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DESCRIPTION

TITLE OF INVENTION

PUNCH FOR RIVETING, DEVICE IN WHICH PUNCH FOR RIVETING IS
DISPOSED, AND METHOD FOR JOINING MEMBERS

TECHNICAL FIELD
[0001]

The present invention relates to a punch for riveting. Alternatively, the
present invention relates to a device in which the punch for riveting is disposed.
Alternatively, the present invention relates to a method for joining members

using the punch for riveting.

BACKGROUND ART
[0002]

For example, welding is known as a method for joining two or more
members made of metal. In the case where two or more members are joined by
welding, there are problems such as that a strain is generated in the member
due to thermal effects, or that cracks extend from fine cracks in a welded portion
due to the effects of temperature when the joined product is used.

[0003]

On the other hand, riveting using rivets is known as a joining method that
does not have a heat effect on the member. Blind rivets, press riveting (for
example, Patent Literature 1) and spin riveting as known methods of riveting (for
example, Patent Literatures 2 to 3). A fastening pressure is determined by the
breaking strength of a mandrel in the blind rivet that deforms and fixes the inside

of a cylindrical rivet by pulling the mandrel. Therefore, the blind rivet has a
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problem of lower strength than other riveting methods. Further, the press
riveting has a problem in that a shaft of a riveted rivet is deformed due to high
press pressure. On the other hand, in the spin riveting method, a load pressure
is not higher than in the press riveting method, and the effects on the member

are also small.

CITATION LIST

PATENT LITERATURE

[0004]

Patent Literature 1: Japanese Laid-Open Patent Publication No. H1-241346
Patent Literature 2: Japanese Patent No. 2756145

Patent Literature 3: Japanese Laid-Open Patent Publication No. 2003-112227

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0005]

An object of an embodiment of the present invention is to provide a novel
punch for riveting with reduced load on a shaft of a rivet. Alternatively, another
object of the present invention is to provide a device in which a novel punch for
riveting with reduced load on a shaft of a rivet is disposed. Alternatively, another
object of an embodiment of the present invention is to provide a method for
joining members using a novel punch for riveting with reduced load on a shaft of

a rivet.

SOLUTION TO PROBLEM
[0006]
A punch for riveting according to an embodiment of the present invention

is a punch for riveting for joining a first member having a convex part and a
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second member having a through hole fitting with the convex part by plastically
deforming the convex part, wherein a contact surface with the convex part is
inclined in a range of 80° to 89° with respect to a center axis.
[0007]

The punch for riveting may rotate around the center axis.
[0008]

The punch for riveting may contain a cemented carbide alloy.
[0009]

The contact surface may have an arithmetic average roughness Ra of
3.2 or less.

[0010]

The punch for riveting may further include a coating composed of
diamond-like carbon arranged on the contact surface.
[0011]

A device according to an embodiment of the present invention includes
a main shaft holding the punch for riveting according to any one of the above,
and a table arranged opposite to the main shaft, the table capable of holding a
first member and a second member, wherein the punch for riveting and the first
member are arranged so that the center axis of the punch for riveting
corresponds to a center axis of the first member, and the main shaft rotates the
punch for riveting around the center axis of the punch for riveting.

[0012]

A joining method of members according to an embodiment of the present
invention includes fitting a convex part of a first member and a through hole of
a second member, and rotating and pressing a punch having a contact surface
with the convex part inclined in a range of 80° to 89° with respect to a center
axis.

[0013]
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The punch may rotate around the center axis.
[0014]
The first member and the second member may be joined by plastically
deforming the convex part.
[0015]
The punch may contain a cemented carbide alloy.
[0016]
The contact surface of the punch may be polished.
[0017]
The contact surface of the punch may be coated with diamond-like
carbon.
[0018]
A center of the convex part may be arranged on the center axis.
[0019]
An inner surface of the through hole may include an area parallel to or

inclined with respect to the center axis.

ADVANTAGEOUS EFFECT OF INVENTION
[0020]

An embodiment of the present invention provides a novel punch for
riveting with reduced load on a shaft of a rivet. Alternatively, an embodiment of
the present invention provides a device in which a novel punch for riveting
having a reduced load on a shaft of a rivet is disposed. Alternatively, an
embodiment of the present invention provides a method for joining members

using a novel punch for riveting with reduced load on a shaft of the rivet.

BRIEF DESCRIPTION OF DRAWINGS
[0021]
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FIG. 1 is a schematic view showing a punch for riveting 10 according to
an embodiment of the present invention.

FIG. 2A is a front view of a device 1000 according to an embodiment,
FIG. 2B is a side view of a device 1000 according to an embodiment.

FIG. 3 is a schematic view showing a method for joining members using
the punch 10 for riveting according to an embodiment of the present invention.

FIG. 4 is a schematic view showing a method for joining members using
the punch 10 for riveting according to an embodiment of the present invention.

FIG. 5 is a schematic view showing a method for joining members by a
conventional spin riveting method.

FIG. 6 is a schematic view showing the method for joining the members
by the conventional spin riveting method.

FIG. 7Ais a top view of a member of Comparative example 1 in which a
rivet is riveted, FIG. 7B is an optical microscopic image of a cross section of the
member of the Comparative example 1 in which the rivet is riveted.

FIG. 8 is an optical microscope image of a cross section of a member of
Example 1 in which a rivet is riveted.

FIG. 9A is a diagram showing a top surface of a member of Example 6
in which a rivet is riveted, FIG. 9B is an optical micrograph of a cross section of
the member of the Example 6 in which the rivet is riveted.

FIG. 10Ais a top view of a product 100 of an example.

FIG. 10B is a cross-sectional end view of the product 100.

DESCRIPTION OF EMBODIMENTS
[0022]

Hereinafter, an embodiment of the present invention will be described
with reference to the drawings. The following embodiments are examples of

embodiments of the present invention, and the present invention is not limited
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to these embodiments.
[0023]

In the drawings referred to in the present embodiment, the same or
similar parts are denoted by the same reference signs or similar reference signs
(only denoted by A, B, etc. after numerals). In addition, the dimensional ratios
in the drawings may be different from actual ratios for convenience of
explanation, or a part of the configuration may be omitted from the drawings. In
addition, ordinal numbers such as “first,” “second,” and “third” in the present
specification and the like are used only for the sake of simplicity, and should not
be interpreted in a limiting manner.

[0024]

As a result of intensive studies by the present inventors, it has been
found that in a conventional spin riveting method, when plastically deforming a
convex part (end portion) of a rivet and enlarging the end portion of the rivet
more than a diameter of a through hole, a gap occurs between the enlarged end
portion and the through hole. FIG. 5 is a schematic view showing a conventional
method for joining members by spin riveting. A through hole 140 for arranging
a rivet 130 is disposed in a first member 110 and a second member 120. A
convex part (end portion) 131 of the rivet 130 protruding from the through hole
140 on the first member 110 side is riveted by a conventional punch for spin
riveting 90. The conventional punch 90 for spin riveting has a contact surface
93 that is orthogonal (90°) to a center axis A of the conventional punch 90 for
spin riveting. Further, the center axis A of the conventional punch 90 for spin
riveting is attached to a spin riveting device (not shown) so as to be inclined by
B9 with respect to a center axis B of the rivet 130. 09 is, for example, 3 to 5°.
[0025]

The conventional punch 90 for spin riveting is pressed against the

convex part 131 of the rivet 130 by driving the spin riveting device while rotating
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the center axis A as a rotation axis. In this case, a direction in which the
conventional punch 90 for spin riveting presses against the convex part 131 of
the rivet 130 is a direction inclined 89 with respect to the center axis B of the
rivet 130 as indicated by the arrow in FIG. 5. Further, in the conventional spin
riveting device, the entire punch 90 for spin riveting is rotated with the center
axis B of the rivet 130 as a rotational axis while the punch 90 for spin riveting is
inclined by 69 with respect to the center axis B of the rivet 130. Therefore, in an
initial stage of a riveting process, the punch 90 for spin riveting contacts a corner
portion of the convex part 131 of the rivet 130 with the center axis B of the rivet
130 as the rotation axis.

[0026]

FIG. 6 is a schematic view showing a conventional method for joining
members by the spin riveting method. FIG. 6 shows an end stage of the riveting
process. In the conventional spin riveting device, the entire punch 90 for spin
riveting is rotated with respect to the center axis B of the rivet 130 as a rotation
axis while the punch 90 for spin riveting is rotated with respect to the center axis
B of the rivet 130. Further, the punch 90 for spin riveting is moved in a center
axis B direction of the rivet 130 until it comes into contact with the first member
110. A material constituting the convex part 131 of the rivet 130 is plastically
deformed by this riveting process, and moves in the center axis B direction of
the rivet 130 (vertical direction D1) and a plane direction of the first member 110
(horizontal direction D2). As a result, the convex part 131 of the rivet 130
becomes larger than a diameter of the through hole 140, and the first member
110 and the second member 120 are joined by the rivet 130.

[0027]

However, a direction in which the conventional punch 90 for spin riveting

presses is a direction inclined B89 with respect to the center axis B of the rivet

130 as shown in FIG. 6, so that the plastically deformed material constituting the
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convex part 131 of the rivet 130 generates a gap 135 in the enlarged diameter
portion 145 of the through hole 140 disposed in the first member 110. Such a
gap 135 can become larger due to temperature effects when the product is used,
and can cause fine cracks in the rivet 130.

[0028]

[Punch for Riveting]

FIG. 1 is a schematic view showing a punch 10 for riveting according to
an embodiment of the present invention. The punch 10 for riveting can be used
by being connected to a known machining center (not shown). The punch 10 for
riveting has a substantially cylindrical shape. An upper surface 15 of the punch
10 for riveting connected to the machining center or the like may be circular. A
side surface 11 of the punch 10 for riveting in a cross-sectional view has a
trapezoidal shape having an upper bottom and a lower bottom in a vertical
direction D1. Further, a contact surface 13 of the punch 10 for riveting for
pressing the rivet is inclined by 81 with respect to the center axis A of the punch
10 for riveting. In an embodiment, 01 is preferably in a range of 80° to 89°. For
this reason, the contact surface 13 has an elliptical shape in which a direction
inclined by 61 is set to a major axis.

[0029]

In an embodiment, the punch 10 for riveting preferably includes a
cemented carbide alloy or a Ni base alloy, and more preferably is made of a
cemented carbide alloy from the viewpoint of abrasion resistance to rivets. In
the present specification, the cemented carbide alloy is a composite material
obtained by sintering a carbide of IVa, Va, Vla metal of the periodic table with an
iron-based metal such as Fe, Co, and Ni, and may be selected from, but not
limited to, a WC-Co alloy, a WC-TiC-Co alloy, a WC-TaC-Co alloy, a WC-TiC-
TaC-Co alloy, and the like. In addition, a Ni base alloy may be selected from,

but not limited to, Inconel, Incoloy, Nimonic, Hastelloy, and the like.
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[0030]

In an embodiment, the contact surface 13 may be polished for the
purpose of reducing friction when the rivet is riveted. For example, it is preferable
that the contact surface 13 is subjected to mirror finishing polishing by a diamond
grindstone or the like. In an embodiment, the arithmetic average roughness Ra
of the contact surface 13 is preferably 3.2 or less, more preferably 0.3 or less,
and even more preferably 0.1 or less. Such a contact surface 13 has a reduced
contact resistance with the rivet and can suppress generation of frictional heat.
Since the punch 10 for riveting has such a contact surface 13, it is possible to
prevent aluminum from being welded to the contact surface 13 when the rivet
made of aluminum or the like is riveted.

[0031]

In addition, in an embodiment, from the viewpoint of abrasion resistance
when the rivet is riveted, the contact surface 13 preferably includes a coating
made of diamond-like carbon (DLC). In addition, since a known coating
technique can be applied to the technique of forming a DLC film on the contact
surface 13, detailed explanation thereof will be omitted. The contact surface 13
including the DLC coating is also preferred for the purpose of reducing friction
when riveting the rivet. The contact surface 13 including the DLC coating has a
reduced contact resistance with the rivet and can suppress generation of
frictional heat. Since the punch 10 for riveting has such a contact surface 13, it
is possible to prevent aluminum from being welded to the contact surface 13
when the rivet made of aluminum or the like is riveted.

[0032]

The punch 10 for riveting has a diameter perpendicular to the center axis
A, but may have a diameter that is 1 to 2 mm larger than the maximum diameter
of an enlarged diameter portion of a through hole of a member in which the rivet

to be described later is disposed. When using a punch for riveting having a
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diameter smaller than the maximum diameter of the enlarged diameter portion
of the through hole, a ring-shaped gap in which the material of the rivet is not
filled in the edge portion of the enlarged diameter portion is generated, which is
not preferable. The punch 10 for riveting has a length parallel to the center axis
A, but is not particularly limited as long as the length is in a range in which
necessary strength can be obtained and a range in which it can be handled. In
addition, in the specification, the length of the punch 10 for riveting is defined as
a distance from the upper surface 15 to a point on the contact surface 13 that is
furthest away.

[0033]

[Device in which Punch for Riveting is disposed]

A device for performing riveting using the punch 10 for riveting described
above will be described. FIG. 2 is a schematic diagram showing a device 1000
according to an embodiment of the present invention, FIG. 2A is a front view of
the device 1000, and FIG. 2B is a side view of the device 1000. The device
1000 includes a main shaft 1111 that holds the punch 10 for riveting, and a table
1151 that is disposed to face the main shaft 1111 and is capable of holding the
rivet 130, the first member 110, and the second member 120. The punch 10 for
riveting and the rivet 130 are arranged so that the center axis A of the punch 10
for riveting coincides with the center axis B of the rivet 130. The main shaft 1111
has a chuck for detachably holding the punch 10 for riveting, and rotates the
punch 10 for riveting around the center axis A of the punch 10 for riveting.
[0034]

In an embodiment, the device 1000 includes, for example, a main shaft
head 1113 that rotatably supports the main shaft 111, a column 1123 that
supports the main shaft head 1113, and a bed 1121 that supports the column
1123. The main shaft head 1113 is movably supported by a main shaft stage

1141. Further, the main shaft stage 1141 is movably supported by the column

10
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1123. Here, in FIG. 4A, a left-right direction of a paper surface is defined as an
X-axis direction, and an up-down direction of the paper surface perpendicular to
the X-axis direction is defined as a Z-axis direction.

[0035]

Two rails 1143 are arranged parallel to the Z-axis direction between the
main shaft head 1113 and the main shaft stage 1141. The main shaft head 1113
movably engages with the two rails 143 to slide in the Z-axis direction. For
example, a ball screw (not shown) is arranged between the two rails 1143, and
the ball screw is connected to the main shaft head 1113. Further, one end of the
ball screw is connected to a Z-axis driving device 1147 to move the main shaft
head 1113 in the Z-axis direction. The Z-axis driving device 1147 is a motor for
rotating the ball screw. The main shaft head 1113 is displaceable in the Z-axis
direction by such a mechanism while rotating the main shaft 1111. That is, the
main shaft head 1113 can be moved in the Z-axis direction while rotating the
main shaft 1111 in a state in which the main shaft 1111 holds the punch 10 for
riveting.

[0036]

Two rails 1133 are arranged parallel to the X-axis direction between the
main shaft stage 1141 and the column 1123. The main shaft stage 1141 movably
engages with the two rails 1133 to slide in the X-axis direction. For example, a
ball screw 1135 is arranged between the two rails 1133, and the ball screw 1135
is connected to the main shaft stage 1141. Further, one end of the ball screw
1135 is connected to an X-axis driving device 1137, and moves the main shaft
stage 1141 in the X-axis direction. The X-axis driving device 1137 is a motor for
rotating the ball screw 1135.

[0037]
In FIG. 2B, a left-right direction of a paper surface is defined as the Y-

axis direction, and an up-down direction of the paper surface perpendicular to
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the Y-axis direction is defined as the Z-axis direction. Two rails 1153 are
arranged parallel to the Y-axis direction between the table 1151 and the bed
1121. The table 1151 movably engages with the two rails 1153 to slide in the Y-
axis direction. For example, a ball screw (not shown) is arranged between the
two rails 1153, and the ball screw is connected to the table 1151. Further, one
end of the ball screw is connected to a Y-axis driving device 1157, and moves
the table 1151 in the Y-axis direction. The Y-axis driving device 1157 is a motor
for rotating the ball screw.

[0038]

Although not shown, a control device capable of controlling the device
1000 is connected to the device 1000. The control device includes, for example,
a computer and a program for controlling the device 1000. The control device
controls a rotational speed of the main shaft head 1113, a position of the main
shaft head 1113 in the X-axis direction and the Z-axis direction, and a position
of the table 1151 in the Y-axis direction. The device 1000 having such a
configuration can arbitrarily change a positional relationship between the punch
10 for riveting, the rivet 130 and the first member 110 and the second member
120 arranged and fixed to the table 1151 in the X-axis direction, the Y-axis
direction, and the Z-axis direction.

[0039]

The punch 10 for riveting according to the present embodiment
described above is arranged in the device 1000, and as shown in FIG. 4, the
punch 10 for riveting and the rivet 130 are arranged so that the center axis A of
the punch 10 for riveting and the center axis B of the rivet 130 coincide with each
other. In an embodiment, the device 1000 can be configured by disposing the
punch 10 for riveting according to the present embodiment in a known machining
center. In addition, although the present embodiment has been described as an

example in which a three-axis machining center is used, the device 1000
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according to the present embodiment is not limited to this. As long as it has a
structure in which the punch 10 for riveting and the rivet 130 can be arranged
such that the center axis A of the punch 10 for riveting and the center axis B of
the rivet 130 coincide with each other, a 4-axis or 5-axis machining center can
be used for the device 1000.

[0040]

[Method for Joining Members]

FIG. 3 is a schematic view showing a method for joining members using
the punch 10 for riveting according to an embodiment of the present invention.
The through hole 140 for arranging the rivet 130 is arranged in the first member
110 and the second member 120. The convex part (end portion) 131 of the rivet
130 protruding from the through hole 140 on the first member 110 side is riveted
by the punch 10 for riveting according to the present embodiment. As described
above, in the punch 10 for riveting, the contact surface 13 is inclined by 61 with
respect to the center axis A. The punch 10 for riveting is connected to the device
1000 described above.

[0041]

The center axis A of the punch 10 for riveting is connected to the device
1000 so as to substantially coincide with the vertical direction D1, preferably to
coincide with the vertical direction D1. As a result, the contact surface 13 is
arranged inclined by 61 with respect to the vertical direction D1. In an
embodiment, 81 is in a range of 80° to 89°.

[0042]

In addition, in the present embodiment, a punch for riveting having a
diameter 1 to 2 mm larger than the maximum diameter of the enlarged diameter
portion 145 of the through hole 140 for arranging the rivet 130 is selected as the
punch 10 for riveting. If a punch for riveting having a diameter smaller than the

maximum diameter of the enlarged diameter portion 145 of the through hole 140
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is used, a ring-shaped gap in which the material of the rivet 130 is not filled
occurs in an edge portion defined by a surface of the first member 110 and the
enlarged diameter portion 145, which is not preferable.

[0043]

The convex part 131 of the rivet 130 is fitted into the through hole 140
disposed in the first member 110 and the second member 120, and the center
axis B of the rivet 130 is disposed so as to coincide with the center axis A of the
punch 10 for riveting. In addition, the rivet 130 is not particularly limited, and a
known rivet can be used, and may be a commercially available product or a
dedicated product. The rivet 130 is made of a known material capable of being
plastically deformed by riveting such as aluminum or nickel, and capable of
joining the first member 110 and the second member 120.

[0044]

By arranging the punch 10 for riveting and the rivet 130 in this manner,
the convex part 131 of the rivet 130 is pressed while rotating the punch 10 for
riveting around the center axis A as a rotation axis, thereby plastically deforming
the material constituting the convex part 131 of the rivet 130. The material
constituting the convex part 131 of the rivet 130 moves in the center axis B
direction (vertical direction D1) of the rivet 130 and in the plane direction
(horizontal direction D2) of the first member 110, and the convex part 131 of the
rivet 130 becomes larger than the diameter of the through hole 140, so that the
first member 110 and the second member 120 are joined by the rivet 130. At
this time, it is preferable that the enlarged diameter portion 145 is completely
filled with the material constituting the convex part 131 of the rivet 130 without
any gap.

[0045]
In the present embodiment, as shown in FIG. 3, since the direction in

which the punch 10 for riveting presses is coincident with the center axis B of
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the rivet 130, the plastically deformed material constituting the convex part 131
of the rivet 130 flows in a direction of an edge of the enlarged diameter portion
145 of the through hole 140 disposed in the first member 110 and the vertical
direction D1 along the contact surface 13 of the punch 10 for riveting, and fills
the enlarged diameter portion 145. Therefore, it is possible to suppress the
occurrence of gaps as in the case of using the conventional punch 90 for spin
riveting.

[0046]

In an embodiment, an inner surface of the through hole 140 may include
an area that is parallel to or inclined with respect to the center axis B of the rivet
130. In an embodiment, the enlarged diameter portion 145 of the through hole
140 may be inclined by 62 to the center axis B. In an embodiment, 82 may be in
arange of 0° to 60°, preferably in a range of 30° to 45°. The plastically deformed
material constituting the convex part 131 of the rivet 130 is filled in the enlarged
diameter portion 145 without generating a gap by the enlarged diameter portion
145 of the through hole 140 having an inclination within this range, and it is
possible to suppress the occurrence of fine cracks of the rivet 130 due to effects
of temperature when using the product.

[Examples]
[0047]
[Comparative Example 1]

As Comparative example 1, a rivet was riveted using the conventional
punch 90 for spin riveting described above. The punch 90 for spin riveting is
connected to a spin riveting device in a state inclined by 5° using a member
including the through hole 140 having a diameter of 2.6 mm and the enlarged
diameter portion 145 having a diameter of 4.7 mm, the rivet 130 having a
diameter of 2.58 mm, and the conventional punch 90 for spin riveting having the

diameter of 5.0 mm, and the rivet 130 was riveted to the member with a load of
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12 kN. FIG. 7 is a diagram showing the members of the Comparative example
1 obtained by riveting the rivet. FIG. 7A is a top view of the members of the
Comparative example 1 riveted with the rivet, FIG. 7B is an optical microscopic
image of a cross-section of the members of the Comparative example 1 riveted
with the rivet. In the case of using the conventional punch 90 for spin riveting,
although it was determined that the riveted state is good in appearance (top
view), it has been clarified that the gap 135 is formed between the enlarged
diameter portion 145 of the through hole 140 and the materials constituting the
convex part 131 of the rivet 130 from the optical microscope image of the cross
section. In addition, it has been clarified that a deformation 137 occurs in a
portion of the rivet 130 in contact with the through hole 140.

[0048]

[Example 1]

Example 1, a rivet was riveted using the punch 10 for riveting according
to the present invention described above. The punch 10 for riveting was
connected to the machining center in a state in which the center axis A of the
punch 10 for riveting coincides with the center axis B of the rivet 130 using the
punch 10 for riveting of the Example 1 having the contact surface 13 which is
inclined by 5° with respect to the center axis A and a diameter of 6 mm, a member
including the through hole 140 having a diameter of 2.7 mm, and the enlarged
diameter portion 145 having a diameter of 4.7 mm, and the rivet 130 having a
diameter of 2.58 mm, and the rivet 130 was riveted to the member at a feed rate
of 50 mm/min. The enlarged diameter portion 145 is inclined by 30° with respect
to the center axis B. FIG. 8 is an optical microscope image of a cross section of
the member of the Example 1 riveted with the rivet. In the case of using the
punch 10 for riveting of the Example 1, the enlarged diameter portion 145 of the
through hole 140 is completely filled with the material constituting the convex

part 131 of the rivet 130, and no gaps were observed from the optical microscope
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image of the cross section. Further, no deformation occurred in a portion of the
rivet 130 in contact with the through hole.

[0049]

[Example 2]

The rivet used in the Example 1 and three types of members in which
the enlarged diameter portion 145 is inclined by 30° with respect to the center
axis B were used. The punch 10 for riveting of Example 6 having the contact
surface 13 inclined by 5° with respect to the center axis A and having a diameter
of 6 mm was connected to the machining center in a state in which the center
axis A of the punch 10 for riveting coincides with the center axis B of the rivet
130, and the rivet 130 was riveted to the member at a feed rate of 50 mm/min.
Thereafter, the riveted member and a surface of the rivet were cut using an end
mill.

[0050]

FIG. 9A is a diagram showing a top surface of the member of Example 2
riveted with the rivet, FIG. 9B shows an optical microscopic image of the cross
section. In Example 2, the material of the rivet 130 was completely filled in the
through hole 140 and the enlarged diameter portion 145, and even if a surface
was cut and flattened, good bonding between the member and the rivet was
confirmed.

[0051]
[Evaluation of adhesion]

The product 100 was manufactured by joining the first member 110
composed of a disk-shaped aluminum (A6061-T6) material having a diameter of
60 mm and a thickness of 4 mm having the enlarged diameter portion 145
inclined by 30° with respect to the center axis B and the through hole 140 having
a diameter of 2.7 mm with the second member 120 composed of a plate-shaped

aluminum (A6061-T6) material having a diameter of 100 mm x 100 mm on each
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side and a thickness of 10 mm by using the rivet 130 having a diameter of 2.7
mm (FIG. 10). The punch 10 for riveting having the contact surface 13 inclined
by 5° with respect to the center axis A and a diameter of 6 mm was used. In the
state that the second member 120 of the product 100 was secured, the first
member 110 was pulled and its force was measured. Consequently, the product
100 was not destroyed when pulled above 67 kgf.

[0052]

Although an embodiment of the present invention has been described
with reference to the drawings, the present invention is not limited to the
embodiment described above, and can be appropriately modified without
departing from the spirit of the present invention. For example, a person skilled
in the art may appropriately add, delete, or make changes in the design of the
components based on the punch for riveting and the method for joining the
members of the present embodiment and such changes are included in the
scope of the present invention as long as the spirit of the present invention is
included. Furthermore, the embodiments described above can be appropriately
combined as long as there are no mutual contradictions, and technical matters
common to the embodiments are included in the embodiments without explicit
description.

[0053]

It is to be understood that the present invention provides other effects
that are different from the effects provided by the aspects of the embodiments
described above in the case where those that are obvious from the description
of the present specification or those that can be easily predicted by a person

skilled in the art.

REFERENCES SIGNS LIST
[0054]

18



10: punch for riveting, 11: side surface, 13: contact surface, 15: upper surface,
90: punch for spin riveting, 93: contact surface, 100: product, 110: first member,
120: second member, 130: rivet, 131: convex part, 135: gap, 137: deformation,
140: through hole, 145: enlarged diameter portion, 1000: device, 1111: main
shaft, 1113: main shaft head, 1121: bed, 1123: column, 1133: rail, 1137: -axis
driving device, 1141: main shaft stage, 1143: rail, 1147: axis driving device, 1151:

table, 1158: rail, 1157: axis driving device
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CLAIMS

1. A punch for riveting for joining a first member having a convex part and
a second member having a through hole fitting with the convex part by plastically
deforming the convex part, wherein a contact surface with the convex part is

inclined in a range of 80° to 89° with respect to a center axis.

2. The punch for riveting according to claim 1, wherein the punch for

riveting rotates around the center axis.

3. The punch for riveting according to claim 1, wherein the punch for

riveting contains a cemented carbide alloy.

4. The punch for riveting according to claim 1, wherein the contact surface

has an arithmetic average roughness Ra of 3.2 or less.

5. The punch for riveting according to claim 1, wherein the punch for
riveting further comprises a coating composed of diamond-like carbon arranged

on the contact surface.

6. A device comprising:

a main shaft holding the punch for riveting according to any one of claims
1to 5; and

a table arranged opposite to the main shaft, the table capable of holding
the first member and the second member,

wherein the punch for riveting and the first member are arranged so that
the center axis of the punch for riveting corresponds to a center axis of the first

member, and
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the main shaft rotates the punch for riveting around the center axis of the

punch for riveting.

7. A method for joining a first member and a second member comprising:
fitting a convex part of a first member and a through hole of a second
member; and
rotating and pressing a punch having a contact surface with the convex

part inclined in a range of 80° to 89° with respect to a center axis.

8. The method according to claim 7, wherein the punch rotates around the
center axis.
9. The method according to claim 7 or 8, wherein the first member and the

second member are joined by plastically deforming the convex part.

10. The method according to claim 7, wherein the punch contains a

cemented carbide alloy.

11. The method according to claim 7, wherein the contact surface is polished.

12. The method according to claim 7, wherein the contact surface is coated

with diamond-like carbon.

13. The method according to claim 7, wherein a center of the convex part is

arranged in the center axis.

14. The method according to claim 7, wherein an inner surface of the through

hole includes an area parallel to or inclined with respect to the center axis.
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