal
includes a first coil connection terminal joined to one end
of the coil winding of the heating coil and a second coil
connection terminal joined to the other end of the caoil
winding of the heating coil, and wherein the substrate
includes a first substrate on which the first coil connection
terminal is mounted and a second substrate on which
the second coil connection terminal is mounted.

[0107] According to a eighth embodiment, the induc-
tion-heating device according to the first or second em-
bodiment is provided, wherein the lid body and the wire
of the coil winding of the heating coil is made from a same
material, wherein the control unit has a current supply
terminal contacting with the coil connection terminal and
supplying the coil connection terminal with a current,
wherein the coil connection terminal is made from a clad-
ding material made by joining at least two materials in-
cluding a first material identical to the material of the wire
of the coil winding of the heating coil and a second ma-
terial identical to a material of the current supply terminal,
wherein the wire of the coil winding of the heating coil is
joined to the groove part of the coil connection terminal
made from the first material, and wherein the current sup-
ply terminal is connected to a portion of the coil connec-
tion terminal made from the second material.

Explanation of reference numerals

[0108]

1 induction-heating device
3 heating coil

4 end of coil winding

4a wire
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10

5 end of coil winding

5a  wire

6 coil connection terminal
6c  groove part

7 coil connection terminal
7c  groove part

9 lid body
10  lid body
Claims

1. An induction-heating device (1, 51, 61) having a
heating coil (3) with a coil winding (4, 5) of the heating
coil (3) including at least one wire (4a, 5a), the in-
duction-heating device (1, 51, 61) comprising:

a coil connection terminal (6, 7, 8, 26, 27, 36,
37,46, 54, 55) having a groove part (6¢, 7¢, 46¢,
54c, 55¢) capable to accommodate the wire (4a,
5a) at an end of the coil winding (4, 5) and elec-
trically connecting to a control unit for supplying
the heating coli (3) with a current;

a lid body (9, 10, 29, 30, 39, 40, 58) capable to
atleast partly be disposed in the groove part (6¢,
7c, 46¢, 54c¢, 55¢) of the coil connection terminal
(6,7,8, 26,27, 36, 37,46, 54, 55) so as to cover
the wire (4a, 5a) of the coil winding (4, 5) ac-
commodated in the groove part (6¢, 7¢, 46¢, 54c,
55c) of the coil connection terminal (6, 7, 8, 26,
27, 36, 37, 46, 54, 55); and

a substrate (52) having the coil connection ter-
minal (6, 7, 8, 26, 27, 36, 37, 46, 54, 55) and a
unit connection terminal (56, 57) mounted ther-
eon and having a wiring pattern electrically con-
necting the coil connection terminal (6, 7, 8, 26,
27, 36, 37, 46, 54, 55) and the unit connection
terminal (56, 57),

wherein the wire (4a, 5a), the coil connection termi-
nal (6, 7, 8, 26, 27, 36, 37, 46, 54, 55), and the lid
body (9, 10, 29, 30, 39, 40, 58) are joined together
by welding,

wherein the welding is performed with the lid body
(9, 10, 29, 30, 39, 40, 58) disposed in the groove
part (6¢, 7c, 46¢, 54c, 55c¢) of the coil connection
terminal (6, 7, 8, 26, 27, 36, 37, 46, 54, 55) pressing
the wire (4a, 5a) accommodated in the groove part
(6¢, 7c, 46¢, 54c, 55¢), and

wherein the unit connection terminal (56, 57) is elec-
trically connected to the control unit.

2. The induction-heating device (1, 51, 61) according
toclaim 1, wherein a cross-section of the groove part
(6¢, 7c, 46¢, 54c, 55c¢) of the coil connection terminal
(6,7, 8, 26, 27, 36, 37, 46, 54, 55) perpendicular to
an extending direction of the groove part (6¢, 7c, 46c,
54c, 55c) has a shape in which a groove width is
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larger than a groove depth.

The induction-heating device (1, 51, 61) according
to claim 1 or 2, wherein the coil connection terminal
(6,7, 8, 26, 27, 36, 37, 46, 54, 55) and the lid body
(9, 10, 29, 30, 39, 40, 58) are made from a same
material different from a material from which the wire
(4a, 5a) of the coil winding (4, 5) of the heating coil
(3) is made.

The induction-heating device (1, 51, 61) according
to claim 1 or 2, wherein the coil connection terminal
(6, 7, 8, 26, 27, 36, 37, 46, 54, 55), the lid body (9,
10, 29, 30, 39, 40, 58), and the wire (4a, 5a) of the
coil winding (4, 5) of the heating coil (3) are made
from a same material.

The induction-heating device (1, 51, 61) according
to anyone of claims 1 to 4, further comprising a sub-
strate holder (53) on which the substrate (52) is
placed,

wherein the coil connection terminal (6, 7, 8, 26, 27,
36, 37, 46, 54, 55) is mounted on the substrate (52)
with the groove part (6¢, 7¢c, 46¢, 54¢, 55¢) not over-
lapping with the substrate (52) in a vertical direction,
and

wherein the substrate (52) is placed on the substrate
holder (53) with the groove part (6c, 7c, 46c, 54c,
55c) of the coil connection terminal (6, 7, 8, 26, 27,
36, 37,46, 54, 55) not overlapping with the substrate
holder (53) in the vertical direction.

The induction-heating device (1, 51, 61) according
to anyone of claims 1 to 5, wherein the coil connec-
tion terminal (6, 7, 8, 26, 27, 36, 37, 46, 54, 55) in-
cludes afirst coil connection terminal (6, 7, 8, 26, 27,
36, 37, 46, 54, 55) joined to one end of the coil wind-
ing (4, 5) of the heating coil (3) and a second caoill
connection terminal (6, 7, 8, 26, 27, 36, 37, 46, 54,
55) joined to the other end of the coil winding (4, 5)
of the heating coil (3), and

wherein the substrate (52) includes a first substrate
(52A) on which the first coil connection terminal (6,
7, 8, 26, 27, 36, 37, 46, 54, 55) is mounted and a
second substrate (52B)on which the second coil con-
nection terminal (6, 7, 8, 26, 27, 36, 37, 46, 54, 55)
is mounted.

The induction-heating device (1, 51, 61) according
to anyone of claims 1 to 6, wherein the coil connec-
tion terminal (6, 7, 8, 26, 27, 36, 37, 46, 54, 55) and
the lid body (9, 10, 29, 30, 39, 40, 58) have engage-
ment parts engaging with each other, and

wherein the engagement part of the coil connection
terminal (6, 7, 8, 26, 27, 36, 37, 46, 54, 55) and the
engagement part of the lid body (9, 10, 29, 30, 39,
40, 58) are configured such that the lid body (9, 10,
29, 30, 39, 40, 58) is located with respect to the
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1"

groove part (6¢, 7c, 46¢, 54c, 55¢) of the coil con-
nection terminal (6, 7, 8, 26, 27, 36, 37, 46, 54, 55).

An induction-heating cooker comprising an induc-
tion-heating device (1, 51, 61) and a control unit of
anyone of claims 1to 7.
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