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(54) COUPLING DEVICE

(57) A coupling device couples, using a coupling
member, a first plate of a first metal to a second plate of
a second metal. A power source is connected to first and
second electrodes. A driver moves the first and second
electrodes relative to the coupling member and the first
and second plates. A controller controls the power source
and the driver to electrify the coupling member and the
first and second plates under pressure. The coupling
member includes a third metal approximately identical to
the second metal. The first metal has a melting point low-
er than melting points of the second and third metals.
The coupling member includes a pilot portion that is lo-
cated about a center of a flat surface of a body of the
coupling member and that protrudes in an extending di-
rection. The flat surface has discharge grooves radially
extending from the pilot portion.
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Description

[Technical Field]

[0001] The present invention relates to a coupling de-
vice.

[Background Art]

[0002] Conventionally, a technique of connecting dif-
ferent kinds of material together using an engagement
piece is known (for example, Patent Document 1). Spe-
cifically, Patent Document 1 includes pressurizing and
electrifying, using electrodes, an iron plate, an aluminum
plate, and an engagement piece with these plates and
piece arranged in this order from top. This causes a por-
tion of the aluminum plate contacting the engagement
piece to melt, allowing the engagement piece to pene-
trate the aluminum plate. Then, the iron plate and the
leading end of the engagement piece are subjected to
resistance welding. Thus, the engagement piece is used
as a coupling member to couple (fasten) the iron plate
and the aluminum plate to each other.

[Related Art Documents]

[Patent Documents]

[0003] [Patent document 1] JP 08-033987A

[Summary of the Invention]

[Problems to be Solved by the Invention]

[0004] However, in the technique according to Patent
Document 1, in case resistance welding is conducted
with the melted aluminum being left between the flange
portion of the engagement piece and the aluminum plate
in case of, which may prevent the flange portion of the
engagement piece from being removed from the alumi-
num plate. Thus, insufficient contact between the flange
portion of the engagement piece and the aluminum plate
is occurred, causing an insufficient level of coupling be-
tween the flange portion of the engagement piece and
the aluminum plate.
[0005] The purpose of the present invention is to pro-
vide a coupling device configured to eliminate or mini-
mize insufficient contact between the first plate and the
second plate.

[Means of Solving the Problems]

[0006] To solve the problem described above, a cou-
pling device according to a first aspect is configured to,
using a coupling member, couple a first plate made of a
first metal and a second plate made of a second metal
to each other. The coupling device includes a first elec-
trode, a second electrode, a power source, a driver, and

a controller. The power source is connected to the first
electrode and the second electrode. The driver is config-
ured to move the first electrode and the second electrode
relative to the coupling member, the first plate, and the
second plate. The controller is configured to control the
power source and the driver to electrify the coupling
member, the first plate, and the second plate while con-
trolling the first electrode and the second electrode to
apply pressure to the coupling member, the first plate,
and the second plate. The coupling member is made of
a third metal approximately identical to the second metal.
The first metal has a melting point lower than a melting
point of the second metal and a melting point of the third
metal. The coupling member includes a body and a pilot
portion. The pilot portion is provided approximately at a
center of a flat surface of the body and protrudes in an
extending direction. On the flat surface, a plurality of dis-
charge grooves are formed radially extending from the
pilot portion. The controller is configured to make the cou-
pling member, the first plate, and the second plate held
between the first plate and the second plate so as to
make a contact state between: a leading end of the first
electrode and the body of the coupling member; the pilot
portion of the coupling member and a first main surface
of the first plate; a second main surface of the first plate
and a first main surface of the second plate; and a second
main surface of the second plate and a leading end of
the second electrode. The controller is configured to,
while maintaining the contact state, control the power
source to electrify the coupling member, the first plate,
and the second plate while controlling the driver to apply
pressure to the coupling member, the first plate, and the
second plate so as to: melt a facing portion of the first
plate facing the pilot portion of the coupling member, and
remove the melted facing portion to a farther side of the
pilot portion through the plurality of discharge grooves
formed on the coupling member, whereby the facing por-
tion is removed, allowing a leading end of the pilot portion
and a joint portion of the second plate to contact each
other; and melt and solidify the leading end of the pilot
portion and the joint portion of the second plate to couple
the leading end of the pilot portion and the joint portion
of the second plate to each other.
[0007] A coupling device according to a second aspect
is the coupling device according to the first aspect char-
acterized in that a body of the pilot portion has an outer
circumference length in a direction perpendicular to the
extending direction, the outer circumference length being
approximately uniform throughout the body of the pilot
portion.
[0008] A coupling device according to a third aspect is
the coupling device according to the first aspect charac-
terized in that a body of the pilot portion has an outer
circumference length in a direction perpendicular to the
extending direction, the outer circumference length in-
creasing as the body of the pilot portion is further away
from the flat surface.
[0009] A coupling device according to a fourth aspect
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is the coupling device according to the first aspect char-
acterized in that a body of the pilot portion has an outer
circumference length in a direction perpendicular to the
extending direction, the outer circumference length de-
creasing as the body of the pilot portion is further away
from the flat surface.
[0010] A coupling device according to a fifth aspect is
the coupling devices according to the second to fourth
aspects characterized in that the leading end of the pilot
portion has a conical shape.
[0011] A coupling device according to a sixth aspect
is the coupling devices according to the second to fourth
aspects characterized in that wherein the leading end of
the pilot portion comprises a protrusion provided at or
around an axis of the pilot portion.
[0012] Also, a coupling device according to a seventh
aspect is configured to, using a coupling member, couple
a first plate made of a first metal and a second plate made
of a second metal to each other. The coupling device
includes a first electrode, a second electrode, a power
source, a driver, and a controller. The power source is
connected to the first electrode and the second electrode.
The driver is configured to move the first electrode and
the second electrode relative to the coupling member,
the first plate, and the second plate. The controller is
configured to control the power source and the driver to
electrify the coupling member, the first plate, and the sec-
ond plate while controlling the first electrode and the sec-
ond electrode to apply pressure to the coupling member,
the first plate, and the second plate. The coupling mem-
ber is made of a third metal approximately identical to
the second metal. The first metal has a melting point low-
er than a melting point of the second metal and a melting
point of the third metal. The coupling member includes
a body, a pilot portion, and a ring-shaped wall. The pilot
portion is provided approximately at a center of a flat
surface of the body and protrudes in an extending direc-
tion. The ring-shaped wall is provided along an outer cir-
cumference of the flat surface. The pilot portion, the body,
and the ring-shaped wall define a groove space, and, on
an end surface of the ring-shaped wall, a plurality of
notch-shaped discharge grooves are formed. The con-
troller is configured to make the coupling member, the
first plate, and the second plate held between the first
plate and the second plate so as to make a contact state
between: a leading end of the first electrode and the body
of the coupling member; the pilot portion of the coupling
member and a first main surface of the first plate; a sec-
ond main surface of the first plate and a first main surface
of the second plate; and a second main surface of the
second plate and a leading end of the second electrode.
The controller is configured to, while maintaining the con-
tact state, control the power source to electrify the the
coupling member, the first plate, and the second plate
while controlling the driver to apply pressure to the the
coupling member, the first plate, and the second plate
so as to: melt a facing portion of the first plate facing the
pilot portion of the coupling member, and remove the

melted facing portion into the groove space of the cou-
pling member, whereby the facing portion is removed,
allowing a leading end of the pilot portion and a joint por-
tion of the second plate to contact each other; and melt
and solidify the leading end of the pilot portion and the
joint portion of the second plate to couple the leading end
of the pilot portion and the joint portion of the second
plate to each other.
[0013] A coupling device according to an eighth aspect
is a coupling device according to the seventh aspect char-
acterized in that a body of the pilot portion has an outer
circumference length in a direction perpendicular to the
extending direction, the outer circumference length being
approximately uniform throughout the body of the pilot
portion.
[0014] A coupling device according to a ninth aspect
is the coupling device according to the seventh aspect
characterized in that a body of the pilot portion has an
outer circumference length in a direction perpendicular
to the extending direction, the outer circumference length
increasing as the body of the pilot portion is further away
from the flat surface.
[0015] A coupling device according to a tenth aspect
is the coupling device according to the seventh aspect
characterized in that a body of the pilot portion has an
outer circumference length in a direction perpendicular
to the extending direction, the outer circumference length
decreasing as the body of the pilot portion is further away
from the flat surface.
[0016] A coupling device according to an eleventh as-
pect is the coupling devices according to the seventh to
tenth aspects characterized in that the leading end of the
pilot portion has a conical shape.
[0017] A coupling device according to a twelfth aspect
is the coupling devices according to the seventh to tenth
aspects characterized in that wherein the leading end of
the pilot portion comprises a protrusion provided at or
around an axis of the pilot portion.

[Effects of the Invention]

[0018] According to the coupling devices according to
the first to sixth aspects, on the flat surface, a plurality of
discharge grooves are formed radially extending from
the pilot portion. Also, when the coupling member, the
first plate, and the second plate are applied pressure and
electrified, the facing portion of the first plate having a
melting point lower than the melting point of the coupling
member and the melting point of the second plate is melt-
ed. The melted facing portion is discharged to the farther
side of the pilot portion through the discharge grooves of
the coupling member. This causes a facing portion of the
first plate to be melted, resulting in a through hole formed
to insert the coupling member.
[0019] This ensures a sufficient level of contact be-
tween the pilot portion of the coupling member and the
second plate. This leads to a sufficient level of coupling
between the leading end of the pilot portion and the joint
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portion of the second plate implemented by resistance
welding. Additionally, the first plate and the second plate,
which have different melting points, are readily coupled
to each other through a single pressure-electrification
step.
[0020] Also, according to the coupling devices accord-
ing to the seventh to twelfth aspects, on the ring-shaped
end surface of the ring-shaped wall, a plurality of notch-
shaped discharge grooves are formed. Also, the inner
surface of the ring-shaped wall, the flat surface of the
body, and an outer surface of the pilot portion define a
groove space.
[0021] Also, according to the coupling devices accord-
ing to the seventh to twelfth aspects, the melted first metal
of the facing portion is moved into the groove space of
the coupling member. Then, occasionally, part of the fac-
ing portion (melted metal) discharged into the groove
space of the coupling member is discharged to the farther
side of the pilot portion 453 through a plurality of dis-
charge grooves 459 formed on the ring-shaped end sur-
face.
[0022] This also ensures a sufficient level of contact
between the pilot portion of the coupling member and the
second plate. This leads to a sufficient level of coupling
between the leading end of the pilot portion and the joint
portion of the second plate implemented by resistance
welding.

[Brief Description of the Drawings]

[0023]

FIG. 1 is a diagram illustrating an exemplary config-
uration of coupling devices according to first to eighth
embodiments of the present invention.
FIG. 2 is a perspective view of a coupling member
according to the first embodiment of the present in-
vention.
FIG. 3 is a plan view of coupling members according
to the first to eighth embodiments of the present in-
vention.
FIG. 4 is a bottom view of the coupling member ac-
cording to the first embodiment of the present inven-
tion.
FIG. 5 is a front view of the coupling member accord-
ing to the first embodiment of the present invention.
FIG. 6 is a cross-sectional view, taken along the line
A-A illustrated in FIG. 3, of the coupling member ac-
cording to the first embodiment of the present inven-
tion.
FIG. 7 illustrates a method of coupling using the cou-
pling member according to the first to the fourth em-
bodiments of the present invention.
FIG. 8 illustrates a method of coupling using the cou-
pling member according to the first to the fourth em-
bodiments of the present invention.
FIG. 9 illustrates a method of coupling using the cou-
pling member according to the first to the fourth em-

bodiments of the present invention.
FIG. 10 is a perspective view of a coupling member
according to a second embodiment of the present
invention.
FIG. 11 is a bottom view of the coupling member
according to the second embodiment of the present
invention.
FIG. 12 is a front view of the coupling member ac-
cording to the second embodiment of the present
invention.
FIG. 13 is a cross-sectional view, taken along the
line A-A illustrated in FIG. 3, of the coupling member
according to the second embodiment of the present
invention.
FIG. 14 is a perspective view of a coupling member
according to a third embodiment of the present in-
vention.
FIG. 15 is a bottom view of the coupling member
according to the third embodiment of the present in-
vention.
FIG. 16 is a front view of the coupling member ac-
cording to the third embodiment of the present in-
vention.
FIG. 17 is a cross-sectional view, taken along the
line A-A illustrated in FIG. 3, of the coupling member
according to the third embodiment of the present in-
vention.
FIG. 18 is a perspective view of a coupling member
according to a fourth embodiment of the present in-
vention.
FIG. 19 is a bottom view of the coupling member
according to the fourth embodiment of the present
invention.
FIG. 20 is a front view of the coupling member ac-
cording to the fourth embodiment of the present in-
vention.
FIG. 21 is a cross-sectional view, taken along the
line A-A illustrated in FIG. 3, of the coupling member
according to the fourth embodiment of the present
invention.
FIG. 22 is a perspective view of a coupling member
according to a fifth embodiment of the present inven-
tion.
FIG. 23 is a bottom view of the coupling member
according to the fifth embodiment of the present in-
vention.
FIG. 24 is a front view of the coupling member ac-
cording to the fifth embodiment of the present inven-
tion.
FIG. 25 is a cross-sectional view, taken along the
line A-A illustrated in FIG. 3, of the coupling member
according to the fifth embodiment of the present in-
vention.
FIG. 26 illustrates a method of coupling using the
coupling member according to the fifth to the eighth
embodiments of the present invention.
FIG. 27 illustrates a method of coupling using the
coupling member according to the fifth to the eighth
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embodiments of the present invention.
FIG. 28 illustrates a method of coupling using the
coupling member according to the fifth to the eighth
embodiments of the present invention.
FIG. 29 is a perspective view of a coupling member
according to a sixth embodiment of the present in-
vention.
FIG. 30 is a bottom view of the coupling member
according to the sixth embodiment of the present
invention.
FIG. 31 is a front view of the coupling member ac-
cording to the sixth embodiment of the present in-
vention.
FIG. 32 is a cross-sectional view, taken along the
line A-A illustrated in FIG. 3, of the coupling member
according to the sixth embodiment of the present
invention.
FIG. 33 is a perspective view of a coupling member
according to a seventh embodiment of the present
invention.
FIG. 34 is a bottom view of the coupling member
according to the seventh embodiment of the present
invention.
FIG. 35 is a front view of the coupling member ac-
cording to the seventh embodiment of the present
invention.
FIG. 36 is a cross-sectional view, taken along the
line A-A illustrated in FIG. 3, of the coupling member
according to the seventh embodiment of the present
invention.
FIG. 37 is a perspective view of a coupling member
according to an eighth embodiment of the present
invention.
FIG. 38 is a bottom view of the coupling member
according to the eighth embodiment of the present
invention.
FIG. 39 is a front view of the coupling member ac-
cording to the eighth embodiment of the present in-
vention.
FIG. 40 is a cross-sectional view, taken along the
line A-A illustrated in FIG. 3, of the coupling member
according to the eighth embodiment of the present
invention.

[Description of Embodiments]

[0024] The embodiments will now be described with
reference to the accompanying drawings, wherein like
reference numerals designate corresponding or identical
elements throughout the various drawings.

1. First Embodiment

1. 1. Configuration of Coupling Device

[0025] FIG. 1 is a diagram illustrating an exemplary
configuration of a coupling device 1 according to the first
embodiment of the present invention. The coupling de-

vice 1 couples a first plate 70 and a second plate 80 to
each other using a coupling member 50. The first plate
70 is made of a first metal, and the second plate 80 is
made of a second metal. As illustrated in FIG. 1, the cou-
pling device 1 mainly includes an electrode 11 (first elec-
trode), an electrode 12 (second electrode), a power
source 20, a driver 30, and a controller 40.
[0026] The coupling member 50 is made of a third met-
al approximately identical to the second metal. The first
metal has a melting point lower than the melting point of
the second metal and the melting point of the third metal.
The first metal may be a light alloy material, non-limiting
examples including aluminum, aluminum alloy (such as
JIS 2000 type, JIS 3000 type, JIS 4000 type, JIS 5000
type, JIS 6000 type, and JIS 7000 type), magnesium,
and magnesium alloy. The second and third metals may
be a steel material, non-limiting examples including high-
tensile steel material, galvanized steel plate, and stain-
less.
[0027] The power source 20 is connected to the elec-
trodes 11 and 12 through a power source line 15. This
configuration enables the power source 20 to electrify
the coupling member 50, the first plate 70, and the second
plate 80 that are held between the electrodes 11 and 12.
[0028] The driver 30 moves the electrodes 11 and 12
in vertical directions (which correspond to forward direc-
tion and inverse direction of arrow AR1) relative to the
coupling member 50, the first plate 70, and the second
plate 80. This configuration enables the electrodes 11
and 12 to hold the coupling member 50, the first plate
70, and the second plate 80 between the electrodes 11
and 12.
[0029] The controller 40 is electrically connected to the
power source 20 and the driver 30 through a signal line
49 so as to control the power source 20 and the driver
30. As illustrated in FIG. 1, the controller 40 mainly in-
cludes a CPU 41 and a memory 42. The memory 42
stores therein a program 42a, and in accordance with
the program 42a, the CPU 41 controls the power source
20 and the driver 30 at predetermined timings.
[0030] For example, the controller 40 controls the pow-
er source 20 to electrify the coupling member 50, the first
plate 70, and the second plate 80 while controlling the
driver 30 to move the electrodes 11 and 12 to apply pres-
sure to the coupling member 50, the first plate 70, and
the second plate 80.

1. 2. Configuration of Coupling Member

[0031] FIGs. 2 to 5 are respectively a perspective view,
a plan view, a bottom view, and a front view of the cou-
pling member 50 according to the first embodiment. FIG.
6 is a cross-sectional view, taken along the line A-A il-
lustrated in FIG. 3, of the coupling member 50. The cou-
pling member 50 couples (fastens) the first plate 70 and
the second plate 80 to each other by resistance welding.
As illustrated in FIGs. 2 to 6, the coupling member 50
mainly includes a body 51 and a pilot portion 53.
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[0032] The body 51 is a circular flat plate. The pilot
portion 53 is provided approximately at the center of a
flat surface 51a of the body 51, and protrudes in the arrow
AR1 direction (a direction parallel to the arrow AR1 will
be hereinafter occasionally referred to as "extending di-
rection"). Also, on the flat surface 51a, a plurality (four,
in the first embodiment) of discharge grooves 59 are
formed radially extending from the pilot portion 53.
[0033] As illustrated in FIG. 6, a leading end 55 of the
pilot portion 53 has a conical shape. A body 54 of the
pilot portion 53 has an outer circumference length in the
direction perpendicular to the extending direction, and
the outer circumference length is approximately uniform
throughout an outer circumference surface 53a.

1. 3. Method of Coupling Using Coupling Member

[0034] FIGs. 7 to 9 illustrate a method of coupling using
the coupling member 50. In this method of coupling, first,
the electrode 11 is moved to a position at the side of the
coupling member 50, and the electrode 12 is moved to
a position at the side of the second plate 80. This causes
the coupling member 50, the first plate 70, and the second
plate 80 to held between the electrodes 11 and 12.
[0035] This results in the contact state illustrated in
FIG. 7. Specifically:

(1) the leading end of the electrode 11 and the body
51 of the coupling member 50 are in contact with
each other;
(2) the pilot portion 53 of the coupling member 50
and a first main surface 70a of the first plate 70 are
in contact with each other;
(3) a second main surface 70b of the first plate 70
and a first main surface 80a of the second plate 80
are in contact with each other; and
(4) a second main surface 80b of the second plate
80 and the leading end of the electrode 12 are in
contact with each other.

[0036] As used herein, the term "main surface" of the
first plate 70 refers to a main surface among the outer
surfaces of the first plate 70. In the example illustrated
in FIG. 7, the first main surface 70a refers to a plane with
a normal vector in the extending direction (the arrow AR1
direction). Also, the second main surface 70b refers to
the surface opposite to the first main surface 70a.
[0037] Similarly, the term "main surface" of the second
plate 80 refers to a main surface among the outer sur-
faces of the second plate 80. In the example illustrated
in FIG. 7, the first main surface 80a refers to a plane with
a normal vector in the extending direction. Also, the sec-
ond main surface 80b refers to the surface opposite to
the first main surface 80a.
[0038] Then, with the contact state (1) to (4) main-
tained, the controller 40 controls the power source 20 to
electrify the coupling member 50, the first plate 70, and
the second plate 80 while controlling the driver 30 to apply

pressure to the coupling member 50, the first plate 70,
and the second plate 80.
[0039] This causes a facing portion 72 (see FIG. 7) of
the first plate 70, which faces the pilot portion 53 of the
coupling member 50, to be melted, resulting in a through
hole 73 (see FIG. 8) formed at a position corresponding
to the facing portion 72. Also, the melted first metal of
the facing portion 72 is discharged to a farther side of the
pilot portion 53 through a plurality of discharge grooves
59 formed on the flat surface 51a (see vertical hatching
illustrated in FIG. 8).
[0040] As a result of the melting of the facing portion
72, the leading end 55 of the pilot portion 53 and a joint
portion 82 of the second plate 80 (see FIG. 9) come into
contact with each other. Then, the leading end 55 and
the joint portion 82 are melted and solidified by resistance
welding, and thus are coupled to each other.

1. 4. Advantages of Coupling Device according to First 
Embodiment

[0041] As has been described hereinbefore, in the cou-
pling member 50 according to the first embodiment, on
the flat surface 51a of the body 51, the plurality of dis-
charge grooves 59 are formed radially extending from
the pilot portion 53. Also, the facing portion 72 of the first
plate 70 has a melting point lower than the melting point
of the coupling member 50 and the melting point of the
second plate 80. This ensures that when the coupling
member 50, the first plate 70, and the second plate 80
are applied pressure and electrified, the facing portion
72 is melted and discharged into the discharge grooves
59 of the coupling member 50.
[0042] Melting and discharging the facing portion 72
to the discharge grooves 59 prevents the melted first met-
al from being left between the flat surface 51a of the cou-
pling member 50 and the first plate 70. This, in turn, pre-
vents the coupling member 50 from being removed from
the first plate 70, and eliminates or minimizes insufficient
contact between the flat surface 51a of the coupling mem-
ber 50 and the first plate 70.
[0043] Melting and discharging the facing portion 72
into the discharge grooves 59 also ensures a sufficient
level of contact between the pilot portion 53 of the cou-
pling member 50 and the second plate 80. This leads to
a sufficient level of coupling between the leading end 55
of the pilot portion 53 and the joint portion 82 of the second
plate 80 implemented by resistance welding.
[0044] Additionally, the first plate 70 and the second
plate 80, which have different melting points, are readily
coupled to each other through a single pressure-electri-
fication step.

2. Second Embodiment

[0045] The second embodiment of the present inven-
tion will be described. The coupling device 1 according
to the first embodiment and a coupling device 101 ac-
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cording to the second embodiment are similar to each
other in configuration except that the coupling member
50 of the coupling device 1 and a coupling member 150
of the coupling device 101 have different configurations.
The following description will focus on those respects in
which the coupling member 50 and the coupling member
150 are different from each other.
[0046] It is noted that identical reference numerals are
used to denote identical or substantially identical com-
ponents between the coupling devices 1 and 101, and
these components have already been described in the
first embodiment. To avoid redundancy, these compo-
nents will not be elaborated upon in the following descrip-
tion.
[0047] FIG. 3 and FIGs. 10 to 12 are respectively a
plan view, a perspective view, a bottom view, and a front
view of the coupling member 150 according to the second
embodiment. FIG. 13 is a cross-sectional view, taken
along the line A-A illustrated in FIG. 3, of the coupling
member 150. The coupling member 150 couples (fas-
tens) the first plate 70 and the second plate 80 to each
other by resistance welding, similarly to the coupling
member 50 according to the first embodiment. As illus-
trated in FIG. 3 and FIGs. 10 to 13, the coupling member
150 mainly includes the body 51 and a pilot portion 153.
[0048] The body 51 is a circular flat plate. The pilot
portion 153 is provided approximately at the center of the
flat surface 51a of the body 51, and protrudes in the ex-
tending direction. Also, on the flat surface 51a, a plurality
(four, in the second embodiment) of discharge grooves
59 are formed radially extending from the pilot portion
153.
[0049] As illustrated in FIG. 13, a leading end 155 of
the pilot portion 153 has a conical shape. A body 154 of
the pilot portion 153 has an outer circumference length
in the direction perpendicular to the extending direction,
and the outer circumference length increases as the body
154 is further away from the flat surface 51a.
[0050] This configuration ensures that when the cou-
pling member 150, the first plate 70, and the second plate
80 are applied pressure and electrified, the facing portion
72 of the first plate 70, which is lower in melting point
than the coupling member 150 and the second plate 80,
is melted and discharged to the farther side of the pilot
portion 153 through the plurality of discharge grooves 59.
[0051] Melting and discharging the facing portion 72
to the farther side of the pilot portion 153 prevents the
melted first metal from being left between the flat surface
51a of the coupling member 150 and the first plate 70.
Melting and discharging the facing portion 72 to the far-
ther side of the pilot portion 153 also ensures a sufficient
level of contact between the pilot portion 153 of the cou-
pling member 150 and the second plate 80. This leads
to a sufficient level of coupling between the leading end
155 of the pilot portion 153 and the joint portion 82 of the
second plate 80 implemented by resistance welding.
[0052] Additionally, the first plate 70 and the second
plate 80, which have different melting points, are readily

coupled to each other through a single pressure-electri-
fication step.

3. Third Embodiment

[0053] The third embodiment of the present invention
will be described. The coupling device 1 according to the
first embodiment and a coupling device 201 according
to the third embodiment are similar to each other in con-
figuration except that the coupling member 50 of the cou-
pling device 1 and a coupling member 250 of the coupling
device 201 have different configurations. The following
description will focus on those respects in which the cou-
pling member 50 and the coupling member 250 are dif-
ferent from each other.
[0054] It is noted that identical reference numerals are
used to denote identical or substantially identical com-
ponents between the coupling devices 1 and 201, and
these components have already been described in the
first embodiment. To avoid redundancy, these compo-
nents will not be elaborated upon in the following descrip-
tion.
[0055] FIG. 3 and FIGs. 14 to 16 are respectively a
plan view, a perspective view, a bottom view, and a front
view of the coupling member 250 according to the third
embodiment. FIG. 17 is a cross-sectional view, taken
along the line A-A illustrated in FIG. 3, of the coupling
member 250. The coupling member 250 couples (fas-
tens) the first plate 70 and the second plate 80 to each
other by resistance welding, similarly to the coupling
member 50 according to the first embodiment. As illus-
trated in FIG. 3 and FIGs. 14 to 17, the coupling member
250 mainly includes the body 51 and the pilot portion 253.
[0056] The body 51 is a circular flat plate. The pilot
portion 253 is provided approximately at the center of the
flat surface 51a of the body 51, and protrudes in the ex-
tending direction. Also, on the flat surface 51a, a plurality
(four, in the third embodiment) of discharge grooves 59
are formed radially extending from the pilot portion 253.
[0057] As illustrated in FIG. 17, the leading end 255 of
the pilot portion 253 has a conical shape. A body 254 of
the pilot portion 253 has an outer circumference length
in the direction perpendicular to the extending direction,
and the outer circumference length decreases as the
body 254 is further away from the flat surface 51a.
[0058] This configuration ensures that when the cou-
pling member 250, the first plate 70, and the second plate
80 are applied pressure and electrified, the facing portion
72 of the first plate 70, which is lower in melting point
than the coupling member 250 and the second plate 80,
is melted and discharged to the farther side of the pilot
portion 253 through the plurality of discharge grooves 59.
[0059] Melting and discharging the facing portion 72
to the farther side of the pilot portion 253 prevents the
melted first metal from being left between the flat surface
51a of the coupling member 250 and the first plate 70.
Melting and discharging the facing portion 72 to the far-
ther side of the pilot portion 253 also ensures a sufficient
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level of contact between the pilot portion 253 of the cou-
pling member 250 and the second plate 80. This leads
to a sufficient level of coupling between the leading end
255 of the pilot portion 253 and the joint portion 82 of the
second plate 80 implemented by resistance welding.
[0060] Additionally, the first plate 70 and the second
plate 80, which have different melting points, are readily
coupled to each other through a single pressure-electri-
fication step.

4. Fourth Embodiment

[0061] The fourth embodiment of the present invention
will be described. The coupling device 1 according to the
first embodiment and a coupling device 301 according
to the fourth embodiment are similar to each other in con-
figuration except that the coupling member 50 of the cou-
pling device 1 and a coupling member 350 of the coupling
device 301 have different configurations. The following
description will focus on those respects in which the cou-
pling member 50 and the coupling member 350 are dif-
ferent from each other.
[0062] It is noted that identical reference numerals are
used to denote identical or substantially identical com-
ponents between the coupling devices 1 and 301, and
these components have already been described in the
first embodiment. To avoid redundancy, these compo-
nents will not be elaborated upon in the following descrip-
tion.
[0063] FIG. 3 and FIGs. 18 to 20 are respectively a
plan view, a perspective view, a bottom view, and a front
view of the coupling member 350 according to the fourth
embodiment. FIG. 21 is a cross-sectional view, taken
along the line A-A illustrated in FIG. 3, of the coupling
member 350. The coupling member 350 couples (fas-
tens) the first plate 70 and the second plate 80 to each
other by resistance welding, similarly to the coupling
member 50 according to the first embodiment. As illus-
trated in FIG. 3 and FIGs. 18 to 21, the coupling member
350 mainly includes the body 51 and a pilot portion 353.
[0064] The body 51 is a circular flat plate. The pilot
portion 353 is provided approximately at the center of the
flat surface 51a of the body 51, and protrudes in the ex-
tending direction. Also, on the flat surface 51a, a plurality
(four, in the fourth embodiment) of discharge grooves 59
are formed radially extending from the pilot portion 353.
[0065] As illustrated in FIG. 21, the pilot portion 353
includes a protrusion 357 on a leading end 355 of the
pilot portion 353. The protrusion 357 is provided at or
around an axis 353b of the pilot portion 353. A body 354
of the pilot portion 353 has an outer circumference length
in the direction perpendicular to the extending direction,
and the outer circumference length is approximately uni-
form throughout an outer circumference surface 353a.
[0066] This configuration ensures that when the cou-
pling member 350, the first plate 70, and the second plate
80 are applied pressure and electrified, the facing portion
72 of the first plate 70, which is lower in melting point

than the coupling member 350 and the second plate 80,
is melted and discharged to the farther side of the pilot
portion 353 through the plurality of discharge grooves 59.
[0067] Melting and discharging the facing portion 72
to the farther side of the pilot portion 353 prevents the
melted first metal from being left between the flat surface
51a of the coupling member 350 and the first plate 70.
Melting and discharging the facing portion 72 to the far-
ther side of the pilot portion 353 also ensures a sufficient
level of contact between the pilot portion 353 of the cou-
pling member 350 and the second plate 80. This leads
to a sufficient level of coupling between the protrusion
357 of the pilot portion 353 and the joint portion 82 of the
second plate 80 implemented by resistance welding.
[0068] Additionally, the first plate 70 and the second
plate 80, which have different melting points, are readily
coupled to each other through a single pressure-electri-
fication step.

5. Fifth Embodiment

[0069] The fifth embodiment of the present invention
will be described. The coupling device 1 according to the
first embodiment and a coupling device 401 according
to the fifth embodiment are similar to each other in con-
figuration except that the coupling member 50 of the cou-
pling device 1 and a coupling member 450 of the coupling
device 401 have different configurations. The following
description will focus on those respects in which the cou-
pling member 50 and the coupling member 450 are dif-
ferent from each other.
[0070] It is noted that identical reference numerals are
used to denote identical or substantially identical com-
ponents between the coupling devices 1 and 401, and
these components have already been described in the
first embodiment. To avoid redundancy, these compo-
nents will not be elaborated upon in the following descrip-
tion.

5. 1. Configuration of Coupling Member

[0071] FIG. 3 and FIGs. 22 to 24 are respectively a
perspective view, a plan view, a bottom view, and a front
view of the coupling member 450 according to the fifth
embodiment. FIG. 25 is a cross-sectional view, taken
along the line A-A illustrated in FIG. 3, of the coupling
member 450. The coupling member 450 couples (fas-
tens) the first plate 70 and the second plate 80 to each
other by resistance welding. As illustrated in FIGs. 22 to
25, the coupling member 450 mainly includes the body
51, the pilot portion 453, and a ring-shaped wall 458.
[0072] The body 51 is a circular flat plate. The pilot
portion 453 is provided approximately at the center of the
flat surface 51a of the body 51, and protrudes in the ex-
tending direction. The ring-shaped wall 458 is a cylindri-
cal structure provided along the outer circumference of
the flat surface 51a. Also, on the ring-shaped end surface
458b of the ring-shaped wall 458, a plurality (four, in the
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fifth embodiment) of notch-shaped discharge grooves
are formed.
[0073] As illustrated in FIG. 25, the leading end 455 of
the pilot portion 453 has a conical shape. The body 454
of the pilot portion 453 has an outer circumference length
in a direction perpendicular to the extending direction,
and the outer circumference length is approximately uni-
form throughout the outer circumference surface 453a.
[0074] The ring-shaped wall 458 has an inner circum-
ference length in the direction perpendicular to the ex-
tending direction, and the inner circumference length is
approximately uniform throughout the inner circumfer-
ence surface 458a. Also as illustrated in FIG. 25, an inner
surface 458a of the ring-shaped wall 458, the flat surface
51a of the body 51, and the outer surface 453a of the
pilot portion 453 define a groove space 450a.

5. 2. Method of Coupling Using Coupling Member

[0075] FIGs. 26 to 28 illustrate a method of coupling
using the coupling member 450. In this method of cou-
pling, first, the electrode 11 is moved to a position at the
side of the coupling member 450, and the electrode 12
is moved to a position at the side of the second plate 80.
This causes the coupling member 450, the first plate 70,
and the second plate 80 to held between the electrodes
11 and 12.
[0076] This results in the contact state illustrated in
FIG. 26. Specifically:

(1) the leading end of the electrode 11 and the body
51 of the coupling member 450 are in contact with
each other;
(2) the pilot portion 453 of the coupling member 450
and a first main surface 70a of the first plate 70 are
in contact with each other;
(3) a second main surface 70b of the first plate 70
and a first main surface 80a of the second plate 80
are in contact with each other; and
(4) a second main surface 80b of the second plate
80 and the leading end of the electrode 12 are in
contact with each other.

[0077] Then, with the contact state (1) to (4) main-
tained, the controller 40 controls the power source 20 to
electrify the coupling member 450, the first plate 70, and
the second plate 80 while controlling the driver 30 to apply
pressure to the coupling member 450, the first plate 70,
and the second plate 80.
[0078] This causes a facing portion 72 (see FIG. 26)
of the first plate 70, which faces the pilot portion 453 of
the coupling member 450, to be melted, resulting in a
through hole 73 (see FIG. 27) formed at a position cor-
responding to the facing portion 72. Also, the melted first
metal of the facing portion 72 is moved into the groove
space 450a of the coupling member 450. Then, occa-
sionally, part of the melted metal discharged into the
groove space 450a of the coupling member 450 is dis-

charged to the farther side of the pilot portion 453 through
a plurality of discharge grooves 459 formed on the ring-
shaped end surface 458b (see vertical hatching illustrat-
ed in FIG. 27).
[0079] As a result of the melting of the facing portion
72, the leading end 455 of the pilot portion 453 and a
joint portion 82 (see FIG. 28) of the second plate 80 come
into contact with each other. Then, the leading end 455
and the joint portion 82 are melted and solidified by re-
sistance welding, and thus are coupled to each other.

5. 3. Advantages of Coupling Device according to Fifth 
Embodiment

[0080] As has been described hereinbefore, in the cou-
pling member 450 according to the fifth embodiment, on
the ring-shaped end surface 458b of the ring-shaped wall
458, the plurality of notch-shaped discharge grooves are
formed. Also, an inner surface 458a of the ring-shaped
wall 458, the flat surface 51a of the body 51, and the
outer surface 453a of the pilot portion 453 define a groove
space 450a.
[0081] Additionally, this configuration ensures that
when the coupling member 450, the first plate 70, and
the second plate 80 are applied pressure and electrified,
the facing portion 72 of the first plate 70, which is lower
in melting point than the coupling member 450 and the
second plate 80, is melted and discharged into the groove
space 450a of the coupling member 450. Also, occasion-
ally, part of the melted metal discharged into the groove
space 450a of the coupling member 450 is discharged
to the farther side of the pilot portion 453 through the
plurality of ring-shaped walls 458 formed on the ring-
shaped end surface 458b.
[0082] This prevents the melted first metal from being
left between the ring-shaped wall 458 of the coupling
member 450 and the first plate 70. This, in turn, prevents
the coupling member 450 from being removed from the
first plate 70, and eliminates or minimizes insufficient
contact between the ring-shaped end surface 458b of
the ring-shaped wall 458 and the first plate 70.
[0083] This also ensures a sufficient level of contact
between the pilot portion 453 of the coupling member
450 and the second plate 80. This leads to a sufficient
level of coupling between the leading end 455 of the pilot
portion 453 and the joint portion 82 of the second plate
80 implemented by resistance welding.
[0084] Additionally, the first plate 70 and the second
plate 80, which have different melting points, are readily
coupled to each other through a single pressure-electri-
fication step.

6. Sixth Embodiment

[0085] The sixth embodiment of the present invention
will be described. The coupling device 1 according to the
first embodiment and a coupling device 501 according
to the sixth embodiment are similar to each other in con-
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figuration except that the coupling member 50 of the cou-
pling device 1 and a coupling member 550 of the coupling
device 501 have different configurations. The following
description will focus on those respects in which the cou-
pling member 50 and the coupling member 550 are dif-
ferent from each other.
[0086] It is noted that identical reference numerals are
used to denote identical or substantially identical com-
ponents between the coupling devices 1 and 501, and
these components have already been described in the
first embodiment. To avoid redundancy, these compo-
nents will not be elaborated upon in the following descrip-
tion.
[0087] FIG. 3 and FIGs. 29 to 31 are respectively a
plan view, a perspective view, a bottom view, and a front
view of the coupling member 550 according to the sixth
embodiment. FIG. 32 is a cross-sectional view, taken
along the line A-A illustrated in FIG. 3, of the coupling
member 550. The coupling member 550 couples (fas-
tens) the first plate 70 and the second plate 80 to each
other by resistance welding, similarly to the coupling
member 50 according to the first embodiment. As illus-
trated in FIG. 3 and FIGs. 29 to 32, the coupling member
550 mainly includes the body 51 and a pilot portion 553.
[0088] The body 51 is a circular flat plate. The pilot
portion 553 is provided approximately at the center of the
flat surface 51a of the body 51, and protrudes in the ex-
tending direction. The ring-shaped wall 458 is a cylindri-
cal structure provided along the outer circumference of
the flat surface 51a. Also, on the ring-shaped end surface
458b of the ring-shaped wall 458, a plurality (four, in the
sixth embodiment) of notch-shaped discharge grooves
are formed.
[0089] As illustrated in FIG. 32, a leading end 555 of
the pilot portion 553 has a conical shape. A body 554 of
the pilot portion 553 has an outer circumference length
in the direction perpendicular to the extending direction,
and the outer circumference length increases as the body
554 is further away from the flat surface 51a.
[0090] The ring-shaped wall 458 has an inner circum-
ference length in the direction perpendicular to the ex-
tending direction, and the inner circumference length is
approximately uniform throughout the inner circumfer-
ence surface 458a. Also as illustrated in FIG. 32, the
inner surface 458a of the ring-shaped wall 458, the flat
surface 51a of the body 51, and an outer surface 553a
of the pilot portion 553 define a groove space 550a.
[0091] This configuration ensures that when the cou-
pling member 550, the first plate 70, and the second plate
80 are applied pressure and electrified, the facing portion
72 of the first plate 70, which is lower in melting point
than the coupling member 550 and the second plate 80,
is melted and discharged into the groove space 550a of
the coupling member 550. Then, occasionally, part of the
melted metal discharged into the groove space 550a of
the coupling member 550 is discharged to the farther
side of the pilot portion 553 through the plurality of dis-
charge grooves 459 formed on the ring-shaped end sur-

face 458b.
[0092] This prevents the melted first metal from being
left between the ring-shaped wall 458 of the coupling
member 550 and the first plate 70. Melting and discharg-
ing the facing portion 72 to the farther side of the pilot
portion 553 also ensures a sufficient level of contact be-
tween the pilot portion 553 of the coupling member 550
and the second plate 80. This leads to a sufficient level
of coupling between the leading end 555 of the pilot por-
tion 553 and the joint portion 82 of the second plate 80
implemented by resistance welding.
[0093] Additionally, the first plate 70 and the second
plate 80, which have different melting points, are readily
coupled to each other through a single pressure-electri-
fication step.

7. Seventh Embodiment

[0094] The seventh embodiment of the present inven-
tion will be described. The coupling device 1 according
to the first embodiment and a coupling device 601 ac-
cording to the seventh embodiment are similar to each
other in configuration except that the coupling member
50 of the coupling device 1 and a coupling member 650
of the coupling device 601 have different configurations.
The following description will focus on those respects in
which the coupling member 50 and the coupling member
650 are different from each other.
[0095] It is noted that identical reference numerals are
used to denote identical or substantially identical com-
ponents between the coupling devices 1 and 601, and
these components have already been described in the
first embodiment. To avoid redundancy, these compo-
nents will not be elaborated upon in the following descrip-
tion.
[0096] FIG. 3 and FIGs. 33 to 35 are respectively a
plan view, a perspective view, a bottom view, and a front
view of the coupling member 650 according to the sev-
enth embodiment. FIG. 36 is a cross-sectional view, tak-
en along the line A-A illustrated in FIG. 3, of the coupling
member 650. The coupling member 650 couples (fas-
tens) the first plate 70 and the second plate 80 to each
other by resistance welding, similarly to the coupling
member 50 according to the first embodiment. As illus-
trated in FIG. 3 and FIGs. 33 to 36, the coupling member
650 mainly includes the body 51 and a pilot portion 653.
[0097] The body 51 is a circular flat plate. The pilot
portion 653 is provided approximately at the center of the
flat surface 51a of the body 51, and protrudes in the ex-
tending direction. The ring-shaped wall 458 is a cylindri-
cal structure provided along the outer circumference of
the flat surface 51a. Also, on the ring-shaped end surface
458b of the ring-shaped wall 458, a plurality (four, in the
seventh embodiment) of notch-shaped discharge
grooves are formed.
[0098] As illustrated in FIG. 36, a leading end 655 of
the pilot portion 653 has a conical shape. A body 654 of
the pilot portion 653 has an outer circumference length
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in the direction perpendicular to the extending direction,
and the outer circumference length decreases as the
body 654 is further away from the flat surface 51a.
[0099] The ring-shaped wall 458 has an inner circum-
ference length in the direction perpendicular to the ex-
tending direction, and the inner circumference length is
approximately uniform throughout the inner circumfer-
ence surface 458a. Also as illustrated in FIG. 36, an inner
surface 458a of the ring-shaped wall 458, the flat surface
51a of the body 51, and an outer surface 653a of the pilot
portion 653 define a groove space 650a.
[0100] This configuration ensures that when the cou-
pling member 650, the first plate 70, and the second plate
80 are applied pressure and electrified, the facing portion
72 of the first plate 70, which is lower in melting point
than the coupling member 650 and the second plate 80,
is melted and discharged into the groove space 650a of
the coupling member 650. Then, occasionally, part of the
melted metal discharged into the groove space 650a of
the coupling member 650 is discharged to the farther
side of the pilot portion 653 through the plurality of dis-
charge grooves 459 formed on the ring-shaped end sur-
face 458b.
[0101] This prevents the melted first metal from being
left between the ring-shaped wall 458 of the coupling
member 650 and the first plate 70. Melting and discharg-
ing the facing portion 72 into the groove space 650a and
to the farther side of the pilot portion 653 also ensures a
sufficient level of contact between the pilot portion 653
of the coupling member 650 and the second plate 80.
This leads to a sufficient level of coupling between the
leading end 655 of the pilot portion 653 and the joint por-
tion 82 of the second plate 80 implemented by resistance
welding.
[0102] Additionally, the first plate 70 and the second
plate 80, which have different melting points, are readily
coupled to each other through a single pressure-electri-
fication step.

8. Eighth Embodiment

[0103] The eighth embodiment of the present invention
will be described. The coupling device 1 according to the
first embodiment and a coupling device 701 according
to the eighth embodiment are similar to each other in
configuration except that the coupling member 50 of the
coupling device 1 and a coupling member 750 of the cou-
pling device 701 have different configurations. The fol-
lowing description will focus on those respects in which
the coupling member 50 and the coupling member 750
are different from each other.
[0104] It is noted that identical reference numerals are
used to denote identical or substantially identical com-
ponents between the coupling devices 1 and 701, and
these components have already been described in the
first embodiment. To avoid redundancy, these compo-
nents will not be elaborated upon in the following descrip-
tion.

[0105] FIG. 3 and FIGs. 37 to 39 are respectively a
plan view, a perspective view, a bottom view, and a front
view of the coupling member 750 according to the eighth
embodiment. FIG. 40 is a cross-sectional view, taken
along the line A-A illustrated in FIG. 3, of the coupling
member 750. The coupling member 750 couples (fas-
tens) the first plate 70 and the second plate 80 to each
other by resistance welding, similarly to the coupling
member 50 according to the first embodiment. As illus-
trated in FIG. 3 and FIGs. 37 to 40, the coupling member
750 mainly includes the body 51 and a pilot portion 753.
[0106] The body 51 is a circular flat plate. The pilot
portion 753 is provided approximately at the center of the
flat surface 51a of the body 51, and protrudes in the ex-
tending direction. The ring-shaped wall 458 is a cylindri-
cal structure provided along the outer circumference of
the flat surface 51a. Also, on the ring-shaped end surface
458b of the ring-shaped wall 458, a plurality (four, in the
eighth embodiment) of notch-shaped discharge grooves
are formed.
[0107] As illustrated in FIG. 40, the pilot portion 753
includes a protrusion 757 on a leading end 755 of the
pilot portion 753. The protrusion 757 is provided at or
around an axis 753b of the pilot portion 753. A body 754
of the pilot portion 753 has an outer circumference length
in the direction perpendicular to the extending direction,
and the outer circumference length is approximately uni-
form throughout an outer circumference surface 753a.
[0108] The ring-shaped wall 458 has an inner circum-
ference length in the direction perpendicular to the ex-
tending direction, and the inner circumference length is
approximately uniform throughout the inner circumfer-
ence surface 458a. Also as illustrated in FIG. 40, the
inner surface 458a of the ring-shaped wall 458, the flat
surface 51a of the body 51, and an outer surface 753a
of the pilot portion 753 define a groove space 750a.
[0109] This configuration ensures that when the cou-
pling member 750, the first plate 70, and the second plate
80 are applied pressure and electrified, the facing portion
72 of the first plate 70, which is lower in melting point
than the coupling member 750 and the second plate 80,
is melted and discharged into the groove space 750a of
the coupling member 750. Then, occasionally, part of the
melted metal discharged into the groove space 750a of
the coupling member 750 is discharged to the farther
side of the pilot portion 753 through the plurality of dis-
charge grooves 459 formed on the ring-shaped end sur-
face 458b.
[0110] This prevents the melted first metal from being
left between the ring-shaped wall 458 of the coupling
member 750 and the first plate 70. Melting and discharg-
ing the facing portion 72 into the groove space 750a and
to the farther side of the pilot portion 753 also ensures a
sufficient level of contact between the pilot portion 753
of the coupling member 750 and the second plate 80.
This leads to a sufficient level of coupling between the
protrusion 757 of the pilot portion 753 and the joint portion
82 of the second plate 80 implemented by resistance
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welding.
[0111] Additionally, the first plate 70 and the second
plate 80, which have different melting points, are readily
coupled to each other through a single pressure-electri-
fication step.

9. Modifications

[0112] Possible modifications of the above-described
embodiments will be described.

(1) In the first to fourth embodiments of the present
invention, four discharge grooves 59 are formed on
the flat surface 51a. This configuration, however, is
not intended in a limiting sense. In a possible mod-
ification, the number of the discharge grooves 59 is
two, three, five or more. In another possible modifi-
cation, the number of the discharge grooves is two
or more.
(2) Also, in the fifth to eighth embodiments of the
present invention, four discharge grooves 59 are
formed on the ring-shaped end surface 458b of the
ring-shaped wall 458. This configuration, however,
is not intended in a limiting sense. In a possible mod-
ification, the number of the discharge grooves 459
is two, three, five or more. In another possible mod-
ification, the number of the discharge grooves 459
is two or more.
(3) Also, in the fourth and eighth embodiments of the
present invention, the body of the pilot portion has
an outer circumference length in the direction per-
pendicular to the extending direction, and the outer
circumference length is approximately uniform
throughout the outer circumference surface. This
configuration, however, is not intended in a limiting
sense.
In a possible modification, the outer circumference
length of the body of the pilot portion in the direction
perpendicular to the extending direction increases
or decreases as the body is further away from the
flat surface 51a.
(4) Also, in the fifth and eighth embodiments of the
present invention, the inner circumference length of
the ring-shaped wall 458 in the direction perpendic-
ular to the extending direction, and the inner circum-
ference length is approximately uniform throughout
the inner circumference surface 458a. This configu-
ration, however, is not intended in a limiting sense.
In a possible modification, the inner circumference
length of the ring-shaped wall 458 in the direction
perpendicular to the extending direction increases
or decreases as the body is further away from the
flat surface 51a.
(5) Also, in the first to eighth embodiments of the
present invention, the driver 30 moves the electrodes
11 and 12 in the vertical directions relative to the
coupling member 50, the first plate 70, and the sec-
ond plate 80. This, however, is not intended as lim-

iting how to move the electrodes 11 and 12.

[0113] In a possible modification, the electrode 11 is
fixed and the electrode 12 is movable in the vertical di-
rections. In another possible modification, the electrode
12 is fixed and the electrode 11 is movable in the vertical
directions. Thus, such a configuration suffices that at
least one of the electrodes 11 and 12 is movable relative
to the other electrode.

[Explanation of reference numerals]

[0114]

1, 101, 201, 301, 401, 501, 601, 701: coupling device
11: electrode (first electrode)
12: electrode (second electrode)
20: power source
30: driver
40: controller
50, 150, 250, 350, 450, 550, 650, 750: coupling mem-
ber

Claims

1. A coupling device configured to, using a coupling
member, couple a first plate made of a first metal
and a second plate made of a second metal to each
other, the coupling device comprising:

(a) a first electrode and a second electrode;
(b) a power source connected to the first elec-
trode and the second electrode;
(c) a driver configured to move the first electrode
and the second electrode relative to the coupling
member, the first plate, and the second plate;
and
(d) a controller configured to control the power
source and the driver to electrify the coupling
member, the first plate, and the second plate
while controlling the first electrode and the sec-
ond electrode to apply pressure to the coupling
member, the first plate, and the second plate,

wherein the coupling member is made of a third metal
approximately identical to the second metal,
wherein the first metal has a melting point lower than
a melting point of the second metal and a melting
point of the third metal,
wherein the coupling member comprises

a body, and
a pilot portion provided approximately at a center
of a flat surface of the body and protruding in an
extending direction,

wherein, on the flat surface, a plurality of discharge
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grooves are formed radially extending from the pilot
portion,
wherein the controller is configured to make the cou-
pling member, the first plate, and the second plate
held between the first electrode and the second elec-
trode so as to make a contact state between:

a leading end of the first electrode and the body
of the coupling member;
the pilot portion of the coupling member and a
first main surface of the first plate;
a second main surface of the first plate and a
first main surface of the second plate; and
a second main surface of the second plate and
a leading end of the second electrode, and

wherein the controller is configured to, while main-
taining the contact state, control the power source
to electrify the the coupling member, the first plate,
and the second plate while controlling the driver to
apply pressure to the the coupling member, the first
plate, and the second plate so as to:

(i) melt a facing portion of the first plate facing
the pilot portion of the coupling member, and
remove the melted facing portion to a farther
side of the pilot portion through the plurality of
discharge grooves formed on the coupling mem-
ber, whereby the facing portion is removed, al-
lowing a leading end of the pilot portion and a
joint portion of the second plate to contact each
other; and
(ii) melt and solidify the leading end of the pilot
portion and the joint portion of the second plate
to couple the leading end of the pilot portion and
the joint portion of the second plate to each oth-
er.

2. The coupling device according to claim 1,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
being approximately uniform throughout the body of
the pilot portion.

3. The coupling device according to claim 1,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
increasing as the body of the pilot portion is further
away from the flat surface.

4. The coupling device according to claim 1,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
decreasing as the body of the pilot portion is further
away from the flat surface.

5. The coupling device according to any one of claims
2 to 4,
wherein the leading end of the pilot portion has a
conical shape.

6. The coupling device according to any one of claims
2 to 4,
wherein the leading end of the pilot portion compris-
es a protrusion provided at or around an axis of the
pilot portion.

7. A coupling device configured to, using a coupling
member, couple a first plate made of a first metal
and a second plate made of a second metal to each
other, the coupling device comprising:

(a) a first electrode and a second electrode;
(b) a power source connected to the first elec-
trode and the second electrode;
(c) a driver configured to move the first electrode
and the second electrode relative to the coupling
member, the first plate, and the second plate;
and
(d) a controller configured to control the power
source and the driver to electrify the coupling
member, the first plate, and the second plate
while controlling the first electrode and the sec-
ond electrode to apply pressure to the coupling
member, the first plate, and the second plate,

wherein the coupling member is made of a third metal
approximately identical to the second metal,
wherein the first metal has a melting point lower than
a melting point of the second metal and a melting
point of the third metal,
wherein the coupling member comprises

a body, and
a pilot portion provided approximately at a center
of a flat surface of the body and protruding in an
extending direction, and
a ring-shaped wall provided along an outer cir-
cumference of the flat surface,

wherein the pilot portion, the body, and the ring-
shaped wall define a groove space, and, on an end
surface of the ring-shaped wall, a plurality of notch-
shaped discharge grooves are formed,
wherein the controller is configured to make the cou-
pling member, the first plate, and the second plate
held between the first electrode and the second elec-
trode so as to make a contact state between:

a leading end of the first electrode and the body
of the coupling member;
the pilot portion of the coupling member and a
first main surface of the first plate;
a second main surface of the first plate and a

23 24 



EP 3 505 292 A1

14

5

10

15

20

25

30

35

40

45

50

55

first main surface of the second plate; and
a second main surface of the second plate and
a leading end of the second electrode, and

wherein the controller is configured to, while main-
taining the contact state, control the power source
to electrify the the coupling member, the first plate,
and the second plate while controlling the driver to
apply pressure to the the coupling member, the first
plate, and the second plate so as to:

(i) melt a facing portion of the first plate facing
the pilot portion of the coupling member, and
remove the melted facing portion into the groove
space of the coupling member, whereby the fac-
ing portion is removed, allowing a leading end
of the pilot portion and a joint portion of the sec-
ond plate to contact each other; and
(ii) melt and solidify the leading end of the pilot
portion and the joint portion of the second plate
to couple the leading end of the pilot portion and
the joint portion of the second plate to each oth-
er.

8. The coupling device according to claim 7,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
being approximately uniform throughout the body of
the pilot portion.

9. The coupling device according to claim 7,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
increasing as the body of the pilot portion is further
away from the flat surface.

10. The coupling device according to any one of claims
7 to 10,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
decreasing as the body of the pilot portion is further
away from the flat surface.

11. The coupling device according to any one of claims
7 to 10,
wherein the leading end of the pilot portion has a
conical shape.

12. The coupling device according to claim 7,
wherein the leading end of the pilot portion compris-
es a protrusion provided at or around an axis of the
pilot portion.

Amended claims under Art. 19.1 PCT

1. A coupling device configured to, using a coupling
member, couple a first plate made of a first metal
and a second plate made of a second metal to each
other, the coupling device comprising:

(a) a first electrode and a second electrode;
(b) a power source connected to the first elec-
trode and the second electrode;
(c) a driver configured to move the first electrode
and the second electrode relative to the coupling
member, the first plate, and the second plate;
and
(d) a controller configured to control the power
source and the driver to electrify the coupling
member, the first plate, and the second plate
while controlling the first electrode and the sec-
ond electrode to apply pressure to the coupling
member, the first plate, and the second plate,

wherein the coupling member is made of a third metal
approximately identical to the second metal,
wherein the first metal has a melting point lower than
a melting point of the second metal and a melting
point of the third metal,
wherein the coupling member comprises

a body, and
a pilot portion provided approximately at a center
of a flat surface of the body and protruding in an
extending direction,

wherein, on the flat surface, a plurality of discharge
grooves are formed radially extending from the pilot
portion,
wherein the controller is configured to make the cou-
pling member, the first plate, and the second plate
held between the first electrode and the second elec-
trode so as to make a contact state between:

a leading end of the first electrode and the body
of the coupling member;
the pilot portion of the coupling member and a
first main surface of the first plate;
a second main surface of the first plate and a
first main surface of the second plate; and
a second main surface of the second plate and
a leading end of the second electrode, and

wherein the controller is configured to, while main-
taining the contact state, control the power source
to electrify the coupling member, the first plate, and
the second plate while controlling the driver to apply
pressure to the coupling member, the first plate, and
the second plate so as to:

(i) melt a facing portion of the first plate facing
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the pilot portion of the coupling member, and
remove the melted facing portion to a farther
side of the pilot portion through the plurality of
discharge grooves formed on the coupling mem-
ber, whereby the facing portion is removed, al-
lowing a leading end of the pilot portion and a
joint portion of the second plate to contact each
other; and
(ii) melt and solidify the leading end of the pilot
portion and the joint portion of the second plate
to couple the leading end of the pilot portion and
the joint portion of the second plate to each oth-
er.

2. The coupling device according to claim 1,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
being approximately uniform throughout the body of
the pilot portion.

3. The coupling device according to claim 1,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
increasing as the body of the pilot portion is further
away from the flat surface.

4. The coupling device according to claim 1,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
decreasing as the body of the pilot portion is further
away from the flat surface.

5. The coupling device according to any one of claims
2 to 4,
wherein the leading end of the pilot portion has a
conical shape.

6. The coupling device according to any one of claims
2 to 4,
wherein the leading end of the pilot portion compris-
es a protrusion provided at or around an axis of the
pilot portion.

7. A coupling device configured to, using a coupling
member, couple a first plate made of a first metal
and a second plate made of a second metal to each
other, the coupling device comprising:

(a) a first electrode and a second electrode;
(b) a power source connected to the first elec-
trode and the second electrode;
(c) a driver configured to move the first electrode
and the second electrode relative to the coupling
member, the first plate, and the second plate;
and

(d) a controller configured to control the power
source and the driver to electrify the coupling
member, the first plate, and the second plate
while controlling the first electrode and the sec-
ond electrode to apply pressure to the coupling
member, the first plate, and the second plate,

wherein the coupling member is made of a third metal
approximately identical to the second metal,
wherein the first metal has a melting point lower than
a melting point of the second metal and a melting
point of the third metal,
wherein the coupling member comprises

a body, and
a pilot portion provided approximately at a center
of a flat surface of the body and protruding in an
extending direction, and
a ring-shaped wall provided along an outer cir-
cumference of the flat surface,

wherein the pilot portion, the body, and the ring-
shaped wall define a groove space, and, on an end
surface of the ring-shaped wall, a plurality of notch-
shaped discharge grooves are formed,
wherein the controller is configured to make the cou-
pling member, the first plate, and the second plate
held between the first electrode and the second elec-
trode so as to make a contact state between:

a leading end of the first electrode and the body
of the coupling member;
the pilot portion of the coupling member and a
first main surface of the first plate;
a second main surface of the first plate and a
first main surface of the second plate; and
a second main surface of the second plate and
a leading end of the second electrode, and

wherein the controller is configured to, while main-
taining the contact state, control the power source
to electrify the coupling member, the first plate, and
the second plate while controlling the driver to apply
pressure to the coupling member, the first plate, and
the second plate so as to:

(i) melt a facing portion of the first plate facing
the pilot portion of the coupling member, and
remove the melted facing portion into the groove
space of the coupling member, whereby the fac-
ing portion is removed, allowing a leading end
of the pilot portion and a joint portion of the sec-
ond plate to contact each other; and
(ii) melt and solidify the leading end of the pilot
portion and the joint portion of the second plate
to couple the leading end of the pilot portion and
the joint portion of the second plate to each oth-
er.
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8. The coupling device according to claim 7,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
being approximately uniform throughout the body of
the pilot portion.

9. The coupling device according to claim 7,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
increasing as the body of the pilot portion is further
away from the flat surface.

10. The coupling device according to any one of claims
7 to 10,
wherein a body of the pilot portion has an outer cir-
cumference length in a direction perpendicular to the
extending direction, the outer circumference length
decreasing as the body of the pilot portion is further
away from the flat surface.

11. The coupling device according to any one of claims
7 to 10,
wherein the leading end of the pilot portion has a
conical shape.

12. The coupling device according to claim 7,
wherein the leading end of the pilot portion compris-
es a protrusion provided at or around an axis of the
pilot portion.
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