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JOINING METHOD

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a joined structure
method of joining a structure made of a different type of
material to a structure made of a steel material.

[0002] A component (vehicle body component) that con-
stitutes a vehicle 1s required to have a high strength. In
addition, the component 1s also required to be lightweight 1n
recent years. For this reason, for example, high tensile steel
or an aluminum material 1s used as the material that forms
the component. In addition, a composite material that inte-
grates the high tensile steel and the aluminum matenal 1s
used.

[0003] When joining members of the steel material, for
example, spot welding or the like 1s used. When joining a
different type of material as described above, for example,
the shaft portion of a rivet 1s pushed 1n an aluminum plate
without a hole so as to extend through, and the distal end of
the shait portion and a steel plate are welded. Alternatively,
an opening 1s formed 1n advance 1n an aluminum plate, the
shaft portion of a rnivet 1s fitted 1n the opening, and the distal
end of the shaft portion and a steel plate are welded (see

Japanese Patent Laid-Open No. 2015-062911).

[0004] However, these techniques cannot meet the current
requirement of higher joining strength. For the above-
described joining of a different type of material, an appro-
priate technique does not exist, including the manufacturing
cost and a strength to be obtained.

SUMMARY OF THE INVENTION

[0005] It 1s an object of the present invention to provide a
joi1mng method to join a structure made of a different type of
metal material to a structure made of a steel material with a
higher strength without increasing the cost.

[0006] In order to achieve the above object of the present
invention, there 1s provided a joining method comprising:
overlaying, on a first component made of a steel matenial, a
second component made of a material different from the
steel material; pushing a tapered distal end of a button
component 1n the second component from an obverse sur-
face side of the second component and abutting the distal
end against the first component by applying a first pressure
to the button component without heating, the button com-
ponent including a head portion and a shaft portion, the shaft
portion including one end connected to the head portion, and
the other end that forms the distal end, and the button
component being made of steel including a cross section
being parallel to an axial direction and 1n a substantially T
shape; and welding the distal end of the button component
and the first component by resistance spot welding while
applying a second pressure lower than the first pressure to
the button component 1n a state 1n which the distal end abuts
against the first component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 1s a view for explaining a joining method
according to the embodiment of the present invention;

[0008] FIG. 21s a view for explaining the fourth step in the
joimng method according to the embodiment of the present
invention;
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[0009] FIG. 3 1s a sectional view showing an example of
a joined structure by the joining method according to the
embodiment of the present invention;

[0010] FIG. 4 1s a sectional view showing another
example of the joined structure by the joining method
according to the embodiment of the present invention;
[0011] FIG. 5 1s a photo obtained by observing a cross
section of the joined structure by the joining method accord-
ing to the embodiment of the present invention with a
metallurgical microscope;

[0012] FIG. 6 1s a photo obtained by observing a cross
section of a joined structure by another joining method with
a metallurgical microscope; and

[0013] FIG. 7 1s a sectional view showing another
example of another joined structure by the joiming method
according to the embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0014] The embodiment of the present invention will now
be described with reference to the accompanying drawings.
FIG. 1 1s a view for explaining a joining method according
to the embodiment of the present invention.

[0015] In first step S101, a button component 101 shown
in (a) of FIG. 1 1s prepared. The button component 101
includes a head portion 111 and a shaft portion 112. The
shaft portion 112 includes one end 112a connected to the
head portion 111, and the other end 1125 that forms a tapered
distal end 113 of the button component 101. The button
component 101 1s made of, for example, steel such as carbon
steel for cold heading. A cross section of the button com-
ponent 101 parallel to the axial direction has an almost T
shape. Each of the head portion 111 and the shaft portion 112
has, for example, a circular shape on a planar view. The
diameter of the shaft portion 112 1s, for example, 10 mm.
Note that the shape of each of the head portion 111 and the
shaft portion 112 on a planar view (the shape of a cross
section perpendicular to the axial direction) 1s not limited to
the circular shape and may be a polygonal shape. In addition,
the shape of the head portion 111 on a planar view 1s not
limited to a convex polygonal shape and may be, for
example, a concave polygonal shape, that 1s, a shape that 1s
partially recessed 1n the direction of the shaft portion 112.
[0016] Next, in second step S102, as shown 1n (b) of FIG.
1, an aluminum plate (second component) 103 made of a
material different from a steel material 1s overlaid on a steel
plate (first component) 102 made of a steel material. The
steel plate 102 1s, for example, a high tensile steel plate such
as JSC780 or JSCI980Y. The thickness of the steel plate 102
1s, for example, 1 mm. The aluminum plate 103 1s, for
example, an aluminum alloy plate such as an ALS052P
material. The thickness of the aluminum plate 103 1s, for
example, 1 mm. Note that the shait portion 112 of the button
component 101 need only be longer than the thickness of the
aluminum plate 103.

[0017] Next, in third step S103, as shown 1n (¢) of FIG. 1,
the distal end 113 of the button component 101 1s inserted
and pushed in the aluminum plate 103 from the obverse
surface side of the aluminum plate 103. Next, as shown 1n
(d) of FIG. 1, the distal end 113 of the button component 101
1s extended through the aluminum plate 103 and abutted
against the steel plate 102. Here, a first pressure 1s applied
to the button component 101 to push the distal end 113 of the
button component 101 in the aluminum plate 103 from the
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obverse surface side of the aluminum plate 103 and abut the
distal end 113 against the steel plate 102.

[0018] Next, in fourth step S104, the distal end 113 and the
steel plate 102 are welded by well-known resistance spot
welding. After the distal end 113 of the button component
101 1s abutted against the steel plate 102, as shown 1n FIG.
2, one electrode 121 1s abutted against the head portion 111
of the button component 101, and another electrode 122 1s
electrically connected to the steel plate 102. Then, a welding
current 1s supplied between the two electrodes 121 and 122
to start spot welding, and the one electrode 121 abutted
against the head portion 111 1s pressed by a second pressure
towards the steel plate 102 to further push the shaft portion
112 1n the aluminum plate 103. In other words, 1n a state 1n
which the distal end 113 of the button component 101 abuts
against the steel plate 102, the distal end 113 and the steel
plate 102 are welded by resistance spot welding while
applying the second pressure to the button component 101.
The second pressure 1s a well-known general welding pres-
surizing force.

[0019] By the welding, a nugget 104 1s formed between
the distal end 113 and the steel plate 102 by a molten and
solidified body thereof. By the welding, the shape of the
distal end 113 changes from the tapered shape. In the fourth
step, when the welding 1s completed, the bearing surface of
the head portion 111 abuts against the obverse surface of the
aluminum plate 103, as shown 1n (e) of FIG. 1.

[0020] In the spot welding, the second pressure (welding
pressurizing force) serving as a press force 1s 100 to 300
kgf-cm®, and the welding current is 1,000 to 14,000 A and
has 1 to 30 cycles. Note that 1 kgf/cm*=98066.5 Pa.

[0021] Here, 1n the third step, it 1s important to push the
button component 101 1n without heating and by setting the
first pressure applied to the button component 101 to a
pressure higher than the second pressure in the fourth step
(first pressure>second pressure). For example, as described
above, when the button component 101 1s pushed 1n while
abutting the one electrode 121 against the head portion 111
of the button component 101 in the resistance spot welding,
the energization current 1s made lower than i1n the welding
state, or energization 1s not performed to obtain a state in
which the button component 101 1s not heated.

[0022] For example, 1n a case of an AL5052P material
having a plate thickness of 1 mm, the first pressure 1s set to
400 kef-cm”® or more. This makes it possible to insert and
push the distal end 113 of the button component 101 1nto the
aluminum plate 103 without heating to extend through the
aluminum plate 103 and abut the distal end 113 against the
steel plate 102. In addition, 1n a case 1n which the steel plate
102 and the aluminum plate 103 near the inserted portion of
the button component 101 are pressurized and fixed by a
clamp or the like, when the first pressure 1s set to 550
kegf-cm® or more, the distal end 113 of the button component
101 extends through the aluminum plate 103 without heat-
ing, as described above. The first pressure 1s set appropri-
ately such that the shait portion (distal end) of the button
component can extend through the first component.

[0023] With the above-described process, a joined struc-
ture formed from the steel plate 102, the aluminum plate 103
overlaid 1n the steel plate 102, and the button component 101
made of steel having an almost T-shaped cross section in the
axial direction 1s obtained. The shaft portion 112 of the
button component 101 extends through the aluminum plate
103 from the obverse surface side, the distal end 113 of the
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button component 101 1s welded to the steel plate 102, and
the bearing surface of the head portion 111 of the button
component 101 abuts against the obverse surface of the
aluminum plate 103.

[0024] In this joined structure, the aluminum plate 103 i1s
pressed against the steel plate 102 by the head portion 111
of the button component 101 firmly welded to the steel plate
102 by the nugget 104. The nugget 104 serving as a welding
portion 1s a molten and solidified portion of the steel plate
102 and the button component 101 (distal end 113) which
are made of the same type of material, and a high joining
strength 1s obtained. As a result, the structure made of a
different type of metal material such as an aluminum mate-
rial can be joined to the structure made of a steel material
with a higher strength. In addition, since the button com-
ponent 101 that can be manufactured inexpensively 1s used,
and welding 1s performed by the existing resistance spot
welding technology, the cost does not increase.

[0025] Note that in third step S103 described above, a
dedicated pressing member 1s used to push the button
component 101 in the aluminum plate 103 and abut the distal
end 113 against the steel plate 102. However, the one
clectrode 121 used in the resistance spot welding 1n the
fourth step may be used as the pressing member. In this case,
in the third step, the one electrode 121 1s abutted against the
head portion 111 of the button component 101 and pressed
towards the steel plate 102, thereby inserting and pushing
the distal end 113 of the button component 101 1in the
aluminum plate 103, extending the distal end 113 through
the aluminum plate 103, and abutting the distal end 113
against the steel plate 102.

[0026] The aluminum plate 103 may be fixed to the steel
plate 102 using a button component 201 shown 1n FIG. 3 n
place of the button component 101 shown in FIG. 1. An
caves portion 211a of a head portion 211 of the button
component 201 has such a shape that its peripheral portion
1s close to the distal end side of a shatt portion 212. With this
shape, a groove region 231 1s formed on the bearing surface
of the head portion 211. When the shaft portion 212 is
inserted and pushed in the aluminum plate 103, and spot
welding 1s performed, the aluminum plate 103 on the
periphery of the shaft portion 212 may melt, and the molten
aluminum may scatter to the periphery. When the eaves
portion 211a with the above-described structure 1s formed,
the molten aluminum (a material formed as the second
component melts) can be stored in the groove region 231
formed on the side (lower side) of the shaft portion 212 1n
the eaves portion 211a, and scattering of the molten alumi-
num can be prevented.

[0027] In addition, the aluminum plate 103 may be fixed
to the steel plate 102 by a button component 301 shown in
FIG. 4. An eaves portion 311a of a head portion 311 of the
button component 301 also has such a shape that its periph-
eral portion 1s close to the distal end side of a shaft portion
312. However, the peripheral portion of the eaves portion
311a 1s directed to the lower side 1n the axial direction and
becomes almost parallel to the shaft portion 312. Even by
the eaves portion 311a with the above-described structure,
the molten aluminum can be stored 1n a groove region 331
formed on the lower side of the eaves portion 311a, and
scattering of the molten aluminum can be prevented.

[0028] A result obtained by observing, with a metallurgi-
cal microscope, a cross section of a joined structure 1n which
an aluminum plate 1s fixed to a steel plate using a button
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component produced using SWCH (Steel Wire Cold Head-
ing) 12 as a material will be described next with reference
to FIG. §. The button component used has such a shape that
the peripheral portion of the eaves portion of the head
portion 1s close to the distal end side of the shaft portion. A
ISC980 material with a plate thickness of 0.8 mm was used
as the steel plate, and an ALS052P material with a plate
thickness of 1 mm was used as the aluminum plate. In
addition, the button component was produced using carbon
steel for cold heading.

[0029] The pressure applied when inserting and pushing
the distal end of the button component 1n the aluminum plate
was set to 400 kgf. In addition, the welding pressurizing
force applied when welding the steel plate and the distal end
of the button component by resistance spot welding was set
to 200 kgf. Note that the welding current was set to 10,000
A with 3 cycles (340 sec), and the welding was performed by
setting a holding time to 10 cycles. The diameter of the
nugget was 2.5 mm. It 1s confirmed that the welding portion
1s molten and solidified, as shown 1n FIG. 5.

[0030] On the other hand, FIG. 6 shows a metallurgical
micrograph of a cross section 1n a case 1n which the pressure
and the welding pressurizing force applied when 1nserting
and pushing the distal end of the button component in the
aluminum plate were equally set to 200 kg, and joining was
performed using resistance heating by energizing even at the
time of pushing. In this case as well, the button component
used has such a shape that the peripheral portion of the eaves
portion of the head portion is close to the distal end side of
the shaft portion. A JSC980 material with a plate thickness
of 0.8 mm was used as the steel plate, and an AL5052P
material with a plate thickness of 1 mm was used as the
aluminum plate. In addition, the button component was
produced using carbon steel for cold heading.

[0031] In this joiming method, a region where the texture
changed was confirmed at the center of the button compo-
nent, as shown i FIG. 6. The texture change region included
about 30 wt % of aluminum, and a remarkable decrease 1n
hardness was confirmed. When resistance heating 1s per-
formed by energizing even at the time of pushing the distal
end of the button component in the aluminum plate, the
distal end can be inserted even if the pressurizing force is
small. In the heated state, however, 1t 1s considered that the
aluminum of the aluminum plate 1n contact diffuses 1nside
the button component, a texture change region 1s formed as
described above, and lowering of hardness occurs. Even 1n
a case 1n which the second component 1s made of a different
type of metal other than aluminum, the same problems
probably occur.

[0032] As 1s apparent from the above description, if the
button component 1s heated when pushing the distal end of
the button component in the aluminum plate, the distal end
can be pushed 1n and extended through the aluminum plate
by a small pressurizing force. However, the strength of the
button component lowers, and a high joining strength cannot
be obtained, as can be seen.

[0033] To the contrary, according to this embodiment
since the button component 1s not heated when pushing the
distal end of the button component 1n the aluminum plate,
the strength of the button component does not lower, and a
high joining strength can be obtained. In a case 1n which the
button component 1s pushed 1n without heating and then
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welded (the state shown 1n FIG. 5), aluminum 1s not detected
in the button component, and lowering of the strength 1s not
measured.

[0034] As described above, mn this embodiment, 1n an
unheated state, the button component 1s pushed in the second
component from the obverse surface side of the second
component by the first pressure higher than the second
pressure 1n welding and, after that, the first component and
the distal end extending through the second component are
welded by resistance spot welding under the second pres-
sure. This makes it possible to join a structure made of a
different type of metal material such as an aluminum mate-
rial to a structure made of a steel material with a higher
strength without increasing the cost.

[0035] Note that the present invention 1s not limited to the
above-described embodiment, and 1t 1s obvious that many
modifications and combinations can be made within the
technical scope of the present invention by those skilled in
the art 1n this field. For example, the first component and the
second component are not limited to plate members and may
be structures of another shape. For example, as shown in
FIG. 7, the shaft portion 112 of the button component 101
may be extended through the aluminum plate 103, and the
shaft portion 112 may be welded to an annular steel material
102a, thereby joining the annular steel material 102a to the
aluminum plate 103. In addition, the second component 1s
not limited to the aluminum material and may be a compo-
nent made of a material different from the steel material
within the scope of application of the present invention.
Furthermore, the button component 1s not limited to

SWCH12 and need only be made of steel.

What 1s claimed 1s:

1. A joining method comprising;:

overlaying, on a first component made of a steel material,

a second component made of a material different from
the steel matenal;
pushing a tapered distal end of a button component 1n the
second component from an obverse surface side of the
second component and abutting the distal end against
the first component by applying a first pressure to the
button component without heating, the button compo-
nent including a head portion and a shait portion, the
shaft portion including one end connected to the head
portion, and the other end that forms the distal end, and
the button component being made of steel including a
cross section being parallel to an axial direction and 1n
a substantially T shape; and

welding the distal end of the button component and the
first component by resistance spot welding while apply-
ing a second pressure lower than the first pressure to the
button component 1n a state in which the distal end
abuts against the first component.

2. The method according to claim 1, wherein the pushing
includes abutting a bearing surface of the head portion
against the obverse surface of the second component.

3. The method according to claim 1, wherein the welding
includes, after abutting, starting spot welding and further
pushing the shait portion in the second component.

4. The method according to claam 1, wherein the head
portion of the button component includes such a shape that
a peripheral portion 1s close to a distal end side of the shaft
portion.

5. The method according to claim 1, wherein the pushing
includes abutting one electrode used 1n the resistance spot
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welding against the head portion of the button component
and pressing the electrode towards the first component.

6. The method according to claim 1, wherein the second
component 1s substantially made of aluminum.

7. The method according to claim 1, wherein the melting
includes storing a material formed by melting the second
component 1n a groove region formed on a bearing surface
of the head portion of the button component.

e s e x s
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